WWAY Y ojlad Y5 A (Ol ol o3 alos) JShe 5 sk sletin g3 alome

g Olasgs 53 5au el bedd 5, 4l p S e G s s Slitie 1 ow ) p
DU145 _slusl Sl g Ol e

\d . . v o . A\ z EA v\ oz .
ey Ol Sl g (s 0¥ o WS el T e o o S s Ll

T TN PR IN-C PR JORE TS POV PRSI J- it SR V)
Soibsm 5 oo g Sk S o )65 oK EI Ol
S olid Gy g 3k Gl S e (ACECR b, o dSia g5 Ol LE Y

ANATAR RN A BT AENF 3l s 06

oS>

0 sl ge pl oS ol osls L5 Sladllan il e 5SS la dmly 5 5l e e sls AL L S sl e
(CP) oS o 55 5 (AP) S5 sl 5551 S (i S S0l G s Sl e sledsh o 55051 W)
L s PH a5 bl a8 S &y 50 Al o 055,00 @ sl o5« DUI4S SLdl iy 0l e Il Olasss 55,
((modified acid pectic) MAP) slss ol 1 5 dol vz & SUS 0 5 5 Sl Aol 31 gl a8l o gl & 50
LSS ale ool Sstpl 51085 S5 ) 3,5 55806 sledshe g3, 5 5 (modified citrus pectin) s MCP
Lol 31 m Wb S nl doss s S aslie ddshe nl 655 Ssnsl G 53 e J S Olse o Pectasol
S5l el b Jeke S s mimmer 5 Lbop pndSl 5wl e ST el ) a4 il
5 MCP AP sl sl 51 0 mg/ml clale S das o Ol asdllas ool amed (03,8 513 ) 5 3558 (S e gl 5l
55 (p <0.001) &S o Wl J 58 4 cud DUL4S Sl e sldshe 53 15 550500 VL 05 Pectasol 1) mg/ml
Gl ) Ly dgle 3550 dos ced 5 ey e OLE ) oS SSstael SOl B s L MAP & -
ams A2l o VL e 4 T 55,80 Ol a0 o Wb 5T Ol 3 S adlllan cilop 0l 5 sl e ST
Iy eis Loz s PH ahews &0 4T 51 i 5 5,106 1, DU145 sl sher 55 550000 Wl @8 CP oS sls olis Jhass ol
Ss Sl SoL ol gl ok Dsd e 55 L AP S J s 5d e SSgn sl ool s MCP) uS e
L5 o sl das o s 5l e sb a [ ol ol 33,5 B oSS Gl Sse 4 i 35 a3l S
St A 03 5 31 DS e 56 S S S (JiSTse i 0S5 AL DS e 5 4 e 5SS 5 N S
S o5 Sl sldhe 53 Sl Ul 4 3B PH 5 Loy s Jane 5 O aeSTE w0 3L Oy 5 315 513 05
SWske 53 Sl G4 5B b Sppo 4 oS ol Sy JiSTse lils DS e 0SS 8 I s il e 5
5l L 005 S w0 5L 5030 OF (St b G 53 55 cpl e 53 3L 03 DUL4S Sl Sl o
13 e o Sl sl 3 sl W) pH
DUIAS (slelsho cmlS o 05 S ol G55 1S sl o315

hsepehri@khayam.ut.ac.ir : S5 xSl Gy o YNEVNYEYS ulad 40 (J shns oy 53 38

PRV
Sk b ooy sl she Sgdh e OO\ J)l..d NI @ ateoly Jlad .,L.;Tjﬁdu)ﬁyTLic,\.w S 4l o 5}»
35 el S e OS5 S e 3 anl Obele 5 Sk 05 Cilse LS s alo g 0t 5T (g5 S

VAP



WYAY ¥ ol YF A

o s edd il PH 5 Loy Sk b s L
L 5 oS pd e sl 5 obS S5 55
S Rl s g p5e Jele S e CP gla o
3L CP 4 s MCP Sslinlee 5T 5 S 5]
IAPAD)

ders 4 CP J5SL O annSs oS eals QLA Solagss
el PH s o b sssl @l el bos s s
oo 32 ol S5 L st e kel Sl 6,8 Sl
L oble a5 Sl el Lsly 53 8 Ol
(V) 5,8 5wl CP ;s

S 2 Sy ol sl YT Jl s
Loy HT29 Ll 0558 les S 5031 sl sl
on 0% e Yo e s 04) desls QLS putaoes
bske Jobo liles s

S s S opl &S W S edalis myeloma cell line)

polie 4 ( Jobu glglozss cnl s Sl Wl b

55 il e dzea Sl sl slgdsy ple o

(multiple Ssy MCP

Wl 4 ;3B MCP S Lsls OLis dims ol (el
A) G 5 b Sl 3 51

FPP SSymal Yoo Jle s 0 5l e
Sh ol 0sls 1L oS (fractionated pectin powder)
Sllsbe S35 058 o Jols (CP) SlSe S
OLis LNCaP C4-2 5 LNCaP jlusl Sy o Ol e
L3S edalie Jrass opl 5 ched L3 (18) A el
b Gk 53 sl Gl 4 36 S sl S
OF 5l e Az HUVEC S, JUbsul e o
oSO g s il A YO Jl s i
35 1, (Pectasol ;5 Pectasol-C) asl ,.i5 LS
05001 @ ately Sl Sl p Ol e Johes Ol
Pals olas (PC3) 055,40 4 awsly & 5 (LNCaP)

