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High Unsaturated Fatty Acid”

Seo, Dae Young" - Park, Sun Young" - Kang, Myoung Hee? - Sul, Kwang Sun” - Ly, Sun Yung"

Department of Food and Nurrition,” Chungnam National University, Daejeon 305-764, Korea
Department of Food and Nutrition,” Hannam University, Daejeon 306-791, Korea
Department of Pathology,” Chungnam National University School of Medicine, Daejeon 301-721, Korea

ABSTRACT

In this study, we investigated the in vivo effect by intake of the irradiated foods such as mackerel and sesame seed which
are high in unsaturated fatty acid through TBARS (thiobarbituric zcid reactive subtance) and the tissue pathological and
genotoxicological test. Thirty two ICR mice are divided into four groups, one non-irradiated (control) group and three
irradiated (5, 10, 20 kGy, respectively) groups. Sesame seed and pulverized mackerel in modified AIN93M diet were
mixed together then divided into four identical parts. Three parts of them were irradiated by doses of 5, 10, and 2€ kGy.
These experimental diet were fed to each group for 4, 8 and 16 weeks. The results of the study were as follows: No
significant differences in weight gain were found in each group. Peroxide value of the irradiated diet was higher than that
of the non-radiated one and also increased according to the storage period. TBA values in plasma, liver, kidney and Peyer’s
patch were not significantly different among 4 groups. DNA% in tail, tail length (TL) and tail moment (TM) values of
the blood lymphocyte in 4, 8 and 16 week groups and the liver in 16 week group were much measured over the control.
DNA% in tail of kidney of 8 week group was significantly larger than the control and TL and TM of 8 week and TM of
16 week groups showed a tendency of higher values. By Peyer’s patch, DNA% in tail of 8 week group, DNA% in tail
and TM of 16 week groups increased significantly over the control. Ulirastructural examination shows myeline figures
and swollen mitochondria in parietal cells and intestinal epithelial cells of 8 and 16 weeks groups. After this study, we
need further investigations on the safety of highly consumed foods which contain high contents of unsaturated faity acid,
largely imported and which are possible to be irradiated. (Korean J Nutrition 39(7) © 599 ~609, 2006)

KEY WORDS : irradiation food, alkaline comet assay, TBA, myeline figure.

44 2006d 9€ 7Y

et 2006 102 132

“This work was supported by the Korea Research Foundation
Grant funded by the Korean Goverment (MOEHRD) (R0O4-—
2003-000-10042-0).

$To whom correspondence should be addressed.

E—mail : sunly@cnu.ac kr

tisialis ZA R dolela] AFrRe 7k A5 2
o, 1Akl o] 277k thefel skl g k) 7
HRArE FAEQlon FTos WAMD AR ol&%
ready—to—eat 2F2] 18 WEAFS] AT 4 A,
42 Al 7158 Al A elsAded s A

=7 = j=t
3} stoke] Ayt FglatAl RsE A ek AE ] WAl

A F=rbe FA717 (FAO, TAEA, WHO ) 9 Codex 4

FHASLHNN e AT 08 B2 AFse]
<

o
H

=
BN F5 Y F sk w5
2 AbgElR) T AEY BEYES S FA47

The A3 e ZAPRIE7IAE bl A o2 &

© 2006 The Korean Nutrition Society



600 /A 2AR L2EBPAAE Aol AlshA] AER

N P IR e
He] 095 51X Gk @ WE £UAE B 24}
A2l Al AL B7Rssth. mebd A% das E9

S AL 24} 7158 W Eolel St WA ZAkz

qleted WAEAG A7) A8 dUaE Tt Fhakn
i 4 2 F AN Gl Gk D} A%
Moz Aasieh A Sold] 71E ABWAR 2ALe) 717
uch 10u) o4 o] AN 8715S A% 24a
£ gHgo] 92e ¥ u s, fABAS PEE
WA o] FolAoke Zolth

AN S i AFE G MllM T2 SulHE AFE
o] FFE ol T3t ol AT F A FARFEC]
Aol viXe JEeEE Dt AF A a4 g4
o Azt F 7hHE AARE HEER Qe A o]

3t

E77HA] af- vpeksAl vehta gtk v frEAd s
A= in vitro BN F2 o]FoiA 2or in vivo A
T AdEe AR S AR 2ARE $ AREOA] Fof
SIS W dutt GAA g FUSIGithe B}
UL, FoFaterd] go] W T AlEe) WA AL
of Wt in vivo A7 Adef thst Rue WA gvk

