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Neuroprotective Activity of Spirulina maxima Hot Ethanol Extract
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Abstract — Excessive glutamate can cause oxidative stress in neuronal cells and this can be the reason for neurodegenerative
disease. In this study, we investigated the protective effect of Spirulina maxima hot ethanol extract on mouse hippocampal
HT22 cell of which glutamate receptor has no function. HT22 cells were pre-treated with S. maxima sample at a dose dependent
manner (1, 10 and 100 pg/ml). After an hour, glutamate was treated. Cell viability, reactive oxygen species (ROS) accumulation,
Ca”" influx, decrease of mitochondrial membrane potential level and glutathione related assays were followed by then. S. maxima
ethanol extract improved the cell viability by suppressing the ROS and Ca”" formation, retaining the mitochondrial membrane
potential level and protecting the activity of the antioxidant enzymes compared with group of vehicle-treated controls. These
suggest that S. maxima may decelerate the neurodegeneration by attenuating neuronal damage and oxidative stress.
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Alef & Z§Z —Dulbecco’s modified eagle medium(DMEM),
fetal bovine serum(FBS)-2Gibco(Carlsbad, CA, USA)°l 4]
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T Y3832, Glutamic acid, MTT solution, Trolox, NADPH,
DTNB, GSSG-R(Glutathione disulfide reductase), GSSG
oxidase, GSH(L-glutathione reduced), 2,7-dichlorofluorecin
diacetate(DCF-DA), Fura-2AM, Rhodamin 123, Triton X-100,
penicillin®} streptomycin Sigma(St. Louis, MO, USA)i| A|
795} th. Dimethyl sulfoxide(DMSOY= thA sk el Al
T8kl ARg-SIAT

A ME - 1x 29FY 28 Al 3= el &
8171 A (KIOST)S- 278 Al Rttt 50 g0 2972t
B AEE 4% SRIA7E FRS FEEA(TL-6
Point (K), Misung Scientific Co., Yangjoo, Korea)E ©]-&
ato] 500 mle] 70% olehE-S FEER ko] eAZHERt
80°Ce] 2ol FE3I0TE 528 FEES 314 st
52 7](Rotary Vacuum Evaporator N-N series, EYELA,
Rikakikai Co., Tokyo, Japan)g ©]&-3l FZ319a, 542
AZ3ISITHPVTFA 10AT, ILSIN, Suwon, Korea). & 4=
EL 2L1%E 71E 22TE FESG E FEE| Hsk
FZE98°] 35% F7FstAth(Table 1).

HT22 MIZ diQF — w2 e} Al 239 HT-22 Al E=
10%2] FBS2}F 1%2] penicillin/streptomycing £33 DMEM
HiR| S A2 w02 ALg-atod viofalint. Allaze] wiek
2712 37°C] =004 5%2] COE &F3td 1 CO,
incubatorol| 4] Z1dJe] HATH A5 SHELE 225
AR AlZ27E H2A el 2o wjdd o J=s 2-39 vt
o gk A Al wgal At

HMEME 25 M £F - AR BS 2L 7]
Fo) S FAsle] WYY AE AEES MTT
assay= ©|-8-3l] ZA3IATE v HT22 MEE 48 well
platecl] 1.9x10"Awelle] %= seeding 3132 37°C, 5%2] CO,
o] 2O Z 24 A7 F3E ulgBIATE 24 A7 T control,
negative control “Zigoll= HIR|YF 7F8}aL, positive control L
Fol+ 50 uM troloxE, A& 2= 1 pg/ml, 10 pg/ml,
100 pg/ml $=9] 29T} 22F AEE st F
Aok, oF 3k A7 Fx vlF & controlg A|2]SF BE welldl]
glutamate(3 mM)S Foiste] AkslAQl 2E# A fiubst
Atk o] Wl RE X FHE 30 uiwell2 It 24 A17F vl
T ZE wellell 150 wle] MTT solution(l mg/ml in PBS)S-
7¥eRAek. 3 A1 wiF & ZF welle] MRS B Al AL
DMSO solutiong 300 pl/well2 223t WS 2pdksk A
EfollA] 30 7+ o] formazan crystalS FE3] oA}
t} =91 solutionS 96 well plateol] 200 pl/well 2 %713
ELISA readers AM&-3to] 540 nmolA] §R=E 4319
oh AR 2 27dolA 33] whESIaL, dojxl Aagks
A2 skt

