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A previous study showed that krill oil improved recognition and memory through anti-oxidative effects
in an amyloid B model, but the authors noted that further investigations are necessary of alterations
to neurotransmitters’ states and of serum lipid profile improvements related to serum lipid peroxidation.
Accordingly, in this study, ICR mice were pre-treated intraperitoneally with scopolamine prior to
induced neurotransmission impairment, and the effects of krill oil provision on their capabilities of
cognition were tested by performing a passive avoidance test (PAT), water maze test (WMT), and
novel object recognition test. Then, parameters including the acetylcholine (ACh) concentration, ace-
tylcholinesterase activity (AChE), lipid peroxidation, serum lipid levels, and nerve cell proliferation
were investigated. The results showed that krill oil improved the mice’s abilities in recognition and
memory as the times taken to complete the PAT and WMT were reduced compared to the mice
in a comparison scopolamine-treated group. Krill oil produced an increased concentration of Ach,
and this was accompanied by a decrease in AChE. As shown in a scopolamine-treated SH-SYS5Y
cell line, krill oil reduced the activity of AChE. Moreover, the suppression of lipid peroxidation— re-
flected in the finding that malondialdehyde was decreased with krill oil provision—is speculated to
affect the recorded serum triglyceride and cholesterol decreases and LDL cholesterol increase. The
intake of krill oil was also found to produce an improvement in brain-derived neurotrophic factor
expression by stimulating the activation of cyclic AMP response element binding protein in the brain
tissue. Overall, the current results imply that the provision of krill oil raises the cognition and memory
by elevating neurotransmitters and by improving the serum lipid profile and nerve cell proliferation,
which occur as lipid peroxidation is suppressed in the brain tissue.
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E’.‘?-_-_] Lde I M(Euphausia superba)Z5-E ]

Ld 9] YFo|H, Eicosapentaenoic acid (EPA), Docosa-
hexaenoic acid (DHA) 52| 7} EX3} X “V\]'Tjr astax-
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ol =g BTl 7199 9 JAAV T &4 FEst= 4
© 2 4# 7 scopolamineS ©]-&3 X = FE =d
[51914 o] AF17]ell thet F744Ql HEE staAt st
St} Scopolaming F271HA ¥ 48 A (muscarinic
cholinergic receptor)2] A&AZA AAHAL EZQ Ach
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£ w5tk A7s B/ 719y A FEE 2
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pezil (Sigma-Aldrich, USA) TF¢3te] ARSI T

gt scopol-

MIE B 3 AIREE A
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amine), °“4EHZ4(P, 5 mM scopolamine + 10 uM donepe-
zil), AsxE 28 2Y AHeT(SL, 5 mM scopolamine +

2 2 10 pgmL), 12|21 g 2 A g]T(SH,
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Control, scopolamine 1 mg/kg i.p.), ¥4 =T (P, positive
control, scopolamine 1 mg/kg i.p. + Donepezil 5 mg/kg p.o.),
a4 Y A& FoT(SL, scopolamine 1 mg/kg i.p. +
Y 29 100 mgkg po.), I8 2 F8&F FoF(SM,
scopolamine 1 mg/kg ip. + 28 2 200 mgkg p.o.), L2
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2 500 mekg po) OB TR @S daFATH
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A4 A TH25].
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Acetylcholine2t acetylcholine esterase &3

NE T8 F F5g o 24 =5 AFAEFAA
ACh 3} AChES] 43& A3t AChe acetyl-
choline assay kit (Cat# ab65345, abcam, UK)E ©]-8-3}
AzA7F Fu el wel A2 33 F micro-
plate reader (spectramax M2, molecular device, USA)E ©]-&
3tod 570 nmoll A FBES SAHSAL A RAAN S
FAEE T Yiste Ao R AR il
3HeF vl ACh S Al4tslH T AChEE acetylcholi-
nesterase assay kit (Cat# ab138871, abcam, UK)E A}-&3}¢
A B AEE A7 410 oA FFE=E A

Asich 249 FHEE EEIH 4] A )
Wl g ojul ACKE S Aot

B3 AT +F W 57

Triglyceride (TG), total cholesterol (CHO), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C)2] % A4 +F W3} 42 A&
A5 e B47](7100, Hitachi, Japan)E ©]-8-3)of &4
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EZ-Lipid peroxidation (TBARS) assay kit (Cat# DG-TBA200,
DoGenBio, Korea)E ©]&3}l4 540 nmol A S3F =5 =74
3}3l malondialdehyde (MDA) 3 W35 A2 YeR
%101, superoxide dismutase (SOD) &4 -Smouse EZ-SOD
assay kit (Cat# DG-SOD400, DoGenBio, Korea)E ©]-&3}]
microplate readerl Al 450 nme| FF=E SA3HTH

r

= == 9 MA M= L BDNF, CREB, p-CREB &gt
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= z22 gl SH-SY5Y Al W AAAZ S4& =
$3] BDNF, CREB, p-CREBS] &% H3}E western blot
o] -g-3lo] &1t Tth RIPA bufferg o] &3t 22|

