Original Article

Kor J Fish Aquat Sci 47(3),195-203,2014

KFAS #=+uaterx
Korean Journal of Fisheries and Aquatic Sciences

gh5=2] 47(3), 195-203, 2014

ScopolaminelLz [Fest X
(Todorodes pac:flcu )

.|I|k|
OOIHIOIMOIIA(R), | ZE VRS ABIIBRES 2 ALYt st}

Low-salt Todarodes pacificus Jeotgal improves the Learning and
Memory Impairments in Scopolamine-induced Dementia Rats
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We investigated the effect low salt (2 or 4% salt) concentrations jeotgal made from Todarodes pacificus on the learn-
ing and memory impairments in scopolamine-induced (2 mg/kg, i.p.) dementia rats. Rats treated with oral BF-7 (200
mg/kg, p.o.) as a positive control and Todarodes pacificus jeotgal had significantly reduced scopolamine-induced
memory deficits in the passive avoidance test. The Morris water maze test or treatment with 2% salt jeotgal made
from Todarodes pacificus significantly ameliorated the scopolamine-induced memory deficits in the formation of
long- and short-term memory. The acetylcholine content and acetylcholinesterase acitivity paralleled the results of
the behavior experiment. There were no significant differences in the brain acetylcholine contents of the experimen-
tal groups, while the brain acetylcholine content of the group treated with 2% salt Todarodes pacificus jeotgal was
higher than that of the control group. The inhibitory effect of 2% salt jeotgal made from Todarodes pacificus on the
acetylcholinesterase activity in the brain was lower than that of the control group. These trends were similar to those
of the gamma-aminobutyric acid content. We suggest that Todarodes pacificus jeotgal enhances learning memory and
cognitive function by regulating cholinergic enzymes.
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zxe] FeAe] B gat 71ofE Aste] Fag A9l
9] 3} (Chang et al., 1992), | z22] 2] Al7d A 3£of| 4] cho-
line1} acetyl Co A+= acetyl-transferase©]] 2]} acetylcholine >
2 |31 acetylcholine2 acetylcholinesterase (AChE)o]| 2]3]]
acetate?} choline &= H-3| &)= 2} of| A #4491 acetylcho-
linesterase®] 21-8-© 2 acetylcholine®] o] 7Ha A] 71918 A]
317} Yo dth(Choi et al., 2004; Clarke et al., 2007).

gkl A 737} 9= scopolamineS muscarinic ace-
tylcholine receptor, £3] Ml receptor?] Z3HA| 24 A3t}
scopolamine acetylcholinesterase®] /32 S7FA#A A7
ZgHtoll 9l acetylcholine S #afisto] T |7k &<t 7192

A= A 0%‘5%‘&% 7]@%"&
o] &71719, U5l H"EQEE H]M-Xq 3] A== A7
7)010 % U 2= 9)chBartus, 2002).

Alzheimer’s disease $2}2] ¥ ofg] ZF0 Aol o
ofLb=t], B3] ZelA A7 o] 24ko] 714 Ama—}uq ol Bhs
L2 s]ole, elx)2o] Aate}l Tl 9lrk(Bartus et al., 1982;
Colve et al., 1983).
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“*17 th. o] 54 wj<ze]l scopolamine 5-=A @ ol A 7|
2 Aok U 7)ol A gl Bol AbgEL olct
(DaV1es and Maloney, 1976; Dawson et al., 1991).

2712 AChE A A= tacrine, donepezil, rivastigimine,
galatamine 5-0] Y=3lo|HH O] A RARE 7fHEo] Lot
(Davis et al., 1992; Rogers et al., 1998; Rosler et al., 1999) F
B9 %ol W2 HAGE 7 5 gl

i) 747%7] =120 7 o2 BF-7-& 2|0 2] ¢lel&2l el v
Efold o] = 0] 543 A tA o = ofA|ske] A Ao
A PAISHE 7R QIgt o] Akt AEd A 7
A7 7193 o] Sl W A 9 B4 S EAIR] o] B
I EAHKim et al., 2010).
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Sick. Table 13} o] 7t 2 6ul2l 4 7202 o] Agst
gom, 2722 controlv-(negative control)x} BF-7<*
(positive control), A]FA]F(2% natural ~ 4% ethanol)ofl+=
scopolamined Fof 319t AlR AP FEE TPAE (&
ZLAFo] A A5 )MA]_Q_G (})i_c_)_ oL 2o M AL} FE
A 24217 g ool B 0 AAskodt ojuf a4 U
FHES Lfsto] A 5?— Zé AIZH27 10:00-12:00) W