(YV)

YAV

Gl S5 sk a8l Olojle S e b alie
5 S Vo Py S LON Y N S W DY L Y6 V5| WG LSy Y
o 5 DNA OU0S andad axlad 50 00 550 Slo guas

(YO) )j..\;'dAJOML;A I Lﬁljj}g)és”\'&bd‘

s o sl 5o Wohdas S Gl 4 s L
Gl 5sSU sk Gl aSl5 e s spms Jshe
Gk Sl sk sl (bl e 55 ol sl
T NSl oot sl gs e slghda s S
o oA B cslie by wlie gl 5 sl
W Shdasns obsys gl (7)) LS
F) il o S sl s addlae gl ol
s b ob S (G 0y S 008 4 (WY 5V F 0
D3t o ) Wahe b il anl b Ll
) OA) 350 5058 Sty il Sose cnl 5 s
a0 Do p)slerls ol cxiles
oo b dshbe o BLES1 o Dls 5 ol s e
S o S L b s s
22 Finpl 5l e 53 a3 LS5l s e
Sbr sl
OLs gillie 5 sse g 0dd axlg Sl Sl e
el
25 sk s s S Lol sl Sl )
S Bl b el ol s AL ol S
23l el Glls s Cal el 5 cndis

OA) b o 5 55VE slans1

&l ,eiS 3l e (Citrus pectin (CP)) olS o o5
Modified) (Citrus 4l &5 oSG o5 «pH 5 o> s
Do podle Wly o 45 355 e ags Pectin (MCP)
ol o2 sl @ b 3 Gl sl A,
LE b 4 gl O rlee 5 slabe Sl el b
o) 0l aeSE OF 5 AY O 58 o



WYAY ¥ ol YF A

sy a5 L CP SIMCP agh 1l ks 0 4
s (Avraham Raz) ;l, vubﬂ Loy sl el
sl T Sl e YooY Jl s uSes
Jslos 03,5 o plail S g (s a0 b 4 )
00 sles ;3 5395 e olile, Vo pH 4 CP ws 5 V/0
;nﬁd‘aé)\.).@fq Celu ) Gls w sl S sl s
i Sl e b e A YL Ol pH e
Lo3 40 BB dn 55 o3 slaslesl s 3 (IS
SOl cele ¥ e 4 =Y glos 53 5 el Lol O 4
Slo B gy 3l Jol V5 Jes 58 s
St e gy 53 5 ol 3y e (Whatman)

Py

03wy S 4 S Slinie 1 s olinide Sals I
MAP . AP (Acid Pectic) : 3| wile s oyl
MCP) Pectasol s MCP CP « (Modified Acid Pectic)
Sl ke glele S s ke 4 (Sl
6 dshe /0 X\ slues (DUI4S sl o oSS
S sl 51 S a s LS o Yml ol an
e Obo) e LS esls oES ol b VY sledas
A A a8 s cele Y L (6l O el SO
Sob Slehe 5 o Wk ) e Do ) )
olais 0 mg/ml lgbkle
Ll Dol sl Sde s S wilal gl 4 oS

b e S ks cell FA 5V S

AN RN/ IV A BTV

Sl Ky sk 4 ileaS gy b gk 55ml K,
S8 amle) Jhd 4 S8 e s Wb S
vy 4 PBS L pinnd 5l e Wl 50 0l
S ol 2 oS e S aiEs Ve e Uil
S5 eslizal 350 deoys /A Chle b eSS K (el
5 edalin 55 Sy S Sl oaliad b sl 25 S

) Bk (5,15 e

AAYA

S ol S SVE o WT LSS
2ph o 2l LS sl o)lss 534S

S ol S Conl onls OLES o rl;_u'l Sles 2
Soms sk & GH3IBO  Joho Olezss (53,
() 25 @55l A il (o s s

g r b Sl Ob o S 6Kl e g L
308w b cpiaes 5 AL e Olbe y5 Ol e
Sldsbe i, 5 ity 5 LS sl Ly S Slinie
OESS b alie 53 8 S el Sy opl s S

2ols g5 el Jltle OLS

S bl G L aal Sl el s
o A o e b Sl Ol e Sk Oles s
S Sliag, O, Jdo lglosss Ole 51 das
PC3) L,8 o o3 eslizal 550 Slidss 55 " sene
LS ol DUT4S Jsle glesys (LNCaP DU145
el 055,501 0 sls 8 Sk Olosgs oyl

S aph o oesliad gleys end 1 Ol asdlae s
@3l S nlaly ol Sl 20l Sl MY sens
Lolberd sla ls cal S5e 55 Jlade ol aeb
23 Sl ol axils ol pl 53 sege pl5 Las JalS
G) S el 5o L 5 pH i LGS
3 opl Sl sl Bl i Grie (DS e S 5 (G
58 05 50 p Sosml Al s 4 S g 5
DUIAS iy y Ol o slgdshes 655 it 5l An
2351 E aalllas s, e

g, 9 3l se

Csso 4 DUIAS Gl e DULS lgshu oS
Y+ s RPMI 1640 c.iS Las > (monolayer) 4N &G

A 035 SoES 0kd Jlab b 5 i p e Aoy



IYAY (Y o jlads Y8 W

PI MASTER MIX J g Yml el « s A3 S e
RNase \+ul PI(Propidium Iodide) f+pl gol> a5

B 45?5) AICRGIRW o9 el sl c.l,\il.g = PBS QO'}LI
O Sl e 3 S o 4SSl a8 Sl am s YV gl
5485 5 en 2o Sraslagl Ko Loy

s BT WINMDI i3l e 5 s 5 s o3l

(O ) il G 3 ) JsSo 5 Jshor slgion sy s

by pmdsl  misl kST L A sl Ky
Sy olse ek Slad Gl sk Ol b s
kST Jsbe Wske (nl 423 S Ll PBS o
343 S wlsl e pg/ml Clle bbby e asl /sl
Sl B edalin byl pSos Son abos @
Joko Yoo Pl Sl Gl do)s

