[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2019.9.2.4.9]

2953 s s slaemlse

WA Ol [V o led | s Il | Ld SCigy o sho olSC2ils alms

690 dlas

S0 bl Fwl (S5 0590 S pmanilSo

T8 Lo,y M e 2y G0

Olnl il s (Sig pole oisls ¢ Sipl i 0aSisls (559901, 09,5 )
Olrl eplesSiple S (Sijy pole olSals ady) )l () e plal Gl Lo 535201, 09,5 =Y

VWAA-YN A callie 58y 2ol

VWRY/ £/ A allie <l s

—

1 om VL sloge pslols il ilisisn b 51 o8 sloge polie b agzlye ool 5o o8 WS oo hoogi |y lossny (250 (Shenkl Gsly 100 g Ao
D 5 83wl o5 50 b S Sy (ol 8 008 (G155 S lieise S I 3 (i e slo s o 8 gl mo e als
sl 009 w0y (il 30 e (500950 S ()l 5 (0555 Sl (ol e E5ds0 b (255 (el Gy (o) i5p0 el
Science (Google scholar slaslSol ;o 45" (559,05 cigh Oldlas oine § canlie loojlsadS CLl b ol (59,0 daslllas b g1y g Slgo
5 ohge aisS glgl o (ol gege b ngpn Bk Gl Bl Oldllae 5l casn w@llie ol jo s, plosl 4 coass 4yl Pubmed 4 direct
DNA 0 5 ozl (odad sl )5 mtee (59,0 Sl (2 & Joalias (nl popdle .ol A8)5 )15 oy 23590« Gldl Commgdd] (slo b
0 5510 55 iS5 553 il T3l s glas098 5 (Soluwad

A (sl 53 L, G5 L ae Ayl G5 aansi s ek ol e SIS Al elalllan ol 1

Rl JE Rl b ighiood (95 (el Gy Jold panillo Soalad pac g 03 oo o Gl £55 S @ o5y bl (a5l 1 g S az
Sole S35 595500 53 65902 Jole G ploreds il ool )5 g ST asd g0y ae B ol 3 5l (55 o 1) (i (B & Somles Wl s oy

Ol o Solacor 31DNA e 5 590 (il (o5 glojo ¢ dipudnd Frwly 1 oS lodS

0uSs |

55 58,5 L85 50 iz b 4 59,9

Lok Vb slazs ;o bagin (nl a7 cosdly cal vg2sl (F
&3y 3 Sliniod g Ghalojl 5l e (g0l Loy walsd e
oS ol e ol We delcwsd Sllgs 9 Ll
Sloye Sl s s @y oy il pFlbcen ) gbasl b
Sl ol (0) w535 o0 S5 (i Slagin oS
O ol e Sy 2 gin (nl o5 Glaje Sueaids
FA) S)ls g 9 sy @ 5l g 00 Sody9e (ol
Jelse b i B Gl Sigden lapienw
i BT 2ol gty (s sl (szen SenS 555
T PRURCRIX JUUNNCIN RV DU JOUS:SPCOA PR | P I PP
30 4 Cewglie Gl sl 4 Gidomgdl) ple o Adas

1 Adaptive Response

\YAY

doddo

Gk 3 Oz slagin M o pglae jsba

o 5l G () Sl e oo b g (e ((SB3 o Jid
Sedsmasly slgiagy obllin 5l (S p a5 cl ans
SLOL) lSa o5 50 b Ol slagip oS Wlesged (3155
Slml oy Slogrge slp 5 Iy guedg BT aSdy i
Trae s slesl DLl Gl 1) Sgey50 Joe g 05 (o0
Oszed wiilgi e o8 0 b slagiy (Jae nl ok ailes,S
2 S G Sl Ol 08, e a5 G j0b yolie
Aladh(V) sl 59,0 Sl aslsl 6l S ool o
Slalllae ;5 Gl slogiy obj sloys oS a5 e
X))l 0030 ,5 L3 g samlie ¢ Bislej] § SG5e) guans]

Sy pale olSails « Sijyl s 0aSils (g38lg0l, 09,5 (038 Loy 1 ghumnn o gt
Email: rfardid@sums.ac.ir
https://orcid.org/0000-0002-4089-4745

Q‘):'.] ‘)'\)_f.."; ‘)'lﬁ..i';

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.2.4.9
http://jabs.fums.ac.ir/article-1-1717-en.html

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2019.9.2.4.9]

SR Sl Fowly slapaslte

NI L 1
WAA Ol | ¥ oslad | s Jl | L (S p ke o8l alone LG

SR (F09 St 9 (S LSl (Sl s Candy
SRR = SWIPR QR A § IS NS GO VS SRR VEL S g0
5 sl (slogs alges ol slosle 5 ol >
» e Gy (S0 edgaze 3 lis
O el YE Y Sl aold g (6,5 <1V O oogase
Sldllae 3l .(VA) Cosl oo oanlie ¢ oidl> g adsl slojo
S92y (il Gly SIS (k5 S (63,8 £S5 condploxl
0,0 Sludl Glacowsad 59, y addlas S H0 .(VY) o)ls
§legyS ol 55 login b ekl ey 13,50 51 00 ,5VA
o3l 3l (eale 50 SIS uals jlade g ad (A1 (ce95909,5 5
Ll a8 ool gl s 5 V) 391 piie cdoys FY b)Y
5 838 Sl Dy il 998 g9 ol Jdo (S
SlagBss jo a5 oo wed gei 0sd Hluen (slagldgs
@ axg b (V) 09b o0 osaline (g ytinn go85 (Oluon o
paeile Coxlad pae Gizmen g LA G 3k (S E9S
ptats ply 5o cbliz (Lol (gemneS (il sly
agzlye a0l 5o wls wonuay (nl &S ey 4l (nl &
(V0) 29,5 Bl gladl Comoz o oliden (26 Gl 3o L
4 Comlas 0l jobay Wigi oo (Al ol (Jlcnll
NS Jeo a5 S a6 o351 i 53, lieise
solasl cbley )5 55,0 ol S plsear |y T il g
Sl O CoF e «oleiaii iy e
Seay e 50 odee SIS Sy Ol GG D0l e
b el oy 4 (o0 azgd el Gl Glojo b b
(OF) Sl ouds SBglane (o055 sl 5 (2liolb s E5054
Slllae (S p 4 Jralia g9 dlie cnl o cnlple
b sin Rk Eoly @ bgrye Gludl g Glom ' 50,0
OB mizmen ol oad aSby (oliolb e ggdge
sloslp asle Aokl ul 0 5o pee Slapasilo
Sloserse (L& 5 T sKileos I il DNA o3
S9ye anllan ool 18,5 3 ) 23590 7 (52,5 5l s
Sllllae oz 5 allie baojlonds wlul ol
Science Google scholar ool jo 4 (59,0 5 (B9
ool glp aww, plil 4 coals 4yles Pubmed 4 direct

& Micronucleus
7 International Commission on Radiation Protection (ICRP)

