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[Fig. 2.2.] g #HAbA 9% & A7ke)] w2 A EeA oty vALA W5

A ] T Qe et s e ee e een 7

[Fig. 3.3.] YXLON model 450-D08 =22 60 kVp<2} 150 kVpollA 2] e

L R B O] 15

[Fig. 4.1.1.]1 A3 wjeFodel] A&l 520 A2 75 desids d (a)
Rat diencephalon cell, (b) Rat gliosarcoma cell®lA 2] Annexin V& 7-—
AADe®]| ¥H-&3F#] ¢+ viable cell B, (¢) Rat diencephalon cell, (d)
Rat gliosarcoma cellolA ] ME 7+ B 5 Bl

2 3

[Fig. 4.1.2.] AX wjgdol =2 552 daf S (ERWrye) o A& #
T= 2e39S w (a) Rat diencephalon cell, (b) Rat gliosarcoma cell
o9l Annexin V& 7—AAD| WHS3FA] %+ viable cell H] &, (c) Rat

diencephalon cell, (d) Rat gliosarcoma cellel A2 AX 5 I H
[Fig. 4.2.1.] (a) Rat diencephalon cell, (b) Rat gliosarcoma cell®] &%
A%E 0.16 Gy/min % A= 1 Gyl AZ o2 Hd oyA&E 71 A

<+ 60, 80, 90, 1831 150 kVp 719 dAM ZAF A A& 34 Ay

Frol WE DCE 3t AZTE] Bl 28

[Fig. 4.2.2.] (a) Rat diencephalon cell, (b) Rat gliosarcoma cell®l] &%
A9t 150 kVp 2 A=E 1.01 Gy/minollAd AZ ©& A= 1 Gy 4 Gy
218 AAA FAF Al AE S A7 5ol o DCF H A7) 9
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[Fig. 4.2.3.] (a) Rat diencephalon cell, (b) Rat gliosarcoma cell®l] &<
A 150 kVp 2 A% 1 GyolMd M2 v&E AZHE 0.16 Gy/ming 1.01
Gy/min Z38] AXAHd A Al A3l @ A8 f-5F wE DCF H+f

ANZTED BTttt e 30

[Fig. 4.3.1.] Rat diencephalon cell] &Y A&=E 0.16 Gy/min ¥ A&
(@) 1 Gy, (b) 4 Gy 924 A 7oA Al g A2 s gesisls
W MZ e Ho Ao Aot 60 kVpel 150 kVp 76 mE A
AFE BT Q] BTttt

3 3

[Fig. 4.3.2.] Rat gliosarcoma celld] 54 A%E 0.16 Gy/min 4 A%

(@) 1 Gy, (b) 4 Gy 24 24 244 ds] 295 Aels Geae
W Az e Ho A2 Ak 60 kVpel 150 kVp X4 W& Ax
2} ¥ &l 53 9 H]
T 34

[Fig. 4.3.3.] Rat diencephalon cell(a, b) 2} Rat gliosarcoma cell(c, d) ©]
thste] =9 Ak 150 kVpellA A=ZFES 0.16 Gy/min(a, ¢) ¥ 1.01

Gy/min(b, d) 2= Zfste] s SdrE Agsile o AE A2 vg
O] B ALt
3 5)

[Fig. 4.4.1.] Rat diencephalon cell®] &Y A%E 0.16 Gy/min®lA A=
o2 FHo duAE 7k "t (a) 60 kVp, (b) 150 kVp 72 A1 %
AF Al A S AP el e A AEE T 38
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[Fig. 4.4.2.] Rat gliosarcoma celld] 54 A5 0.16 Gy/minolA A=
g2 A oyAE= 7Hd A (a) 60 kVp, (b) 150 kVp 749 dAH *
AP AL A B AHE] el wE ME AEE A 39

[Fig. 4.4.3.] Rat diencephalon cello]l &< #<¢F 150 kVpolAd M= t&
A5 (a) 0.16 Gy/min, (b) 1.01 Gy/min 278 AAAM ZA}F A] A& &
T A2 5o WS ME AEE T 40

ro,

[Fig. 4.4.4.] Rat gliosarcoma celld] ¥4 A 150 kVpollA A2 &
A5 (a) 0.16 Gy/min, (b) 1.01 Gy/min 272 AAAM ZA} A A& &
G A2 fF5el wE AE ASE T 41

[Fig. 4.4.5.] (a) Rat diencephalon cell, (b) Rat gliosarcoma cell®] 60

kVp, 0.16 Gy/min A4 ZAF Al A 35 A F5 4 FEof uE

A AEE 4

[Fig. 4.4.6.] Rat diencephalon cell®} Rat gliosarcoma cell®l] tj3st z} <l
A FAF 2o M9 A A A (Dose reduction factor) H|IL.......

4 3

[Fig. 4.4.7.] Rat diencephalon cell?} Rat gliosarcoma cellel] W3t 60
kVp, 0.16 Gy/min XA ZAF A4S Al sy 550 s Ak

A 1A} (Dose reduction factor) Bl I

S
S

[Fig. 5.2.] 150 kVp, 1.01 Gy/min®lA Rat diencephalon cell®} Rat

gliosarcoma cell®] ZAF Ao & AX YEE. . 51

[Fig. 5. 3.] ZAF oluy#] 1 ~ 1000 keVelA (a) & (Fe), (b) WZ(Pt), (¢)
et (T) 9 47 = Hke ddd (s &8) 9 34 59 ¥s o






A1FA £

(Reactive Oxygen Species, ROS) AAS &3k 7Hd #go=z AA 4 ¢
E 7hstoh o]yt WARA Y AEETA JForFH G 24 W AELE
H53el7] flste] WARA 9% A 52 1 Ao AHElgke 24 WARA
WoA'e soy. = A 9% A4S WA A s 9 AEd X R
tfn]sto] AFE-EH, Al AR e 1 & EFo] A7) wiiel
BgAAFY] AA 5
A ANEFT AA 8 9o Al FAaksA el F %, XA FAikste] 7
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As ¢4 (Electrolyzed reduced water, ERW) & &9 7] &3 &
oA AREE A ddy s 9 BEAE, dANAF AAE S shEt
b A AEY A T N Qo] tiE WE mdE Adrh 1A o] o
sk =Ao]l glom, in vitro ¥ in vivo A3 =ZFE DNA &4 €3}, A
3 Ao oA, s st 2 AlEe] A Al mypEo] FlHATH5].
shetokd HyO, Mol thafl the Akl el 7 35 vlud of L-NAC
oF @¥7F v)skal, ASA ad Rt Yol oj- Awo] Wg g3 AAE
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A1 A A DAY A= IF