= M X9 lysateE R 3} 4Tl A 12,000 g, 303
AR 45N S 3438t Bradford assay= Tl
4 &S =43 T western blot analysisE A A 3FHATH
[3]. 10% acrylamide 3+ SDS-PAGEXIA 7] ¥ && 4
A8} 3L Nitrocellulose blotting membrane (Amersham pro-
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(#sc-377154), p-CREB (#sc-7978-R)E A&-3la 23t 2
2} &A Anti-mouse 1gG (#7076, Cell signaling, USA)E ©]
431§ ECL solution (Dong-In Biotech Co, Korea)®ll HF-§-A]
7 Chemi-doc (XRS system, Bio-rad, USA)ollA] #2434
t}. Image J 3 Z 13 (Wayne Rasband National Institutes of
Health, USA, ver 1.46)= ©|-83t] 7 thaigo] Wy 5
FS A7 3} beta-actin (#sc-47778) = H A} T

SHAE|

SAA AL Statview (ver.5.0.1) SA ZZI1H & 9]
$319a, SAFS BB FUAE JeERIAS 7 &
A g5 Uit A F244-2 normality &< ¥ One-
way ANOVA testE AAI3FAL p<0.05 Al homoge-
neity, sample number®l] Wt 2+ 1&E 1] /24 -S Tukey
T+ Fisher’s PLSD testE AM&3le] A4 AT

g 3 nE
29 299 AAAZ ) aHE AT s AAA
X SH-SYSY AEZE AT F=E Ad 2d9

NEZAEES Q’o] SHATH
38 ¢S 72} 10, 50, 100, 300, 500, 700 pg/mL &=
2 Agg 24 vLE T A HA 2] (Blank) THH] 2E
&=l A 70% olde] Al ZAEES A AT (Fig. 1A).
49 10 pgmLES AFEF(SL)CE, I8 2% 100
pg/ mLE 1 EF(SH)TOE A48t o] & 5 mM
scopolamine ] 2] g A|3EF¢] thek AChE &4 W3} =3
7} scopolamine A 2o W& AE Y9 MEZPEE T
= Eﬂ A3l ol& AHLsHAUT I AFHE, scopolamine
SAFT(CT)Ol AFHNEZTNT) 9 ¢F 80% FEo=
L]—E]—‘;,\"fltﬂ, 28 298 X3 SHT Y Alx &=L

1004

h
=
1

Cell viability (%)

B 10

0 100 300 500 700

th

(ng/mL)

scopolamine # #]T(CT) BT ¢F 10% F=2 5232
S 7Hp>0.05) &3 (Fig. 1B), 28 ¥ °] scopol-
amine A gloll ¥ BE THE VIR = A2 AISHT
o] & E3}4] scopolamined AAAEZFo| &S & F

e HOE HelAm, 29 oo] EYORVE HEE

HE 7= AR AR Eoo] AA A WA o Al
AR A R EaHE 71 5 AE IS AALS
a QT

Scopolamine Az2[0 12 ACh
ZoH0ll Cist 32 29| s1}

Scopolamine X 2]oll W& 1x7]% A& F = 28
A5 AR, F 353 A E AIFTIT St =42 B
o o3k =2 sty o] THHA ek
EATE A= 38 HAUATE AF7IE 54 A
ZW3lol] olA donepezil T (P)H SMTll A 7H4 3}
= ol AJA T 574];‘401 oS =R Fskh

Y Y9 AAAG 54 A vA= BAHE gl
st7] 1 sh scopolammeg Fof gk vhe-29] H x2S Ee
3t AchE =743 A T} Scopolamineg *] €] wf-$-2x0]
2] 3.91£0.66 U/mg protein & 2 A4 Z74(1.57£0.27 U/mg
protein) thHl ¢ 60% FFO 2 {3 AATOEZH
scopolamine = Z2& U] AChE ZAAA7&= AS &Qlsh
A THp<0.05, Fig. 2A). ©] 1], donepezil £ (P, 2.540.04
U/mg protein)S £33 R E 38 90U FoJF(SLT, 248
+0.04 U/mg protein; SM*, 2.55+0.01 U/mg protein; SHT,
2.58+0.06 U/mg protein)ol| 41 ACh &3] coll B8] <]
o2 FUHE = AS A8 (p<0.05), 22 299 F
o7} ¥ 22 U ACh & F71 713tk A= &<l
5 A th(Fig. 2A). Scopolamine A& FH4tst HA4-& F7}
AN A st oAl 2gle g Al7|aL A d Aatstz <l

