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Abstract : Dietary nutrition is a critical lifestyle factor that can reduce the risk of future cognitive
impairments caused by dementia. Accumulating evidence suggests that dietary supplementation with
Sulforaphane may help the prevention of cognitive impairments and dementia. Thus,
Sulforaphane—enriched broccoli extract would hold promise to improve cognitive impairments of
dementia patients. Here, we have used broccoli extracts, prepared from broccoli cultivated in Magma
Seawater, to test if the broccoli extracts can be dietary supplement to improve cognitive impairments.
Magma Seawater originated from Jeju Island, Korea is unique in terms of containing high
concentrations of usable minerals (Zinc, Vanadium and Germanium etc.). Broccoli, grown in Magma
Seawater, would contain Sulforaphane and the extra amount of usable minerals. The chemical
compositions of the broccoli extracts were analyzed using LC—Q-orbitrap to detect Sulforaphane and
Glucoraphanin. Analysis method based on HPLC was developed for measurement of sulforaphane
levels in the broccoli extracts. We have tested if the broccoli extracts have anti—apoptotic and
anti-inflammatory effects on neuron-like SH-SY5Y cells. In addition, we examined if the broccoli
extracts are able to upregulate expression of synaptic plasticity—associated proteins (BDNF and
phospho—CREB) and to inhibit acetylcholine esterase (AchE) activity. We have shown that the
broccoli extracts inhibited the apoptotic pathway and inflammatory responses. Finally, we present
evidence showing that AchE activity was inhibited by the broccoli extracts, but expression of BDNF
and phospho—CREB was upregulated. Taken together, these findings suggest that the broccoli extracts
from Magma Seawater—grown broccoli would be a good source of dietary nutrition to improve
cognitive impairments in the future.
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1.ME 2 A 71s AHSHE 7HESE AZI7|E o (3]

Hezd, Qi E9EE 5o ARk A
A A o v Auf FAp 2o F Eof EA5H= Sulforaphane (1-isothiocyanato—
=9 ouksly Q1 o ST xuf 3o 4-[methylsulfinyl]-butane, SFN)-> AD X9 &
1% B Qe AAAG ESweld FA @ 8 ZEolA Ag ©A] Hs oAt 4173
S 4ol Az gt Aujde vge Zr= §E Al AFES AAISIA A 71 R &t QL
dfof sh= Fa% ARRl BAH wA= F2E ol B Hiek [4-5]. dZstolmd Auj g
et A= 2 o] dAoA Bt =¥ Zkel 7199 ofsh= Ap THE0] Mgt ZHof
o] W& Zasy, ¥ ARL 277 YTF &4 ot Al ZtaAde] Far Qs WAsh=d],
st oJoF HAF "EEH ez I¥A Qo SENo| A7 Alzofl A A~ 7k Aol &
[11. 83t Brain—derived neurotrophic factor (BDNF)
gd#slo|HH  (Alzheimer's disease, AD)& A 9o HHg ZUHA7)E 5t 2o &dHA 9l
A o) A 60-80%S AA|st= Aow F o} [6].
A=, ¥ 2Z ofdlZol= HEl (Amyloid— Leel4~(Magma Seawater)+= A5 FEAY
B, Ap) SuiAN QUISHE B¢ (Tau) T of #Esh= dAlskrr @FATl Qs ofutE
o] HAAH o7 ZAHEo] HzZ] EPL Uo7 of 3Pt ftollA fFegt /& mvE(etdd, vt
WA AT HAA 759 EEE dodl= A ' A=k S o &Rstal e AlFTte]
oz gHA ot [2] Ap TEe] o8 §i HEgE 553 et [7]. 29 1S AA
He AANE AFET AWA TtaAe ik e g fdEler AES A A,

o1z 71% A5k} WA TAF T, L3Ol At FF-&5 AH Al BHok AE o ediE &
o] ZAEL ASIAEH AT Jory= FZut ZFol F7koh= Aol ERlEglon, o7 754

=
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A, sz Auiet Hegelo FE20] &
matoluy Av) FAFEe] 1] A% A &
B} D Aok HEF 4 A s
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oo

21, AR Y =&

g 8Usa(desalinated magma seawater)
7348 2222 A& (Broccoli Sprout)2 (F)
v A o[Hko] @ (Jeju, Korea) oAl Alsd3ict. 47
A 212 S/48E A AlAF (Smart farm)
oA &% 22~25Ce &% 40~60% HS ol
HigEQlow, Basa] a2 A& ZEf7]o)A
29(Fx27NZE Wol & 5UTE sttt BEE
g A Ax 34 9 AdS (PHACHI| .
(Jeju, Korea)ollX 4245ttt B=2E2] M4 o
B2 pulsed electric field (PEF) (Elea, DIL,
Quakenbrueck, Germany)Z 0-10kJollA 1~5%
Sob A3t o™, PEF A& & epithiospecifier
protein (ESP) BEAE& ol A4+ 7t = 8
0ColA 1087 719 & Myrosinase 242 9
af 37C=2 Wzt § 2A17F ot vhEAIFL. olF
oetE Hrtste] HF 0% oE-E FufjollA A
204 3AZF 5 JPSHIHh. MF 0.45um
ZE(Model : CSP-1P1E-2N-0.45, 4 : 68
x 500L, @i : Double Open, #§& : PP)Z o
I % ol ofmlle 45°Co|A  FEHO|
3040 brixh B Wb wEe DA
Zo] 47" T FZAAZX7]|(IShinBioBase Co.
Ltd., Gyeonggi, Korea)& ©o|8ste] AR Az
(Sulforaphane 2700ppm)E AlZstT.