A5 oled

S 3lse bedd jles Ll i Sk 5 2 pwy

Culd Sl ¥ Ol 4 3 Aoy Ve 61 a0

53l o dalie BB denS (el SO s 4 e(sl o5 oS o 05 DULAS Gl gl b (555058550 ol poad 53 =) IS0
adjlmv»ylsQM‘AMAJ‘JQL&«W&ﬂT&)}%u\:.»lamg/mlL)L«::J‘wiwjlméjjj)ﬁ)}ﬂ&ﬂmﬁcuﬁ!}@'
ML&:ML&AK}JBJLMJ‘)JL@}lﬂ&bﬁu&iag}ﬂw;@}bu“dy‘ﬁ

22 ol GLEE O 0S5 5 Lok el 1S Jsh e 2alS MCP OMAIMI L Lo Sl oy bl (S Ss)580 50 S eti =Y I3
(MCP=Modified Citrus Pectin) .43l o edaliv LG ¢ slas ol



ALY Y ol 5 Al

Lol K s e Slinie slglale o VL b sless 51 e DUTAS slgdslon 5o s O Ky Senaslad 5l ols 4503 =T I3
(C) AP 0O mg/ml b s celn YA 51 o Wk ) () (e J =S Ol se 4 DUL4S (sl 4le (D) a3l ST s by p !
MCP 0 mg/ml b ;e cslo YA 31w (&) CP O mg/ml b jles csla YA 51 s () MAP O mg/ml Ul cslo YA 31

Early apoptotic ) 4Jsl 55 51 J1e 03 a8 oLk LISE ol s das e 0L2S |, Pectasol Y mg/ml L jles el YA 51 s ()

L Sy b s aiil e (Late apoptotic cells ) as i 5 5m nl Jole 55 o8 Slske s (&)m Sl L s s (cells
AP=Acid ) x> o 0L 5 b sladshe i () 5 655,50 Gledsle Lk (D s 52 80 ek ol 0L B) i
(MCP=Modified Citrus Pectin CP=Citrus Pectin MAP=Modified Acid Pectic pectic

s a5 eaped LS el S5 1 T sk
3Pz LIS N E on 050 SoF SN S
ol b SLlS dals €50l 3 ke ol 51 e W s
j&\a&iaw}aw&wgﬁs@w%}
Sllle Bl e e Il s 55 Woke 5 5
05 Saex 30 (mg/ml /0 /Y /+)) Pectasol
Lol s S5 sdalin dald Gl & o (55558550
MCP (S ol ($VL Sl U Sl oot sled s
S5l sss e Sl s (mg/ml O 5 ¥ ) ) Pectasol

Wsls QLS 1y s

9 Lfb'l"'“ L;L:"‘; ‘;«?Jé I BEER oS Q‘J:‘:’" o
sk O 5315

13 51580 o5 3l eslizal b (oolel slasdT g, 50T
ol r\;u\ Aﬁj.]a ;gau ANOVA &JZA‘)LI Sl 3 SPSS

NG
)C_',_.ul o MW}‘JW&JW}\ Q\}&MPS 0
o o3y OLES (n =Y) J:‘.<JL\.A + SEM PPV Y CL&

~CM‘

o ot S By b W sl )
FY o 1 Jske Ox\V o8 sl Sy oline leg
by e ool S8 gemle V4 S S
Olaie 3img/ml O 5 ¥ o) /0 /Y /) slghlke

sles Sl cele YA CdS 3 e Al s 5SS



ATAY Y o led T8 A (O gl ool o3 ) JsShe 5 Jhor Gleins sy oo

5oekd e Sl LS 3l Lk 5l galies e o s GLLs QUL ol S5 @
03 ke 53 (Sl shee Sl pl AL e skl sk @ oS @

EB/AQ ‘sf_\.nT J.EJ g Jl.na_\.? eemles TF j‘ e} DU145 ‘HP clnb_g.b JﬁHTUU’l"’ ey

AaCp
Y+
OMCP
U
3 NAP
=
= B MAP
B
B Pectasol

(mg/ml) o5l e Sils

Ol Sl sl Y 51y DUT4S sl 55 0l dm s Gt cpl 5 ealinal 550 oSG ol cosline glgilale Jlaslie ¥ IS
= p<0.00D)il o mean+S.EM Jsles o 4151 5l . €arly apoptosis+late apoptosis)

AP=Acid ) (0=3 ; #% =p<0.01 s
(MCP=Modified Citrus Pectin {CP=Citrus Pectin MAP=Modified Acid Pectic pectic

EBJ“AO‘SHT JJJ 8 Jl»._«.'t' el FA j‘ ) DU145 o s clnb_g.b JS:‘&HTU‘_E'” Py

:
Ta S
Teoo B MCP
ERCEE
3 ov. SAP
=y
= 0
B MAP
3 | ok
3
s s .:_5 @ Pectasol
: i N
I I T
. ey «1 -/ 3 Y &

