pISSN 1226-2587
J. Soc. Cosmet. Sci. Korea eISSN 2288-9507
Vol. 44, No. 4, December 2018, 437-445 http://dx.doi.org/10.15230/SCSK.2018.44.4.437

shirstel O SatE SZTAIZI 22 Sulforaphane & =& ZMo|
ORH - EHZH wEDT -SSR MY

FEAstw o)At As}stud
() 1Al
(2018 10¥ 30 A<, 2018 12€ 4 4, 2018 12€ 18Y =)

Development of Novel Sulforaphane Contained-composition to Increase Antioxidant
and Whitening Effects

Ji Hye Lee*, Kang Hyun Choi*, Young Kum Park*, Eung-Gook Kim, and Eun-Young Shin "

Department of Biochemistry, College of Medicine, Chungbuk National University, Cheongju 28644, Korea
*Gragem Co., Ltd., Incheon 21999, Korea

(Received October 15, 2018; Revised December 4, 2018; Accepted December 18; 2018)

2ok ¥ ATE ARE FUS L vl S5 F4F QRS AL S8l 712 Fastsk vl 754
BROE Ueld oA HEE ETE ARE 29 NS, oI 0183 Fs 9 v)ASE Sofa
SISICE. F 71 4 Biste) Aehd el 7)ol ¥ sulforaphancs} We 44 o] B34} 2
120 Pl a75830001ch % 4% 5 £3 Al T ABFAE ZAFSte] AESA o] et gk B
A3 &5 A Al Sulforaphane% 10 uM7FA], PF=3758309+% 100 nM7FA] A=A o] gltke A
golstgtt. F 3FE 10 uM sulforaphane® 1 nM PF—3758309% W X8 Al |54 S ¢tk LPS
2ol oa] AAE A3l A A E sulforaphaned PE-37583099] ®$ xg]Al A3 74U @ —MSH
of ot et A GA| W Ao o A AT FHF 2AZ A TS Eelst] S8 £ =4
’\15011 O3 JAAH A S AABHATE EFRA A5E FFHE 93 kA Hrte FASSE AAHHA

3, AEE7] Z7rEaAe} E depd JAERE JATE GRSk o3 ARER £ A4 EC] IAkske
Ul‘ﬂ" 7I%50] dE MEL 7154 PE A2 Mdd 7FeAds 1T 5 UATh

nl[o m{m i

Abstract: In this study, we analyzed two components, sulforaphane and PF-3758309 to prove that the mixed composition
of them has more effective antioxidant and whitening functions compared to each component. We analyzed the cellular
toxicity of each component and also the mixed composition to find the safe concentration level for cell viability. From
the single component treatment, we discovered that sulforaphane was safe up to 10 xM, and PF-3758309 up to 100
nM. Combination treatment of 10 uM sulforaphane and 1 nM PF-3758309 did not affect the cell viability. The
LPS-stimulated NO generation was significantly reduced by the mixed composition of sulforaphane and PF-3758309.
Melanogenesis by «-melanocyte stimulating hormone ( @ -MSH) was also inhibited by the mixed composition. In order
to confirm the possibility as the cosmetic material, we carried out clinical studies for the mixed composition samples.
Skin safety evaluation using patch test was judged to be unstimulated, skin whitening effect was increased, and melanin
deposition was suppressed by treatment of mixed composition samples. These results provide us with the opportunity
for applying it into the development of new functional cosmetics.
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(4-methylsulfinybutyl isothiocyanate, SFN)= o] &
33 UTH4]. Sulforaphane 7] 3 3}3HE<Q] iso-
thiocynate (ITC) L& W] 3gt== AaE Sl A5
s o SIS S AA S kst aRE o
B A 4kAol] o3 &S Al Zlow dEA
Rol ARE=xE AFow wWol FE&HI U5
Sulforaphane-2 nuclear factor erythroid-derived 2-related
factor 2 (Nrf2)9] fFRIFE|o)]Hd-& A3t Nif2 &
WA o] RPgAS F7MAIXIT ol Nif2¢] o= o]
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elo] F7hE = O E-2 glutathione (GSH) % thio-
redoxin reductase?-> @4} 7)5-& ZH = @A
E°|t}. Sulforaphane2 ©] 7|3-& F3l d4tst 715
TR Aoz & d#HA At , sulforaphane-& 3
3Fst isothiocyanate Al 2] A8 AHH & SolA his-
tone deacetylase (HDAC) % caspase-dependent apoptosis
£ AR BaEo] Q7). HEE AECEA
sulforaphane> @+4ts) 7150 9|3 sl &35 7]
e 5 Aok A g Rl = A 2Eg 2 S0
ERE 2EE Bodhe st wrojato] EA) k=
AslA ~Ef 27} HatA A=A ksl whoiat
g3 Eo] I A3 9 =315 of7|AIF 4 ATHS
22 =, sulforaphane> 37 =315 owetal, 1
of Y ks & SAMAE glof IJRE o=
FHl Rtee E3E HolFa QITH9) E3, sulfor-
aphane-> mitogen activated kinase (MAPK)2] 48 =
Aot depd AFS AAlskE ZeE A TH10].
Sulforaphane  extracellular ~ signal-regulated  kinase
(ERK)®] #4-& S7HM71aL, p38-MAPK 242 A
3l tyrosinase U S AAgIT) o] 71AS Fal Dt
d FAS dAFeEN vy es UElll= 0=
Hywo] QleH10]. ol gF 4kst g mjdlr]so = <l
3l sulforaphane> TFSH S AlFol 7|54 A&
o= 7t o] AHEHI ATt