2.2, 8 sl ] BEE2Ze2| FE29| YETE

UPLC/Q-Orbitrap(Ultimate 3000; Q Exactive
plus; Thermo Fisher Scientific, Waltham, MA,
USA)E |83+ 8¢ a4 Auf Be3d 5=
Az Y AR F¥(dentification) & Y3+ &
AR, B4 Aol dre 7ol 9
AFEA7] 272 Positive mode®t Negative

=

=

A
S

o o md

AT 249 gdsis Az Az BaEe 2559 473 Alx B

W 3

fo
fol

modeE HaPsto] EAsECH, ZF FA4 mode
of AMESH LC 8u|2E Positive mode= 0.1%
formic acid(Daejung, Siheung, Republic of
Korea)7} Z&H & (£1] AT} Acetonitrile (&
o B; Honeywell, Ulsan, Republic of Korea)&
AHgSom, modex= 10 mM
ammonium formate(Daejung, Siheung, Republic
of Korea)?} 0.1% formic acid(Daejung)7} I3t
H & W A)I Acetonitrile (W B;
Honeywel)& Atgste] EAsHAE. £4 Al A}
2%t A¥L Luna Omega PS C18(1.6 um,
2.1x150 mm: Phenomenex, Torrance, CA,
USA) 9 ZHdolm, B8 &4 AL oS3t
2ot =7] 24 0~457H4] B &9 5%E A
Stl, 4~288 B9 linear gradientZ B 8uij&E
80% H&7HA] =1 &, 28~32.5E712 B &f
80%= A5k, 32.5~33.58 HoF B & 5%
72 W7gste] 355712 B & 5%E fAIR
42 0.2 ml/min, ZAYH 1L 40T,
autosampler 2% 10C, Alg FUF 5 ulL2 B
Asteirt.

Negative

2.3. 8Y &l xjuf BEE2E2| == L
Azapg of 7|E E Al

HPLC  (Agilent 1100  series;  Agilent
Technologies, Santa Clara, CA, USA)}& o]&gt
B=2Fd & A= W Sulforaphane 71& 9
A eRle gjg BAe Adec NS
50% of¥+=(Honeywell, Ulsan, Republic of
Korea)oll &3Igt & Synergi Fusion C18(4 um,
4.6x250 mm; Phenomenex) <A ZAHo=R
0.1% formic acid(Daejung)?t Z&d & (&of
A)T} Acetonitrile (80 B; Honeywell)& A8}
of BABT. BH 2712 27] 0~2587H4 B
Sl 17%E A5k, 2652714 linear gradient
= B BWE 50% Hl&7tA] &9 &, 302714
B &m 50%5 fFAlsta, 31&7HA B 8 17%
& WSt 4027HA] B Bl 17%E IRt
52 1.0 mL/min, 2Y 2&& 25T, Alg F
Y 20 pL= A5
2.4, MIZZHHQF

SH-SY5Y human neuroblastoma cell line
American Type Culture  Collection(ATCC;
Manassas, VA, USA)ZXE o5t 10%
serum(FBS;

fetal bovine Australian  Orgin,
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HyClone™, Logan, UT,
penicillin/streptomycin(P/S; HyClone o
St DMEM/F12 Complete Medium(HyClone™?)
E ARgShe] 37T, 5% CO, =7 st CO,
incubator(311-TIF, Thermo Fisher Scientific
Forma®, MA, USA)ellA] vfjoFslgict.

USA)T 1%

™)

2.5, HE|.2|: (Retinoic acid, RA)E
0|23t SH-SY5Y MZE2| A M= 23}
SH-SY5Y HMZZE 10% FBS(HyClone™)2}
1% P/S(HyClone™)& g3t DMEM/F12
Complete  Medium(HyClone™Z  HjoF  F
neuron-like differentiatione IS4l A EZHfF
HiZS 1%  FBS(HyClone™), 1%  P/S
(HyClone™), 10 x#M all-trans—retinoic acid
(RA; Sigma-Aldrich, St. Louis, MO, USA)E
I3sH= DMEM/F12 E3shg six|2 wAs)
k. &3} 344 vixE A DMEM/F12 &3}
& AR wAlS) #3001, 73 6dA ot A
z7A02 A DMEM/F12 2318 w2 H7lst
A F11 AFAE AV, ABAE AF
AHA kA T AYE Agstlnt

L 2 ot o

olo

)

2.6. OILUZ0|E S2|0H THHE FHH U X2

A B -4, monomerZ 1% FBS(HyClone™), 1%
P/S(HyClone™)&  #fsl=  DMEM/F12
Complete  Medium(HyClone™)oll human A g
1-2(Abcam, Cambridge, MA, USA)E 1M &
L 10 pgMo] HEE Hrlste] 37C, 5% CO,
Z7 stoll 3AIZF B9t AASIA A B4, oligomer
7t @44 =& st ARy oligomerg &3t
gt SH-SY5Y AZof| 7247t B¢t 37C, 5%
CO, 27 stollA] Aot

27. M= 4=8 &3

HeZe 322 377 o€ s= O,
15.6, 31.3, 62.5, 125, 250, 500 123’ 1000
ug/mL)E2 EolA ZH|sk, Eslgt SH-SYS5Y
Alazefl 24413F, 48A1F, 24t FSE ARt &
Cell Counting Kit-8 (Dojindo Molecular
Technologies, Japan)& AHESto] Al FEES
=5etsint.