MZ Wl ROS &3 —ujsgt Al2olx ROSE] &<
&S HlaLst] 918t Goodmant Mattson®] WH-S ©]&
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ate] grriZel] WzkebA wkgete sEEQl 20,7-
dichlorofluorescein diacetate(H,-DCF-DA)E A}-&-5lo] 24
< B7FslaAch” 48 well plateol] WiFsH HT224| ol 23]
FEU AIRE Fogal g AIZE F 6 mM 2FEH0IES
Agskaeh. 817 vl £ 10 pMe] DCF-DAZ =28l
1A]7F ¥X]%F TS phosphate-buffered saline(PBS)Z M¥XE
A F3L 1% Triton X-1002.2 &350t} 4HstE DCF
@45 528 nmS} 485 nmoll ZAGsI3ink. AR Ak Al
W okE A9 & S 3he SAIAE SRt

MZ W Ca™ &= &8 - wja HT224 20 Ca™ ©
AR & vlash] flste] F3=2] Fura2AMS A
8311}, 48 well plateoll ¥z HT224| 320 Z~9)F2fut
AN EE Folalal 6 mMe] SFEM|CIES A3t 64
ZF ¥l F 20 pMe] Fura-2AME Fod3}aL 2417k W]}
t}. Fura2AM %32 340 nm®} 380 nmol|4 S48tk
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Y Aaks Al ¥ wks A - S43 ke SAAE sisink

O|EZC2(of aXe| &4 ofn| St £8 - vl HT22
celloll trolox2} =3 F2 (1 pg/ml, 10 pug/ml, 100 pg/ml)
2 AFst 1 A7 F 6 mM2| glutamateS ] 2]3f A E
APES F=3FATE 24417 Bl & 10 uM@] rthodamine
123(Rho 123)& Ag]akal 37°CellA] 30 £2F vk - PBSZE
33] M23I T ¥ excitation wavelength — 480 nm
/ emission wavelength — 525 nmol|4] F ¥ =4 3lo] vl
silth. A Av= Al | Rk A3 § 343 3ks A
A2 skt

=FEX2 & & { s g4 Y & -HT122
cellS 6 well plateoll 3.4 x 10* cells/well & 1 ml¥ seeding
S}l 24 AIZFERE v eFet F, 23R 2 LK1 pg/ml, 10 pg/ml,
100 pg/mhet 4 RO E troloxZ 212t 22J8lar 1 Al
ZF 5 5 mM9] glutamateE A3t 24 A7 vl &
PBSZ 2 3] A|H 3} 3,000 g, 4°C ZACZ 30 ¥7 94
& st wiAIE AASIL 170 ple] E5dS T3t
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S Carlberg®} Mannervik] WS $-8-8lo] 243519t
SFER| 0] & T 5] 03 mM NADPH, 0.6 mM
DTNB(5,5’-dithiobis-2-nitrobenzoic acid, Ellman’s reagent)<} 5
unit/mL2] glutathione disulfide reductase(GSSG-R)E | ]
g 37°ColA 30% E3F WhAIZ & 312 nmollA F
£ SAsIelth S FER2 HSA T o] &4 AF
ol 0.4 mM NADPH, 0.2 mM H,0,, 1 mM¢e] 18 L-
glutathione(GSH)Z} 1 unitmLe] glutathione disulfide reductase
(GSSG-R)E A s & 137 5 vFAIZ] = 340 nmol|A]
TREE S48 SFER2 gYEoi|e] 244
o] 0.1 mM NADPHS} 1 mM 2Fa}a glutathione(GSSG)
Pk % 2% &<t ¥ESAIZIAL WA 340 nmollA F-3 =
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ol &gk AdolA AA75S FEAATE AHE 4 F
AN, 2F|Fe ] 283t B FEEAAM AEANE BHed
do] Ae RIS £ Aol 2 REE
o]-&3le] 80°CE a3t F&3 70% s FEE9]
ANZRAEZRT FAS HT22 Al Hrksiid. 28 4
3, 29 R dEE FEES A9 AME HE &

MTT assayE St &

Table I. Extraction ratio and relative protection of S. maxima against glutamate insultation in HT22 cells

Relative Protection (%)

Extraction Yield (%)

Control 100 = 3.17

Glutamate 0+ 543

Positive control (trolox) 93.82 + 3.74™"
1 pg/ml 15.07 £ 0.58

SME' 10 pg/ml 3133 + 741 21.11%
100 pg/ml 61.40 + 423"
1 pg/ml 0.1 =221

SMW? 10 pg/ml 2142 + 578 13.72%
100 pg/ml 98.41 + 6.67"

