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SUMMARY

Since radiation injury is known to be implicated in redox imbalance caused by oxidative
stress, we studied the modulation of redox-sensitive transcription factors NF-xB and FOXO
1/3a by irradiation in SMP30 KO mice.

We found that irradiation induced the phosphorylation of redox sensitive transcription
factors, NF-xB and FOXO 1/3a viz PTK/PIP imbalance and lipid peroxidation in SMP30 KO
mice. These phosphorylation was modulated by MAPKs and PI3K/Akt signaling. Also,
irradiation activated NF-xB-response genes, such as COX-2, iNOS, and adhesion molecules.
Furthermore, irradiation increased pro-apoptotic protein Bax and necrosis marker HMGB1 in
contrast to decrease of anti-apoptotic protein Bcl-2. These results indicated that irradiation
modulated tissue damage through the imbalance of redox status and phosphorylation of
redox sensitive transcription factors in SMP30 KO mice.

We discovered that 6 kinds of phenolic and sulfide compounds have anti-oxidative activity.
Among them, baicalein and allylmethyl sulfide showed the potent activity. They protected
effect of irradiation in SMP30 KO mice. They modulated irradiation-induced phosphorylation
of NFkB and FOXOs through MAPKs and Akt pathways. Moreover, baicalein and
allylmethyl sulfide diminished irradiation-induced Bax and HMGBI proteins.

Therefore, irradiation modulated redox status and redox sensitive transcription factors in
SMP30 KO mice and these activations are significantly suppressed by treatment with
baicalein and allylmethyl sulfide.
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1. AR ZAbo] ©|g AAU| redox status, redox 7H54 WAL @ AZH A

7} WA ZA}S) o]ﬂﬂ SMP30 KO w}$-2

(1) 853l SMP30 §HA}7} A<E® SMP30 KO npoAZ2 B AgdA A3tk WAL
ZAE 71Ed R3E PP BE 5, 24 Ro|FZER d7ie] “Co ZriAd
£ 0,1, 3 5 9 Gyg ZA3 groupd d2XYS 15 Gy ZAISE groupl 2 A3
Z A} A -8 Fricher dosimeter2 =7 3} % th.

(2) SMP30 KO ##x AL =Ed : SMP308 ZA<Ee gy C Ao #HAodsie
gluconolactonase”} A A=A ol AW vitamin C 7} FAFHA Fe=oh 1 A3, of
22 49 redox dee} dA st Edojrtt [1].

(3) 719 wpe2, RS o] &3 WAL Y redox FH A= vitamin CE FAste Zd 9|
o2 QA A3 g Aeidd uHlE 2 SMP30 KO mice 298 HEY CE 3I}A4%

= glo] A redox AH S} dA|dle E4 FEEHoTH

b 9FALA ZAYe) o) redox status @ G Fel
( A ZAbel] o]g ROS 2 RNS 444 HE
(2) HALA ZALe 93 ROS A AA AE

t} oul Ao A =& E redoxA|o] &4EH

E AFAgA £3AARE AT7F redox AJFAHEZAQ thiol % E & betaine (T7]AD),
lipoic acid (B.2%3g}), allymethyl sulfide (v}&), methylmethionine sulfonium (¥l]3)a}
g 2kel A redoxA| o] & A cinnamaldehyde (A3]), gingerol (A7), baicalein (33)5& &%
ato] AR WolEde] 848 238y 3 F a5 MY 240 F2 FHEEAS Yt
o AHFS w20 54 F PAd BS Ao st HESIAT

g} WALA FAbe] 93 redox W3 AE (in vivo)
Ef 2 ZF2l: ROS A=

& A F cytosolgE FE3dte] AW ROS A4 FE  dichlorofluorescin
diacetate(DCFH-DA)S o] &3l A3}ty 25 pM DCFH-DA &) sloA AA4H 3
3ol M3 E excitation 485 nm % emission 530 nmol| 4] 30&7F Microplate Fluorescence
genious (TECAN)C. 2 Z743}HT.

(2) ik3t &4 GSH level &2l @ 22 T35 F cytosol S 53t AW GSH
level S GSH assay kitg o]&3}e ZH3{)

B) =AU redox ZFA FARRIA 9 AFAE d¥ide] W3t <l : NF-xB, FOXO1/3a,

MAPKs, PI3K/Akt, Adhesion molecules

(7} Western blotting
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Postmitochondria #3238 &2 gel loading buffer (0.125 M Tris-Cl, pH 6.8, 4%
SDS, 10% 2-mercaptoethanol, 0.2% bromphenol blue)?} Z3}3F & 5%7F #At. Z
7kl sample (100 pg)S 10-15% sodium dodecyl sulphate (SDS)-polyacrylamide
mini-gelol| 4] 1A]ZF 3027k 15 Vol A 7195 A7t} Towbin buffer (25 mM Tris-Cl,
192 mM glycine, 20% MeOH)E ©]83}9] polyvinylidene difluoride (PVDF)
membranedl] transferA]7]3, H]Eo]d Tl AT S sy 98] membraneg 5%
non-fat milkE #-f-3l= washing buffer (10 mM Tris-Cl, pH 7.5, 100 mM NaCl,
01% tween-20)o| 4] 1A)Zt 52t shakingS A7l & washing buffer2 13 A& 33
Zhzbel 12F A eF A2 A 1 AZE F<t ¥H-8-A1Z1th. Washing buffer2 33) A& 3sla
horseradish-peroxidase”} dgd 23 &Ale} A2 1 A3F Fob vkg-AlZoh
washing buffer2 43] A2 % ECL detection reagentE 7}sle AAHE 13&
Hyperfilmdl] 7333A1H @43l signal@ <213t} pre-stained blue protein markers
(Biorad)2 ol 83fo] EAFe s}