8. mpitsteA (H.02) X2
22RRE SH-SYS5Y AlaoflA 7]& Al ajefl
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S AASEE 300 uM HO,(Sigma—Aldrich)2}
FHeol =9 oE F& (10, 50 22l 100 x
g/mhe] HeFd FE&2& Edoch= DMEM/
F12 Complete Medium(HyClone™)Z 24 AJ7t
&2 37C, 5% CO, 24 stol &= 52 ¥&
A2 skldh. A dzxeezs A
ImM N-Acetylcysteine (NAC, Sigma-—Aldrich)
£ AMgstec

2.9, OIMIESE! olAEEtH & Al

23et SH-SY5Y Alzof 7]& A& sjgRS
A AT AB1-g oligomerE 72417+ SoF 37T,
5% CO, 271 stollA A=et & FFao] =<

2 B (10, 50 283 100 pg/mhe] B2F
2 FEEBS Edsh= DMEM/F12 Complete
Medium(HyClone™)E 24 A|ZF B¢t 37C, 5%
CO, 214 st &= 52 H&A4g silrk A
27l F=¥ AHZE PBS buffer2 A& F,
EzRIPA Lysis Buffer(Atto, Tokyo, Japan)E 15
B¢ 7kt Ala2ES gl4eskal 1500 rpmell
A SR AAREE AYsiA AsdS EHlst
gt =" ASHES Acetylcholinesterase
Assay Kit (Abcam, MA, USA)¢l Z3tH Assay
Buffer®} Acetylcholine-Reaction Mixture® &
A HeR Z9d6iA "ol AdHE  AiolA
10-3023t A2 whg Al #, 410 nmeflA

7 3
Mo =X (ELISA)

A B4 oligomers T2A17F B9 37C, 5%
CO, &7 stoflA Agsta, FFsol = &
& (10, 50 183 100 pg/mhe] B2Ee] &
EE2 24 A7 B9 37T, 5% CO, 27 5hof
o5 52 g Aot Alx wjgAdS
Pierce Protein Concentrator PES, 3K MWCO
(Thermo Fischer Scientific, MA, USA)S AF&3}
o] 4C oA 4000rpmellA 30E Bt 9 &
£ ot FEIHAH FFE AE ugAE
Human BDNF FELISA Kit (Abcam, MA, USA)
of ZgH 96 well microplateo] EF5to] g2
oA 3AIZE FF WRSA]Z]AL, Kite] ZeH
Wash Solution© =2 43] A&Hstal Biotinylated
Anti-Human BDNF Detector AntibodyE 7}5}
of A2oA  IAZE B9t ¥EAIFETE Wash
Solution® 2 43] A|A3stx, HRP-Streptavidin
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Solution’} Af2ofA] 458 B ¥R A1 &
Wash Solution® 2 43] AHA3dct. TMB
One-Step Substrate ReagentE ¥ & Hlo
£ AeolA 3087 HHEAIZ & 450nmellA
BEE 45

o 22

2.1, YIAEH E5t

2,111, AA 99d =&

EzRIPA Lysis Kit(Atto, Tokyo, Japan)ell A%
| (Aprotinin,
PepstatinA, Leupeptin)®} phosphatase inhibitors
(Sodium fluoride, Sodium orthovanadate(V), £
—Sodium glycerophosphate)5-& Yol& &, PBS
buffer2 A AgH Aae] 7tsto] A5 flolA 10
= ¢ A & AEE Lot 5T
Asld AHZE Micro Centrifuge(Smart R17,
Hanil Scientific, Gimpo, Gyeonggi, Korea)& ©]
23] YAE2] (14000 rpm, 108, 4C)ste] A&
AS At EEE A5 xFHE HAA A=
Aol oFS- Pierce™ BCA Protein  Assay
Kit(Thermo Fisher Scientific)E AF-g3dlo] =5}

k.