PF-3758309% p2l-actvated kinase 4 (PAK4)2] A &=}
AsAl ol Alxze] F2, #3), I T& A= I
A FE 2 P AT 1] =T, & ARk A
FATE B3l PF-37508309= PAK4 A5 Tl Het
U RS QAGTHE 715 S b do12]. 2
Zhd Aol F8 71 ofr| 4t E] 24 (tyrosine) S
L-DOPAZ £3||3H= tyrosinase 43433 Aol olsf =4
ot AS7HA &zl v 7154 sPgEe] AR Tl
+ tyrosinase®] A4 A& Aslst= EEE0] Bol
At Tyrosinase®] A4 ZAFIA Microphthalmia-asso-
ciated transcription factor (MITF)oll &Jal ZH ==,
MITFS] A9 A9 2dAZ = g2 HARIA
cAMP response element-binding protein (CREB)©| %],
PAK4:= H}2 ©] CREBO] ¢f< Ao =M MITFE
BHE A5, AHH O tyrosinase] HHE A
gt o] AAHE AA HEH o= Hepd Aol A
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Lipopolysaccharides (LPS), arbutin, acetylsalicylic
acid (ASA), «-MSH, sulforaphane (SFN)< Sigma
(USA)Z -] &t Th  PF-3758309  Cayman
Chemical (USA)ZH-E] T3 BI6F10 Bk} A
Z O} RAW 264.7 M= SHaA T 28 (Korea) ol A 7
3R, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) % cell proliferation assay kit Intron
Biotechnology, Inc. (Korea)ollA 3Rt}
Sulforaphane ¥} PF-37583099] &3¢ =4 A&l it
AAAE AP (F)Ea=olA Attt

2.2, MIZHHQE

B16F10 @l -v} A= 5% fetal bovine serum (FBS)
3} 1% penicillin/streptomycing 73 Dulbecco’s modi-
fied Eagle’s medium (DMEM)| A vl 31 TH14]. RAW
264.7 MZ+= 10% FBSS} 1% penicillin/streptomycins 3+
3 DMEM =] A w8 FstTH15]. 5+ Al2= 37 C
2 FAHEE 5% COMIg7IeNA ul sttt

23, Mz=d &4

Sulforaphane, PF-3758309 %! sulforaphane+PF-3758309
o ME=4E glstr] st MTT assayS AH8-st
ATk v diA A EQ] RAW 264.7 A ZE 96-well
plateol] welld 1 x 10*2] NZ4FE BF3l1 A8E ¥
T ¥=E 713 § 24 h B2t 37 T, CO, vl 4] Hl
&tAth 24 h & v F8-Hol] MTT solutions 10 uLE
Yl 4 h WjgsTE O F ASdS HYya, 858
H(10% triton-x in acidic isopropanol)S well& 100 uL
2 @31 microplate reader (Bio-Rad, USA)Z 550 nmol|
A FREE SASAT5]. LT oz 33 1