WA 952 AR ol| A 7E 171 24 DNA ol A3 whgsh=
A3 Zgolu & A9 o3t W VR Y AT S S A
Ao A fsE 7t LET (Linear
Energy Transfer) 574°] WARS &4d4kad vzl 14 28 ot
& vlEo] An. GANAFY A Ad sRelAe s dgd
sAAQ s FYAN, HFe o] I o] HEEHA TPl
FUAA Akst ~2EYAE st o]y @ (Double Strand Break,
DSB) 7 e &8 doin. a2 8 vehd ¢ e Ades
A3 =215 (Cellular reproductive integrity) 2 2=, &4 AE7F AA
A7 A2xr 35E ¢ Qe s9s 9ol AlE A4t (Apoptosis) o v
ME ZAF(Necrosis) & Aol wel A2 55 (Cell death) &2 ERITE
DNA &4bo] dojud M YoM AAZE HEs7] f8te] FAl9
318 7ol dojubm, DNA &4 3o gdyzox dojupd Axrt
=ddel AEL 5 Qlvh sHARE, & 3ol Asfste] DNA &=
gz 7k A AEstd 9 F%(Carcinogenesis), =W

-
32
£
£
[>
2
i)
L
rlo
A
rlo

2 (Mutagenesis), =<2 221481 AlXZ A4 W AX IALE T3 AME
ol YEhd + Atk DNA o= WARS A A (Lipid) oy w2l
A HF-$-3to]  AAFQIA}(Transcription factor) @] 43 =
kst WAYES ot F-AA 2de HYS dod & qUrh(14]. A
At e g As AAC] Bgs= AlEX 7] 24, DNA 3|5, AX



Al 2 A WAL W3S Al (Radioprotector)

WA WS A] (Radioprotector) &= A7 23 Ao tish ®ARA 9
Y= d2r7le =42, AR AR, 8 A W S8, ZAH 54, 7
g ¥ A B AR Akl e S ARdY] 93] de 9% UEE A
a A B ARSET Fig. 2.2¢9F #o] WA Y] Aeehd o] vF F
BAs] wZ A7 o] o] oA 7] wiel AN WEAls AR dF A
2 Hojx F Al EAstooF 1 adE YERE 5 Qlvh A WAL
Ao Ag WA S 3P dFe] 2 FEe AAE ] 2T 2
= WAool 2 B A S AAske Jlo] e SHdl Qo] T sk HAolAt
WAPD BE Ao A eidoltt o] fek Al AdF o AFE= FAE

3}A| 9l SOD (Superoxide dismutase), GSH (Glutathione) 2] d4Fsl &8 o]
t} Ascorbic acid, ThiolsH ¥ 4 4=} ¥oj5 &8 A &ddd AA &
Ha AYol WaAzA g8s Y 5 Av1]. 53] WA 3] Fef 9
3l B EH= AR HdudES dukAl Abst &

of wla} WlwA SAETF F7] vl dnkAQl dASA| R Y o AFet B

8= AUof g

T8 Hew 9 Ad A =3E T udet F59 A B
=°] =4 2 JpEAou, dAAFA 3ot W EAll Amifostine (WR—
2721) "o fFdst/l FDA Fel& Wtk Amifostine AlfellA WR-
10652 W3¥o] 243l in vitro Y in vivo A8 S Ea thks H7{o
WAl g e mdE Ade]l FlHAT15]. sHARE American
Society of Clinical Oncology Guideline®] @xe] wa} 200mg/m?/d =
WA A 15~30% A A9 ] FAH(Intravenous injection) ¥ ] ok

FoH3l= SAS HlwA e 540w QR FAZ (AL TR, AdY
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AA &1 7hsdt Fol W, e
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DNA &4 A4

A1 #4ks} (Lipid peroxidation) 74~

Al AEE FE

A3 =2 (Apoptosis) S A

AR A 5 9T wel e
6

o}

=z O
=2 v

=
o,
o
[N

b
Oft
il

off

2 fol
w4

oo
o

folr
folr
=
s
X
e

1o
oz
o
=
et

fol

S
D HRIARA HFE AR AR E Y] Q@A in vitro ¥ in vivo

o theuwt 2o s WAUE W B3E wolop @2

2

(E
2

o

K

o



Time scale Events Modulation of damage Type of intervention
(sec)
Energy absorption
1017 to 10°13 1
PP Any molecule
Excitation, ionization
10 ] - 5
i OH radicals near target (DNA) Chemical
- radiation
tectors
1076 Secondary radicals - protectors
(diffusible) Thiols, mtroxides
” l ) Chemical repair
10010 10~ DNA radicals -
l Thiols, nitroxides
DNA oxidized Enzymatic
Seconds to hours Repair o
DNA breaks
o : Radiation
Proliferation/degeneration i tiga hovs
H i t ate o
R / \ Modulation of
Cell death  Cell survival Signal transduction
1 Gene expression
Host cell activation
Mutation/carcinogenesis Inflammation
- Physiological effects [*===
Weeks to years Late effects Repopulation-
(Fibrosis, scarring, vascular Proliferation Treatment
R e Antifibrotics

Fig. 2.2. 28] A 312 F Azke] 02 YESH o

o] W11,



A A 8-d< (Electrolyzed reduced water) 2] #&

o 24

3
1}

Aal 344 (Electrolyzed reduced water, ERW) & &9 7] &3 =
Sl AdEE B4R, 2 pH ¢ W2 4Abstekdl 7 elA (Oxidation
Reduction Potential, ORP) #t< Yehl= ZFst sy &

In vitro ¥ in vivo A¥S &3l A3l sHAF7F theFst 2T ARl ot
}e adE 7ol FJAHAT. MEel Abg dd HZe] Hda g
g Al gEokE H,0, & 9 /R

1
AT Aol oAlEo] DNA &40l $stEa AlX A B]&o]
3

99 7 T A wE mdel di$ sbsAds BEAv10, 11].
yFol gl vk glARE, A7)
B Aol wet ws a7yt Z7glen 1o g&8Fo] ¥ sy

Fhshe Sa BAS 2 94, Zeln A% WF v QA J1Aw
Ao® F55 ATHTL. 9 A A QA B PE BRES e
ol ket A% AFERVE HAW H vk

T4 #AF(Hydrogen molecule, Hy)v= A4 WA s =4=,

=Ao] gl AEuS HA EFste] nEZE=gol, e FAky
A= AAS A drth Ohsawa et al. (2007)9] A5 E3 4 4471
FA AL A ZE = 2bs}E o] = Hydroxyl radical (:OH) ¥}
Peroxynitrite (ONOO—) & Agl& oz AAgo] w3z F olo 3t

>

¢

[‘



Ag-sol s AFHIAG8]. A& WD wWAYEo] WEHAAE

Fgron Melz gzl HAdY ANE Ad 2 FES 53 dds ZE
Az 2o A & WHs ZdE dHede der FAAEYU9]. T4
HAE A2olM =l Hg §alE ¢ e v%+ 1.6 ppmo=E, 0.8 ~
1.2 ppm% F4& #A7F &9 £ (Hydrogen rich water) & A3

e AW FAsbtel7| &S sas= SOD, GSHe| &4 =7 F7slalal,

Arsl AE A &4 A AAEHE 54 529 MDAS DNA £419

A o [23], M¥E =L F71ETH 12,
body irradiation (WBD) & 383t in vivo AFAE F4 2 && g
A Al AT A YW wWEgel Ay A Tga AEE
77 e e [21], 95 A &40l dAEHAG([24]. HAA oA

