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OHH|’d TH& S (Paralytic shellfish poisoning, PSPYE Rl =F0|| Qs Mdx|0, S0
EE FUES YFGIYE I 5=0| St =4iE T PSPE HESHs HE A[™HQ
Mouse bicassay (MBA)= Z2 AZTHA It &2 &2 2XME CHA| AlEel 7HY Eo-do| Cf
S| QAT olz{sh CHA| AlER &, PSP7F A1Z MZEEEO| Na* XHE2 Kithste 7|HE O
o O LME BMZES M= 7|8t Al> B (Neuro-2a assay)?| HZE2IE 22t =30| C1F
2|2 ULt Neuro-2a assay| 2| Neuro-2a MZFO| Na*/K+ ATPase 2AX|H|2!l Ouabain
O)2t Na+ Xig 2MSIN[Ql Veratridine (V)2 XE[5t0] Dt Nat FYU2E QI3 MZAIES
[T HENOIA, Na* X2 AMH|Ql PSPE AM2|StA =™ Na* RO0| AHchz|of M=7t ME
sl Ag HHStE AHolch 2 AFAM = PSP HES I8t Neuro-2a assay=S =L ¢t &
4ol A Chst O HE JHMSH0] XX AP S SRSt axt StRACE na2{ah Oj7hHa
2 MEYUE, B =W U psp M2| =AH S22, O ZAlbE of2fet ot x7| MERUE
£ 40,000 cells/well2, MZ HYEA|IZE S ME|A|ZH2 282) 24A|2te 2 A7FSHRUCE ot XX
ON sk& 500/50 pME HFSIUCE & AFO|A PSP & Saxitoxin (STX)O CHSHA OV A
2|7t B AEHOIAM SKtY 82-8tE deiZrt &L= 87HK| 5&£(368~47,056 fg/uE =¢l
StRA, Neuro-2a assayl| A4 7t Bisd HRE Sof, de HEM &g 2zt 571K]
Quality Control Criteria?t 2% HO|E{2| MZ|7hs #?|(Data Criteria) 67HX| & 2SI &
ZHE RHCE Neuro-2a assays Tl Zut =5 (ECsy) af2 2 1,800~3,500 fg/ul
2 LIEtSC AEA 7 MEd H| 21l Quality Control Criteria 4% X Data criteria 2{2|
S 7|2 (coefficients of variation (CVs))7F 1.98~29.15% HRZ A=E|0] Ado| MY U xis
go| IR} & AFE Sl feluatolM 28F = A= PSP HEE Neuro-2a assay
Aol X|¥ = 8 57HX| Quality control 7|&2 HMAISH D, PSP & CHEX QI 5401 STX
2 HH2E Neuro-2a assayS HAlst 21t |2[3t ECy S MHEE =+ UAUCH, = =
W =422 THACE MBAE OiHE 4= Ues PSP HEHCRE E8E ZS=2 J|hEICE
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Paralytic shellfish poisoning (PSP) including Saxitoxin (STX) is caused by harmful algae,
and poisoning occurs when the contaminated seafood is consumed. The mouse bioassay
(MBA), a standard test method for detecting PSP, is being sanctioned in many countries
due to its low detection limit and the animal concerns. An alternative to the MBA is the
Neuro-2a cell-based assay. This study aimed to establish various test conditions for
Neuro-2a assay, including cell density, culture conditions, and STX treatment conditions,
to suit the domestic laboratory environment. As a result, the initial cell density was set
to 40,000 cells/well and the incubation time to 24 hours. Additionally, the concentration
of Ouabain and Veratridine (O/V) was set to 500/50 uM, at which most cells died. In
this study, we identified eight concentrations of STX, ranging from 368 to 47,056 fg/ul,
which produced an S-shaped dose-response curve when treated with O/V. Through
inter-laboratory variability comparison of the Neuro-2a assay, we established five Quality
Control Criteria to verify the appropriateness of the experiments and six Data Criteria
(Top and Bottom OD, ECso, ECy, Hill slop, and R? of graph) to determine the reliability of
the experimental data. The Neuro-2a assay conducted under the established conditions
showed an ECs, value of approximately 1,800~3,500 fg/ul. The intra- & inter-lab variability
comparison results showed that the coefficients of variation (CVs) for the Quality Control
and Data values ranged from 1.98% to 29.15%, confirming the reproducibility of the
experiments. This study presented Quality Control Criteria and Data Criteria to assess
the appropriateness of the experiments and confirmed the excellent repeatability and
reproducibility of the Neuro-2a assay. To apply the Neuro-2a assay as an alternative
method for detecting PSP in domestic seafood, it is essential to establish a toxin extraction
method from seafood and toxin quantification methods, and perform correlation analysis
with MBA and instrumental analysis methods.

Keywords: Saxitoxin(2tA|S41), Neuro-2a assay(Neuro-2a A|&), Paralytic shellfish
poisoning(OFH|A I§F S2), Cell-based assay(MZ-7|8F Al Interlaboratory
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ME 1 Uk RE =ME YO 22 Hestn W 2Mg ¢

8l A LC-MS/MSE O|-&3tCHJang et al, 2005). 24 Cfjd S4E

A2 AT 22z Q510 M MAHE Fild E-IAE A Saxitoxin (STX), gonyautoxin (GTX) 1, GTX 2, GTX 3, GTX 40| =
SHAME=A 2l A7t B OE[0 UCHNam and Oh, 2021). 2 LHo| 2 GIX7t F2 HEED STXO| Z2 0¥ HEE= 42

2iLtet GA X[ 2HStof 7|Q1510] OfH|d IHF =2 (Paralytic
Shellfish Poison; PSP)2| QI EF3EC| W4lo] 2L Qo
M2 ReL2ts 2 PSP HHOE 0fRIE2| msl7t 31,
108 Soto| 2 A|7| S Hjws & 21, 2018E =0 =2 5|&
ZIZX] Z4b AZ|7F 7HY WEA LIEFGCE S2[LEE PSP HEQ
HzE B4 B 1986 48 24 X[Y0IM Y E HH =
Al 2 Yol F= TIFE K| (blue mussel, Mytilus edulis) L. O]
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o, 0jd 4~520] YSHZ J|EX| SAHE Zuist0] AEE
= X[90| LtEttT QUCH(Jang et al, 2005).