Sulforaphan $H+ &3 2449 /it 439
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RAW 264.7 Al = 24-well plateol] 1 x 10%cells/mLZ
Zt welld 1 mL¥ 3Lt 18 h £ 96-well plate©l]
A3z vl 45 100 uL2} Griess A2F(1% sulfanila-
mide in 5% phosphoric acid +1% « -naphthylamide in
H,0) 100 uLE &3 &, 10 min &<t ¥H&AIA mi-
croplate reader (Bio-Rad, USA)E- ©]8-3}] 540 nmol| 4]
FHE=E =439 TH16]. Sodium nitrite (NaNO,)E
standard = AR&-8Fe] Hl WA SLI 2102 33
wEHos 4gstel Hage A

2.5, Hatd Mo Xl £F

B16F10 @elrv} M EE 6-well platedl] 2 mLE £
gk 3 5% FBS7} $H3-¥ DMEM £l A 48 h &<t 1l
ottt 181 AEE A7 BEE 37 TollA 30
min BjFste] A Elg ¥ 50 nMe] «-MSHE #] &
3t 37 CollA 72 h &<t w3kt wiFo] Eubar
% 3 o]& 13000 rppml A 5 min YAlEE] St AL
cell pelletell 1 N NaOH®} 10% DMSOE- 7}kl 95 Coll
A1 20 min T & HWpd-& 3] I 96-well plate
ol 150 uLE 713 microplate reader (Bio-Rad, USA)=
490 nmoA FFEE S43IATH10]. s =1L
2 33| WA o 2 Ayt HAghs Lol 7 welldl

AT t’dAFS] Van der Bend chamber (van der Bend,
Brielle, the Netherlands)E ©]-83l 5 H-%]°l sulfor-
aphane (1 mg/kg)®} PF-3758309 (0.1 mgkg) E3AE
35 ulL® AN & ARl glo] s 24
h &¢k v7o] HE & AASAH. AAE F 30 min,
24 h 2 48 h % 5 point scale S 7]FO.2 I H H-3-
< #3955 19E-3-2 draize dermal irritation scor-
ing system®| H7}7]E wEt A= A=E HIFSES
o PO HEASE ALt F2lo whel mean irritation
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Table 1. EPA Dermal Classification System
Grade MII
Negligible 0.00 < MII < 0.50
Slight 0.50 < MII < 2.00
Moderate 2.00 < MII < 5.00
Strong 5.00 < MII = 8.00

index (MIN)E 4F4 3+ & environmental protection agen-
cy standard evaluation procedure dermal classification
system®| A= E-FH(Table 1) 7|F2.2 I BAIAH
ARE FASAT

27, L287| H oA Tzt QIMAEE Al
rety] 9 gRdgd A EgaE =Hs] oA
HE NP Ht A% 47.62 + 4174 24 218E o

o2 ATt A8 WS sulforaphane (1 mg/kg)
7} PF-3758309 (0.1 mg/kg) EFABE 19 23|(0H,
A AjE 3 I8 dAA AF 2 em AEY Fe
w7F BHE ARt d=el | viE 3 7PHA FE
A ST AR E AE A8 H(baseline), 2

827 &, A8 47 F3GAE TS ST
3 7}+= VISIA-CR (Canfield Imaging System, USA)< ©]
3 EF AR Y 9 ojH]A] BA ZE IS o]
g3l & B7]E 547 mexameter MX18 (Courage
and Khazaka, Germany)E ©]-8-3+ M AZ = F-9]9] 3
FHgds AU ALY A= A AR
Aol e} 95% A1t A Als A8 H/F 319
frold o 55 ANOVA 45 T3l g1lsdiTt

=

2.8. 57| =2
2 7o) 4L 38 o WSl Wagkow A
AIAT hew o APT Aele] $A Fol4d A
£ Students’t-testS AHE-3FE2.™ p < 0.05 ©]5}H 73—?—
%