St Sprague-Dawley (SD)A] A% 180+£10 g
A2 (N, =)= e 2 whol 34
olzolz} Aol 28} - ALS

[ =1gul

flo & 4>

ofl x|5tct.
NERSY

NRELE A5 1 200 mglkgo] HES 377 7o) 5
10, 7] oAb §28517] 913 217141 30 2] scopol-

amine (Sigma-Aldrich Co., USA)S 557 1 kg 2 mgo] &
T2 H7IE o] 3lgt) 7| Al SRS Q)6 Q1A A E 3054

RLERE A

o] th2t 3} Al ZEA FoJo] scopolamine hydrobromide&
2 mglkg 02 BEols e,

S

A= Z2Zu] 24132 Morris2] B (Morris, 1984) of whe} Tz}l
sholth $3uIREY FAE B 2 7] SYohe
Table 1. Experimental design
Dose .
Group (mg/kg) Design Rat number
normal - Saline 6
control - Scopolamine (2 mg/kg, i.p.) 6
BF-7 200 Scopolamine (2 mg/kg, i.p.)+ BF-7 treatment (p.o.) 6
. . o . )
29 natural 200 Scopolamine (2 mg/kg, i.p.)+ 2% salted Todarodes pacificus Jeotgal treat 6
ment (p.o.)
Scopolamine (2 mg/kg, i.p.)+
0,
2% ethanol 200 2% salted Todarodes pacificus Jeotgal ethanol extract treatment (p.o.) 6
Scopolamine (2 mg/kg, i.p.) +
0,
4% natural 200 4% salted Todarodes pacificus Jeotgal treatment (p.o.) 6
4% ethanol 200 Scopolamine (2 mg/kg, i.p.) + 6

4% salted Todarodes pacificus Jeotgal ethanol extract treatment (p.o.)




| 24 2| 20] 140 cm, =07} 45 cm¢l Y& EX oo B8
oF 70% A$-1L 975 ol ¢ho] Sojrt Holx] g% 519
th. A5l 15 em, 32017} 35 em@] ¥ SWES- =1 o} 1.5
em7} HES B ol 2Aegon], B £EE 21~ 32T
7t HES shoick. |9 o} 57 st 50 W g HlHF

11 video camera= monitor 5}$1t}.
- Training trial: B} 45 =220 YolA 220
& 90z 5k sk3iTh. 215171 90z el
H Aol F2E

2ol Egoi= A
SHES 2A Sot
S Eo iﬁ%i’ 152 5 )Rt £, 302 F o
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2 282, 25 thiro] A1) Alske W47} 152 U]
of E3%o| EEsHA =W training trialo] $hEE Ao= 7F
Falgick.

- Test trial: training®] &= H 23] ol AAlH(normalst), con-
trols(scopolamine 2 mg/kg T FoJ <) Z12] 31 BF-7w(sco-
polamine 1} BF-7, 100 mg/kg—E— R Fojgh o) 9 @ Ao A
28 AT SR D FE 40N DR AR FOR o] 24

of| thslodescape timeS =% o]— At} 12 23]4 59 o
5190, A2 training trial WYH I} 55 X

A7 90 %2 33T
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23|10 A §-& A 2| 72] working memory abilityS 2745}
+= W (Van der Zee et al., 2004) of whel A5t A&
2 9] 7198 &4 o aukE Yot 7] 9|5ke] scopolamine 2

mgkg 0] 30 & & 255548 AAJsl A 247]7]=
shuttle box (50 X 15 x40 cm, electric grid floor, Ugo, Italy)&
0|31l om, A= 7hdto] {Z(connecting guillotine door;
10 X 10 cm) 2.2 Hbo] L4014 25X 15 cm@] "2 o] 31 Q)
ow, ZHFS 20 W AR 2T 4= Qe 2 519t E Alg
< 401 60 dB ofsto]ar, 212 of 5| g oA A d
o} 7huol = Lhrolzl 1 274 SHECE Aol 2% W
1500 Lux©] 2L 7w A 71ato] 2 olo] Z29]on, w47} u}
W of7|47] sl 2ol g AU ey Blow &
7P o) 54 0.2 zhatol sk el A A shick. 88 A
WA Fhefo|7F A wj e Thetol 7k @ wjzhR| of A AIZE
& 24519}, 814548 (training trial)S 5 3 WHEGlo] wl A
7bi B2 gojh ol A2 AeolA 3 mAS] HFE