protease inhibitors

211.2. 3 oy Az ol 25

NE-PER"  Nuclear and  Cytoplasmic
Extraction Kit (Thermo Fisher Scientific, MA,
USA)S Argste] diat Mz2 ozl 2e +
Z5I9th. 3]49t MEo| cytoplasmic extraction
reagent [& YolF1 1527 WHE § d-ZofA
10 & & v-sAF O3 o3 cytoplasmic
extraction reagent [[E o] 1 527 Wyt &
2ol 1 & ¢ TH-EARTTE v AX] AlaL
o} reagent®] EFES HHE(~16000xg, S5+,
4C)sto] Aol e Aaxd Thids He
Sttt H-2 pelletolA] & Tald-S Eelstr] 9
SflAl nuclear extraction reagent2 {o] F11
x HAcr wntst AgoA 402 Bt HE
Al7]13 PHEZ(~16000xg, 108, 4C)ske] AF
Aol z3tel o A Eefoiqitt. EeH o
I Az ool oFZ Pierce™ BCA Protein
Assay Kit(Thermo Fisher Scientific, MA, USA)
£ AH&sto] sttt

o of

2.11.3. &F ZHA AddolE old A7) 4%
ZH|5 SR 4x Laemmli Buffer(Bio—Rad,

AT 249 gdsls Az Az B2Ee 3529 U7 AX e 33 5

Hercules, CA, USA)2 3:1 H|g=2 Z9stH
95CellA 1027 & Tde WA

S
I, T, ol
lo

ot AA3 SDS-PAGE gel2 Mini-Protein

Dual-Slab Apparatus(Bio-Rad)oll $1*|A1Z1 &
running  buffer(tris/glycine/SDS  buffer; Bio-
Rad)E A1 protein size marker(Bio—Rad)
o} 7+ MEES stacking gel®] ZF wellof] E55}t
o W19 BAl ulet @S B

o},

2.11.4. ABQl EFHAT

FHlH Immuno-Blot® Polyvinylidine
Difluoride(PVDF) membrane(Bio—Rad)&
Methanold A &8} A7l Fof] SDS-PAGE gel
3 WAZAZ] & Mini Trans-Bolt® Cell(Bio-
Rad)3} Transfer buffer(Tris/Glycine Buffer(Bio—
Rad), 20% methanol(Duksan Pure Chemical)&
AFg5led PVDF membrane(Bio—Rad) o2 T
dq SFS S99ty dido] FFE PVDF
membranes 5%(w/v) skim milk solution(Tris
Buffered Saline(TBS) Buffer(Bio—-Rad), 0.1%
Tween 20(Bio-Rad), 5% Difco™  Skim
Milk(BD Bioscience, San Jose, CA, USA))S &
60= &% blocking sttt Ql4tshe Tufzlol
L= 3%(w/v) BSA(bovine srum albumin)
solution(TBS  Buffer(Bio-Rad), 0.1% Tween
20(Bio—Rad), 3% BSA(Sigma—-Aldrich)& A}-&3s}
At

2.11.5. FA

Western blot analysis& {814 AHESH 13} 3
Ae a2 2o Alx AFE I 1A=
caspase—3(Abcam, Cambridge, MA, USA),
cleaved caspase—3(Abcam), PARP(Cell Signaling

Technology, Danvers, MA, USA), cleaved
PARP(Cell Signaling Technology), BAX(Cell
Signaling Technology), Bcl-2(Cell  Signaling

Technology)E& AHgstTh Az 4% #4A 13
A= NF-«£B p65(Cell Signaling Technology),
Cox—2(Cell ~ Signaling Technology), p44/42
MAPK(Erk1/2;  Cell Signaling Technology),
p-pd4/42 MAPK(Erk1/2; Thr202/Tyr204; Cell
Signaling Technology), SAPK/JNK(Cell Signaling
Technology), p—SAPK/JNK(Thr183/Tyr185; Cell
Signaling Technology), p38 MAPK(Cell Signaling
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Technology), p—-p38 MAPK (Thr180/Tyr182;
Cell Signaling Technology)& AF&ststt. Ald
& 7k B A e CREB(Cell
Signaling Technology), p—CREB(Ser133) (Cell
Signaling Technology)E AMH&-Stth  Western
blot loading controlo] gt AxFFA= A Al
I ade GAPDH(Cell Signaling Technology),
ol T2 Jamin B1(Cell Signaling Technology)
2 AMgtsih

2.11.6. T B4 iy

12} FAES 5%w/v) skim milk solution®]]
747y dgtA| 5|47 Fof 4TCA 16413 B2t
blockinge] €t=% PVDF membranedt SEWHA]
U8 A17137, TBS-T solution(TBS Buffer(Bio—-
Rad), 0.1% Tween 20(Bio—Rad))©o.2 33] A4
g o 22 FA(Goat Anti-Rabbit IgG
H&L(HRP), Abcam; Goat Anti-Mouse IgG
H&L(HRP), Abcam)E& 5%(w/v) skim milk
solution®]] 3|AAF A4 602 B SEH
A A8l FUr TBS-T solution® 2 33] A&
% SuperSignal®  West Femto Maximum
Sensitivity Substrate(Thermo Fisher Scientific)®]]
Yy Zbzb gure A7NRE EAAR 3
LuminoGraph I (WSE-6100, Atto) ZH|E A&
oto] A70 F Image ] Software(NIH, Bethesda,
MD, USA)E olgste whifde] oF& 4tEetad
=2

212, SHEN

ARdolA @2 Aol diside BuA+EE
Hx(mean+SD)2 YetHIY, Z+ A9 &
ool ol Students T-Testz HAF P
value el 0.05, 0.01 m|@td o EAHo=Z &
O3t Aol7t e AR WA

