[ Downloaded from c4i2016.khu.ac.ir on 2024-04-25 |

.-., " .
W%J&dkmm&])ﬂw ‘Lw_),,:jr[_;

O Csle il s b .
IRREES 14YY o3 £lé= Seience News E},ﬁTuﬂ:JL:if dlzeo 3l dos 5
; . Ty
T = PO i Py ot

R el ) 5T e et A By

*:”4.:' L ,..i:.l_ ||..| o ...:j- : ]
i ) R s Pl LR e ILS"F.-;:‘:?.-J" ety 3)ol Sialesl )
- il - i = H
B i T gl o | FSETS 'l_:L;LL-_;... S PUBE FR] Y o |
Jl | | i a A .‘:j-‘lrhjlll,.:}.:- ol LJI_I:- ....u_':l_-'-_1|.:,..:|...
30 plas 2l gn L;'l-#a_'\.:;‘;-'iCF_} a}j{m KAl ) . ‘
~ —_ el
- LW

s a5 sol=die)s, 55

T F
L)ll L.' 'r,l:. _-‘,"IL.Q.J. ;_:.n.llxlj_ JL,J'_J} I!q__s-

J-"i1.-;il"f*"-’ e Lafls 5, e3a Yawe
s aols) L la, o w - .
S ¢l Lnd_.fa_,_...ﬂ.-_g ealas aaj.'.f,j).dﬁ-
3313 3ams anlin e 3} 2, s
33 - -‘J'i';_.?“:f g s L',_LL:..:;)J -TI.SLJ.JJE.:M

N LJ._.,S-L;:- ;l..-.n:-_nul. L_]LL-_',J.-.

a,:‘l-_- ;
o e dGlele 1, a5 yyaq UL

13 5t ;_QJE:‘JLrH John Hil]
(L5 B |¢ v HE ' o
el L6 DOl o Sa s 5l acslingg sl s Sl Ao, 0,56 b
.Fil'l-:-- T ~al . i T ) Jr;l;l 3
e rl,_.:"‘__. u'-L\v.q.:_j ﬁ.m1-lsu|-.-,3 _,."'Jl._,.‘ }E—Lu:j -J\.JLJ L_l 4;5-." A 1 1.1—-, 3 L_.-RS. .
- Ly s [P A ASY ol . ¢
3 B
szl s [ Lila ) -
« L 2 | Ol e Lldags 4 5las! G aS
2 i Flast ol gl ALt Ll 31 a5 etz "
c.:'lqu:ﬂ-Jh'; Percivall P ' .

2l

== aad AZs 18 GG yg
Lr..l‘{ - .
OLL AYYD Jluys . ol aza€ P
x '__m‘f_.n i Jd«...L(:;l L.l.l.:a i
rt fn iy

S g D 0] e izl s
4=1 g e I3 l..n.-..".'. 3 >
U:J_S'.’_TL_ Sl Ere-re AILFil;lF)j 458l 3y as
. LA g

)¥


https://c4i2016.khu.ac.ir/jsci/article-1-1262-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2024-04-25 |

g Rt N

whadle s Ela ~I 50 5 Benzo [a] Pyrene asla cal g Sa JLa A Qe

;th._ln}l;k;- A5 wan s Ol sl el Olgia OV a2l s
sl IS ity Ol IS S !5 GHARIES HEIDEIBERGER

caokaal s emeal il .,,:L:'l aScd b saaT ol

LM‘.).’.‘IIJ-JLAJ JJ.JLI' -ub.,..-l'.jci 11

L '.jJ'l.M.-.ﬁ-‘ _'3'_3,-! -5.5-_:|J|IJ -.Jx...m: ;nj...?-

i AT cbibyanns S0 ot

Ol m a8 03 0 3 3 e ; )
,_:' st al e F u]‘kﬂ_gn:-:qj _,'L:-_-gs_l u..ﬂu.ﬁ-_n "jlaE-C.:l.?:.ﬁ-JI _."| $ab _,";:...: _‘.la.h.n.:

"L:J..L“'j:.f- ] }}H.:i I‘Li

PP
_n.u.j.:u:.a [l al .-|~'u -—_..l:'?._,,..uflqj |_.:- ._,l .mﬁfl..,a.._:-_hl.pf.]u,,:;a 'u-‘llj:-':'—

it 09 ~ o T Y S, a4 %ol e ;
FTiemndr e M et Sl S 3 Ulilse e o 1 Olb e sl ya silasy oslos

Ot S pltiazy e nS L gaT L asselsa s en 03338 T,

| ) i
b | ! ,5.}‘_‘:',....._..1 l.J L.u_ur.hj‘

JdaaS L) S YLl : L I o L S < .

}1 = ¥ lea ;,_}.d&: 1 L,:-L..L.-.-L..L...a_; 4.5‘.:,._1&\_*4- i als 2e2a ],:'iJ".L_,m Jl_‘l.b

cslat salue, .1;:}"_; o gl oL ,'L..au |+ Jla

gz A:M L-th‘--_ﬁh_;_J_-‘ _L;_;S-nl.__i:j ]_; I-_}Lrg_r._. _'5.1:}.-1 ;L._q,,._:r .;H.a.;.:;-l..uuij -'n'\_..:.;}

(A 4K2) Asd 4,3-'.}:;1 R e P lf_iT
raebhiails S JAMES A. MILLER
e J}H n.lﬂl.w-ll I|..‘5_:I Il ..J"} ‘.‘..nﬁua—-' L.:II“’J Al l.lli_,.l_.]l[ :l:a..:..:ﬂ _‘:.1:.- L:}ll.,n...:s;l-l._u ay I_:J_h ,S-.L{i‘l.:

-d,j'.:,.,.....lu g} f I..-:‘L-* .A-\.l.l: }L?‘l -'l.]L=:v.-ﬂ 33 ..—l't;

Wols Al Jale JQ_J - {_,;:.,JS';_glM..EJ-:;- $hls 15 Ol e sk ga 5o

_.J._:_,.. _)EALHLSL;ISJJLJJ-J\M‘ Il-lkﬁljﬁ};lh-qu:'_,? ".'}L‘,]_.?] :a--

Ay Gamf :_571 et Slaala 5 -.L\._..qL._A,, pLE u_ausl:lmaj:. -.J-;L.u

& 3
458 1..&1,..(:: STRNT
AR 5, B o Slacs i Sl n;Jfr-_-lJan_:,i}.um ¢ dbast oS
-.'u..\_,s‘_jﬂi “""‘J‘*’u“""‘l’fc-’_r‘"""‘l' ﬂ" -L-,....:1 Jdmaﬁylfd
‘ll}JJuJJJJr ""'l'n;_.‘—" ;..!IL“.- _,'-L-f_,: n...r_:d.'ll..r L‘ILLJ.F. L,EL'J}L.’ hki....-l...s_.:'l L.:)au 13

cdis S s uIL..l;; s



https://c4i2016.khu.ac.ir/jsci/article-1-1262-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2024-04-25 ]

_-CaH4Cl

P

Lignzo :_'tz} Pyremne

Ca Hirg

Mustard as

NO

O

I

Cz Hg—N

C

NH,

7 .
= {Lh_-f Leitrosourea

~

L-Acebylamine fluorene

Lk,

Jd"\an.{leﬂ. Br

o

]

GGHj

N hela¥ oS Ly 2 wolyi LT
.}':rcil L..J!-.Lf ﬁJljldarﬁ-Jjqut.._..ﬂ JII_,:

74;;.‘."_5..

