[ Downloaded from journal .fums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.22285105.2018.8.2.6.4 ]

CaC0z Jghuw 03) y3 ilyaigs @adaw wlil

WAV Ol | ¥ ojlat | prin Jla | Lad (S pole olKils aloms

Libaghy s

Sl 5elsS b yw CACO2 (Jolus 00y (595 32 Ol i g i (Sl o W 1 51
3PV JRYC SN PN SR VTP S P RN T

) S s ST s (515 e e sy S5 8 -

Olpl el «plpl (S pole olKitils (S 00SLails ¢ Js¥Usn (65515m 9 Sy S5 09,5 -V

Sl w0l oS o5 s )5 S5 ool sy 58,08 5ty Sl 35 o1

VWASN /Y rallie By b VWSV Y allie il s ol

RS

G 5l Sam el bl s Sl 65k (51 (sl Gl ad (5915 e as ltuls s 00 jloe Ko (DT proes 1O g Al
el (Gludl 98 by CACO2 (Jshoo 03, (539; 32 Slysr e Gl 0 S (o)

Slagles s (Yso oo Voo Il Ygn oo TINYO) Ol yigr ot cilises glacdalé b Lo coos b Jshes (CAC0, Jobos 63, CoisS 5l o SS9 g g0
ANOVA s, 5l oobiisl b ool il ls 50067y ,8 s 1Cs0 5 o plonil XTT s Ly CYLOLOXICHLY s 3,5 1,8 (cuslis VY 5 FA VF) (il
W08 sy 2 (6,5 Py Sae b (So5els8 00 Dy rioren Lol plodil aesls avslie (sl Tukey cos ()T Jlss 4 4 One-way

ok ;o Ol S s oole cytotoxicity .aisls Las 1y 590 a5 aiunly 5 5,b Soles calides glayle) ;o Slpig i b jles Cod slo ol tgmlis
N0 cdile o3 a el VY 5 FA XF e 6l ooke 5l ICs0 o] 3o 487 0 ool Lits XTT s 5l ozl b gladl (y5)sS” o oo CaCO,
ik Bgte ) (Jobo pendi Wlgi oo g 318 1Cs0 e )3 wl; lee Sl DS s 4 0l GLAS (S59093 )90 (o 2 S Sesl Yga Lee FY ) -
g5 oo iyl 95 oo b Jshs 5 po Wl sl 5501 Wl b Yozl 45 55,5 CACO, Jshos 05, 10 0y loes asly Wil so S aiay maohes 15 oS Ao

S 5L bl JUS 5l by ey 3Tl 45 |, ol slaolays

CaC0; Joho 05, ¢ Dhild (ygid 008 Jlgs sl gy maes «3522] JES y5lo8 ool pos 2 50elS ol

Sldllas pizman (1) o abxl (g low ol 4 Myl oS

ol e g She Sy Jelse alulid Daie)s goase
oS ol &5 ) 5 (Sl baasil ool 4l sl s Lo

4 Ml ylas a5 03gr S35 (b solem S JUS )l ol e
gdse el o5 Slojlal b (g5 sasis sla Sy elgl L o
oalasll 35 slagwsSsl 5l Sy a8 Cesline Gl ol
oz S8 Sl Se il sl oo bl lew cnl b basi e
LT 5 aril axils (ke 4 Ml S jlaz (g5, 0aisds
b (F) Wisd (len joy 4y priiens j5boay g o)
&) il a5 Conl sadonalice 43,5 O e Dlalhas
i 5o izen aiiS o0 J5ST ) lag Ol (5B
@l slag el g wiS (oo Ll (bl (285 Jobow slaan] 3
e RS e by Giledd 4 e (ST

journal.fums.ac.ir

oo
Lol oo glgl a5l 51 Sy (CRC) JLS 5)sS o yun
(el GlB o 51 (B0 a9 S o e (e gz 9 Sl 53
&l Olbpw (egd 5 (o0 50 @b Gl j (oo ez Ol
Slllae 5o o 51 () vy Jlete by 0
IS 6 lew ol Eomd Trares,s axibalbl owlis Fass
JES 55158 Gl g5 ol 3l Ll p (T oanli o,
2 S wos g5ie oL iz sbla
9 &3 Ol YL o 0 yol 5 Sl il o Ll !
Sl £505 255 5505 G0 (el 5 28 T (Lo )9S o
gl 5o JBS,dsS ol 09385, Eond 4 4z b AT)
A Jolse olulil jolaieas (gousin Olallas o Sl

o1 slails eyl 08 Sy pale axly (S 09,8 53958 yald 1 gkummn odiows git
Email: f8forouzesh@gmail.com
https://orcid.org/0000-0002-2747-3479

Q\).ﬂ ‘Q\)Qj ‘Ga)Lu\

YYo



http://journal.fums.ac.ir/
mailto:f8forouzesh@gmail.com
https://orcid.org/0000-0002-2747-
https://dor.isc.ac/dor/20.1001.1.22285105.2018.8.2.6.4
https://journal.fums.ac.ir/article-1-1501-en.html

““W&M.UUwwl(&udulwg@ﬂrﬂmmuw

Oblen 9 9 S Hgld

[ Downloaded from journal .fums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.22285105.2018.8.2.6.4 ]