8 In vivo
9 Bystander Effect
1° Endocrine

journal.fums.ac.ir

S slaje Sdlys CBlaie (il o) olide b YL
9 Olivieri Lawgs | ol 31 ] () cewl gy ol ads]
oS ey day] anlllas ;5 0 saalice VAAE Jlo o o Sen
b oSolgin omb slaje bawgs (aows 55 latamgid
o 058518 Al oS et 5 L oad Jloplis adeens
slag lnial Ol (WSl axsl L2l 50 b agzlee S
V) b oamlie bacegdd )3 (676 (s055505,5
Sz g a2 bl b oloy O o addllas ol @ls
ao s 00 Jobe cals o anday Sl pl aisls olis yaase
03,5 sl daomssid (sagiges S Slocel Sl 50 1,
S5z 3550 50 (s3axie sla b1 H3SE ol )] 1
Fie ez el 55 101 he Jelse 5 (e BT 55
aibe bewdlE )l gl jo auday Zul .l onys )3
gyl 5 8l sl wwhis (GblS dog B dags St
0856 N el o sslive o ladl (sl Jskus
sl S Jod 5l Js¥ee 5 ok dlitie sla S lese
T enipensS byl (5 ol Sl (Jsbe
Sl el oo 5T gl ) S5 segi909,S SloCanSl
Wl GlanSI Ty il St Aalioll e
Wb ez plerdsn Glagialesl 5 7 stlS 5 S
s das (VY N V) Wil 575108 ) 10090 ¢ Shandad ey
WS (o0 Joe Ol GGG plp o a5 Jobe gls Lol
ol o cblis ) ol 45 0l a5 ik sl @] 4o
ssge  abwsar (ROS)  (5ST Jld sladiss
gl 4 by slampl 5 05bslS aile Glas|
oo ¥ Bgannd deaSTygm ¢ VB aile  SlapaST ]
ook i Y glatd,go slacSs o oga DNA
Q) sl 5 Gl prees cld Gk 5l enocel
DBl (BB el pite Slomsy el El (Jcnll
5 e (2 (i 50 5l ool slac] s
VFo) cusls walys oliles 5 otulidl Sl (LSl L
5 Olie «SenS 93935 Jslge £98 0 (ke el Slis (VF
Sy abals alol (b Lulii o Jbos 00 g5 5o Saal
POY Condg ( Joho a2 2 al> o 2lo 5 adsl slajs (o

2 Chromosomal Aberrations
3 Single-strand breaks (SSBs)

4 Double-strand breaks (DSBs)
5 Carcinogenicity

\YAD



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.2.4.9
http://jabs.fums.ac.ir/article-1-1717-en.html

@] /
X YA Ol [ Y el | o Sl | L (a5 p ke oS50 aloes

Uen 9 993 A0 S0

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2019.9.2.4.9]

2 Slese ool S0 5 lacawsdd (3 S5 S s
Otsuka « Jlolgicds .ol oo 5,135« jige sladisS ¢lgil
59 S5 5l 56 DNA ol a5 ols jlias gyl asdlias s
L5, YW oaed L8 51aS ol jige 0,5 o /F oall>
Loawglio ;o cidg ouls 2058y el ;o (6,5 Lo VY
ol a3 oo 0l alS ¢ 42 BB 55 4 ]S 058
ol M abwl, G as wols oyl ladsre oy
Lyls o bS] il slae 51 sl 3 DNA slacaw]
how jo aohi mul (YO) o)ls sezg otk ol
Slgige 0 (o Slgin 05 Sl lays L5080
4.@‘}‘5.0 aS wisls L)Lw) (Y‘ ‘?) Q‘)M 9 Day 5\6@9)'9.@9;
J S cele ¥ Slgin S ke ol VY oy b
#95303,5 Sl GRS Eel 6,5 ) allr o 2l
cod s a5 o ise b awslie o pKZY ol yhge o
a6, 9laes S aman G I (Y+Y) ], Kea sHowell
9 YWY (o L59L> odes )9.’44.5 aS J..uy? BN oo}ﬂ d.IoL..a )l
BALB/C o5 o)L (sla sige o ool gy Qe pnndl sl
Vo Soedy jg, 50 Sy (oo VoY o b asans ol po
IR G By o (amm Tialiehl oye0 Jsb 5 s,
VI ol 50 bwoasalgine sloyige agalge 3l g 0id )3
P Sy, ol ;0 42 BB Jrels Ll b & jew
o Sl S5 @ @Y (YY) wd (515 dahge S )|
Sl o B09,0 bl 5o ek muly Ol mls Gl
sty 00535 Sl 5 @lolbr w5 oS
@z Slcwl (Bosp g Soae b e ek mb
sleJole jo ik Fuly Gl a5 o)l 042y Sllllas
el 10 6,5 Lo Yoo 0iile o5 adgl o L) ctS laxs
L oreio o5 50 b (Rogin 0 Hosn sleohbl (S

4 Transgenic
5 Chromosomal inversion assay
16 Organogenesis

\YAF

5 Olaae bl | sl oads bl Yle coslazwls jge losiue
O 5o o addllas oyl o byl s a0 Blowl L ou S
J il 00,55 ol (Jlw oS agame ule 5l g

Y7V S - WISV SPOPINES PV X VRS Y- Py

o g 9 olge

o Olallao

b odsl sl @l a3l b (el ey (o)
ol (YY) ol ools 5,155 Y447 Jlu ,o Bhattacharjee lawgs
39 etz G0 8 e il Olien 85 5 esalie
Ve a5 S b laige o lajs LS 5, Y Sl
o0 (2355 e Jlgie 5, Ve LD Daw a5, 50 (65 e
S0 dslllas jo ol lis alS (e BB b 4 wisg
2 (o> 65 VIV) 63V 5o L1 pas1s ez 0
(Sali sy 6,5 e VO 23555 L COVBLIF o35 slo i
oo 35500 055 o 555 VA (il 53 5a ) b3 el 5
VY 5o b g S eie (20955 b &S wisls (lis (pieen
Of Eoy% 45 59, FOr e & LSy cslo )0 (5,5 e
3o p9id Olien el iy 3o 23y 51 S 55, T
5 Mitchel axlas s (YY) ab oo (2alS (5,550 jobay
Sy Glp 9 o490 aS oly las (VA99) o), Ko
Slaise o 655 ) il 5o 3l 3L sl sasighen o)
30 50 8 cele YF b ige a5 oS CBA/ Harwellslss
sgbd el gy adgl 5o s S e Ve b (il
5 Kakinuma., o aslllas jo (YY) <ol yiolidl ¢ o> 95 B
4bs 53 6595 n )b ez a5 WS AE (V%) Gl e
odle 5l (SAL wgend poiid 055 Sl (s S e Vo 0 L
sl bge ,o N-ethyl-N-nitrosourea (ENU) ol
Gyt il iz ] 5| Lol s 595 oo BSCYF)
@bt SeuS5ig Jelse (@il rw pln 5o (Aeai Ealy
09,0 Olllas a5 conl ;S5 @ p3Y (VF) S o olpainy
o] e 51 il loge b (ki ey a0 (o0

11 Fraction

12 Micronuclei
13 Comet assay

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.2.4.9
http://jabs.fums.ac.ir/article-1-1717-en.html

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2019.9.2.4.9]

SR Sl Fowly slapaslte

NI L 1
WAA Ol | ¥ oslad | s Jl | L (S p ke o8l alone LG

Ll ol jie Spe 5l ghgilr Sl )0 (oot A8 5
Spille & S Gudr i daaidly (nl WS e
AOY) a2 o &) hdad el (50490
Sl oo
slglmal U Ll o agin ek gl
lacomwgad cuiS e )3 uSolgp Sl (SBU Gasleg S
F09r Dlallas (l5lom () 0) 005 S a5
53 Sl ly Slapasiloo 5 b Sy (o p Slp 300
lallas ol b olfon (YR) 0 plnil Sl clocapmsis)
DaB b eie dgrlae 5l oy (0l 990 53 e iagl
Oype wslated @wlpw g (JrD (ame Glagib oS 50
(Voo V) ol ¢ olpdle (Jloplscas ((VY) codpdy
So oSl lacemsid )3 1) (0959095 Slacslnial
ey b b shibate 5 Paie; il VL (lie b adlaie
L >l OLSLo 00,8 gy ey Gl jeds )0 M orlo
S5 P 0 Jle 0 65 (e VP Bk aie; (6
30 YYP — pgoly oYL cdale cle 4y ol a0 j0 aS Wy
5o aihie 93 2 ol glaiisid o Sloj g (el
P Kz P HB Gals (35 15 Ly 515 VB oy
aiej G b adlats GUSLo seg5909,5 sl lial o5
oS an e Lt imgy ol 5l Lol gl s ssalice YL
e Ol (B ol 50 Sad b ol S Sae SYsb aglge
2oy (1) 3980 Sl (055 p Saaglie Sy @
pas oaied0lis 56 s o Vb (b oligin b Bblie plu
Ol oSl » @gin ek Sl 550 5 5kl Sl oLl
Coglio ol 4y Jlaasl Wi Ky (FF-TY) ol bl
3 sl lyiea Vb aine; 6 b (s LS L 5 58
b o b 4 pglie B3 a5l cnl Ak b
ailoads ol golain o s (b0 b coeSw
Ol 0 Dby Conlas 45 o0 S5 4 s el
059 )1 (b QL] S rnl wlie Sl s 26
2l (1Y) 39 gn S8BT 555k o 3l am o] Sl 1
SRS s (San leyy cdlys ey ek mal
ol Ken g Barquinero asllas ;o (Y#-YF) cosl ool o158
YA L a5 SLs5, clocamsit) jo ek gl (1390)