o] sttt AR AT AA AL Aol oist
B8 (F)de] =0l A IBM SPSS Statistics 21.0 (SPSS,

USA)E o] 43le] ANOVA £41-& A5 th
3. 21t ¥ uH

3.1. MZ M=EE
RAW 264.7 A|3EollA] sulforaphane, PF-3758309 £
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Figure 1. Effect of sulforaphane, PF-3758309 or sulforaphane+
PF-3758309 on cell viability in RAW 264.7 cells. RAW 264.7
cells (1 x 10% were seeded into 96-well plates and cultured for
24 h. Cells were then treated with increasing concentrations of
sulforaphane (SFN) (A), PF -3758309 (PF) (B) or the indicated
concentrations of sulforaphanet+PF-3758309 (C) for 24 h. Cell
viability was measured by the MTT assay.
sulforaphane+PF-3758309 =4 2] ME=A4S gRIsH]
HAsliA kel F==2 APstal 24 h ¥ AX AEE
S =435I hFigure 1). 2L A3} sulforaphane * &)k
=1, 5, 10 uMoll A Z+ZF 100, 100, 99%2] Al3E A=
S YERATE PF-3758309 B 1, 10, 100 nMol|A]
# 7} 100, 99, 99%2] A2 &S YERAIT v}
o7 T3 =721 PF-3758309 1 nMell sulfor-
aphan es 27+ 1, 5, 10 uM H7FgE 230049 A3 A
TE2 99, 100, 99%= UEISH Ao BE X

A A TZEET AR Aolol A FolF AZ AEE

N

ﬁ Fll“ o off

o] zfol= UEPA ehteh. web Aol A8 =
Aol AE EA6) 4 2L FAT 5 AT

A X3
A A8l &35 FAE7] 18] L-arginine
Q—E_—rﬂ NOse©ll o3 A== NOY & Jﬂrﬂ%}i
2} 3FATE RAW 264.7 ceuoﬂ 1 ug/mL LPSE |3t &
sulforaphane, PF-3758309 2 sulforaphane+PF-3758309 %
A4S 7 FEEE A 3 NO AAS BEsNY
(Figure 2). OFFA % A2I5HA] &2 4 tlZ=73 LPSell
o3l F=% NO AHS A= 243 ASAE A&
g & AR e Y xR AT
[17]. Sulforaphane, PF-3758309, sulforaphane+PF-3758309
= A AEE 3 Aol wet Al FFe mA
2 &= = A8kt LPSE A2’ & 100%
7o 2 ge w 4 UE2T ASA AT ' T
5 A= 7433, sulforaphane®} PF-3758309+ =



Table 2. Skin Safety Evaluation Using Patch Test
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Degree of skin irritation

MII
After 30 min After 24 h After 48 h
Number of respondents
1 2 3 4 1 2 3 4 1 2 3 4
Erythema 12 5 2 1 - 6 3 - - 4 3 - - 0.47
Edema 5 3 1 - - 3 - - - 3 1 - -
120 ® 1 120 ® 20 @
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Figure 2. Effect of sulforaphane, PF-3758309 or sulforaphane+
PF-3758309 on NO production. RAW 264.7 cells (1 x 10%
were seeded into 24-well plates and pre-treated with SFN, PF,
SFN+PF, ASA for 30 min and stimulated with or without LPS
(1ug/ml) for 18 h. Cells were then treated with SFN (A), PF
(B) or SFN+PF (C). The culture media was collected and
subjected to Griess assay for measurement of NO generated.
The results were expressed as the mean + SD from the three
independent experiments (‘p < 0.05).

23t w57 SU1E el et s EH R A=
NO9| %Fo] 7Hash= A& ##3tA ). Sulforaphane
1,5 10 uM FEE AHE3A<S o A= tiv
64%, 51%, 45%= 7439331, PF-3758309+= 1, 10, 100
nME A 28tS W 53%, 36%, 20%= FHAstAT) &
3} 2442 sulforaphane (1, 5, 10 uM) + PF-3758309=
%719 59 sulforaphanel] 1 nM<] PF-37583005 &
7HH o2 AT SIS Wl 36%, 28%, 21%= FAsH

ol= & F%9 sulforaphaneTHS A El3tH S U
BT NO A9 AAFH7} Z/H8HS B2 2= 919
t}. B AGZA = sulforaphane®] 1 } PF-37583095 T
S 7 A& vEthE EFAMA AHESIA S WrET
Eiﬂrﬁ o2 NO A Asiazmrt =rlsteg 343t
3 gl )sA AT Y7 ARog B B
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=
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Figure 3. Effect of sulforaphane, PF-3758309 or sulforaphane+
PF-3758309 on melanin synthesis in B16F10 cells. B16F10
melanoma cells were seeded at 1 x 10* cells/well and cultured
for 48 h. Cells were treated with SFN (A) or SEN+ PF (B) in
the absence or presence of «-MSH for 24 h. Melanin contents
were measured at 490 nm. Arbutin was used as a melanogenesis
control. The results were expressed as the mean = SD from the
three independent experiments ("p < 0.05).

