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- Effect of Selenium on the Thyroid gland Antioxidative Metabolisms in Rat Model
by lonizing Radiation -
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A=l EAlshs Aala(Se) A AsItdAe-S FHske Sa% dde] shirl AdEdhihd
(selenoprotein)®] F8%F 942 A& it} AdlE(Se)S Ratoll 737 —r‘ﬂo}‘-ﬂ 10 Gy9] HAPdE AL 217 5
WIS 34 AR A 14, 79, 219 7R e E7dRe] Wsl IS E(T3, T4 W), st
F2((Glutathione Peroxidase, GPx)2] &4 Wizl 7k 22| Wzl #2S Eale] AgESe)e] HAM s 2}
|5 dotEuzt sl

ARAY 28 HAPA(BN S, 57, BN &S Hols Fofsh S a3t AUATKHp0.05).
2kskE 421 Glutathione Peroxidase(GPx) /3% 14 7|9l 1P S 28(T3, T4 & W3t AaolM=
o e &Y HIskE EAOH(p(0.05), 23 st Felrde AR Aol gt Al RS dol 1k
AE &4 B35 3P} I8 RIS wetk, dalaSe)S Hojxl ARl WY &4 895 F=gho=H
AR BolAE 282 & 3k Zlole} e,

8l H: Adulg, thddses, e, ikskas, wapdge]

y O o

.M 2 = 9ok,
jg]:Loﬂ_‘:_ 7]:]%]-/\—]0]'9,] 1:11—/\1-10] bl /4]7:]]7(4 o=z :L7:I;] ho1
4: ol A] 8P E T Q)= XA} 17 013 ZHS of b} A -euEtol A= o AdollA AT dEellAl 71

A Le] PA Bir= 2011 Y& S3A] &3t ¢to g WaEw gy,
”P °J7<}Eﬂ TR0 FI ARLE FATIEA AR b whebA 2 dtollAs WA e 2 F2) shyel A
Zof| tisf] dukQlEo] =7l= HEd Qe o dsittar A (Se) e S8 A =L S-S sk S8l
o 4= Qo) PAEAARY B ALLE A= I YA Rat & Model 2 o] WA U] 32.0] T 3£2]Q1 ¢IAtz &
ol J3}e] Za) gt & 7)o A FhxjolA HP/\Hj 1) 27 Ao et 2871 B AR s a e v A
Zepo 1 A|tal AR 7| ERo]| UL e 7|28 ot o) A2 ojn| Q= A|ZHe AlEElaA}; B}
slote s ok 2A7F 34 9 A T2 U“EI'O]E}_TJ. iy Y E(Se)> /dAtAF(Reactive Oxygen Species,
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ROS) ¢l 3HANSE Zl\_(hydrogen peroxide, HyOn)E 23}
Al7]= 3HAESE f4-21 Glutathione Peroxidase(GPx) 9] B
ZQARAY, AP T ERS FASIA] 7|17 ahd A
A SRRt A A 2|7t sk A ol Fobxinkar
oA °“3‘r4 P, 27 BAA IpAtElga0) AAo] ThE A
azof| vl @ Aol SRS A AA
Sh= Al2glo] 2 et of IRk, Aol 9ol EhAgol
R 710l Hlsl B2 ol ¥ shH=E Al &4 st
= 544 Eleas Ads] AASHA] Xeh7| Wied 7t
SAo] A7Ea Y,
olelet WAL W Bel] et A AL ARt
HIARA Rt 2] 2 SA] SREES A 24k B2 A3
A BRI AAT LA AL A
of Wx W o WGl mAdE Lzt Ao,

c
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1) Aok 8 7]7)

Ao ARg-E T3, T4 GAA|2RS Roche(Roche Diagno
stics, USA)S AHE3HTE GAKEE 248 918 Aol
Glutathione Peroxidase(GPx)+= Glutathione Peroxidase
Activity Colorimetric Assay Kit(BioVision Inc,, Milpitas,
CA, USA)E AR&35H3ITE