19 Normal Background Radiation Area (NBRA)

journal.fums.ac.ir

izmad il CutS lse sl Jsbes b el 4y xlaie
pleie 5 1B sl Shs b kije cul (Sen Sglis ()
S 0 ailgs oo Jule g0 ol Ho (VYY) w5 0e,0 Lo
o sh ol (el o 550y5y0 Lapee Skl ol wogis azb S
5 wilg oo ol lesmlay a5 wiie sy BB &L
) i ol S sl S Sme o5 slal;
aS Cawl oplecanls Sl o b oS ego Jele aisS ansll
oo Bl S S b s sl
pbeie Jobo o BT S Gsb 5l g s 5158
by glme sladshe b o oy 2 darmme angs la gl
oSTye Bl b g sl losls Johudiz lisle Sy ks
ol ol 50 Db b eyl A5 & e sk
e o abedya 3 Bl Sl e e ks ST (2>
Lo 0 b slo ojls Jlixl pumen 0,55 J135 2l
L s Jshorzr Glopiunw o o510 (Jobo (L)
Gk slr Jod BB sl (asjlys (Ggeyen melais
5 byl G S Jlael 51 o g5y e 3 ks
s oy Jl a5 5590 anllan Sy o (V) sl Gyl
s 13 oy o501y (Sheedad oy 5l (AU (25 Cweglie
o Aglae a5 wis S snalie (Y0 ) +) o), 5 Sorokina
oM 095 p oS 5 Sy 2 me )3 SHK a5 )95 5 (slahge
G ske V2o 5V gslan w S jae asle sl el
Olyzeeal e sladobe jo 1) sSiwnn, W (s p
S5 MO sl 53 s S oS g 5 gl e s 5
b ek gl o LS JUiil oaimolis casllas oyl
g Wang asdllas zuls pizmes (YA) Conl (g0 ,0 (gon Jud
e g 10 ghudal Ful a5 aes o las (Y VA) ) Sen
9 4l Ol lagin Al glgl 5l (oS 5 b cou &S
ool X ol g WSl asle salle
@) St ool pasilile SO cilaid 55155 (g9 59 S
ol gl ool ol cuwglie Il Sle aS ol ol jen
Sl ol 4 pmie 45 jlapyss ol o adsl olsess

00,5 S gmgilen sl 9 ol slaJsho o dadls

17 Bendazol hydrochloride
8 High Background Radiation Area(HBRA)

YYAY



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.2.4.9
http://jabs.fums.ac.ir/article-1-1717-en.html

@] /
X YA Ol [ Y el | o Sl | L (a5 p ke oS50 aloes

Uen 9 993 A0 S0

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2019.9.2.4.9]

1 b iy sl 53 5l e cele B U g digds
Sos wisg 485 15 adgl 5o e 0 &5 alasle
5 FENY MBD¥ .OGG) APE\ ;s2es BER e
SR 9 ) Tobe 0 2P B YL ple LIG)
30 28b 0 5l e el T ocpl egdle (FY) wols ylis
Jols NHED pne sloyy 5o (29 BB YL plo (ol
Gl (1) ad 5,35 LIGY ¢ XLF XRCCs XRCCo
;3 NHEJ 5 BER joee slagniion 5 o) (0 Ol
ol Ul s saimssLis sl 55 b e 45 slalamsil
5 DNA 3 (lisiss (il 5l (30 ool e 550 e
s (Jlegull el Gl o (o9 n (Al El 590
3L 00 o «ladllae cpl o HFaLS S b sgame i
il 4zl sgmg loazily cpl awl gl (6 i Slillae 4
w59y BBy (YY) ) Ken ¢ SaiNi asllas ,o (YY)
Coi glacawsad [0 DNA (ol 4 saiaszul slayyj
Ol 0 Al gy el ol snaline Baal LB b
o § (6,5 218 g < 1Y o /V) alizee adgl jo a5l e imgh
oolizl (6,5 Y il 55 5y 5l el ¥ oo alols S, L
om el 0 9V glooae ;o 85 ol Slhess ol
39 4 daly Glo o Biod (nl gl 008 () p (BOME
YOA CDKNVA (slass sly (omgisy v )3 (st 5 S
Sl lid ¢ 20 il 5l e el O lej 40 POY s GADD
s iy b ke Slss 5 (Bl ol nl noogdle
(F+) 0,5 soalie Cyclin E 5 CDKY POY (slayyj o )50
win VIS aihie o (T-1V) o Sen ¢ Jain aslllas o
Y8 haeme 055 scumsid g5, » e Sl s I
logS o Jolds cgline Masie; jo by (ploog,S 50 58
PSSk VO solae b 2eS) oy arpey (b L alais
V0-0) ol Vb ais) (il b sblis 51 05,8 dus 5 (o
i) o (b 5o 65 ke 0-10) (Ul o 65 ke
5 rleie slog 4 pbows Caz (o )0 )5 LD
05 3L oo G Sl gy 5 o] (Sjslsm Sl
Ol o 1) 3 iy (c2aldlcaddllas (nl gl a5 ploxl
Sl gy p 310 GLAS e Dglite dine 50 Tolaw 4 axsi b lagy)
Sl gl e 50 b3l 2l ols Las 7T g5l

2 Background dose
2 Ontology

\YAA

Slom iog a3 13 (i b (o yme 50 Sgm e
ol @l WS wyn (S Y Gl 0 SO L aalse
959095 Ll ple jo0 2 W el aslllas
wad S (YY) ol plas Sy LSS ple 4 cens
ol ye ek el Sllllas (B g asdlas ol jo S i
A5 )0l Sgamme o5 diges HBaLSTaal slass a5 ol
ol S cesles o &y (S99 Slyxs Jdo a
@ axei b mls Coenl ( gidai by Wl el o g
O RV KON ISP R JCH JUUFS S| - JPL ST
)..) u}‘;B‘ LswaﬁA‘J ‘5»9‘1)) MLMA} LSJ"f")b"‘ la ‘ut.uy
B ddgl il ol 30 Sl b agalae jlaw o L8 cll>
9 Thierens aslllae )5 (sl pwl cpl (olwl 5 (V) 048 0
Saw a S SLSe o by, sWIH(Y--Y) o K
PR 4..3; )‘)3 Py U)Wsla.c\ﬂ Sgd> uo).sm 39 aan O
R eoonsige Wgn 65 VIO LAl 5o o Jleel b
5 8 Dozt b 93 (5 Sladiged calllas (pl o 285
s ol @l w355 s slaez i b (L agzlye 1w
ol 6 S VIO L Sy, Wl (LS5 o iST o a8
Ol 40 g8 b LIS 5l as ol Bl ol slacuwgad jo (L
(FA) o oaalive (5,008

DNA (o 5

DNA J5S50 ;8 olisis $p 5l o2l slocam pey
9 s

&l 0 1550 SlaeasdlSe I (S DNA o5 a8
FIRC N S WK FUPCI SO R
Jusl (F0) 53,5 o wgaime DNA Cul sla_nsls
Sl e Slaiegn g L0 A (ow)p Sox Gllhs
e 5 BER)™ 5L (30 e e 3i3le DNA e 3
ks b o (NHE)  luse 8 sle! g0 Jlasl
scawsad (Oldlas cpl ;o (FY FY) Wloads ploxil 95
Swr e 3 65 Y Al 5o By o Sl e o5
IR LE b 65V sl 50 oy po waels ¥

2 Base Excision Repair (BER)

2 Non-homologous end joining (NHEJ)
22 Transcriptome analysis

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.2.4.9
http://jabs.fums.ac.ir/article-1-1717-en.html