3. Zo & 1

3.1. 8 sl xuy HEEE| FESC| 4E21Y

UPLC(Ultimate ~ 3000;  Thermo  Fisher
Scientific) 2 =2 <A HE W AES &5
=7 g &, Orbitrap=(Q Exactive plus; Thermo
Fisher Scientific) ©AISH 1Ed|s ATFEA7]

Journal of the Korean Applied Science and Technology

(High-resolution Accuracy mass spectrometer)
g o|g3) A&EH I}AEE chromatogram o &
Alsteth (Fig. 1). HER A= 5 @A EEZ
g FE2E9 ABYLo= %A Sulforaphane,
Glucoraphaning FA]9] 2QI& £ At
Sulforaphane E2F 177.29 ©=2 positive
mode9l| A retention time 13.4989] [M+H]" &
HZ m/z 178.0356 o2 IET It EApgFo]
439.4991 glucoraphanin 2 negative mode®|A]
retention time 1.86%°] [M-H]" @HIZ m/z
436.0411 o] ¥EEU. T 9ol Apigenin,
Apigenin—7-0O-glucoside, Sulforaphane nitrile,
2-Feruloyl-1-sinapoylgentiobiose, 1,2,2'~Trisi—
napoylgentiobioside, 1-O-Sinapoyl-beta—D—
glucose ©] AZ&H T Tablelo] YeACT.

3.2, 8¢ a4 Myl HR2E2| FTEE9
MNETY

Sulforaphanes “4&st7] 18+ HPLC #4411
S ASs 8l 5.5~165 ug/ml 5= HY
WollAl EAste] A4 0.99951S At &
A4 Aate] olste] ALtE HEMA (LOD) &
3572 ug/mL, AFMA (LOQE 10.826
ug/mL 02 ZAHEHE. B4l Hdde A
Est7] fl8f 3%9 Tk o= BAS At
A= 96.6~98.9% WIS UeEUdY, FD

L 53] vrE B4 A] 0.55~0.99% IR =4
ol (Table 2). s EAHoz B2 Ze
FEE52 2AH 43} sulforaphane®] 32
2700~3000 ppm= YEFHSITE

3.3, 2 &5 iy 2ER2=2| FESE0 oIt
M=z =M A

Hage 2554 ot AE 54 B/ 9,
A AZAE BI{E SH-SYSY MZEo| 27 ot
£ FL9 BEEE FEEE 24X7 48417, 12
AIZE B9 ARt & AE PELS SASHA
| 125 pg/mlo] FZollA 72A17F A7 27
A Al F4do] Vel o2& EIstalrt
(Fig. 2)

w2bA, 100 vg/mlE 2 FE A2 2310=2
sto], B23Ze] &5 o5t AAAE AFE oA
ot AFHHS oA a1 AYA Tk SO AY
S S5t
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= OFENA 5 = ==00 o = =
Vol. 37, No. 3 (2020) AT g gl A2 Axed BaFge F259 A4 AZ Be an 7
RT: 0.00 -35.00
1573
188 Sulforaphane
lucora phanin 24.06 Apigenin
100 13.49 Apigenin-r-0-
E lucoside
a5 1577,
904 13.67
85
80
- oo e
sulforaphane nitrile
70o
657 14.83
= 416 725
60 1,2,2Trsnapoylgentiobioside
- 3
g
5 555
s 3
=
< 50 1-0-Sinapoyl
2 3 beta-D-glucose
& 153
oz b= 173
40— 33 86
359 [ 15.94
3 29.00
30
16.05 2951 3201 3257
16.12 26.89 =
254 2377|2439 2623 28.25
E 14/p3 1633 1809 20.42 i
203 i 4
= 1l4.46 i
153 0.45 659|753 891 P
El 6.19
El | 523 670° ||| 7o | 4y 1L il Al sasr o 1|
¥ = 5| 7 L Ay K 1 230, _20. 2 Ve TR
10] 3.00 JZ 10,95 12.5) " 1740 19.24 23, SUO[ e 4414
53 f70 176 182 TL 1:{,@6 1482 1715 1927 2073 2223 2355
Jb2e 221 347 [l 451 544 700 1083 1181 1267 [[ 1380 16.84 1751 2035 2286 2441 2460 27.26 2962 31.84 32.77 3403
0 2 4 6 8 10 12 14 18 18 20 22 24 26 28 30 32 34
Time (min)

Fig. 1. Qualitative peak identification of Sulforaphane and Glucoraphanin in Magma Seawater broccoli
extracts by High-resolution Accuracy Mass spectrometer (HRAM).