Ak AHalg AFL gk oUXE 4251 free ra

dicale A3 =1, o) A& Byl ukes}h
o] AgAtslapgel ost] AAIsE doy|uw Ay

N FAE AT AES] Akt T A%

£ A 9o} Free radical?] A41¢ © 2+ mitochondria,
micosome, peroxisome 52 AEHFHT} cytosol LD vl
T 50 lom o] Aol free radicalS A oZ A
AAEAVE BAA, Bk, SAERNE, 7)E HolE 5o #)
SO7 Yokt 71388 B8l AgE ok <A lok o)t
free radicalell &J3l dojvhz A WHE o2 AU X2
2] Fitste] 23t microsome, mitochondria 59 €4 &
A A Z o)At 7)Y AlslE F3t v)riedd B
A5}, Sdz)e] HE W Alskal Ba) A9S E8 &4 ma

crophaged] WolagolA] WAV F¢x2e] &4 a8

I DNAgEA] 28k A2l ¢k3l (carcinogenesis) S©)
QULL? R)F7A] AA 22 9] Held Ede] g Auso]

WA 9SOV R free radicalo) THEECE 2= WRAbA
ZA} A1Fo] Aol Azt ks mx|x] = Hog W

E=20 A )
1Eo] glor} o= AlA AEHAR Q18 AE U %A

49 27 dAE AAE 4 i biomarker”t §1%171
oz B & 9t} 3] Adamiker7} WAPAZAL AlEE B
29l 484 vitamin¥2] FHE tehe] AH ) WS
elo7)m, AP ZAP 28 vitaminFo} ek 24
3ol Wk A lipid peroxide2] Aol o3t AxEs}
AE zgisle] oMIERS A7 S Qrky B ek up
off 2ahd WAk FALE Qdste] A3 W FASE gkt
TaEol & F e A4 94 e £ ik

£ Ao Wi FARE EXSR AL 3 ALl
/v] ABA] =

H free radical® ol Q& FEH 4 gl= &) 4k
[e]

Bol Aol 9= u As)mat ZF A7) ulE = 9l
T AeA AEF A s gobriiak TBARS, 229
1l DNA fragmentation ZAME $310] o|&2] A B7t

sk ®oh et obEA ot diel disk AESL Al
comet assay AE HHE AT ojjslo] 1 F-84E
HES AL Sk g AR AR AEL] AdF 7170 w

2t Aol WA FeiAe] ZHsEeAE ARkt sl
AR
1. 28 M=
1) 2Ess

AZo] 27~29 g2l 653 ICR mouse 329 E thehd
HEEAMEERE FUs] 23 £ 2T, #1250 £ 5%%
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AIN93M dietE 7|02 3t Ag2lo]2] #gh|:= Table 1
Table 1. Composition of the experimentat diet” (% of dieh)
Ingredient %
Comstarch 47.94
Casein 6.13
Sucrose 10.00
Sesame seed powder 6.00
Mackerel powder 20.00
Fiber ( e-cellulose) 5.00
Mineral MIX (AIN-93M-MX) 3.50
Vitamin MIX (AIN-93M-VX) 1.00
L-cystine 0.18
Choline-bitarirate 0.25
TBHQ® (antioxidant) 0.00

" C:F:Prafio=58.03:21.92:20.05



3 Lok Aol A AR S ALl tislel 4
Algke Ro] & o) FAMNAL] 13] ZAFEe] Aldko] 9lo]

MIE AFRE AR Eslar o] AR £ 858127 fi-
ber, caseing A|SJst AR, 15o1E, vlEl] 2 ojudz)
71} H QRS AR WA Egele] xAlelth £3
£ 1/4& dix AolAaz 27 95l Bk 24} &t
2] etor Umx g Zao g 35 lsle] 7hke 8] %
Al shdAE AT A Co~60 7hubd ZAA (ARCL
IR—79, Canada) el4} ZFzF 5, 10, 20 kGyY & W}\%a
o] H&E ZABIHTE A AR AJEe| LR ARS &
ool B2 ALRE BTG 1R AFEe] 4

ey

g HEL »ﬂw Hi Hz - Hde am

S L

B e 2
oy

B} %@

= %%HE % 01%0}0% 7}5571] go} Fdslsiol AR

5 wdogE () yaketet] sucrose®t ()

Xﬂ i«l starch® ARESIlT @4 Feogo] ()

caseing AREEIITE Aolu] dgFgdaFiol H)

) ’ErEkE e s ko] ARl 58 120 @ 220]
u}

<0 r_\L

&
1
%

o

R
i?L
-
L

AN

’

32 ﬂiio Ny U?L

o
o
L ¢
)
_\L

7<L7;HH o] 610 53} /\]_E LS Oi Iq_ ;d—yH LH i
#isle] AINO3M diets) whas} =) uk
= 23] HrlEich 9AdE A A
FANTIA AF0YE Tl WEA] s,