3.3, Hatd Mo Xl

Sulforaphane¥} sulforaphane+PF-37583092] @l AY
4 A3l BE SA57] Y8t Bl6F10 "ebn} A
ZoA 50 nM a-MSHE A & fF55 dahd A
%S SA S HFigure 3). a-MSHO| Aol 23|
AAE Wepd o] kS 100% 7|F 0.2 &tar, 7t 3%
=5 AEd 2ol "epd A4 H) 2 5}
o} =3 Wehd A JAAE 4% arbutin A 2]
< depd A4 A& tig VEe R vt
t}. Sulforaphane?] F%7} 1, 5, 10 uMZE =l F=
Wbl A o] 57%, 44%, 36%= HxF 7HASHE T |
uMe] arbutin X E]FS @ -MSHT 283k ol H]s|
dzhd AAo] 50% Aashe &1t T3 sulfor-
aphane®] &%= 1, 5, 10 uM°l| Z+Z} 1 nM PF-3758309%
F7IE H7RE £ 24ES Agsia s w dehd Ay
AL 30%, 23%, 20%E ZFAEUTH B AFdnEn
B 7 3§ Egto] o5 AAQl dWephd Ade o
o2 AHNS u BRu} g§xFoz AAge &

=
A=E
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Table 3. Statistical Results of Skin Brightness (V)
Statistical value Samples Value
Baseline 170.559 + 8.735
Mean + SD 2 weeks 171.687 + 8.650
4 weeks 171.353 + 8.402
\"% Baseline - 2 weeks 0.002"
p-value - "
Baseline - 4 weeks 0.015
) ) 2 weeks 0.668%
Average increasing rate
4 weeks 0.479%

The results were expressed as the mean + SD from the three independent experiments (*p < 0.05, **p < 0.01).

% 93, ol B Aol Brt XA FAF A
2oz A8E & 9% /FeAS AN Zolth

3.4. O|RF=0| ofgt oty HIt QIMEE Al
Sulforaphane (1 mg/kg)¥} PF-3758309 (0.1 mg/kg) &
dxAo] ZFE AEE (PLYEdA FFHE
o3k hA B7F A S SFATHTable 2). A1 E
338 U o 2 A5 35 uLA S Van der Bend cham-
berg ©|&3t & Foo AstAZl & AlFH9el &
©] 24 h F<t FFo HEsAh HE ¥ 30 min, 24
h, 48 h $ol AR E AFS HHH fFEATE
= 0472 BRI E FHAHATHTable 1), 2 AF
< B3l £ =4 A E7F 97 Aol o) vkgo] ¢l
[e)

) H 2B A EE A 5 3l
ol91e] HWE TR o e hehhA Btk

3.5. OF 7| ¥ mRH JfMS T QX XE AIF

Sulforaphane (1 mg/kg)¥} PF-3758309 (0.1 mg/kg) &
x4 AR tig FEur] 9 s Zfd 8
of thet AAHE AP A FA 218S tdez
A &Yt THTable 3). thdA= 19 23], 453 Al85
S=¥313, A8 A8 H(baseline), 25 T, 45+ & JH
o] ¥irie} Edehd s A3 AT AFREIE YE
U= VAL Table 20 A&d 23} o] ZF gAER
170.559 + 8.735 (baseline), 171.687 + 8.650 2F %),
171.353 + 8402 (4F 3E /13N AR E {9
ST AT uldAF ZF A HHFHA VRt S
< A8 27 T 0.668%, A8 47 F+= 0479%7F 57
ST 3k mexameterS ©]-8-3) A AZ 2 B0l tish

tatabdEss| A, A 448 A 4 &, 2018

B "Hehd Qd 2 (melanin index, M) SRS AR
2§ Z(baseline), A& 27 ¥, & 47 T AUt
(Table 4). Zt @AM =74 ZHi= 220048 + 43215
(baseline), 219.921 + 42.626 2F %), 218.206 + 42.715
@4+ HE A3, O Ade FAZHSE fofst
Atk AT A ZF ANQIE HA Q] WEpd Qld
ol & ZHAEL A8 25 T+ 0.942%, A& 45
= 1.7471%% BAFLSE {3 A AE e