slglasle L @l cualod o
Miva 0L ,u S dyd s

Somerl 3y g


https://c4i2016.khu.ac.ir/jsci/article-1-1262-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2024-04-25 |

e S 'IJJSJ.;_LA Jlﬁsf ..d}.- L&"’-ll"l""::' 313_- '.:'l"'“; m Az ad J'I;..-» I e J_'i ._51._;:
James A. Miller , Elizabeth C. Miller aliacatsls 23 aliwp aSzl iltsla 31
l_:,.st 00 g

il o pili b oalS anes i3s3 e Ol) a8 lat oslaaSes Tos ol e
-:;L:fj'j'l s -:.;;_ﬁ"l 35l 3 dade Jslu ds as sl \_",J;lL:..._:.-: asbe e s p3Y
10U sl o 3lissl Jose Wl cizan 13 Olb e shoatiS WS s 2SO0 do > AT M08
i f___"'.:::bl saliSelS Mas L LSy, afaisls g2

L;;;Sd; s oasy o ,__-:'1.f_5 ,U as B = i Afaliom d:_Lnj'.LLt; G o3 Salde s
.JL.Z:_'L...}L_;.- ,k;_..\_._.; dillﬂ_r_.,. _;Il_h_ju.;: sila A |._; J= asla L_F,al_-,:. JJ_&JC’:,JJ}J ¥

J.i'l&l..i';}lu'u:"l e L‘_,:J_'m,}Td.]l_’.'!i 23 3 2 L Y 233 ga ,_}.g.r-j_;.l: ENY b-g¥ nll_i'jll;;:j-li-'l-l-—ﬂ

g e 130w b 5l s slowl & el J.Suiziln wihzie Jlaisl o Jad Y saams

o

1 R C PO <IN, (105 T VPS8 O I .. 1| P )

I,l|_1._",'s| J-':i’f _"deln.;gln.;_! - B e ,_.'LI-'F .\_..J_llld'l_.}-;:.:..:J_ Lf:-'r“lll::- L;Lr.llj.b:_jjs A.:-f\_FT .L_:L:1 i .'.L:.Inl.,n.i 'i..-'-ﬁ;“:-ﬂ

3y O L d g J5 s slaa s 1259 casly JWd s 130w S350 pactl sot 4z
i el

L_.;q.;l..ll_b'l..g-.]\;-&_lv.-o.i ;"EZ:-T 315300 0 5 ge omlon alil gi o 23 4a i pasela alasssls
.HLEJ.__"\F:E J'c'ni;: 347 Jlat .,_gal:-_:.- ;#.J’-'T-’:‘ I

Ol gim 209 ol 500 SOl Lo slans 3 (o La) 5550 alanils 03 VAFA Jle s
(abinct sl gl af a0 55 g0 sbeidio LT s e slats Ol o adod 81 o Jool L,
1300 jesaiom by 4t S 2O ks Sl hils g5 Sy S8 s 10U e
Sl 3 pa Lliass izl s Electrophiles Jds 20N L s 09 21 L sl
w33 6303 osllBgb sleis SN eslols 2 3 9 RNA DNA LS gl Sledtb! oo
ol (150U sl g by s> 05 A0 sl g abace) 5 o T e 10 0l
3550 Jad O3 200 a5 J o pa b s e 0 S50 0l Jlab 5150 o 5l ge aSauie
ol sllen y laite oSat Jabata 3 55 wan gl vl r alnan 0 JREEHT

V¥



https://c4i2016.khu.ac.ir/jsci/article-1-1262-fa.html

G el o 1 gt St SRS S e

il aibile 5 wliom aadllas Jaiza «DNA "Lm_,.a;-u. Fss ;ﬁiﬁ.l}ilja ans ol o
L'I_ u_'.-u-ll '.‘hr{-"_::‘ﬁ J;‘.ﬁm_l; LEI.J! I}NA L‘_:Lf,j_;\_ly a3 .,_-,i",.‘-"dp"" Iuill.f,ll_-w_n J_,::‘} h.T