ok Z2HE4 AE 8
(1) MDA / HAE

ZH M Mxde #2% o5 MDA/HAE assay kit o]83lo W3las st
(2) Bax / Bcl-2

ZHM MEde E23 ths Western blottings ©] &3t #al&FS 3elstgioh
(3) HMGB1

ZAqNN AEFE £YT T Western blottingS o] 83t wsladFS st

vk 4k3), o] o] ZAsHEE redox 7FA HARIA A (in vive) : NFkB, PPAR,
FOXO
(1) Gel retardation (Band shift) analysis
(7h Nuclear extract £
Z 2]l homogenization buffer (0.3 M sucrose, 10 mM HEPES (pH 7.6), 0.74 mM
spermidine, 0.15 mM spermine, 0.1 mM EDTA, 0.1 mM EGTA, 10 mM KCI, 1 mM
DTT, 0.5mM PMSF, 2 ug/mé each of aprotinin, leupeptin, bestatin)& 7}3le] A&
A7k $ Potter homogenizere] homogenization buffer 4% #& 7}3le homogenize
gttt Homogenate™ cheese clothE Z#A1A uwjnps 2SS A AGcE 2v]9] cushion
bufferE 7} & 17T, 24,000 rpm ,50minzt YA Rt} A5AL A A3 F nuclear
pellet®] bufferg A A3}7] st LE&9olA 10837 AXAIZITE Nuclear storage
buffer (25% glycerol, 50 mM HEPES (pH 7.6), 3 mM MgCl,, 0.1 mM EDTA, 1.0 mM
DTT, 0.1 mM PMSF)E 7}38te] suspendingsled 2 7|2 9] liquid nitrogenol] 3]
gttt ¥ F5 @ nucleiof] storage reconstitution buffer (2.5% glycerol, 2 mM HEPES (pH
7.6), 116 mM KCl, 3 mM MgCl, 0.1 mM EDTA, 1 mM DTT, 0.1 mM PMSF, 1.0



mM NaMoO,, 2 ug/ml each of aprotinin, leupeptin, bestatin)E 7}3}<d suspensionA]
Z1t}. Nuclear pellet2 nuclear lysis buffer (10% glycerol, 10 mM HEPES, 100 mM
KCl, 3 mM MgCl;, 0.1 mM EDTA, 1.0 mM DTT, 0.1 mM PMSF, 2 pug/ml each of
aprotinin, leupeptin, bestatin) YA FHZ 73] suspension A]ZIT}.  ©] nuclear
suspension®] ¥h A Z-F- tubesol] o] FA]FHA 4M ammonium sulfate (pH 7.9)2 £ &)
B3 1/10& 718le & &£33F 4ToA 30-60min7t %7t E50] FHA whx|gch
°o]RA& 1T, 35000rpm, 20%3F A4 EE ). 45 Yo ammonium sulfate®] powder
£ 033 g/mt 7}sted %1% 0T, 15minZt shaking®lo] WHxj3th. thA] 1T, 35,000rpm,
20830 d4dEYst] 454L HIAF 10mint ESHAAH E71E AATL oA
nuclear protein pellet2 nuclear dialysis buffer (20% glycerol, 20 mM HEPES, 0.1 M
KCl, 02 mM EDTA, 2 mM DTT, 0.1 mM PMSF, 1 mM NaMoO, 2 ug/mf each of
aprotinin, leupeptin, bestatin) 3-8 718l suspension$tt}. o] pellet-& 92 9]0l A
overnight WX]gt}. Nuclear protein extracti= nuclear dialysis buffer2 4A]7tEQ &
A3ttt F43F nuclear extracty 4T, 10ming¢l spinningdit). ASdS R 3ty
liquid nitrogene] X #3ich.
(4}) Oligomer labeling
DNA F33 AH 2 DNAE 75TCoA 587 7}e3ste] X A3] 2132 double strand&
ZHET}. labeling-2 oligo double strand 4 pmol, T4 oligonucleotide kinase 10U, 10X T4
kinase buffer 3 uf, y-"P ATP 3 SR HBL 20 W 3ted 37CoA 147 wL3
t} WhS $ Yeast t-RNA 20ug, 557 80 £, 8M A.A 50 wi, EtOH 300 & 7}s}ld
A F 80TCoAM 30837 A & 12,000rpme A 2583F A48 Azt 88 JA
S 75% EtOHZ A H3 & AzA)A 100-200 9] FF 5o %o band shifte]] A&
t}.
(th) Transcription factor &9l

Z} tubese] incubation buffer [HO 28, TETG 8 uf, poly dIdC (2 pg/ml) 1 w8, 1:1000
B-mercaptoethanol 1 xf, 10X binding buffer (120 mM Hepes pH 7.9, 60 mM K],
30mM MgCl,, 40 mM Tris pH 8.0, 6 mM EDTA) 2 @] 17 & # 3t} Probe (17-35
pg)= 7}8FAl nuclear extractE 7}sle] 23-25 w7} 52 3ot 4T A incubation¥
0.1% bromphenol blue 2 /£E 7}3t $ gel& 5% acrylamide gelol] loading% 1X TBE
bufferE running buffer2 50mA| A running3tct. GelS 212 A|Z]l ¥ autoradiography
2 Z+3%38le bandE Wl AEICL

