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Abstract

The aim of this study was to examine the ameliorating effect of Spirulina platensis (SP) on cognitive dysfunction
in high-fat-diet (HFD) mice. Glucose tolerance was evaluated using the intraperitoneal glucose tolerance test (IPGTT).
The results showed that the area under the curve (AUC) decreased 20% in the SP group compared to that in
the HFD group. The ameliorating effect on HFD-induced leaming and memory impairment was investigated using
Y-maze and Morris water maze tests. The administration of SP effectively restored leaming and memory function
compared to that in the HFD group. Using blood serum analysis, liver and kidney function and lipid metabolism-related
biomarkers were measured. Generally, administration of SP effectively restored lipid-metabolism by increasing HDLC
(HTR) and decreasing LDLC. The antioxidant effects in tissues were also investigated by measuring the superoxide
dismutase (SOD) content, oxidized glutathione (GSH)/total GSH ratio, and malondialdehyde (MDA) content, and
the administration of SP effectively improved the antioxidant system in the brain and liver tissues. The improvement
of cognitive function was confirmed by the inhibitory effect of acetylcholinesterase (AChE) as a biomarker of
the cholinergic system, which plays an important role in neurotransmission, and the SP group showed significant
inhibition of AChE. Based on these results, SP could be used to improve brain function by ameliorating the HFD

condition.
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Fig. 1. Effect of Spirulina platensis on intraperitoneal glucose
tolerance test (IPGTT) on high-fat diet-induced mice.

Blood glucose concentration during the IPGTT (A) and area under the curve (AUC)
value (B).

NC, normal control; HFD, high-fat diet; CND, conversion of HFD to normal diet;
SP, Spirulina platensis. Results shown are meanstSD (n=8). Data were statistically
considered at p<0.05, and different small letters represent statistical differences.

Table 1. Effect of Spirulina platensis on body weight in high-fat diet mice

Body weight (g)

Gl'Ollpl) Initial

Administration starting Final
(0 week) (8 weeks) (12 weeks)
NC 20.00£0.58> 25.141146° 25.71£1.98
HFD 20.71:0.49° 34.86£3.72" 40.71£3.15°
CND 20.29:0.76" 35.14+445" 30.00£2.24°
P 20430.79° 34438237 37.2943.09°

UNC, normal control; HFD, high-fat diet; CND, conversion of HFD to normal diet; SP, Spirulina platensis.

DResults shown are meanstSD (n=8).

Data were statistically considered at p<0.05, and different small letters represent statistical differences.
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Fig. 2. Effect of Spirulina platensis in high-fat diet-induced learning
and memory impairment.

The spontaneous alternation behavior, number of arm entries (A), and path tracing of
each groups (B) in the Y-maze test.

NC, normal control; HFD, high-fat diet; CND, conversion of HFD to normal diet;
SP, Spirulina platensis. Results shown are meanstSD (n=8). Data were statistically
considered at p<0.05, and different small letters represent statistical differences.
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Fig. 3. Effect of Spirulina platensis in high-fat diet-induced
long-term learning and memory impairment.

Escape latency in the hidden test (A), time in W zone in the probe test (B) and path
tracing of each groups in the probe test (C) on Morris water maze test.

NC, normal control; HFD, high-fat diet; CND, conversion of HFD to normal diet;
SP, Spirulina platensis. Results shown are meanstSD (n=8). Data were statistically
considered at p<0.05, and different small letters represent statistical differences.
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Table 2. Analysis of serum biomarkers in mice with high fat diet

Group NCY HFD CND SP
GOT (UL) 45.00£1.41% 86.80+20.44° 52.40%7.40™ 56.80£9.52™
GPT (UIL) 28.0042.45° 5820+19.84° 35.40+2.61° 86.60+36.60"

BUN (mg/dL) 18.98+1.50° 19.48+1.36° 17.24£1.07 1782177
CRE (mg/dL) 010" 010" 0.120° 0.120°
LDH (UL) 134.00£16.70° 279.40£90.89° 246.80£68.30° 217.40£39.85*

UNC, normal control; HFD, high-fat diet; CND, conversion of HFD to normal diet; SP, Spirulina platensis.

PResults shown are meanstSD (n=8).

IData were statistically considered at p<0.05, and different small letters represent statistical differences.

