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2.1 Radiological cell damage
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HH(Single Strand Breakage) i+ o]F 7t4
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G AFL DNA £43 gEo] AlX 7] AA|(Cell cycle arrest),
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Fig. 2. 1 Direct and Indirect actions of radiation in cell.[3]



2.2 Chemical cell damage

2.2.1 Ethanol
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Fig. 2.2 Diagram illustrating the generation of different DNA-damaging

agents as a result of chronic ethanol ingestion, and the different types of

DNA damage produced.

ADH, alcohol

peroxidation products; MDA, malondialdehyde;

N? —Et —dG,N? — Ethyl — 2' — deoxyguanosine

dehydrogenase; LPPs, lipid

HNE, 4-hydroxynonenal;



2.2.2 Nicotine
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2.2.3 Caffeine
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2.3 Apoptosis

018 WA= A EAFE(cell death)o]w A3

AEZF Bl shalsk dofulth

M 3ETAHapoptosis)E FAH R AEH AE APH(programmed cell

death)2 <JF 3Ho=z 23| T

SN A AEE APl o] EA FH([20].

F GAE AA dolyA He=d A 9= apoptotic body & 73

Aol F WA 9AE 2 AMxo) 934 apoptotic body 7} H3E =
Aok, MFEIAL Ao A AEL i AE AL FFHL 459
Axs 24om FAA7 S oA FAM A2 27bE FR A2
ofs] AMAHL. ol FI AEIAIZ < HAT F Y A4S
AATGoZH hE x| &4 98-S st (Fig.2.3 [21])

Aol wAske st WA, 4, A Aba A, AR S
2 YR A5 AxEaA AN AEe] o oA FHAA
p53 & WAt pb3 & o AFoF Q] Aol I AEE

AAs 7] f1sted Az 571 AAE ste] DNA 33 Es AXIAE
fregheh olelg pb3 o 98 friEEE MEIANE Bax, CD95, DRS,

IGF-BP3, NOXA, p53AIP1, Rpr wwze] Az ztgoz AsH
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PARENCHYMAL CELLS

Iysosamal
digestion

residual  body

'"HISTIOCYTE'

Fig 2. 3 Diagram to illustrate the morphological features of apoptosis
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2.4 Survival curve / Linear quadratic model[3]

Ao AEe AE7)

ol\

452 3 Qe RS

o
=
%
KN}

Aroz shte Ml AZTH(colony)e FHFHE AL X
F959% Wsy] A% PHoE AgUTh 9% 9F, 59

AR e Gl mE Mo IS4 Y A AL FA(survival

BEES] FAL oflg 2

Number of colonies
Number of cells seeded X PE /100

Surviving Fraction =

a8y AIXEE seeding ¢ ¥ AAPE MESFES A o WARA
A g A % MEEC BT MEIHES FAsE Aol oyt
mebA  olE  HASoF sk gle]  HQdd o]  Plating
efficiency(PE)2} %tt}b. PE + 95 A7t A & AXE

seeding 3151 S W NS FAstE &S YERATL

Number of colonies counted

Number of cells seeded
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A& 4L linear—quadratic model & X & ¥t} Linear —quadratic

model & WAHAC] )% AE AE F b 89S ek s

- : _oxD—BD?
Surviving Fraction = e~*P~AD
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3.1 Cell and Cell culture

Qubsel PAAY  FEYIHT de awEE 754

ol
I

stek=de] fel=s vWasky] fs AL =2H @AM AE

EoASo AMESE AN EES dHNIAERZ ATCC oA Fvjsl=
Mouse Endothelial Cells(ATCC, CRL-2161)& A}&3t3ich. @3k

A7IAEZE ofd delid A e S4dE RSt A 1y

=

Ol
bl

|

Normal Diencephalon Cell; Brain Normal Cells(ATCC, CRL-2005)%
gt Age B

2 AEE AL BAL weistel 247 B Wl B4 24

rio

T

o

i F3t 9 th. Normal Diencephalon Cell & 90% Dulbecco's Modified
Eagle's Medium(DMEM)(GIBCO) ¢} 10% fetal bovine
serum(FBS)(GIBCO)=  &&3g w&Fdel  wjdsialtt. Mouse
Endothelial  Cells +  90%  Dulbecco's Modified Eagle's
Medium(DMEM)(GIBCO)®} 10% fetal bovine serum(FBS)(GIBCO)l 4]
Hj ksl o} 10%2] FBS & 56°C oA Heat-inactivated A2 & 3}

Agsge. T AEE 59

o

3179l &% 37°C, 10% C0,9 ZHo=

Z4%E incubator A w3t

b
rod

A3+ Colony formation
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method(clonogenic assay)E& ALt 2 3AFAA= T-25 culture
Flask(NUNC)oNl A wfstgd o AELH A Al 35mm Culture

