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Abstract

The present study provides in vitro evaluations of snakehead (Channa argus) extracts on neuronal cell differentiation
and oxidative stress. This study was conducted to analyze the constituents of the extracts prepared using different
extraction methods (room temperature extract, RE; green tea room temperature extract, GRE; enzyme room tem-
perature extract, ERE; green tea enzyme room temperature extract, GERE) and to compare their biochemical prop-
erties. The contents of total amino acids in ERE and GERE were much higher than RE and GRE from Channa
argus. ABTS radical scavenging activities in enzymatic hydrolysates (ERE and GERE) were higher than those of
RE and GRE. In addition, RE and ERE caused a marked enhancement of the nerve growth factor-mediated neurite
outgrowth from PC12 cells and the expressions of growth-associated protein (GAP)-43 and synapsin-1. Four types
of Channa argus extract were added to PC12 cells damaged by hydrogen peroxide (H,0,), after which the survival
rate of PC12 cells was measured. The survival rates of PC12 cells were 77.5+1.9%, 84.0+0.8%, 70.4+1.5%, and
81.1+0.9% at RE, GRE, ERE, and GERE, respectively. These cell survival rates were higher than that of the neg-
ative control group (70.0£2.0%) treated only with H,0,. Cellular toxicities induced by treatment with H,O, were
also significantly alleviated in response to treatment with RE, GRE, and GERE. Taken together, these results suggest
that Channa argus extracts are helpful as a functional material to decrease oxidative stress and neuronal damage.
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RHERl Le] AFE AL E}(Sahld et al,, 2018; Zhang
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TH(Venkatesan, et al., 2017; Wang et al., 2019). &4ts} =
Hiw TS 2ASIL Ho] 48 e olEs})
sta A FHatksts AATFOER AL Akt ZEH X
2YEH AAE B35 4 driDelgado et al., 2016; Sila
& Bougatef, 2016).
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S AE FFAdA olEslE & A =AU Duman
(1999)2 ZE# 29 8% 3 949 #A&71HdS
AW AsAGH =z} A 7t fder diste
E2F9L M 71 (molecular and cellular theory)S A A|
AT &, At 2EG 2= dlul A7 99 95 (atrophy)
M E APE Bk opu]E} A7 ZZ Y (neurogenesis) S
AAste] 2l mh(hippocampus)®] 22 ¥k} 75 FolE
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% (reactive oxygen species, ROS)°] SIt}. ROSE ZZ|
2, 935 (Maes et al., 2009), A7 F 3}k(Stockmeier et al.,
2004), 22 &4l ofsf AAEE ATFAY WAYUSE, A2
A AN Maes et al., 20112} 722 gheFst wlAYZ 23]
T30 W AEldel A52A 982 & F A

ZHCamellia sinensis L)y AlA 3W &
bstEAo] T8 Wil A% +5E 4EA
o] 7154 ARo = JHZIF JHE 171
g3 71, obul At ALEd, ujy|E Fo] Ex)s=H
(Chacko et al., 2010), |5 AEE2 ANl Fit3)zke
(Majchrzak et al., 2004), FZ-&(Yam et al, 1997), 84
AbZ 227 ZH8-(Chacko et al., 2010), @45 A (Crespy
et al., 2004), &Y/d5A A 2H-&(Negishi et al., 2004) 52
o] AP E 7HAe ZeE BAEHA. ofd g
& 7= Ak tiEA ] EZQl 7HEIZ1F2] polyphenol
=% (-)-epicatechin (EC), (-)-epigallocatechin gallate
(EGCQG), (-)-epicatechin gallate (ECG), (-)-epigallocatechin
(EGO)e] 4F F4E ol (+)-gallocatechin (GC), (+)-
catechin(C) & & /71 SAst=dl, ol 29| o] A
O F QI8 ofm| it Sk kel Al o= S-EFo
Tgo] 3t Aol &8sttt

2 ATE 7HEA FEEC] AAZA T nX= 9T
S FolstEle AJEE, PCI2 Al ¥(rat adrenal pheochro-
mocytoma cell)ol] 41734 21 AH(neurotropic factor)?] 217
47 9 AH(nerve growth factor, NGF)TF A 23S uje}
NGF¢t FZ2E& 3 AgdS o Ax B =7]
(neurite) W 3sto]] o™ FEFS =& AT T
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S&o| ARE7] Hstel st 71l 92 Frd
| 7)ol ola] L A=A AR FEl
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HeilE & FE=E M
2 A3oA AMEE 7= A= 694 S(Hadong, Jinkyo,