N ﬁdlf.'lrﬁ 4203 Af_un,aﬁ.- Gl b Canrihs B Jl.n.li.‘.;_'ln}-'l_p Afu.::u_L:i

il gd a1 30U e Cans J;Jlﬂl slga )y sy s dham LG 5 J:_.'AJ__'.,:.-T o i

3,5 Jeaza sbaodl OluS 5 s e S sile BLS i dell wilad Slaads Ogle a

patlas gl ciliden: e 28 O pyalcaad 5l SDNA S5l go 39 Canas o A

Cos hidas o dovs ol avan] ams a Olas DoleJoea ool ¥ I 2alagzaa 1200

ek Obes U‘Lb e s 15‘._';5:5:- Jesa L,:L‘-_'J'I uS:'- 23 BE[\ZD[a]PYRENE Sala

PN o R . B e
:.L.&.A1‘,}u§:,_.. J}'L..;}::-.,,J‘-.li.,a.@;,:'l_: e e 3 g Jlail c2 e 4
fred F.Rajewsky s Regine Goth leeli (:,; Oliises OWIT s

04225 ]

[

%n 2(%4—

w83k Jbalehs ceilllos oo aSaslesls Olas Malplanck u.lumu-u b o 33
J..-g;Lil-...-rL_r J.»-LL.JLLIIJEJJ.—}}WL:LIIFLJJIC#JI'LAIDN'iJQ_,A'L—LJI
;-g'u QO I 2| M. ST WES LGN & lelezs| 45 Ethylnitrosourea sl
.._E}.-; Lpa ool Sl jmos aZsly o S P ,Jl.f C:’- 3wy a3 B _.,.Ju Soni UK

Lo
khac.if

u;g;h,ah_g:—;'u Bk aadsd SR J__L:-UU-J.- F 22 gl o3 JiSCe b L._..a
m%ﬂmbﬁa_’.:m {-u:a_,.- E _;Jb,:‘gl_,,fdd;j_,.-ﬂ! .Ju,}].n-auja v.a}:'h",..u L;‘.'":“‘:" Jll_,.! !kg
JL§J--_"I|I_}A Fe g C.Lllj R ;M:;E};A.S‘JJ;SUJJILPL::: d:ﬁim "hJ':S‘LF" L

1+A


https://c4i2016.khu.ac.ir/jsci/article-1-1262-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2024-04-25 ]

llanss gacs T U5t oste Sl 3 cins 13 DNA olazsto s s slpalesla3T
adeis 3 306 ¢ty Kol LSty 03 Lt o Olioen S| JG aims o 0|
sl n - as Ly ikia Jlyie | (BERNARD WEINSTEIN)

oholazsls S0 58 Olezslans 1 slaliodhe 3 suslinsld Ol i Jail o LTas
TN REL (O [P FRIOOE 0T o L £ ROV g

AMINO s yddpiaaTunal ol slosks b (lKan 5 atetils ol JUa sl
sl aSas S a0 55 ¢ (¥ UC8) wiles S 58 AAF L FLUORINE ACETYL

F |

-

- guanine - -
K .1|';. L

Slaszol o bl aCisetizanss el DNA J sonn cupsdpe 15 carconcaad
Silatie (2ol anis 3pt0n 2003 65705 bl L
el (698 ($150W 2l ASuias 4 4la OV o AG SIS Js el 256,22l o3l
acii 30 DNA ay AAF 35S0 g0 0357 il a0 az yin LaadSalils opaiions
KSesuibizms aman VA 330> 3 5l 3505 SOV aseti 5 3008 DNA Guman Ozl

144



https://c4i2016.khu.ac.ir/jsci/article-1-1262-fa.html

i 25
[ Downloaded from c4i2016.khu.ac.ir on 2024-04-25 |

7 o T e PLUORING
-y i 337 4l e DNA Ll
o

L__.:J-L_IJ _.JlJK,.‘A 3 LL..A-...J
Jms o s sl
.\l.ﬁ- EF

|-..1 ]jP --'l...F!aJJ-j

v F—r i

|_': ;r-—' L_"T ' .._{.b n.‘ll_-l

c30ls als BEN/U[:.]FYHLNE
J}a—- ‘l._."_-"q‘ K.: e 1

Sl 3 (BP) asli el ol
L!ij‘uj ...a)ﬂ‘f_._; Bethesds o3,

J.,. '?'!ll-.-dl .-__-:l-i..nL:-
l:x_.b” (W LIP«TLII\}
alls

lm #J_}_’! 3-_J..1 n_':.Ll. r |
ot Jn.J.J.L:-

11._,.‘] «.J-}A L_':.,-_ur

4._}4‘.'?.‘ i f—l -d.u
s sloalCe, LT

C.. l._,u L.-IL"- :l-q..... &.5—

\_...u.l .-Ju -

“:.I ]v:-?"] ﬂ\j"
L-'J_EE J\J ﬂ.SL} |

_', i |AE-L:J|_J: ?-Lu 'r..'?]