XE

ool
rlr ol
=3

1) A% ZH
Mouseol 22} 5, 10, 20 kGyE A AN Almg) &
< A FAERh 12407 Wk E fREgl o 45
8, 165 &t AP77HE FEsl] AR3IQi,

2) B, ME AfF B AR

16AIRF FEAHE F-4A12] moused oo 2R 7}
BAl v 5 sk Aujsk FAPE o] falo] AlgolA
AYE F3lo] UF= comet assaydl olgstn V= &
A2 4TCoA 308 3 2500 rpmelA] 1087 4 2
2fate] FE F3Ilch 4L B4 A7K) —70°Ce] wat
SiSich A A = wkE JiESe] 2k el 0T A A
Fpell @7F 818 e ARty FHEAR RS F5
AR & A FAE Stk 94 HdwelA 100 mg
< Fslo] Adsz AHsa 24 22} homogenize buffer
(0.075 M NaCl, 0.024 M Na,EDTA, 10% DMSO: pH
7.5) 0l Yol #2531} comet assayoll AFE-EFITE M%
2 95 47 300 mgs FHslod A9gE gae A 5
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Mouse 34 A% A o4 2 43422E 1 mm® 217]
2 A"e & 2.5% glutaraldehyde (in 0.1 M phosphate
buffer, pH 7.4)-&3} 1% osmic tetraoxide (0sO4) &
dlofl 242k 1A F 4 2322 50~100% ethyl
alcohol®] & 4202 E43}1l propylene oxide® X} &k
3t & propylene oxide®} epon&gtolioll AEAZTE Epon
FgNOF ¥vlf (embedding) ¥ § 35°C, 45T, 60CS] &

3kl 1 pme] £x94H (semi—thin section) &
THE0} 1% toluidine blueZ BM3l0] Feldn 4oz 7173
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o] Uranyl acetate®} lead citrate & ©] & Az} A5 &
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6) DNA 24%T &7

DNA &EHEE 5743817] 23K Singhe] 39} Sa-
saki,” Tice™& 71%2% 3o} alkaline comet assay® &
ol Y9} 7+ At Peyer’ s patchel A|3EolA Axskad
Tk 100 mg¥ Halld 7 A2 7RI 2~3W Aldsied
4 mll homogenize buffer (0.075 M NaCl, 0.024 M
Na,EDTA, 10% DMSO: pH 7.5)& ¥ 3 500~800 rpm
2] homogenizer& ©}4-514 A3kt & 1680 rpmeld 10
w7+ QAEelskd g HdEl 3 mie] homogenize buffer
2 ¥y #2535 RS Az AMSHSIch Heparin #
o AEL ysisTHY & T3 AYTE AAslL 9EAE

F5}o] comet assay S AASIICE 3 Do 2R 370
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7] Sl A AzAZL E 75 149] ethidium bromide (20 g/
ml) 2 G}tk CCD camera (Nikon, Japan) & &3f KU
2 Zbzre] A image= Komet 4.0 comet image analy-
zing system (Kinetic imaging, UK) o] 2X]H ZAFEVdolA
B39tk DNA 43451 Aeke DNAZFEo] o]F561q
FAE tail2] Zo)el tail length (TL; xm) F= tail] DNA
1 (fragment) &) & $43HAF] tail moment (TM)Z
vehigiom, TL 2 TM o] E71er5 DNAZF &4}
=58 ouigith. zF Algrhe) FulE 2709 slideoA] 242t
50704 100749 AIZE Fargl2 Mesto] S48t

3. S~

A¥ 2t SPSS/Windows 11.0& ©]431 Helsk3l
1 AR i+ FFARE VeERGTh A3 1] BeA|
9] zjole ALl BAMEA (one—way ANOVA) ZF Dun-
can’ s multiple range testE 0183} 25 5%
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=~ U=
1. 87 3t 31 2
A3 717F Eet 7 Fof| sk dlart st A8zt A
Z Z7)=a) 348 A A7)1FA (mg/g BW) = Table 29 2

Table 2. Body and organ weights of the mouse fed gamma irradiated diet at different doses

Body weight (g)

