http://rjms.iums.ac.ir

| 5)9)0 Ao

WWAF o AF e oylad (VY 6,90 ISjIJ bs"'.'."'j".! Pgl‘: -

(r9gilw weS9,5) oyl pae) ol NS Jlb pwaus (ples

hooshyar@bums.ac.ir .(Jstus sl sit) o)yl ciz yos ez oy (S 3y pole olKiily ¢ Ky 008l ¢ il oundigns 05)5 ¢l (ondign Huoliwl 1yludigd il ,
Ol iy iy (S 3y pole oLl ¢ Sz 0a8LEl ¢ il pandgn Al ol S gomiily b sgdlaan @lod! B
ol el cpte Gy oKl (S gy pale 0uSily (b ondon 09,5 (il cordan HLuiils 1 lday 1505 D

AF/ANY el fu)b

AFNVITY il ol

04

e Byl il o 2 LB o) 3 0l e 5 Sy e 5 05 Todg plby ilon e e ) S pe @l e ete S| S 09l
2 ol deos laoalo | (55 5 ol aINS (g y905 05 olss ol aalllas )3 o piz llp dilaio ) yie; oS (05 o5 4 295 L
Lacs)bon | )l Loy 3 (sl <S5 plyisds gl S 5 (gt o )3l 04 j950 (Slae 9 Ik «(JoUg09 51 cilisee (sla S
L5 5 ol angl lacdslio g olis; AN ) olgioe o wlools (Lt 55 dpe o Dlidos ulis sl o 3 by 5 5 L8 ol il
03,5 e |y Gy sl sl ;555 5 2 (polaidl JSb 4 plite S35 odlisal Slusl ooy glsil (loyd b lasye JoSia (slag s
Jold olyde S ol (slacdplio 398 o0 gy slogley (sl p2)loe SIS & e iman 0352 5B Jloys sl gl 1) &S Jloyd
15 5 Gl 15 (ST 15 SIS el (g S g (g S ilo NS (lassgtin) S ool 5 45 bl oo adsi)lS g sl oy igige

Olg=isdn Alg o lyae; IS I ik jgeg5 b (sbag)ls &S WS o dlpidiy pols dalllas LSl o SLuS B ple b dwslie [ gyt ol5 e
Lgd 03,5 S35 osis] )3 lagylb o glgil sl iSuel gyl (JoSo (slayley

ol oo oolaiwl sdaopabs g (STigx Ky g0l
3t gloyo SIS glils oLl (V) cu]
A g oo ST oo wolpdlas ol oo
Olyaey SCas AN o (YY) wll oo o o
Sy duid a3l calizee <S5 VO 31 s
sl slacddnlio g lagralyy dogg 2 ((Soxe
(F o) oo ol wlis o _Sg4,l
Gl_.o‘ Awd g0 4 |)_.o.c) 4_;5;l; le.fbuJJyL».o
LO.H Qbe LQ».\.ug.us)lS Js‘ Ao u.\.os.m‘j.o M
5 i) il ST (e S i)l S
J-e ool G Fgige pod s g Loy S
ool a5 widl o JUlALe 5 (g 595
FNCORNCW P RV I 1 I I L P [N o
Sgdzo | Su g ol ae) e, S, 8

In vivo dn Vitro (b (lyis; AMS s 5laals

dodso
e i 00sS jlgaal [LSal, SO 055l
(chemoprevention) (5 S ico— cons sl
e 2o)lo b (2lde Slge Brae 4 oS wil s
il 3,5 6Tyl oy Syt b S
Loyl g asile oSt o5l Jolge .0iS o
e plssean (GlalS (5 ojlae 5 sl
G rSiny —(soe Loy ls anwgs 5 oy Lol
a0 B,k (V) wileas 7ylae (b s o
o Sl sladsbw cegline ali8l Jdo
J—lse plwlid 5 @i =, sloagple,s
48,5 )18 azgin g0 oz alS b jwas

(V) el
ol-ies o Olwls (oo OS5l S
slapley 5l as (V) wiloe (wgsle (2559,5)
(29l oole S lgieds ] Sis AN anids



O g jLebgn il

O-gentiobiose
OY‘\/\/‘\/W\‘/\/\%O

O-gentiobiose

i :CHO

Crocin
OH
= o .
Crocetin
Picrocrocin
Safranal

(YD) ol NS Lol sl clgibio lozilos ) S5

Sy o Sl A Az g Ao )0 g 38
cde & DNA (V) 05 oo ploml Jokos s
355 00le (gilwasilen g (cusgig) o & L
S S g0l Jol > e o Jole o
=l sl Sl 1 (ke (ol Ba )l
Gk dw 4 DNA o wlld Jlasl (M) il
L iSSle () 0,8 o & j9mo Dgliiie
DNA .y Juail 5 )b 5l as alogis—
oSSl aile ~‘-5‘_s—_’° Jr=Sy e 9,
5 o5t U nlol o] Sl 05 slag s
(2) A=Y 5lreg5alo58 23T b 09yl e
99 DNA 4y onig— Jaio RNA Ly 2iSiloe
DNA- aopen Uy glac ) anw JLisls a5 aid)
i Gk o=l 5l g s e JSA5 1, RNA
L gass,S 1,5 o, ae ,0 DNA glai s, S5
SlaslBd (z) S oo S35 mgig; cullad
99 DNA a0 i &j50d 45 (S9-S5
OSon Sz Sl Wgd o Jate slars,
Q—.’.‘ o as Ngy 9,9 DNA GALD ) 9 ol
SIS 4y 09 0 405 0y 9,8 o] 2 & j90
oSile wigd ate DNA S50 b SasS

http://rjms.iums.ac.ir

nb )3 05250 O o Jsloe (glaasais )
Ol o g e Jsie (0 F) Gug S
5 b o] b el 4 (¥ oY) JUI,8L
(7 XY abbgo s )S 9,5