2Ltz OOl pSPE Alexandrium tamarense’?t T= TS
O, A tamarense Y=ot I1FQ| =42 AT ES 247t AU
of LMz 2ol EZAES Y7t SOMX|H RO =4 =
OFZICHHan et al, 1992). ‘d4F 5§ 8l =4b= L PSP 7|EX=
0.8 mg/kg2 2 2|9 7|ZEX|2t S UG (Wekell et al, 2004). =
LHO M= PSP HEBOZ Mouse Bioassay (MBA)S 7|E2Z 9
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2 21N ECHSong et al, 2013). PSPO= STX & (STX, neoSTX),
gonyautoxin 1&(GTX 1, 2, 3, 4), N-sulfocarbamoyl toxin &
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S 2057 0|&2 RANIZE e A2 2E{M RUCKSong et al,
2013).
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cultural Chemists (AOAC 959.08, 2000) &2 Al 'Y MBAE EFE
THYOR st Aen, 2ot =4FE AME 01 N HA
gz
At &3 e U
=2 20 g2 mouseS 152 H0] A
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Veratridine

Ouabain

Death

Fig. 1. Principle of Neuro-2a assay for saxitoxin (STX) detection.

oto] ZLIEEN AHE Aldstn QoL Yete 3 Ajedo|
HOoJTICH= CHEat s=&2(0f TSt AFRIR Of7F M2t MBA
CHA Al JHE A7F BEO] A|=&| 1 Q{CHJellett et al, 2002
Louzao et al, 2003; David and Nicholson 2004).

SfSHY 24 WS 0|8% TiM AlHERE 43 U=

20k X A20EI4T(C) 7|8t 7|&&, PSP Z-O| 7+
22| AH8 & Aol AEEtE LC SOl 7jgo| RES| AR
2|20 RACKSullivan 1988; European Commission, 2011; Turner et al,
2019, 2020). £ CHE CHM| 2ME2 LC-MS/MS 7| -0 2 Mg
oM, z[Z0il= YH =0l JTi¥ez o5t =M F H|&
O] 43| 250 B50| &oiz/1 U= FAO|CtJaim et al,
2001; Quilliam et al, 2001). SkX|2F O1F13| BFEZATF UOJOFTH
2M0| JHs3iCHe A E 7HEICHHumpage et al, 2007).
PSP7} A MZ2| 7|50 FE F&= 7IT0| MBA CHA| Al
HOo= MOtz|RACt PSP MEZO| oAl SEIS Wolst=
A MZBO| Voltage gated Na* K'E(VGSC, Nav)ofl Zats}
AHMSt=C, PSPl Zetz2 =dof H|2{Btct oj2{sh 7|
|23l Kogure et al. (1988)0] 2Jsf OFRA MADMEZS Al
(Neuro-2a cell line, N2a)S 0|83+ M220| WL =|UCE N2a Al
Ouabain (O)2f Veratridine (V)O| &7 AM2|2 A<, Ouabain
Na*/K* ATPaseE 24M[SH0] M= L§ NaO| HHMLIZEX| Z5HA|
1, Veratridine2 Na* M2dS 2421510 M=Z HE Na*0| &
A 50 A= ME LW Nat s=7F U2 =0 M=J AE
BHECE O] U Na* M'ES AHHSh= PSP (Saxitoxin)ZH X 2| &l
O/Ne| ZHE0| AR E| ME= WESHH EChFig. 1).
O Al¥2 ONel HECZRH ML BE3k|= 5=2 PSP
9| 57t FH|ZSt= Ae HElZ THEL, Jellet et al. (1992)0]
toto] ==8 ml & < 10 ng
Aol MBASH HIWE|RIS
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I ACAC EAtOl| et MZEE 47740 IiF FE=00 el 4t
A=(n > 0962 FARH ZME LIEHHD, MBAS| HESHA 2
40 pg/100 g 2Lt O 21Tt £=X](1.2~315 pg/100 g/ HEH =
Aoz HE|ACkellet et al, 1992). Neuro-2a assay2t 22 Cell-
based assay (CBA) CHA| Al E FES SHSE s A7
g0 AeH, ZZ0|s STX #EF ofL|2t A|FOFE A (Ciguatoxin)
% XB8Y 549 $AFE F AEOE Neuro-2a assays AHE%H
=250 X|EHo2 2NE|1 QUCHCatterall and Nirenberg, 1973;
Nicolas et al, 2014a, 2014b, 2015). 0| ¥ & Viallon et al. (2020)
2 Neuro-2a assay2| EE2lEl Z2EE0| £XE Zx5HH TGt
Mol Mo -5 2 MAESIY BXR7tsSt Z2EES
MIAISHALCE ot 2021 58 7 AIE HEE Europe food safety
authority, EFSA)2 A|7OtE4l HAES 23 Neuro-2a assay Al

#o| 7to|=2t2lS HMAIS HE R/CHDiogéne et al, 2021). 0|9 Z
0| Neuro-2a assay®| SHYMEFA AES /Tt MBA ThA| Al
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3t H7O|CHPawlowiez et al, 2013; Aballay-Gonzalez et al, 2016).
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OFRA 2 Neuro-2a MZ+& American Type Culture Collection
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Day 1 Day 2 Day 3
Cell seeding in microplates Treatment of VGSC Inhibitors MTT solution treatment
1 2 3 45 6 7 8 9101112
2 A aaa'a'a'a'aa’
B( )QG €, 51/52/53/5455)5657 /'S ) -
() © l | oV- conition
< f=—>| |0 —
9 0 ) 9000000 Record absorbance
o L[] OVycondition
< 1@ () 0006 9009
'olo'o'e’elele HOOOUO) ]
\NNNNNNNNNNN —

OV- condition : >80% cell viability
QC : EC5, of STX standard LB -

. Cell density . O/V concentration . MTT treated time
. Media . STX concentration . COV, QCOV value
. RCV value +  Optimal EC50 value

Fig. 2. Neuro-2a assay procedure and established parameters.