. 0|23 A3}Z E3] sulforaphane®} PF-3758309 &
T4 AETE I8 s S7HA7IA, gREeid
Az 95 A ARIYgE As SHEHAE

T

. AT sulforaphane ™} PF-37583092] &3 243 0]
gatsl 9 e 7)eAde] SAE AEE AMEE S Q)
E71E dolr Ak stk Sulforaphanes o] &4k
3} 715 dehd A A 750l A e B
©]3l, PF-3758309c I & dWahd A AAAZ 28
T 5 Aok Aol Ho ¢zl Edolti{12]. ©] F
dES st st 9 v )50 e Al

7154 SPE AANEA ML 7S SHIA
Z 98 2 A= RAW264.7 Al oA F 315
27y 2 2]8t9 S Wit ofyg}l E3kste] &3k
A = AEzHFo] YehUA] Z= =5 AA3S
Ch(Figure 1). Sulforaphane®] @5 A8 ¥=&= 1, 5, 10
UM, PF-3758309 ©= 2] %+ 1, 10, 100 nM, &3
Z4& sulforaphane®] E=7} 1, 5, 10 uMoll 1 nM9]
PF-3758309< F7lsle 202 g3yt o] =4
oA NO A4 A3l B35 SAFFo=ZHN 4ts) 75
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Table 4. The MI of Skin Pigmentation

Statistical value Samples Value
Baseline 220.048 + 43.215
Mean + SD 2 weeks 219.921 + 42.626
4 weeks 218.206 + 42.715
MI Baseline - 2 weeks 0.004™
p-value - o
Baseline - 4 weeks < 0.001
. 2 weeks 0.942%
Average decreasing rate
4 weeks 1.747%

The results were expressed as the mean + SD from the three independent experiments ("p < 0.01,

b < 0.001).

< FelEtYa, F 33t Ee 3 2R 7Ht U= 25 FA Ahd A4S AIStaL, PF-3758309+

o2 g o}%~ u) 5o} 7483 gaksl a9E Jeld PAK4-CREB-MITF Z&2&

E}“ A& 5L F AMTH(Figure 2). °l= 4t} 7] 7] W2l 7 &2l gt

e 7
- Fost= F 24 AsHE A=V H=E B7)5S UehiAl do. 122s F 2dE &
= % A|AFgh}. Sulforaphane Nrf29] H]F o AbgslE B3 2AEC] B A3 vy

< X 7H EE 2R AHEE S Ve e
=R

oAgo =M Nif2 whule] Qb A
"]71 Yo ] ARE-dependent genes®] &3-S 313} 55ii=s

o= 4kt 24 @Rl glutathione ¥ thioredoxin AE AsE Hg 7}
reductase & LS F7HA7]1aL, AFRH o2 g4ks) aphane¥} PF-3758309 &3t=

Fa) Wehd 4L oA}
g =

A2 ERIE7] 93 sulfor-

3 MBS ARHEA <

7155 SXIAIZITE PF-375830900 o3 213 A Q1 34t gk Qb g7k} v ty] gl vldeind )4 E 3t
3} 2H717& o} A7k BaE v Qi whebA] PAK4 ek JAAHE NP2 (F)Le =0l o=ste] Alskad

of oa fr=sv St B4 7S AYEoEX o £z Aee i

HE A oI A

o= 4 9T} Kesanakurti 52 3= PAK4-PPAR 7y 5 0472 FAFAH R BAHEJUTHTable 2). =3
NOX1 Azdd AZE T3l &444 Aol == A AEE IFEVE UEHE V ghe] A8 A
g= AL B t18]. o A3 glioblastoma (1 170.559 + 8.735%1 Aol ®lal, A& 25 &, 45 Fof Z}
EAEZZ)9] epithelial-to-mesenchymal transition (EMT) 7+ 171.687 + 8.6503} 171.353 = 8. 402§ =718k A, o]
PG A doju= EA4kA F7HE BES AR H < AREE ANERE S Yrlske Aot
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AaiAs ot A= e A7 28 Aot 3, A 25, EE 47 Folle

= 7}z 219.921 + 426267
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3, &3 A& sulforaphane 1, 5, 10 uMol 1 nM o ol3t gaksl 2 w5 B Egd oz 24
PF-37583098 F7}ste= 7oA AP s th(Figure g5 BEsIFonE TR AL = e FgE
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