Olrie; sLaa NS wee (291> ol 5l (S
2l 5l oS gl ] Gl ywais @l
2 ohlSes 5 08 Lawgs olS cpl (Sl jwas
oy ol 51 0F) o assl)l sodle VAVE L
T BT e ool lalllas (5SS
o>y alds alide syl (s, OT LTy
by 5 43lto ul S0y cCansgy o5lS ey S
plosl ooy o990 jo Ly (allialejl Lazme 5o
Sl 0 ST aalllae ol (F F) ol 0
a0 1y Ol ool sl 5 ol yae s A
29— Slo—=> 9 Jolw ( JoShog SLo la s
slad g0

30 oly=te ) AN Sl s ws plgs — I
ol lojT gl 50 J9SIgag Sl b

Slodmo Ele ol 9 3)l90 iy 5
7SS g 0y 0aiS 7S el (S
S Job 452 oo il ali s Jolo

AP e OF o3led Y 055 15jl) 1pSalsjy ogleals



s 5 55 mtbagaST siie 55 5
AF) Ygd oo Jmale (njgte-ilsS Sl e
5 Badstin)l5 S ples Zemyl () (Y
L ol slaa IS ool (yy s
30 a8 Sl ool il 05y (slaad 92lS 434!
a—bo cdabe G5 ol ol
syrs JLatl G| €555 gt Lo 552055 s
obis ol lSer 5 JLdign axdlas .(VF A) o)l
GISCs L S yle 5l oy JU13Les 45 ol
) ot A St 5 g SzsS
I, H-DNA glai;y aw ioly] gt yilsS
oloj ;o H-DNA o, 5 (VF) aas o JLSis
Sl 5 e gs s lmaiilon o Fabil ST
LAl pl s «(VA) 09 o0 00 ¢ Jolw
Lo wwgs H-DNA assle DNA iz sla,lisLo

sl bwgi (1 gle 52 et b 5 JULSL
e 05 ol 9, olmies el el
ol sl 5 assle Gl s w18 50 Lo
(O F) anil oo Jl35 50 jg095 o9 b
sl sLi 50 (592 )8 poig09,S sl ool
S @)l do sl ls poge Sl S o
So = 9 (65b Cax B-A obigS age SO
b o Lo il o pile S Y-F 5l 5oy
e LS, Jolw Ly L josls Jsbo a8l
S Gldolw dnn a5 cul ax g5 LI w0 )ls
OO Lels 5o mal g 00,5 Lade ) yegls J5bo
ol Jls 5 e L5 o0l e Jl3s Lay]
I-motif asle ol 4sil sle b glass,
51 =€) G-quadruplex ¢ (05— 3l <)
Sl Ty oyashs Lo sl el 3 fs 355 (GolsS
s o @l ooy 9 ok (b 1l yo
15 yesl cibible L wisd o ate sl
o alad e J51a 5l i 5 DNA
$aSgJT Sanguinarine wilosls ylias cladllas
;1 Sanguinaria canadendid oL3 ¢ 4_is, ;)
, G-quadruplex Ll L oS le &,k
Sy sbadsle ;o Sy 2o SISIDNA

IFAF e AP o lil (YY 0y sill |_.,5.|.'I'IH ogle alan

g olow! DNA claws sleog,5 L Sliwg 2SI
N8 DNA L) Lo uSile cnl 5 oS 5 L
sl gl 5l S o 0 . (WA Q) S
ad, oo 5l el e el sz (398 JLail

v 3L 5 ont Jate DNA 4 Losiiians oyl
s e (Jolwiysys slaan s T sl
JrS L ke ) (omsin; b gilwasilon ygomen
Loa 354,57 LS Hlow (A F) oS —
ol i sise 5 (LS 9 s )S)
DNA L glyde; a5 (Crmg S 9,5 9 JUI8L)
5 R OleS 5l (8 slaadgdls Sl
i le gy dlwgdny (rarioiol
S Fog)olg Sl 5 (g (ales S5je0 wiile
oals s ldllas (ol zols .l odls gy
5 5 Jeio DNA (K258 BISS & I55] pl a5
JIDNA olb 5 s ks a s
Oy o2 4 b e 500l WIC 4B 2],
slo clale 13 DNA (5 )l Lials 5 ol Jlss
Ul o il sl e olpan I VL
ol sl 93g59) 5 Gmle 5 Ol )18
O Fg 3| Fmion dau5alS Sl L, DNA
oS Ol aadegis IS i 5o el Lasall
5 i g gtlS 95gS Il L DNA L (g S
doa ol oy oo (ot 50 5 (e—9sS
OF A ) sl JU13s 51 i pams S 5,50
oals Jo,l3 S Y-V Jluw yo o, Kep g ST
A sS85 9 (wg,S (UL Wl
Jaie DNA 4 0ag;5,8 5 (2,5 &j90 90
5 aiss) 5 Y sl cdale o 5 wigd e
Lall A 4y B jIDNA oL, s U3l
Oilas Jdo an ladeiig )5 Ll «(V0) g oo
Ols=edn Wil sod il (Silog)| sloadl>
a=le DNA (slajl cio (m 0ig98 DlaS 3
Sl azgi Gl (V) wiS Jos culog 2 pgras]
DNA L 45 Slby o 4 slag ls j 5,
o525 Sl sla Iy 4w oo (iSibee
5 sy o Jlie lsed (sl o Jate
5 390 Sogn )b 5l ol
5 oreri=0ndl 5l (8 (e e s Gl il