Age Group kGy") Liver (mg/gBW)  Kidney (mg/gBW) Spleen (mg/g BW)
Initial Final
0 33,80 + 257 39.60 = 2.4 39.53 + 3.05 13.36 = 1.35 2.54 + 0.58
4 whs 5 3350+ 2.1 3930 £ 1.7 4095 + 2.93 13.90 £ 1,25 293 £ Q.73
10 3280+ 2.6 38.70 £ 2.9 39.42 = 5.17 13.14 = 1.91 2.55 + 0.47
20 330018 38.60 = 2.5 41.07 + 3.48 13.68 = 1.38 251 +0.26
0 30.80 = 2.5 41,30 + 3.0 35,60  2.74% 11.62 + 0.84° 249 + 0.64
8 wks 5 3090 = 2.5 4120+ 1.8 38.52 & 2.72% 12,72 & 1.39%° 2.57 +0.44
10 3090+ 1.8 40,60 £ 3.4 37.87 £ 5.16® 13.61 + 1.56° 2.55 £ 0.53
20 30.20 £ 2.7 40,00 = 3.3 39.63 + 3.36° 13.63 &+ 1.65° 2.63 £ 0.49
0 31.80+1.2 4565 + 6.6 36.48 + 6.84 12.56 + 1.65° 2.50 + 0.58%
16 wks 5 32.30 = 2.1 4833 + 3.6 37.07 £ 5.10 12.25 + 1.28° 2.23 £ 0.37°
10 3120+ 1.8 4540 + 3.3 4073 + 5.20 14.45 + 1,13 2.87 + 0.59°
20 3230+ 1.3 4777 £ 3.6 39.58 + 3.15 13.00 + 1.02° 2,51 +0.32%

" Irradiation dose
? Mean * S.D of eight mice

¥ Different superscripts indicate significant difference befween groups by Duncan’s muttiple range test
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2. &2 peroxide value (POV)
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Fig. 1. Changes in peroxide values of the control and |rrod|0’red
diets according fo their storage period.”
* Each value is the average of triplicate deferminations.
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Table 3. Mean TBA values in plasma, liver, kidney and infestinal mucosa of mouse fed differently iradiated diets for 4 weeks

TBA values (nmole/mg protein)

Tissue Iradiation (kGy") p-value
Control (n = 8)
5(n=8 10({n=8) 20 (n=8)
Plasma (nmole/ml) 85,58 + 39,067 100.15 + 22.32 66.85 = 26.11 81.09 + 26.02 0.174
Liver 1092 + 1.44 10,65 £ 0.69 10.38 = 1.10 1011+ 273 0.792
Kidney 629 £ 1.24 6.69 £ 171 6.78 £ 2.76 6.22 = 201 0.925
Intestinal mucosa 128 = 0.57 1.84 + 1.79 152 £ 0.99 176 + 198 0.864

" Iradiation dose
? Mean = S.D of eight mice

Table 4. Mean TBA values in plasma, fiver, kidney and intestinal mucosa of mouse fed differently iradiated diefs for 8 weeks

TBA values (nmole/mg protein)

Tissue Iradiation (kGy") p-vailue
Control (n = 8)
5(n=8 0n=8 20 (n=8)
Plasma (nmole/mi) 79.55 + 17.02” 91.08 + 35.02 71.47 + 29.45 6148 + 1353 0.142
Liver 888 + 1.17 913+ 1.86 872+ 1.38 865+ 090 0.900
Kidney 591 £ 1.28% 529 = 0.95® 475 £ 0.56° 467 =+ 0.50° 0.032
Intestinal mucosa 1.28 £ 0.47 120+ 0.75 0.72 £ 041 138+ 1.18 0.335

Vlrradiation dose
? Mean = S.D of eight mice

@ Different letters indicate significant difference between groups by Duncan’s multiple range test

Table 5. Mean TBA values in plasma, liver, kidney and intestinal mucosa of mouse fed differently irradiated diets for 16 weeks

TBA values (nmole/mg protein)

Tissue Iradiation (kGy") p-value
Control (n = 8)
5(n=28) 10(n=28) 20 (n = 8)
Plasma (nmole/ml) 99.28 + 44,057 87.07 £ 52.69 93.26 * 35.57 90.80 + 47.54 0.958
Liver 663 £ 085 702+ 081 6.38 = 1.30 7.27 + 0.82 0.279
Kidney 413 + 0.75 3.88 + 0.81 3.77 = 0.69 3.81+ 073 0.774
Infestinal mucosa 0.94 + 049 072+ 033 0.81 + 0.31 071 £ 025 0.548

"rradiation dose
2 Mean * S.D of eight mice

TR 7 aogAlHellxl ] TBAZKE + 7k 794
Zpol7} lodeh B 10 kGy 9} 20 kGy 9] A17x3] 9]
TBAZP7} 23] #o4 o2 7h4=let (Table 4). 165
A ARRE AFHH o Aol 3 1k A, &
e s e TBAZR: i 719 #-9A9l xpol7} giich
(Table 5). &, HARA ZA} 21F9] &= ¢lsk TBAZFY
Ash= Fo) A9l AWE vEhA] &3181om o]24 TBA
Ve AT AE 2209 2L mAg dstela vEy
= Aol digh G EAsh ol 5488t biomarker
Z ALERETE 53] 83¢A9] TBA &t rloksle] 5%
Al FeClg FwiA|lR ARE3lo TBA ¥H-2 4oA =S
77 WS AREstofol skt o]k wpgelad A
& exte) v vRsAel Atk Marcuse® Johansson® o]
oJabd £3} drslo) = (alaknals), B3} djslo| =R
(alkenals) = 5 TBAS ANE-& Aoy} o] HkS