Korea)ol| A Al-gitol ARESIS T 7HEXE = &9 10
B UA7IE AR F 242 FL(MDF-US3V Stand,
Sanyo Electric Co., Ltd, Osaka, Japan)ollA] 24A]7F B3
% FZAZAZ(FD 8518, IIShinBio Co., Ltd, Dongducheon,
Korea)E AAISIZ 10d4] ©]3tZ2 E3l(Cyclotec Mill
1093, Foss Co., Ltd, Hongands, Sweden)dle] A A5 =
ARESFATE 28], & ARG FEEO AT BAE o
iz Baflo] &332l endo-peptidasec| ™, 3l4H=E of
g3t Alcalase 24 L, 5743 pHOlA E3H o2 Fafsh=
2

el 2, Wl 952 peptide AT A &
9] Flavourzyme S00MGE S AH&-3lo] 71E%] 2] o}n]
TS Fole HAOR Ay AMESIAY. F5 =
2 e 2ok SR 4 FEE(Room temperature-
Extract, REy& A& 50 goll 108]<=2] Sl EH)E A7t
SIS Th =2} 42 FEE2(Green tea-Room temperature-
Extract, GRE) A& 50g°] 7} =32 05g (28 thH]
1%)& ¥l 100 2] Svl(EFr)E F7rekl aa %
< FEE2(Enzyme- Room temperature-Extract, ERE) A|
g 50g°] &4 3% (Alcalese 2.4 L. Favourzyme 500MG,
Neutrase 0.8L)E 7+ 0.5g (5 Y] 1%)= €l 108]5
o &M(FFT)E HIlstdth A &4 A2 FE=
(Green tea-Enzyme-Room temperature-Extract, GERE)2 2]
5 50gq =2k 05g, 84 3% ZF 05g2 ©aL 10859
L EFHE J7I8IAT ©o]& FE52 shaking incubator
(IS-971R, JS Research Inc, Gongju, Korea)oll4 110 rpm,
50°ColA 6A1ZF FE31aL, B4 AL FE2EY H3 4h
FEEL 95°C &2 FZ(JSEB-60T, JS Research Inc.,
Gongju-si, Korea)ol B ¥ 308 5 &4 BEASE
A AL o]F BE FEE-LE o] 32| (whatman No.2)E &3}
gt & FANZSIS 4°Co] BastAA Aol AT

A H ol
o B~

FE| OfO| At =N 24
A& 03 g 75 10mLg 713 v 3A|7HE9 X
AlA 10% 5-Sulfosalicylic acid dihydrate 1 mLS 3 7}3t
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Z=7](Eyela N-1100V-
W; Rikakikai Co. Ltd, Tokyo, Japan)—a— Ol%o}oq E53A
o oo 2 02M9] lithium citrate loading buffer (pH 2.2)
£ s5mL #7ste] &35, 0.45 um membrane filter2
oA 7gt o] Hg ofn| = 2hEA] 71(S7130 Amino acid reagent
organizer; Sykam Co., Ltd., Gilching, Germany)Z 4] 3}
A3, UV/VIS detector 400 nm (1.00 AU)S} 570 nm
(1.00 AU)Z AE3Itt.

2,2-diphenyl-1-picrylhydrazyl (DPPH) ZIC[Zf As &5

TH ¥l FFE2] DPPHE ©]&3 gz &A84
A3l7] 9ste] 80% wWiEkEo| &3]3 0.1 mM DPPHE
517 nmolA] &35 ko] 1.00+0.027F L =2 80% W&
<ol 3)4a AHE-sHATE A E89 0.05 mLoll ¥ = #s
BHE DPPH 89} 145mLE F7bste] AgelA 308 WA
S & 517 nmolA] SFE=E =5 HHBlois, 1958; Kim
et al., 2018).
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2,2’-azinobis-(3-ethylbenzothiazoline-6-sulphonic acid)

(ABTS) 2iC|E s &8
THIE FEF29] ABTSE o83t etz &5 SH2
Kim 5(2003)°] Aol ¢Jste] AAlE WHE 383}