(ATCC; USA)OIIM TLUSH ALBSHRACE MZZF2| HfYE RPMI
1640 (Gibco, USA)M| 10% Fetal Bovine Serum (FBS; Gibco, USA), 1%
Pen Strep (Gibco, USA), 2 mM GlutaMAX (Gibco, USA), 1% Sodium
pyruvate (Gibco, USA), 2.5 g/ml Amphotericin B (Gibco, USAE &
713t HiX|E ARESIALCE MEFE 5% CO, 37°C ZAQ| QI
O|E{OllA HHUSIRACE MEZE FXISHHLE ATHHIY Al AR El=
HiQF HHX|2 RPMI 1640 BH HYX|(FBS 10%)E M ZSHRICt. o
RPMI A3 HHX|(FBS 2%, FBS 5%)& HMIZ&t0 FBS 5% HiX|=
Seeding 2PH0ll FBS 2% HiX|l= =4 X2|2PEa MTT M|
Ol A AtE3}RLE Dulbeccos Phosphate Buffered Saline (PBS; Gibco,
USA)E MZ ME Al AHESHAULE

Saxitoxin dihydrochloride (STX) E&F&Z (Sigma Aldrich, USA)E
TOiet =, 500 pl2l STX (20.3 pg/miyE 25 pi* LE5H0] ESE
}(-20°C) S}t Ouabain octahydrate (O; Sigma Aldrich, USA)=
gl 3% BRFE iAA 20 mMQ| SEE H|ZRSHY K&
Ol 600 piM A~F5t0] HO| AHEHE o H2HEHE st
f. Veratridine (V; Sigma Aldrich, USA)2 pHE 22 =3+ &
3k BERFE 83iAI7|1L, 0| 230 pl¥ A2t daHE
2H-20°C) SHRALY. Thiazolyl Blue Tetrazolium Bromide (MTT; Sigma
Aldrich, USA) 100 mg2 20 ml2| PBSO| 0] 0.22 um Millex
syringe filter unit (Sigma Aldrich, USA)E O|83t0] ZE & Y&
2H4°C) SHALE

Bl @ dm ng i
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2. Neuro-2a assay A& =¥ =4 &

2.1. ¥¥aPd 7ie
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Neuro-2a assay+= Viallon et al. (2020)2] Al

2t
[

5t0d, & 3%(Day 3) I =2 EABIACHFig. 2). R/ HHM &
% well-plate01I MEZE LT SEZ 2F00] Bidts M=
APYOICt & HR 22 HCHE=O| e M=o Ot

ro & o rlo o

z:lﬂlO)I

A HiX| ”'EEP HIZAIZE OV K| SE, SX XE| 55, =
2zt & o mpfgisSE SH B0 XF XHeRtxt o
0'-I|:|-

PN .

2.2. Neuro-2a M= H{f Q¥

Neuro-2a A|Z7} HIZEA|(100 mm cell culture dish, Corning,
USA)Q| 90% Ol dESIRIS I ACHHHQF SHALCE HA HIAFA|
o| HiX|E HMASI 5 ml PBSE #3510 MHSICL A& S PBS
£ HMAH3t 0.25% Trypsin/EDTA (Gibco, USA)E 5827t M2|st)
MZE HO{HCE O] & 125 g, 5 min, 24°C U2 YA}
0] JZE ZOEFI 16 HIEE 3|M3810] 37°C 5% CO, 22| Al
ZH AT Of A HH IS, 2Ot AICHEHY SHRICE A== Ao
7|0f| what 250 HY S

2.3. Neuro-2a assayE {I8H M=

2

Jot

MELe 5 HiQFA|ZE 2l MBS 96 well-plate®l A Neuro-2a
NzZo| ACHE=of =Eot7| et MES == HiYAIZtS &
2et7| st AHO|CE HA Neuro-2a MZEZS 330,000 cells/mlZ
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StO] M= HEIAS H|ZTICE O|F & 12749] T25 E2tA T (cell
culture flask, SPL, Korea)0fl S2tA3 % RPMI 1640 HiX|(FBS 10%)
10 miofl MZ SHEfH 1 miE Y0 =8t 2, 37°C, 5% CO, &
Ol HIFS ZISIRICE B QF = 22A[7t0] K|tk F|RE 642
Orch E2t23 1708 JHLHO KOVA Glasstic slides (KOVA, USAYS
0|83t0q StLto| E2tAa & 10H2 MEAFE ZTIHStH Er
42 7|E3MUCE O] mff 22A|ZHEEE] 76A|7H7HK| 6A|Zt0OtC |- =™t
o, =712 B = 85A|ZH 100A|17HS FEHEHY 7|83t 7|50t
M=ZZeE Jej=2 LIEHHO XY=t LTt 2812 J715t
£ A7tS AESIAUCE Eot NZEHE Al MEZLZQt HYLA|ZH
S MYl st Y ZHOZ 96 well-plated]] MZHES of
1 S ZFGY X7 Mz YEES UEHH= 7I1E2 ROV
(reference cell viability) 242 AHESIICE MZHEI2 LHE 6071
wellOf] ZIESD Q2 367 welle| 4% HAE 3K SRTFE &

