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Stress Relaxation and Sleep Induction Effect of Fermented Sea Tangle
Saccharina japonica and Oyster Crassostrea gigas Powder

Nam-Sik Woo and Yong Bae Seo”
Marine Bioprocess Co. LTD., Busan 619-912, Korea

Sleep is an essential biological process of which the underlying regulatory mechanisms involve numerous anatomical structures

and biochemical substances that can be compromised by stress and the immune system. Gamma aminobutyric acid (GABA)

is the main inhibitory neurotransmitter of the central nervous system (CNS). It is well established that activation of GABA

receptors promotes sleep. L. brevis BJ20 fermentation of sea tangle and oysters resulted in stress reduction and sleep inducing
effects. This is the first study to report that GABA has the ability to induce sleep related hormones in mice; therefore, it has
potential use as a natural sleep aid. These results suggested that sea tangle and oysters fermented by L. brevis BJ20 can be used as

potential agents for stress reduction and sleep promotion.
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3}A|9F Ohayon (2002)2} Kupfer (1997) 5-2] ¢1to] <
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et al,, 2004). o]e} ZL o] f2 F8 Aoz obH|eAl
(Adenosine), oFA 2= (acetyl choline), Al = & (serotonin,
5-Hydroxytryptamine), H2}&Ed(melatonin, N-acetyl-5-me-
thoxy-tryptamine), gamma amino butyric acid (GABA) 5+
e e SUEAS o pufE H2AE sk

© A7 AW Foltk. T3 iAo A =S ffsto] A
/\}%51 Il Qe okEEE HlztloldA|(benzodiazepine) Al €
o] ok, uldlz ol A|(non-benzodiazepine)A| B 9| F=3}
89-g o} o] AMGEIL ook, 34l 2| ol A EIL gl
OFE-0] ok kA 7| A-S Al of&af Ao} Wix ol A|
o1 4% gaolel At ks 37144 15 Ao
gamma-amino butyric acid (GABA)2] A EE ZHA]7]
+ 202, GABA =8A|of 248511 GABA©| 9J3t CI o] &
SR Bl ST S ol A A BIE Hol,
2o gerolA] Suas wele SETHClaude, 2002). b
Wiz clol sl A SwiA] % 2ol 74 zolpidem, zaleplon,
eszopicloneS GABAZ £3}o] ojA|awpr} Vel s
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17} YeRdth(Roehrs et al., 1994; Sherin et al., 1998). 5|7t
oJ} -2 k=] A5 o] 55 VI ARSI W WA 2 ¢
A T W FAHS Ut wheba] ARG A oA
EHES AR 5 e A A9 orEE i ok o] A A3
Q=3 Qlek(Krueger et al., 1999).

o] A Y Aol thet X &A= i GABAZF 71 F4
A sk =35}l Qltk. o]t GABAS] X A& A
B GABA-receptors7} |20 F2 ZAste] g|7F=0]
GABA7} 218 Aghsto] A A A A A=
AR 2§t GABAS] o] F7hetol whet A4 A ¢H,
ok JAlEorE 3 e avE UeRATHConcas et al., 1994).
E3F GABAE Aot A E FE5 thit o2 gt Aol A
%= oA a7} = Ao 2 vkEH 0w (Amaud et al., 2001),
I o= AEF A4, 7] S Ayt glFol v Al
(Declerck et. al., 1992).

ChAlukel 22 GABA 2] -5 ¢ 278K glutamic acid)
= ST IRe] A9 5%/dry base 7]<E, =2 7-F- 4.8%/dry
base; w/w) SFL Qli= A0 & Al A QlaL, o= Ao 9
5to] GABAE A4eh = Gl 423 A 424 5-9] shfoltt
(Lee etal., 2010). wh2hA], o] 23t S|P ES YRE 3] A=
H Z-opA o Bk Bk (fermented sea tangle and oyster; FSO)
o= thge GABAZ} k7= o] it webs], GABA7L 4173
A7 E2] S ol thpo] AtollA AaZo] =i & &
U= Aof| 2RjEsto] W AlgFEo] 3L Qe 7215 2B 29
T SAIRE sl EHSol Alge]aL 9laL, o] = QI U4
Aol A o] M= E T ok, Al aEe] oA=&
G AIE do7|aL e Aol el A PHGEA=A =
ChAJf b Jaho) 28 7hs/dofl thsf A4t PR /o] qirh