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2019.9.2.4.9]

SR Sl Fowly slapaslte

N L 2
WAA Ol | ¥ oslad | s Jl | L (S p ke o8l alone LG

@l zodle (FY) ail Sl wipS (oo I8 (Al &by
oy Somedl ((hedal ol (o) )0 (55 S olegm b Bas gy
ol Ol yo ol gou a5 Wleols flis Sldlas o)ls
Ol ols gy Jloy 33 o ol (WU 4 aely slag)
So 3 Bl ain Swglie g Comles 4 Wlgioe £95
() 055 00ld Gl Crax
(Bystander effect) 55 Luos i1
el Fel &5 woe i Cllllas (B 4z S
55 RF) (o8 20201 lgwl aiile SenS 3535 o Jolse Lo
475 (lod S jsbay slizel l Lol (FA-FF) si o 5]
Slcass obul (audai Ful sl adsl slag, a4 oyls
DSBS £585 L .(\Y) el DNA s (DSBS) glas g0
ok )3 oz slacetsp Fiw g JuSKw JEl o e
SNE,E Jelse s Jlab 4 el nl ighige Jlab
G DNA o5 il o opiins 25 45 398 e
Wl g Joho a3z mlaS (JiSse laggnly
el Sy 5 e ) S s (FR) Wl bl T
55 el 3 el s olgiy enk ol (sl J5Se

(Jolw a5 > @855 DNA o DNA ol @ &l
RS el Eoly g ileg)S (g Sl G
MAPK™ 55l s Kllfw slo o ,US ;0 DNA
2SSk 051 3YL Ao 50 b (aleog S 0 INK 5 POY
&lp Jed B LYs 5 Jla! asbin] o sazmsyylas (Jlo
2 SEige)B ey @8 n el gul esslis
=l ol 0 (FF) cal Vb ae) b mhaw b sbocaseas
Jolse 51 oolaznl b (YA LSen 5 yo o, axlllas
3oL szl e gl G Sglite SeuSys
pee s phe s ole e Wlgioe lise (B LAl
Sl logs Jos 361 HLS LIS 58 POY s KUA- asils DNA
slaje wallas ol jo S obm! aoday Ful 9 6,550
azloe b o QLSBT &S Joe Gl (Lhstm S35 e
5 adgl slaje laeas s axlge oyl laccul b R
bl by (o) Sz g b a3 S s ass Bl
2300 Sz (B 5o Glaea L s 5T 5o Sl
Olei oo IS Hsbas (FO) ol oolazul ol 81 ] o5 sladiges 4

Signal transduction behind AR

Signaling factors operating in RAR

— N
m os cell
membrane\

==

Cp38 MAPK Dch |

’//p 5 3

N
&ell nucleus

PKC

Growth factors

/ T NO

Protective Bystander Effects

NO i, 5 0081 PLC .C 5L iyt PKC . Wl Bl 5l 0081 G s o 51 INOS . g5 0 ks ey 5o Juions JUitil e ) JS
OY)PYA (isime b o Jlad 5 opuiis s (P38 MAPK .DNA (gl g5 (clacansis iDSB 51 ol31 gla IS0, ROS. 5LJsans C

i )0 adsl 50 G awgi DSBS ouliadsi o5 pmolde 4y by
59,5 e S 3 Sota s S JUES s oo
Lug o col s 2 oo slié 5 s oo
5 C sldoind PYA (yisie Lo Jld slojleS o n

% Jun amino-terminal kinases

journal.fums.ac.ir

5 DNA oy glounlp o (ks gl (28 souis
S sl a5 etss] slag 31 i
sy o Sloy alold g 50 Sual 5o o, oo a4 sduzy

P O S LS’L“JS'L“‘ L5'°L°S 6‘):’ el uS-M ‘kS“Jl} 9 “-:JB‘

% Mitogen activated protein kinase

Y\YAQ



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.2.4.9
http://jabs.fums.ac.ir/article-1-1717-en.html

@] /
X YA Ol [ Y el | o Sl | L (a5 p ke oS50 aloes

Uen 9 993 A0 S0

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2019.9.2.4.9]

Ll (soter G o ekl Gl 5 (22955 Suoglite Sl il J5l
DSBS (5 ,.So3lul b (Y- 1)) ol )Kan 5 Ojima .(0+) &S o
b il cos (MRC-0) slus! adgl casdlig b sla sk 5
Y-0 U do ol a5 Sloj @i, camlice ( uSSlei s (6,5 )
295 (sl 30 Sl S cele ¥ Sl 65 e
(A F B j5bar Jobo a5 DSBS ol Sk wisd
a5 Sloy wols plis pliie (ol Geizres Wlioo R
o ol b eadsl Gl 1 S el Y oo 4 da sl
S xS Pl ied 4l Joko 5L VL] oaisS s
ik gy a5 ol (las beaidl opl b oo sRals T L
S oVt g 51 Jnl sla i 5 laJsSgo 4 i
s Takahashi o adlas o .(OF) ogd oo W Jokw
Szl Sologer b (lad Gasly (wyp b (Vo0 M) Gl Sen
oaaline (HYYAY) Sluilay; ol slagbo ;3 (s095909,5
oS lee S N palsT gl g il grly 45 is,S
b g S ST
Y-(f-Carboxyphenyl)-¥.¥.56.06- tetramethylimidazoline-
y-oxyl-Y-oxide(carboxy PTIO)
2 ogde Dadise e S0y senST G0l Kog)lr S
L ln ok Jloss L (ks ks o 00,5 eutnline lihona
Wl S ST Wge Jole S oyl jgmg el Ol s
45 Sy a2 ol 4 lizes doaiil cpl elol 358 oo
Slysa Soy ST sladosl, b ) e a2k
Glaslas 15 (00) d9i oo Wl ¢ Joko oy SIS alanly
e yusd 50,5 @sSSIL (Yo ) 0) oo o Klammer o
S NV L eadesls b cuiS bz 0 ige (S
DNA-a; asls NHEJ e colad a5 aily s o oSolsi
Al ;o 0yas b sla ol )0 25 BB a3l PKe
Silead i1 il az S1.0F) 5,05 oy (il sloJsbos b
ot o Joepll il snis aislils (580 Ojgod e
Sl oy (VY) ol sloring g5 oo 1) DSBS o5 yial 33
G (Shaar S pwlsl GlaruslSe a5 oo oo i .
osd G sk Sliogas wile (Sujglen slaysSs
sile (K58 5Ly 5 Jsho o s wyslone slo Jolbo

81 Aminoguanidine
%2 |sosorbide dinitrate

.

o Sl gl el e hi> C LS (S
Wby sl @bl el mel g
sl Jsbo 4 (NO) S 52 9enSTL 5 5emST D51 (sla 501,
Slaon SIS 4 e Soledys & 9doe i Glees
OY) 098 oo sdadlre
2 k54 jlepn slagip o Cwlins fol 4 (Slesr S
56 25 a1 2 om0 porditne jglods 45 ol sl
Jods a0 b Gl she 55 Gl e aSl )85 o0
15 Slanlie gl (00 S5 se osd il sl sk b bLs |
o &5 C8 ) ploul Nagasawa Jawss VY Jlo )0 a0
bame 30 oz fuen slasbo 51T sgu> s Ab ]
s Jokos 17Y+ 51 i ) a5 05 sdmline il &l 3 L S
orl il 00ls & s plss slaagileg,S Jols lans , il
] Gla i JUil sl (bl 3575 eimo i onyay
5301 092 slme laJsh 5 oo b la b o Joho
sanlie 55 baygis g 5 Wiygiss 5l oslil b Syloon il casls|
o sh 51 UK Jil el g0 lawgi Siloon il o
el oo 3925 4 o Sl jglone (slaJsku 4y ouys (2
288 Sl Jolo 0 Tl oYLl 3 )b Sl e JsSdse Sl
9 Sl odd 0updS pglme Jolo g0 (plendly slae Job
L oss ol sladsho 5l eudsolil (slaygise oo o Suo
bl 2 (00 Cansl yslome gla sk 13 593 ol (sloon S
s Maplaule ol sl «(psn Slllas mls
Al 5o F5e Jelse nppe 5l dy slacesn
Sl SIS 55 50550 Slalllas )3 aiied Siluod
Sl el oalls samlice ¢ gim] g 9 (S5
5 DNA (sedlsie (551 50 i & yomie willyi o0 (S350
Ol 50 &S Sl cnl g Gl elyen Ggiees slosetisn
logys Ol 50 seedd 4 p2ie Dgdoo 00 G gy pdteme
S gy b 5l B6 S g5 00 sk cnl 5l s 95 s
oamgit) 5 a5y,S e aiile ciay) pmes (slo 535 3,10
dLYo asle b nlSanle (& ol i b 4 gl 0 T
DY D) aims o Ligl3dl |, TGFB s TNFou JLS LY JLYP
A,y S 20 50 (Slaws Jlas ol ools lis by gy (OY