(mg/ml o5 e cdild

Ol SOl el YA 51 DUT45 L;k@.i)laﬂj):utyj Loss Gl 53 eslinad 3 50 S Oolinie Ssline glgale Sl aulie -0 IS
# = p<0.001)ail o mean=S.E.M Jsles ods 511 500 (early apoptosis+late apoptosis)

=3 4 %% =p<0.01 .
(MCP=Modified Citrus Pectin .CP=Citrus Pectin MAP=Modified Acid Pectic AAP=Acid pectic)



WWAY Y ojlad Y5 A (Ol ol o3 alos) JShe 5 sk sletin g3 alome

v oo . B CP
g. - |
s EOMCP
qoF NAP
S ] B MAP
VoS . B Pectasol

(mg/mly =55 olge clals

skl 0l SOl el YF 51 DULAS sl sha 5550 do)s 1 cGaos ol )3 4, IS oSS colinin ooglane glglale 31 -8 K
(3 =p<0.05) W5 S el 555 sl she ds s Sls sme il Eelb AP O mg/ml 5 Pectasol ¥ mg/ml clals Lads o5l e aba>dls oS
(MCP=Modified Citrus Pectin {CP=Citrus Pectin MAP=Modified Acid Pectic AP=Acid pectic)

EB/AQ L‘;J'i"’T JJJ 5 JlA.L\.Il. ezl FA j‘ .J_HD-U].“S ‘_.FJBJ....; "_:la.bjb JBJS" E-J‘j'i"’ 3

Yoo &
B CP
A
3. OMCP
o F
= S AP
=oF
BMAP
’ B Pectasol

(mg/ml) ousy slge 2dals

ssbilen 0 sl 5SSl ol YA 51 g DUTAS Gl s 55,50 Ao ss s oo ol 53 ) LG oSS colinie oojline sleale JI -V (IS
Loys s axs bl (3= p<0.05)MAP ;s AP 0 mg/ml =Ll 5 (s = p<0.01) Pectasol ¥ mg/ml bl o 4 o aba=Ss oS
MCP=Modified Citrus CP=Citrus Pectin MAP=Modified Acid Pectic AP=Acid pectic) ..sls OLa 15 el 55,50 slgd sk

(Pectin

14y



WYAY ¥ ol YF A

4ol ol en Jol st > 3 Gy i L s subGy L
Sldsbe IS Gl D3 b a ke en
Gelosd pl g a8 4 paSy olinie b oedd les
S Wk s orl 2 238 S e s
oy 4 PL ) by el K5 5 003 S8
(YO) X8 8 513 g 2 2550 (5 e siplo shb ol

53 RNA 5 DNA L Jlasl gl 3, 4 0B PI K,
Y N VRS PR S PP
0% o sl LG s eslizal 55 RNase 1 L sha (gl
o3Il 5 s p 3550 Jshe DNA (glyms L5 RNA
(Y0) 3,5 )15 6,8

Sldsle Jho o pl SLs 5l gl wsad A IS 0
Glp s pesulasls oK bwg ods &l DUL4S
Gl po a8 w oS olinie S slgble
sor @l el el ey LS J S sl s
e 5 Sesulasl s Sheslind b Jsle o
oo ke Sy el SOl sl s 4 8
ol Bl i p 4 and AP WS e AL
Loy sl YA 5 VY Ol 53 8 5 MAP
O Ll Cow sk 3 1 Sssl S 6V
Sl 3 S J 5 (4 IS2) (p<0.001) aas
e 3yl Eel CP 4 s MCP sl YA 5 YY
335 o DUI4S ld e 55m 0l doys 5 Lls ons
Wl sl Ol VY K s (Ve KS) (p<0.001)
Sl csle YA 5 YF 51 o DUL4S slgdshe 55 ol
Olge 4 « Pectasol y MAP AP il slgdals L
Olgpe 5o VY IS D3l ol aclis o b ioute J 28
5 MCP CP il glgble buy smpl Wl
celo YA 5 YY 5l e cuie J 28 Olge 4 Pectasol

.,UloJuZwL&Av.ab_‘)L«:S

14y

by sl 5 sl b ST L s il K
0 5 ¥ e s ot Gl slgsl SLs 3 45 5k Oles
Slags Sleale Sl el s 53 CP el sdd sl LS
03 Sols g Rl el YA 5 Y (lgley 5s e
S 055 4 S DUIAS Wl 5ml do)s
woaly A g S sl plo Ll ol el gl
Sl sl dos Bl cel ol s 3
o 53 (P0.001) B0 J xS sl & o
YA 5 YF gl 5> MCP O 5 ¥ ) mg/ml lgble
Sl dons 3 s me ek CP w cos sl
s a5 (p<0.001) Wsls olis DUI4S sl
YA 5 YF Oly 55 a3 AP WS ol ol s ax g
Sl 3B MAP o O 4l s 5 4 s (ol
357 sles Cow sldshe 53 L Ssmal 51V A
e J 1S Ol ge 4 50 Pectasol .(p<0.001) &S .l
03 Guls pme Rl cell YA 5 YY Ol as a o
(p<0.001) sls oLz DU14S sl 5500l do)s