Dish(NUNC)el| A ul} &3St

3.2 Irradiation

Aol A Abgg AR AP A= Agditul AxeE et
WAL A skl -l o] A X" YXLON MODEL 450-D08 3] ot}. o]
G A A= X-RAY A% 2 A5g8E-2 Gafchromic EBT Film &
o]-&3 MK A (Dose Calibration) S &l A4kw ot

AN TlEeR ARES A el A 200kVp o]
= HAFE 10mA olth o= 9 ¢ 1.58Gy <9 X-RAY &

WA BE AGelA Hu WA 8Gy A EASh
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3.3 Chemical treatments

3.3.1 Ethanol

Ao A AFE3E o §F2S  Hitech Pharm oA 38}
AREEESITE Age] ARES B &S % 79.15%, & 0.8g/ml °]H
[e)

o gt2-2] 3}stal2 (C,H.0Hol™ 3}8F2 k2 46.069g/mol |t}

T-25 culture Flask °] 5% Al¥7} T-Flask 949 2/3 <
A Az 3RS w AFEES A BE AYAAM T-

Flask o= 3ml o] #jefelo] 5ojglom o] ujdel olgteS Fofsto]

w
J
[
o
—
o
R
()]
=)
N
=}
(@]
o=
o
oY)
=
o
=
=
\e}
i~
>,
e
jad
_
o2
ol
S
32

Table 3.1 Ethanol treatment doses and time.

Ag AE ek g A Az
O ul*
= Mouse
13 ul
Endothelial Cells
26 nl 24 A|7F
65 nl
= Normal
. 130 qul
Diencephalon Cell
260 ul
(e 0 o))
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of w o ®& 260 pl & 3ml o] #jtel] FAPS W AE AL
Z(Cell Viability)e] 10% olat& Zhaste] Ax 3k 4 A ol&h& 260

ul A AlE A9kl

3.3.2 Nicotine

Yad 2 Sigma Aldrich ol 4%+ (-)-Nicotine & AR&-3F3{ T}
yzele] AFHALS € HLN, o] A 162.23 g/mol ©]t}. o]

EHL FgAol 7] uFEo FFS(Distilled Water)oll 3] 35}o]

AFE (Cell Viability)o] WARA  ZALe] wE AX AE Z(Cell

o

Viability) ¥ Hlad 4 gle A== vis S SA4H7] vl 49

Az w4 Aol UmE Aol AvFE 6 w2 FsAck

N

Table 3.2 Nicotine treatment doses and time.

Y AT SECEEL A2k

O ul*

= Mouse !

) 2 ul
Endothelial Cells 94 A7}
4 qul -

= Normal
6 ul

Diencephalon Cell
8 ul
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3.3.3 Caffeine

FtH1& Sigma Aldrich ©lA caffeine powder & T3}
Abg-SFo T 711618 CgHyoN,0, & FAEFo] 194.19 g/mol o]t} =9
15mg/ml 74A] &3%7] wEe] Iml 75T 9 10mg < 9
ARESEATE ZHEI1S Azl A FHEIQ] =7 SmM o]l W AMlE
TS doA AExIAE TAAIY. AR bmM Ky whE
sEoAe= F4bEH(Antioxidant) S S AE ASES
BeANT25] wEkA 2 dAFolA = bmM ool dfdshkes 7HERl Y
e wjdd 3ml F oF 2.9mg °]EE o]E 7|FOo® 29mg ol H

bl

o

off

o5te] Al Aele el ol

Table 3.3 Caffeine treatment doses and time.

A AXE FtH Q1 A= A A1 ZF
Omg.
* Mouse
) 2mg
Endothelial Cells 94 A7}
4mg
* Normal
bmg
Diencephalon Cell
8mg
(+: R
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AIgrol A= =

Nz e
of 77k thE AP WelE AeY

Fwo] BelE Fakstel i

3} tHTable 3.4).

Table 3.4 Chemical treatment doses with molarity

ek A7 A Az Yze Aej@
OmM OmM OmM
59mM 4mM 3.2mM
118mM 8mM 6.1mM
291mM 12mM 8.6mM
571mM 10.8mM
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3.4 Apoptosis analysis

A EZA 9 Wl E-S(Apoptotic cell percentage)E 817 93l
Millipore AFelA 93+ Muse™ cell analyzer & AF&3stgth A EZ7}

YA, BB, G 5o 9% A4FS wow AL e 54

i)

2

4

EERE Wk At olEg e W5

o
i\

Phosphatidylserine(PS)e] ZW3}7} WAy, MZ AR Qs Azt
otol 9w PS 7} A2 EHOE UoA HW Annexin v PS ¢
1shgdol 2 aA R U] PS 7 Al ue] AEIAF B0 Q3
A PS of AEsot[26].

oA E 919 dEE ol&ste AEIANE SAHEITH
WAR sterEA A $ 24 AIRF wjdstslem PS 3WHETE dojd
A ZE Annexin v& AHE3Fe] 20 £37F FA8I9oH o] F Muse™ cell
analyzer & ©|-&3sto] AEaAL7E wHAdste] I

)

&g Taan.