Al 3R 2.5 mM ABTS [2,2'-azino-bis (3-ethylbenzothi-
azoline-6-sulfonic acid)]2} 150 mM Oﬂi}L}E%a\IacDo] z
stEl 100 mM 14F HE9l(pH 7.4)° £33+ & 70°C 32
FZA 307 <t vESERaL A0l A IOEZ} Wzt
t}. ©]Z PFFL 0.45um ZEE o] &3t oAA|A 4°Cel
A 24N 7F B RS & ARESHATH ABTS 2z
fHe 7R AH 3lod F2 % (734 nm) Fkol 0.70+0.02
A F& 20l 2% ﬂo]

z=7 % ABTS E}Eli;r Lo 980 uL sl 37°CelA 1
B2 WESAIZIAL, 734 nmollA] HES- Sl S EE %—Xé

NEME=ES =X

PC12 H] X+ American Type Culture Collection (Manassa,
VA, USA)A Ed3te] ARSI o™, 10% (viv) w3
(horse serum, HS; Gibco, Carlsbad, CA, USA), 5% -$-Ell
& (fetal bovine serum, FBS; Gibco)S 3 7}3+ RPMI
1640 ¥l A](Gibco)Z 37°C, 5% CO,7} §-A == 273}
A AR WlSFE 2= 34U 7HH o2 A aj%k
st Ao ALEstAT). thekst 2Ac R =2F JHEX
F=E Ao & PCI2 A9 AEAESES FH ]
$3} Cell Counting Kit-8 (CCK-8; Dojindo, Kumamoto,

Japan)& AHE-8k] TRk o] FASRiTt PCI2 AEE

|

- AFE - E83] - oA - 2AE - 2R

RS Al YA 3L Ffshe AlEol2E, 10 pg/em’
559 collagen IV (C5544, Sigma, St. Louis, MO, USA)
g = 73 e

Y38t 24-well plateel] 1x10° cell/wellZ &

A F-25 f)ste] 37°C, CO, w7104 24X 7 vl &
£S5 0.1, 025, 05, 0.75% 4l 74 &

T2 24N7F AEE Foll ZF wello] CCK-8 RS 3

7¥sked 2A17F ¥E-3-A1Z1 & microplate reader (VERSAmax,

Molecular Devices, Sunnyvale, CA, USA)E ©]&3}o]

450 nmol X FFEE SH 8L FA S 100%=E 5t

Al ZAEEE AtstAn

BNz =5t

PC12 MEZE 10 ug/em?* 52 collagen IV (C5544,
Sigma)S Y3+ 6-well plate] 10% HSS} 5% FBS7} &
kel RPMI-1640 viAE H7Hsk & ADZ(1x10* cell/
wel)Z EF5ko] 2447k v Faint. 24417k vl F_E PCI2
Ao A B3 g wiAE A A F, NGF (13290010,
ThermoFisher Scientific, Waltham, MA, USA)E 20 ng/

mL 3= Opti-MEM HIA 2 WA sle] 6d7F vl F3}
HFom, AR wiAE ws]F=3Uch. £33k PCI2 A%
£ 4% paraformaldehyde® % 3}3L anti-tubulin-bIIl 3|
(1:800, Santa Cruz Biotechnology, Santa Cruz, CA, USA)
2 H9YgLaNs sk, FFAnAHIX70, Nikon,
Tokyo, Japan)S ©]-&3te] &gou|AE HYP3taL o|n]A|
Z NIS Elements software (version 4.1, Nikon)S A}&3}

of 24 3hlt.

MAZ7|(neurite) 20| FX

ANRE7] Aol v o] A s thHarrill and
Mundy, 2011). NGF&} $H) 7]'€X] z2z595 3735l 6
g7+ B3lAZ] PCI2 Al ZE o)z ol RS Helsle]
1008] wi-&2o] 913 m el Hol= Alokfield)E <15t
I ARKIO R o|nAE g5 dojE HEHE oAl F
Bo|A AAE717F 7FE 2A &2 SAUE Z 250709
AMABAEES Hdeste] 7t7he] AAE7] dolg 4T &
15 H+t3}ato] %—%%%‘i v 23k v el A
oA ol el AAEE717F A AL A (branch) 7k
B9E A= olE +$ Fatste] 27dE719] o= 2+
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Al BlaEt7] flete] EHlE AIXEE 27 PBS S o
2 23] M& % protease & phosphatase inhibitor cocktail
(1861281, ThermoFisher Scientific, Cambridge, MA, USA)
& 41o] AZ¢ radioimmunoprecipation assay buffer (Santa
Cruz Biotechnology, Santa Cruz, CA, USA)S Y3 95
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< BCA Protein
Assay Kit (Pierce, Rockford, IL, USA)E ©o]&3lo] =
Gl ds FEFsidoh BEE dwde