Aom WA ARE

&

T4 YA (Atomic hydrogen, H)= &34 T o8 Mx 55
AAT = s A A7 Buw vk glom [26], Az & A=
Zeakel F4 9l HH0),9 A2 5 2e)d AR Al MMP-1,
COX-2, IL-6, IL-18 & %& a3 DAL To] FAHo
A AT [27]. In vivo FAAE =

Thymidine dimers #AA7]& 95 @35 74 IF Fwste dst

o
£
<
i
=2
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%
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T
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BAsa, A7) wa AVl wdsel 1 el ks wE 1}
] A FEgch wE w QA A7) R

o Wold vt 2% dE Ao

AAG = FastAEA e d3E AT
U JA7F SODY Catalases HEWsles adE Hdo] gd b
Nom[29], AL FE BNLFT TAE Tl AE Sae AWE
A7 BHuwr|E sku(30]. 538l o AExY ARs AdAs=
FaAZE AFEHEY, A5 10772 mg/ldME 7 895 AYE 9]
AL ATH31]. 28 daf s

0.1-2.5 ppb A& wl¢ AP FAZ WE "o HPHOE

wolsh7| Btk ligand®2H AL AEs Fdshe JoE F550a
STH7, 321, AAR As gl WMF ym gAE FrHoR
Fdatale W oo A¥ #d adE Hiel ¥ ATz
Q1 QTH32, 33].
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Al 37 A B e

Al A AE L AXE At

B oAdFo = e A 7Fe AE<Ql Rat normal diencephalon cell
[CRL-2005, ATCC, Manassas, VA, USA]¥} A7 wE& Ax<Qd Rat
gliosarcoma cell [CRL—2200, ATCC, Manassas, VA, USA]S A3}
b F Al 2% 10% (v/v) fetal bovine serum (FBS) (GIBCO)& X%
3t Dulbecco’s Modified Eagle Medium (DMEM) (GIBCO, Grand Island,
NY, USA)E AFg3sto] 37 C, 10% CO, 72 AjHlo]g oA Hjts S

.
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Al 2 2 A8 S5 BA

30 V e A wigor w”E EEbg d5S ©]&38k9 NaCl 0.5
Mo] A7t =74 (MilliQ, Merck Millipore, Darmstadt, Germany) 2] A
7l FE SEl A Ao wUd WA or 5077y A SdF-E
At A&l ddF= = g A7 S YEo] Al A A
g st7] AEA kol 1AZFERE QAFfu|olElel A Bstalal, o wE pH
9} ORPO] ®Wsli= Table 3.29F #r} Atstshadd & yeldg= kel Abstst
AHEHE (ORP) > =9 #= 7Hd o =g 7HAw dalf g2 3%
At P8 E AES & ¢ Y ORP7F pHell 9)&st= Ao wpgt <l

2

TrHlolE B § gro] ARt SUFeIAN, "R SR

1

N
N
e
-
N
)
ol

X

G g 2
982 Ade $A2 5 otk BE AYolA ERWyy, 249 A8 #4l
S AE WM 119 0 R st WAM 2 A 3083 A

slom, Az 3 45 Aol dal g whol wE ¥e ad}

Aolg Eals welul 7] Fa Az 2ulE shel e ERWL,E F7}
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pH ORP
>FT 7.145 £ 0.245 214.4 £ 14.151 mV
sl s 11.587 £ 0.156 — 586.75 £ 54.793 mV
1 A1 ZHEQF A4 7.522 £ 0.098 — 241.667 £ 13.642 mV

ol BT M3
g5 ERWLy)

A7) 3l AIE 2 7.682 = 0.076
2 sfo] A2 H
g gATE 1A%
&<k QlFHloly R
#st 73F-(ERWpyo)

— 296.667 £ 17.638 mV

Table 3.2. =759 o8] ZHA dal &d42] pH ¥ ORP.
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10] A AA W
(Model 450-D08, YXLON, Germany) & AF&-3}o] S35t} [34].
Ao A= A A9 A7 At 150 kVpollA el A=FE 1.01 Gy/min
(A7 10 mA) ¥} 0.16 Gy/min (A7 1.6 mA), 183 60 kVpollA A&

-

A%E 0.16 Gy/minel 9571 18 72 At
2 AFE-E A9t 60 kVpet 150 kVpe 18 3.3
Zt Ao YA E 60 keVS 150 keVE 7kl
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T H T H T H | ! | ! | ! | !
60kVp kVp X-ray beam
0.20 —— 150kVp kVp X-ray beamr
<
S 0151 .
X
=
o
@ 0.101 i
o
*
X
=
L 0.05+ _
0.00 — T 1T T

— e
0 20 40 60 80 100 120 140 160
Photon energy (keV)

Fig. 3.3. YXLON model 450—-D08 =92 60 kVp<%} 150 kVpolA < oy

A ~AEF,
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Al 438 AE Y BRFALEFTY AFE F71 (DCFDA assay)

spetobd 2 AR Fol el B EH= FEAAFTY B 20 T
—dichlorofluorescein diacetate (DCFDA)®] 2’ , 7’ —dichlorofluorescein
(DCF) 2 9] Atst g5 ol st AFA 4= @48 & Qv 7939
DCFDA &= 24AaEd whgsto] d3Ado] 2 =42 DCFE At
35, &34 E33H (Fluorescence spectroscopy)< ©|€3fe] 3+ DCF
o FFAFS Al GHNALFY s SAE 7 AUk

B 282 Cellular ROS detection assay kit (ab113851, ABcam,
Cambridge, UK)E ©]&3lo] 33}¢ltt. Rat diencephalon cell?} Rat
gliosarcoma celle]l 10 M2 DCFDAE A glsle] 1587 <lfH o] g
Bysk & dsf gds-E 3071 A6kl 5 7 el Ak =
AFE FEskTE AP 2087 QISFHIoJE o] RS F Mty & E
717199 9] FACSAria—II (BD Bioscience, San Jose, CA, USA)
3 EA4e Aotk DCFE 32 Hdf o7] 4 W& AF9EY 495
nm, 529 nmellA &1kl o, DCFe #3%, & &91ka <
2ol =215 YE}+= RFU(Relative fluorescence unit) & YEeER ST =
AR A3l FATE AetAl @2 Control #t& 1000°.= Ff&std
L, 2 AR 2ol WE DCF Hat F3F%2] vlE AlAtste] Ye ]l

ﬂllﬂl
o
ofo
ol
il
£
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A 5 A AXE AL B4 (Apoptosis assay)