AAEEL 450 nmolA] #31 FF] (maximum absorp-
tion band) & zHetha st ey 2, 4-gTlgolodH
(2,4—akadienals) ¢} 22 3 BXspAHEl]=F (con-
jugated alkadienals) 8] 7ol GEAEI= 73¢9
FY% 530 nmelA Ho] SPEE 2tk sk Q.
ufpa] gEUHEIE, 2,4-gFlrfoleldRel 3 3 Y
Exsletrsle]| =7t FEsto] TBA W& 4o o 530
nm?] © el FHEE S A exE &

IHO1E 1ol FAINESY T8 3golr Atsht A7t A
% AEo] 2248 FR9Q19) shrt HE ARdo] XA
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7ol MoE Y E AjolE £ 5 glslth ST-‘B‘r 16% Eok ¥ A RN AX 3 27) Al Tiedde) wg

AEZ AHT ToAME B dulds o)gste] 9o E B S Sl myelin figureZh BEHSITE 85 FF AL
parietal cell®} 249] epithelial cell®] cytoplasm% B P ARE AFE ATl A% ]—‘l’]' SR e i

HlEl 5 kGy wolME & AfolE B F 9%len 20 kGy
oA myelin figure?} 6“33}74] A (Fig. 3, 5).
AkR9) AF717te] dofzl 165 AZrolre) 2839E 8
Fol Mg} Bl RS 2ok Fig. 6). 53] 93=x4 A
A7 #2 (Fig. 5, 6) o IME 85 Bt AHANHS

o] o v FEE XA myelin figure®] 7 S71E A
& 2 4 9l9lth Myelin figurets AEHolu A2 A7)
o] wroaHE SHE XAE Aol B g v
Rislchay “r”ﬂ‘” 7%4 6 nmx%tom ELOJO

e,
N
=
<
@,
5

lin ﬁgureﬂ HolE Al7]oll& swollen mitochondriaﬂ iz

Fig. 2. Transmission electron microscopic image of intestinal mu- F11 013 A|FEuke] 4=t} ol Fapdo] T71gro A 9
cosa in confrol group (8 weeks, x 8000). A ¥l @Abo 2 oA %9} endoplasmic reticulum 5

Fig. 3. Ulirastructural examination shows myelin figures in the cy- Flg 5. Ultrastructural examination shows myelin figures in the
Topslgég)\ of enterocytes of the small infestine in 20 kGy (8 weeks,  cytoplasm of parietal cells of the stomach in 20 kGy (8 weeks,
“ - X 8000).

Fig. 4. Transmission electron microscopic image of parietal cells  Fig. 6. An increased number of myelin figures and swollen mito-
of the stomach in control group (8 weeks, x 8000} . chondria are present in 20 kGy (16 weeks, X 8000).
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swelling®] FAlel] 24 4= Q) o] A7) o oo &
3 A=o] ZREIRIA] ko olgst Hisks AdEEe] AXEs
AATEE FAE 5 A ok wWEbA myelin figures

reversible cell injury®] E44¢1 2|7} vk & 5 ¢
t}, 9k ol2sh 7Fed A9l WMEF MY 1 &4 Hvt
oA necrosisth DNA fragmentationS 13 apop-
tosisZ X3 5 qleh 53] AYA|e] sitksk 7)s0] A8k
ASlE 7ol WA ZAL AER B wlokst AbshA A}
E,LOFQ—E ia}i%o]', zo u}a’t w28 olgt /\]_g};e Mlo]

] AR ZARRZ QISE 21F2] gl 9o ViJ &
S uHFhE ol gk Aol tish A|&EQ1

A5} T3,

3

5. Mo AEACY o5t DNA AYTFE
Yol YoM HAM A} AL RE 457 e o
o] H)3A} AFE S AF3 7HT tail W) DNA% 9} tail length
(TL), 2227 tail moment (TM)Zke] 8oz Frtst
. Z tail Y DNA%E thzio] 19.46 £ 1.640]3 ZA}
o) 27k 2574 + 1.34 (5 kGy), 25.45 £ 0.96 (10 kGy),
26.67 = 0.62 (20 kGy) & thzol wls] Z+2+ 132.3%,
130.8%, 137.1% Z7FsI3ith TL2 tiza] 28.89 + 2.08
pmo| 3l FAREO] 4143 + 0.83 pm (G kGy), 40.67 =
0.85 zm (10 kGy), 40.25 = 0.82 x#m (20 kGy) & W%
FRT @ ow Eoky TM L8 tjzroe] 6.28 + 0.46
o3 ZAFRo) 242 11.34 + 076 (5 kGy), 10.89 + 051
(10 kGy), 11.37 + 0.44 (20 kGy) & tiz7] vlal] <]