Al$]7]7]2  Chemiluminescent immunoassay(Roche
Diagnostics, cobas €602, USA), E3LE-47](BC—2800Vet,
Shenzhen Mindray Bio—Medical Electronics, China), ¥
A1E2)7](Union 32R, Hanil Science Industrial Co,,
Korea) 3 AN AMgshe LR7I7]1E ARSHIT

2) AE 9 AYEE
AAE=Y AFoo ARE AME AYlE(Se)
Sigma—Aldrich(St, Luis, MO, USA)oj|A )3t Sodium
Selenite(Na23e03, 98%)& & o|2<rof F3 ARSI
AHEE0 B 425 =7 3]F|(Sprague—Dawley Rat,
SD Rat) 600}2]& 3}lHlo] 2 (Gyeonggi—do, Korea)Z5-
] Lelsto] ARgSlT, A 2= 20~22C, W] 12
AZF cyele 2719] AR A FEARRS} Ho] 245 o7
SRACE 970 £3TAL AR Aol AgaITE
2 gold AEEES) AFE QA FEAH-e

Q]3] (Institutional Animal Care and Use Committee,
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HRTEE WA WA AR, YA 2 R,
AL vl S o, A 4 i
B F AT O R Il WAL B 2AL HARE 6ulele} Lt
wA] 37l 2} ok 6UPWA‘ % 6oulalE AMRsIgTH
(Table 1),

Table 1 Irradiation planning of experimental animal

Unit: Rat
Division 1day 7days 21days
Group 1 6
Group 2 6 6
Group 3 6 6 6
Group 4 6 6

Group 1. Unirradiation + Nomal control
Group 2, Unirradiation + Selenium
Group 3, Irradiation control

Group 4. Irradiation + Selenium

HIARA ZAPA SRS Chamber(Lot, PTW/TM30013, Farmer
Type, Freiburg, Germany)?} Electrometer(Lot, PTW/
T10021—-00427, Freiburg, Germany)S ©]-85}¢] SD Rat
o AP vl ol BgHe Aok, B 2AR A
& 71<47](Agility, ELEKTA, Stockholm Sweden)® Field
Size 35 X 35 cm®2 1AFIAL 6uta|R E<5= A2KsE 30<30
em? oF3E cased]] YL thS 710] 1.5 ecm A& 100% A
ZFo] H=5 6 MV X—412= 10 Gy&] AMIEE 18] 4l
A} shet

2) A& Fo 2 A= AR

S0l Fl%e ) D0 o] MelE(Se) 3 me
kg/day4 gerom 27} 22 ojgstel 14Uk AT
Fofsigict. AYlE(Se) AAFE 78 24 (European
Medicines Agency, EMEA)2] Sodium selenite EA1%]
Oral LDsy 211%](4.8~7 mg/kg in the rat)S 7|&0=2
sto] Axelsich

HAL A B 19, 79, 219 A0 AR a%ct
ol A]E'-_‘——- 2% Isoflurane 0.2 5-9] ul#A|7]|1L 7)1 E-5}o]
w7 Suloly WEE AASIAC Wl A3 F PAHS
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HESHATE. AP 1)RAF GRS 212070] Aehet.

(T3, T4)9] HIHLA

21900l 313 HolL
N SaL AA|IQ K2—EDTA7P £°] Sl CBC A&@Heol Hot
Coulter mixer7] &JoA] 55 oA} E513l 5| =248 I 15
X715 o]&sto] EMAE 5 (Hemoglobin concentration,
HGB), 3%4(Neutrophil count), &
PLT)E Z73H3ich

Az AL 4C Joriol A 2A17F HF2] & 3,400 rpm
o 1087 Y Refstel 42 WO St Y U

R

i f

A T~(platelet count,

AAPH(Chemiluminescent immunoassay, CIA)S ©]-83}
o T3, T4Z LA}

4) 3HASLE A (Glutathione Peroxidase, GPx)<]
24 9 27 W} B

&4kl a A~ (Glutathione Peroxidase, GPx)2] &4 W3}
+ Paglia®} Valentine®] W¥¥"& wWgste] EAs9c),
33 uL Assay Buffer, 3 uL. 40mM NADPH solution, 2 uL
GR solution, 2 UL GSH solution®] &3&2 1587
incubationd}t}, Hydroperoxide(HyO3) Solu—tion 10 W