M A2 Annexin V& 7—amino—actinomycin D (7—AAD)
solution?] H7F5 &8l WA AlZLe] st BlE&E BT + Atk AFE &
A A2 AEZ B o] Phosphatidylserine (PS) 7} £1 418t o] 9}
o] F Annexin VE HFHAA AE A A3 T AE HES &
A3t = qdvh. 7-AADS A Axue] FHEYES W AE o EZ o
3t71¢l Dead cell marker® o] §&w, o]¢} Wkg-s A4 AxE A4 &
7 Al S5 dAQD Aer FEE 4 gtk Wb Annexin VO 7—
AAD?O] delo wet o5 o] AE A dAE FESTh

1. Viable cells: Annexin V (=) and 7—AAD (-)
2. Early apoptotic cells: Annexin V (+) and 7—AAD (—)

3. Late apoptotic cells or dead by apoptotic mechanism: Annexin V

(+) and 7—AAD (+)

4. Dead cells (not through the apoptotic pathway): Annexin V (—)
and 7—AAD (+)

B Ao A= Muse® Annexin V. and Dead Cell Assay Kit

30+ Bt dAYE F AYg, AFE 23 oyA el wet AAHE
AT FAF - AIEE QIFHlolEl ol 24A]3FERE HiYFSFIL Annexin
V/7T—AAD solutions Heste] 207 &<t 94 H % Al5H (Flow
cytometry) S ©]€3F Muse cell analyzerE &3] AX 22 v &S <l

sheie.
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A 6 A

assay)

Al A E A

IRARIENE R

el b

Al ]

,4
m>~
i
i
=
i
o
A
)
Z.
>

oujstd, LA & AggoEn e Htt

% gle,

=

AL ol 7] wldol ofF AP E A %2> M AEZHE
2 =74 3s}o] Plating efficiency (PE) 2 &1 k& w438

. Surviving fraction(SF)-> wj&F H A4 seeding® %

MEFAYAS AF (Clonogenic cell survival

el Aol

A Aotk AE 3

S o
Ta=

‘Z2)%5 (Reproductive integrity) 2]

A kS ERTFME M EZE0| seedingdt THE
=]

AR

el @al TR o® Ahd tixdel uid Alx nE=,

41,29 o] AxE 5 AUtk

Number of colonies counted

X 100 (%) (1)

Number of cells plated

__ PE oftreated sample

SF =

(2)

PE of control

1 HE AlTE HNESS 6—well plates (NUNC) o

18



seedingstil 6A17HEE QIfH|olE o] HAsto] AMEFO] plateo] £33
FRAEES st O F Aal dd5-E 308t dA s F o vhekst
Ao APl 2AFSEITH 1097 WY & 4" IS AT

S
BAAZ]AL 5 % Giemsa(Sigma—Aldrich) £H0 2 ¢
J ol

& A

}

;‘.‘:‘ BN

o

Ak, As) BAF Ael Kol W 747 AHS ZASA ¢
Wel AL AEE MES 12 IFAFAT, 0] HE WA Ao
AL 23 3% &S Takel vlmsAr

rlu ﬂllo
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Fig. 4.1 (a), (b)+ Rat diencephalon cell®} Rat gliosarcoma cell<
oz WA ZARE sHA ke W da sk Aol wE AxE A
=9 (Cell viability) = Bvlawst Ayolt}, kAl &I%t Annexin V& 7-
AADS delo] we} 7 Alepel] MEE-8hA|] b= AAEE Viable cell@® 5%
sto] Al seeding ¥ 2443 F AlE AEHS sl da gk
Ay Al AdtEo=® A AgEHo] Ao, T-test A Rat
diencephalon celleld = F9u|st 2ol 7L 12131 Rat gliosarcoma celld)
BF wovE 54 a9E Ul Zle® it Fig. 4.1 (o), (d)
v WA 2ARE sHA Ete W As ST Aol wE AlxE AEE
(Clonogenic cell survival) & H|w3st dyo|th, tx=79 AEES 12 4
Trshst ¥ e wE da gy AT vlEs Axtsialon, o] uf A
TEX AR T s KT A Aol v R A gkl A e

o o)k HEH el Alx AEE A+ YEFF AT Rat diencephalon celle]]

N

r*o

1 Rat gliosarcoma cellell F9v|st 54 a3

Fig. 4.1.2= 7€ §k°
of A& ¢ =2 T A3 Y5, ERWryeol thste] 99 22 walo

2L
ol

gl A7) Zelf AlRbe 2ui = )



el 54

o,

7He AAgE A3tolrt. wmixbt
A2 Rat diencephalon celldlAd+= Fov]st =Ado] ¢li= WA, Rat
gliosarcoma celld] #F9ujst 54 @35 YeRdt) o] o ERW v, B3}
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(a) (b)

T T 1
Rat diencephalon cell ! Rat gliosarcoma cell
100 1 e 100 g
804 4 80 4
2 =,
= 60 {1 £ 60
g g
2 S
° T ]
O 401 1 8 40
20 . 20
0 ; 0
Background ERW Background ERW
(c) (d)
T - T
Rat diencephalon cell 1} Rat gliosarcoma cell
1.0 4 s 1.0 i
© =
= g
> 2
3 g
= )
8 3
Q o
= L
§) 0.5+ 4 g 054 i
o
: :
% o
0.0 T 0.0 T
Background ERW Background ERW

Fig. 4.1.1. Al wjekde] dsl dd59 A F5F5 E2ais o (a)
Rat diencephalon cell, (b) Rat gliosarcoma cell®lA 2] Annexin V& 7—
AADe]| HF-g-3FA] ¢k viable cell H]&, (¢) Rat diencephalon cell, (d)

Rat gliosarcoma cello| A 9] Al¥ +3 A5 H]&. #+ P value < 0.05.
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(a) (b)

Rat diencephalon cell ' Rat gliosarcoma cell '
100 4 R 100 4 3 =
——
80 b 80 b
2 .
~— 2
2 >
= 604 B £ 60 4
8 a
8 4 18 1
20 b 20+ 1
0 T 0 T
Backaround ERW Background ERW
(c) (d)
T T
Rat diencephalon cell . Rat gliosarcoma cell
1.0 1 1.0 A b
T —
2 ©
> 2
5 2
2 (]
) =
0 [}
o o
2 o
& 051 {5 o054 |
g g
o c
0 5
0.0 T 0.0 T

Background Background ERW

Fig. 4.1.2. Al wjekdel] =& 5529 daf 5= (ERWLy) & A2 5
= 238t S W (a) Rat diencephalon cell, (b) Rat gliosarcoma cell®]
Al Annexin V& 7—AADel| HEGSHA] ¢ viable cell HE, (c) Rat
diencephalon cell, (d) Rat gliosarcoma cello|A 2] Al +3 dFA 5 v &.