A
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3.5 Clonogenic assay

filo
ot
ox.
ol
rir
ol\
1>
filo

Clonogenic assay +© 99 A*%7} H(colony)
ol-gste] AEL] AES Hrlete= WlHolth o714 AE LFL Aol
50 7le] AE oldow FAEHE AL ousit}. T3 clonogenic
assay + A7} Aoy EdEH A7 | AEe A4 T
& s sagh o)t

2 AFg A= ME] AEES F317] 98 clonogenic assay £
AREsEgith Ad Al M2 AHElE 98] T-25 culture Flask o MXYXE
HjFakedtt. o] wl T-25 culture Flask & #lYNS 3ml A =283t
T-25 culture Flask ol A WA 24k} seted Ae]E & 5 24 A[3F
Fo Axay FAS B 98 35mm Culture Dish ol 24 &<
MEZE seeding 3 Th 35mm Culture Dish 9% wj YRS 7H2F 3ml 4
Al on 3~4 o Fof wjiFds wA ST 1 F AELY 4=
18l oF 1~3 3t incubator © wlgESth. FAHE AELHLS

£ N (Sigma-Aldrich)<
ARgste]l dAsdth. M FFL  digital colony counter (KT

0074A)E o]&3l] Fsilem o] wf AxE I ME F7F 50 7

rr

v ake] uwj

ARkl A Al <] 8F AT
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3.6 Statistical Analysis
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4.2 Dose —response analysis of apoptotic cell death
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Table 4.1 Coefficients of linear—quadratic curves for percent apoptosis

of Mouse Endothelial Cells

a B
Ethanol 0.00221 4.4175E-6
Nicotine 0.49512 0.00467
Mouse
Endothelial Caffeine 0.63093 0.03137
Cells X-ray 0.3259 0.09723

Linear—-Quadratic model : Percent apoptosis = aD + BD?

Table 4.2 Coefficients of linear—quadratic curves for percent apoptosis

of Normal Diencephalon Cells

a B
Ethanol 0.02646 6.34355E-5
Nicotine -0.30315 0.11544
Normal
Diencephalon Caffeine 1.59013 ~0.04846
Cells X-ray 1.43539 -0.04476

Linear—Quadratic model : Percent apoptosis = aD + BD?



Table 4.3 Chemical doses equivalent to 1 Gy of radiation dose in apoptotic
cytotoxicity

with Mouse Endothelial Cells and Normal Diencephalon Cells in vitro.

X-ray Ethanol Nicotine Caffeine

Mouse
0.42%
Endothelial 1Gy 147.8mM  0.85mM 0.65mM
Apoptosis
Cells
Normal
1.39%
Diencephalon 1Gy 47.2mM 5mM 0.9mM
Apoptosis
Cells
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4.3 Dose —response analysis of clonogenic cell survival
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experimental data. The error bars indicate one standard deviation.
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Table 4.4 Chemical doses equivalent to 1 Gy of radiation dose
in surviving fraction

with Mouse Endothelial Cells and Normal Diencephalon Cells in vitro.

X-ray Ethanol Nicotine Caffeine

Mouse 86%
Endothelial  Clonogenic 5.9mM
neotheha 1Gy  169.2mM = 4.3mM
Cells Cell
survival
Normal 82%
Di hal Clonogenic 4mM
rencephaion 1Gy  256.5mM omM
Cells Cell
survival
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4.4 Calculation of radiation—equivalency of chemical
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Abstract

A study on radiation—equivalency
of chemical extracts from favorite
foods in terms of cytotoxicity on
mouse endothelial cell and normal
diencephalon cell.

Seunghee Lee
Department of Nuclear Engineering

The Graduate School
Seoul National University

Biological effects of radiation have been studied depending on the
radiation dose, quality, and exposure organs. Although the
information about the radiation damage has been continuously
informed to the public, there is still misunderstanding. Incorrect

understanding might create the overestimated fear and anxiety to
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the radiation effect. Thus, we propose a new informational form
which can be easily understandable to the public.

The concentration of chemical components, such as ethanol,
nicotine, and caffeine in the favorite foods, showing the radiation—
equivalency, was investigated. This quantitative comparison has
been proven by the in vitro cell experiment which shows that the
mechanism of cell damage by the ethanol, nicotine, and caffeine is
similar to that of the radiation. Mouse endothelial cell and normal
diencephalon cell were used in this study for analyzing the
cytotoxicity which was conducted by apoptosis assay and
clonogenic assay.

Through this in vitro experiments, we found the concentration of
chemical components which is corresponding to the 1Gy radiation
exposure for cytotoxicity, resulting from the relationship between
the radiation exposure dose and the concentration of chemical
components. The study may provide an effective and easy way for
understanding the radiation damage through the comparison with

the amount of the favorite food intake.

Keywords: favorite foods, cytotoxicity, radiation damage,
radiation—equivalency

Student Number : 2011—-23424
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