3 5
Y BHOZ e 220 ofet Bk AlAISHRICE

Ol

3

i

2.4, HiX[e] =/ =g 9 sTXO| ot MESY

Q!

ok

Neuro-2a assayOfl Al HIQF =740t XH2| ZHOM AL E HIX|Q|
FBSO| B2 =Este HECR 2t ZAEl HHYOR K
Mot STXO| et M==4 =elg Qs HAo|CE Hd =d
2 37K 2oz MLt = 1Y BiX| FBS 10%, X2
HYX| FBS 10%), Z=¢1 2(HISF HYX| FBS 5%, A2 HHX| FBS 5%), &
A 3¢ Hot HiX| FBS 5%, A2| HiX| FBS 2%)2 2 24A|Zt HYQ
Y3t Y K|= MASHE, 2F S= 8 STX 10 pet 2f R
te HYX] 200 WIE 24A17t Melstn S2=E ZPAULCL
é"*g HelHEH 8AS HAHSD 5 mg/ml SEO MT

=2 FBS 2% HiXIQF 1:622 3|4510] well T 60 pi¥ 45
37°c, 5% CO, ZCE XNz| = A A|Ti X3t o
Formazan® Dimethyl Sulfoxide (DMSO) 100 ulZ 838jAlZl =
#LE HusiRict

0%

0 o -Ior
ok

ox HI = [[|0}
mo i Y > ok Ar rot

2.5. Ouabain/Veratridine X2 =7 &g

Neuro-2a assaye LtEE-ZE HZ AKX 2 Ouabain (O)at Lt
EE MY A Veratridine V)2 M2|5t0] LIEE x4 ool &
28 sEHEE X250 Mzl ¥ oI5t =4S LIEt
W= 2| O|83tct 2|7t AH8E STXQ| &% LIEE X<
AHFZ 542 &0lst7| s o s=5 MZETt 80% 0|4 At
Yotz 52 M2ISHOoF BT} W2t ON SEE 0/0~360/36
UM ALO|] 171X &5EQF FIIZ 500/50 uM sEE HFS D
40,000 cells/ml ==2| MEE 24AI7t HIY = E|CH =0 E':E**}
S [ ONVE 24AIZh 37°C, 5% CO, ZHOM M2[stn MTTS
458 X2|T =, HAEl Z20MEHS DMSO 100 ulE 831AI7H =

Hx=oo
==
ST

rl

2Bt Neuro-2a Al = =g & Hold 2t Hisyd Hlu A7 13

i

2OE 2|HE E¥EE FH M= 4=8 Jd=E
80% O|&2| M=t AHZSHs ON HE| sEE 2SI

26.STX M2| & =4 =&

|

LIEE MY AXHQ STXO| X2 828 dFste HHo|Ct.
AM dFETt ONVE MZEIL AZSHe ZE(500/50 pM)E X 2|5t
1S s=& 7|2 BES 2™ HA(Viallon et al, 2020/ &1
SH0f 3~188,222 fg/pl AtO[Q] 177HX| SE2 HFSIAULE O] Ij
Hele & 21 210 yE M2t 1 5 10 g 525 X2t
7] WE0| =4E 21H2 5310 HEZJUCE 2 5= HEHES
1 29l 188222 fg/ule HA STX EE=ALF X2| HYX|(FBS
2% SEEI0 21H] =%5610] HZE F O|F Bt 5|48t0] 1774
9| 52 MZERUCE O O/N7ZF ME| HiX|QE ME[SHA| &2
HiX|ot 22t =otsto] 2T X2| 8UQE HMZESHL 96 well-plate
Off 210 uY 2F5H 24A17F St 37°C, 5% CO, =AM X2

SIRACEL OV 5Ol HES xS dFsI0(Cov- & Covr) =
27t gle HEOMO MZE HEST O ME| 2UE 424 &
QISHRACE M| ZHOLt SBEE EHOs Y2 M A
SYSHH T Ao, & 177H] 5o SHEE £ &
U8 J2j=E LIEHRD ECyS AER 4= Qe SAHE ZEO
LIR= 87H| 52 & a2 HHEIYCL EGy 2 A& 32
GraphPad Software 5 (PRISM, San Diego, CA, USA)S Sl 243}

of AAA e TheI 2Tt
Y = Bottom + (Top-Bottom)/(1+10”((LogECso-X) X Hillslope))

3. Neuro-2a assay?| A4 7t HEd Hu 4

STX AZE2 9/ Neuro-2a assayl| A& A L U HHA 7t
uxt AS5S Qo 3742 27| CHE 7| #tel Hy Aol MEE|UCE
O] HHMES MZEHY U MTT SBE 24 52 ZEsiol o
To| J|EH @FANEE FUY = AUs XCE HARYME &
W SES o dTAAS MERICE 3749 HEA2 Lab-1, 2,
32 XL AL

3.2. #4¥"4 U(Intra-laboratory; Intra-lab) ¥ ¥
4 ZH(Inter-laboratory; Inter-lab) ¥

MM U L AEY 7 ESY GRS YUl AEM 45
O 718 27, HAE 8 asi %)% Bofol, Algsiel 42
. ‘
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Fig. 3. Neruo-2a cell growth graph. (A) shows the maximum density of cells by cell seeding of the N2a cell line in a 25T flask at
30,000 cells/ml and counting cells every 6 hours from 22 hours of incubation. (B) shows a trend line by replacing the cell growth section
with Y = Ln(Y) in the cell growth graph to calculate the time for the cell to double and set the culture time.