2 AtollA= GABAS oFf o5kl Sl = oA lvh s
Lo FAEH A B SRR 754 AFaAEA 285t
7] $13t 71 2ARE SHESFAL Z-ThAnp R T FAE
gl d R 2ol thsko] gHASEIT

HE Y

M=

chAlnh= 20124 109e] SabeiA] A7) A7)0l %
oI TItol ARSI, FL 20124 119e] et
© oAl AR A A FL TSkl AH§IRALh Lac-
tobacillus brevis BJ202 Marinebioprocess Co., Ltd (Busan,
Korea)ol| A 2] 43 A& AHE-5H3ITh

Aol ARE FE2 AlS 220-250 g9 Sprague Dawley
Al A AT (HELR, B 7=, TR AL AR 2
ASAR = ARSI AR 2= 22420, SEE 55-
60%= FA[SFAL, AR W 25719k 571435 A 7t
S A7t} Light-dark cycleo] 12417t @92 247 3 &,
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158 AR &2 AR §lo] 5 shelth Aol AR

3] %52 Naive Normal (n=5), Control (Saline, n=5), 5-200
[(5; FSO 200 mg/kg, n=5), 5-400 (3-&}; FSO 400 mg/kg, n=5)
O] 4510 & Lpro] ARE-SFRITE

= A CHADF FEHO| M=

CHAITF 2R S A, T, RABHE AH Het 202
At ok of 7)ol 16819 E(wivye 7FskaL, 80T o4 30
A 32T F 20 mesh 02 A2 Aol F 2E
I8 7Rl a4 (Alcalase)= 40T, 1A]7F 5o a4
gk o] 90T, 1A7t 5t AAE Ag A%l o] Tz
22(250 mesh, o) E o]-§-sto] L of} sfo A z5}GITt.

= - ChA|OF e ROl H&

2

Fr mo fr Az
flo i

2

= opA| 0} B B2k (fermented sea tangle and oyster pow-
der, FSO)& ThA|T} 220 45% (wiv), 2 220 45% (whv),
yeast extracts 4% (w/v), glucose 4% (w/v)S 2tz &3ls}al,
= 2(121°C, 30 min) @ F2(2% L. brevis BI20) A2 A14]
ShohS- (37T, 24 hrs) 2 A HF(121C, 30 min)dkal A=
stof Azttt Al Al 23} chArRe] HIEE 22} 1:99 A

8:2 &= Z17Ho] &S Al xsto] A& Xaysheltt
GABA, receptor affinity assay

GABA, receptor affinity assay-> Risa et al. (2004)2] ¥
< Faste] AleYatgict. &3t SD-rat 9] o 7&-E 30
mM Tris-HCI buffer (pH 7.4, keep at 4C) 20 mLo]| g0
Azt A7) T 102 A 229 sk, 4ol YAE
(27,000 X g, 15 min)s}o] AF&oH-S- w2] 1l thA| 30 mM Tris-
HCl buffer 20 mL& F{5}o] €141221(27,000 X g, 15 min)3}3
o} & S 3 HEESFY T} 24 o 4] 9] endogenous GABA
E AA37] $l8te] 37T water bath (SWB-03 shaking water
bath, JEIO TECH, Korea)°J| A 3027} incubation A|7] 1L T}A]
AAIEF](27,000 X g, 15 min)$t & pelletS binding assayol] AF
|317174A] -10°C oA Bskelet. 52 H membranes 3l
A7 2 AAER(4C, 27,000 X g, 1027h)3to] 44502 H e
11 50 mM Tris-citrate buffer (binding buffer, pH 7.1, keep at
47)20 mLE Y1 A4, 27,000 % g, 105-71) 31ch.
o] 4L 3 vkl 5 4] 225 binding bufferol] FEFA]A
(500 mL buffer/original tissue g) binding assay S |3t 2]l
& A 2315t} Tubed] membrane suspension 500 uL, extract
25 uL ¥ [*H] flumazenil (1 nM, finalconcentration)= ¥’
L3kt 3 ice o] 4 407t incubation 3}Stt. ©] 3 binding
buffer 5 mL-& ¥ 11 glass fiber filter (GF/C, Whatman)2- ©]-&
3}o] harvest 3% th(Brandel Inc., Gaithersburg, MD, USA).
ANZ-9] radioactivity (Y A434A<=, liquid scintillation count-