Table 1. Qualitative peak identification of Sulforaphane and Glucoraphanin in Magma Seawater
broccoli extracts by High—resolution Accuracy Mass spectrometer (HRAM)

(riiz) m/z ([MHI_ZI(])TEK/I?_H] 5 Appm Expected compound

1.86 436.0411 [C12H2NO10S3]— 0.02 Glucoraphanin

4.16 146.0636 [CeH1,NOSI+ 1.02 Sulforaphane nitrile

7.25 385.114 [C17H,1010S1- -0.03 1-O-Sinapoyl-beta—D-glucose
13.49 178.0356 [CeH1,NOS, 1+ 0.44 Sulforaphane

13.67 723.2136 [C33H30018]— -0.85 2-Feruloyl—-1-sinapoylgentiobiose
14.83 959.2823 [C4sHs51003]— -0.33 1,2,2'-Trisinapoylgentiobioside
15.73 431.0981 [C21H 160101 - -0.74 Apigenin—7-O-glucoside
24.06 269.045 [C15sHsOs5]- -1.99 Apigenin

Appm value was used to show detection accuracy of chemical components analyzed by HRAM. If 4
ppm value of a chemical component is less than 5, its detection is considerd as accurate. 8 components,
having Appm values less than 5, are shown in the table.
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Table 2. Summary of Sulforaphane validation results by HPLC in Magma Seawater broccoli extracts

Migpe Vel Ao Acceptance Criteria Result
Element
No interference factor on the main peak No interference
Specificity The retention times and spectrum patterns
; Matched
for the analytical maker are matched
Linearity R%0.990(10 ~ 300 %) 0.99951
Range R%0.990(50 ~ 150 %) 0.99887
50 % : 96.6 %
Accuracy Recovery (%) : 95.0 — 105.0 % 100 % : 989 %
150 % : 98.0 %
50 % : 0.55 %
. 100 % : 0.99 %
e Repeatability < 2.0 % 150 % : 0.61 %
recision
Average © 0.72 %
Intermediate precision < 2.0 % 0.94 %
Limit of Detection .
LOD) Calculated by linearity results 3.572 ug/ml
Limit OEL%LS;IUQUOH Calculated by linearity results 10.826 ug/ml
140 -
120 - 3.4, 8 &l Myl BEEZ2| FE0 el A
£ 100 BME AMH x|
£ 4 c24hr almatolm A ] shape] sl ot A7
C maehr A AFER Qs WAEE, EA SEel AR
3 w0l SN ghpao] Ao og AE Abgo] 8% €9l
i | Sz dHA S [2]. Ap T ogh Al
) A s QI mlERedel wo] EAjshs

0.0 15.6 M3 62.5 125.0
Concentration (pg/mL)

Fig. 2. Cytotoxicity test of broccoli extracts,

prepared from broccolis cultivated in
of Jeju
island(korea), in differentiated
neuron-like SH-SY5Y cells. Experiments

desalinated magma seawater

were performed in triplicate. The

percentage  of  cell  viability  was
normalized against the no treatment

control at 24h.

Cytochrom C7} M-z ®Z%H, Caspase-9,
ATP, Apoptotic peptidase activating factor—1
(Apaf-1)} Zelsto] Apoptosomes F4HTH £,
T Jo] a40 dFor AEARES P4
ol g% SH= Caspase-35 A4l Cleaved
Caspase-39] @2 F7HNAA A2 AEe &
LRttt [9]. SollA &4E DNAE FAdste] A
o] Az 7]ofst= PARP(Poly-ADP Ribose
Polymerase)= &dSHel Caspase—3°] <Jsf At
Hol HgAtHoRM, HRZAES APAT7|=
odgre dodsitt [10]. webA],  cleaved/total
caspase—32} cleaved/total PARP2] H|-&o] o
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2A =W AEAbdo]  FUhRith Bax(Bel2-
Associated X Protein)e= FZZ el W= AXH
MZAIE-E Fob=t, o2 Qlsf mlEZEEo}t
oA Cytochrome C7} E&Hth HHH, Bcl2:
Anti-Apoptotic Factor2 AHZ AEL =73},
o}2hA Bax/Bcl2 H]EO] HolA|Al HWH AE A}
Hol F7Fetet [11].

N7 AEAY Haksh SH-SYSY Amo] e
T (10pxM)e Ap S-S Aot AE A
Ho]  SLEHA  cleaved PARP, cleaved
Caspase—3, Bax2] Wdo] Z71stal Bel2o] wHad
o] ARttt vy, Ap ©HEe] oo fxH

Seslla Az Azt HEEe 2529

2o FE20 9o = 9=
(Fig. 3A).
N-Acetylcysteine (NAC)&= 72g AEIA| 2 4]
ABAIZ AP oA BaHE 7HA]A Q7] wizell,
¥ dxdo=r ARt HeEe FE29
ot M2 APE A= cleaved PARP/Total
PARP, cleaved Caspase—3/Total Caspase—3,
Bax/Bcl29] H]-&& #AA7]= &7 Ut (Fig.
3B, 3C, 3D). o]t A3 A= 8ol B2
= FEE°] A8 & 50, 100 pg/mL
ol Fefmlet A7 Al AFE A &5l