Table 6. DNA damage between control and iradiation groups for 4 weeks

Iradiation (kGy™)

Tissue Control 2 0 p” p-value
Tail-DNA (%) 19.46 + 1,647° 2574 + 1,34 25.45 + 0.96 26.67 + 0.62° 0.001
Blood lymphocyte Tail length (pm) 28.89 + 2.08° 41.43 + 0.83° 40.67 + 0.85° 40.25 + 0.82° 0.000
Tait moment 6,28 + 0.46° 11.34 + 0.76° 10.89 + 0.51° 11.37 = 0.44° 0.000
Tail-DNA (%) 19.44 + 0.90 21.41 £ 1,04 21.67 + 1.36 20.66 = 0.89 0.464
Liver Tail length (zm) 4596 £ 1.45 53.02 £ 2.08 52,28 + 3.08 50.32 £ 1.44 0.106
Tail moment 9.49 + 0.74 1203 £1.11 11.94 + 1.50 11.06 £ 0.65 0.312
Tail-DNA (%) 2502 + 1.88 28.10 = 1.68 28.08 + 0.85 27.79 £ 1.02 0.368
Kidney Tait length (zm) 39.97 + 1.66 41.51 £ 1.09 42.27 £0.80 41.04 £1.19 0.608
Tail moment 10.60 = 1.04 12.34 £ 0.84 1244 + 0.38 1195 £ 055 0.29¢
Tail-DNA (%) 24,50 + 1.83 25,00 + 1.84 24.55 + 1.86 2458 + 1.96 0.999
Peyer’s patch Tail length (zm) 39.78 = 1.05 38.70 £ 0.89 37.84 £ 1.31 38.44 + 0.87 0.622
Tait moment 10.39 + 0.97 10.37 £ 0.82 9.94 £ 0.98 10.07 £ 0.84 0.980
¥ Irradiation dose
% Mean = S.E of eight mice
¥ Different letters indicate significant difference between groups by Duncan’s multiple range test
Table 7. DNA damage between control and irradiation groups for 8 weeks
, Iradiation (kGy"”)
Tissue Control 5 0 o~ p-value
Tail-DNA (%) 29.37 = 1.41°° 32.84 + 081 3291 + 1.09% 33.70 + 1.36° 0.069
Blood lymphocyte  Tail length (zm) 37.88 = 0.53° 40.10 + 1.50% 4216 +0.82° 41.10 £ 0.98° 0.045
Tail moment 11.81 + 0.60° 13.87 + 0.60° 14.57 + 0.49° 14.46 + 0.59° 0.007
Tail-DNA (%) 22,66 £ 0.76 22.28 + 0.40 24.00 = 0.73 23.92 £ 1.08 0.311
Liver Tail length (zm) 49.61 £ 1.43 53.71 £ 1.48 52.39 + 1.62 53.75 + 1.09 0.157
Tail moment 11.77 £ 0.47 12.43 + 0.48 13.17 £ 0.70 13.52 + 0.94 0.278
Tail-DNA (%) 3476 £ 0.91° 36.65 + 044 3504 + 0.60° 37.49 + 0.62° 0.020
Kidney Taitlength (zm) 38.77 £1.01 40,94 + 0.89 39.52 + 1.12 41,76 = 0.81 0.144
Tail moment 14.30 + 0.62 15.83 £ 0.56 14.93 + 0.62 16.35 + 0.50 0.079
Tail-DNA (%) 33.85 = 0.75° 35.13 = 032 3652 + 0.51° 37.26 + 0.70° 0.002
Pever’s patch Tail length (m) 4045 £ 1.19 40.77 £ 0.98 4183 £ 108 4193 +1.08 0.701
Tail moment 14.68 + 0.71 15.23 + 0.45 16.28 + 0.43 16.77 + 0.68 0.067

¥ Irradiation dose
2 Mean * S.E of eight mice

@ Different letters indicate significant difference between groups by Duncan’s multiple range test



Hog LIt efuh ARk wkel JwAd Qe 2t
o1& HolA&= sttt 10 kGyE wm ZAL AIRE 45
T AHE

259 Pt DNA 44 % %%‘@Ehﬂg
o] AN tailt) DNA%, TL 2 TM 25

of Bleh ZAF FeflA whel KA TURE B B g9
47 B ol Fzefa o] Aulel UA)sI9IT) Z*P*}JLE
AF 8 mouse?] el M tail length?} Z7Fsk= 2¢
oLt FoAR] Apoli= o), Ald A%k Peyer S
patchlA &= tail W] DNA%, TL 2 TM 3] 250 §-
o2 ApolE B 4= 9llt}h (Table 6).