704 4 -

ing)= Tri-Carb Liquid Scintillation Analyzers (Perkin-Elmer,
Shelton, CT, USA)E &3l =74 sl4tt H|S0]4 A3} (non-
specific binding)2- clonazepam (1 uM, final concentration)=-
o]g3to] 71 7H-S A4} Bindinggt (%) o2l o 2o 4]
= & ofl At kAT

(Extract DPM - NSB DPM)

Binding (%) = % 100

(TB DPM - NSB DPM)

DPM : disintegrations per minute,
NSB : nonspecific binding,

TB : total binding

5-HT,. receptor affinity assay

5 2% membrane (Perkin-Elmer, USA)S- 35471 % bind-
ing bufferof] FEFA]Z [500:1] binding assayS 9ot 2] oS
A z3}+% T} Tubeol] membrane suspension 500 uL, extract 25
uL ¥ [*H] Mesulergine (1.3nM, final concentration)2 21l
Zslst & 37T o 4] 30487t incubation 3T} ©] & binding
buffer 5 mL-& 11 glass fiber filter (GF/C, Whatman)2- ©]-&
3}10] harvest 3% tH(Brandel Inc., Gaithersburg, MD, USA).
AZ-9] radioactivity (Y4347, liquid scintillation count-
ing)= Tri-Carb Liquid Scintillation Analyzers (Perkin-Elmer,
Shelton, CT, USA)E 53l S5t H|E0| 2]
specific binding)> Miaserine (25 uM, final concentration)
< o]g5t0] 1 2-& Akt BindingZk (%) 9 GABA,
receptor affinity assay2} 5 U35} A4S Tt

ZAgH(non-

Forced swimming test (FST; ZH £% Al&)

A3l 7 AH(behavioral despair test)2}1l = 3= A
AEL FENEAY] & & aFE HMsk= 7242l /:‘E‘]_—%]
© & e St} & HIAES] 24417 Ao, sz0] 50 cm, A&
30 cm@| Fggt ol A - YT ol 22T Fofl F9f e
7Hupego] €2 ok Hr ol B oo AAR wmxd o3 15
57k Q7 Sieirh A SRR o] Yolu] $18) 77} A
St A Holu, Al7to] 3545 3 FE5AAE Hol= Al
7ro] Eoldtt. 15:7k2] ZHA| 4=¢o] Bt A §1A) of Fof
2 o}, HAE SAI7E 1A17F o] SFE-S o] g}, 244171 5

o= 5E7F 22 &A0MA AA 8= A1713L, 4471 A climb-
ing, swimming, immobility Al 7}4] 35 A3} AP A
o] immobilitysh F|7} Q=2 L3t AbA o %u By} 2 9

%
= 2l A o] BFE FAIHEA AR o
fii= oot o, swimming2 H7F W 915 SWA =

Zlo|a1, 718 B 0 2 3=3)7| & 3= AbE] o]t} Climbing-S

73 A0 5 Aol 2 A4S A2 ALgalol ok
d U5 Y= S ARIE o 2 Aot Aot A
ol 23t e 245 £o]7] ff8ll vt e 7hHeke S5 A=
= shwsioit,

Tail suspension test (TST; 12

rat

)
=]