£ Y57 Ho| 2 HHA0| S5 Neuro-2a assayE 8
St & Sheml UL

Ol 98 ZE M2 M3E Mg W HEIS S¢ff A+
A W A HOHE 7|S3CE 2 dEd2 2 260 HA|E
Neuro-2a assay H&0f a2t S LSHA 3F Q| CHE A7} 3H
Bte dHES $HSIUCE 2 ™M 7|5E & 32 US ¢
Soto] 8a-dh3 dgj=2 LIEHHD 571X Q| Quality Control &
ECs @2 HIESH 67tX| HIO|E S2 4t=3 2, A Wintra-
lab) P& HE M= o H-A 3742] microplate0i| A
AT ZatgtS HlL E4(n=3)5tR1, HA ZHinterlab) HE
H HRE QoM AEAYE 171| HIO|HE Hlm 245610{(n=3)
HHst CriteriaS SHEISHRICH

3.3. HIo|E| &Y

Z MHEMOAM 8%l Neuro-2a assayQ| S-S I[M9|
Quality Control % GO {52 B dl(mean)Zt EZHEX}

(standard deviation; SD)E O|&3}0 & H|4~(Coefficients of vari-
ation; CV=BZHA/ERZNH%)E ALSta Aol gtgd 3 XY

HgE 1AL

4 1t
1. Neuro-2a assay &8 =7 &g
1.1 M= ol HYQ¥A|ZE B3

Neuro-2a assay2| X HWf SHAQl MZFHZIFI0M 96 well-

MN=ShH
HOE

plate| N2a MZo| U=E MFEstn F¥FT = XH Hf
YAIZHS SRISIALE 22A[ZH0IlA 100A|ZHIER| O M Z=A 2= ALt
M=ol Z|OY == 70A[ZH HIFSIRAS W) T25 E2tA3 7|F
7,628,500 cells/flask2 O|E MZHE & 96 well-plate 7|E2E
CHENo2 27610 LIEHAS [, 97,6448 cells/well2 QI

S| RACHFig. 3(A). EETH A|ZHTHH| MZZEE M= gF 2=

LIEFH D MZREQY 212 Ln (V) HHRIZ Xgsto] 2 =ZE Y

EtLf FMMES &AISHD i MZ7} 2812 5715t Azt
2 1536A12t2 2 LHESHAUCHFig. 3(B). Ol2(3t Z1E HIECZ,
Neuro-2a assayOl| 7‘*%%‘ BT ME 555 40,000 cells/wel 2 g
St B AAIZHE 24A17t2 2 S ESHRACE 96 well-plateOfl 40,000
cells/well 2 200 pl* Eo St 24A[2H SOt HIFSEO Neuro-2a
assayQ| X7| MZ WEEZ LEtL= 7|FE2 RCV (reference cell
viability) = 2t AHESIRACE 6071 well2| S& & 2o B2
0970, EEHAH= 004722 FFE 0] ROV =T EEE 7|E
2 09 O|4o 2 HHSIALY.

-

HA

—rﬂllﬂlr

0| =
=

&9
(Fig.

72
N

1.2 HfX[o] =4 #[X3s} YU sTxO| M=Z=Zd Zu}
N2a assayOfl A HYQF =740t STX ME| ZHNM ALES HiX|Q|

FBSO| SIS XHstet7| Ql8l, 371K Z=HEA 1; B HIX| FBS

10%, M2| BiX| FBS 10%, =7 2; B HiX| FBS 5%, M2| HiX|

FBS 5%, =7 3; {2 HIX| FBS 5%, XNZ| HIX| FBS 2%)2=
Neuro-2a MZE ®Z8l1 STXS X2|SIUCE 371K HIY =<
ZtE HUBIAS M, R2A0ISH XtO[E LIEHNX] GOt BXH

ol ZAS MEStAn] B HiX|Q| FBS BRI 5% X2 HiX|
of FBSE 2%2 AIHSIBIRICHFig. 4. 8 STXO| MESHO| B

367~94,095 fg/ul =2 K23t 21t STXE M|SHK| ¥ =
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ot |0k KO|S LIEFLEX| BERLCHFig. 4).

1.3. Ouabain/Veratridine X2| =7 &

Neuro-2a assay®| 2= LIEE-ZE HZ AX|K 2l Ouabain

=

2.0 -
£ ¥ v
c 154
5 S ERY
~
Te]
©
§ 1.0 -
s V¥ Condition 1 (10% + 10%)
S A Condition 2 (5% + 5%)
o 05+
< @ Condition 3 (5% + 2%)
00 -—f—v-rrmq—l—ﬁ-rrnq—lmq—lmq

10° 104 10° 108

STX concentration (fg/pl)

102

Fig. 4. Optimization of FBS concentration and evaluation of
STX cytotoxicity. Neuro-2a cells were seeded in 96-well plate at
40,000 cells/well with culture medium for 24 hours and treated
STX in the treatment medium for 24 hours under 5% CO; at
37°C, and absorbance was measured by MTT assay. The FBS
content of the culture medium and STX treatment medium for
each condition is as follows. Condition 1; culture medium with
10% FBS and treatment medium with 10% FBS. Condition 2;
culture medium with 5% FBS and treatment medium with 5%
FBS. Condition 3; culture medium with 5% FBS and treatment
medium with 2% FBS.

A

@ High cell passage # 236
I Low cell passage # 195

Absorbance at 570 nm
o
-]

0.4 .
0.3 4 Cell destruction
0.2 concentration
[ R I B O Pttt
0.0
D o \J
P e e

O/V concentration (UM)

3t Neuro-2a Al =

[l
for
u
=

Ot LIEE ®d =9H| Veratridine (V)& Mz|5H0] at=3 Na
o FYUCE M=It MTJIEE RETH T, LLEE e AHA
2 Mgt 520 STHE MotRisS I M=t MESHE A
2 =I5t 59| gf O/ E "Il J2(0[Ct matA Al
It M= ONVe| sEE #7| fITt HEE UL oV
sk HE2 M=o ACHH Y 2(cell passage #H7t =2 M=
Qf HlWH ‘;'J% MEZE HlWSHRICE HY =2 A A=

o HEZE ON &% 200/20 pMOHMTH .