http://rjms.iums.ac.ir



O g jLebgn il @

(¥) aigtS 555l 5 9 DNA b i oo 32T 55 oo e sl =) Sy

SiBle s S8 o Al

C-DNA ULk 5 (g 9,5 g S DNA

W_DNA S

C-DNA ULk 5 (g S 9,5 g S O] 9 st oS 3l (8 ol A ygs o JIg
H-DNA ,'¥-DNA S

Lo Lo U3 5 (g 9,5 (omog)S G-quadruplex 5 [-motif syesls (ol 4, oz slo Js

LG 5 () er g S

Laggimmd I DNA Wb o5 4 (omagiy, Jelse
8 S Gla 595 5 jolaie nl 4 g 090 o
ol ade 510,28 0 )90 b (gt mlan
5 O abphed ad alid plgi e laigS o
dolse aizmen 0 e | Lol o alte
JH 50 (25,10 9 S5l «Su3els s alie
= 55 Ogmep-DNA (iiSSle 1 Jslows
ey oml g S ]y S Ol cpl 1SS
DNA ay gy, Jolye abom ol 1) Ll
OF—ed S g n Gl jlanled (oo pal
Sl 8l s Do a eileg,S sl
g Ladgiiy )5 bl o (HI) L) (5o
HI (giacn b olyae; a5 glaasall oy 5500
o (50,556 ol 5b 4 e 5 00ls iSilee
S o sl 0 wile (o> (g )0 Guileg S
Ladess )5 55t awnlie (VE F) gl oo 9095
oS GhalS’ o ol glaasall o Fge g
4y aS ools Lz DNA L HI fygiesd uShoaS
5 JURL g iy S (Soals Sl ey
Ml ooyl g S 95 9 ewg)S b dmlie
(Y0 XY¥F)

2 olye; A Glb yw ws (plgs -0
(in vitro) oKl buxo 4o Joluw gelaw

aS Wil eols lid JeSge 5 (Jobu somin gl
laa 3l oy sige 5 laaSeiis) IS 5l eolin
eSS g ady melS o ol ae Slis NS
50392 Fgo odae g i Jio Gl sla sl
SleS 5 oebile 5 olej 4y s dlge cal 236
S e 10+ ouisS Wl cdalé) IC50 (V) wib oo
b Lo 03, (59, (ol e 0jlas ((Job
(HepG2) (saS «(MCF-7) by Slb, o
oS5l 5 (HT-29) 515 (HeLa) oo, ailas

http://rjms.iums.ac.ir

AN glaasall o gte 5 laa 555 4
ol S Gl g Jlasl 4 08 s (o jae
9 G09S 9,5 g S 1Bl o oSl
i 1emotif L ieS yle 51 s JUl,500
Q‘ d)b—.’.li. o g 05, S5 Lall Q\ JRRTy vl
G09S S ol (e L]l 5l g oo
4 e g )S Lol 00y ylin (yws 9 S

Cdplie Loz o 09d 0 950 HLSle s
el osyls 1o S lee G-quaruplex U oo, ol

(VY V) oS s Lall T o o bl s
by SlpasilSa 1 (S Oy (oo ol
L Lol Jlasl ], olbe) WS Lol oloS 5
oS ol Ol 2355 Ol 605k sla L
slaJlss s DNA L ()lhe; calisee glacdglie
odd 42N ) Jod )3 euieilS9igSll o
s

S b S RNA Sl sl solul
s boiisilS'si 5 ouds axsles amlas 5 oz
9)ls Bas vy (o0 Sl 4 aBl e e b
RNA sledgsle 0929 cnl b salls cisu w9
o pls Al albs oy LS5 L aily o
ol Jlail wigd Jate Szs5 la oS
Jual 5l s xS 3=k 5IRNA o Sezs8
s «(RNA L 555, ) JsShag SL—
Sy Ll RNA JLxb yonwolojpiiS
el )Lﬁf 9 RNA (55, (=2 gemile,585
NS 50 O Sejslge codled » RNA (5 J61
=S oS 5l (S (V) wBb
4973)) )0 3590 eesS ysS wile Slbywas
4N )3 39250 (g S 9 JUIELw 5 (V4)
(YY) wils oS Lo RNA L ol jae