TEXMstet AChE &4

I

J X
O

n11

100 =

th
=
L

Cell viability (%)

0
N C P SL SH

Fig. 1. Estimation of cell viability. Effect on cell viability was estimated with MTT assay. (A) Cell viability change by krill
oil concentration in SH-SY5Y cells. (B) Cell viability change in scopolamine treated cell. N, Normal; C, Control, 5
mM scopolamine; P, 5 mM scopolamine + 10 pM donepezil; SL, 5 mM scopolamine + krill oil at 10 pg/mL ; SH,
5 mM scopolamine + krill oil at 100 pg/mL. Values are presented as mean + SD (n=3). *p<0.05, N vs C and #p<0.05

vs C. One way ANOVA, Post-hoc tested with Tukey.
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#
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Fig. 2. Estimation of acetylcholine concentration and acetylcholinesterase activity. (A) Acetylcholine concentration change in
scopolamine treated mice. (B) Acetylcholinesterase activity change in scopolamine treated mice. (C) Acetylcholinesterase
activity change in SH-SYSY cells. N, Normal, distilled water; C, Control, scopolamine + distilled water; P, scopolamine
+ donepezil; SL, scopolamine + krill oil at 100 mg/kg/day; SM, scopolamine + krill oil at 200 mg/kg/day; SH, scopolamine
+ krill oil at 500 mg/kg/day. Values are represented as mean = SD (n=5). *p<0.05, N vs C and #p<0.05 vs C. One

way ANOVA, Post-hoc tested with Tukey.

Ao

o we} AChFE<S
g 2 Fo&ZE Ac
polamine *1g]el] W& H7]F &4& MAANZE & A+S
A ALgHTE

ACh+ Choline acetyltransferase (ChAT)°1 ols) &4
H AChEC 93] EefjH = AFdE=d=E[2], 2
o o3k ACh &+ Z717F AChE &4 A3}l o3¢k AJA]
gelslr] Yal, = =2 W AChE 4L ZH3A o =
%2 W AChE %/‘4 ol 2114 scopolamine *]&|(C)o] A
doze B 2 848 e LALN, 878.99+19.97
mU/mL vs C, 948.44+33.18 mU/mL, p<0.05) ©]w, P, SL,
SM, 22|31 SH Al AChES] &/ o] Z+Z} 887.23+15.10,
894.25+11.51, 907.04+7.33 mU/mL, 183l 907.90+11.25
mU/mLE E5F scopolamine 2] TH] f-o]& o=z 7ZhA
(p<0.05)3t= Ao = = ATHFig. 2B). & AFAAE

53t 28 2o 9% AChE &4 A3}7} A AChe]
FEF7H 7149 E ste AoE AsHET

scopolamine©. 2 F 58 AAEG AEoA 28 2

o] AChE Aol nx= 9gae olstygc
AChE &4 #8 AFo)A F2 AHE5E SH-SYSY Al

3Z 9] scopolamines *] 2|3l AChES] &/Ado] A4 thx
ol B3l 7} FFEOZ(NT vs. Ci, 13.80£1.00 vs. 98.44
+1.72 mU/mL, p<0.05) 57} ¥ A& SR L, o]l
3l donepezil * ]2 <F 77%(22 42+1.66 mU/mL) =&

S 2 AChE &4°] 4 eE A& 39tk SL# SH
TN A 22 29%(69.93+8.25 mU/mL) @} 57%(42.00+0.38
mU/mL) FF2E &4 o] {35t A% +=(p<0.05) 2
< I3t thFig. 20).

T8 220 ofst | = X[HnfE 2N 3 X|E E

Scopolamlneoﬂ o3k A A H4kst FIhet ME EY &
Foll sl B2 ATE oA AL o[22,
B AT A= scopolamine * 2]l ] n}-9-2 2]
U x)d #4ks} =35 MDA SODE §3le] #2131
ok Ad #1k8l MDA 55w At 2T ol Al 12.24+1.04
uM, Coll Al 14.89+1.64 pME F 20% B EE o3 =
7Hp<0.05)E Rt} ¥FA scopolamine A 2]l wph& 2| &
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Fig. 3. Estimation of malondialdehyde and superoxide changes in brain tissue. (A) Malondialdehyde concentration change in
scopolamine induced mice. (B) Superoxide dismutase activity change in scopolamine induced mice. N, Normal, distilled
water; C, Control, scopolamine + distilled water; P, scopolamine + donepezil; SL, scopolamine + krill oil at 100 mg/kg/day;
SM, scopolamine + krill oil at 200 mg/kg/day; SH, scopolamine + krill oil at 500 mg/kg/day. Values are represented

as mean = SD (n=5). ns, not significant,
Tukey.