3 0l (S gy wiile Sloydgerds else ar S D3
S50 8 Sl g (Sl eolanal 550 iy colllas
5 SeSgigule (2)loe Wb Slibe mow Sl cle @
HDAC (sloooiiS ,lgo 45T 4y g b (V) ol ol g
G290 (Sloyd sonnd Jomdly b 0l3e plgreas (o 5bas
30 slosb slrael Wlgs co olge cpl 5l oolazwl g wilad 5 1,3
by Jskoo ) 55l W 5 ()08 51 5 b loyo gz
5 it 3y i dallae jl Gas domgi,s S ol
SG Ol Slpier prd 08 (S9)05k 5 (S il
Ol CaCO2 (Jsbo (slaos, ;o Dliwls (gtucd 00 o

JORBIEI IO R+

o 95 9 olge

ok s

(Sl S i 009, Sl Glogims giol (Jslos 83,
w5 eyl ol sl snedl Jske SGL 5l CaCOy
oo g2 (OLlS5-Gibeo) DMEM S Lama ;o L Jskos
5 (LSSl -Gibco) s ys V< (FBS)) (555 cpim pyw b
-Gibco) (V.- upg/ml)  peaologiy ! LSL“J&J}-.:-.’U;’"—"T
15 (LS -Gibeo) (Ve + UMY (olows oy 5 (LSS
g oS il 4> 0 YV sl 0 COz Lylys L ,55LeSH
catS Lage Celos FA 5l g s o0ls cetS A7 Cush,
sladshs 035lar sy wsS ol sl 5 Laipe
trypsin- 51 S iS5l peizmen g 0SSl e
Jolxe 0 osliul (LundSil —Gibco) (/+/YO)EDTA
sshateds g wo S ABlal ol ¥sise 4 trypsin-EDTA
O Soe @ YV °C LebsSSl jo Sl ou 31 0, 5oe 10 g0 s
R A I T SN TR I PUR PSS
25 5% eoalin b ogs s e Joho (o laz Sl liebl 5]
09,5 a3lol (Kdls 4y FBS (gol> S Lae cosgSsg o
50488 0 Sow 4 b Joku e 00,5 S0 s 5 SIL
5 455 ool (59, barome .iad jondy ySle VO£ Q598
20,8 adlsl wax e

CiS 5 ey sl O L F 5Ll daialesT sl ol
S YO oo confluency U g saslas 5B @ oww, 5 Jolw
a5 IS A

1 - Fetal Bovine Serum

\ANg

985 o0 S 15 (093909,5 S,k 5 Laoy3eSl (g 5le Jled
(B) wislod oo Ll 530 009, 53 5095 Sl )5 1) (sope (&S
« 0555 DNA alax3l) (yleg,S 5o (Sidy o) ool s
099 ol (ginsa b las o slaetisn b g lapy s
o st G by Jsied (el (dite laeg S
4 (modifier) glacasSZMal by g 1355 250 Jlas! il
Slpsd a5l Glas (Y L9) cal S>eS iiSsS o
5,8 dalllans g0 o.b).';.....f yebas Oy P A alsil mJ..i'.a@L.i:‘
OF 6l po3salS s i 1o (S55UsS Sl il 5 el 4285
..\J‘g.'ksn u_v)...l UM dl»_a.u." sJL..Au‘5...C4.» ol 00 ‘;)M
DiSle Gl Sae 9 00,5 yulog S Sl 4o s 4 yoxie
G St 5 o Jlab () 9 Bl msis, Sl
OSon oginss (ol abital Golul 2 (caagly) (rb e
oals ylis (gouxie waled (1) ail o jer o5 5085 b ol
L a5 (HDACS) lopliuls osies slopssl a5 ol
oS o Sl 5 oo sabaSls (sl 5l ol
hleng Bl 590 4 e wites bLI) 5o 909
Syl ol aiman 5 g S sloi Ol
i Gl Gl pllpe Coyh g £9y0 Al> e oy,
il k5] S bty ileg,S 6 li3le ly>1 L s DNA
5 oo bl wile pe¥gae @5k 5l (5 @95 e
056 HDACS 00iS g ppoiz b oylbyes 4 S oyl Lo
iz &5.: YA b_as.’)lSy 6LQJ5lw BN AOY) cal ouds
3O p® g dd 0 pp &S Cwl sl plulis HDACGS
b Sudlad ) oo Sl 4 (VF AT il 8 Bl gt
Loyt oAbl Gob 5l gyl ol clboniss g
o3l same ok Jlab 5 ilag, S Sl (ol S8 o5 el
Wby WP cge Amyd g 005 (o0 0adogS e slay)
OR10) 05800 555085 Sl s5ms] 5 Jsbo nles
2 e 0en ) 03 Ol daPletuls (giass (sloosisS )l
Gl (V) wes e 3 8L cow ua DNA - g
o) empsy Sledlbd 4 e Ggteed (gDl
S (1)) 00,5 s y308 0y e o L] ()l 457 055
i (VY OYY) ol Olyde pow boaisS ) lhe cpl

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2018.8.2.6.4
https://journal.fums.ac.ir/article-1-1501-en.html

[ Downloaded from journal .fums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.22285105.2018.8.2.6.4 ]

CaCo; ok 03) 3 slyaigs wadaw il )il

WAV Ol | ¥ ojlas | e Jl | L (S p ke olKls alors

—_

7

50 LalpYl Bws hawy SOy e @l )5 il ax o
Sy90 yegilh PY+ )8, zoedsb 5 yiegl YO+ zoeob
055 o0 )8 gy

Ol g i cewlio CAALE (43,5 Al
FE Olos aw sl canlie Jobo olass (595 a5l oy
YAYD slabkle b ks cov b Jsho wels YY 4 FA
-Biobasic) <l,ie moaw Yeo doo Yoo JI VYoo Lo
oy 5o Jobo canlio slass jslaie ol gl .aiz8 3 1,3 (LS
30 09elisSSl el Y 51 o g oals ooy cnS ails 4F
iz gloadale lad cog wl 5 2ile ax )0 YV LSSl
Sal> aw o oole I cdale o 03§ (18 Ol ig e
mo ,55 aw JBla o talejl 100 (g 5l g 00l 1S5
S Sy gawbsSSl Cel VY g FA FF (g an (ol
2585 5 S ol a0 PV sl 5 ol s
B eonise 5 Gy & ol S gl Glilm 9