Z 8% 7 AH(behavioral despair test)2}1l e H= 2] #4
W2 o A O] & = aNE AN skE 7124 ARl
= g A et Eﬂolie o|-g3| mme] o] ANk H=
o] & Fhof 32| FHE-S 30 cm] box (H 54 cm, W:
30 cm, D: 47 cm)of| 2LGA| A Adt & vijdol w=th. F 627t
u}]ﬂ—o]-l-:otq 2H7LO =Ho ]—Z] oky1 , 45 %C"l’% _1?_5—5—14
= SN s Bt |t

m

ELISA 24

YsAlF o] it FE sodium pentobarbital (80 mg/kg, i.p.)
2 uk2] 2170 5, Aol 4] FelS ) LAEEI(1000 X g,
10 min) s} -70°Cof| Hgtet -3 Fat welo] Sl o
AF3} & 4291 superoxide dismutase (SOD), glutathione peroxi-
dase (GPX)<2] W3S commercial ELISA kit (USCN life sci-

ence, Huston, U.S.A)E o]-&5}o] 24519t}

S X2
BE 23 Hgs BEC AN mean+ SEE EASY
al, 7y At ko] A 24 window-8 SPSSE ]85}
ALt 22 EA R O] 7S one-way ANOVA testE Al )5}
51051, A5 Tukey tetf o151t $44) ol
A2 F7E P<0.059 A 2Ju] & F-of 53Tt

ot 03

= - A0 22229 GABA
receptor affinity assay

>

receptor ¥ 5-HT2C

TH % 2452 GABA, of|ieAl, oEEH, A2E
el 7 S i Aol el sl o
T NREYS £ 9 2o mF Zefgith. VLPO
(Ventrolateral preoptic nucleus: VLPO)|A12] GABAX Al
9] Shsts v i fuushid Mo VLPO 4%
oo] 2= GABAY Al2E52 =1Ho] fFA] 4l 7:'5“01 =
ofedddl W AREUY A Y-S
Stch(Finnimore et al., 1995). A|Z2EHLS Z H—J %L%*é% Xy
LAA SEE Z0)A 71 BARA] SHT,, 587 42 Al
= Ay 71A R R A LSS AAIst] A
E3h3L S-HT,,, 5-HT, -84 245K GABA 1] 57141

O
2]
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Fig. 1. Mental related receptor binding affinity effect. FSO
displaced over 50% of [’H] flumazenil binding at a concentration
of 20mg/mL and showed an effective binding affinity to the
GABAA-BZD receptor and 5-HT, receptor. (A); Percent binding
of [’H] flumazenil to the GABA ,-BZD receptor in in fermentated
marine organisms. (B); Percent binding of [’H]-mesulergine to the
5-HT ,. receptor in fermentated marine organisms.

YL A=sto] A (locus coeruleus) E HljZu] 7)1
(ventral tegmental area: VTA)¥} 22 ZHA A1 E oA (Yun
and Kwon, 1993). o|2{3t A7 A4S FHOE 2 Ao A=
GABAS} AlZE Y receptors 54 2.2 FSOQ| ~HZ7of] 3
o S A Hol

=} ohA[Re vl Z12F 1:90]| A 8:2 Bl &= A| 23 FSO=
A % ol At AlEae] A48 24 Ay} thautet
=9 H]&o] 5:58 7} o] Al 2% FSOo|| 4 GABA, receptor
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Fig. 2. Effect of the FSO on SLEEP ENEHNCEMENT in rats.
Effects of FSO on sleep latency (A) and sleep duration (B) in
mice induced by hypnotic dose (45 mg/kg, i.p.) of pentobarbital.
Mice received pentobarbital 45min after oral administration (p.o.)
of CON (0.5% CMC-saline 10 mL/kg) and FSO (200, 400 mg/
kg). Each column represents mean + SEM (n=10). * P<0.05,
significant as compared to the control group (Dunnett's test).