...:i cS’L_:. oA ‘-—J.r_}_‘i u|;
JJLF?Jld.J}{}JL?- rﬂjl I_JI:_.:']_J1 L;ld 1‘_‘-\.;.:_.”,.1_}@: -J“i_*f':‘
'\-1-4!'-: -.-I':\‘—"‘.'..T_"";‘ '---'\.-:AHJ.JI 'LJ-I:..u.l ‘__1.41:_,' i:-ﬂ-n-::;"iu-u n.:..-.-.-l uiq.J {5JJ__J-J~JLSFJ;

ol [P Sedmidy gl

b
A-n—,qu Ly AULHIW!L,I*M

._‘.\1.} Lvﬂ—_-:!".-.J

Sbes Toglazlo
i IJ«.'I‘L-&J' {:J_,S'_;E‘J 1)

maqd...-.- '..-.R.ﬂ;l-_.l ..Sl -k.'-;_-ﬁll

u—._J'_.glw UN". fi "JJJ 'l..s.ﬂ L_r | \.Jn..r:r uL_..'f ...1 d.___j

e l:r.! i rlq..:..,gif,,l.}«,_, ::_,:—‘-_};_-,l‘_‘, WLJJW

& DM A MILLER B
f:- -ijq,-u, Nl.....q -

_JAPM1}HJ}r\-h }"'
1.5"""""' j._n...'L.._u

”N!. AN a_-u 4 g

Wt L;;Epfml,

I_j .I.._..--—-J‘ Sl dy DN 'i J}\J

ae 0
i e ..,.,I.u | |-J\HL....A 'S Holb .. .411 st
4, u’.l"- Foede al T A 4_!;*:.“,5” o _._] |.|l._- _..-L.:-ju'i— 4A J;-._"-L=| » u4:|_: AT 4 mla
s 21k 3 AN n Logas 50z puies S dalge Ll Bl Gl o
J}\—J_y* St {-_: ELRTYY elisl s '7‘"."f.| LQ\A-:J_P_L-LSJJ; sl s G _o—a DNA d ke
del> i DN, ATy 55 Sons

J1_.;‘|.J14AL_J|_JLPL]L}ALJJ . T
51T £ 333 UKLl -15._;_,£.J

US|

u*f} jl,!_‘n‘;._.,nu L-T‘l &a:L:-le
ltJJJ-.:-'IJ_ﬂL,-L:I ‘_JJ:JS 23 lal

Joea 5T LR L O
2ol
L=

MJ[ a.S'mr,f - W t‘.]Ngr' EIN ‘--»..JJ

mqrd_}!ﬁﬁafﬁj LJ\..-L{FI
gt S T Sl e Sl ;

bsbae gl oTes el o o


https://c4i2016.khu.ac.ir/jsci/article-1-1262-fa.html

i 25
[ Downloaded from c4i2016.khu.ac.ir on 2024-04-25 |

S T SR ""I;“‘ x L[.JOHII‘\I

] 352 g a2l = DNA Lilos £lai
L. BpP iley & oalasT =15 G P Sl ws g L8 o Nora asbia
o imisy o el sz, o323l 3 &l o3la ul | asls el BENZ{}[a]FYHENF
S s’g, id> 3,0

o Lu_-mt; 41 -.|_,h J{BPJ

.:-.':I-l-nu:'. |J..J* \"-H"""t._FJ tJJ}-Iﬂ
o Bclhcadﬁ;J
TS Y as 1, il

2353 Slalle, 5T

Lo Tt
o b elagla A VOGN S 13,5 okl sl Jua
5 Lx_.,.;_, (W EIE\TLH;J::L.;; R Ol ) s oilsSa L 8 23
SRS S s s il et oSl O TSl ol T i a3
8L UCs Sl ol ey oss R A m,,,,.ls SibonsTeelagl,
2ls 6 22