F4k3k = donepezil oI (P)oll Al 12.054£0.52 pM, SLi*
12.19£0.20 uM, SM-oll A 13.01+0.49 pM, 183 SH-o
A1 12.16+0.62 pME CT- 59 o 80% T2 &2 BEF
FrolatAl A (p<0.05)5 & A& RIS THFig. 3A). &=
3 scopolamine®l 2|3+ SOD2] &4 WHIE A3 A}
38 2YL EE9|3 donepezil 4T (P)oI A SOD &4
o) JFL nNx @= Ao 5lE S THFig 3B).

o] AAT17191 4, Amyloid pFY w2 EeoA
MDA ke 238 o EoJF(100, 200, 500 mg/kg)oll A]
CT tH] F932(p<0.05) F+Fo2 7439 6“@}
E3ol 3 MDA #24:9] 7Hs & AAEAH.
ae] 9]¢ MDA®] 4= SOD F7He o4E
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T3} Hlnlste] FAd A Atriacylglycerol, TG) X7} <F 1
vl Z7KN vs. C, 98.06£10.95 vs. 151.41420.58 mg/dL, p<
0.05) S FASATE olol thsl SLT, SMT, SHTS] %
A" FFo] 2+ 87.1949.00 mg/dL, 121.76+5.74 mg/dL
)3 76.07+9.64 mg/dLZ scopolamine * 2]72] €F 50%
Fro] A 2 (p<0.05) FEOE 7HAFATHFIg. 4A).
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*p<0.05, N vs C and #p<0.05 vs C. One way ANOVA, Post-hoc tested with

o] Agare] 742 Eobdl SME
4§ﬂq

1 A4 st @3 AdsEel o9
Yare WAL b7 Bash, 214 shsel o
3 =2 e] Egepg), A AdA At FFS v

S 7}5Ao] B, oo whel, 7 A oA ] oA AR
o] d&3sA| %é‘}—oﬂ A A S YIS u)HS A
©F AtmHTH

gz 2R FA == ) A FSA T 2o AP
< 7N, FE o quAd@&rsE, Ao 2R

N

ALk g gxte] HlER B AT Id od HAE
AABE A A MG B3R AHAdH <
A A FElZ ATAIHES Zlolgt AsHTh

T ZEzEHEL ol A, F FE zEHES
A el g Bz 2AqA 8-S HHoz PH 4
ToEE ASE A dAXAL Frte o3 BF 7
o] FolA= Ao R dHA Uth24]. ¥ AFAE sco-
polamine A 2|l whe} A Z=T9| 85% FFLE F95t
Al F74EE AN vs. C, 117.62+1.87 vs. 137.04+6.29 mg/
dL, p<0.05) &1 = AL donepezil T (P, 119.62+15.15
mg/dL)& scopolamine T2 ¢F 85% FEoZ T4
(p<0.05) 3+ th. SLT(124.10+11.06 mg/dL)o) A= scopol-
amine FI7-2] °F 90% FFo] HAdte AEFS Il
ow 53], SMa*# SH ol A 27} 118.5349.137 116.65+
7.43 mg/dLE Q1= o], scopolamine Ael o ¢F 85%
F7A 3l AEE S A3 A THp<0.05, Fig
4B).

F7138le, &% LDL-C =% scopolamineS * 2]+
ol A AUl =TET % 15% S7HN vs. C, 9.91+0.98 vs
11.24+0.73 mg/dL, p<0.05)F A& A3} A 1, SHT A

N



Triglyceride (mg/dL)

C _ 154
=
= *
g
= 10 #
°
s
H
2 51
?
o~
a
-
0-
N C P SL SM SH

Journal of Life Science 2024, Vol. 34. No.7 515

B _ 200~

=

. x

2 1504 =

: LA

S

< 1004

K

S

S 50

=

&

0-
N C P SL SM SH

D 100-

= # F

S0 80 .

T 604

s

2 40-

S

<

5 20-

a8

=

0_

N C P SL SM SH

Fig. 4. Estimation of serum lipid profile change in scopolamine treated mice. (A) Triglyceride. (B) Total cholesterol. (C)
LDL-cholesterol. (D) HDL-cholesterol. N, Normal, distilled water; C, Control, scopolamine + distilled water; P, scopolamine
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ANOVA, Post-hoc tested with Fisher’s PLSD.
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Fig. 5. Behavioral experiments for cognitive and memory functions. (A) Passive avoidance test. (B) Morris water maze test.
(C) Novel object recognition test. N, Normal, distilled water; C, Control, scopolamine + distilled water; P, scopolamine
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way ANOVA, Post-hoc tested with Fisher’s PLSD.
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Fig. 6. Estimation of neuronal protein expressions in brain tissue. (A) Protein expression was measured by western blot. (B)
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