A}. Redox A|ojo] #3tE thiol 3¢S & redox 754 AAL Ao Aol =& EAEM
2. Redox #2771 ZAZEA oo A WAL = 9

e N
7} Redox Wdlel ols] A== AAIIAY &A3) 7|14 AE

o

27 &4 o 2 F3

¢
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g ) AARIALY FAF 71HS HESY] Y5t whex 239 ddus RBedF,
Western blotting-& ©] &3} HdFE HESIHT

. HARIR}L ZAl3le| #odsle signaling pathway ZE : MAPKs, Akt pathway
Ztzke] AARIAZL B3} == signaling pathway HAESHZ] 98t vhg2 22 9] AX
4e FY3 5 Western blottings ©]-&3te] 1 HatFS FUdsiio

3

rir

ok

= 9

P

o 84 Bd 2 AXAYL 3l A =22 458 2L A
< A

7 BHEAS AASERI) £ & redox@Bd HARIA 247 d 2 signal pathway 7F

gkt

A 24 A7 23

1 ARG AL Q@ A8t 2EH 29 Ft
WAL ZAL in vivod] WlXE QS FHEly) 98 AP ANsgh bgw C AR vhex
SMP30 KO mice® $745H=3tgd 748 Dr. Maruyama2 i 2o, it oft] $& AHgde
A AMste] AREEATh Normal groupdle HIEFE CE o] %of 337t A7) Bo (wild typed )
.00, Nor 99 F& wgel C AR Hol2 377 ALSS F, 33419 “Co 7ulage 717 0, 1, 3,
5 Gy¥ ZAR F, 2412 o sjRalo] A715 HEsgch

B AY] @A oyl AFe] ARE-E SMP30 Knock Out (KO) mices} Wild type C57BL/6 miced] A
A el g Aolg Asingn. Bel WA 4% 24 B 5 el glutathione (GSH) levels}
redox 74 AR NF-kBe] wste} MAPKs ¥sls ARt (Fig 1).

A

0.90

GSH (nmole/mg protein)
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Wt KO
NVEC1 3 5 9 NVC 13 5

Nu p-p65

Nu p-p65

Nu p50

p-ERK1
p-ERK2

p-JNK

p-p38

Fig. 1. GSH depletion and NF-kB activation by irradiation between C57BL/6 and SMP30

KO mice

N, SMP30 KO mice not irradiated and not treated with Vt C; VC, Vt C depleted SMP30 KO mice; 1, 3, 5, and 9, not
treated with Vt C and irradiated at a dose of 1, 3, 5, and 9 Gy of y-ray, respectively

SMP30 proteino] BWr&A] -&(Fig 1B) HIEM] C Z¥ SMP30 KO mice® AujolA] Hlgtdl CE &4
3= 9ukAQl C57BL/6 miceR Tt AHStAEG 20 g MAEsL & Ao #EHAY F 445t GSH
level®] 7FA9} redox ZHA ZAFQIAQ] NF-kBe] &43}7} wild type C57BL/6 miceo] H]3ted WAR
ZAte] o Wz whsshe 248E JeEhlUth ol& SMP30 KO micert 222 vitamin CE #AE
F 9E A9 A&l Zdolng, o]E o]&3le B A AR HAUH

B A ME dAA FANMAE (ROS) levels =337 94519 DCFDAE o] &3 fluorometric assayE
A A5t Th SMP30 KO miceo A ARG 23 ROSS] Eo]AQl ¥stE vehA] estt (Fig. 2).

A
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— - -
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0.60

0.50

0.40

0.30

0.20

GSH (nmole/mg protein)

0.10

0.00

Nor Con 1G 3G 5G
Fig. 2. ROS generation and GSH depletion by irradiation in SMP30 KO mice

*p<0.05 vs. Control. Nor, SMP30 KO mice not irradiated and not treated with Vt C; Con, Vt C depleted SMP30 KO mice;
1G, 3G, and 5G, not treated with Vt C and irradiated at a dose of 1, 3, and 5 Gy of y-ray, respectively

ROS /dnt-gol Wzsie], AZW P44S FANN e F23 988 Gddhe GSHell dis) #apAl
o] PlXl= FF thal JF3ATH 2] WAKD ZARE F71E ROS leveld)] o) Ajx) ujol4e] -SH7|1=
#aA7 GSHY level$ 5G AL SMP30 KO micedll X 14 QA ZAAATH (Fig. 2).

AEW F7hste ASl2E# 2= protein tyrosine kinase (PTK)= F7FA1713L  protein
tyrosine phosphatase (PTP)E 7+4&A]#A PIK/PTP E#3<S Zgsicty a4 ok w3l
PTK/PTP &4 82 AREW redox ZHFAHARIA] 434S 7|3ttn &&1A sk 284 Fig

= ARl o3 FIhE e Akl Ed 27t PTKS PTPO) WElE 29 8e4] #3549y, o
Az AR st PTKE F7bstal, WHlE PIPE 72¥ ) whaby HRALA ZA}o) o) 4
SMP30 KO mice?] PTK/PTPS] v ¥o] xelg€S ¢ 4 AUt (Fig. 3)

17



PTK (% of control)
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PTK/PTP balance

140
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Fig. 3. PTK/PTP level by irradiation in SMP30 KO mice

*p<0.05, *p<0.01 vs. Control. Nor, SMP30 KO mice not irradiated and not treated with Vt C; Con, Vt C depleted SMP30
KO mice; 1G, 3G, and 5G, not treated with Vt C and irradiated at a dose of 1, 3, and 5 Gy of y-ray, respectively.