4 stainless gnd—e— E33 % =& A 7]/\3(foot-shock)
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= 713leH, o =% Hur A7) 423 (foot-shock) 2] THA| S <1
AAZITE 24 AIZE S o] Fe = Bhe ol W AIRE & 4

=24 E‘:"/\]ﬂ(step—through latency time: 532 A]7HS )
300 Z(cut-off time)7HA] A3} T

sy o x%| 23
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71 & 3,000 rpmo]|
BRI AL
AJ3}sk7](Rochu Ltd., Ba-
sel, Sw1tzerland)§ aspartate ammotransferase (AST), alanine
aminotransferase (ALT)E 4313 th 50| 2AE £85 &
A 559 Hx 22 A &3}l 108 2] homogenization buffer
(12.5 mM sodium phosphate buffer pH 7.0, 400 mM NaCl)=
wABISEA] 1,000 X goll A 10427 ilae] o & e g5
£ 84U R ARESIIT

oM e Fa o AHEHA| €42 acetylcholine iodideS
2 AFE-5H= Ellman et al. (1961)2 M3 sho] 245190} 0.1
M phosphate buffer (pH 8.0) 2.6 mL, 10 mM Ellman’s -8}
(10 mM 5,5"-dithio-bis-2-nitrobenzoic acid, 15 mM sodium
bicarbonate) 100 uL, &4 0.2 mLE cuvetteo] Y31 410 nm
oA TFE=E Z435HF, 75 mM acetylcholine iodide (Sigma-

]Zl

Aldrich Co.) 20 uL=Z H7}5}0] 410 nmoj| A 287+ S3w
ak2 Z4ste] Akstac.

OFMIE 2 2I0| AH|ZtK|(acetylcholinesterase) A X

ol Z

AR AR AN Al Eefo] kg WO
Aol FHECTIHARAAS Yol Hprel FHE
(STYZ olgste] 2454t 38] W AR F AL
3l (inhibition) - o}2} 4lo] u}e} HE519dr}.

* Inhibition (%) = 100 — [(S.T/C.T) x 100]

OIMIElZ22l(acetylcholine) & &H

oA E¥ T 5742 Hestrin®] W (Hestrin, 1949)°] <
310 alkaline hydroxylamine2 714 o-acyl -
7122 243} ] w2 50 uLE 1% hydroxylamine 50
uL% 7rste] &3ket 3 FeCl, (10% in 0.1 N HCI) 500 uL
£ 4 7?* T 58=(540 nm)E S4sto] o E =T

1S E=A
=22

1= oo o
Hx29] & oA skl Lowry?] W (Lowry et al.,
1951)0]] #3}¢] bovine serum albumin (Sigma-Aldrich Co.)<
EE B0 slo] 245ieltt
L|ZXZ]9] GABA (gamma-aminobutyric acid) &
EIEPS|
oo

%2 2] GABA 32 HPLC (Agilent 1100 series HPLC,
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Agilent, USA) & ©]8-35}¢] Clarke] ®H(Clarke et al., 2007)
= Wgsto] EA45H3T. Scopolamine e Z[vl] WA oA
228 Besto] BAE &A%t &, 0.1 M citric acid, 0.1 M
sodium phosphate monobasic, 5.6 mM octane sulfonic acid
2} 10% (v/v) methanol®]] &3A]71 10 uM EDTAE H-7-3
homogenizing buffer (pH 2.8)5 A|2F7<] 68l volume &2
51495k 5 @28k 2171 §91L 4T, 12,000 pmel 4] 1587+ 91
4 welstel 450t A9tk

100 pL 45942 900 uL2] 0.1 M borate buffer (pH 9.5), 200
uL 10 mM potassium cyanide-8-1, 200 uL2] 6 mM 2,3 naph-
thalene dicarboxaldehydeE %713t H voltex (voltex-2 ge-
nie, scientific industries, USA)Z 2 42 % 0.45 uM PVDF
membrane © & o3} gt ] U5 AR Aol A 10 uL =
HPLC¢]| injectiond}%] fluorescence detector® excitation 420
nm, emission 489 nmof| 4| =43}tk