J,_n;.ud._.y—L,..}h._.JL” L,_,S' 5‘:1_,)
._;-J’_EJ“* UN"tu;*1 2 dae l_. | 2Ok H._.:L.j'.a 4

— ki ._".L-ll-l

\'J,...mu-.dq :5| A= §|
‘_).u:LJ LB_, rl_._-.-k_-;({,

:L‘\._A J_’-’-""_} {_';le!wh-‘ - '='—l
s DMA MILLER
I}N "!. | ,-._lu aj qf q'_

RS PO SR

ST s s,

sedels
lu_,(jl_g.g___.:wJJJDN‘l.J}kjj.n A
}-\ & J\.-.uld.a I. J__, |_L...-|._:.:.J| La\:|,~..,,'lL

d el Sl g 4

il a .4”_:
;__,L:j-_j u:ﬂ.l u'SL-l S"l . .l.l‘Ll'h_J‘i a (R | jAJ wJL--ﬂ_J d..'l..--uj'-...]_"*nj Lﬂ'
J 20 s G Ll asSsla, | a5 s Gl iy e o2t DNA o, tez,
o, thldhﬂy);uﬂuualJlJLAulgtrHJL.J A am| g . DNA

Mgl Lld 51 o] aﬂ;ul{d d;;ﬁ;bmf_m h,;1;.»ﬂ il d.mL.-»-_: =iz

msﬁ:uh}{hi o T 2333 3 s I 1.;*.15..5

1[4.5'-4:,5’ - WEINST L[ﬁlﬁ a
md-d}samfﬁj u;...l..li,.»i
b 2L B T T Gl Sl a Il !J,L.._,L-u..;

AL -lj._'..u| Lu_]“,_.:- ..b_d.;--ﬂ.._g;.j-

L.-

alo I
gl l: L
ds u;_i.;qu. e aL.;:;.i i 2 4.5 ua jﬂ

}C Jl l _':L-.-L:.iut:g1}}
1'\_1_5,-1 oy

il

TR

A2 daf 2

L’,IJJ-.-_:; sl J S sl !LJL[:-

lh,....uj.a _‘h-\ln.vl-:-—u1

ol s
‘5“1.‘-"’_&-‘—?"_)1' _.-‘-'l J'lll.f_ﬁl l:'.-qlll_"\-;;-_q.-ﬁ

".'}ul.-a1 \_.ll..luli: L:Jlj;.-f‘jj_’.lm RN"& L‘I_
L k_,I.J.r.J s

Py


https://c4i2016.khu.ac.ir/jsci/article-1-1262-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2024-04-25 ]

T T G Sy MR T A T S L L e e S e R T s il s e Lo

ol w05 Jowiols DNA g il Om 6l shuplar 555 5 2 BT Ll Sles
Epigenic 045 Colad b s 8 e 13 eolazal aoge Sledlbl ool ) ahisa gloasy
aveiizn a5 ah e S i s b b | il n Jlab alge 4SS ealiins Olb
338 2 AT 6 Kis g w5l J gome 0ledlbl OF

b 0l st aZ s MalS im0 u aliess sl g Jue #5510 2z, 8]
Blots aadllan 130U o oliasts) yoaciliiie Slib 3 S ool & 45 wiS s L]
Jdadgd Man les 0000 0Tl ama glonnd Oleisle £ g5 Sl & O atl
Pl da e Jail o 5 5 A i Sl se g et slpleile Gus w s plia
s BT e il alosl GG 5L 5 5 Samr o) ga sl lazale ag oS

g 6


https://c4i2016.khu.ac.ir/jsci/article-1-1262-fa.html
http://www.tcpdf.org