Table 3. Analysis of lipid metabolism-related biomarkers in blood serum

Group NCY HFD CND SP
TG (mg/dL) 88.60£21.23%9 117.00£18.60° 83.40£24.90° 105.60+21.92"
TCHO (mg/dL) 99.40+18.77° 146.4021.77° 116.0016.42% 180.00+37.08°
LDLC (mg/dL)” 20.28+5.33" 36.40£5.97 17.5242.18" 24.08+19.21°
HIR (%)” 61.86+1.01° 63.15+4.26" 70.33+3.76" 74.90+9,05"

UNC, normal control; HFD, high-fat diet; CND, conversion of HFD to normal diet; SP, Spirulina platensis

2LDLC (mg/dL)=TCHO-(HDLC+TG}S).
JHTR (%)=(HDLC)/TCHO*100.
"Results shown are meanstSD (n=8).

=

3)

23t GOTS} GPT ol theet life pattern} 22 Q1A=
oA s e HAAZ AolE YERNH, logistic
regression TAJof] w2 GOT #HH A3 43 A3,
1A A A E F(hypertriglyceridemia) 2 Fizole] A
<, GPT &4 A% |7, &5 55, 1ZY2HEES
(hypercholesterolemia), ¥ 1F X AEF 52 Hcloz
Aol & el 2oz delA 3Uvh33). 3 GOT= 80%
o]/do] mEFZEe]otol] EAISHAINE GPTw 27 4|24
T ZAste] Hlnkel] ofgh x[Wta 22 I Eo] dojd
Al AEAR Bao] FF0] S7HE o] GPT S77F 2 Lo
Wty EuETHE4). weba] 2T EEue] AdHd e
GPT 3+ Wish= A/d2]ol2o] Aght tiH] A|&4Q1 114
Walolol] whE J ety 2~EH 2o g Z o R AlRE
u, B} Wekel A1y 1 Ak % AFE Bl A
o= grejof & Aot}

2% 715 A3EQ] CRE, BUNA &= A9 BE 1HlA]
BAACR FoAQ1 AtolE YERNA] eSkth LDH &3
=

Data were statistically considered at p<0.05, and different small letters represent statistical differences.

SP(105.60 mg/dL)°|A] NC =22 §24 74 HAgFS
gelstith. TCHO 3% 57 2 ¥+= SP(180.00 mg/dL)l|
A HFD(146.40 mg/dL) tiH] 93] 71 7335 Yehd
Aedl, ol2dt A= GPT9F AR A d-S Vel 9l
o} o] HA] Aol 2o gkt thH] A[&EH Q] 1A A
olel mg gFeta ~Ed 2ol 23 TCHOS 3ti3 57t
2 AMEEY, o gkt Al o 73 S ATE
el tlEo] 8 E vt 3e Blelth LDLC 3+ 23
¢+ 23}, HFD(36.40 mg/dL)° 4] NC(20.28 mg/dL) thH] <}
1798 S7HE AL H9om, SP(24.08 mg/dL)E= NCT}
2ol folFoz fasE A7s Yeplth &3 TCHO
< HDLCY Hl&<S UERllE HIR At AZoA=
HFD(63.15%) thH] SP(74.90%)°1+ HDLC o] f24
o2 FVHISS IR F Ut ol AHES 1
g o, ~9EeU AFAR 8 frese 4R B
HTRHDLC®] H]&) gkol| oJate] 3 Zd|2H = /Al
EE5e F AR Atsdr

7§ ¥ NC(134.00 mg/dL)tH¥] HFD(279.40 mg/dL)°l HDLCE 2 243 d3 ¥ S5 sle Sd|2H
A ok 2068 S7HE = UERAEL SPRI740 mydl)e B BAAA EF e EEe] FE ASHAl7)7] wEel
CND(246.80 mg/dL) 2.t} Zanel A3} gh& epiIAT  AEd gk 5l o} ddd vhekgh detof tigh o] 28
FAACR folHl Ais vehlA] Ratdd o]l =55 & ¢ itk vh, LDLCE 1toll EAlshs Zu~