MDA+HHE (uM/mg protein)

"y
s
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Lipid peroxidation by irradiation in SMP30 KO mice
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*p<0.01, **p<0.001 vs. Control. Nor, SMP30 KO mice not irradiated and not treated with Vt C; Con, Vt C depleted SMP30
KO mice; 1G, 3G, and 5G, not treated with Vt C and irradiated at a dose of 1, 3, and 5 Gy of y-ray, respectively.

= ge gssEdsd AEQ AARNHEY §4 =S Lohmsl Akl lipid
peroxidation level2 malondialdehyde (MDA) / 4-hydroxyalkenals (HAE) assay kitS A}-8-8}
of ZAa|R3kT ROSH RNS levelshe @2l 72 AEe £ ofs) 448 AQnts)
29 A PAH 240 gl fo4 WA FANAY (Fig 4). & A7olN Aol
ROS/RNS leveld = 98-8 )= gtoil, ROS/RNSd| ¢ja Wals GSH levelst x| dzat
37} 843 WealAT. ol ROS/RNS/H wl$ Bebgd Bz EAstel 47 wstmz 3
Abdel )8l 4% ROS/RNS ©2 <ls] 234802 GSHE A Antste] dFL vd Roe
AtEHO], A AEY 2 & JFS v Aoz Aid.

2. PALA ZALe ok AARIA FAS

oto] Astel] whl WA ZAWL ASAEH2E FETE RS AU fdE Ass
Ef 2o o3 redox ETIT AHE FLAA, redox A AARIA )
2 AR S 2EIYe e olu] Bzt Hojlth WA AL 9 =
g43 e 2243 HeAE AHE] A 4¥S s AT BAR 2AME & vt
NA-S AZ35le] homogenateE & & HAIAES protein level S Western blotting©. 2 3}

A3t

7}. NF-kB &4 3}

WA QZuled TSt redox 7454 BAFIA}Q! NF-xB AL #elslgu) [3-5]. wWARA
o] o]sted & o] NF-kBo] dimer proteingl p659} p509] #4337 =% A3 Z7lstgd
=35 p65e] A7 wAo] HUth o= NFxBe| 482 B3 43T fmavte a4
S ek 23 o] NF-kBe] ZA43E JA3l= IkBa9 protein levelo] WALA Ao 23
A fasEle AL Jeh Qo) (Fig 5A). Fig. 5By EMSAEZ o] &3}d] 5A9 A8l AF}E NF-
kB DNA binding activity2 thA] & H 3213}t SMP30 KO miced| A 25 WA ZAME
o] Zo}Zd4E NF-xB DNA binding activity?} #7}8t= 23S el
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Nor Con 1G 3G 5G

Nu-p-p65

Nu p65

Nu p50

Histone H1

Cyto p-lkBa

Cyto IkBa

B-actin

NF«xB —»>

Free probe —»

Fig. 5. Activation of NF-xB by irradiation in SMP30 KO mice
Nor, SMP30 KO mice not irradiated and not treated with Vt C; Con, Vt C depleted SMP30 KO mice; 1G, 3G, and 5G, not
treated with Vt C and irradiated at a dose of 1, 3, and 5 Gy of y-ray, respectively.

ool Amke WA ZAle] osted AAWe) NF-B7h 24315 0], 8 W o|Fate] A}
Aot Ane Audsd 29 |6 7).

MALE ZAbe] )3k HARRIAF NF-kBe] W318 S1s|2 A3, ojm factorSo] ojafe] 24

HEAE F3st7] Y8l NF-xkB2 upstream-signlaing?l MAPKs pathwayE A E AT
a8olA HiEukel o] MAPKs pathwayQl ERK, JNK, p38c] B5% wralAel ¢]dte] 14ts)
Hol 4L AL & % AN (Fig. 6).
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Nor Con 1G 3G 5G

B-actin
Fig. 6. Phosphorylation of MAPKs by irradiation in SMP30 KO mice

Nor, SMP30 KO mice not irradiated and not treated with Vt G Con, Vt C depleted SMP30 KO mice; 1G, 3G, and 5G, not
treated with Vt C and irradiated at a dose of 1, 3, and 5 Gy of y-ray, respectively.

theog A3y BHAY NF-kBresponse geneSo] WdAZS Western blotting2. 2 43
3tAtt. COX-29} INOS 22 @5d¥ proteind] FHFo] BE Frhste Aol RFHAU of
¢ vhA7FAE NFxBel] ojste] #43 He 93 #¥ HARAE, VCAMI, ICAMI,
E-selectin®] SA#ZFE HESI £ A7 ol BF WAlAd 9slel 43 HE AL g3}
At (Fig. 7). 1AL WARA ZAbe] oJste] AAulol A redox 44 AAIAS NF-kBo &
et T e H58Y proteing 9] LHo] FrhdttE AL AANEIIT [8-10].