Jlal 5l 8 o 5 5] (omsiy, £9,% plSn o

AP e OF o3led Y 055 15jl) 1pSalsjy ogleals



oldes ez (nl lawg ailie g Sliwgn (ol 3L
s odle (FY-YD YA YF) ol onds b )l5S
9 5SS e S P ke )5 e 1Y
Slogia )5 sledsl o 1) SCalSsh aenl 5
SUA Ay i 5 03,5 Lee (Tca8113) oLs;
B> s ¢ il s sledshos (YR) 950 523
DNA o551 0l codled e @ Jlo i slodshs
o35 Lad> 5 (5l09 ) RNA &y atesly 5lhendy
od atde Wbl oo el cpgi9eg,S (el
Logiems S5k sladslos 5lrmsli 0331 Codlad o5
V)l (oo G20l (g S L Lo 5l o
AN ;500 9dsiin)lS ety S Coon S
SWAB0) (9IS Sl ) sledgboss jo ¢l b2 ;5
30 el 00l sualive (AGS) cuso o (NIH3T3
28 e Sl Sl eirms S wile &5 >
Swgy gy Jlop Sledgho 355 5 03
aJlao .(YV ,¥7) cul aa_slas (HFSF-PI3)
S9) Owg S g Gy S (Slopwad Sl plosen
HepG2 A549) slol b s Jshos 05, i
Sl 00l Lis (SK-OV-3 4 HeLa HCT-116
3 el OVA (g S sk Coon &S
e e Al

VE 5 +JAY /A0 /A o+ /F 5 4 (TC1)
Lo po el oads Lo i (e p e S (s

IS5 0l 69, I S S5k ST
L1929 e bl Jo (sledsbo
)-uJ GLA)J ‘A; leauﬁ Y .(YY Y2 ) Cewl oolus
Oe9)S Y9 sheo o7 (ggizme lyae ] o las
ul)_O.C) o)l..a.c u‘).:‘ )‘ ‘5)La.u.u su.o‘}!l.u c..\.a.ul.a‘sc
U8y S50 ey S (V) Sl 2 nl 4 by ye
1505, 5 g |, (AGS) sare (slagivms |5 gi0]
Sledobw 0ty 2 6l (e Sl Sl &S J>
5,90 (HFSF-PI3) &gy Edlog posd Lo
(YAN)
sl @l b Jyene jokas olb jwid slag)ls
P dg g (ol ool (650, aalip S o)
o)l goaaio Slalllas (Y) 0o )S o Joku
Ot O Ol Gl b gy o5 il 0,5
s Ol GRalS g losleuls g Bax (5550
Sl o 1) jo—ugl Bel-2 595102
A > By 50 B )bl ail 00,5 W Sl s
cuL_mJ Od—=0 @LEH GLQJP )O &5151_“’

Sl Jolo calisee sl 0y p QT ccdglio g ol he; dMS IC50 -v PRES

& IC50 Sy Joko 03, PSSy
(2 e 22 5 o)
(v#) -/¥ (okws) MCF-7 ahyis; oylas
(¥v) /A (15) HepG2
(vv) -/20 (v>, 4las) HeLa
") ¥ (5 TC1
(vv) Ax (o3x0) AGS g S
(v%) -IY (055) SW480
(vA) ofo0=-1¥ (Ui ,5l) HCT-116 (55) HepG2 («,,) A549
(oMe35) SK-OV-3 4 (»>, «ilas) HeLa
(YA) YIv (0220) AGS CymgsS
() Y (1) HepG2
(v) Y/o (sog)) HL-60
(y) AN (0s)HT-29
(v) Al (ob;) Tea8113
() V¥ (Lol,ib) TC1
(¥Y) -\Y (v, «la>) HeLa Jul,sle
(¥Y) | (>, ss)HeLa 955 955
") ) (5 TC1

IFAF e AP o lil (YY 0y sill |_.,5.|.'I'IH ogle alan

http://rjms.iums.ac.ir



ouds Lall by ol (59, 0 ot 132! 5
e le (g ;0 0yl (el 59555 b
g odd oy p Oloys g S pSdn U2l y0 osbe
L"")ﬁ:"? ad; lee 5o o] o e Sily 4
= oylac (FY) ail o o jgegy olows jials o
Ll oane ol jw &8 g (s S 9 0085
P15 50 padlsS 595 9 e b oad
S e e cnale a aly LS, S
sl o,y 51T Giolesl slasl jo a5 sl asg5
o olas oYL gla cbile b ot Lo ollo oo
Soog gd g wWog Jloy Jo job 4y ol yae;
o (YY) crilas 0g2g ooy Jlesd 09,5 j0
lordn glo (a3l (B (rwg S egdle
SLSY 5 ol ST o] e b L s
(YY) S oo wgSre &y oy 50 1) 5U59 0000
Ol 5, Olae) o )las (5)5055 Wb DI
S9) )—" Ly (bl aavly @ lo (e )0 Cewsy
2 U s helS S gl DNA o
(FO) cwl 00g oyl slaxs il o j9045 59,
Ol 4 Olyde ojlas (Shom nood (izmen
(o= 039 PSS e sl p S e Vo
SlogS sl 5l oo gt Col (sla 5058 0
(BAC) el ) o] (glogioms S (S-180) VA~
Syged |y DLA) (slls poid glo sl
ot sy 455 a g Sl 4y e
S ge Gl Bl 1) ead Gloys Glbyw sla s
(%)
Y e R e
alie 5 WSS, slo Ol Slge> sledoe
aalllae o (FA FY ¥0) sl odds o)l
Soe Yol loyo aS sal ool s (4l
L o Ghg— 50 055 (slogieus S gio]
g ool la &) Ly Gialidl an poie (g S
= 0 (T 05 b o9 0l ials
s yie &S 2llé) LDSO ol bl
S_is IS ol (555 o Sy B¢ 5y
G 039 PSS R S VoIV g VP ol pdes
eSS 5 p S ¥ (e—wg,S LDS0 5 (0 B-)
s Cload (315 OV) (e 03
sl il oS ol o] 5 S Sos glanllas