24 W AR wolenpr] e 54 A3(Table  HES RAERS Tl e 2H o 29k, LDLCY
3), TG 5% Z¥h= HFD(117.00 mg/dL)+= NC(88.60 mg/dL) Fgol w2 Al o S zHEo] 2 Aol Eot
] S7he @S YR Cm, CND(83.40 mg/dL)st AEd A8 g acloer A833s). Wt ofy e,
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AR W35 ezt A EH n|EFEe]o} 75 4]t
wh2 ROS AT A& Akeld ~E# 2} WAlE 31, IDLCS
2kl oxidized LDL; oxo-LDL)A)Z]A] ®t}. Lipid hydroperoxide,
aldehydes, =2 2~H|&}F3}A) 4] & (7-ketocholesterol[7KC],
25-hydroxycholesterol[25HC]) 3 22 oxo-LDLCE= 83 W
plague A4= 7153l Al HE ol gl 2173413 U] LDL
FEAE AFTo 2N AAM ] 47 APEE 8]
71 Aoz deA Ark36). Kata 5(16)2] ATolA 1=
2B E Aol FH2HEE S| fed E7]d 29 &
v 4z 552 43412 Al LDL7F 7145 31 HDL
o] F7t=o] & FH2EHE M EeS Bylon, F
2 242 omega-6 AYS linoleic acid, gamolenic
acid(GLA)7} 2k A4 4bsh W] 4ol A 71919 )2t
Husige) ol AnES Fus & o, A3 &8
e 87 S 2HE MRS vie R uA 2 o]

2 Qlste] e vkt Aol tigt o'd 3 7R
EEe = T e &Aga addy

71
T Ah9). Wb uAH Aol f=d AR NS Fi
A7 FERdol 717} ¥ ZA) 4 ROSE 1A o2 A7

el gratalelxiel sope| ek Wats Eaf
239 gV ikl a9E S48, 1 23+= Fig
o 2ty ¥ %ZAoA SOD FHS =A3 APj:=
NC(16.08 U/mg of protein) W] HFD(9.65 Ufmg of protein)
7} ¥ 17.712% AaE AE YERATHFig. 4A). SP(17.42
Ufmg of protein)= CND(15.81 U/mg of protein)2} 22
2 £2 SOD &2 YeERRIT 1 24 9] SOD gra
HFD(15.07 U/mg of protein)7} NC(22.22 Ujmg of protein)
tiH] <F 32.18% HAad e e M, SP(20.76 U/mg
of protein)= CND(22.86 U/mg of protein) 2. th= T4 2
T SOD #&& 3| HA7|= o & VELA| W, HFD
] <F 37.76% S7HE TS JUEFACH(Fig. 4B).
GSHE Al X U ks Al 288 24ehs 523 vt
W2 thiol groupo 2, 4Fs} RF-g-of ©]3te] hydrogen}
peroxidesS 8+ 5}ko] radical S 47131 oxidized GSHE
HetE T weba] 22 W total GSH &gl th &t oxidized
GSHY| H| &5 EA38 A3 & 2249 oxidized GSH
ko] NC(10.88%)°l Hl3te] HFD®| 7% 16.42% S et
wlo] oxidized GSHS] H|&°] T71E Z o2 UElgon,
CND$} SPE= 7H7} 1255, 12.75% = oxidized GSHES &7}14
o2 Az Ao w UEhuthFig. 40). 1t A A=
2041%%1 NCo| Hlsle] A 2lo]2 HFH o an

28.10% %= oxidized GSH®| H|&°] S7Hd A& H3oH,
CND$} SPE= 77t 24.82, 22.58% = oxidized GSHE 2} 4|8
= A& YERthFig. 4D).

o= Exst 2 Wiko] Bol ghE o] glof AkshA ~
Edzo FoFsln, ROSOl| Jate] sbs) wh-g-o] Antz
malondialdehyde(MDA) ¢} -2 A4 2HibshES A4 gt
upebx] A Aol 2 e Q1A RdelA A EH
A& ol &ste] 29 EEY 437 MDA & wishd
G n|x=A] I3t HFDS] MDA gHg-e- & %3]
oAl 4.62 nmole/mg protein®! NCo| H|38}>] 5.73 nmole/mg
protein © = °F 24.03% 57 WERATE ¥HA, CND2} SP2
MDA &HaFo] Z2+zt 4.62, 4.79 nmole/mg protein©- 2 2] 2]
1 AL A B3-S YERITHEFg. 4E). 3, 1 27
o 4] := HFD(5.69 nmole/mg protein)<> NC(3.05 nmole/mg
protein)th¥] MDAS] 3 Z7H8 YERI1en, CND<}
SP& 7+7} 2,98, 3.45 nmole/mg protein®] 4=+ 2 2] A3}
Ahsl A3E YERATH(Fig. 4F).