Nor Con 1G 3G 5G

COX-2
iNOS
VCAM1

ICAM1

E-selectin

B-actin

Fig. 7. Activation of NF-kB-response genes by irradiation in SMP30 KO mice
Nor, SMP30 KO mice not irradiated and not treated with Vt C; Con, Vt C depleted SMP30 KO mice; 1G, 3G, and 5G, not
treated with Vt C and irradiated at a dose of 1, 3, and 5 Gy of y-ray, respectively.
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1}. FOXO <1%3}

Azt 2EH 26 23 PBK/Akt A2A 0] 28] FOXO2] ¢123lE E3 d=d] #HF NF-xB
9] ZAd 9FE Fohe o] olm BRiHo Utk o]& FOXO% NF-kBiH& Z=Hste £
A 2Rl LAY NEE JNHLZE AAEHI the AL vt} o]d WA XA}
o o9& #Adstx Y NF-kBe} §itj2 FOXO9 E&A3t s A st st 49

St

Fig. 8cllA e} Zo] WALA ZAbe] 93t 3 uje] FOXO9 E&8A87 FEEHAS0] U
QAth. FOXO13} FOXO3a 2% & o)A FOX02| Serst Thrat7|o| A <l14kslzt dojde] uwhat
E&430t AgHAL #HENLY, o]z & oA FOXO levelo] FHaste Ad ¥A
st et

‘Nor Con 1G 3G 5G
p-FOXO1 (Ser256) |

p-FOXO1 (Thr24)

FOXO1 |

p-FOXO3a (Ser253

p-FOXO3a (Thr32) |

FOXO3a

|
i
|
i

Histone H1

Fig. 8. Phosphorylation of FOXO1/3a by irradiation in SMP30 KO mice

Nor, SMP30 KO mice not irradiated and not treated with Vt C; Con, Vt C depleted SMP30 KO mice; 1G, 3G, and 5G, not
treated with Vi C and irradiated at a dose of 1, 3, and 5 Gy of y-ray, respectively.

FOXO <2Atzlo] 23 8430 BoJ3lE upstream signaling pathway S #913}7]
PI3K9} Akt level 2 Western blotting©. 2 3ttt WALA ZAle] 9]3le PI3K d &y
Akt9] <Iitstrt /bt ReE Hop WAool FOXO lIttal A dEAAE &3
AARIA FOXOE 2843 A71E Aoz AR (Fig 9)

o
>
X
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Nor Con 1G 3G 5G

PI3K (p85)
p-Akt (Ser473)

B-actin

Fig. 9. Activation of FOXO phosphorylation signaling pathway by irradiation in SMP30
KO mice
Nor, SMP30 KO mice not irradiated and not treated with Vt G Con, Vt C depleted SMP30 KO mice; 1G, 3G, and 5G, not
treated with Vt C and irradiated at a dose of 1, 3, and 5 Gy of y-ray, respectively.

3. WAL ZA}o) 913 Bax/Bcl-2 activation

AP A WE redox A AARIAES] wsle] @ A 2o JFS ¥R 2
3}, pro-apoptosis ## proteingl Bax2] #3 Z7}9} anti-apoptosis ## proteing]l Bel-2, 1
23 A EFALe] Marker?l HMGBI protein®] F33F 7+47F #3235 Q1ch (Fig. 10). o]& ¥WA}
A 22 el Nz ATAL LIRSS A

vNor Con 1G 3G 5G

Bax
Bcl-2

HMGB1

B-actin

Fig. 10. Activation of apoptotic / necrotic signal by irradiation in SMP30 KO mice
Nor, SMP30 KO mice not irradiated and not treated with Vt C; Con, Vt C depleted SMP30 KO mice; 1G, 3G, and 5G, not
treated with Vt C and irradiated at a dose of 1, 3, and 5 Gy of y-ray, respectively.
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PTKIPTP  PI3K

1 ,,

MAPKs Akt

COX-2, iNOS, AMs

v

MEA, AL U oS

Scheme 1. SMP30 KO miceol| A] WAL ZA}o] o3 2 &A71A

o] AH#E FHstA & w, WA XAt st A W A AEH2 B (ROS BA
/ GSH depletion)©. 2 A+3}-39] Abe] (redox status)e] BF3 AHE s ANAAN3E
(MDA+HAE)°] #A3] F7lstA At ol& Aste 4% A# #AA redox @54 HARKRIA
9] upstream signaling pathway$l MAPKs®2] Q12t3}o}l ZAIQIAL NF-kBe] @437} =3
t}. o] NF-xBe] &A=z <la) 9ZAE proteingl COX-2 @ iNOS2| & zFo] Z71¥AN,
HEEAR] VCAML, ICAM1 ¥ E-selectin®] 3 #Fo] Fr7te e A4S HEPIATH £ &4
3} proteing ZA3l= JEEL = FOXO HAQIALS] upstream signaling pathway<?l PI3K
A Akte] RI4Hste] €3k FOXO <14t ddol AT o9 22 redox A HARY
AHE9] QIAEE A3 dFA 2A &4 FEHAL, AF 232 AZA #EHAG
et AR ZARE A el ASAEHAE FEAA, redox A AARIZES] Q)
AstE T8 dEEE gwAe] idES fEste] A W 23 &3S 2dsle ALE AL
E9t} (Scheme 1).