S22 7 el Y 2l<~(passage # 195)°)

Sl

MZ M= oy SEE 500/5 HM 0|4 XE|s{oF A =0
So5t= MIEANHO| ZHEE|RACHFg. 54). HAME H2 AHlChH
& 251958 Al N2a MZFE 0|88A STXS ON s
22} 260/26 uM, 500/50 pME ME[BIAE I H2 ON S=0
Me MEZALE 27t Aol LOfLEX] §4RLCHFig. 58)). OIS Sl
MZO| ACHHYY RA4=7t Aol YEE F= AR TEE(O]
ON BEE F Zd ZF0M MZAIEES |LSt= 500/50 pM
2 M, ACHE st 2i5=7F 195~2350] siEst= MZE A
8ote ALE HESIALL

PSP HE=AEAM STXQ| XME| =& 27HSAUCE %M dFot
ONE MZ7} 80% 0|4 AFESH= &&E(500/50 pM)E NE|5tD
SIX =& EHS H13l0] 3~188,.222 fg/ul AHO|Q] 1771 &E2
S 24A12F S ME[SAULE X2 ZHO|L SHEE FH

ots g2 H HEn SstA TASHACE F ol HE A
ZIE HEeR 177 ko S3=E FEoto| 8-HE 12|

©

@ 260/26 uM of O/V (P# 195)
I 500/50 uM of O/V (P# 195)

Absorbance at 570 nm
o
~

104 108 108

STX concentration (fg/pl)

Fig. 5. Establishment of O/V concentration according to the number of cell passages. (A) As the result of O/V treatment by cell passage
#, the circle symbol on the graph shows the result of high cell passage # (236) and the square symbol shows the result of cell line with
low cell passage # (195). (B) The result of Neuro-2a assay of STX by setting the O/V concentration to 260/26 pM and 500/50 uM,

respectively, for cell lines with low cell passage (P# 195).
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2. Neuro-2a assay2| 34 Hlm AMH
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2.1. Neuro-2a assay2| #&4 L(Intra-lab) HSd
Hlm A7

HKY MEA W(ntra-lab) HSM HRE ¢ EAE
AHESHY 5L AEAOl 3ol MHX7t SYUT X0 AHS
HASIICE A2 UM 2RS ZUES EQE TASI 8

, F7HAl Us &E

nx
o
X
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Ui
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]
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c
?
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SHRICHFig. 7, Table 1). AEA W A
assay2| 271X| 7|=(Criteria)2 Yt CHTable 1).
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O
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L
rot
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o2}

R BIW Quality control criteria= 2H2} Reference Cell Viability
(RCV), viability controls (C) without and under O/V treatment (COV,
COV*), quality control (QC) without and under O/V treatment
(QCOV*, QCOV)OIC}. 2t D7 =S0f ot Ay Lf HEd |
wE HARH A AfRIZE 2SO V%6 24E0] 291~1176%

[=]
= 2osI, o] gt=2o gt g

i E
rr

1.0 -

0.9 - ® exp.1 (ECs0= 394IS fg/ul)
08 ® exp.2 (ECsp= 3445 fg/pl)
0.7 4
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0.0 +—rrrrw——r T,
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Fig. 6. Establishment of the STX concentration range applying
to Neuro-2a assay. Results by treatment of 3~188,222 fg/ul of
STX at an O/V concentration of 500/50 pM. Eight concentrations
(368~47,056 fg/pl) were selected for which the concentration-
response graph exhibited a sigmoidal shape for the calculation
of ECsp values. Each experimental data set was conducted in
triplicate.

Table 1. Results of intra-laboratory Neuro-2a assay for criteria setting experiments

Researcher
Criteria Mean SD CV%
Lab 1-1 Lab 1-2 Lab 1-3

RCV > 09 1150 1230 1180 1187 0040 341

Qay Y > 09 1335 1411 1352 1366 0040 291
control  COV* <03 0.253 0226 0.241 0.240 0014 568
aiteria  qcov- > 09 1242 1387 1333 1321 0073 553
QCov* - 0472 0.586 0.493 0517 0061 1176

Bottom OD <03 0217 0.242 0223 0.227 0013 556

Top OD > 09 0.969 1.000 0.985 0.985 0015 156

Data ECso (fg/ul) 29824523 20210 27100 29540 28617 132380 463
criteria ECo (fg/ul) et\gﬁ,”;gZO 1195123 924.8 11790 11370 10803 136266 1261
HillSlope 1545:0.127 1205 1665 1452 1441 0230 1598

R? > 0.85 0.991 0.996 0.993 0.993 0003 028
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2 (Viallon et al. 2020)2] &= HLSHY 7|FX|(Criteria)E & o| 7IFQ! 09 O|MQl BARE J|FE2& BlCl QCOV = Neuro-2a
HSLYUCHTable 1). RCV= 40,000 cells/well2 ME™S 2447t & assayS NSRS I ECy S LIEHHE SA6STXC 825 N
X7 M= YEEZ LIEHHY S&%=(570 nm) 20| 09 0|4 Y & 2lste 71222 1 40](02 x RCV SE= 2t + 08 x COV* &
2 BEICL COVHE STXS MEIBIR] 1 ONVe| 24A[ZH XE[0f = Z2H1 (08 x RCV SHE gt + 02 x COV- B o) AlO|Z2
o3t MZAEE o|0jsteg M Zuto| &= Z|CHZC| 20% LIEtE 42 7|EXIE B5F5t= Zigi oLk DRI”*OE Qcov
B} &2 420 5&85% 03 0[gte| #t2 7I&2= sttt cov: = OO ME| Si0] STXEF ME[$h ZIZE NE[$ STX sE2=
Ol B% XJ| M=E WEE0| EES 2UISts 7|FE2E ROV # MZZALZO| YOILIX| Q47| WE0| 7|ZEX|E RCVRE SYSHA 09
Intra-lab assay Intra-lab assay