Ray <} Roy(37)°l ™2™ cisplatin®. 2 =% A2 4t
shEdA 29 Eurt ke Fitsl S S 2
29 g2 & FEE0] 8 guZE &7 GSH
2l 9 MDA A& dAIsHE 37t S Basiith
3}, Meineri 5(38)] ATellA= 1AW 2ol & Falf H
o] f=d B 29 E2v AF | ot dF A4
ARE 2 ROS o] Ay Ae gRlglon, 11 &3
= 239 &gl £33 linolenic acid®] E5C 2 Rt}
3 Busisltt olg s ARES aElste] 29 Eue
ksl 35 Frlete] B o, w9} 7F 22 oA ot
hkst B A Aol 2 fitE e Tofe ksl ~E
g2 gk B F3E Fotod, i 715 ool thigh o
L AL EFE F 7 US Aolgta #ekEn) g
F A M= EHEA A Vet GPT 3% S 7HTable
2] 2o} iz o g 23 ETv AF7E A Aol=
T 3 A kst A 2ElS A SAR 0 24

A Z Boatet g 2 Aow gedh

o
=
&

1

B o

oA X =% &9 acetylcholinesterase(AChE)
g4 53

AN7AGEAQ] acetylcholine(ACh)<> choline?} acetyl
coenzyme Al(acetyl-CoA)7} 3 5ol A=, Wds %
of T Qlste] E= o]-gof ZA|7F A A] acetyl-CoA
B2 TAaAA ACh Ao THaETH39). AR el
ACh9] A o] TFAaE = Wi, ol & Edllstes 4%
acetylcholinesteras(AChE) &/d¢| 4% +Fo 2 X5 o]
AlH 2= Atolo] K] AR o] FolA|A] Faf FUA
Alz=glel] Gl & Lo B ETH40). whebd 183
o= el EA4E FHUA Al g WA ERE
AChE®] @45 4o =4 2183 th(Fig. 5). HFD®
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Fig. 4. Antioxidant effect of Spirulina platensis on high-fat diet-induced cognitive dysfunction mice.
Superoxide dismutase (SOD) contents in brain tissue (A) and liver tissue (B), oxidized GSH/total GSH contens in mice brain tissue (C) and liver tissue (D), and malondialdehyde
(MDA) contents in mice brain tissue (E) and liver tissue (F).

NC, normal control; HFD, high-fat diet; CND, conversion of HFD to normal diet; SP, Spirulina platensis. Results shown are meanstSD (n=8). Data were statistically considered
at p<0.05, and different small letters represent statistical differences.

NC(100.00%) th®] 181.50% % AChE &4 Z7Mx 7 oH, Ao zH 7] &dd 35 E2F & F U=
olg)3 Ayl wAo| = F=E s Aol Toll 23} Aoz wordr
o FUG AlzEle] FfE A oz HeE Olasehinde S(41)& PN ZFE2] AChE &4 A3 &7

SP(142.34%)+= CND(151.71%)tH] ThA =& Al a3t= = lutein ¥ zeaxanthin ©]/d & Ao 2]ste] A% =™, DHA
Ueplilon, gaa o m ZRA Al2E] Ao tigh 7| 9} 22 polyunsaturated fatty acids(PUFAs)E H.Z3]| 50
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Fig. 5. Inhibitory effect of Spirulina platensis against
acetylcholinesterase (AChE) activity on high-fat diet-induced
cholinergic system dysfunction.

NC, normal control; HFD, high-fat diet; CND, conversion of HFD to normal diet;
SP, Spirulina platensis. Results shown are meanstSD (n=8). Data were statistically
considered at p<0.05, and different small letters represent statistical differences.