XTT s lawgs cytotoxicity ow

Sy g Soow Ol Slide mase Sl ey Cex
25 bl 31 Sl VY 5 FA YT Sl o o ok
Olydgr mudw e glockile Coon olie 5 Was S
00,5 e 1Cs0 9 8,5 51,8 b3l 0590 XTT (g, Jawsgs
iy e b oads jlad (slasles (il b L a0
Ky 685 PIx doyd S S 4 walize glacdbale o
69 2z Gl b ol 5o jled o sla sk jo s
o3ls (a3 (s Lo slaokw) (e J S )0 ol S,
the JavaScript o] l58le 5 51 1Cs0 (crmnd G 0gb oo
0% oolazwl version of PolySolve (07.20.2013)

Jokw (S959999 590 (w2
03y Olydgr e oS ggule Sl pw)p jslatea

A s nose she (S39ds,50 (2Ll LaCO2 (Jobo
odld ciS cawlie ciS lae 0 o ol g, cpl jo .28 ,8

2 - sodium 2,3,-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-
[(phenylamino)-carbonyl]-2H-tetrazolium) inner
saltsodium

3 -N-methyl dibenzopyrazine methyl sulfate

journal.fums.ac.ir

Trypan (gigy 4 o) b Jobw oy (pmsi 9 s slos
blue exclusion

asle) el uiSlye XS, 05,9 o3l 0nsy Jokw slie
oz Seols opl lams e Jobu 9y @ ) G Gle s
Mol a5 5gi o oolatwl oniy sl sle wo,s s
g oo 03.al Trypan blue exclusion i, 4 Viability test
FsSee Vool wsys el Bled g
LE sl Oy S5 S VoL Jeke sl
Sy 4B Y IV 5l ey yo,F Lsle (IS5l -Sigma)
03 o S Joho 5 (a3 )55 T a5 ala Joho) 00 (sl S5l
9 0Ls% yegiwgad oY lawg (Wlad ) S, a5 ol Jsle)
358 31 o0listal b s 5 5l (855 5505, 50n 52
(YO) w5 dwle by Joho Gl ssyo (b
Viability (1) = (605 Jskw slass Joais s loads Joko JS) x V- +

e 2 50 sk soys s 5 Aled e
S dnle ;5 alal,
oY e 2 50 oaB b leds Joho olasix Vo Tx (28 (o 52)
Sl 5250 Jobo slawi = Jlgk Segimgen

ralio Jobs ol (385 ainty
slagley jo sk slaws (n e (85 Slai po jglaieay

\ERRRE Y Gl Jsho slacs, lal il
9S85 1B (owypoyge Sl YT 5 FA Y (slagle; )0
38,8 515 o)l 0550 XTTT (a5l L la sk slis )l5e
aS 09 oo oalaiwl el 5 sl ol sl Sas I ygel oyl
oole S oy o bugs i opalylin 51 g S ol
zoedob ,o exdfols SOy ot e Sl Jolone (S
L Ghgy 0,8 a3 ) 1Yl oy lawgs gl $O-
Cbcd, i A8 Coly clbSale )3 45 Caul o opla
50 00,5 Glizes ey dw 3l 23,5 18 Jol el
SN S Eapr B NG
XTT cdale S a8lsl (5 ob-sigma) XTT oole jxdg,Se
Jolore 4 (o ol Y MOIMI 545 oo ooliiw] s (gl a5
Blol Yev ) Cad 4 (1S5 0k-Sigma) 'PMS oole XTT

YV 5Ll 5o GaelisSl cslis Jlozr (a5l omr g s F

Yy



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2018.8.2.6.4
https://journal.fums.ac.ir/article-1-1501-en.html

‘_‘g]i_v "’L“‘“"L’|Y °)L“";'|r-:"“-"‘JL~‘| L Sayp r}l.o o&ils e

Oblen 9 9 S Hgld

[ Downloaded from journal .fums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.22285105.2018.8.2.6.4 ]

S g Ve Gl Ve Ci g 4 cele VY g cels

X 9 Clwie pow cuwle cdils (40,5 Aoy
cytotoxicity

Slier pad bt glacdale Jlalayl, s jslaieas

et olien CACOR (slo Jsbo 55 lam 53, 7 lasl
03935t ;0 lawd Cels YY g FA VF clindS 5l o baaiged
Yoo I Vsehoo YTY) Sl modue oddsopuss shale
sl (0add Hloed slashe) J7uS aiged b (Yo e
chale 4y atly (Saiylosl Sl sloaiasylid ¥V ojlogad .aus )8
)M ‘;JQLC 00gdZte jO LmJjL.u)...&ju\.w) B g_A‘).uﬁ.v w.vd...u
odid Hlowd sl Joku locens (pl jo el Yoo Lo Yoo b
ol Las a5 wal Obl e S 058 lsiea
A 5 (e J505) 09 cetS Lanms 9 sk gemilingn
odilS oole b onds Lo 6191"“’ Ogpibiwgun (g3l i
9,0 YU cdale ax e a0 o lis mls .ol %51 oo
cble oS5 sbar whos (IRl S)logine jsbd yegS e
CaCOz sl Joluw (sly oole ol oauss clale Vgo Lo Ve
o=IB L sl fujols Gl BLI,IY Jlages o

ol gl eolal bl sads sols las Ol S e i clale
el YY 5 FA OYF slagyle; o (ICs0) S50 clale Jloges
Noakeo TV 5 Voo doo Ve (Voo doo V00 s