Aol 7MY =2 Ao g YEFleh B3k AR receptor
1 5-HT, . receptor®}0] At oJA] 5:5 Hl&-of| A Al FSO
7} 7V &/ o] =34tk FSO2] GABA, receptor®} 5-HT, re-
ceptore]l 3t ek A¥h=Fig. 1] A 2lske] UEpSlch

FSO9] =HFH 858 dotry] QajA 4 vt 55 =
dlg o] gato] AE-g Mgt Al 2H FSO= =} thA o}
H]go] 1181 275 o]8sto] Axstlon, o]F 27} 200
mg/kg¥} 400 mgkgS A3 AlFHoH, 11 Anp 4 viek n
dlof FSOE FoA| JHAIZHS Zhashs Ak BHHAN 1
A= vlo] sh3ick oht SHFA AR fojF o g STt

2
i1t
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Fig. 3. Anti-stress effect by forced swimming test. FSO
significantly decreased the immobility time at FSO 200 mg/kg (A)
and enhanced behavioral mobility, shown as the swimming times,
and climbing times, after FSO administration (B). Each value
represents the mean+S.E.M. The result of FSO was analyzed by
performing separate one-way ANOVA among the groups. Each
value represents the mean + S.E.M. *P<0.05 compared to the
control group.

&2 F 5 URE ANz 222 olof et A Fig. 20]

Forced swimming test (FST; ZH &% Al&)

ZSAF Aol it Aak= Fig. 301 A28k At(IMO: F2,
171.64, P=0.23, CLIM: F2, 17 = 5.27, P<0.05, SWIM: F2,
17 = 5.12, P<0.05). Saline-& 513t controltof| H|3| 5-200
(200 mg/kg A5]) ol F-5385 Aol oF 70%0]4 4
S 1S & = ik ESE, active behaviorQ! climbing™}
swimming 3§-5-0] 7ot ko] Uektt o= 5-400 (%
g} 200 mg/kg A1 F F 200 mg/kg Al AHFH)S FoAg oAl ¢

N
o
o

T

Mean counts (sec)
()
o
I

Control 200 mg/kg

400 mg/kg

Fig. 4. Anti-stress effect by tail suspension test. FSO decreased
the immobility time in dose-dependence manner. Each value
represents the mean+S.E.M.

8,000

6,000 |

4,000

Conc. (U/mL)

2,000

GPX

40

20

Conc. (pg/mL)

SOD

Fig. 5. Serum GPx and SOD level. Serum GPx, SOD were
significantly increased in the TMT-treatment group than those in
FSO treated group. Each value represents the mean + S.E.M. The
GPX and SOD level in the serum of normal group (A, saline),
control (B, TMT 10 mg/kg, i.p.), FSO 200 mg/kg (C) and FSO
400 mg/kg (D).
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A& U= A0 2 FSO 43 Al 2E
o )

A~
% 9heg AASHE ol

Tail suspension test (TST; 12| §iH)

e Aol gt ks ohEa Zrk Salines Foidt
controlwto] H|8f 5-400 oA #5345 AlZtel oF 20%°1/d
sk A4S & 4 QIITHF2, 17=1.83, P=0.20). o]+ 15
=O| FSOE Foidh ol A "dids o] dadte A Yt
e Ao Al et e 23 g Zlolth ol o
$t A3H= Fig. 40 A 2319t

SOD, GPX2| ELISA £A

TE BYo] PFAgo] BE Ed & serumfoll 4] SODL}
GPX9] 93-S ool Avl= Fig, 52} ZTtHSOD: F3,14=2.7,
P=0.1; GPX: F3,14=4.6, P=0.5, CORT: F3, 14=282,
P<0.001). o 2ol A= AAdtol| Blsl X wjell SOD, GPX
o] ur o] oF 50% A= 7Haskglk. 3FA|t, 5-400:E0] A= o
Zto] v]3| & Akst @491 SODE} GPX7} F7f6k= A
a2 el

o|AHe] AutE E35HH FSOE AEF A A35le) 1 22
(= A 228 & 5 U= HAE A2 ddijlEo] o
Gt AEH AR QIZE A oljof| tigh A & H A= ARE- 7}
e A E FE AAE A AlR Y FF 2 A A3t
E U O g QA ES F3l FSO2] ool gk A7t
YTt F21go] gls BHS A2 BXA 22 17754
o

Al Ab

2 A= ST G oA AR 2011 = 5427471
A AR AR A7) R o) ofsf e Aate] YRojm,
olof ZHA EHYTHIAH S : SA114084).
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