< 93 A2 7 340 nmollA FFEE Z7gstaL 25CollA

%t incubation ¢ ThA| SFEE 743515t 25CollA]

2 1.0 umol®] NADPH7} NADP'® AlglEl= AxE
GPx 1 Unite® AHAFFYTE Glutathione Peroxidase
(GPx) B4 258 BHw 7S Fa Tareict

s o) Wb ARES AL 109 Z=2u
(Formalin) &2 113}to] 27§83l (autolysis) S WHA|S
AnbAQl utet A HH (Paraffin method) ol whe} 3
AZsEE T 1A= Z2]L o' A=(Ethyl alcohol)%

g3lo] 819, AL (xylene) 02 X|&5t & uhEhy
Eﬁ(Parafﬁn block)< AlZbeteict, v & sfntEAR
(Hematoxylin) I} o] 2 A (Eosin) 2.2 ¥ (H-E staining)
stol AT,

FIE

)

1:;
o M

fml

RE AS AT SPSS 22, 0(IBM, USA) 4 &1

< o]gsto] Bt W EZHA} (MeantS D)= ;y\] o}Oﬂu}
7t AR OEE foldS B8] Slaf vl Y X
2 ARS Ao, §94E p<0.05 01]*1 a3
saick

|0

1. 2820

QAL Fhee WA 2AF S TUAROIA AR AL
ZH(Rad)of| Hlal WA AL Al E5Folwt(Se+Rad) ol A]
gt S7HE BAth(p<0.05). 21gAt| A& AR A
Al EFol(SetRad) oA 22178 =4 Yebgt=d 49
/32 ol YUITHTable 2),

TEE A A 3 20RO A A AL T 2
(Rad)o]| v]8l] AR ZAF Al EFolat(Se+Rad) oA
o5t Z71E B YtHp<0.05). (Table 3)

AT AP 2AF 219 O A AR AL R
(Rad)oll Hlal] HAPT AL AdElE Folit (Set Rad)ollA]
9 ol5t =712 HATHpC0.05). (Table 4)

£
for

Table 2 Changes of HGB in Rat at days after 10 Gy

irradiation
Unit: g/dL
Division 1day 7days 21days
Normal 16.80%+1.07
Rad 14,82+1.81 12,35£1.00 7.37+2.64
Se 12.93%1.54 16.2310.73 15.43%0.50
Se+Rad 11,053.74 14,35£0,81* 11,0510.47

* p€0.05 as compared with Rad Group Table

Table 3 Changes of Neutrophil in Rat at days after 10 Gy

irradiation
Unit: 10%/uL
Division 1day 7days 21days
Normal 1.47%0.76
Rad 0.6310.21 0.2510.05 1,52+0.86
Se 1.3240.69 1.17£0.29 2.17£0.88
Se+Rad 1.08%0.5 0.2740.06 2,93+0.12*

* p€0.05 as compared with Rad Group

Table 4 Changes of PLT in Rat at days after 10 Gy

irradiation
Unit: 10%/4L
Division 1day 7days 21days
Normal 669.331668.85
Rad 681,331+456.8 34.17+11.72 270.33+268.47
Se 678.831518.4  850.67t121.65 1269,331254.7
Se+Rad 881,171£612.83  42,17+18,02 769.00+19.85*

p€0.05 as compared with Rad Group
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2. S ==2(T3, T4)Q Higt

AR 2AF S gRpE T3 Bishs Ro)Ade HolX] ook
o} 1, 7, 21UA} 5 AR AL thRH(Rad) o]l BIS) B
A 22 AFEFEAH(Se+Rad) oA T 2 422 e
K Table 5).

AR AL & G T4 $Sk= 19 oA AR AL
2+ (Rad) ol H]8l A 2AF AdlEFolwt(Se+Rad) ol
A FoleHA S7FHATHp<0.05), 7L It 21U A oA = F-2
/dL HolX] QAT WA A} Al ETEolH(Se+Rad)
oA © &S $2E YEPYTHTable 6).