AR AN ARE S 85 B9 AFHE mouse?] o
Ztollal= 457 AF 3 mouseol M) v KR Z2ALE
AEE AR vl viAL AIERE AF e TR tail length
(TL) &} tail moment (TM)gke] §-o& o2 =715}t
(Table 7). Tail Y} DNA%E tZz70] 29.37 = 1.410]1L
ZAF o] 22F 32.84 £ 0.81 (5 kGy), 3291 + 1.09 (10
kGy), 33.70 £ 1.36 (20 kGy) 2.2 tjzg] e 2z
111.8%, 112.1%, 114.7% Z7\h= 288 B9tk A%
Z242] tail-DNAE 20 kGywola 94 o= Zrksl e
o Peyer’ s patchollA+= 10 kGy$} 20 kGy2ellA Z71s)
Gt 2] A 2ARER) uldsled velyit) Al
Pever’ s patch® tail momenti= FANRLE AFTo)x] 7}
O}w A8E HolF 21/} tail lengthi= d¥g Qs A3}
5 HolFA] osith 5, AT ZAMIEE AHE HSun

87 8IS o xﬂmﬂ DNA MPOI ARelstA vk
WAL SleE U < olglnh 16573 Aol M%)
mouse?] E I ol o] ta]-DNA= VH}_?LOW, 37.55 £
0.39%°13L ZARR] ZFE 39.60 + 0.42 (5 kGy), 4047 4
0.56 (10 kGy), 41.89 = 0.53 (20 kGy) %= ZAMA

Higslod tail-DNA ko)
tiz7to] 15.09 & 0.330]x

BEHEESE

1

=%
= ol

39(7) 1 599~609, 2006 /607

FoH o7 FEItE TM
FAbre] 7242 17.06 + 0.48

(5 kGy), 17.34 = 0.72 (10 kGy), 17.26 = 0.25 (20

kKGy) 2tz

w3 7H2F 113.06%, 114.9%, 114.4%

F7EIIC 4779} 857 ZARFEE A58 mouse ] {lolM
el ARlE & 8l

9] tail~-DNA, TL @ TM X

A} 1 165 B AREE

AP AL AL
3 TM %ol
= o] 20] 26.80 & 1.340)1 &

OF ZARre] tiFrEr
o gte)

pey C)o
e

22 A=

&8 mouse ] 7HoiAE W
22 A8 Tollx) tail-DNA $2k TL I8
402 2718190tk &, tail Y] DNA%

Abo] ZF2F 31.99 £ 1.54
(5 kGy), 32.11 £ 1.32 (10 kGy), 34.88 = 1.10 (20 kGv)

folA o e 7S 1tk TL
5153 + 153 xm®)3 2ARR) 474 53.15 &

1.06 um G kGy), 56.82 £ 151 um (IOkGy/ 56.11 +

1.01 pmm (20 kGy)elR o™, TM &
FALFEol Zb2E 1774 + 1,00 (5 kGy), 1875 £
0.74 (10 kGy), 20.33 £0.74 (20 kGy
=S P SRSl o el=d =71ere-

0.610]3L

FARX ] 5

gk ool 14.37 £

) I dfjzrol] Bls)
S- BTt Pever's

patch?l tail W DNA% = tizTo] 38.06 £ 0.76°11 %=
Alro] ZEzE 44.09 = 0.31 (5 kGy), 45.26 = 0.39 (10

kGy), 45.35 £ 0.45
™ (p <0.01), TLS tiz=el 3

xtol= AT tailv) DNA% 9 tail length2 57

(20 kKGy) 2 SR o7 Zrsigio

3829 + 1.44 gmeln %
Alto] Z+7F 4246 + 1.13 #m (5 kGy), 41.36 = 0.85
pm (10 kGy), 41.11 = 1.06 pm (20 kGy) 88 ZARE
oAl ] Z7tel= ATRS Wit Tail lengthelld #23¢l

welA] AL

tail moments thav*ol 15.40 + 0.660]1 ZA] 22

1920 £ 057 6
0.66 (20 kGy) 2

Table 8. DNA damage between control and irradiation groups for 16 weeks

5kGy), 19.13 = 048 (10 kGy), 19.24 £
= AN

oF o7 ZriEtgid Al

Tissue Control

Irradiction (kGy ™)

- 0 20 p-value

Tail-DNA (%) 37.55 £ 0.39°¢ 39.60 — 0.42™ 40.47 + 0.56° 41.89 + 0.53° 0.000

Blood lymphocyte  Tail length (um) 38.22 = 0.81 41.08 = 1.04 40.21 = 1.07 39.03 + 0.52 0.133
Tail moment 1509 = 0.33° 17.06 + 0.48" 17.34 + 0.72° 17.26 = 0,25 0.007