AL erdit

Az AFEe B
z

=11
;9|—O—§ 1:1'51\—0 ~

2t
il

Broccoli
A NAC extracts B
— Cleaved PARP/Total PARP
AB (UM) 10 10 10 10 10 14.0 -
Conc. (ug/me) 0 0 1mM 10 50 100 12.0 4
PARP | - — '-| 10.0 +
Cleaved PARP | - — | S 801
S 60 - ¥
Caspase 3 | — S R — |
4.0 - *%
Cleaved Caspase 3 | — | 2.0 - *k
| =
Bax | p— | 0.0 : . . : . :
AB (uM) 10 10 10 10 10
Bcl-2 - - - - L
c | Conc. (u/ul) ImM 10 50 100
GAPDH | -— an o= e e _| NAC Broccoli
extracts
C Cleaved Caspase-3/Total Caspase-3 D Bax/Bcl2
10.0 - 5.0
8.0 4 4.0
6.0 - il
.9 *% '9 30
1 =}
] ©
o 4.0 X 50 -
*
* kK
2.0 | *hx 10 4 ’J—‘ ’J—‘ *f
0.0 - - : ‘ ‘ ‘ 0.0 ‘ i . i .
AB (uM) 10 10 10 10 10 AB (uM) 10 10 10 10 10
Conc. (ug/me) ¢ 0 imM 10 50 100 Conc. (ug/me) 0 0 imM 10 50 100
NAC Broccoli NAC Broccoli

extracts

extracts

Fig. 3. Inhibitory effects of Magma Seawater broccoli extracts against A 8 —induced apoptosis in

differentiated neuron-like SH-SY5Y cells.

(A) SH-SY5Y cells were incubated with A B

oligomers for 72 hours and subsequently treated with Magma Seawater broccoli extracts

or NAC as a positive control. Cell lysates were analyzed by western blotting with the
appropriate antibodies (B, C, D) Graphical representation of the ratios of cleaved/total

caspase—3, cleaved/total PARP and Bax/Bcl-2 protein levels. Experiments were
performed in triplicates. Error bars denote the standard deviation of the mean (SD), and
the P—values were obtained using the Student’s t—test. *p<0.05; **p<0.01; ***p<0.001
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10 o]AA - &AgH] - HAA - AYZ - 72

3.5, 8 &l xuf E2=2| FESS0 2l
Al S= 2 x|
—_ O o T

37 Aol wet A A E5el o)
A AtAZ (Reactive Oxygen Species, ROS) <]
2ol daAor dojuil, olgt ROSE H
qY u deks fdcke AxE AMER AF 95
982 doxint [12]. A7 AlxofA ROSO ¢
o] &43tH  Nuclear Factor—kappa B-p65
(NF-«B p65) AL QIzxt= AMEZ (Cytoplasm)
ol ME 3 (Nucelus) W= ©o]FdlA, FF
A7ke] NF-« B binding siteo] ZEste] 9% 7
& 2At (Cytokines, Cox-2)52] HdS FEd
= 95 q [13] ol 95 #Y fAAE
% Cyclooxygenase—2 (COX-2)= |F Hhge
tjx Q1 HioleutARA  PGE2(prostaglandin
E2) A4 1S 9 ot 842 g9 Qo
[14]. 2 o]9le] ROS A=of <sf A=
Extracellular  signal-related kinases (ERKs),
c—jun  NH2-terminal kinases (JNKs) p38
MAPK (Mitogen—activated protein kinases)&2]
Qe S7tell o5 E4etEwA d5 i <
250 Wddo] Flste Zom oduA Sl
[15]. olHgt A4 9% Neuroinflammation)
W30 S7h= W Q1A T8 st A3
dAol Ak &R St [16].

A7 AEAY Zskeh SH-SYSY  AlaefA
ROSE] dF HOz0l 9ol f=d 45 W&
NF- £ B-p65 A} o1zp7} Al o Y2 o]F
A = FACE Western blot AHS Ed) &
kI, NF-«B AL 1zF Aol sl Id
o] F7totl= dF Y A Cox—29] =
AA] 7kt &Y S BRI FEE2 ©
g A7 dF 9eE TR gEHoer 9
L anpt ook Fig. 4A, 40). NACE
aNE AT F dxaow ARSI &
g Bezd FEE0] A7 5= 50, 100 #g/mL
ZHNA BrEe FE559 NF-«B-p65 A
A7pe] Azl W=z o] olF oAt Cox-29] &
A Aol Fomgt art UAdTh (Fig. 4B,
4D). HyOzll ofaff f =¥ 85 w2 QAikekd
p~ERK1/2(Thr202/Tyr204), p-SAPK/JNK(Thr
183/Tyr185)/p-p38  MAPK(Thr180/Tyr182)°]
AT ZI7MAI7]E A& Western blot Ago =R
gelstalar, gdoie BrEe FEE odf <
At fashs A @dlstld (Fig. 5A). &
ol B2 Ee oJsf p-ERK1/2

Jo

1o in

=

9 R 2
< oj o

F==°
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(Thr202/Tyr204)/total ERK1/2, p—SAPK/JNK
(Thr183/Tyr185)/total ~ SAPK/JNK,  p-p38
MAPK(Thr180/Tyr182)/total p38 MAPK H|&
o] 100 pg/mL A2l Z7NA FHastol, folu]
& 47 9% oMl wol gl AL AASAT

(Fig. 5B, 5C, 5D).