Table 5 Changes of T3 values in Rat at days after 10 Gy

irradiation
Unit: ng/mL
Division 1day 7days 21days
Normal 1.03%0.48
Rad 0.74%0,53 0,9910.37 0.87+0,12
Se 1.02+0.28 1.24%0.20 1,16+0.73
Se+Rad 0.77+0,27 1.0420,44 1,1020,21

Table 6 Changes of T4 values in Rat at days after 10 Gy

irradiation
Unit: zg/dl
Division 1day 7days 21days
Normal 5.2240.21
Rad 4,1810,37 4,5240,54 3.80£1.17
Se 6.38%1.40 5.5310.56 6.53%1.02
Se+Rad 5.20£0,25* 4,7240,22 5.05%1,02

* p{0.05 as compared with Rad Group

HIAbA ZAF & 219 A3 Glutathione Peroxidase
(GPx) B/d W3} A9joA] s AdTtolA &4 S71E =
AcKTable 7)., WA AL ti2aH(Rad) ol BIs WA =
AL Al olat(Se+Rad) oA o4 Qe B4 SV 2
ATHp<0.05).

=+
=

4. XX H3}

e

AP WAL BAH(Fig, 1A)TF AR v 2AF el
FoId(Fig. 1009 =A% AHL M|g4df-(reticular
AL

Table 7 Changes of glutathione peroxidase(GPx) activity in
Rat at 21 days after 10 Gy irradiation

Unit: mU/mL
Division 1day 7days 21days
Normal 41.0
Rad 5.2 6.8 29.8
Se 7.9 10.9 40.3
Se+Rad 7.3 8.4 39.8*

* p€0.05 as compared with Rad Group

e SRR N | S, S Y
Photomicrograph in rat thyroid gland in different
groups at 21 days after 10 Gy irradiation

Pg: parathyroid gland, FE: follicular epithelium,F: follicle
A unirradiation + Nomal control

B: irradiation control

C: unirradiation + selenium

o Az ofs) & Pl gk WA (colloid) 2 A
97 239 UFol FAAHE Holn] Bepikal 9l 4]
AZEE F8200l Ml FHES el ek A 2
A} B (Fig, 10004 A30] e oS AulE
shj7} Alste] 4] YehE ASHL ATAEsL B
20l vjge Holx WA (colloid) = AWFHOE Aigo]
QIck. AML 24 e Eel A (Fig. 1D)oIAE A% 4
o 1 8(colloid) 9] A4S Mo} 47| =79} Fef 2
A AL B AT} GARE £ Lrehfn] o

V. 1l

*

AP olal] e Sastn AEAel A4S
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ash=t JR S5k Althol ZE AR 24
oAsHA 1A=L Qle}, Fa3k A2 A%l s W]i‘
0] WA =EEA] A= ok shA|vE 5010}741
FHbE] = w3l theh FARES Faxslshe Aolth
SoflA A BT aE & ¢ s Wo] EARtt
= A A WA gk SHEE olsE 913k A
7k B
clopet ML ol ko] Z7tol utet AR el o
3 Bt o] HAsle o5t SpAElA] BAo] 2L 7|HL
AT AL SES PAIATAAIG E chE Hals)
B ST o Y] sl e 2
A= 98l of At FAlRE & 4= Sl
2 A= *“Eﬂfrﬂ%%ﬂ—‘.‘%‘:_‘(selenwrotein)°l g A H
A A=A Ado] % ifﬂ“‘ﬂlﬁ(Se)a Rato]] 7+
Fosto] 10 Gy o] ®AMTE A AR 19, 79, 219 7]
2ol whE EAgE o] Wsk IS =E(TS, T4) 9] W3},
Akl @4 (Glutathione Peroxidase, GPx)9] &4 W3}
WA 2 sk BERS E310] AelE(Se) o WAL W
g8 dopuna siic
AR anE Frlslr] S8l WA AR A Addls
—5‘].011_-7]_ E'JL[_L /H‘:'_QJ A1) é—'—]’ ‘CE]/KH E kR
e
AR AL AR ALl
ol (Se+Rad) ol A
Mur<p<o 9. 5579 B WA
MW ML AL S22 (Rad)o] Mo A}
Soi(se Rad)olH FoIgt 27171 ek
(p<0.05). 0131 A YAM] v]E 5 35 A4S A
B(Se) Foio oJsff SXH= Aoz 4 & 4=
HEAPAS ZFARA W o] 713 322 ¢l Y010 2 A] o]n]
g defA ek slZAEet U] o] 93 AEAL A
Z2ud QAT F2H 2L dilo g dl e
WY WY B BAUEYP Y, gy B
(13, T4)& APFaR-MlaleAl TP Zol ofgh Hulol
71 713 Sfo 24519 ) Aol A9 22
AL =lo] Az} AAashaA X T4 =27 a4, 834
13 sk A EL has fo] Aol
B AT T4 S5} WAV AL T 120l A
2 EERaO] W WA EA AERolE
(Se+Rad)olA] $-2131 Z71HAEHp(0,05), B3T3, T4
SR A 24} 17, 21AAIA 23S HolA]
SEAIRE AL 24 T (Rad)oll M]3 AL AL AL
ol F(Se+Rad)oll 4] 712] 27K el A 5
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32