=% P value < 0.05.
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Fig. 4.2.1¢] A S-S AshA &L dxa d34E &3 &<
A 9 AZEAM A2 o2 A odluAE 7 daaad sk A Al A

=
5 ANLET ATl BokAle= FEFS Rat
diencephalon celllA ¥ &8t/ Yebstth o= AouA] WA o &
e whe Ry 3 5k gHEo] S7kske] 22F dAke] oyA AdE
H Aol dojut WAbd =9 BEsHE 9 Aolrt et Aow &
"ok Aoy Gk 3 matel wet A E= 23 AAe] e B
AFAE 7, Aak= ol|A7h d&¢=s 2 LETE 7Ht webA o
= AuA Y FATE 22 ouAY FARYG ¥ 2 AEshd 9%FS Ad
T dEo] tFE A Ao A ol ey AETAE e HE B &

HZ 2 Al EgolAS B3 AAEATH 37, 38]. wEA 2 A3 Avs o)

=
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A OET il BYALT o] AL FARAL AXE /) RF
o A% FEY BYHEFS AU oF Ad BAFI A% FAA)
o

rir

o7 HQY} Rat diencephalon celldld 7 #4A&2 15.8%, Rat
gliosarcoma cellolA2] ZHAE&L 20.9%% Felxon, T—test A3
Rat gliosarcoma cello|A "t F2]u]st 2jol& HS M EZ= A ZHA
ol FNLFTS BAsH] OF wilE sk, da SdUE ol &
AAGFozHA oF AL S Alst] & a3E AYs Zor Kol
ARy Are I A3 EAEe Gtk ek tidtel A e A g
A Aol e oF Ao
2 olafErh XM FA}
WA o2 MEZ o E4akAaF0] oFo] gAago] gAY Fig. 4.2.1(a) el
4] Rat diencephalon celle] ot &< A=E 0.16 Gy/min 2 A= 1 Gy
oAl Mz t& Hd yAE 7k At 23S H2sS 9 60 kVpol
X 49.2%, 80 kVpelX 46.0%, 90 kVpelA 39.7% ~12]31 150 kVpellA
31.1%7F vebt AR ol|A7t stas sl shddaol o5k &gAt
AT FFAEo] ¥ S5 GRS T—test F38 A= Aoy <
el 60, 80, 90 kVpellA Rt & ujgt xFo]E K.t} Rat gliosarcoma cell
S e RE FUsA 8 Fig. 4.2.1 (b) el 60 kVpolAl 24.0%, 80
kVpelA 15.6%, 90 kVpelA 11.0% 1231 150 kVpelA 11.0%° #a
S Hoj mz7EA R Ao A HstelA HaEl Aol st &
AbAaEO 7FAEo] v 3 AWrA ©F Rat diencephalon cellel A2 7+
1= glstlth. T—test 3 Aldl= 60 kVp AR
omgt xlo]E KT Fig. 4.2.2004+= FY A 150 kVp ¥ HZFE
1.01 Gy/min°lA A= oh& A%Fe Abste] dal Sdso] avis &<l

%At} (a) Rat diencephalon cellelA] 1 Gy A} Al 32.6%, 4 Gy ZAF

21.6%7F ZrAawo] AATEAA vlmA FAEo] E=¢oew, (b) Rat

*
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gliosarcoma celldlM+= 1 Gy ZAF Al 9.1%, 4 Gy ZAF A 9.9%7F 4
ato] g 7He) xbol7b §1glth Fig. 4.2.3¢)4% 59 A9k 150 kVp Y
AZF 1 Gyel tiste] Mz vE AZFES ARG W A9 2945 <
3l ;. (a) Rat diencephalon celle] 3l 0.16 Gy/minel4 31.1%,
1.01 Gy/min°llA 32.6% A3k 1, (b) Rat gliosarcoma cellol] tf3}o]
0.16 Gy/min®l4l 11.0%, 1.01 Gy/min®lX 9.1% #aste] XM=& 7H
Hag Aol 9le A oR FAAHSIT Fig. 4.2.2 ~ 4.2.32 £ FH4 9
Uxje] At 150 kVpellA F3¥ Ao = Fig. 4.2.1014 &<2lgt v} 2
o] M3l g Aol WE Fov| sk G3= YEEA ekt

-~

uebs da) ghdas AR F RO AXE W S48 AT e AL
HozA WA We adE A

AUA Y ArNASRE B A
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(a) Rat diencephalon cell (0.16Gy/min, 1Gy)|
5000 . . : ;
. Control
T I ERW |
& 4000 -
=
g fadad *%
Q) J ¥k
£ 3000 .
o
o 1
c / Z
@ 7
S 2000 7 7 77 |
o
o
=
L 1000 | -
c
©
)
=
0 . :
BG 60kVp 80kVp 90kVp 150kVp
(b) Rat gliosarcoma cell (0.16Gy/min, 1Gy)|
5000 : . - . : ; :
= ] Control
T B ERW ||
X 4000 .
=
K7
=
[0)
€ 3000 .
[0
[&]
=
2 |
S 2000 -
o
o *k
=
L~ 1000 -
c
©
o
=

BG

60kVp

80KkVp

90kVp  150kVp

Fig. 4.2.1. (a) Rat diencephalon cell, (b) Rat gliosarcoma cell®l] &= A

ZFE 0.16 Gy/min ¥ A& 1 GyolAd A=z t& FHd AyAE 7} 2
60, 80, 90, 18]3L 150 kVp XA A FAF Al Al LA+ A F

Zl

pad

ﬁol

Fof wE DCF H+ 41719 v] . = P value < 0.1, *x P value < 0.05.
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(a

~~—

Rat diencephalon cell (150kVp, 1.01 Gy/min)|

5000 T T

. Control
S S
X 4000

by

‘®

o

E 3000

)

o

@

O 2000

17

)

S

o)

=

L 1000 i

c

@©

5 1

= %

0
BG 1Gy 4Gy
b
(b) \Rat gliosarcoma cell (150kVp, 1.01Gy/min)|
5000 T . ; .

. ] Control
= B ERW |
Q‘, 4000 —
Far

‘®

)

E 3000

)

o

@

O 2000

I

2

o

=

- 1000

=

@©

o)

=

0

1Gy

4Gy

Fig. 4.2.2. (a) Rat diencephalon cell, (b) Rat gliosarcoma cell°] =4 =
QF 150 kVp ¥ A=E 1.01 Gy/minollA A=Z & A% 1 Gy 4 Gy £
DCF H+ Al7]12] H]

A9 olnn 24 A A BAF A el WE

. * P value < 0.1, =+ P value < 0.05.
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—~
Q
~

Rat diencephalon cell (150kVp, 1Gy)|
5000 T T T
] Control
B ERW ||

4000

3000

2000

Mean Fluorescence Intensity (RFU)

1000 /T//
: %
BG 0.16Gy/min 1.01Gy/min
(b)
Rat gliosarcoma cell (150kVp, 1Gy)|

5000 T T .
] Control
B ERW |

4000 - -

3000 =

2000

J ¥k

.