4. 343} 2EH 2 &4 dig ol A 2 g4

Redox Ajole] #st= HY thiol, phenol## 3}3HE F redox 7H-4 FAL Ao &Ao] %
< B2 gA4s7] st %59 thiol, phenol#d 3HE Fol|A &Aool £ 359 thiold}
FEH 159 phenol#d 3HFES AT (11, 12]. AHE Z242He] geHE FollA A XY
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redox status Fd| ¥ S el EFS A93l7] 93te] AAPHE M X 23l2E
A2E 222 H, ROS9E GSHE =A3lt) Fig. 11A, BE thiol ## 33E9 ROS9}
GSHE Yyl Ao 2 Allylmethyl sulfider} 2%2] thiol3}3HE o) v} ROS AA S GSH A
Aeol & AL & & As $H Y, positive control?l NACS} CysteineWHg & 48 2T
Fig. 11C, DE phenol## 3}3E¢] ROS 2% GSH A5 Jeld RS2 Baicaleino]
2 845 v s o F IS

A. B.
'
=3
£ <
K o3
X3 =
c Q 25
2 =]
@ E
@ EROR
3 :,
ic EN
0
" 35
C. D.
0 3
g 0 55‘, %
B o« 2,
: s
§ A0 € 15
: - 3
g mw 2w
T 0 bl 1 ; <,
CON AAPH Bai LA Fer NAC Cys CON AAPH Bai LA Fer NAC Cys

Fig 11. ROS 2753 GSH A A5°] ¥ thiol, phenol# ¥ 313 E 9] screening
AAPH, 2,2 azobis(2-amidino propane)dihydrochloride; Allyl, allymetyhl sulfide; Bai, baicalein; Bet, betaine;
Cys, cysteine; Fer, ferulate; LA, lipoic acid; NAC, N-acetyl cysteine; Vit. U, methylmethionine sulfonhium

Al c

.E

[

Q

c

[+]

Q

[

174

2

o

=]

[
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B. a:z

58 {
5.6
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o
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nmole/ mg protein

48

CON AAPH Bai(5) Bai(10) Allyl(1) Allyl(5) NAC (M)

Fig. 12. Allylmethyl sulfide®} Baicalein®] redox status®] #.3}
AAPH, 2,2 azobis(2-amidino propane)dihydrochloride; Allyl, allymetyhl sulfide;
Bai, baicalein; NAC, N-acetyl cysteine

4.6
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A" thiol, phenol 33E9 Allylmethyl sulfide$} Baicaleing =& A2t
AAPHE 232 EfAE §82)7) 5, A EU redox statusdl] 7]3te=x] dorR 7] 9314,
ROS &A% GSH A4d5S 53340 Fig. 12AE ROS &A% & #23t Aeg AAPH
o] ¢js}e] ZF7}gk ROSE Baicalein@} Allylmethyl sulfide7} % ¢]& 4.9.& ZAaANLAS &
4 ANtk Fig. 12B= GSH A TS F<lgt 102 AAPHO| 9y Zad A ¥ GSH
£ F = YA FUMEE & F AT
MEZY F718l= *@P‘Eiﬂ/‘*—‘:— PTKE F7MA17]a PTPE ZAaA|AH PTK/PTP B3
zHta dHA Aok ==3J, PTK/PTP Ed ¥ A XU redox THFAAARIA ] 93
71793 g8A ok :Law Fig. 132 AAPHO| ¢j&te] F7tE o]zl ArstAEg 2o o3
PTKe} PTPe] WslE sttt 1 A3 AAPHO] 93dtd F7ls o]z PTKE Allylmethyl
sulfide®} Baicaleino] ZAAIZE 2eldRn, ¥hE 743 PTPE Z7iH oAt ulakr]
% ofgo| o3| PTK/PTPS] B@do] 231 9 4 ke AL & 5 Uk

A- 180

160 |
140
120

KR
=
o
=
3

W

PTP activity
(% of control)

CON AAPH Bai(5) Bai(10) Allyl(1) Allyl(5) NAC (uM)

*hk

PTK/PTP balance

CON AAPH Bai(5) Bai(10) Allyl{1) Allyl(5) NAC (uM)

Fig. 13. Allylmethyl sulfide®} Baicalein®] PTK/PTP %4
AAPH, 2,2 azobis(2-amidino propane)dihydrochloride; Allyl, allymetyhl sulfide;
Bai, baicalein; NAC, N-acetyl cysteine
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& E3|A Allylmethyl sulfide®} Baicalein® A X1 redox statusE ZAgt}=

oldel 4
Ae & F UM, o] F FEo] AMEY redox WSt [ AARQIAQI NF-«kBE %3
g 5 U= AE Westem blotting© & 2918ttt Fig. 14E NF-kBE Ueldl Ao NFxk

B pb0/p65 dimerZ EA|3H st ~Eg 20 93t} pése phosphorylation®] o] HALE
th. 1 A7, AAPHO ojste] F713 pS0/p65et p-p6Se F FE ot AP & &
At wEtaA Allylmethyl sulfide?} Baicalein® A ¥u] redox W3lo] F1743F AAIAE
ZA% § e A% GHEAE AlREY

CON AAPH NAC Bai(5) Bai(10) Allyl(1) Allyl(5) (uM)

p-p65
p65

p50

TFIiB

Fig. 14. Allylmethyl sulfide$} Baicalein®] NF-xB =3
AAPH, 2,2 azobis(2-amidino propane)dihydrochloride; Allyl, allymethyl sulfide;
Bai, baicalein; NAC, N-acetyl cysteine

COX-29} VCAM12 t£3<Q E504F 5 & redox WH3to] w1743 AHAFQIAQ] NF-«B
of oJafr F7lE & A 9t} Fig. 15 Allylmethyl sulfide®} Baicaleino] NF-xB
of oJ& F7tele FFAH AEJAE ZH3=AE Western blottinge 2 SR13t{ o 1 2

I} AAPHY] 2ola|A Z718l= COX-29} VCAM1E Allylmethyl sulfide®} Baicaleino] 744
s & F UAY (Fig. 15).