O]/ 2E 0.1% oM EAL o EYE- vehE-S A

Lol on F BAI7E 10EC.2 sl E|H % s%c)
o]EAFe] 940 0.5 mL/min® & 511, AY LEE 20T &
S,
a4 24
A 742 SPSSEA ZRIHE o83t s
U% P<0 05 o3t A FAIA o2 folgt 2o HAseirt
ol thigt 213t Aol & WEhl=A19] BliEA]E Stu-

dent s t-test one-way ANOVA (Duncan’s multiple range test)
2 olgte] A fo8E AFatact

Z4
=

I
250|243

Scopolaminegi 7] A EARS ukE} ul A o] AElekol| wh
2 ool ARE A2letiS o ANE ol o2y 3

7¥eks 592 f7}sl= Morris water maze testS A8 5}o]

F - 27E - A
80
P<0.05 b

. 70r1
(o]
8 60r
? 50
9] L b
b 40 ab
g 30 a a a
@ 3
2 20 +
i

10

2% natural 2% ethanol 4% natural 4% ethanol

normal control BF-7

Fig. 1. Effect of the low salts squid Todarodes pacificus Jeotgal on
scopolamine-induced memory impairment mice in Morris water
maze test during 5 days of training trial session.

D Values sharing the same superscript letter are not significantly
different each other (P <0.05) by Duncan's multiple range test.

Table 22} Fig. 19 YERH AT

BHE 2HA 471 21X H-E AlX|EF A1}, scopolamine?]
2]gk control-2 =F 1| = 49| platform?] 2] & Zroprf=
escape latency AJ7Fo] 7HAx3}A] kol scopolamine 2.2 7]
SRS GUAIT B Aume AR fAR 23S BolE
o] #7171 (long-term memory) <=A4Fo] A2 FEH A
&olgtk 4= QI tk(Kim et al., 2007; Rispoli et al., 2004; Lu et
al., 2007).

3+ positive control 2 FoJ3+ BF-7+-2] 7% Al & 2
A ELE| scopolamine o] 2]} 7] J<=Ato] §ojH 0 7 F|EE A
2 3Folgk 4= 919l o, A npx|Et Yol = @ Ao A A5 B
o]+ W5 BF-7++3} H|<23t escape latency A|7F0. 2 3] E-E] o
scopolamineF-oi 4 Hof 72291 fA A S H ¥ th(Table
2, P<0.05).

Morris water maze testo]| 4] escape latency 717
I E SH55ES UER = A0 2 control-S A| 23 Al
B AR s ol A4U7Ee] QIAIE T Fet pE | 2

payas

e

o] platforme] 91 2|2 91757 WHE E| = A4 Q] Telg o
27 AZHES A 7)ol QoS Bels 2 I3t

Table 2. Effect of the low salts squid Todarodes pacificus Jeotgal on scopolamine-induced memory impairment mice in Morris water maze

test during 4 days of training trial session

Group? 1 day 2 day 3 day 4 day
normal 52.00£1.01"° 23.42+3.56° 18.73£4.11° 16.61£3.51°
control 76.74+10.79° 67.56+8.93° 76.04+9.59° 68.37+7.33°
BF-7 59.10+3.55° 36.83+3.46° 24.00+4.19° 22.55+3.98°
2% natural 59.96+5.84% 40.00£5.01% 29.98+5.99% 23.98+7.77"
2% ethanol 65.303.58° 48.98+5.60 55.005.06° 32.6518.82%
4% natural 61.485.83% 40.005.56 34.89+7 .56 24.74+7.20%
4% ethanol 65.94+3.24° 49.9645.46% 31.5647.94% 31.9747.12%

DValues sharing the same superscript letter are not significantly different each other (P <0.05) by Duncan's multiple range test.

2Refer to the comment in Table 1.
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ek Controli-&- 68.83+7.23 22 th2 A3 - K} 49
% 0 = escape latency A]7Fo] Z%ith. Normal: 15.61+3.40
%, BF-7 £0J3}F 9] 20.50 +3.98 2 & escape A|7to] 714wk
o] Faskglon, 2% audd LA AR Fol o
ethanolF&-&2 FoIgh wollA A7ho] folsHA| At 4%
S B1E 4= 9)2lth o] 5 Hol 2% agglare] o o] AL F
o] 7} scopolamine ©. & G- =+ X 0f| & F o] A7]71] Aol &
I7h Hold A o2 pepytc

TS3|IAIY

"L QA ofFE 5329 54 4| (shuttle box, Ugo,
Italy) £ o]-&-3}o] 815 th(Fig. 2). 53| YA H-S A A7
9] working memory abilityS S435l+= W (Van der Zee et
al., 2004)0.= sfjufel| A 27431% 7)ot HAA L} A Q=
7190l et Y S| Yol F= ARS-EHTE FH|EA|
Aol F7199 L A7 g Sk Al His
FEINYA S 7] 719G A5 SAHAF o= A4 9l
tH(Lozenzini et al., 1996).