27 Gap junction
2 Cytokine

2 lindane

30 Preirradiation

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.2.4.9
http://jabs.fums.ac.ir/article-1-1717-en.html

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2019.9.2.4.9]

SR Sl Fowly slapaslte

NI L 1
WAA Ol | ¥ oslad | s Jl | L (S p ke o8l alone LG

SalS 5 Jelse ol S oad ssls L ¢l el o
gy omlE) Jobie e S sSsiel e
G T3yl el el st 51 520 (555555 55515
30 (OA AY) 0uS e pylie ¢ Jolse (pl ay o 1) o481 5 05l
0> ledaises ow,p» L (V44Y) Souchkevitch aslas
3 1 esdilng HeSl) ilesh Slbes oS gz G156
Ve 659 b lagas 5 wols bl YVAAA-VAAS (sla Lo
U’““"‘)S‘ cazsls 4.9‘9‘5.@ wlo ¥ ‘5” \ g5]43 o U)HKSL"Q
ovalive (JyUS 09,5 4y Comnd JoidyeS gl 5o (k$ SB
O (V-0) oL,Ken 5 Boonstra «, S50 aslas ;o .(0%) o
b b cod sbatige 5 (5955555 5l VL sl hans
sk 55 el 5 (555,500 YVIF) by 53 0 L LlSsi
) SV 50 Sad by J5S 09,5 slagbge 4 S (JLo VIO
Sl eazil Cews (Lo MO Jsb o caelis ;5 (6 ,55,500 PAT -
Wl 5o bassSe )55 955 ol Al oatmoylis daaisly
OB ol 5o Sad b e aelse 5l e oSl Gly
T 555,55 55 515 0 oS wgole Laslyd j3 (B ) el (5
@eogrlr 4 (J9gegSle GlanSdieS 1o pudgin 5o
S Ll 5 ey il e Bl e (HSPA- 3 il

aly (2O 3l gy e 5 G g9 g0 Sl g 5
MRNA a5l RNA glgil o 55 ole Ol s (yioren aiiws
5 SsS laius RNA (b, aiSsie RNA microRNA
bedl Lol slageuly 5l (o (lyeas caddy saiSas .2 RNA
Sl oads ooy lis ( Kliod 5 gucdlSs dieyo b Jolos o
(OY)
0255 998 i SLB(y90 )90
S50 Seliusiess J5US £g5 G plyieds (A el
bog a b e Gl ol jo a5 0gh e i8S
Bgh oo Lad> ((JFUS 5 (Soud (e B SlapenslSe
Slr S peile S (S 9 i ol S LT
Ly 25 998 s (S9059 ool el Siliwgiogn J S
Sl oy Gl JsS BB el Gl (lgiee 50
3 51 BlanssSls 5SS 6lS el (V) co S b o g
Loy olal oo 50 JopissS ogayee axl) Jbjel sas
ol Ghlsojee Jyono ool d(agbge 13 (9 umsSs o5
Jolse g it ST sla ool aile Sgpe (sl i
S Sl 4z )0 5 (con Slge o Ssae Jalgs aloxsl (o sm
oo 38,55 9S8 (Lol b gl e and I L o L
e 9> 5l G g Sl Sla2STy ol o o 31 cladlon

Hormone binds to

Glucocorticoid
steroid hormone —.

\X

Aoy

receptor, displacing HspS0

Hspg0 = polymerase
:
Glucocorticoid — ’ Transcription
receptor
Pre-mRNA
Glucocorticoid
receptor complex /
f
Py
mRNA ).
G’ 3 Translation
produces
e proteins

Glucocorticoid-receptor
complex binds to DNA and
activates transcription

RNA

95955 ,55 55 oS (slayge 90 Loy () (o eelatS 5l Joe Y S

% Glucocorticoid Receptor (GR)
% Heat Shock Proteins (HSP)

journal.fums.ac.ir

33 Glucocorticoids
3 Hyperadrenocorticism

AR



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.2.4.9
http://jabs.fums.ac.ir/article-1-1717-en.html

0 Ol | ¥ ojlat | o b | L (S pple ol K15 alrs

Ul 9 993 ) S

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2019.9.2.4.9]

05,5 mhaw a5 ol glas (Veof) Liu Jleglgica
Ol 30 Sl Gy Jb T slasbos 50 939505,55 65 15
oY) b e el (e SSle (65 e Y-VO
550 Olig G @holb )3 5985 )55 95 9lS 0 S

o 45 435 03300 oSS | 335505535315 005
@ i |) il o) (omgis; bl )0 a5 358 oo it
BV OA ) WS s b b s St Ll

(Vg ¥ sla St 4 092 anxly0)

Glucocortiucoids ‘

/ Cytoplasm

GREs

I Transactivation I

Mitochondria/
Lysosome

Nucleus

I Transrepression I

_/

o el Gbos 0 Ol egisy el s s 5 edlisi e (GR) g, sf 5SS onin S Jal ¥ s
(P+) 8930 JEito 523 pa3aid b (505 yie &1 izmod 1igSd 5555515 00 oS i )5 W3555 055 5lS
(05955555 85 lS & odimazwly Julse)GRES: glucocorticoid responsive elements

(o559, ;55 B &y oasmazewly Jolse) TFRES: transcription factor responsive elements

J.GLC ;.i) PoY 45‘5”.>)é YY) ol oois ua.?u.wa Cspsm
Ol U b agrlse 5l (@il 095 5 50 GulS
Sygods o2 POY L ailg oo a35505,55 55 6l5 00i 5 el
Loyl g iy 45 0l 42l Jolad cannisSLST o2 5 oo
IR NN R SR/ P S KNG
el WS jeax j0 POY 5 a5s85,5555 5 0ni S
P35 s B2yb 5l o] (sondh s 5 5 5lulazr
o] 45 a5 s0s EY ubiquitin ligase HAMY (¢ .5 54 b
00 iyl3S copmizmads (FF OY) Cesl ,50055 (65lo Jlub e
YTY 6L®J5Jw4 o..:dwol;gf 4.9?‘94 ‘&5“3057’ .]a.:‘).w o S|
oty Jy35,8 Seilsed Cale 2 yms 55 BALBIC ige

\yay

()l Sob sla g »)HSPs: heat shock proteins
(o939, ,9:58) TF: transcription factor

Jolse Jlg glols o (¥-V)) e 4 Vares

COVBL/F) slaige S 5o pliily a5 ooy (s s,
YIAY--Y) owb 50 50 (g Fro) coeands b 5l e
QL,.; Q..J)B‘ Y 0l peeey; )L?o s(&:\.CLMJ 5o (_g)fs)iyo
D555, S5 0ni S gy, JlF 0 Pl
chw o 5 S o LB sleasl L as s ,S cualin
55l ol 38 505 b G S 31 o 3955, 55518
as J.»SSA wLo.> od.:‘ U"‘ )‘ ‘C"L" u)‘ ..)9.3
Dt 35 S 5l o ek Guly 8 a5 5518
IRRER X ALK FCX AL S ST

(FY) 2wy 5 4 oz Olider 6 b aglye

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.2.4.9
http://jabs.fums.ac.ir/article-1-1717-en.html

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2019.9.2.4.9]