CON AAPH NAC Bai(5) Bai(10) Allyl(1) Allyl(§) (uM)
COX-2 . - '

VCAM-1

B-actin

Fig 15. Allylmethyl sulfide®} Baicaleino] ¢9]3 COX-2 / VCAM1¢] =4

AAPH, 2,2 azobis(2-amidino propane)dihydrochloride; Allyl, allymethyl sulfide;
Bai, baicalein; NAC, N-acetyl cysteine
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5. 874 A9 AN AL &4l dlg in vivo B3 A3}

quldE-E File TEE redox Aol Y R F FAEaHAIL {94 UA #EH
phenol#& 3}3HE-<] Baicaleini sulfided] &3¢ Allylmethyl sulfide FAJHES HF &
B EZE MAASA in vive HES AAEAT Vit CE ZAFPAIZ SMP30 KO vhg-29
Baicalein® Allyl methyl sulfideE® Z}z} 5 25mg/kge] Go 2 347t F43519t. IFE F
PhA e gol] XA WA S 15Gy ZAME F 4AE Fo sjRsted FrlE HEsgch
A ZAL] o7 shes A% 2N HBAENA AR U BE 3E ENE AR
7] 938t ROS A% GSH levels ZAstHh WAMD ZAF groupolA 57k ROS9| <
o] Baicalein®} Allylmethyl sulfideE *2]¢t groupdlAMe EF Fodel e #4: E94E B
At (Fig. 16).

'

Fluorescence/min/mg protein
o 8 88838888188

Bai5 Bai25 Alyl5 Allyl25
15G

Fig. 16. Effect of active compounds on ROS generation by irradiation
**p<0.01, ***p<0.001 vs. 15G
Con, Vt C depleted SMP30 KO mice; 15G, irradiated by dose of 15 Gy of x-ray; Bai 5, irradiated by dose of 15 Gy of x-ray
treated with 5mg/kg Baicalein; Bai 25, irradiated by dose of 15 Gy of x-ray treated with 25mg/kg Baicalein; Allyl 5,
irradiated by dose of 15 Gy of x-ray treated with 5mg/kg allylmethyl sulfide; Allyl 25, irradiated by dose of 15 Gy of x-ray
treated with 25mg/kg allylmethyl sulfide.

L
(Z
oo

fr

23 ROS Aol 7zkst she FAslEAQl GSH levelel 548 stk A4x
Z] homogenateoll A Z4-& 3 Ay GSH levelo] Zta® WA ZAF groupe] HIS
Baicalein®} Allylmethyl sulfide® FI3t groupol A FHAFHUAY GSH levele] 214 UA 3
BEE 23S volx o} (Fig 17).
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Fig. 17. Effect of active compounds on GSH depletion by irradiation
*p<0.05, *p<0.01 vs. 15G
Con, Vt C depleted SMP30 KO mice; 15G, irradiated by dose of 15 Gy of x-ray; Bai 5, irradiated by dose of 15 Gy of x-ray
treated with 5mg/kg Baicalein; Bai 25, irradiated by dose of 15 Gy of x-ray treated with 25mg/kg Baicalein; Allyl 5,
irradiated by dose of 15 Gy of x-ray treated with 5mg/kg allylmethyl sulfide; Allyl 25, irradiated by dose of 15 Gy of x-ray
treated with 25mg/kg allylmethy! sulfide.

3 Asredse] AR AQHRRE Y4 U 2 EHE PESI] 959 lipid
peroxidation level& MDA / HAE assay kitS A}83td 23] Btk ROS leveld} wlzbz}
Az AdALeEe] g4 £ WAL 2A o] o)ste] 2718191, Baicaleind Allyl methyl
sulfideg % groupdlXe A Z#A4etE Ao AAHE 2ES YehAATh (Fig 18).
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Fig. 18. Effect of active compounds on lipid peroxidation by irradiation
**p<0.001 vs. control, ##p<0.01, ###p<0.001 vs. 15G
Con, Vt C depleted SMP30 KO mice; 15G, irradiated by dose of 15 Gy of x-ray; Bai 5, irradiated by dose of 15 Gy of x-ray
treated with Smg/kg Baicalein; Bai 25, irradiated by dose of 15 Gy of x-ray treated with 25mg/kg Baicalein; Allyl 5,
irradiated by dose of 15 Gy of x-ray treated with 5mg/kg allylmethyl sulfide; Allyl 25, irradiated by dose of 15 Gy of x-ray
treated with 25mg/kg allylmethyl sulfide.
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S22 redox 74 FARIAR] NF-kB 438} digh A a7 et FESEI}TH
WAL FZAb] 9)3le] Z718H ™ NF-kB2] <l4tslol ol& 4317} Baicaleini} Allylmethyl
sulfide®] £ of3dle AAHE AFS HephArt (Fig. 19). =& AEZ)9 ZHad NFx
Be] WA o] B3 FEd st oA FEEHE AIFS VAT
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Fig. 19. Effect of active compounds on NF-kB activation by irradiation
Con, Vt C depleted SMP30 KO mice; 15G, irradiated by dose of 15 Gy of x-ray; Bai 5, irradiated by dose of 15 Gy of x-ray
treated with 5mg/kg Baicalein; Bai 25, irradiated by dose of 15 Gy of x-ray treated with 25mg/kg Baicalein; Allyl 5,
irradiated by dose of 15 Gy of x-ray treated with 5mg/kg allylmethyl sulfide; Allyl 25, irradiated by dose of 15 Gy of x-ray
treated with 25mg/kg allylmethyl sulfide.