Scopolamine (2 mg/kg, i.p.)2] oo 93t 7198 &4k o] B
= 3}olgt A3} scopolamine &2 7|20] £AE control-S
719 Aol A] latency time©] 190.00 + 16.262 % normal<-2]
288.67+19.73%°] tfsto] AA =2 F-o4 A Fax513d
th(P<0.05). ©]+= 3}5 Al ¢ (training trial)A| 2] 7] $2& 7|
oJS}A| gk Al 0 & ek

31H BF-7 o]0 A= 285.90£9.73 == normal-7} la-
tency time©| H|S=31 G 01, A Alm FoJFo| A= 2% oa
g e Ao A4 AR Foi} ethanol =55 Folgh o
oA Z+z} 219.00£37.70, 263.67 £28.88% 2, 4% A5

Ao A FoJt9] 195.00+33.65, 188.33 £17.95% K}

350
P<0.05

a
300 [
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Passive avoidance test (s)

BF-7

2% natural 2% ethanol 4% natural 4% ethanol

normal control

Fig. 2. Effect of the low salts squid Todarodes pacificus Jeotgal
on scopolamine-induced memory impairment mice in the retention
latency of passive avoidance response.

D Values sharing the same superscript letter are not significantly
different each other (P <0.05) by Duncan's multiple range test.
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(u/mg protein/min)

a

Acetylcholinesterase activity

BF-7

2% natural 2% ethanol 4% natural 4% ethanol

normal control
Fig. 3. Effect of the low salts squid Todarodes pacificus Jeotgal on
acetylcholinesterase activity in rat brain treated with scopolamine.
D Values sharing the same superscript letter are not significantly
different each other (P <0.05) by Duncan's multiple range test.
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Aol 317} 9l A © 2 AFE EItiDawson and Iversen, 1993;
Giacobini, 2004).

OFMIE Z 20| AH|2tH|(acetylcholinesterase, AChE)
PSS k=a,

oAl Z=lo AH| A 9] AARR-ES
o] Al&/do] atHTh. o]t wWhE ANk
A ol-8sto] in vitroo| A A o=
of opMlE Z =l 28 2tA 9 in vitro 778 AT A
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21 acetylcholine iodideE 0|83} HE-5-A| Z thHEllman et al.,
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9191}, ool H]s) 2 go] AR FojZe| A BF7 Rolo]
51.77+6.06% =02 molFon, QAo A4 Ads
57} obaAR AT 958 GAEL AL Holat
e °‘3iﬂ-(F1g 4). E3] 2% A5 @ A oj A7 ethanol5:
EZ5A4 60.97+3.66%= Adf4=0] BF-7 43+ Bt oF
9.2%2 © & A Azt ek ol

OtMIEZ2l(acetylcholine, ACh) & &H

oNEEE-E = AAA| oA AR = 4l
A F2AA FU4 A2-T BAZL L 0
acetyl Co A%} choline acetyltransferase (ChAT)/] ai Ak
o= HdEH, opAE 3101]**51] 2hA o] o= acetateﬂ
choline©. 2 B3|t FUA A7 A Q) By 27] &d=35}0]
w Alglo] 9 ¢Jolog %}E:]X% QITtH(Woolf, 1997). Scopol-
amine 2 A AAZ A H 20 A acetylcholine 2] T4
AAAPIE oFER 7]oleAtS o7 el F3417 4o
o THAE At gol &8E= R defA drh(Wesnes
et al,, 1991). obMld 7 Aol m|Rl= Ao AZA|RS]
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normal control BF-7 2% natural 2% ethanol 4% natural 4% ethanol

Fig. 4. Effect of the low salts squid Todarodes pacificus Jeotgal on
acetylcholinesterase activity in vitro.

D Values sharing the same superscript letter are not significantly
different each other (P <0.05) by Duncan's multiple range test.
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different each other (P <0.05) by Duncan's multiple range test.
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different each other (P <0.05) by Duncan's multiple range test.
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