Ll oo b o Lo (slo o s i 3L s
el 0125 s (slo ol b (555 Sy S 5 aslic

Skl 3JGT

b aw Jols adllas ool 5l sdnlcansas slacols  oles
5 osls Judowigan 555 Sz ol 009 St iulojl )G
J53le5) one-way ANOVA 4é,b s il ylg 506 i,
O30 (Tukey’s Test) S¢ g0l 9 (V& asens SPSS
oolawl (.)9.4.4‘59 o..\.:.cl.u HSD 2o )5.'434.3 as ‘59...99 O
o0 5l S layges] o sae o o )y pled 4o s )5
aseud EXCEl 5310 5 Jawgs o ,l0gad a5 ol a8 5 Ja5 o
B8 plxil Ve o ¥

XTT o 152 550 90 Jokw Slasil (48,5 dlage
S Yoo J e Ve slacd, b Joko slaws g5luaiyge
S Joko shaos Sl doJsbo i sl el Jyho
b Seny 0 Wi ln Lok 1n) ool e Jlons axily
605 oA it 5ol S JlEl )b 5SS,
I 025 slo Jska sl ol ¥O+ g5 5o
ol s sselissds (b OD) (g,55 i 4 azgi b el 1/
FA el YF slcas oy calin Jobo Slows ¢ Guims

0D 450 nm/630nm

ijiiiiilﬁg

20000 80000
Cell number

100000 160000 200000

XTT s, 5l ool b el YY 5 FA YF clacleg 4o Jsbo Jlas cagr CAC02 coslie Jshos slaws (g3lusdingy Cons ) I3 503

YYA

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2018.8.2.6.4
https://journal.fums.ac.ir/article-1-1501-en.html

[ Downloaded from journal .fums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.22285105.2018.8.2.6.4 ]

CaC0; gk 03,5 2 sl psizs agodan sl YAV ol | Yool | ‘.:w.a Ju | L3 Ji.dj “Lc oKl alses

sz .
so.

1s.

2.5
2 -
E
o 1.5
o
=2 —e—24h
=3
uy
= 1 —— A48h
a
© 72h
0.5 -
14
o T T T T T 1
C+ C- 3.125 6.25 12.5 25 50 100 200
Concentration (mm)

el VY g el FA el YE loj 03b ds )0 &l g oo cilizee slacdale L CaC02 (Jshos 00, jless .Y 410908

> Polynomial degree 2 waith £ data points.

Correlation coefficient (r~2) = 0.99

X:105.00, Y: 50.62206

—2zo0._.00 o.oo 20 .00 20.00 so_.oo so_.oo 100.00 1zo0.00 120.00 1s0.00 180.00 200 .00 220.00 2

= Folyvmomial degree 3 with = data points=.

Correlation coefficient (r~2) = 0.98

= X: 100.00, Y: 50.00%2%0o

—-2z0.00 o.o0 2z0.00 20.00 so.o00 so.o0 100.00 120.00 130.00 1s0.00 1s0.00 zo00.00 220.00 =

.1s

.ve

= Polynomial degres 3 with S data points.

Correlation coefficient (r"~2) = 0.97

X:43.00, Y: 50.78%0

-zo0.00 o.o00 zo0.00 s0.900 so.00 = - zo0o0.00 2zz0.900 3

oyl (Y) 50 y5me 5 (Voo sheo) cale suiylas (X) i8] smme (IC50) s Jshos 1S5 5 s, 5o, 50 2l (slys Sl isy mavs e cale ¥ jl3g0s
clale L, CaC02 Jsko 03, el FA Jlows sl 1C50 (B ol iy o cilize (slo clalé L, CAC0O2 Jsbos 03, el YF JLos 51,2 1C50 (A Jsbhos Lis wo

s mad cilizee gla clale L, CAC02 sk 03, celu VY L sly 1050 (C ol sy pats cilizis (sl

journal.fums.ac.ir yya



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2018.8.2.6.4
https://journal.fums.ac.ir/article-1-1501-en.html

NVC\VJMU‘Y°Jw‘wdb|w§vﬁ};r}lﬁa@\gw

Oblen 9 9 S Hgld

[ Downloaded from journal .fums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.22285105.2018.8.2.6.4 ]

1y sk 55T wlgs g 5 0,00 1Cs0 clale ;5 (5,05 ws il
Caols gl 1Cs Vb bl o Js wls b

Lol CaC02 Jokus 05, (55, p (S 9590 L

G5 a9 Sy
o Jol5 olebis jelaiedy gousin Olallhas (5ST
Lol 51 S o G2 5 Sl 59 b bai e (JsSUge Ol peis
3 OM]WO‘U ...\.Q‘s...u ] 00 ‘bbu‘ 09"55 ul.b).u 390
s Dl sl oaizmn lasgezme (S aie)
M 4 lgiee Jalse ool alazl a5 sl Sea 5oy 50
ol 35a5 0,5l (HDAC) dliiasls st (gloodisS o
Bz by ket Gl cely HDAC slooniiS s ol
sledsbe 5> Gomml) eadisi,alin Jobo Spe 5 Jobo
as Cel ol 5l (S sanlcassas bl (YF) wgd oo mudo
‘) )9.».:9.:1 L5>)l> 9 L_,>.L>‘») e 9O 4B HDAC LgLQ:o..U.ZS)LQ(c
P735 P53 (5593055 (6555 o Sudlad ool ailod oo 3