N L 2
WAA Ol | ¥ oslad | s Jl | L (S p ke o8l alone LG

SR Sl Fowly slapaslte

P s gl J9SUge 5 ok GlopacilSe Y Jgaz

ST 5T 8 Ko o581
YIS 5 B gannss denST g0 diile oS T (slogs 5T Sl -
S 99,925 9 9B 8lS mlan ali8l -
DNA (o 55 b b (5331
DNA oo slapa3il 5 lays ol sal33k
Poly(ADP-ribose) polymerase ;Lo Jxé-
e e W Fge
(POY) ;5055 00iiS 058 o 05 Ol
Sobw glie jLslu g 0 Sloe yiul38!
GM &me‘ﬁ ui;.mlf-
Lee el ialiak
Na*/K*-ATPase ool il5-
ikl STy (Ul
ok 25 Sl
2959295 sl lxial Ghals-
S5 sigesl callad iyl
ol el wdss 5 Codls (ygele il 5o (a8
s5st] g edssml o sl Sio-
Lo it jo el &okw
e Sy luand 1
ok 3k Sl 3ok 5 plosspley sloJsSlge JUih
ol 23yl sl ol 5l ased so slo eS8 &l 51 -
o5t g OS] O3] sl G0l oS yis aunST C Ldgans (€ 5lS putig o5 Lie -
o2 S 9wl sué by
loosgSis )58 5 ol Lol

2 AT )5S 9S o5 Jos g GuBo CEll o (g
9 Seiglsnsed lulpd 4y atey (ol @ Dl Co bl oo
@Ml jsbay ) Jgazr 10 (PR AY) Cenl Lo 50 ¢ S59055L
Sk ok )0 (2 ekl Eol )0 550 GlapeslSe

Q) Cenlonya 5 555« JoSse

Glie cloaisS o oadplml gy olilas Ll

(@hob e a3l oy p b Sl slacisgid 5 o se
b oo adgl (il Lawgs ¢ gilas Gly S50 sl oaimolis
Skl gy el ogdle aiien (ol o DAl b S b

journal.fums.ac.ir

L (YY) oySed 5 FENGeisl s ogdle (50) oo o Jsko
09595 )95 b b DgSa9 50 (hge Joo Gl ooliul
@holb e Flas wsls olas (peze il 5 (o806 YL
Gl liee QRIS POY colld fals B,k Sl )l (b
S i il Sl il eaimsplis daasil,
005 2 e hlie ;0 (FF) Sl La3eS )5S s olS Lawgs
5 Jokw a4 POY JUW! 5o (JUd 935555, 95 oIS
Sl oals osls lad POY Gua slayy) swgiy, Lialiél
ol Bk 5l WSS, e S rimes (PY)
el i ohge slegilr ladshe Fsesn )0 (gadg il
ooz (Jinlh FA) 35500 PYY () (cmagig; S 20

yyay



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.2.4.9
http://jabs.fums.ac.ir/article-1-1717-en.html

@] /
X YA Ol [ Y el | o Sl | L (a5 p ke oS50 aloes

Uen 9 993 A0 S0

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2019.9.2.4.9]

J el sl aals e b ) cblas> lsd s,
Sk 28n el mul (S0, Sldlae jiic plxl
Ol ey o0 S A (65978 (ST (69,8 Sl L
4 608 Cawlus JS g 2l jo pele b SOyl
55 SSean] wpe Jole Ko plsteds prizmen 5 ol (MG

09550 sleds & o 098 bl

ol pdagh gl (o slacules Jool> allie oy

o)l 4 Cgan laabpbl b plarea sl (Sh5 psle
olXisls O] ;-AAQ 9;: wsLxA )‘ d.L....ujLJJJJ 9 Cewl YFeVY

éé;@glé)dﬁsjiw)

&L Byl
il 00 S5 el 1y 28l o, A5 md o s

References

1. Zhang Y, Rohde LH, Emami K, Hammond D, Casey
R, Mehta SK, et al. Suppressed expression of non-DSB
repair  genes inhibits = gamma-radiation-induced
cytogenetic repair and cell cycle arrest. DNA repair.
2008;7(11):1835-45.

2. Mortazavi SJ, lkushima T, Mozdarani H. An
introduction to radiation hormesis. Site:< http://www
angelfire com/mo/radioadaptive/inthorm html>, access
at. 2004;18(05).

3. Harrington N, Chambers K, Ross W, Filion L.
Radiation damage and immune suppression in splenic
mononuclear cell populations. Clinical & Experimental
Immunology. 1997;107(2):417-24.

4. Akiyama M. Late effects of radiation on the human
immune system: an overview of immune response among
the atomic-bomb survivors. International journal of
radiation biology. 1995;68(5):497-508.

5. Safwat A. The immunobiology of low-dose total-body
irradiation: more questions than answers. Radiation
research. 2000;153(5):599-604.

6. Block AM, Silva SR, Welsh JS. Low-dose total body
irradiation: an overlooked cancer immunotherapy
technique.  Journal  of  Radiation  Oncology.
2017;6(2):109-15.

1Ya¥

Omb 50 SaB b Gege agles Sl m apladl 0 a5
ol 8,155 glaind wilgas 9 (Jid o Jasme Gl5aig sl il
Sl il W 6)lys suipbnl Sldlas mbs ool
bl Jobo o Ui Jlal Gyl 5l (( Solaen
O S agzlee a5 s plas (Jole 5L oYLl
el Wlgeo Olise GWB ey sl I (SasS
Tl oanline benl nogdle 095 g8 (el ol Wl
3 e (Sbiagen S50 £95 G Oy @98 S
il S Wilg 0 5 2 )5 9l s Slo(y30y90 Bk
S slaasily ail 65,8 e s saudy ol sl Jeed b3
Slagygaysn lyieds o5 o595 ,05 95l wims oo plis
skl Fwly 5 soge LS lgE o eloadiaiS Ll e ]
Oliige G0 Gml 50 Do b epe aazlse 5l G 2850
Omb 30 0as b agalee 5 A0 andas ol ansl asls
il (ul sebe g s SISl 3wl libe U
oz Flonay Gl &5 ay oo 5 4 plplo od St

7. Vaiserman A, Koliada A, Zabuga O, Socol Y. Health
Impacts of Low-Dose lonizing Radiation: Current
Scientific Debates and Regulatory Issues. Dose-
Response. 2018;16(3):1559325818796331.

8. Yang G, Li W, Jiang H, Liang X, Zhao Y, Yu D, et al.
Low-dose radiation may be a novel approach to enhance
the effectiveness of cancer therapeutics. International
journal of cancer. 2016;139(10):2157-68.

9. Shibamoto Y, Nakamura H. Overview of Biological,
Epidemiological ,and Clinical Evidence of Radiation
Hormesis. International journal of molecular sciences.
2018;19(8):2387.

10. Olivieri G, Bodycote J, Wolff S. Adaptive response
of human lymphocytes to low concentrations of
radioactive thymidine. Science. 1984;223(4636):594-7.
11. Dimova EG, Bryant PE, Chankova SG. Adaptive
response: some underlying mechanisms and open
questions.  Genetics and  Molecular  Biology.
2008;31(2):396-408.

12. Wang B, Tanaka K, Ninomiya Y, Maruyama K, Vares
G, Katsube T, et al. Increased Hematopoietic Stem
Cells/Hematopoietic Progenitor Cells Measured as
Endogenous Spleen Colonies in Radiation-Induced
Adaptive Response in Mice (Yonezawa Effect). Dose-
Response. 2018;16(3):1559325818790152.

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.2.4.9
http://jabs.fums.ac.ir/article-1-1717-en.html

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2019.9.2.4.9]

2953 el s slaemlse

T
WA Ol | ¥ oslad | ogh Jlo | Ld (Ko o sle o005 alome LG

13. Nenoi M, Wang B, Vares G. In vivo radioadaptive
response: a review of studies relevant to radiation-
induced cancer risk. Human & experimental toxicology.
2015;34(3):272-83.

14. Mortazavi S, Ikushima T, Mozdarani H. Variability
of chromosomal radioadaptive response in human
lymphocytes. Iran J Radiat Res. 2003;1(1):55-61.