T . 7. ;
2Splrulma maxima ethanol extract
S. maxima water extract
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S 1 pgmle] sEolA Azl AFAME BE 240
15.07%, 10 pg/mlo A 31.34%, 100 ug/mloll A 61.40%%A th.
Olﬂi' HARAIE s FEEC] & FEE vste] A
sholMe &0 25 O skl R, ArEEelM e
& %%EA 24 ol Eﬂ 73 YR tH(Table 1). & W
Hol = 3ighEe] 24Je] WslE HPLC A2n}
%O]'O‘—] Hl w3k ThFig. 1). Fig. 1A
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Fig. 1. High-performance liquid chromatography-DAD analy-
sis (A=580 nm) of phycocyanin (A), Spirulina maxima ethanol
extract (B) and S. maxima water extract (C) using a C5-column
with 20% (v/v) acetonitrile solution containing 0.1% (v/v) tri-
fluoroacetic acid as an eluent.
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o] ®iLdo} Ty V0 5% il T el vis &
Zgo) AR FTL @2 A7V % glor of
F19 s} 2sieliis] AAAE e 0] JRE &

o] AsIolxe] &4 ~7}°ﬂ ER P R Jﬂr
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%%OM ‘I‘EE] shtEsel A 54l 29k 2o opd
S & Stk ol AP AAE Tl &
JJTFALM ek FE= BT SFEPoIE 9sle] &
FE ABHEE 88 BEsl £ 5 sle S Ve
= I 5 AU oekE FE=e) B8 7 A =
R AHORE FF TEE S */F 2 ait} = FE=o] vl
o] M3l £
de A= 71 gHeH(Table 1). ©]2]gk
FEEo ABAE BE 7“&7]73,2_ &

a0 B4 5 ST

A0[F2|L7} ROSS| MMof| O|X|= & - =3 =
FEMo]Ex ROSY AHS S7HA Al 2EHAE
%‘f'z_‘f&ﬂ T3k, S FE o] B o3l F7Fe ROSE A2
WE Ca’'ol fYEE 7188 UL A9)Reue] 4l
AR S GXo] SFEH 0| ES o5 F7IgF ROSS| A
& FAAA Yeh= ZR1A] ER18kaAF DCF-DA 3%
gg5= o]%fg]_oq ROS/@/HEL_O_ ZJG;}Oﬂq_ /\1—;?:4 g;q_ ilﬂ
FUE 100 ug/mle] FEolA FFEH 0] E %PO# 5
7}k ROS9| A4S 3“1 alA WFo] FATHFig. 2). =
Ep|o| E Hglitoll A e tlzatel] Hlste] ROS B8-S %—ﬂ
AFA(128.41%), =9 T2 oy FE5-2 S71eE ROS
o] S Tl 521 109.13%E 72t ol2igh 2
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Fig. 2. Effect of S. maxima extract (1, 10 and 100 pg/ml) on ROS
production in glutamate injured HT22 cells. Data expressed as
mean * the standard error of the mean. *p <0.05, **p <0.01
and ***p <0.001 versus the glutamate-treated group.



Vol. 52, No. 3, 2021

A= 29Fert A or s 244 e
ol WEME Bo 248 Ul ¢ 52 AT
AL|R2|L} OEHE £EE0| ME L Ca™ sEe 0|E
Zc2|ote a0l O|Xls YE - FFEM|C|ES] 417
=40l 95l Ca’'e Bt SUkRE Zlo® duA g
o]FA F7IE Ca¥'e] Fol 9Jsle] mlEREz]oke] &4
S sl givke A7 A3t ok Abshikgel] ojsto]
apoptosis®] Z7] @AY RlEZE=golr) S48 §Jo] rIE
Zeglobe] w97L A gk AuReurt SRE
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ol9] Fro] ojuld P& FEA| Ca¥'e] Y& S
vl durd o2 A= Fura-2AM 3% 985 AHESHA
o}, 5k v EFE=Eote] v 9] Wl wXe S ¥
7FstaiAk Rho-123 8% &S AT 29 F2u of
B FEES A APEA SFE0IE o3t
tizstol wste] S718E Ca¥'el FE(135.27%)7F BAIA L
2 foA e A7 et 100 pg/mie] 23R
N FEEo] SFEM|0|E 9J5le] F71E Ca’9) 5
EE 11724%=% w30 FATHEFig. 3). gk, 297t
Nete F2EL FFERo|ES 93 Ca’'9] F7lol wE
nEZEoke] v fle] B34S FEoEA R foi Sl
Al izt v A2 3EAA F9vh 29Fu
Nete FE=0 vEZ=go B &4 35 242 10
pg/mle] F=olA] 81.16%, 100 pug/mle] s=ollA 88.89%
= Uepgten ol FdtixoZ ARE Trolox$} Hls2
gk o] AthFig. 4). olH g Ade 2uFeute] oeks
FEEC] tsl BP0 lste] FFEN0IEY of3te
7V BT WS A CatYl TR A
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Fura-2AM fluorescence intensity (%)