vy

BRo FyWSL sec HzU waecs Ak
(iodothyronine deiodinase)”} Zuljdl= HE-S-ol|A o]F0]
A=g)® . g 5(Se) EoJA] AT selenocysteine
o] 905 Elzy T ors aao] 4Rolr]d, a0t
2d Heess) ait F2 I B I
Z279] 80%5 ARGk Z0] T4 o] 20%5 T37} AHA]
3} Qit T4 OWEE B2 FES AR Aol Al
Mo et Had gaersl as 2o os| T39] 3
B = W37} Q‘HOFUJ A Q] A T B AFS &
S g Hlek, A B 2B 1S 132 A3l 2at of
9= T4 237} HAFO 2 Lol T3m AMsto] & o]Eo]x]
A ghorl Auje] AP FEEe AdT o Rasithe
AL oulet 1 Aut 3P Ast I FdEC] ey
A AT, 2 AE AT Sl A BA AAE
(Rad, Set+Rad) Fol|A] T3, T4 W% WA AL AlgleS
o (Se+Rad) 2] 2] F7h= AYlE(Se)o] A =
T4E T3Z EAsst= Q0 E El2d 2§Q0r=sl a4
ol o] & Aole} Az,
Al (Se)> A WollA Az o] gHAtsl qaks she
]2 3ALSLE A (Glutathione Peroxidase, GPx)2l
o*é—‘?—ol‘jﬂ AW FAiket 2H-go Fagtt 43S o= 2
5= ool whabA, AEE(Se) 2l ¥2] Agol <5
ZZA Y AdYE(Se) &5 Glutathione Peroxidase(GPx)2]
SPgo] AsfE e S| Ao Hol ety o 5
it webA AdYE(Se) $HF Glutathione Peroxidase
(GPX)—J 71 =935F e]F AHLL FHAJo] & IRASlEA
HIE3E of2] 7HA] 4RSS Al W 555 2A 74
f’*oi‘ﬁ Al 520 SAJORRE AlES BEsH] 9

3t Blolekin & % ik, Al TAkela] St b
225} ZH2-S 3= catalase2} A (Se) -4 Glutathione

Peroxidase(GPx) 2] Aol oJafjx zHHAV? A&
(Se)2 YA W ZHiFe}5-2]7] (peroxid radical) & FE3A|
7|= sFARS)F @ 491 Glutathione Peroxidase(GPx)2] H %
QA=A Ht ofug} of2|7hA] Ak Adeled-iras
(selenoenzyme) 9] TAJHoITH 20 whAbA 2A} B A4
A7t Z1PE Glutathione Peroxidase(GPx) 4] WH3lE
B3 2 ARl E Ads(so) Folmold ol ol
S5 Btk WA A S 2193}o) 4 @7 Glutathione
Peroxidase(GPx) &4 AEE Y7o| Folglof ugt 5
Tk BIP A BE AgTolN 2 2718 He,
53], AR 2AF di2H(Rad) ol B8l AR AL dElE
FojiH(SetRad) oA FoA AUe B SV EAHh &
AR 7o dE (IAATE BAMT A S 1, TUR}o A = B