15. Mortazavi S, Niroomand-Rad A, Mozdarani H,
Roshan-Shomal P, Razavi-Toosi S, Zarghani H. Short-
term exposure to high levels of natural external gamma
radiation does not induce survival adaptive response.
International ~ Journal  of Radiation  Research.
2012;10(3/4):165.

16. Paraswani N, Thoh M, Bhilwade HN, Ghosh A. Early
antioxidant responses via the concerted activation of NF-
kB and Nrf2 characterize the gamma-radiation-induced
adaptive response in quiescent human peripheral blood
mononuclear  cells.  Mutation  Research/Genetic
Toxicology and Environmental Mutagenesis.
2018;831:50-61.

17. Tapio S, Jacob V. Radioadaptive response revisited.
Radiation and environmental biophysics. 2007;46(1):1-
12.

18. Devic C, Ferlazzo ML, Foray N. Influence of
Individual Radiosensitivity on the Adaptive Response
Phenomenon: Toward a Mechanistic Explanation Based
on the Nucleo-Shuttling of ATM Protein. Dose-
Response. 2018;16(3):1559325818789836.

19. Kalina I, Nemethova G. Variability of the adaptive
response to low dose radiation in peripheral blood
lymphocytes of twins and unrelated donors. Folia
biologica. 1997;43(2):91-5.

20. Valentin J. Contents, preface, executive summary,
chapters 1 and 2. Annals of the ICRP. 2005;35(4):1-39.
21. Bhattacharjee D. Role of radioadaptation on
radiation-induced thymic lymphoma in mice. Mutation
Research/Fundamental and Molecular Mechanisms of
Mutagenesis. 1996;358(2):231-5.

22. Ina 'Y, Tanooka H, Yamada T, Sakai K. Suppression
of thymic lymphoma induction by life-long low-dose-rate
irradiation accompanied by immune activation in
C57BL/6 mice. Radiation Research. 2005;163(2):153-8.
23. Mitchel R, Jackson J, McCann R, Boreham D. The
adaptive response modifies latency for radiation-induced
myeloid leukemia in CBA/H mice. Radiation research.
1999;152(3):273-9.

24. Kakinuma S, Yamauchi K, Amasaki Y, Nishimura M,
Shimada Y. Low-dose Radiation Attenuates Chemical
Mutagenesis In Vivo—Cross Adaptation—. Journal of
radiation research. 2009;50(5):401-5.

25. Otsuka K, Koana T, Tauchi H, Sakai K. Activation of
antioxidative enzymes induced by low-dose-rate whole-
body vy irradiation: Adaptive response in terms of initial
DNA damage. Radiation research. 2006;166(3):474-8.
26. Day TK, Zeng G, Hooker AM, Bhat M, Scott BR,
Turner DR, et al. Extremely low priming doses of X
radiation induce an adaptive response for chromosomal

journal.fums.ac.ir

inversions in pKZ1 mouse prostate. Radiation research.
2006;166(5):757-66.

27. Howell EK, Gaschak SP, Griffith KD, Rodgers BE.
Radioadaptive response following in utero low-dose
irradiation. Radiation research. 2012;179(1):29-37.

28. Sorokina S, Zaichkina S, Rozanova O, Aptikaeva G,
Akhmadieva AK, Smirnova E, et al. Delayed effects of
chronic low-dose high linear energy transfer (LET)
radiation on mice in vivo. Radiation protection dosimetry.
2010;143(2-4):305-10.

29. Vares G. Radiation-induced adaptive response with
reference to evidence and significance: A review. Indian
J Radiat Res. 2006;3:16-34.

30. Ghiassi-Nejad M, Mortazavi S, Cameron ],
Niroomand-Rad A, Karam P. Very high background
radiation areas of Ramsar, Iran; preliminary biological
studies. Health Physics. 2002;82(1):87-93.

31. Borzoueisileh S, Shabestani Monfared A. Natural
background radiations, radioadaptive response and
radiation hormesis. Journal of Babol University of
Medical Sciences. 2015;17(1):15-21. [In Persian]

32. Jain V, Saini D, Kumar PV, Jaikrishan G, Das B.
Efficient repair of DNA double strand breaks in
individuals from high level natural radiation areas of
Kerala coast, south-west India. Mutation
Research/Fundamental and Molecular Mechanisms of
Mutagenesis. 2017;806:39-50.

33.Su S, Zhou S, Wen C, Zou J, Zhang D, Geng J, et al.
Evidence for Adaptive Response in a Molecular
Epidemiological Study of the Inhabitants of a High
Background-radiation Area of Yangjiang, China. Health
physics. 2018;115(2):227.

34. Pakniat F, Mozdarani H, Nasirian B, Faeghi F.
Radioadaptive response in peripheral blood leukocytes of
occupationally exposed medical staff with investigation
of DNA damage by the use of neutral comet assay.
International ~ Journal of  Radiation  Research.
2013;11(2):91.

35. Toossi MB, Azimian H, Rezaei A, Rafatpanah H,
Hamzehloei T, Fardid R, editors. Low-dose irradiation
alters the radio-sensitivity of human peripheral blood
lymphocytes. World Congress on Medical Physics and
Biomedical Engineering May 26-31, 2012, Beijing,
China; 2013: Springer.

36. Gaetani S, Monaco F, Bracci M, Ciarapica V,
Impollonia G, Valentino M, et al. DNA damage response
in workers exposed to low-dose ionising radiation. Occup
Environ Med. 2018;75(10):724-9.

37. Barquinero J, Barrios L, Caballin M, Miro R, Ribas
M, Subias A, et al. Occupational exposure to radiation
induces an adaptive response in human lymphocytes.
International  journal of  radiation biology.
1995;67(2):187-91.

38. Thierens H, Vral A, Barbe M, Meijlaers M, Baeyens
A, Ridder LD. Chromosomal radiosensitivity study of
temporary nuclear workers and the support of the
adaptive response induced by occupational exposure.

Y40



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.2.4.9
http://jabs.fums.ac.ir/article-1-1717-en.html

@ /
Q) WY AA ksl [ ¥ opled | s Sl | L SCigy 5o o2l alms

Uen 9 993 A0 S0

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2019.9.2.4.9]

International  journal of  radiation
2002;78(12):1117-26.

39. Christmann M, Kaina B. Transcriptional regulation of
human DNA repair genes following genotoxic stress:
trigger mechanisms, inducible responses and genotoxic
adaptation. Nucleic acids research. 2013;41(18):8403-20.
40. Saini D, Shelke S ,Vannan AM, Toprani S, Jain V,
Das B, et al. Transcription profile of DNA damage
response genes at G 0 lymphocytes exposed to gamma
radiation. Molecular and cellular biochemistry.
2012;364(1-2):271-81.

41. Shelke S, Das B. Dose response and adaptive
response of non-homologous end joining repair genes and
proteins in resting human peripheral blood mononuclear
cells exposed to y radiation. Mutagenesis.
2014;30(3):365-79.

42. Toprani SM, Das B. Radio-adaptive response of base
excision repair genes and proteins in human peripheral
blood mononuclear cells exposed to gamma radiation.
Mutagenesis. 2015;30(5):663-76.

43. Sokolov M, Neumann R. Global gene expression
alterations as a crucial constituent of human cell response
to low doses of ionizing radiation exposure. International
journal of molecular sciences. 2015;17(1):55.

44. Jain V, Das B. Global transcriptome profile reveals
abundance of DNA damage response and repair genes in
individuals from high level natural radiation areas of
Kerala coast. PloS one. 2017;12(11):e0187274.

45. Rajabi pour M. Assessment of adaptive response of
gamma radiation in the operating room personnel
exposed to anesthetic gases by measuring the relative
gene expression changes Ku80, Ligasel and P53. Shiraz
University of Medical Sciences: School of Paramedical;
1397. p. 81-98. [In Persian]

46. Mortazavi S, Mostafavi-Pour Z ,Daneshmand M, Zal
F, Zare R, Mosleh-Shirazi M. Adaptive Response
Induced by Pre-Exposure to 915 MHz Radiofrequency: A
Possible Role for Antioxidant Enzyme Activity. Journal
of biomedical physics & engineering. 2017;7(2):137.