http://rjms.iums.ac.ir

O g jLebgn il @

i e S e VADIT 5 iy S 2
sla ool mhaw yioli8l dadllas ool ((yumg,S
2wl glapdlSe 5| (S plgisar |y sk ol
SIS 51 S (Y FA) wil o Jol yslgSeld
5 Bl el el gilae by by 3 a8
i Gy 5l by Sledsle S
Sl o Bl ple @ 55 295 L g 5l
Wil ol o JAS 50 Jelge 5l g ¢(Glanlie)
by oS5l e pallie izl Ol Gl
Gl asllan atlige (olog ol b jgag8 sledshe

Jobw 00, plyd iy, a5 Conl ool Lis
ol sels L1y MDA-MB-231 -t t_;.;Ua).“j
(S5l gt i) Slie Jytace o]
(Fe) a8 o )l

JU8L0 SlouST 6T @l 51 a Sl o9 b
A3 on e ] S9a58 3 il ok i
ledlo Vb ol el i alls S
S9! Gl g ab) les 4 (N2A) Logiudly o
s o=l e e S e T NY e
>y asles Gl (Jslw (505, po )l ae
(FY) cel oals 45,155 Hela

i) o 5 oo S o s
(JULALs slecicg 0o dll (n Fgige commg 595
TC1 9 HeLa ~—) FHIEX) LS’UQJM’ 6LQJ9,L» K9y
Y Jgdz @ azg L(FY L)) ol oads ools lis
AN sloasll oy igige o wossiis)lS o 5o
89y & —S IC50 glylo i ng,S oyl —ac)
sl 3l el plas 5 009 alides gl p sledsle
WSl S e oo 6 gl slacddnli
YY)

T 0 ol yie) Slbyw Wb (ply> -7
(in vivo) 603 d9> g0
el ‘63‘9'3"' sla J».\o 3o QT <5L‘°‘ 6L®¢L‘.:Jj.gtbo
Olyae; DS Jladlas pais> o cul JoSle

AP e OF o3led Y 055 15jl) 1pSalsjy ogleals



ol Jlb sbedgplio g olyie; NS Sl jw 1o Sl | (S JoSge (slapuslSe - Jgun

oy pilSe S oS5
S5 Jlie > g)lnl Olyhe; AMS
Siloaslon 4518 )l

LaS5e; 4 ey (Sgle b

115l y0932)025 b 25Ty

¥ 5kl 5 C g8 g (giloJled oo
ok S o b8 Sl

90 <l

oo sl 5l (S polars] el e
) sl sla iy e

oo 55 g

o5 Y slasgs IS

ol sloasssg)S g olyie; AN

Oleyd 4 Cwglin ylilews o Cuwl S g aills
L olS slagyls ololis 14 axle ol 1,
S Bl eSSl pwad ST op i
S5 SS9 e Jsb Gl 4 e oS
H10,55 5 Slodng Caerl Sl aigd go (Slo s Lo
slpiiny ol sladns jo Oldlas (pl ply el
el slaccdaln g olbe; ADIS a5 LS o

Sl e o Sygep S Sl Cde (]
5 Sy ;0 ymosl o alge g cal
8 azrgioyge sl Lo (b glosl lao

>

&bw

1. Bolhassani A, Khavari A, Bathaie SZ. Saffron
and natural carotenoids: Biochemical activities and
anti-tumor effects. Biochimica et Biophysica Acta
(BBA)-Reviews on Cancer 2014;1845(1):20-30.

2. Hoshyar R, Pouyan M. Anticancer properties of
saffron herb: Fekrebekr; 2015.

3. Bathaie SZ, Tamanoi F. The enzymes: Natural
products and cnacer signaling: isoprenoids,
polyphenols and flavonoids: Academic Press; 2014.

4. Bathaie SZ, Mousavi SZ. New applications and
mechanisms of action of saffron and its important
ingredients. Critical reviews in food science and
nutrition. 2010;50(8):761-786.

5. Hoshyar R, Bathaie SZ, Etemadikia B.
Quantitative and comparative analysis of major
metabolites (crocin, picrocrocin and safranal) in
different packages of Iranian saffron by HPLC.
Modares  Journal of  Medical Sciences:
Pathobiology. 2010;13(2):63-71.