glmto A o] ACh WE& 7 AT Basisith &,
A AMES] AChE 2/ <] A=W PI3K/Akt signaling
pathway 4 3}ol] 2]5te] tau T A o] Z}QIAHSIE Y 0]
© GSK-3B @/do] A= o] HAAGME] BEES =Y
T Ut Baskth39). oleldk AFES nddl E oo,
23 Z2| o] AChE Ad| g3 A Fol 5oz <l
d &4 U4 A 2HS A I EAF o EN X7
M g 55 & F Y o2 Alsdn 25 14
W Ao 2 s Al 7R Slof 2lo] = ulg-
TR, A9 g} 22 gHitksl g 2 Z9d Al
28l T ARE Zhe Al gk A3 =3 vg- Fest
v gt

o ok
I =

H2 e
-4

2 Aofjol] tigh A3 &2y A3 Nd &3
3kt B8k AAKIPGTT)E B3t 1A

ol 7b FdE RS2 EIskA L,
= HFD ti¥] <F 20%<] & WA MA&xE Jepl=
© 2 UEhstth A 2ol & QIA] 7% &4 A
ZE2d9] Yomaze 2 Morris water maze A 8-S 213) 3k
7= SPellA] CND thH] gt 9 A 7]7]1 8 el 7}
To 2 VRS IRl AP EEe] AT
= 29 g8y AF7F dukdlo] 2 A get A} vl
, HFD t]¥] LDLC 74 2 HTRHDLCY] H| &)
g3 ZY2HE Ao 235 e &
H w9} 7F 22L& Ao g2 SOD @4, oxidized GSH

L ol iy 1ot

~
wiﬁmm

i o

[

o &

ol

=

ofl

olf

l

o
e
r

ind
<l

oJ o
AR

o &

e ofN O 2 Ho m AL
o

yE
5
>
s
o

3¢ A3 29 v 437t o
AolA kel FAS PIAA F=

AA] gRlIg = Utk of2f gt A= uA Aol&

G A5 B o= Q1 7|95 AslelA 29 &¢]
AFH = OND 29 /i 298 A58 F e
gRlstatt. T3, ~9 &y AFE o 71 A4
2 A¢E ZU Aladl /0o = OND U] AChE 24¢l]
H =2 A adE Jepd S gtk meta & A
= 29 E W 2A Aol2 fEE Wds ol Rl
A EAE e W71 AstelA EF SHlzEE i
73}, kel §3 9 AChE A s a35 E3fo], Hinte s
FEE T e dr A Aelo] digh 7id xR
QA e ZeE Aoz Addn)

ro TN ol
ME
l-'El
2
i
N
)
tlo
;

ooft . BN et

ZAe 2

2 AFE fFeatie] el gt g el e N EAL
$(20170297)” 5t 2015 = S| G HgAH-2] Ao
2 AT A T(No. 2015R1C1A1A01054303)9] A&
wrop e AFdateln, ofo] ZAL=HY T

References

1. Yamauchi T, Kamon J, Waki H, Terauchi Y, Kubota
N, Hara K, Mori Y, Ide T, Murakami K, Tsuboyama-
Kasaoka N, Ezaki O, Akanuma Y, Gavrilova O, Vinson
C, Reitman ML, Kagechika H, Shudo K, Yoda M,
Nakano Y, Tobe K, Nagai R, Kimura S, Tomita M,
Froguel P, Kadowaki T (2001) The fat-derived hormone
adiponectin reverses insulin resistance associated with
both lipoatrophy and obesity. Nat Med, 7, 941-946

2. Mathieu P, Poirier P, Pibarot P, Lemieux I, Despres JP
(2009) Visceral obesity: the link among inflammation,
hypertension, and cardiovascular disease. Hypertension,
53, 577-584

3. Greenfield JR, Campbell LV (2004) Insulin resistance
and obesity. Clin Dermatol, 22, 289-295

4. Amati F, Dube JJ, Alvarez-Carnero E, Edreira MM,
Chomentowski P, Coen PM, Switzer GE, Bickel PE,
Stefanovic-Racic M, Toledo FG, Goodpaster BH (2011)
Skeletal muscle triglycerides, diacylglycerols, and
ceramides in insulin resistance: another paradox in
endurance-trained athletes?. Diabetes, 60, 2588-2597

5. Hoyer S (2004) Glucose metabolism and insulin receptor
signal transduction in Alzheimer disease. Eur J



584

10.

11.

12.

13.

14.

15.

16.