05; la AMLD.A o u‘).uy w_vd.w alises leibu.]alc L| CaCOZ
o3k 53 XTT gy olel 2 (eais Lo slashw) J o8
5 EYAAYA cdfY p<e/+ ) & soa el YT S
g (FEAIFYNARY P<¢/+ V) & g0a el FA Sloj o3l
AV dEY p<e/++)) &joa el VY Sl o3 o
S sleJols s ol Sl aslas .ol (F:OOY

VY 5 cele FA el YF Sl o5l anw jo ouls jles
Looad Jlawd sl )3 plas lo (5)lo g O el
S230lF el (DlpSe o chale (MIBIL Grimes
Sl a8l zalS o Jolos

10 CaCOo;z slo ol jlows 5| Juol> sloosls anslio azs
)Lo.».: ‘_ngJ?L.)) J)...S o”f L: u_:‘).».:y PERWe ICsg clale
30 0 lewd slo Jokw (] o0l oo”] AP RC N CR W
YT Sloj o3l a5l s J5S 09,5 L annlie jo dCsp cdale
Wbl jmalS ghls pxe jsbay Cele VY g cel FA ccels
(p<+/+0)

Tukey cus Jdos mls -Y Jaus

Jlo oSk glas ICsodale 03,5 Sless b
p<+/+0 +12A9 V-0 mM Jyus cels YF
p<-/+d <[FAY Ve mM ety cels FA
p<+/+0 \/FFY ¥ mM Uy cel VY

Il ogdle (YY) 09y 00 Loty WronisS )lps () (sl s
u.:‘ o_:LQ_J‘M 6[&;}%5 HDAC (_gLaso..\;JS)Le,e ‘_gJ.».»S.: Qo
Seio o] sasaislis sla Sis ;500 5l 5 beasS e
C;u.o.b‘ )l HDAC ‘_ngo..\.».»S)Lero d;lfaé u_:l)lf U"‘ 'éﬂ)k.';‘
GRlB L epe Sl &Sl 10y95 (s S
(Y/\) S o‘).o.b @‘)uUa).w k./j).ﬁm.:.’ JL@.&‘
s e & Olgies mil (il sleeaiS e aloz ]
ol Slge ijls D429 edeS 0 AT o6 iSL Loged oLl
abozjl ol 0yem; b oy sladenl 9 oSS 1) el
Sl kol e Ol 1S9 s (YA) S o0 alﬂ I ol e
3o 3 e 5 Cand S Jloys Jlli! cslo sl

VY-

Jobw (259998590 (o)
03,y SlySer moe GeenSFighle Sl pw)n jslaiea
loclale b o sk s 3 mr el V¥ CACO, ol
sbesd sladsho b (S39lsd 00 Dl (DS g paoas Al
203 oo GLES (g (nl A 28T B gy 3550 00l
sdsle ol K& )3 Ol g o il glackile oS
(JrsS 09,5) oaid jlod laJshos b annlie jo 0ol jlas
Ssopbar (1 JK8) Sl 005 sl 1) (qugmine pots
S ST 4 b g b5 jsbay eals Jles sla sl
3 Gy les S s 1) 0 b S0 g Wilodis
45 g5 g oanlive sk s il 5 o et (slo Jobes
ko oo AglS 5 S pe Glie wosle ol clale oldl L

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2018.8.2.6.4
https://journal.fums.ac.ir/article-1-1501-en.html

[ Downloaded from journal .fums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.22285105.2018.8.2.6.4 ]

CaCo; Jghuw 03) p il gy adaw il

WAV Ol [ ¥ o jlac | niin Jlo | L (S5 she ol K30 b

OgelisSl el V51 g 00 Jlos slaJslos L oas Jlais CACO2 (sla S5k (555158550 55, Dl pros cilides slaclale lanlie ) S0
YO e b osh jleg slosko (€ «Olygr o Yso hoo VYD ClE b oad e sloshes (B (S 05)8) odii jloss sla sk (A
e Ygechee Ve cdale boad e slagshe (B il mon Vsedes 00 clile boad e sladshe O« g Yga oo

w3bicn (10X) oo 50 b ol ol pdgr s Ymohoo Vo v il Lot Lo (sl Joko (F o3

@ OlFse de) (rl 5o eudplnl Blidon nds ales |
Slas sgad o,lnl YAAe Jlo o oK 5 Young asdlas
5 SWB20 (Jolw (slaos; (53909390 5 08 » Slplse s
s S5 B oy 090 (Sladl 9l (b SW 480
loos, o) e ialS 5 (Sl gubon ol 5l edelcnsa
g J S 09,5 L aslie 10 DlySer made boad e (Joles
OS5l ogzg pas 5l S sdslcasods anles 8 som
Ol 205 SWAB0 g SW 620 Jsbos 05 90 ;0 &l iy oo
S 50wy e p DS mase 5888 (e Gl
Sobw 0o,b anglie ;0 SW 620 Jslo 0o jo (yre chale

4. monocarboxylate transporter 1
5. sodium-coupled monocarboxylate transporter 1

journal.fums.ac.ir

o9sS Jboy Jhbig! slo Jske 4 SMCT183 MCTL® - Lel>
9 liution ol Ole 6y sladshe 1o (Jg 09d o0 Jile
g Olybe maw iz amil)e g adl halS SIS
Olidos sl 5 (Fe) wbigo ol (55095 o Joke
Sl glacdale )| oolazwl ‘@‘50 6LQJ..\A SS9y » ASSL‘abul
e 55 9 ok nled S0 @ e Wil oo Dl mao
by sladshs o semnl AWl G Jlis 4 5 Jsho 4552
OB ewyp yebiedy goaxie Oldlas (YY) 0l
sl o plil ol s glgil s HDAC (cloosisS s