© 5% J$9)

e 51 ey DULAS (sl shes 55 55 Ao ol o ke
S5 o3l LB EB/AO (gl Gy 5 oS Slinia b
oSde b Dl Bl e Wske 0l 5550 Ao o
055 sl Sismml Sl Olamas 5 A3L 0 VU Ol
V58 JS) aal o T (655,55 Sl 51 miny

o DULAS ld b olas 51 ols €5 ¥ IS s
Loy o ksl b el KOy 5 iy Slintie L las
by eSe ol add osls 0L sl e ST
el 0w S iy sl Sy e

#3553,5 DNA Sgual b 55 i Jghe &5 2 ) p
s iS5 Dlald 4 SIS Skl sl s
DNA (gl simes 5 05,8 ks Jgho 5l Olalad pl 35
Gi 36 s Wyl DNA (glyms 51 ST sl b



WYAY ¥ ol YF A

256

U &l

subG; 0.66 %

Everts

o 1023
FL3-2

(CP o mg/ml) o

256

M2
—

subG; 0.79 %

Everts

1023
FL3-A

128

Ewerts

[

e

(AP & mg/ml) <

subG; 23.08 %

hi2

MCP 6 mg/mly o

subG; 15.28 %

1023
FL3-A

G4

—HMAP o mg/ml)

subG; 13.75%

1] W3
E —
I
=
i 1023
FL3-&
ow
7 (Pectasol ¥ mg/ml) 9

subG; 51.75 %

Everts

0 1023
FL3-2,

Al e Wl ol 3 5sm el doss KL Sub Gy ds s DULAS lgd sl (sl (6 e smlan sl olKaus Jave 5 ol il (";M -A S
Pectasol ¥ mg/ml (5) MCP 0 mg/ml (») CP 0 mg/ml (5) MAP 6 mg/ml (C) AP 0 mg/ml (&) J =5 sl & by e (L)

(MCP=Modified Citrus Pectin (CP=Citrus Pectin MAP=Modified Acid Pectic AP=Acid pectic) ..il o jlod Colu YA 31 oy

MAP; AP b cusls FA 5 TF 51 ixs DULSS Lol sladsd SUD Gy o3 doun i

+++

YY1 e Ol 5SSl el YA SYY 51, DU14S L;LQJ}LA(jj;;‘ﬁT)SubGl 56 ds,s s MAP 5 AP oosline glglale 1 anslis -4 IS

1ol o sl b 53 Sub Gy B 2058l Sls pae &) s MAP O mg/ml c bl o &ocd AP O 5 ¥ mg/ml slells O 5l SOl el

4 s AP Y0 mg/ml glglale 50 05l sSSE ol YA 51 s (=3 s MAP 0 mg/ml bl 4 ool

=p<0.001)xsls oLs

Clle 4y G 4+ = p<0.001) sls 0L 1 Hles Cow sl she 53 SUb Gy 56 a580 1y see &) 52y MAP Y50 mg/ml clale

(MAP=Modified Acid Pectic AAP=Acid pectic)

1a¥

Al e meantS.EM Jslas ol 151 uslas .(n=3 5 blue



WWAY Y ojlad Y5 A (Ol ol o3 alos) JShe 5 sk sletin g3 alome

MCP; CPL sl FA g TF 1w DUL4S J3ls sleaze Sub Gy vasye auelis

i S
e
T a
= CP
-—".i‘ i EE 23 . E
- »
L B
- < o
- I &
= T hhE s s D}JCP
# I &
& c’ c’
O
= * i e : o o
o B B B
» s » »
< o B B B
= e s ryir?!i s — iz e : s f
J= NE k] & L= & ] v &
—els TF el TA

Gleale 05l S5l el FA SYF 51 DULAS sldhe Gy D Sub Gy 56 Ao ys »n MCP 5 CP &oglie glgale 3 anulia -V S
Gl eolie . dms e 0L | Sl G sl sl 53 Sub Gy 3Bl ls s s CP blis glelals 4 e MCP 0 5 Y ) mg/ml
(MCP=Modified Citrus Pectin .CP=Citrus Pectin) =3 5 s =p<0.001) ..il . meanES.EM Jsles o

Pectasol 4 MAP AP U Lo ool FA o TF 3 om DULSS tole slses SubGoe,s ansli.

. -

= or.e
<) :
= T+ 4 rEx =
..= ik :
“ — ik S :
1| * = o \ i |
ik % : * h -

. m B E -~ =NR m Eg
JFCELAREY i T S /N T N BRY A BV [ G NI
AP MAP Pectasol AP Pectasol
el TF

(mgfml) o5y te clals

5l o DUL45 sl sl (Gym 1) Sub Gy 5L s s Pectasol <glize lgdale 4 s MAP 5 AP &sline slglale 3 anslio =) I
53 8ub Gy 3L a5l s axe & sas MAP 5 AP slglale plod & o Pectasol ¥ 5 \ mg/ml lgbls 05l sSSI cel YA 5 VY
M=3 5 J 18 & # =p<0.001) .l emeanES.EM Jsles ol a1)) joslie . dias o 0L ) Hlag o slgd sk

(MAP=Modified Acid Pectic AAP=Acid pectic)

135 S axe GH3/B6 | sldshe g5, Ssmsl oS
" 2 (AP) S el b e 555 51 555 2 Sl
Y ) ’ ;
03B osle ol aaS il esls DL GH3/B6 ujj.k...u Oles 9
e DN S e ol O S A s s Wk ol s 08 A e
2V Sasml Sl sbel 4 B G O Ll ) ail e (4i8s ¥0) Sde ob S 0l s
oo Oler 3l o DUMS sy Gl Gl s o VL 515 L 0l 5S0 05 el