(30 ug)Z 10% SDS polyacrylamide geldllAl 719 %
nitrocellulose membrane® 2 7|3 YA 5% skim milk
(Difco, Detroit, MI, USA)7} 718 Tris-buffered saline
with 0.05% Tween 20 (TBST) 5oz 1A]7F A2
] blocking 3} %1t} synapsin-1 (5297S, Cell Signaling
Technology, Beverly, MA, USA)¥ GAP43 (ab75810,
Abcam, Cambridge, MA, USA)Sl ™3t 13 &A= 5%
skim milkol] 84]3te] 4°C YA A overnightr] At} o}
22 horseradish peroxidase (HRP)7} 2§ %o & 23+
A IAIZE FF AF2olA wHEAI T THA] TBST ¢+
ZHOZ 1027 38 MZI F Clarity Western ECL
Substrate (Bio-Rad Laboratories Inc., Berkeley, CA, USA)
Z 187F ¥8AIZ1 H ChemiDoc™ Touch Imaging System
(Bio-Rad Laboratories Inc.y& A3t bands HE3 oM,
B-actin (Sigma)< loading control2 A3}t

o 1 ol

SAEA

GraphPad Prism (W% 5.01; GraphPad Software, San
Diego, CA, USAYS &7 T4 AH&-3tdtt. Hole=
TR FHIE BASA T F 7 2Pl & B3] S8
one-way ANOVA X+ two-way ANOVAS 53 574 %
TS 5% oA BA8AA, AFEAAR S 2 Mann-
Whitney testZ 31t}
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RE, GRE, ERE, ¥ GERE?] frelotncAt ks &
A5t A3b= Table 13 2o & fFEolr=edt $5&
GRE<RE<ERE<GERE %2 Z7}8l= ZAsS HY)
£3] @45 AM83le] %3 ERE®F GERES A% &
frelotnegbe] FeEre AF7F 1003 ZH2E 16,679.29,
19,269.89 mgS. 2 RE 7,210.88 mg3} GRE 3,687.05 mg©l
H| ko] 2.3-528) o] T ot =4t FE7F Sk
oh ot F & FH obm kel HEede]
2 RE®} H|w3te] ERE®F GERECIA ZH7F 16.84H, 19
v o)l & S7HE HAAth g9 A (blood-brain
barrier)S £33 F & oAkl E|2A1F 53 =5
ANEHERS 7tz =oulgp AZEde] A ot
(Gelenberg et al., 1984; Hou et al., 2006). E]2412 RE,
ERE, GEREYIA Z}7} 116.27, 42841, 52030 mgl- & =
7Vhe A Bk o] fo &5 A5 2t

©oobulmite EYED, AU, FREIE, 7
22l 5o] UthKravitz et al., 1984; Altamura et al,
1995; Parker and Brotchie, 2011; Sanacora et al., 2012).
EYEYS ERE, GEREIA, #ll'd &ed> GEREIA, =
Efvo] Ex= GEREOIA, 28412 REVIA Bo] FZE
233 BE Fa 09 F b A4 A9 B2
oF|=d, MEZEY 9 =3}7(the amine theory)
ItH(Hou C et al., 2006; Hasler, 2010). ©]2]3F Al
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£ & 7] wiel 2 A3olx+= DPPH Bz 27534
ABTS &}tz &7 58 Adste] F25E59] 44E %
. BS JehllE DPPHE 22 Yol 43 o)zt
SRR, ks o] e B2 thid oz
279 =39S =7 fAn. ojwje] DPPHO 7&&
-OHS} frAY8H | WhS-o] A= dhaksla) o] 4 Fols
o]E3tt). o] DPPH &S o|&3ste] dAZFe A
gl zte] ukgof o]ste] DPPH 2ht]Zo] 7HAidteE A
FTHER At A5 Fitsl S SA = W
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oz 275 DPPH W3} 3 ditsl &8 ~3
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Table 1. Compositions of free amino acids in Channa argus extract (unit: mg/100g dry weight)