6. Bathaie S, Ashrafi M, Bolhasani A, Etemadi-
Kia B, Moosavi-Movahedi A. Purification of
carotenoids and monoterpen aldehydes from Iranian

IFAF e AP o lil (YY 0y sill |_.,5.|.'I'IH ogle alan

sl bow leyd jo uwg,S colawl 5,5
Jbey slagise &5 53y (oo Sl ger il
=l gl Slsllas e oran (QY) 8,0
axllas (OF AY) wil ools Hlas |y (5,8g 580l 4
E7- DNA 1 Sly 5,909 oo Ol 51 6l aglin
oL 98 (nl ceS 5 g 9 g ,S INT (gp-96)
oS 55 g DNA STy b avslin jo 6 5YL by
S S oot Jole Ko lpreds ) (g S
Pl 9y = el e L as SLidos
5 ol Gl 2o SISl (S soleiiny
IS 6 a0 o 45 ok o e
5 0, hltee GlpaailSo b ol 1521 g ol e
L3Il Loyl o db asdlas e (55 G aS
Ao Mo sl bl jo olae; NS (6 509505

a8l dngi (Sl )9iS 0 Gy £t 0 el

ol ogs o JSh 4 arwy S 50
QUa)_w @_ﬂ) LSL“’ QLo)o )" 6)15..9 ol wb
= elode 4 gloyogp g Sloys cond wiile
olyodr 4y 1) (g0l (olz 2)lse (Jloy sloJol

http://rjms.iums.ac.ir



2. Bhadoriya SS, Mangal A, Dixit P, Parihar M.
Herbal drugs targeting DNA and RNA. Int. Res J
Pharm. App Sci. 2012; 2(1): 75-84.

21. Hoshyar R, Bathaie SZ, Kyani A, Mousavi
MEF. Is there any interaction between telomeric
DNA structures, G-quadruplex and I-motif, with
saffron active metabolites? Nucleosides,
Nucleotides and Nucleic Acids. 2012;31(11):801-
812.

22. Houshyar R. The preference of interaction of
saffron’s molecular components for
oligonucleotides and their effect on HI-
oligonucleotide complexes in the in vitro studies
Tehran: Tarbiat modares university; 2008.

23. Kanakis C, Tarantilis P, Pappas C, Bariyanga
J, Tajmir-Riahi H, Polissiou M. An overview of
structural features of DNA and RNA complexes
with saffron compounds: Models and antioxidant
activity.  Journal of  Photochemistry  and
Photobiology B: Biology. 2009;95(3):204-212.

24. Ashrafi M, Bathaie S, Taghikhani M,
Moosavi-Movahedi A. The effect of carotenoids
obtained from saffron on histone HI structure and
HI-DNA interaction. International Journal of
Biological Macromolecules. 2005;36:246-252.

25. Houshyar R. The preference of interaction of
saffron’s molecular components for
oligonucleotides and their effect on HI-
oligonucleotide complexes in the in vitrostudies.
Tehran: Tarbiat Modares University; 2008.

26. Mousavi SH, Tavakkol-Afshari J, Brook A,
Jafari-Anarkooli I. Role of caspases and Bax protein
in saffron-induced apoptosis in MCF-7 cells. Food
and Chemical Toxicology. 2009;47(8):1909-1913.

27. Tavakkol-Afshari J, Brook A, Mousavi SH.
Study of cytotoxic and apoptogenic properties of
saffron extract in human cancer cell lines. Food and
Chemical Toxicology. 2008;46(11):3443-3447.

28. Hoshyar R, Bathaie SZ, Sadeghizadeh M.
Crocin triggers the apoptosis throughincreasing the
Bax/Bcl-2 ratio and caspase activation in human
gastric adenocarcinoma, AGS, cells. DNA and cell
biology. 2013;32(2):50-57.

29. Sun J, Xu X, Ni C, Zhang H, Li X, Zhang C, et
al. Crocin inhibits proliferation and nucleic acid
synthesis and induces apoptosis in the human tongue
squamous cell carcinoma cell line Tca8113. Asian
Pac J Cancer Prev. 2011;12(10):2679-2683.

30. Noureini SK, Wink M. Aantiproliferative
effects of crocin in HepG2 cells by telomerase
inhibition and hTERT down-regulation .Asian Pac J
Cancer Prev. 2012;13(5):2305-9.

31. Sun Y, Xu HJ, Zhao YX, Wang LZ, Sun LR,
Wang Z, et al. Crocin exhibits antitumor effects on
human leukemia HL-60 cells in vitro and in vivo.
Evidence-Based Complementary and Alternative
Medicine. 2013;2013.

32. Martin G, Goh E, Neff A. Evaluation of the
developmental toxicity of crocetin on Xenopus.

http://rjms.iums.ac.ir

O g jLebgn il @

saffron and investigation of their effect on the
structure of DNA, Histone H1 and HI1-DNA
complex. Med Plants Iran. 2006;22(2):85-97.

7. Lodish H, Berk A, Zipursky L, Matsudaira P,
Baltimore D, Darnell J. Mol Cell Bio. New York:
W.H.Freeman Company 2004.

8. Bathaie SZ, Bolhasani A, Hoshyar R, Ranjbar
B, Sabouni F, Moosavi-Movahedi AA. Interaction
of saffron carotenoids as anticancer compounds with
ctDNA, Oligo (dG. dC) 15, and Oligo (dA. dT) 15.
DNA and cell biology. 2007;26(8):533-540.