B oS col S ¢ WS A S S . . . c st ..
42 Sl S 58 580 v Sy A 53 Olsee S2alS 55 5 S50 50550 Sl eis Lol e gl
Sl oo s Cow sldshe 53 55l W
s 038 sk PH 5 L il e 1) ISl

oo O3 G (VY 5 V) 3L o SN 0l 5

140



WYAY ¥ ol YF A

Ols oyl pen &S (6Hsb a4 (s divs ol e s
S s Guls e A 53 AP L g oud (Ll J'):zl)i.T

A edalis MAP

235 o Aol BB s gl 558 Sl Sse 4 s
seon @l Akl o e 608 Sl B L L
JAMJJLhA U'i‘ BEl Q.'w:)jlé LSJ:"T &)}J%J&w

Pectasol ;s MCP. CP 1 ler cele Fbog 7)1 un DULSS Jot Slesgs SubGrus,s wuslis

F.o_
= T+ 4 Ak
E T‘ ] ki
:T: drik
Yoo 4 *ki E . E *k
" - — [ml F; ﬁ [ E — R - | - ﬁ m E
IR R Luf -8 % Y & ed Y Y& Ve )
CP MCP Pectasol CcP MCP Pectasol
el TF sl FA
(mg/ml) o5 ol g0 clild

3 e DU145 sl sl (G D) Sub Gy 56 a5, Pectasol < slize slgzhals & s MCP 5 CP gl (slgrale i1 s lie VY 0o

53 Sub Gy 56 Sl s pxe &) sea MCP 5 CP slgalale plad & s Pectasol ¥ 5 ) mg/ml glgalals .0 50l 5SS sl YA 5 TF

(=3 5 J 28 ¢ o

i = p<0.001) il e meanES.EM Jsles s a1)) oslds . dias o 0L ) Hles Cod sl e

(MCP=Modified Citrus Pectin .CP=Citrus Pectin)

2 U 5l plalsl e 51 s i
35 SOstpl SLd A Ldew) 4t opl 4 V44F JL
saska PH 5 bos alws 4 & ol8a 5 3510 5 425 CP
(MCP) T s 2SS Gl Do 4 5 335
00) 353 o udd ol Gl

(’w 53 i JyuS Olge 4y Pectasol asllas ol s
(Debra e |5 315 Ol e il Sl glgnas
Gl A s Yoov Jle s 5L 5 Mohnen)
LNCaP <livy ;s O ,w sldshe (5, 1, Pectasol
OLES padizes YoV Jle 3 OF 51 e L(08) Lsls OLES
Olesss 93 )'ju?ﬁj sWl 4 36 Pectasol 45 Wsls
O30T @ ately Sl Sl ol Jik
S A3l o (PC3) 035,00 & arly & 5 (LNCaP)
(YY) ol ol s ola anl sans aub

bug (Sl sldsh 5 Ssyal W sl

Lol Lol odld jasla o9 4 g M.Quu.m»

Va5

SSse 48 (CP) OUS o S sl addllas ol
O oS e e Ol gl e S5 Sl Sy
PH 5 L des & b 1 0K opl i 055
EECIPRRK S S SRS U IEXJRRNSCIS PRI
DUI45 Sliws n O e sldsle 55 1) 5eu sl Wl
Gl Ky s Jie [ sl s L
(CP) LS o K esls OLES gy cpl 53 iy 56
Sl Sy Ol s Ll 55 55m 0T W4 30
Wl ks SUS e iG @S Jl= 3 il o5 DUL4S
55 o Wl 5l Ol 55 (ols me Liuls3l (MCP)
ol by s e QLG CP o d e o sl sl
o Sl S e DS e S e S Sl
4 01 S Caad Sl 5 ) o 3 8
e Sy 3 OUS  iSG S S sl e s



WYAY ¥ ol YF A

s gl s Oleys 5o ey 5l eslinal J- e
Sraml G el Ll st e 2 S5, 4 S
S Cel el als ot 4 Sa slse cpl by
ot Y Il 3 s 5l 5 Gree Sledas &
Y oS s b pSG slse oS W S Ol |y s
53 Jde S50 (Anoikies) 588 6T Wl 5 b
SWsle S ol (Johe sladkse 03l s
Olesgs 35 gy andllae 53" (V) Lsd o Sl
5T eSIE WL oS LNCaP Ll Sy, Jobe
Loy syl Gl EL o 5 stews opl glyls 45 PC3
c)a..d o3l s MAP kinase ..o ,lgs 4 I, Pectasol
Oad anS "lulg 5 Bim Sy o0Ss s Ok

(YV) Sl 03ls s . 3 Y )L_:.»LS))_{

9 LéJ._ulSLw tfb U’-’-‘ 6)[5}1.».«4 ;Jﬁ;ﬁ cu._v_l B e}jﬁ
Wl adsl Jlla 55wl 5 PH ey 4 i sl
g andllae 4 5L 5 eddd ) Sse sl e ol

S5ls

Sy

om0 oK ey ara s b oo
Sals, wal S5 bt IS w5l el 4Bl elnil pske
AT el s Oliie s (o plealy 5 S bl &
oislesT b8 ¢ Sl WLalS Sl S w5 (g5l
Sexdsm o ordam Slid S S5 s
Ol lases (HKen 5 Cuslaws bl 4 Ol g oKl