Name RE" GRE ERE GERE
Phospho-L-serine 24.7340.87 15.98+0.29 95.09+1.69 88.41+0.69
Taurine 3,579.64+23.49 1,946.70+9.56 1,507.41+6.86 1,543.02+4.48
L-Aspartic acid 51.57+0.49 35.63+1.42 29.01+0.55 252.25+1.56
L-Threonine 159.45+1.17 91.3243.53 464.82+1.48 514.41%1.12
L-Serine 132.05+1.93 65.73+1.33 108.69+2.18 418.82+0.71
Asparagine - - - 617.47+1.75
L-Glutamic acid 200.51+1.75 95.50+0.61 - 407.82+1.98
a-Aminoadipic acid - - 219.35+4.57 737.36+2.48
Glycine 817.17+2.43 476.63+3.45 442.23+2.19 465.88+1.62
L-Alanine 534.60+1.69 277.77+2.32 514.94+1.25 650.38+0.88
a-Aminobutyric acid - - 106.55+1.55 -
Valine 96.11+0.23 46.66+2.69 802.41+0.87 872.17+2.32
Cystine - - 324.99+0.72 -
Methionine 48.00+2.23 - 805.84+0.72 912.03+1.31
L-Isoleucine 71.44+1.82 38.47+0.67 1,168.40+8.04 1,001.45+0.84
L-Leucine 113.53+1.58 62.54+3.26 2,704.65+4.75 2,506.04+1.86
L-Tyrosine 116.27+1.78 - - 520.30+5.22
Phenylalanine - 48.15+1.06 - 2,527.05+2.11
Alanine - - 2,456.71£2.90 -
B-Aminoisobutyric acid - - 683.50+2.62 748.95+2.52
y-Aminobutyric acid 23.10+0.37 17.61+0.57 212.06+0.73 245.03+1.07
Histidine 248.73+2.73 130.82+3.16 305.65+0.78 373.09+2.51
1-Methyl-histidine - - 44.25+0.58 -
3-Methyl-histidine 68.17+2.08 34.14+0.95 42.84+0.80 52.35+1.04
Carnosine - - 253.82+2.38 264.30+2.78
Tryptophan - - 78.57+0.74 78.07+0.23
Ornithine - - 294.21+1.66 317.56+2.07
Lysine 201.87+2.07 118.77+0.79 1,405.06+4.76 1,512.25+£2.96
Arginine 99.64+2.25 80.05+1.92 1,059.27+1.18 1,375.81£2.11
Hydroxyproline 72.03+2.40 59.08+2.47 24.94+0.77 56.49+1.78
Proline 117.43£2.79 45.50+0.60 95.46+1.14 211.13+1.60

Total 6,776.04+21.21 3,687.05+16.43 16,679.13£20.01 19,269.89+9.99

YRE, Room temperature extract; Green tea Room temperature extract, GRE; ERE, Enzyme Room temperature extract; GERE, Green tea Enzyme Room

temperature extract.

24 AL 7 Uk FE 200 wE A FEE
9] ABTS £71%5% Z4sUrhFig. 1B). 45 o] &3lo]

%% 3 ERE, GERE°IA RE, GRE Rt} Hlwd &
ABTS gz 2AEAHS BT &35 71498 +
Ae T2 2oz E ¥ MEe AEZE DNA I &
g 7 de 4bs 2E# 27 A th(Khanzode et al
2003), BAFEA| Q) o} AFEHALLS g L9231 So] A
I JAE 7 Uths ARl & gE A Ath(Gautam
et al,, 2012). gk wp9-2 955 THoA] ofAIEH AL
Fo7b &35 d3td a3t e AoE RuFHAY
(Moretti et al., 2012).