47. Cao Y, Tong J. Adaptive response in animals exposed
to non-ionizing radiofrequency fields: some underlying
mechanisms. International journal of environmental
research and public health. 2014;11(4):4441-8.

48.Ji Y, He Q, SunY, Tong J, Cao Y. Adaptive response
in mouse bone-marrow stromal cells exposed to 900-
MHz radiofrequency fields: Gamma-radiation-induced
DNA strand breaks and Repair. Journal of Toxicology
and Environmental Health, Part A. 2016;79(9-10):419-
26.

49. Coleman MA, Yin E, Peterson LE, Nelson D,
Sorensen K, Tucker JD, et al. Low-dose irradiation alters
the transcript profiles of human lymphoblastoid cells
including  genes  associated  with  cytogenetic
radioadaptive response. Radiation research.
2005;164(4):369-82.

biology.

Y48

50. Fardid R, Najafi M. Radiation Biology. Shiraz:
Publications of Shiraz University of Medical Sciences;
1394. p. 205-16. [In Persian]

51. Nagasawa H, Little JB. Induction of sister chromatid
exchanges by extremely low doses of a-particles. Cancer
research. 1992;52(22):6394-6.

52. Najafi M, Fardid R, Hadadi G, Fardid M. The
mechanisms of radiation-induced bystander effect.
Journal of biomedical physics & engineering.
2014;4(4):163.

53. Najafi M, Fardid R, Takhshid MA, Mosleh-Shirazi
MA, Rezaeyan A-H, Salajegheh A. Radiation-induced
oxidative stress at out-of-field lung tissues after pelvis
irradiation in rats. Cell Journal (Yakhteh).
2016;18(3):340.

54. QOjima M, Eto H, Ban N, Kai M. Radiation-induced
bystander effects induce radioadaptive response by low-
dose radiation. Radiation protection dosimetry.
2011;146(1-3):276-9.

55. Takahashi A, Matsumoto H, Ohnishi T. Hdm2 and
nitric oxide radicals contribute to the p53-dependent
radioadaptive response. International Journal of
Radiation Oncology™* Biology* Physics. 2008;71(2):550-
8.

56. Klammer H, Kadhim M, lliakis G. Evidence of an
Adaptive Response Targeting DNA Nonhomologous End
Joining and Its Transmission to Bystander Cells. Cancer
Research. 2010;70(21):8498-506.

57. Sokolov M, Neumann R. Changes in gene expression
as one of the key mechanisms involved in radiation -
induced bystander effect. Biomedical reports.
2018;9(2):99-111.

58. Cain DW, Cidlowski JA. Immune regulation by
glucocorticoids.  Nature  Reviews  Immunology.
2017;17(4):233.

59. Souchkevitch G ,Lyasko L. Investigation of the
impact of radiation dose on hormones, biologically active
metabolites and immunoglobulins in Chernobyl accident
recovery workers. Stem cells. 1997;15(S1):151-4.

60. Boonstra R, Manzon RG, Mihok S, Helson JE.
Hormetic effects of gamma radiation on the stress axis of
natural populations of meadow voles (Microtus
pennsylvanicus).  Environmental  toxicology and
chemistry. 2005;24(2):334-43.

61 Kino T. Glucocorticoid receptor. Endotext [Internet]:
MDText. com, Inc. 2017.

62. Vares G, Uehara Y, Ono T, Nakajima T, Wang B,
Taki K, et al. Transcription factor-recognition sequences
potentially involved in modulation of gene expression
after exposure to low-dose-rate y-rays in the mouse liver.
Journal of radiation research. 2011;52(2):249-56.

63. Liu S-Z. Radiation-induced change in lymphocyte
proliferation and its neuroendocrine regulation: dose-
response relationship and pathophysiological
implications. Nonlinearity in biology, toxicology,
medicine. 2004;2(3):15401420490507486.

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.2.4.9
http://jabs.fums.ac.ir/article-1-1717-en.html

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2019.9.2.4.9]

2953 el s slaemlse

\MA;)L;W.L:U°)m|r@Ju|u§;ﬂ¢yam\;@@

64. Sengupta S, Wasylyk B. Physiological and
pathological consequences of the interactions of the p53
tumor suppressor with the glucocorticoid, androgen, and
estrogen receptors. Annals of the New York Academy of
Sciences. 2004;1024(1):54-71.

65. Flint MS, Baum A, Chambers WH, Jenkins FJ.
Induction of DNA damage, alteration of DNA repair and
transcriptional  activation by  stress  hormones.
Psychoneuroendocrinology. 2007;32(5):470-9.

66. Feng Z, Liu L, Zhang C, Zheng T, Wang J, Lin M,
Zhao Y, Wang X, Levine AJ, Hu W. Chronic restraint
stress  attenuates p53 function and promotes
tumorigenesis. Proceedings of the National Academy of
Sciences. 2012 May 1;109(18):7013-8.

journal.fums.ac.ir

67. Crochemore C, MICHAELIDIS TM, FISCHER D,
LOEFFLER J-P, ALMEIDA OF. Enhancement of p53
activity and inhibition of neural cell proliferation by
glucocorticoid receptor activation. The FASEB journal.
2002;16(8):761-70.

68. Cha HH, Cram EJ, Wang EC, Huang AJ, Kasler HG,
Firestone GL. Glucocorticoids Stimulate p2l1 Gene
Expression by Targeting Multiple Transcriptional
Elements within a Steroid Responsive Region of the p21
wafl/cipl Promoter in Rat Hepatoma Cells. Journal of
Biological Chemistry. 1998;273(4):1998-2007.

69. Vandewalle J, Luypaert A, De Bosscher K, Libert C.
Therapeutic mechanisms of glucocorticoids. Trends in
Endocrinology & Metabolism. 2018;29(1):42-54.

\yay



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.2.4.9
http://jabs.fums.ac.ir/article-1-1717-en.html

W Journal of Fasa University of Medical Sciences | Summer 2019 | Vol. 9 | No. 2

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2019.9.2.4.9]

. Review Article ]

In Vivo Mechanisms of Radioadaptive Response

Rajabi pour M 2, Fardid R %"

1. Department of Radiology, Faculty of Paramedical Sciences, Shiraz University of Medical Sciences, Shiraz, Iran

2. Department of Radiology, Hospital Imam Hussein orzouieh, Kerman University of Medical Sciences, Kerman, Iran
3. Ionizing and Non-Ionizing Radiation Protection Research Center (INIRPRC), Faculty of Paramedical Sciences, Shiraz
University of Medical Sciences, Shiraz, Iran

Received: 30 Aug 2018 Accepted: 09 May 2019

Abstract

Background & Objectives: Radioadaptive response (RAR) describes a phenomenon in which small
priming doses of ionizing radiation (IR) reduce detrimental effects of subsequent higher doses. Since
IR-induced carcinogenesis is a main concern in the low-dose radiation risk assessmen, the aim of this
study was to investigate the RAR with the end points of carcinogenesis and the related genomic
damages and evaluation of the effective in-vivo mechanisms in this phenomenon.

Materials & Methods: The present review article was performed by using the research and review
articles indexed in Pubmed, Google scholar, Science direct. In this review article, some resent studies
related to RAR with end points of carcinogenesis in different species of mice and human lymphocytes
has been investigated. Additionally, in the present review article, the role of important in vivo
mechanisms involved in adaptive response, namely DNA repair, bystander effect and endocrine
system hormones such as glucocorticoids has been investigated.

Results: These studies, often revealed efficient induction of RAR by chronic or repeated low-dose
priming irradiation.

Conclusion: Current radiation protection regulations do not include RAR because of the large
variability in expression among individuals and uncertainties of the mechanism. However, in the
future, RAR should be regarded as an indispensable factor for estimation and control of individual
IR sensitivity.

Keywords: adaptive response, Low-dose Radiation, Ionizing Radiation, DNA Repair, Bystander
effect, Cancer
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