=T AF A S 8 A #1253 A53 (2018)

Pharmacol, 490, 115-125

. Stranahan AM, Norman ED, Lee K, Cutler RG,

Telljohann RS, Egan JM, Mattson MP (2008) Diet-induced
insulin resistance impairs hippocampal synaptic plasticity
and cognition in middle-aged rats. Hippocampus, 18,
1085-1088

. Park HR, Park M, Choi J, Park KY, Chung HY, Lee

J (2010) A high-fat diet impairs neurogenesis: involvement
of lipid peroxidation and brain-derived neurotrophic
factor. Neurosci Lett, 482, 235-239

. Brownlee M (2001) Biochemistry and molecular cell

biology of diabetic complications. Nature, 414, 813-820

. Zhang L, Zhao B, Yew DT, Kusiak JW, Roth GS (1997)

Processing of Alzheimer’s amyloid precursor protein
during H>O,-induced apoptosis in human neuronal cells.
Biochem Biophys Res Commun, 235, 845-848
Gonzalez-Periz A, Horrillo R, Ferre N, Gronert K, Dong
B, Moran-Salvador E, Claria J (2009) Obesity-induced
insulin resistance and hepatic steatosis are alleviated by
-3 fatty acids: a role for resolvins and protectins. FASEB
J, 23, 1946-1957

Pintana H, Apaijai N, Pratchayasakul W, Chattipakorn
N, Chattipakorn SC (2012) Effects of metformin on
learning and memory behaviors and brain mitochondrial
functions in high fat diet induced insulin resistant rats.
Life Sci, 91, 409-414

Maritim AC, Sanders RA, Watkins JB (2003) Diabetes,
oxidative stress, and antioxidants: a review. J Biochem
Mol Toxicol, 17, 24-38

Tokusoglu O, Uunal MK (2003) Biomass nutrient profiles
of three microalgae: Spirulina platensis, Chlorella
vulgaris, and Isochrisis galbana. J Food Sci, 68,
1144-1148

Romano 1, Bellitti MR, Nicolaus B, Lama L, Manca MC,
Pagnotta E, Gambacorta A (2000) Lipid profile: a useful
chemotaxonomic marker for classification of a new
cyanobacterium in Spirulina genus. Phytochemistry, 54,
289-294

Kuhad A, Tirkey N, Pilkhwal S, Chopra K (2006) Effect
of Spirulina, a blue green algae, on gentamicin-induced
oxidative stress and renal dysfunction in rats. Fundam
Clin Pharmacol, 20, 121-128

Kata FS, Athbi AM, Manwar EQ, Al-Ashoor A,
Abdel-Daim MM, Aleya L (2018) Therapeutic effect of
the alkaloid extract of the cyanobacterium Spirulina
platensis on the lipid profile of hypercholesterolemic
male rabbits. Environ Sci Pollut Res, 25, 19635-19642

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Kim HS, Kim CH, Kwon MC, Song YK, Cho JH, Gwak
HG, Hwang BY, Kim JC, Lee HY (2006) Anticancer
activity of ultrasonified extracts from seawater-based
culture of the microalga Spirulina platensis. Korean J
Fish Aquat Sci, 39, 318-325

Hernandez-Corona A, Nieves I, Meckes M, Chamorro
G, Barron BL (2002) Antiviral activity of Spirulina
maxima against herpes simplex virus type 2. Antiviral
Res, 56, 279-285

Son CW, Shin YM, Sim HJ, Kim MY, Kim MR (2007)
Effect of spirulina on growth of lactic acid bacteria.
Korean J Food Cookery Sci, 23, 968-976

Jung JY, Yang JW, Kim K, Hwang KT, Jung SM, Kwon
JH (2015) Cost-efficient cultivation of Spirulina platensis
by chemical absorption of CO, into medium containing
NaOH. Korean J Chem Eng, 32, 2285-2289

Morris R (1984) Developments of a water-maze
procedure for studying spatial learning in the rat. J
Neurosci Methods, 11, 47-60

Friedewald WT, Levy RI, Fredrickson DS (1972)
Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin Chem, 18, 499-502

Ellman GL, Courtney KD, Andres V, Featherstone RM
(1961) A new and rapid colorimetric determination of
acetylcholinesterase activity. Biochem Pharmacol, 7,
88-90

Brands AM, Biessels GJ, Kappelle LJ, de Haan EH, de
Valk HW, Algra A, Kessels RP (2007) Cognitive
functioning and brain MRI in patients with type 1 and
type 2 diabetes mellitus: a comparative study. Dementia
Geriatr Cognit Disord, 23, 343-350

Hwang EY, Hong JH, Choi JH, Choi EJ, Lee IS (2009)
Study on anti-obesity and hypoglycemic effects of Lycium
chinense Mill extracts. J] Korean Soc Food Sci Nutr, 38,
1528-1534

Kim BB, Hyun CK (2015) Suppression of fat
accumulation and improvement of glucose tolerance in
high-fat diet-induced obese mice treated with an
Acanthopanax senticosus extract. Korean J Pharmacogn,
46, 65-71

Mallikarjun Gouda KG, Kavitha MD, Sarada R (2015)
antioxidant
activities of the butanol extract from Spirulina platensis.
J food Biochem, 39, 594-602

Ou Y, Lin L, Pan Q, Yang X, Cheng X (2012) Preventive
effect of phycocyanin from Spirulina platensis on

Antihyperglycemic, and antimicrobial



29.