A8



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2018.8.2.6.4
https://journal.fums.ac.ir/article-1-1501-en.html

Eiwc\v Ol [ ¥ o jlac | nin Jlo | L (i3 sle oK1 alns

Oblen 9 9 S Hgld

[ Downloaded from journal .fums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.22285105.2018.8.2.6.4 ]

sloos; (ooled ;3 £985 lie 4z ST Cevgy £589 4 Sl
S oL e g Orchel Y« -#2 Jlo ;o (YY) 055 LSS Jolw
5 st (T lag il cudled (55, » 1) Sl mad
a3ols ) B (o) 2 3590 (Sl (5919 by CAC0O2 (gl 03,
o, )9,.,5.,1 g pled Olpber puaw a5 ol lias oy =l
ST oot )5 e b ol o5 S o il Jsbos 03,
Yore Jlo o ol Ken g Kitazono (YF) ol gslonsT ol
Dsld (5t 008 oo S lgieas | Sl dgs i &l
JHP-5 SW-1990 Il e, ol St ol cslo sk 55,
e &5 sy xS (pl 4y g ols 15 s )50l
2 SgRnl g wS e Wl sl cul 5o 1, B3 ol S pde
09,5 sshe 5l yiten Slidgr mas b Lo Co5 sla o
Iy Olsg peowe 51 o) Ken ¢ Tailor (Y0) aes oo &, J a8
o5lsS ol HCTL16 5 SWABD Jslu slaes, 55, »
Cel Ol g mad Hlewd a5 Wols (lid g s, gy Sl
o & Bk 5l aS 05h oo (g uS g Slaal Iy Se 2alS
horee ol Bl GBI b aSee gy
05 ole el s 4 Slpder e bawg lagg S g
s 2 A 3 pde Sl sanS il S, a5 DRPL?
s 80,8 5155 Loy 0505 oo 050 ol Lo 05 5
Sobw az > a8g5 Wl g DRPL mlaus posi b wilgs oo &l s
L s gm0 4 2l 0dsS Olb s sladshe 15 55uml s
TP Jle o mizmen (YF) 00,5 ag,aiSgin pléd
Olseds 1) Glibe wmaw il LKes 4 Yamamura
Oty HSC-3 sk 03, (59, Dials (it (G005 s
6,5l ol e 45 Wsls La 5 Wa,S sy o
Qilg o0 9 WS 0 5lee (Joke 03, pl ;o 1, lymphangiogenic
oo olb s fleys o sliulie we gg b Gl Y]
SIS YVE Jl o oLKea 5 Zhang (YY) ogd oolatul
S9) ElS Ggimd GoaiiS o larear ) Slidsr mudw
03, ;o &5l g (ERSY) oyl aSis o il
5 95555 gyt JUS 5155 ol HT-29 5 HCT-116 JsL
PSS 095y Sl SlpSer o 45 W) S (pl 4
Sloaidly > (TA) 85300 Joho 5 po 5 355 sl Jsbo

6. dynamin-related protein 1
7. Endoplasmic Reticulum Stress

YYY

ol IS ol ls 4l opl 0y 5 nKeii> Ly SW 480
lisee Jolo sos; jo Dlpbe maw 4 b lie a5
ATY) s Sy e 2ale o Ll

S5 Fuioly et bl 2 g rl e
9 59% 4 dinly Slpdgr made Gl 0d Cepols o5 098 o0
S 0 530 Gland 590 Gl b ez el L Glej
@ (Cs cbl) whie ol sl @5, » o
K9y » u‘).uj.» p.ud.w Mf}ub ).v‘ ).i;l...u o..xo—lwécb
rooke ol il o 3155 b b a5 Conl CaCO; b o,
o L....u‘)p.b )i.l.\b kS'BL'” leiboo) 33

b Ul mals XTT 5l Job mbs bl
L a5 0 o0y Slydsy mads b slegs 4o CaCOz ola Jsbos
Slajes 4 (Jolite (oaogmly (S il il sla b
ok slood) )3 DSy s 4 sl Oliee g W)l (2l
ol ml e LSy e clale o Lll scilisee
sobieds ol (nl o (sl e 590 o5 ol (L 3aios
Celo FA el YE loj o5k 5 o Sl yos 05 (59,05 oolicial
Y 5)515"&11“ Voo SJYBA‘;-:?A V-0 e & celo VY 9

Ol b (S35l58 )90 (o p (Mo (! 58 eizmen
Aiile (Gl (Dl g praw b oads jlewd slo ol jo a5 olo
S o3l )55 L 55 o Sy ol LS5
985 sladely 5l (o Slpts (nl 2929 45 095 o0 ovalive
Slpeas seugl il ogas cpl o was gl il el
s IS 5 gl et ol 5 ks 5o Lol e
505 Cowiies gl by 45 Col Sl g mades g o b sl
5] Ol el i ol @l az i b s el Lol o0
sl 3 st sl oll cpol ol el g 0,5 L,

ol & vy p 4 oL, Kes 4 Hague Y- -V Lo
5 Sl Slyigr wpdes gloabl obsS 0z gl wyz
Lo )5 5 Logisl Johoo 00, ;0 sl il o Sligmgy

oo 5 oolitwl alawlgas 5909 ] e (o yden Jopll o

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2018.8.2.6.4
https://journal.fums.ac.ir/article-1-1501-en.html