ﬂI

rE

w7 EFE 20179 A404 AllE 139



Y A71&ET8E Vol 40, No, 1, 2017

AP AL Al ol wt(Se+Rad) oA &4 S7HE ATk
AR BojAf|l Aol a3t 9E vX= HAletas 84
710 71dE 2 A AuERE PO 4= AN A
dE(Se)oll 93] FAKSta A9l Glutathione Peroxidase
(GPx) B/ 712 Ibelea 5 IMIE2]7] (peroxid
radical)& AASHs itetaso] f& 7|40 &4k
Auz 2=gd

MAMEAE AR 29 HEE o] Ri Thae] Alm
Wste] QA AO] A AN A
T2 A oJEE A Al TR de A Al
o] ZA(=A3}, island principle)o|gtil X FFT?,
Eckert 5772 7 422] =27]9k ool tis st

Eckertzs) Zimnitsky 522'25)% HEARA %

A]— S 7FARA A Yo A - (colloid) 2] AAlL |
ARt HARA ZAPE A A 37)9] A, AE
A A Alzze] - FAT 1M 1 (colloid) &
B2 e o e B o RV P e e P B
&y 7S A7 SHTE?
A9 o) A 22 ws) v Aatol e AR ZA]
19 b PART 2AF 2wt (Rad) oA 2320] FEj
F= A5 g7t Aske] a2 FEIE Akl
A227F B0 vl Ee Ho]al WA (colloid) = ARE
2 2AEE AL SRlskich v WA 24} A
ot (Se+Rad) o A= dF A Y WA (colloid) 2]
U 28] 27)oh e W AR Wee
Bo wolFu A4 243 AR 20 B
SR Aol SJgt A TAE elo)
gl (Se)o] AL ezl BT 2k
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23| g (Se)o] HEo|3HA| Sutw]is HAlA 23|

3 AAAZA AN W A B ofe 2
9l e oshen] U & Aow BeE

A (Se)2 WA A EHZ;r_L(Rad) off s AR =
AF Ao T (Se+Rad) oA =2 HAA (ML =,

IFT iJJr)OW 3|ES Hol Qo5 WFE Fmlr} 9l
o PARSEE AQ] Glutathione Peroxidase(GPx) 243
$71 4 19 44 S, To) Y 19}
WA AE 4 B Bt oS Belskc) T,
A (Se)> Eolxl A9 W EA avE e
A GAR Wl R B8E S 9l Aole) wEhE
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*Abstract

Effect of Selenium on the Thyroid Antioxidative Metabolisms in Rat Model
by lonizing Radiation

Hyung-Seok Choi"-Jun-Hyeok Choi?-Do-Young Jung"-Jang-Oh Kim"-Ji-Hye Shin"-Byung-In Min?

Y Department of Emergency Management, Inje University
? Radiation Safety Research Center, Inje University
Y Department of Nuclear Applied Engineering, Inje University

Selenium (Se), which is natural materials existing was known as an important component of selenopro-
tein, one of the important proteins responsible for the redox pump of a living body.

Selenium was orally administered to Rat and irradiated with 10 Gy of radiation. Then, the thyroid gland
was used as a target organ for 1 day, 7 days and 21 days to investigate the radiation protection effect of
selenium (Se) through changes of blood components, thyroid hormones (T3, T4), antioxidant enzyme
(GPx) activity and thyroid tissue changes,

As a result, there was a significant protective effect of hematopoietic immune system(hemoglobin con-
centration, neutrophil, platelet)(p<0.05). The activity of Glutathione Peroxidase (GPx), the antioxidant en-
zyme, and the activity of the target organ, thyroid hormone (T3, T4), also showed significant activity
changes (p<0.05). In the observation of tissue changes, it was confirmed that there was a protective effect
of thyroid cell damage which caused the cell necrosis by radiation treatment, Therefore, it is considered
that selenium(Se) can be utilized as a radiation defense agent by inducing immunogenic activity effect of
a living body.,

Key Words : Selenium, T3.T4, Thyroid gland, GPx, Radioprotector
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