BG 0.16Gy/min 1.01Gy/min

Mean Fluorescence Intensity (RFU)

Fig. 4.2.3. (a) Rat diencephalon cell, (b) Rat gliosarcoma cell°] =4 =
o 150 kVp ¥ A= 1 GyolAd M= ttE HA=ZEHE 0.16 Gy/ming 1.01
Gy/min Z718] XM FAF Al Al L A [ mE DCF H+

Al 71¢] B3, = P value < 0.1, ** P value < 0.05.
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Al 3 A AX AL EH 23

A2 AL AR 3] F ) 2 9 Ap=rof oaf {4 miFo] Uof
U groluh Zdwiolrt ftE = Zls At dojus Agd AE S
(Programmed cell death)©|t}[41]. Amifostine, Isofraxidin & ©]%3}
of Ads T A AT =25 E BAK BSAlE AR T o}
AT AAE Tl AE e dARTIE AL

=
et e A AYE Tall AxE A HEo] A Zs 55

Fig. 4.3.12] Rat diencephalon cell tiZ oA @& FHuf ofyA]9
60 kVpelA 150 kVpHEUt A3 bk Bl E&o] o A4 vehd 22 o &
ArraE A A Zol A AF D AZFEANA FA] oy A7t
= AETA g0l o AA vEd Zer I Aol dATE g
AUTH E3E Fig. 4.3.3 (a), (b) 8] thxrollA A3 ks wef Alx
A Bl Eo] FUHske glatltl. ol Al A BlEo] WARA ARk
OESH[43] % =2 AFEoNA AXE AL BlEo] F44]= g A3 A
TE¥% dAETh Rk Fig. 4.3.2¢9F 4.3.3 (o), (ME T3 &3 Rat
gliosarcoma cell®] A3 =2 Rat diencephalon cell¥} &2 A|X A4 H]

4

ol WA Aol gl disll 3l @0l SlsA ko,

I HlEe] 7-10 % W= ¥ gks 7HRE el ol W WAL

A WS (Radiosensitivity) & 7 & AlEZLFE A= 9 A7 AAQ

o] A3 bk BlEo] AA WA dae FQle HAAAFZ T E

= 4 QAv[45]. 9 A3 ATolA AEe] WA W

Hl&o] & FHE yebd & Slgol glElon, wepa v
x

%5 A Rat gliosarcoma cell WA F5% ME 22 1] &0

Y
l'U>’

>
2

auy
Qs

]_

A
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gz db & Hsi e AeR FEHEr AW o® Rat
diencephalon cell®l A Rat glosarcoma cell®.t} A3 Z}42F vl o] =4 Y
Ebet Ay} g Mo WARA W= S zlolo] mE Ao 7 Sl E T}

zo dFe = 7 v AN AR AHH
st7] Slgk ol AgorAM AE Aol dojd Zloew F=Eu Fig
4.3.1 ~ 4.3.2+ Rat diencephalon cell®} Rat glosarcoma celle] &<

FE 0.16 Gy/min 2 A% (@) 1 Gy, (b) 4 GyolAd A2 t& Hd <Yy
#19] A% 60 kVpek 150 kVp XA A Adl g Aol m& AX 7
A oulE datolr, F AEAAM BT As) S A Al tixdol HlEl
ARbA o AL 24 BlEo] Zaslond, o w2 Ho oyxE 7
Ak 60 kVpollMwk fovsh a7k Uebdkth Fig. 4.3.32 F Al o
i =2 A9t 150 kVpe A% 1 Gy 4 Gyold AEHES 0.16 Gy/min}
1.01 Gy/minZ 2ejste] &ldh Aot} =2 Ff o« e] Mgt 150
kVpolA ZFAtE o] (a), (b)) Rat diencephalon cell®] 7&-¢ &3 747}
YERAAIRE ol gk zpo]l= obd Zow dAeEw, (o), (@2 Rat
gliosarcoma cell®] 4% tfz- thu] & zfo]7} Holx] ¢kqkr}, o] w A

Ul AEe] WE g2l Aol HHA gk

r}_

{o

O
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(a) Rat diencephlaon cell (0.16Gy/min, 1Gy)|

25 T T T
V7] Control
I ERWY |
20
S
0 15
7}
e
o
g
© 10
o)
(]
5
0
BG 60kVp 150kVp
(b) Rat diencephlaon cell (0.16Gy/min, 4Gy)|
25 T T T T
Control
B ERW |
20
S
w 15
%)
ie.
o8
8
©
O
5
0

BG 60kVp 150kVp

Fig. 4.3.1. Rat diencephalon celld] &Y A%=E 0.16 Gy/min 2 A% (a)
1 Gy, (b) 4 Gy I24d AR 234 el & A E 28sis o
AZ & H oyxe Ak 60 kVpet 150 kVp ol wp& AEZ A4
H] & 9] Hla. * P value < 0.1, ** P value < 0.05.
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Rat gliosarcoma cell (0.16Gy/min, 1Gy)|

(a) 25 T T T
v/ ] Control
I ERWY |
20
S
R 15
0
1e]
o
<,
© 10
o)
O 1 *k /
5 . Z
%
0
BG 60kVp 150kVp
(b) Rat gliosarcoma cell (0.16Gy/min, 4Gy)]
25 a ~ - -
Control
I ERW |
20
S
B2, 15
7}
©
o
g
© 10
o) ]
O * %
5 f
%
0
BG

60kVp 150kVp

Fig. 4.3.2. Rat gliosarcoma celld] &4 A&=&%E 0.16 Gy/min % A% (a)
1 Gy, (b) 4 Gy A=A A oA A gk AeE deeidie o
AZ & H oyxe Ak 60 kVpet 150 kVp ol wp& AEZ A4
H] & 9] Hla. * P value < 0.1, ** P value < 0.05.
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(a) (b)

Rat diencephlaon cell (150kVp, 0‘16Gy/min)\

25 T 25
V///)Control
Bl
20 20
w 15 w 15
) ‘0
2 2
3 8
g 1 g
T T
O )
5 1 8
0 0
BG 10y 4Gy
(c) (d)
Rat gliosarcoma cell (150kVp, 0.166y/min)\
25 T . T T 25
7)) Control
B ErRW
20 20
0 15 o 15
g g
Q
& 8
g 10 g 10
3 T 3
O o ©)
5 i 5
/T%
0 0
BG 1Gy 4Gy

Rat diencephlaon cell (150kVp, 1.01Gy/min)|
- - =

V///\Control
I ERW

BG

1Gy

ZZ

Rat gliosarcoma cell (150kVp, 1.01Gy/min)|

/) Control
R

*k

/%

BG

1Gy

4Gy

Fig. 4.3.3. Rat diencephalon cell(a, b) 2} Rat gliosarcoma cell(c, d)°l ©j

sl 59

Gy/min(b, d) 22 =Zgsle] Ha A=

At

9] B3, * P value < 0.1, ** P value < 0.05.
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Al 42 AXTRIEs 49 23