1.4 S T o ® OV+1 1.4 - g ® OV+1

- ' o O P m]

E 124 g O g g N § B O O OV-1 E 124 @ f n) g ¢ é 8 o O OV-1
-2 10l g © o @ ov+2 -8 @ ovs2
£2 o O ov2 5% O ov2
E s | B ov+3 =8 B ov+3
38 0867 0 ov-3 3 % 0 ov-3

? 044 @

é S S o <

=~ 0.2+ <

0.0 T . rm 0.0 T . ™
102 10° 104 10° 10? 108 104 10°

STX concentration (fg/pl)

Fig. 7. Dose response curve from Intra-lab Neuro-2a assay for
criteria setting experiment. Based on the established parameters,
three researchers (1, 2, and 3) in a laboratory conducted the
Neuro-2a assay under the same conditions. Cell passage number
was 216. Neuro-2a cells were exposed to eight concentrations
of STX standard for 24 hours, in without OV (OV) and with OV
(OV*) conditions at 500/50 puM. Data represent the mean + SD
in triplicate.

STX concentration (fg/pl)

Fig. 8. Dose response curve from Inter-lab Neuro-2a assay for
criteria setting experiment. Based on the established parameters,
each researchers in three laboratories (1, 2, and 3) conducted the
Neuro-2a assay under the same conditions. Cell passage numbers
were 216~223. Neuro-2a cells were exposed to eight concen-
trations of STX standard for 24 hours, in without OV (OV) and
with OV (OV*) conditions at 500/50 pM. Data represent the mean
+ SD in triplicate.

Table 2. Results of inter-laboratory Neuro-2a assay for criteria setting experiments

Laboratory
Criteria Mean SD CV%

Lab 1 Lab 2 Lab 3
RCV > 09 1.180 1.100 118 1.153 0046 400
Qualty cov- > 09 1352 1310 1.209 1290 0074 570
control  COV* <03 0.241 0.141 0176 0.186 0051 2728
aiteria  qcov > 09 1333 1162 1155 1217 0101 829
QCov* - 0493 0.347 0.382 0407 0076 1875
Bottom OD <03 0223 0153 0227 0.201 0042 2084
Top OD > 09 0.985 0.892 0.904 0.894 0097 1085
Data ECso (fg/ul) 29824523 29540 31940 3162 31033 130312 420
criteria ECx (fg/ul) et\;iﬁllggzo 1195123 11370 1024.0 1262 11410 119050 1043
HillSlope 1545£0127 1452 1218 151 1393 0155 11.09
R? > 0.85 0.993 0.995 0.985 0.991 0005 052
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ooz itk

EESE Neuro-2a assay’t MCHE =R E AQIX| ot £ Q=
7IZX|2l 6702| Data 7|&X|(criteria) BHS 23, BEESA0
I.

STXE Ne|sto] e S2-8t8 JMO|A ECy 3t ECy 3, 71
=2 oD % 7t =2 oD f, 2efZ=o| J|87| A R US £E
SERACE 2t Data°| AIERZE Cvo% 242 Hlmsh A1} 0.28~1598%
2 =59
A|040| Hl—EAo*IO| 'L:':;%% k=13elk=13
23, ZOHEL 52 O|83t0] %X 9| Data 7|EXIE HYSIALE

(Table 1).

2.2. Neuro-2a assay2| HE4 Zk(Inter-lab) HE’d

I |—?

CHe2 MEAM U(intra-lab) &8 Z0E ECi2 M Quality
control criteria ® Data criteria 2422 42 HII5H7| s, &
4 7Hinter-lab) A& AWE0| MEMHE2 st uxt &tiCt. Of
E 98l STX BESAE AFESI0] 3712 CHE 7|2te| Ao
M 1| ML HEE HAISHRICHFig. 8, Table 2).

Zf Quality controlS0 CieH A@d 7H HEHd HWE HAIG

20, AEHA 7t ZOIEC (V% E0] 400~2728%2 TEE|
A4, 2} Data ZIEOI CV% YA| 052~20.84%2 A& AO| C2
= S0 = E1381 Neuro-2a assay AlE2| ol
—JF AACHTable 2).

inter-lab &30 ZAMZIE0| intra-lab HEA MM A
b2t o759 7| &K (Criteria)] HFO| & £F3}0],
ZX|(Criteria) 24+=0| MAEt0| HBE|QUCHTable 2).

re

nE

A2 B PSPO| HES ot O Z Ctyst ME 7|8 HIt
7|&0| H8&/1 UCHEgmond, 2004). MBAE Z2MH
2HM0| Hom, EFMo|ets BROE XK= PSP HEH
o2 MEE1 RAOLKMunday et al, 2013), &2 CIZ=Ql B2
S22 Usliof st REIHQ ZHE M Al 7L 2R
M2 XEHC 2 FIt5t QUCt(ellett et al, 1992; Ledreux et al,
2009; Sérandour et al, 2012; Aballay-Gonzalez et al, 2016). [TH2kAd,
2 A0 M-£ Viallon et al. (2020)0] HA|gH EESIEl Neuro-2a

assay &S HUot0] TU0 HBY + UL, 7] MERE,

HiX|2| &4, Ouabain/Veratridine X2| =7, STX X2| =4 & &
4 HEES SO AlEYS 28e = ded 2 HEd Hlu 2
ME S¢l Aol thad I HodS ot 2, Al A
HHS BB = & 57K Quality Control & 67}X| Data 7|&
(Citeria)2 2 2FH22ZM, I FitE T PSP dE AlFE2R
M 28 tsdS st Azt sHALt.