NF-kB &4 8} 2] upstream signaling pathway?l MAPKs (ERK, JNK, p38)¢] <14tsle] m]x]+&=
9%S Western blottinge 2 ZRIs|B prh. WAL ZAR olate] <U4kst =AW MAPKs7t
Baicalein®} Allylmethyl sulfide®] Fojo]] 9sle] AAH= ZAEFS Jeh At (Fig. 20).
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Fig. 20. Effect of active compounds on phosphorylation of MAPKs by irradiation
Con, Vt C depleted SMP30 KO mice; 15G, irradiated by dose of 15 Gy of x-ray; Bai 5, irradiated by dose of 15 Gy of x-ray
treated with 5mg/kg Baicalein; Bai 25, irradiated by dose of 15 Gy of x-ray treated with 25mg/kg Baicalein; Allyl 5,
irradiated by dose of 15 Gy of x-ray treated with 5mg/kg allylmethyl sulfide; Allyl 25, irradiated by dose of 15 Gy of x-ray
treated with 25mg/kg allylmethyl sulfide.

HSurs7 BHEE NF-xB-response geneE9] W&z Western blotting® 2 3913 2 gt}
WARS ZALel| ot Frld COX-28F 22 dZ#E  proteing] W3 o] Baicaleind}
Allylmethyl sulfide®] Foo] 93l BF ZFadle o] BFEHYT ol9} nlxrlA 2 NF-«B
oA &3t &3 He 95 #™ HAEAE, VCAMI, ICAM1, E-selectin®] W& 2S HES)
of B A3 watde oste] @4g3siE B@To] vE AasHE A FUSIAT (Fig 21).
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Fig. 21. Effect of active compounds on NF-xB-response genes by irradiation
Con, Vt C depleted SMP30 KO mice; 15G, irradiated by dose of 15 Gy of x-ray; Bai 5, irradiated by dose of 15 Gy of x-ray
treated with 5mg/kg Baicalein; Bai 25, irradiated by dose of 15 Gy of x-ray treated with 25mg/kg Baicalein; Allyl 5,
irradiated by dose of 15 Gy of x-ray treated with 5Smg/kg allylmethyl sulfide; Allyl 25, irradiated by dose of 15 Gy of x-ray
treated with 25mg/kg allylmethyl sulfide.
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Fig. 22. Effect of active compounds on phosphorylation of FOXOs by irradiation
Con, Vt C depleted SMP30 KO mice; 15G, irradiated by dose of 15 Gy of x-ray; Bai 5, irradiated by dose of 15 Gy of x-ray
treated with 5mg/kg Baicalein; Bai 25, irradiated by dose of 15 Gy of x-ray treated with 25mg/kg Baicalein; Allyl 5,
irradiated by dose of 15 Gy of x-ray treated with 5mg/kg allylmethyl sulfide; Allyl 25, irradiated by dose of 15 Gy of x-ray
treated with 25mg/kg allylmethyl sulfide.

FOXOs upstream signaling pathwaye] o3t 23 k&9 35 FR1slr] 93t PI3K(p85)
9} Akt level S Western blotting©. 2 018t} WhAMA ZALe] sl F71E JE PI3K(p85)
& 2 Akte] 143} @Aro] Baicaleind Allylmethyl sulfided] &]8le] JAHE a7E 1}
ERAY. ol WAMAMC] 93te A E FOXO 4kst Az HEA A Baicaleinz}t Allyl
methyl sulfidee] 33802 JAAFIYgE RS AJASe} (Fig. 23).
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Fig. 23. Effect of active compounds on activation of FOXOs phosphorylation signaling
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pathway by irradiation
Con, Vi C depleted SMP30 KO mice; 15G, irradiated by dose of 15 Gy of x-ray; Bai 5, irradiated by dose of 15 Gy of x-ray
treated with bmg/kg Baicalein; Bai 25, irradiated by dose of 15 Gy of x-ray treated with 25mg/kg Baicalein; Allyl 5,
irradiated by dose of 15 Gy of x-ray treated with 5mg/kg allylmethyl sulfide; Allyl 25, irradiated by dose of 15 Gy of x-ray
treated with 25mg/kg allylmethyl sulfide.

WARA AR 93] EAdstE  pro-apoptosis ¥ proteingl Bax9} anti-apoptosis Gl
protein?l Bcl-2¢] ¥ B3 adE FHESFHYC) Baicaleingt Allylmethyl sulfideE %%
groupol| x| WAL oste] F7HE Bax WY ARG 7HAE Ba-29] FrtEAdel @
HAtH =G AZ P dHEE HMGBI proteing] 2@ o] @Aado] osted F71H A
o1}, Baicalein®} Allylmethyl sulfidec]] ¢]3}e] @3 ako] A& Ut} (Fig. 24). o]& WAL =
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A5 E T

(u N A}
-

15G

15G Bai5 Bai25 Allyl5 Allyl25 Con

Bax

Bcl-2

HMGB1

B-actin

Fig. 24. Effect of active compounds on activation of apoptotic signal by irradiation
Con, Vt C depleted SMP30 KO mice; 15G, irradiated by dose of 15 Gy of x-ray; Bai 5, irradiated by dose of 15 Gy of x-ray
treated with 5mg/kg Baicalein; Bai 25, irradiated by dose of 15 Gy of x-ray treated with 25mg/kg Baicalein; Allyl 5,
irradiated by dose of 15 Gy of x-ray treated with 5mg/kg allylmethyl sulfide; Allyl 25, irradiated by dose of 15 Gy of x-ray
treated with 25mg/kg allylmethyl sulfide.
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