AT e s 4 Sl S5 Jls

Q\J.Q_? SLisls (:}l.c PICSA AQ_A\N U’:'J" J’:“’}“:A GH3/B6

YOO-YO4:(F)rY
g (S Db (33 o Gt LB sl
S Al ey 53,55 5 55050 GWILOYAA) 03 (s

Lo eamen 5 SSsual Ol &S edd slgie
¥ oeSIE 4 T sl b 5l e sl s5lkabee
Sl gl 5o (LSVE & edipd fas ()
Sletsg sl 00 58 o Do (Sl
che o S dies ey S o4 sdisd fate
LB Lssdse ) Al s Sl sl
S & Jlal b s |y sk & Jsbe bl
oy Sl Sl o 550 SAS 5 el SIS

OA) S 5l

Jl s (Les 5 (Julie Ellerhorst) <o sa )l J o
Ol 4 3B DUI4S Johe Olesss oS aisls oLz 1444
Olse 4 ¥ uoSIE i (4) W3l o ¥ IS
Rl (VY 5Y) S o (Bome (S5SG Bsm st
2 P S Slite oS 2pd (e ke 453
Ll a5 515 eslinad 550 Gz opl 55 oS sl Wl
b 3l "Yha>l (Pectasol s MAP MCP (AP)
b A o) DULAS sldho mlans ¥ SIS L 2SOle

A 65 yad Jlas

Cpomar 5)'):‘—3}'J S s cnl esls Olis ladlas
OlS p eS der 3l S olitie glule A
35l al,,.agh;jxwg;:wa;@a(MCP) asly o
Slge aS Wsls QLA YooV Jlu s Oehiee Cpend 3 (\0)
ECTRR VR C P W PO BT DU
WSl 4 ey L ey (HUVEC) S, JUbul
ol 3515 3l b s wled 53 (S JU 51 sl s
S5sl GUI S slse oal D255 F3e il o 05 53

(\9) Cm—ﬂ\)‘.})?f ‘5‘ a}..v‘j \L?o.b‘)‘ L@J_’L.» J‘).}

Ci“‘
WLL ‘J}"“J r‘_).g.z Akﬁ"“ -Sos ‘6)4*‘» r\_)yb 450.:1.“1 ’
ST Ogassm 5 Ko Al i aslie ((VWAD) o ¢ oo 55

Sl s GeSVsn w35 Ol n msSasS oS



WYAY ¥ ol YF A

10.

11.

12.

13.

14.

YAA-0+0:(F)YY .01,

Attari F, Sepehri H, Delphi L, Goliaei B. (2009)
Apoptotic and Necrotic effects of Pectic Acid on
rat pituitary GH3/B6 tumor cells. Iranian
Biomedical Journal. 13(40): 163-70
Avivi-Green C, Madar Z, Schwartz B. (2000)
Pectin-enriched diet affects distribution and
expression of apoptosis cascade proteins in
colonic crypts of dimethylhydrazine-treated rats.
Int. J. Mol. Med. 6(6): 689—698

Avivi-Green C, Polak-Charcon S, Madar Z,
Schwartz B. (2000) Apoptosis cascade proteins
are regulated in vivo by high intracolonic
butyrate concentration: correlation with colon
cancer inhibition. Oncol Res. 12(2): 83-95
Avivi-Green C, Polak-Charcon S, Madar Z,
Schwartz B. (2000) Dietary regulation and
localization of apoptosis cascade proteins in the
colonic crypt. J Cell Biochem. 77(1): 18-29
Chang WC, Chapkin RS, Lupton JR. (1997)
Predictive value of proliferation, differentiation
and apoptosis as intermediate markers for colon
tumorigenesis. Carcinogenesis. 18(4): 721-730
Chauhan D, Li G, Podar K, Hideshima T, Neri
P, He D, et al. (2005) A novel carbohydrate-
based therapeutic = GCS-100  overcomes
bortezomib resistance and enhances
dexamethasoneinduced apoptosis in multiple
myeloma cells. Cancer Res. 65(18): 8350-8358
Ellerhorst J, Nguyen T, Cooper DN, Lotan D,
Lotan R. (1999) Differential expression of
endogenous galectin-1 and galectin-3 in human
prostate cancer cell lines and effects of
overexpressing galectin-1 on cell phenotype. Int
Joncol. 14(2): 217-224

Glinsky VV. and Raz A. (2009) Modified citrus
pectin anti-metastatic properties: one bullet,
multiple  targets. carbohydrate  research.
344(14): 1788-91

Hayashi A, Gillen AC, Lott JR. (2000) Effects
of daily oral administration of quercetin
chalcone and modified citrus pectin. Altern.
Med. Rev. 5(6): 546-552

Heitman DW, Hardman WE, Cameron IL.
(1992) Dietary supplementation with pectin and
guar gum on 1,2- dimethylhydrazineinduced
colon carcinogenesis in rats. Carcinogenesis.
13(5): 815-818

Hensel, A. and Meier, K. (1999) Pectins and
xyloglucans exhibit antimutagenic activities
against nitroaromatic compounds. Planta Med.
65(5): 395-399

Hsieh, T.C. and Wu, J.M. (1995) Changes in
cell growth, cyclin/kinase, endogenous
phosphoproteins and nm23 gene expression in
human prostatic JCA-1 cells treated with

S GI ds . GH3/B6 (g5 50 Sk Olezgs 53

modified citrus pectin. Biochem. Mol. Biol. Int.