[ Downloaded from journal .fums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.22285105.2018.8.2.6.4 ]

CaCo; ok 03) 3 slyaigs wadaw il )il

WAV Ol | ¥ ojlas | e Jl | L (S p ke olKls alors

7

15 HDAC (slooaisS oo 31 oolial o 5l .0 layT o

Al Gl sl el Wl oo Sl s sla ol

1o ya8 g S
g dlie ol
pole uly imghy glpd 4o 45 Cool VYFAD-F-. 1S
oladss 3 e ool al)'i oBils oyl Sy
S ol 3 g el oo cugal 4 60,5 (5 g3 ;

g Jos 4 Jloyd 5 a5 Sk

K

&Ll o)l
35 s iy Lo s 5 55

References

1. Dolatkhah R, Somi MH, Bonyadi MJ, Kermani IA,
Farassati F, Dastgiri S. Colorectal Cancer in Iran:
Molecular Epidemiology and Screening Strategies. J
Cancer Epidemiol. 2015;2015 (2015):10.

2. Haggar FA, Boushey RP. Colorectal cancer
epidemiology :incidence, mortality, survival, and risk
factors Clin Colon Rectal Surg. 2009;22(4):191-7.

3. Fung KYC, Cosgrove L, Lckett T, Head R, Topping
DL. A review of the potential mechanisms for the
lowering of colorectal oncogenesis by butyrate. Br J Nutr.
2012;108(5):820-31.

4. Gunter MJ, Leitzmann MF. Obesity and colorectal
cancer: epidemiology, mechanisms and candidate genes.
J Nutr Biochem. 2006;17(3):145-56.

5. Schnekenburger M, Diederich M. Epigenetics offer
new horizons for colorectal cancer prevention. Curr
Colorectal Cancer Rep. 2012;8(1):66-81.

6. Strietholt S, Maurer B, Peters MA, Pap T, Gay S.
Epigenetic modifications in rheumatoid arthritis. Arthritis
Res The. 2008;10(5):219.

7. Zheng YG, Wu J, Chen Z, Goodman M. Chemical
regulation of epigenetic modifications: opportunities for
new cancer therapy. Med Res Rev. 2008;28(5):645-87.
8. Berger SL. An embarrassment of niches: the many
covalent modifications of histones in transcriptional
regulation. Oncogene. 2001;20(24):3007-13.

9. Lin HY, Chen CS, Lin SP, Weng JR, Chen CS.
Targeting histone deacetylase in cancer therapy. Med Res
Rev 2006;26(4):397-413.

10. Hess-Stumpp H. Histone deacetylase inhibitors and
cancer: from cell biology to the clinic. Eur J Cell Biol.
2005;84(2-3):109-21.

11. Fukuda H, Sano N, Muto S, Horikoshi M. Simple
histone acetylation plays a complex role in the regulation

journal.fums.ac.ir

Ol ig o i 5l (Sl 00,53 Sldllas ) sanlcassa

cod sla ok 0 sl Spe T Jlis @ g 5em0l <l 5o
oS 5 opl aS Canl ools lis aindS Sldlas .l T Lo

s (Sl Jled alom il alise lpnilSe b oleond
H3 s H4 jsdinl il ERK (65l Jled jlee MAPK
2 CPG I s (g )0 Hamdliie S rizren
(VY ¥8) 00,5 o loys o Gtali8l s )5 g9
O SooaiS e a5 col nl s sonpex
Ogedhiwl Coxdg jo Gl cww (HDAC) Dlouls
(ol 45 12 g Gegl slml () Ol Sl (les S
sl jlesd g y0nll Wigd co jlwlie Jloe 5 S, ke
s5is] ] 4y j2eie wlgs o HDAC (gloonisS lgo b (ollo pus

of gene expression. Brief Funct Genomic Proteomic.
2006;5(3):190-208.

12. Hubbs JL, Zhou H, Kral AM, Fleming JC, Dahlberg
WK, Hughes BL, et al. Amino acid derivatives as histone
deacetylase inhibitors Bio & Med Chem Let. 2008;18(1):
34-8.

13. Cang S, Ma Y, Liu D. New clinical developments in
histone deacetylase inhibitors for epigenetic therapy of
cancer. J Hematol Oncol. 2009;2(22):1-11.

14. Gallinari P, Marco SD, Jones P, Pallaoro M,
Steinkiihler C. HDACS, histone deacetylation and gene
transcription: from molecular biology to cancer
therapeutics. Cell Res. 2007;17(3): 195-211.

15. Balakin KV, Ivanenkov YA, Kiselyov AS,
Tkachenko SE. Histone deacetylase inhibitors in cancer
therapy: latest developments, trends and medicinal
chemistry perspective. Anticancer Agents Med Chem
2007;7(5):576-92.

16. Mottet D, Castronovo V. Histone deacetylases: target
enzymes for cancer therapy. Clin Exp Metastasis.
2008;25(2):183-9.

17. Vigushin DM, Coombes RC. Histone deacetylase
inhibitors in cancer treatment. Anticancer Drugs.
2002;13(1):1-13.

18. Shankar S, Srivastava RK. Histone deacetylase
inhibitors: mechanisms and clinical significance in
cancer: HDAC inhibitor-induced apoptosis .Adv Exp
Med Biol. 2008;615:261-98.

19. Witt O, Deubzer HE, Lodrini M, Milde T, Oehme I.
Targeting histone deacetylases in neuroblastoma. Curr
Pharm 2009;15(4):436-47.