7y A 2o BARA ARFel] mE AXE ESS 24 33 Fol
Linear Quadratic(LQ) &2 At Ax &S I1YgxX=
itk o] wl De HIAbA Moz o9 g 7 A w9

AE 34 71&€715 A3
Surviving Fraction (SF) = exp(—(aD+ 8D?) (3)

Fig. 4.4.1 ~ 4.4.5% Rat diencephalon cell?} Rat gliosarcoma cell<
e daf g Ag fiel wE WA AR 2349
AxTA BN s A= T3 daolr. dal ddF A A dzxa
nleE] HEZ AEFo] ANtHoR Frrekd o Fig. 4.4.1 ~ 4.4.29 7o)
o 22 Hd qUAE 7HE 60 kVp ZACA AESC] Fou|sHA
S7FeAth Fig. 4.4.3 ~ 4.4.49} #Z°] 150 kVpelA A#ES =dsidls
A e mgde & Aot flas skl Fig. 4.4.5+ 60 kVp, 0.16
Gy/min ZAF 24 Adl A9 55 ERWiy, ERWip2 22
stle W Az, ¥ & o] ERWryz A Al AlE AEE0]
ERW,y; AHrtt Awrzrow  ZF73S  gqlskgitt. T2y Rat
gliosarcoma cell®] A% ERWiyi, ERWiye 7FS] &3 ZFo]7} @l o=
glgnh

o

Fig. 4.4.6 ~ 4.4.7& WA B39 a344S yehls A% AF
2~ 21z} (Dose Reduction Factor, D

A A A wEA 5 et Z2 dsE HE e AR
Aol v=E, 1 o] @ 7H A WE a3t Qe A oE st &2
AT = Hdl AEE 72 2 ZAAMY 10%9 AEEZ A A 5H]
ST

@

RF)E 4] 49} o] A4t datolnt



Dose of radiation in presence of drug .
DRF = —— for same lethality (4)
Dose of radiation in absence of drug

Fig. 4.4.6& Fig. 4.4.1 ~ 4445 vtgo=® 7} A oA 3t A
F A Ao vl Tgzoltk F AME EF 60 kVp 7oA 150 kVp

-
o ¥ =S A™ A4 JAE VM 2 BE 23 JEhdigien,
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(@) (b)

| Te— |'Rat diencebhalon cell'(60kVp, O.iGGylmin)I. 1 s [Rat diencephalon cell (150kVp, 0.16Gy/min){
o : ‘ : | | : 1 1 : |

Clonogenic surviving fraction

Clonogenic surviving fraction

: f f f Contro] | ‘ ‘
R S e T e s s
| I I I I I I I
0 1 2 3 4 5 0 1 2 3 4 5
Dose (Gy) Dose (Gy)

Fig. 4.4.1. Rat diencephalon celld]l &% A%E 0.16 Gy/min°lA A=
oE Ao oUAE 7k A (a) 60 kVp, (b) 150 kVp 2719] dxad =
AF AL A g A7 fel mE M AES AL o] 9 error bare
4~6HME Fa€ A3 Ao 5 2245 YEhd. + P value < 0.1, #x P
value < 0.05.
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(@) (b)

14 i ,|'Rat glliosar'coma'cell ('150k\'/p, 0.'166y/'min)|.

Clonogenic survivng fraction
Clonogenic survivng fraction

] Con‘trol m Control

0l 7 & B [ I e 5 019 o ERW | — ——— 7
I ! I i I ! I ! ' I ! I ! I ! I T
0 1 2 3 4 D 0 1 2 3 4 5
Dose (Gy) Dose (Gy)

Fig. 4.4.2. Rat gliosarcoma celld] &Y A&E 0.16 Gy/min°l4 A= t}

 Hd YA E 7F A (@) 60 kVp, (b) 150 kVp =8| AAM ZAL
Al Ael S A Fhel wE AlE AEE 54, ©] W error barse
4~6HME FdE A3 Ao 5 2245 YEd. + P value < 0.1, #+ P
value < 0.05.
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(@) (b)

e — [Rat diencephalon cell (150kVp, 0.16Gy/min)H

Clonogenic surviving fraction
Clonogenic surviving fraction

| Con:trol i i n Conirol
0.14| ® ERW |- g m e e o e - 0.1 ® ErRw
I I I 1 ' I
0 1 2 3 4 5 0 1
Dose (Gy)

Fig. 4.4.3. Rat diencephalon cell®] < At 150 kVpollA A= t& A
5 (a) 0.16 Gy/min, (b) 1.01 Gy/min 72 AxHd ZAF A d&] g
I A 5 wE AXE AEE FA. o] W] error bare 4~6A4E 3
H

A8 A3t 5 x5 yERY. « P value < 0.1, *x P value < 0.05.
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Fig. 4.4.4. Rat gliosarcoma celld] < St 150 kVpellAd A= t& A
5 (a) 0.16 Gy/min, (b) 1.01 Gy/min 72 AxHd ZAF A d&] g
I A 5 wE AXE AEE FA. o] W] error bare 4~6A4E 3
H

A8 A3t 5 x5 yERY. « P value < 0.1, *x P value < 0.05.
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e, * P value < 0.1, ** P value < 0.05.

42

e 7

Sae 43

ol
=

seol wE A

Ase 57 932

A& st



20

1.5+

1.23

1.0 H

Dose reduction factor

0.5+

00

1.10 1 09

60KVp. 0.16Gy/min
7771 150kVp, 0.16Gy/min

|- 150kVp, 1.01Gy/min(]

Rat diencephalon cell

Rat gliosarcoma cell

Fig. 4.4.6. Rat diencephalon cell 9 Rat gliosarcoma cell | gt Z;

AN ZAF AN A% 74 QA (Dose reduction factor) H] 1.