3.6. ¢ ol xHiuf BE=E2| S0l 2fst
MBHESE LY 371 AEA JtA Y
s= &0

gmstoln Au) el 7199 ofshe vz
Aol Ap hae] Thzgt FHo] gk Aa

d xQo|| F83F 47 A =41 Acetylcholine
(ACh)&  Afize]  EAIsk= Cholinergic
Receptorel] ZAgtsto] A2 M2 oA ] Q17
7150l Aold Fag S stetl, d&stolH
g Zml 2Ape] HE A4 Acetylcholines ¥4
o= Choline Acetyltransferase (CAT)S] €/d0]
ZrAamo] QlolA Acetylcholine®] <Fo] ZAArelat
HIWSA AoiAes 22 Zog dafx ok
Acetylcholine® E3ll5t= &491 Acetylcholine-
sterase (AChE) A|Al= dZstolmd w2
o] A2l A Acetylcholine®] & Z7}A]7]
= YHe=z AREEI gt} [18]. Brain—derived
neurotrophic factor (BDNF)+&= Ao Exst
= Tropomyosin Receptor Kinase B (TrkB)e]
AgeA AL 7ka/des SR [14]. BDNF
o] Wrdo] d#stolmd Z|ufj 2hApo] k] 2] o) A
il gl [19], BDNF9 43S zxdsi=
cAMP-response element—binding (CREB) ZAt
Q1] gH/do] dAstolm A A|mj gkl W%
oA AAES itk [20]. A4EHE pCREB-
Ser133 (pCREB) 2/d3HH CREBC| Fa3t 7|
ot} [211.

ABNEAY 2okt SH-SY5Y AlZe] 1xM
ApB oligomer FHA-E HastH AChES] &4
o] ket &4 S BEIZY FEES
50, 100 pg/mL g ZHo)A {ou]st AchE
24 A At Aok (Fig. 6A). NACE Al
WA Tk 2E adE QR Y dixde=m
AMESIATE [22]. SH-SYSY A|Z QR 2 uj&H
+ BDNF9| WdS ELISA AY Wioz =4
Pedl, Ap o] ofs #Aae BDNFO| Hj
Z°] & s H2EE FE= 50, 100 x
g/mL A2 2704 FolnlstA F7tskit (Fig.
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Fig. 4. Anti-inflammatory effects of Magma Seawater broccoli extracts against H,O,—induced activation
of NF-« B transcriptional factor in differentiated neuron-like SH-SY5Y cells.
(A) SH-SY5Y cells were co—treated with 300 M H,O, and Magma Seawater broccoli extracts
for 24 hours. Cytosolic or nuclear lysates were analyzed by western blotting with the appopriate
antibodies. (B) Gaphical representation of the ratios of nuclear/cytosolic NF- £ B protein levels (C)
After co—treatment with 300 #M H,0, and Magma Seawater broccoli extract, the whole cell
lysates were analyzed by western blotting with the appropriate antibodies (D) Gaphical
representation of Cox—2 protein expression, normalized against GAPDH. Experiments were
performed in triplicates. Error bars denote the standard deviation of the mean (SD), and the
P-values were obtained using the Student’s t—test. *p<0.05; **p<0.01
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H; 0z (300 uh)
Conc. (pgs/mL)

0

+ + + + +

0 1ImM 10 50 100
NAC Broccoli
extracts

p-p38/Total p38

0.0
Ha0; (300 uM)
Conc. {ng/mL)

+ + +
0 1mM 10
NAC
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Fig. 5. Inhibitory effects of Magma Seawater broccoli extracts against H,O;—induced inflammatory
responses in differentiated neuron-like SH-SY5Y cells.
(A) SH-SY5Y cells were co—treated with 300 «M H,0O; and Magma Seawater broccoli extracts
for 24 hours. the whole cell lysates were analyzed by western blotting with the appropriate
antibodies. (B, C, D) Graphical representation of the ratios of of p—(Thr202/Tyr204)/total
ERK1/2, p—(Thr183/Tyr185)/total SAPK/JNK, and p-(Thr180/Tyr182)/total p38 MAPK
protein levels. Experiments were performed in triplicates. Error bars denote the standard
deviation of the mean (SD), and the P-values were obtained using the Student’s t—test. *p<0.05;

*%p<0.01
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Fig. 6. Inhibition of Acetylcholinesterase (AchE) activity and enhancement of BDNF secretion by

Magma Seawater broccoli extracts in differentiated neuron—like SH-SY5Y cells.

(A) SH-SY5Y cells were incubated with A f1-4, oligomers for 72 hours and subsequently
treated with Magma Seawater broccoli extracts or NAC as a positive control. Cell lysates were
used for AchE enzyme assay. Bar graph shows relative AchE activities. (B) After A 51-4, and

Magma Sea Water broccoli extract treatments, concentrated cell culture media was used for
BDNF ELISA. Bar graph represents BDNF concentrations present in cell culture media. (C)
Western blotting of the whole cell lysate with the appropriate antibodies (D) Graphical
representation of the ratio of p—Ser133/Total CREB protein levels. Experiments were performed
in triplicates. Error bars denote the standard deviation of the mean (SD), and the P-values were
obtained using the Student’s t—test. *p<0.05; **p<0.01

6B). QA4S pCREB-Ser133 ¥ldo] Ap o
ol o5 HAaHAT, 8¢ sl BeIEdy F=
& 50, 100 ug/mL A2 ZHolA foju|stA
7ok Ae &elskl (Fig. 6C, 6D).
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