9. Chaires JB. Drug-DNA interactions. Current
opinion in structural biology. 1998;8(3):314-320.

10. Geierstanger BH, Wemmer DE. Complexes of
the minor groove of DNA. Annual review of
biophysics andbiomolecular structure.
1995;24(1):463-493.

11. Rabbani A, Hagsharifia Tagavi M, Goliaei B.
Binding of the antitumor drug adriamycin to DNA-
histone complexes. MJIRI. 1993;6(4):275-279.

12. Pommier Y, Leo E, Zhang H, Marchand C.
DNA topoisomerases and their poisoning by
anticancer and antibacterial drugs. Chemistry &
biology. 2010;17(5):421-433.

13. Sirajuddin M, Ali S, Badshah A. Drug-DNA
interactions and their study by UV-Visible,
fluorescence spectroscopiesand cyclic voltametry.
Journal of Photochemistry and Photobiology B:
Biology. 2013;124:1-19.

14. Hoshyar R, Bathaie SZ, Ashrafi M. Interaction
of safranal and picrocrocin with ctDNA and their
preferential mechanisms of binding to GC-and AT-
rich oligonucleotides. DNA and cell biology.
2008;27(12):665-673.

15. Kanakis CD, Tarantilis PA, Tajmir-Riahi HA,
Polissiou MG. DNA interaction with saffron's
secondary metabolites safranal, crocetin, and
dimethylcrocetin. DNA and cell biology.
2007;26(1):63-70.

16. Kolchinsky A, Mirzabekov A, Zasedatelev A,
Gursky G, Zhuze A, Grokhovsky S, et al. On the
structure of distamycin-type antibiotics and
actinomycin D complexes with DNA: New
experimental data on antibiotic localization in the
minor DNA groove. Mol. Biol. 1975;9:19-27.

17. Liu X, Chen H, Patel DJ. Solution structure of
actinomycin-DNA complexes: drug intercalation at
isolated GC sites. Journal of biomolecular NMR.
1991;1(4):323-347.

18. Agazie Y, Burkholder G, Lee J. Triplex DNA
in the nucleus: direct binding oftriplex-specific
antibodies and their effect on transcription,
replication and cell growth. Biochem. .
1996;316:461-466.

19. Ahmad N, Gupta S, Husain MM, Heiskanen
KM, Mukhtar H. Differential antiproliferative and
apoptotic response of sanguinarine for cancer cells
versus normal cells. Clinical Cancer Research.
2000;6(4):1524-1528.

AP e OF o3led Y 055 15jl) 1pSalsjy ogleals



effects of Nigella sativa and saffron (Crocus sativus)
on chemical carcinogenesis in mice. 1991.

46. Correa P. Chronic gastritis :a clinico-
pathological classification. The American journal of
gastroenterology. 1988;83(5):504-509.

47. Dhar A, Mehta S, Dhar G, Dhar K, Banerjee S,
Van Veldhuizen P, et al. Crocetin inhibits pancreatic
cancer cell proliferation and tumor progression in a
xenograft mouse model. Molecular cancer
therapeutics. 2009;8(2):315-323.

48. Magesh V, Singh JPV, Selvendiran K,
Ekambaram G, Sakthisekaran D. Antitumour
activity of crocetin in accordance to tumor
incidence, antioxidant status, drug metabolizing
enzymes and histopathological studies. Molecular
and cellular biochemistry. 2006;287(1-2):127-135.

49. Garc-Olmo DC, Riese HH, Escribano J, Onta™
n J, Fernandez JA, Atiénzar M, et al. Effects of
long-term treatment of colon adenocarcinoma with
crocin, a carotenoid from saffron (Crocus sativus
L :(.an experimental study in the rat. Nutrition and
cancer. 1999;35(2):120-126.

50. Modaghegh M-H, Shahabian M, Esmaeili H-
A, Rajbai O, Hosseinzadeh H. Safety evaluation of
saffron (Crocus sativus) tablets in healthy
volunteers. Phytomedicine. 2008;15(12):1032-1037.

51. Abdullaev F, Espinosa-Aguirre J. Biomedical
properties of saffron and its potential use in cancer
therapy and chemoprevention trials. Cancer
Detection and Prevention. 2004;28(6):426-432.

52. Mohamadpour AH, Ayati Z, Parizadeh MR,
Rajbai O, Hosseinzadeh H. Safety Evaluation of
Crocin (a constituent of saffron) Tablets in Healthy
Volunteers. Iranian journal of basic medical
sciences. 2013;16(1):39.

53. Taheri F, Bathaie SZ, Ashrafi M, Ghasemi E.
Assessment of Crocin Toxicity on the Rat Liver.
Modares  Journal of  Medical  Sciences:
Pathobiology. 2014;17(3):67-79.

54. Mousavi B, Bathaie SZ, Fadai F, Ashtari Z,
Alibeigi N, Farhang S, et al. Safety evaluation of
saffron stigma (Crocus sativus L.) aqueous extract
and crocin in patients with schizophernia. Avicenna
Journal of Phytomedicine 2015.