37(5): 833-841
15.

functions. Glycoconjugate J. 11(6): 527-532
16.

819
17.

3057
18.

molecular medicine. 8(4): 187-192
19.
Rastall RA. (2003) Pectin
human colonic adenocarcinoma
Anticancer research. 23(1A): 341-346

20.

pectin. J.Natl.Cancer Inst. 87(5): 348-353
21.

442

22. Pratima  Nangia-Makker,  Victor

Cancer Inst. 94(24):1854-1862

23. R.Ian Freshney. (2006)
& Sons; 247-280

24.

Iran.Int.J.Sci. 1: 99-109

25. Sergio Huerta, Emily J. Goulet, Sara Huerta-

Yepez, Edward H. Livingston. (2007) Screening
and Detection of Apoptosis. Journal of Surgical

Research 139(1): 143-156

Inohara H. and Raz A. (1994) Effects of natural
complex carbohydrates (citrus pectin) on murine
melanoma cell properties related to galectin-3

Mohnen D, Jackson CL, Dreaden TM, Theobald
LK, Tran NM, Beal TL, et al. (2007) Pectin
induces apoptosis in human prostate cancer
cells: correlation of apoptotic function with
pectin structure. Glycobiology. vol. 17(8): 805—

Liu Y, Ahmad H, Luo Y, Gardiner DT,
Gunasekera RS, McKeehan WL, et al. (2001)
Citrus pectin: characterization and inhibitory
effect on fibroblast growth factor receptor
interaction. J. Agric. Food Chem. 49(6): 3051-

Nangia-Makker P, Conklin J, Hogan V, Raz A.
(2002) Carbohydrate-binding proteins in cancer,
and their ligands as therapeutic agents. Trends in

Olano-Martin E, Rimbach GH, Gibson GR,
and Pectic
oligosaccharides induce apoptosis in in vitro
cells.

Pienta KJ, Naik H, Akhtar A, Yamazaki K,
Replogle TS, Lehr J, e.t al. (1995) Inhibition of
spontaneous metastasis in a rat prostate cancer
model by oral administration of modified citrus

Platt, D. and Raz, A. (1992) Modulation of the
lung colonization of B16-F1 melanoma cells by
citrus pectin. J. Natl. Cancer Inst. 84(6): 438—

Hogan,
Yuichiro Honjo, sara Baccarini, Larry Tait,
Avraham Raz, et. al. (2002) Inhibition of human
cancer cell growth and metastasis in nude mice
by oral intake of modified citrus pectin. J Natl

Characterization.
Culture of Animal Cells. New Jersy: John Wiley

Sepehri, H. Zoraghi, R. Haeri Rouhani, A.
(2000) Effect of Pectic Acid and B-glucan on
prolactin secretion by ovine pituitary explants.



WWAY Y ojlad Y5 A (Ol ol o3 alos) JShe 5 sk sletin g3 alome

26. Smith-Barbaro P, Hanson D, Reddy BS. (1981) proliferation in human and mouse androgen-
Carcinogen binding to various types of dietary dependent and- independent prostate cancer
fiber. J. Natl.Cancer Inst. 67(2): 495-497 cells. Integr Cancer Ther. 9(2):197-203.

27. YanJ & Katz A. (2010) PectaSol-C modified
citrus pectin induces apoptosis and inhibition of

Effect of Pectic Substances in Induction of Apoptosis in Human
Prostate cell line DU145

Dasht Bozorgi S., Sepehri H.:, Goliae B.?, Delphi L.* and Jan Zamin E.}

!Animal Physiology Dept., School of Biology, University College of Science, University of Tehran, Tehran,
I.R. of Iran

2 Institute of Biophysics and Biochemistry, University of Tehran, Tehran, I.R. of Iran

3Stem Cells and Developmental Biology Dept., Royan Institute for Stem Cell Biology and Technology,
ACECR, Tehran, I.R. of Iran

Abstract

Pectic substances are complex polysaccharides, rich in galactoside residues, capable of
combining with the carbohydrate-binding domain of galectin-3. It has been shown that
these biomaterials can induce apoptosis in tumurigenic cells, possibly via interaction
with galectin-3. In the present study the apoptotic effect of pectic acid (AP) and citrus
pectin (CP) on the human prostate cancer cells DU145, which express galectin-3, is
investigated.PA and CP were modified by alteration in the temperature and pH, and the
apoptotic effect of such modified CP (MCP) and AP (MAP) was studied. We also used
commercially available modified citrus pectin, Pectasol, as positive control. DU145
cells were treated by different concentration of AP, MAP, CP, MCP, and Pectasol in
periods of 24 and 48 hours. The percentage of apoptotic cells, after these treatments
were investigated using Acridine orange/ Ethidium bromide staining and Cell cycle
analysis. These investigations showed that AP, MAP, MCP can induce high percentage
of apoptosis compared to control group (p<0.001). In addition, fluorescent staining
showed that percentage of apoptotic cells were higher than necrotic cells. We
demonstrated that, AP without any modification induced apoptosis, yet CP should be
modified to have such value. It may be a dominant point for AP as an edible pectin,
while citrus pectinase is in the non-edible peal and should be modified to have such

property.
Keywords: Apoptosis, Acid Pectic, Citrus Pectin, Modified Citrus Pectin, DU145 cell
line
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