Tail-DNA (%) 26,80 + 1.34° 31.99 + 1.54° 3211 + 1.32° 34,88 + 1.10° 0.002

Liver Tail length () 5153 + 1.53° 53.15 = 1.06™ 56.82 + 1.51° 5611 +1.01° 0.024
Tail moment 14.37 + 0.61° 17.74 1+ 1.00° 18.75 & Q.74 20.33 £ 0.74° 0.000

Tail-DNA (%) 41.44 + 095 4359 + 0.98 4295 + 0.84 4345 +0.77 0.321

Kidney Tail length (um) 4057 + 1.0 4357 = 1.53 41.84 +0.90 4373 +1.21 0.210
Tail moment 17.59 = 0.74 19.72 = 1.13 18.53 = 0.54 19.89 = 0.64 0.161

. Tail-DNA (%) 38.06 = 0.76° 44.09 + 031" 4526 + 0.39° 4535 + 0.45° 0.000
Peyer’s pafch Tailiength (zm) 38.29 = 1.44 4246 + 1.13 41,36 + 0.85 41,11 £ 1.06 0.088
Tail moment 15.40 + 0.66° 19.20 -+ 0.57° 19.13 + 0.48° 19.24 + 0.66° 0.000

7 lradiation dose
¥ Mean =+ S.E of eight mice

* Different letters indicate significant difference between groups by Duncan’s multiple range test
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FelME AR AdF7I7e] 8591 A8 7oA tail Wi DNA
FrgollA] tiZ2Ta} At Ateld] #213 zlolE By
AR A 71730 16541 Adrtolrs TMAA FAE
Ao EHA7T xRt SVHEE AEE 1Y Polqltt
(Table 8).

ool AAZRE AP AR QIste] AE AE
free radicale XE7kx] G2l vie} dal ¥ wA free ra-

1o

dicalel] ti$t uiido] Z3st Z10 2 AdeiA Sli= Ag A9 =
Aol myelin figure?} 72 k8t 713ziol WHals do7 &
3o comet assayE FalM SHE vl 2ol Y lym-

phocyte, 7k 414 27%2] Pever’ s patchollA] DNA frag-
mentation} 2+ A E AHE 7HAE 7 S ER1E &
ATt FEE £ ATelr] £ 12 biomarker T 2%

of o5t Absld mEFAG go] okt 2] gt k=
A W9t W TBAY FAsEL B OIF A=) F

o HYoE PA ofeker urk X1EYE AN 5
Sl Mg o) Wadt 7o Atmdth A8d o
Sp olefa A oJek WHE BASH] FE Hojw
8% ol A3 VIzle] BLFE & 5 oLk ol A}

o) AdEat AR 2AMRE A 2, AL WV E=Y
Bl

of wet thEA & = e 2otk

2 AT AR FA)F A fE0] ASHeR
o]

]

519 Aol Sl e s <ol o ¢

Eap] AR 2A} Sloineh Fsbl 24k 3] 2 4
FE e PEska sk

BRESAL B0 e AFEC) WA AR A%

= *ﬂ*é% free radical?} 1% Q18 453 F = 5 Ak
Aol FUHUAS W) 2shr] 3 7Jr i 1 1%—:: T
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ol v g2 AE Qac
D A% F7RE 7o) el 27kt e Fgel
AR ZAL AR 1 o] mebals Aelh 9t
A A7 VFAE ATAelE 1 v 25 o4 A}
o]7} IR whA 8F A 9] 7k} A4, 16577 2] A3}
A2 A BA A ZAVE AL E A S A3 To) did
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%4,

= fo13 2748 Bk

2) WA HlEA} AbEE] SNl Hlg) AL AlR e
ke 7 hebon] A71Ke] Aot el et
2 2oz R

3) 84 9 xHoxMe TBAZF &4 A4 4T, = 16

Fol s ZARE el 797 Aol 8F AL A
gJsfare ehtA) sk
1) ¥ P 8 2Ae|X9] DNA 435 374 23}
(1) W W 4%, 8%, 165014 o] Hls) 24t
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S,

(2) 7r 16500A dizate] vld ZAEAA Y taill
DNA%, TL 9 TM o] oz o= F7lsigiv

(3) & 8FolA tailt) DNA%7} HiZTH ek ZAkro]
A FoFo® Eotom, 45, 85 2 165042 TL X TM
o] AT T ATE Hlout {AAdS e
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5) 97 9 2%k A} A BRI o2
879} 165 7 9 2% Mol AEEAte] 27]dA ¢
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