55. Khavari A, Bolhassani A, Alizadeh F, Bathaie
SZ, Balaram P, Agi E, et al. Chemo-immunotherapy
using saffron and its ingredients followed by E7-NT
(gp96) DNA vaccine generates different anti-tumor
effects against tumors expressing the E7 protein of
human papillomavirus. Archives of virology.
2014:1-10.

IFAF e AP o lil (YY 0y sill |_.,5.|.'I'IH ogle alan

Food and Chemical Toxicology. 2002;40(7):959-
964.

33. Bakshi H, Sam S, Rozati R, Sultan P, Islam T,
Rathore B, et al. DNA fragmentation and cell cycle
arrest: ahallmark of apoptosis induced by crocin
from kashmiri saffron in a human pancreatic cancer
cell line. Asian Pac J Cancer Prev. 2010;11(3):675-
679.

34. D’Alessandro AM, Mancini A, Lizzi AR, De
Simone A, Marroccella CE, Gravina GL, et al.
Crocus sativus stigma extract and its major
constituent crocin possess significant
antiproliferative properties against human prostate
cancer. Nutrition and cancer. 2013;65(6):930-942.

35. Zhao P, Luo C, Wu X, Hu H, Lv C, Ji H.
Proliferation apoptotic influence of crocin on human
bladder cancer T24 cell line. China journal of
Chinese materia medica. 2008;33(15):1869-1873.

36. Li CY, Huang WF, Wang QL, Wang F, Cai E,
Hu B, et al. Crocetin induces cytotoxicity in colon
cancer cells via p53-independent mechanisms.
Asian Pacific Journal of Cancer Prevention.
2012;13(8):3757-3761.

37. Bathaie SZ, Hoshyar R, Miri H, Sadeghizadeh
M. Anticancer effects of crocetin in both human
adenocarcinoma gastric cancer cells and rat modelof
gastric cancer. Biochemistry and Cell Biology.
2013;91(6):397-403.

38. Kim S, Lee J, Kim S, Park C, Lee P. Proposed
cytotoxic mechanisms of the saffron carotenoids
crocin and crocetin on cancer cell lines. Biochem.
Cell Biol. 2014;92:105-111.

39. GorriniC, Harris IS, Mak TW. Modulation of
oxidative stress as an anticancer strategy. Nature
reviews Drug discovery. 2013;12(12):931-947.

40. Chryssanthi DG, Dedes PG, Karamanos NK,
Cordopatis P, Lamari FN. Crocetin Inhibits
Invasiveness of MDA-MB-231 Breast Cancer Cells
via Downregulation of Matrix Metalloproteinases.
Planta medica. 2011;77(2):146.

41. Shoshtari ME, Sargolzaei J, Hossinimoghadam
H, Farahzad JA, Samarghandian S. Anti-tumor
activity of safranal against neuroblastoma cells.
2012.

42. Escribano J, Alonso G, Coca-Prados M,
Fernhdeza J. Crocin, safranal and picrocrocin from
saffron (Crocus sativus L.) inhibit the growth of
human cancer cells in vitro. 1996;100:23-30.

43. Sajjadi M, Bathaei S. The effects of crocin and
crocetin on prevention of NMU induced breast
cancer infemale rats: M.SC. Thesis, Tehran: Tarbiat
Modares University 2011.

44. Bathaie SZ, Miri H, Mohagheghi M-A,
Mokhtari-Dizaji M, Shahbazfar A-A, Hasanzadeh
H. Saffron aqueous extract inhibits the chemically-
induced gastric cancer progression in the Wistar
albino rat. Iranian journal of basic medical sciences.
2013;16(1):27.

45. Salomi M, Nair SC, Panikkar K. Inhibitory

http://rjms.iums.ac.ir



Review Article http://rjms.iums.ac.ir

Anticancer effects of saffron stigma (Crocus Sativus): a review study

*Reyhane Hoshyar, Assistant Professor, Department of Biochemistry, Faculty of Medicine, Birjand
University of Medical Sciences, Birjand, Iran (*Corresponding author). hooshyar@bums.ac.ir
Seyedeh Elham Mostafavinia, MSc student of Clinical Biochemistry, Faculty of Medicine, Birjand
University of Medical Sciences, Birjand, Iran.

Seyedeh Zahra Bathaie, Associate professor, Department of Clinical Biochemistry, Faculty of
Medical Sciences, Tarbiat Modares University, Tehran, Iran.

Abstract

Background: Nowadays one of the most common causes of death is cancer worldwide,
which its incidence and mortality rate dramatically increasing in Iran. Saffron herb is locally
grown in South Khorasan. The present study reviewed the anticancer properties of saffron
stigma on various macromolecule, cell, and animal models. In traditional medicine saffron
herb treated many diseases including diabetes, blood pressure and cancer. The modern
medical findings indicate that this herb and its active metabolites can be used to produce
alternative antitumor drugs. Saffron selectively suppressed growth and proliferation of cancer
cells while did not show any inhibitory effect on growth of normal cells. In addition, it
reduced the side effects of common therapies. The main components of saffron stigma are
monoterpene aldehydes and carotenoides. Its carotenoids, for instance crocin and crocetin,
illustrated antioxidant, anticancer and antimutagenic properties more than other metabolites.
This review suggested that anti-tumor drugs from saffron stigma can be applied as
alternative, safe and promising agents.
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