30.

31.

32.

33

Anti-amnestic effect of Spirulina platensis in diet-fat diet-induced obese mice

alloxan-injured mice. Environ Toxicol Pharmacol, 34,
721-726

Ma QY, Fang M, Zheng JH, Ren DF, Lu J (2016)
Optimised extraction of [-carotene from Spirulina
platensis and hypoglycaemic effect in streptozotocin-
induced diabetic mice. J Sci Food Agric, 96, 1783-1789
Koh EJ, Kim KJ, Song JH, Choi J, Lee HY, Kang DH,
Heo HIJ, Lee BY (2017) Spirulina maxima extract
ameliorates learning and memory impairments via
inhibiting GSK-3B  phosphorylation induced by
intracerebroventricular injection of amyloid-3 1-42 in
mice. Int J Mol Sci, 18, 2401

White CL, Pistell PJ, Purpera MN, Gupta S,
Fernandez-Kim SO, Hise TL, Keller JN, Ingram DK,
Morrison CD, Bruce-Keller AJ (2009) Effects of high
fat diet on Morris maze performance, oxidative stress,
and inflammation in rats: contributions of maternal diet.
Neurobiol Dis, 35, 3-13

Koh EJ, Seo YJ, Choi J, Lee HY, Kang DH, Kim KJ,
Lee BY (2017) Spirulina maxima extract prevents
neurotoxicity via promoting activation of BDNF/CREB
signaling pathways in neuronal cells and mice. Molecules,
22, 1363

Mukai M, Ozasa K, Hayashi K, Kawai K (2002) Various
S-GOT/S-GPT ratios in nonviral liver disorders and
related physical conditions and life-style. Dig Dis Sci,
47, 549-555

34.

35.

36.

37.

38.

39.

40.

41.

585

Jang HO, Lee CG, Kang YJ (2002) The prevalent rates
of abnormal serum aminotransferase levels and total
cholesterol levels among adolescents with obesity. J
Korean Pediatr Soc, 45, 1484-1490

Duntas LH (2002) Thyroid disease and lipids. Thyroid,
12, 287-293

Bacchetti T, Vignini A, Giulietti A, Nanetti L, Provinciali
L, Luzzi S, Mazzanti L, Ferretti G (2015) Higher levels
of oxidized low density lipoproteins in Alzheimer’s
disease patients: roles for platelet activating factor acetyl
hydrolase and paraoxonase-1. J Alzheimer’s Dis, 46,
179-186

Ray S, Roy K, Sengupta C (2007) Evaluation of
protective effects of water extract of Spirulina platensis
(blue green algae) on cisplatin-induced lipid peroxidation.
Indian J Pharm Sci, 69, 378-383

Meineri G, Ingravalle F, Radice E, Aragno M, Peiretti
PG (2009) Effects of high fat diets and Spirulina Platensis
supplementation in New Zealand White rabbit. J Anim
Vet Adv, 8, 2735-2744

Neumann KF, Rojo L, Navarrete LP, Farias G, Reyes
P, Maccioni RB (2008) Insulin resistance and Alzheimer’s
disease: molecular links & clinical implications. Curr
Alzheimer Res, 5, 438-447

Lane RM, Potkin SG, Enz A (2006) Targeting
acetylcholinesterase and butyrylcholinesterase in dementia.
Int J Neuropsychopharmacol, 9, 101-124

Olasehinde TA, Olaniran AO, Okoh Al (2017) Therapeutic
potentials of Microalgae in the treatment of Alzheimer’s
disease. Molecules, 22, 1-18



	고지방 식이 동물모델에서 스피룰리나(Spirulina platensis)의 기억능력 장애 개선효과
	Abstract
	서론
	재료 및 방법
	결과 및 고찰
	요약
	References