+ S. maxima
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Fig. 3. Effect of S. maxima extract (1, 10 and 100 pg/ml) on
Ca”™" influx in glutamate injured HT22 cells. Data expressed as
mean =+ the standard error of the mean. *p <0.05, **p < 0.01
and ***p<0.001 versus the glutamate-treated group.
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Fig. 4. Effect of S. maxima extract (1, 10 and 100 pg/ml) on
MMP level in glutamate injured HT22 cells. Data expressed as
mean + the standard error of the mean. *p < 0.05, **p <0.01 and
***p < 0.001 versus the glutamate-treated group.

ARl FFEOR Yro] T, nEFZEgole] &S Hrof
27 MEL] APES W BE 24S YERE 3
7138 AEE 4 ATk

AL|IR2|L} OfEHE £&E0| SFERRIS &t gitst
S4 M0 OIXls P& - 20Ty oeke FEEC] &
Absl 24E Bk RFF o= olsfistr] flste] A W 3
LA R Agshs SFERR] dH FFER] A
A3 Aol = J A (glutathione reductase, glutathione
peroxidase)®] &g H7Feldith. 20 FE ) oekE F&
E5 1 ug/ml, 10 pg/ml, 100 pg/mle] TE2 FoJsS
o, SFEP o] Ee oJste] 7HASH FFERX| 2] A HS
3| EAA FEA Gelsidth. 2Ry dEs F&
100 pg/mke Foidk A oA FFEp o] Eqt Fo
woll HIgtd 67.45% SFERA29] A #el STk
& 4 AAJTh(Fig. 5). T3k, 2T FEY oehE FEE
pg/ml, 10 pg/ml, 100 pg/mle] F== Fosll e o, 25
Eljo] Eo o)&te] whAYE HT22 A4 22 Abda A
=o] 7343 glutathione peroxidase®] &30l W3l T4
golaiieh v Feu} oleks FEE2 | pgml, 10 pg/ml
100 pg/mle] Fx=X glutamate #] 2]l ¥]3}e] glutathione
peroxidase®] €42 Z+7F 30.93%, 41.57%, 68.01% X <
7WAZATHEFig. 6). PEARIO R, 20 REu eks FEE
1 pg/ml, 10 pg/ml, 100 pg/mle] FEE Fo319S uf,
FEH o] Eo 9]5te] &4 HT22 AAAM A A
glutathione reductase®] &S S7HA171=A] ERlsIiT. &=
22 ke FEES 1 pg/ml, 10 pg/ml, 100 pg/mle]
FoA glutamate # 2]l H]3}S] glutathione reductase®]
A 7247} 32.34%, 41.05%, 52.38% # Z7HA A oh(Fig.
7). ol# st A AANE Fgsle], HT224| Eof| glutamateS
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Total glutathione content (%)
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Fig. 5. Effect of S. maxima extract (1, 10 and 100 pg/ml) on
total glutathione amount in glutamate injured HT22 cells. Data
expressed as mean =+ the standard error of the mean. *p < (.05,
**p < 0.01 and ***p < 0.001 versus the glutamate-treated group.
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Fig. 6. Effect of S. maxima extract (1, 10 and 100 pg/ml) on
GPx enzyme activity in glutamate injured HT22 cells. Data
expressed as mean + the standard error of the mean. *p < 0.05,
**p < 0.01 and ***p < 0.001 versus the glutamate-treated group.
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Kor. J. Pharmacogn.

120 -
__ 100 4
X
2 80
2
s
]
o 60 1 *
£
R
S 404 ;
14
o

20 1

control vehicle _1pg/ml 10 pg/ml 100 pg/ml trolox

+ S. maxima

+ glutamate

Fig. 7. Effect of S. maxima extract (1, 10 and 100 pg/ml) on
GR enzyme activity in glutamate injured HT22 cells. Data expressed
as mean + the standard error of the mean. *p < 0.05, **p < 0.01
and ***p < 0.001 versus the glutamate-treated group.
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