X Neuro-2a assay2| H& ZSO0| Xt AUCE AW, M=
B2 96 well-plate 7|& 17H2] well2| Z[CHZEZ 2! 100,000 cells
/well 2 S| sl £7] HE MZEE 40000 cells/well SE2
24N 2t HiYSHe A2 R E[UCHFg. 3). Ol MTT A2| =
EYE 2= (670 nm)0| RCV TIZZE F2ol&[H 0] IOI 09
O|&o Zat7t Liotor MFdS =Lt Of M MZEA = 20 %
10% cells/ml2CH 2 AR 09 O|5l2 ZHE= 427t 335 &
MBL0], 20~225 %10 cells/ml 2 A=5t0 FTShs A2 2
SHACE = Aot 22| Viallon et al. (20202 50,000 cells/well 2
22M|2t Yt 2o 2 AR, 0|0 220tC o
E NEHT L=E ALBSIY| W20 (Manger et al, 1993; Lewis
et al, 2016; Hardison et al, 2016; Pisapia et al, 2017) &4 =A
of et Mz HEE 2ol 40| Hass Al

T HMME 2BE A2 U HiX| 2 N2| HiX|Q] ZHOIR
Ch ¥ Zu28H FBS &4(10, 5 2%)0fl 2t RCY, COV- &
STX =40| 3A| HatX|X| ¥SS =elg = AYD, 0/of FBSQ
2ot o 5% FBS7t ehEl B HiR| B! 2% FBS7t eREl A
2| HiX|E AMESt= 40| Neuro-2a assay A0 2K M= M=
22 Eeet7|of F2SICHn BHEHE| ACHFg. 4).

MR, Ouabain/Veratridine (O/V) M2| ZHE
Atole] sEE ME[BHo MZ7t 80% Old AtEdt=
SFQICH O] Ml ACHH S 31471 =2 [ Tl
260/26 uM2| S=E H2[5tRAS [f 80% O
X2 ACHEIQF 27 B2 MEZo| 42 Zat7h Ao
500/50 uME KN 2|3{0f 80% O|4 AtHS= AUkt LIEFHCHFig.
5). 260/26 puM1t 500/50 M &=2 ONE XE| = Neuro-2a
assayS T&T 20 2 Passage MZOAM 26026 M SE=&

RV #Evt o2 SOl CHE 2SN AFEE OV
SEE ZARSH A1, Viallon et al. (2020)2 270/27~300/30 uME
A2 Jellett et al. (1992)0] &2 ATt SUSIA 500/50 pMS
ALESIQICE O|F BHE 5 M= A =5 12{sto o
ol =& AN YE= MSEX| LRUACH MM, MZ AHCHH
& 20| MIHE O/ =22 Zat Xto[of THEH =74 QI ATt
oY Aoz MRELCE E3t At HMAIZ[X| AKX Viallon

O

et al. (20200= DEOA ot Hiet 20| MEHF 24A|7J 20|
7|Z9 HiY HIXIE 25 MAH3L ov & ZAE Zeloh X2
HIXIE M2 =715t
AE 2 AFME ol o
S, STX M2 ZHS ECy a2 MEY 5 UARE STX 549
SYrol 883 d2f=rt Skt HEHE LIEH = 5= HRE
f(V|a||on et al, 2020; Aballay-Gonzalez et al, 2020).
£ 3~188,222 fg/ul AIO| 177HX| =& X2
22| Al TSt A 82F-HHE =} St

OO L-O
68~47,056 fg/ul HEI2| 87 52 MEBIACE

AR CHManger et al, 1993).
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Neuro-2a assay®| £/ 97 SE0|AM= HlO|EQ| F&HS H
7t = Qe 7IE W ZUSS HEG0] APYE BERGHE
20| X|& &1 QACHDechraoui et al, 2005; Ledreux et al, 2009;
Caillaud et al, 2012; Viallon et al, 2020). & AN DA| 2=
MY ZASE HIYOE STX EE2EE 0|83t N2a assaysS
Testn HEol Fehdg 3 574K Quality Control 7|1ES H|
AlStOxt SHALE HYQY & X7 ME MEEZ LiEHHE ROV T
=T, ON M2l7t 80% O|&te| MZEAE ZHE LIEHH=X| 2ol
g £ U Ccovr O, HiX|=E0| HEtX & &7| M=ZE 4E
3 2oIg 4= e Cov- tHEZ, O/Vet STXE
=gtsto] M2t S48 &olshks Qrovt LixT, oV A2
0| S 5 Z
2l
i

o
40
B
o]
rr
A
o

M gQ

TXEHES ME[3IAE 8% 7| M= YZE20| RA|==X|
St= QCOV tHETE 57HK| 7|&E2E SiChable 1). 7|E0 £
&l Neuro-2a assay2| CIO|H= MZ YESS WES®E Lt

EfLH 2 Lt(Pawlowiez et al, 2013; Nicolas et al, 2015; Aballay-

AR 7t X8 F0|1 AlHH
O ALk 2+ Quality Control 7|&X|l= HEA Lf X AEM 7t &
= Hn Mg S HHe Y
101 HMA| = RACE

Neuro-2a assay®| Y& EE A5 22 ECs a4OICh OO
EE STXO| ECsp %42 Viallon et al. (2020)0] 2982 + 523 fg/ul
2 EERD, 500/50 pM OV A2| ZZ0A 8.5 nM (Aballay-
Gonzélez et al, 2020)1} 4 nM (Humpage et al, 2007)2 ==t
HE QUC} Ol & 7ol HEd W Zutel 2861.7 + 132 fg/ul
(342 nM)2t OHS FAFSERACH(Table 1).

ECso 242l CVat2 ZZt 463%, 420%2 LIEtSHCH Ol& 7|5 H
2E0 38&= R HFECH Lty oz A0 30% O|Lie
#HE540| 215 E|0{(Van Dolah et al, 2009, 2012; Diaz-Asencio et
al, 2018), LIHX| =X ZF 30% O|Lfe] HEHS X|ds =
QISEACE.
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