L14M= 230 0|Xl= 22t
PC12 A17AAMEZE NGF HA X (NGF-), NGF A 2|+

(NGF+), 71EX] FE2E3 NGF& &Ald A=A ¢ +
(RE+NGF+, GRE+NGF+, ERE+NGF+, GERE+NGF+)2.
2 o] 647F B3} A7) Al E2] AAEY] oS vl
stod bt 22 495 AUt dnHes BEES
| NGF7} gle deiolA MddES o Aol 2E PCI2
A7} she] A AARY 2 217 57] 43S UE
WA eFktH(Fig. 2A, NGF-). ©]ol H|g| 100 ng/mL &%=
o] NGFE &3t PCI2 AlEZoM B 71K AAE7] A%
S A=3I2THFig. 2A, NGF+). 3+ NGFe 37 o2
T2 2N FE2H 7HEA] FEE =F © PCI12 Al
XE BT 1 AAEE g eH, o= ME Aol 3
7 o]l o] MEZA] = ATHFig. 2A, REANGF+,
GRE+NGF+, ERE+NGF+) ©]#/3 ZA3= NGFe g
RE, GRE, ERES 23+ A EFoA PC12 A E2] NGF



AAE Balel AsliEdzop $5 220 WE ThER) FE2e) F3 183

= 80 —~ 1001
(d
e ‘ <
> 2.5 mg/mL > S 2.5 mg/mL %% %
g2 22
- - = " &A 22
3 =33 5 mg/mL S gok 5 mg/mL Bl 72
% 60k 10 mg/mL g 10 mg/mL BlZ 8177
® © 8177 8177
o o % %
c = 72, 24
= ‘5 60- 3 1%
= = P |4 2
c c v 14 %
[ I 274 574 A 75!
> 40 > A 2 ¥4 %
s 8 %% v 817 %
3 S 40+ v = Vi 8172 1A
n %7 ) F |4 144
® ® i %% % %
o o 7 % VA 7
— o 524 27 4 ¥4
T 20+ k<] 2;; v gg %
47 s 1 ) ")
= : € 20 s &l N B 7
I (7] R N g1 24
a & 4 NE NE NGB 7
o 77 o N4 § % 14 14
27 7 4 A 4
o L H NIFZ 7 < LB NP NEE NS 1
VitC RE GRE ERE GERE vitC RE GRE

Fig. 1. DPPH radical scavenging activity (A) and ABTS radical scavenging activity (B) of Channa argus extract at various extraction
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vitamin C; RE, Room temperature-Extract; GRE, Green tea-Room temperature-Extract; ERE, Enzyme-Room temperature-Extract; GERE,
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Fig. 2. Effects of Channa argus extracts on the neurite outgrowth of PC12 cells. (A) Stimulation of PC12 cell neurite outgrowth by
combinations of NGF and Channa argus extracts. Cell morphology is shown after PC12 cells were treated with saline (NGF-), 100 ng/
mL nerve growth factor (NGF+), or 750 mg/mL Channa argus extracts in the presence of 100 ng/mL. NGF (RE+NGF, GRE+NGF,
ERE+NGF, GERE+NGF) for six days. (B) For each condition, values are reported as the mean + SD of the values for PC12 cells included
within five randomly selected fields (n = 250 cells). **p<0.01, **p<0.001 compared to the control treated with only NGF. (C) Representative
immunoblots for synapsin-1 and GAP43 in NGF-treated PC12 cells with Channa argus extracts relative to the level of NGF-treated control.
(D) Quantification of expression levels of GAP-43 and synapsin-1 was determined from densitometric analysis of enhanced chemiluminescence-
exposed images. Relative GAP-43 and synapsin-1 levels in control cells (NGF treatment) was given a value of 1. Data are shown as the
mean + SD. *p<0.05, ***p<0.001 compared to the untreated control. #p<0.05, ##p<0.01 compared to the control treated with only NGF.
RE, Room temperature-Extract; GRE, Green tea-Room temperature-Extract; ERE, Enzyme-Room temperature-Extract; GERE, Green tea-
Enzyme-Room temperature-Extract.
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Fig. 3. Cytotoxic effects of Channa argus extracts on the cell growth in PC12 cells. Cells were treated with the indicated
concentrations of Channa argus extracts for 24 hr. Cell viability were determined by CCK-8 assay. Values represent the means + SD
of three independent experiments. RE, Room temperature-Extract; GRE, Green tea-Room temperature-Extract; ERE, Enzyme-Room
temperature-Extract; GERE, Green tea-Enzyme-Room temperature-Extract.
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