43

T. .]]I



2.0

L AERW
I ERW,\»
1.5 1 =
S
S
S
s 1.14 _1.16
§e)
S 1.0+ -
o
o
o)
I3
o
(o)
0.5 E
0.0
Rat diencephalon cell Rat gliosarcoma cell

Fig. 4.4.7. Rat diencephalon cell & Rat gliosarcoma cell ¢ 3t 60 kVp,
0.16 Gy/min qAA ZAF A9 dal 5 s&e e A 4

212} (Dose reduction factor) H] il

44

B kit



A 1A AN BA5 Ao PAA @ BE AAUZ
24

B Ao += Rat diencephalon cell(RDC)¥ Rat gliosarcoma
cellRGO) ol tish daff g2 e WA WS 539E in vitro A=
ol gletazt slvk. AA7EA s SAdFE ol&ste] A WA
e Bs g3E FRlst Ad A AT, dAARG Ue oy A9
AR RL bl el diste] Addstel 2 A¥ Ay Pund W #
Ao AFEL FAALFY TAh, AE Ao oA W AE AES

Z7b &%E dehiel 43 AT ANFL FdAT B AFelME

e M 5 9 Zold JuRd. =8 FARA 35 AU Zo]
Fog v AR, B ATE B A% BE anES A 2d57

AE 2 mEFEZ=golE ujslE 3t Intrinsic pathway 9} 2%
receptor< "7} Z 3t Extrinsic pathway® F+ 7}A] WAoo 2 dojd 4
ATHAL]. 2] WA 9 %o wpe} ATl AP nEF =g olo
FdEF= Tt AlE A Intrinsic pathwayE 2% 5 low,

G 425+ NF-kB, AP-1, pb3¥ 2 3 HAA} A (Nuclear

45



protein?]

death
5o

71

inhibitor

factor) 2

transcription

Ay
e i

Al

[e)
=

S
=

d

’}E/\

protein?]

upregulation®| 4 survival

e

ot web

P
T

3

T 71l A

uf] 7l =

S
=

?]ol| %= death receptor

ARt A o

Ay
e i

Al

o

Ay
e i

Aol A Al

Foglth wheby 2

w2

ol=

shlet.

—_

o

o

2l

R
oY

*7b A e

;onﬂ
__i

=0

ol

o

= Al A

w

s Al

sl

% olvt

sk
=

3

A7z o

=
R

T2 AATo A Vet

S|
&

Death

Cell

on
ld R ow  AleA 1

Committee

Nomenclature

W=

wLEol
‘l:‘
LN

19

(NCCD) of| A

A

Ay
e i

Al

7150

Ay
e i

Al

Al (autophagy) %

kv
e i

A7}

A2k (apoptosis),

Ay
e i

Al

=

B ©.

I A} (necrosis) &

€]

—_
110

ted el Al

S U}

3

;OO

jpagel

(e}

A A o]

o
[SRE=2

}7 MAPK family ¢ @43}

S

[e)
o

§oAE P

3]

Y TNF A5 & &

S

AAEE Al e A

46



sk
=

3

=% 9

fol erd 23

S|

o] AAE FEOR

5

q

oR
\n

47

ETlA

1
1

.13

kA



Radioprotector Cell line Concentration  Dose reduction

factor
WR1065 CHO 4 uM 1.9
V79 4 uM 1.5
Hoechst 33342 KHT 10 uM 1.8
V79 21 uM 1.3
Proamine V79 84 uM 1.7
Dithiotheritol V79 10 mM 1.4
ERW RDC LV, 1.29
RGC LV, 1.16

Table 5.1. In vitro A3 o2 X35 tjoFst WALA H35 A&
QlxF Bl [48]. o] W] AT T QAA= EF AX AES 10%E Hole

A gkl st AR
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4% 10 keV ©olake] FAtA K 7t duAE Ay MFe] 49 78.39

TiOy(Titanium dioxide nanoparticle) 2} Fe,O4(Iron oxide
nanoparticle) 7} A% S7F Ed2 &85 11 9lo][49, 50] A3 354

F& QAel @ AF /b ade 548 FEud o 2 oy

7_(41

AUAZE wers W a9y o FA4 veEbd A g v A
K—edge olyx] oldellx #x a7t dojut s av dF7t 4=
= T Utk 53] Table 5.3 3 o] 150 keV ©lA W5

FA & 9bg i do] i F FERT Fob w8 oyx| o] FpelA =
T 4 F Sk AEe wg Y s A

& W DNA &4 v i ddz ol v 4
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a4 ST A3l A5 150 keV 9 A

AR BE WA FE 34 £9 ws
Fe 0.85 ppb 70.72 ppb 5.215 x 10° barns/atom
Ti <0.1 ppb 27.54 ppb 2.797 x 10° barns/atom
Pt <0.1 ppb 7.87 ppb 6.170 x 10* barns/atom
Ag < 0.1 ppb < 0.1 ppb
Hf < 0.1 ppb < 0.1 ppb

Table 5.3. ICP—Mass Spectrometer = ©o]g3}o] &<l dal] skd5o

23E 55 44 w2 2 150 keV oA Fd w3 v

_|_,
olo
4
e
12
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Fig. 5. 3. &#F olv#] 1 ~ 1000 keV o4 (a) & (Fe), (b) ElEHE (T, (¢) W= (P o &89 F vb&

Fd &9 vk A,

( —— Total attenuation, —— Photoelectric absorption)
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Abstract

Study on the Radioprotection Effect
of

Electrolyzed Reduced Water

Hong Ji won
Department of Energy Systems Engineering
The Graduate School

Seoul National University

Radioprotector is a substance that protects normal tissues and cells
from the harmful effects of radiation, and it inhibits DNA damage in
cells and increases survival rate. Because chemical protection agents
with good protection are highly toxic, their use is limited. So
researches on natural protection agents such as botanical chemical
extract and vitamins are being carried out actively. Electrolyzed
reduced water produced from cathode during electrolysis of water is a
highly reductive material known to contain hydrogen molecules,

hydrogen atoms and platinum nanoparticles. Previous studies have
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confirmed that it has protective effects on external factors such as
chemical, UV radiation, and thermal stress, but no effects have been
identified on ionizing radiation to date. However, it is expected that
Electrolyzed reduced water will also have protection effect against
lonizing radiation, given that its protective effects have been identified
for UV radiation and that hydrogen molecules, the main protection

factor, are considered as radioprotector.

In this study, experiments were conducted to assess toxicity on
cells and to verify protection effects in order to confirm its availability
as a radioprotector. First, the quantitative amount of reactive oxygen
speclies was assessed given that X—rays have a greater rate of causing
DNA damage by reactive oxygen species than by direct action.
Experiments for checking the apoptosis rates caused by DNA damage
and the cell survival rates were also conducted. At this time, the
degree of protection effects of electrolyzed reduced water was
determined by different levels of x—ray dose, dose rate, and energy.
The results showed that the electrolyzed reduced water had no
significant toxicity to normal cells, whereas toxic effects on cancer
cells. X—ray irradiation confirmed that electrolyzed reduced water
reduced reactive oxygen species, inhibited apoptosis and increased cell
survival. There were no differences in the effects of dose and dose
rate of x—rays, but the lower the energy, the greater the effect. This
1s thought to have been partly affected by the metallic nanoparticles

contained in the electrolyzed reduced water.

This study is an in vitro experiments that confirmed the protective
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effects of electrolyzed reduced water against ionizing radiation, which
requires further testing in vivo. Although the protection effect was
lower compared to other protection agents, it is expected to result in
better effects in change in electrolysis condition and removal of metal
particles in electrolyzed reduced water. It is also expected to be used
as a radiation protection device in radiation therapy in that the

radioprotective effects of normal cells were greater than cancer cells.

Keywords : Radioprotector, Electrolyzed reduced water, Cytotoxicity,

Radiation protection, Biological effect of radiation

Student Number : 2017—23750
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