20. Kouraklis G, Misiakos EP, Theocharis S. Histone
deacetylase inhibitors as a potential therapeutic agent for
human cancer treatment Target Oncol. 2006;1(1):34-41.

YYY



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2018.8.2.6.4
https://journal.fums.ac.ir/article-1-1501-en.html

\Mvatw,u\vww\wwﬁuﬁtdﬁﬁ_&a&uuw

Oblen 9 9 S Hgld

[ Downloaded from journal .fums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.22285105.2018.8.2.6.4 ]

21. Richon VM, O’Brien JP. Histone Deacetylase
Inhibitors: A New Class of Potential Therapeutic Agents
for Cancer Treatment. Clin Cancer Res. 2002;8(3):662—
4,

22. Davie JR. Inhibition of Histone Deacetylase Activity
by Butyrate. J Nutr Biochem. 2003;133(7 Suppl):2485S-
93s.

23. Khan S, Jena GB. Protective role of sodium butyrate,
a HDAC inhibitor on beta-cell proliferation, function and
glucose homeostasis through modulation of p38/ERK
MAPK and apoptotic pathways: Study in juvenile
diabetic rat. Chem Biol Interact. 2014;213 (2014):1-12.
24. Perrine SP. Fetal globin stimulant therapies in the
beta-hemoglobinopathies.  principles and  current
potential. Pediatr Ann. 2008;37(5): 339-46.

25. Louis KS, Siegel AC, GA. L. Comparison of manual
versus automated trypan blue dye exclusion method for
cell counting, in: M.J. Stoddart (Ed.), Mammalian Cell
Viability: Methods and Protocols. Series Methods in
Molecular Biology, Springer Protocols, New York.
2011:7-12.

26. Marks PA, Breslow R. Dimethyl sulfoxide to
vorinostat: development of this histone deacetylase
inhibitor as an anticancer drug. Nature biotechnology.
2007;25(1):84-90.

27. Wanczyk M, Roszczenko K, Marcinkiewicz K,
Bojarczuk K, Kowara M, Winiarska M. HDACi-going
through the mechanisms. Front Biosci. 2011;16(1):340-
59.

28. Glauben R, Sonnenberg E, Zeitz M, Siegmund B.
HDAC inhibitors in models of inflammation-related
tumorigenesis. Cancer letters. 2009;280(2):154-9.

29. Topping D.L., Clifton PM, . short-chain fatty acids
and human colonic function: roles of resistant starch and
nonstarch polysaccharides. Physiol Rev.
2001;81(3):1031-64.

s

30. Goncalves P, Martel F. Butyrate and Colorectal
Cancer: The Role of Butyrate Transport. Curr Drug
Metab. 2013;14(9):994-1008.

31. Rai M, Soragni E, Jenssen K, Burnett R, D Herman ,
Coppola G, et al. HDAC inhibitors correct frataxin
deficiency in a Friedreich ataxia mouse model PLoS One.
2008;3(4):e1958.

32. Kim YS, Tsao D, Siddiqui B, Whitehead JS, Arnstein
P, Bennett J, et al. Effects of sodium butyrate and
dimethylsulfoxide on biochemical properties of human
colon cancer cells. Cancer Lett. 1980;45(S5):1185-92.
33. Hague A, Elder DJ, Hicks DJ, Paraskeva C. Apoptosis
in colorectal tumour cells :induction by the short chain
fatty acids butyrate, propionate and acetate and by the bile
salt deoxycholate Int J Cancer. 1995;60(3):400-6.

34. Orchel A, Gruchlik A, Weglarz L, Dzierzewicz Z.
Influence of sodium butyrate on antioxidative enzymes
activity in CaCO, cell lines. Acta Pol Pharm.
2006;63(5):441-2.

35. Kitazono M, Shinchi H, S Ishigami S, Sh Ueno Sh,
Natsugoe S. Effects of a histone deacetylase inhibitor,
sodium butyrate, on 53-kDa protein expression and
sensitivity to anticancer drugs of pancreatic cancer cells.
Curr Ther Res Clin Exp. 2010;71(3):162-72.

36. Tailor D, Hahm E. R, Kale K, Singh S. V, Singh R.
Sodium butyrate induces DRP1-mediated mitochondrial
fusion and apoptosis in human colorectal cancer cells.
Mitochondrion. 2014;16(1):55-64.

37. Yamamura T, Matsumoto N, Matsue Y, Okudera M,
Nishikawa Y, Abiko Y, et al. Sodium butyrate, a histone
deacetylase inhibitor, regulates Lymphangiogenic factors
in oral cancer cell line HSC-3. Anticancer Res.
2014;34(4):1701-8.

38. Zhang J, Yi M, Zha L, Chen S, Li Z, Li C, et al.
Sodium Butyrate Induces Endoplasmic Reticulum Stress
and Autophagy in Colorectal Cells: Implications for
Apoptosis. PLoS One. 2006;11(1):e0147218.

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2018.8.2.6.4
https://journal.fums.ac.ir/article-1-1501-en.html

Journal of Fasa University of Medical Sciences | Summer 2018 | Vol. 8 | No. 2

[ Downloaded from journal .fums.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.22285105.2018.8.2.6.4 ]

.Original Article ]

Investigating Anticancer Effects of Sodium Butyrate on Human Colon Cancer
CaCO: Cell Line

Forouzesh F*, Talebi S2, shahbazi N3

1. Department of Genetics, Tehran Medical Sciences Branch, Islamic Azad University, Tehran, Iran

2. Department of Medical Genetics and Molecular Biology, Faculty of Medicine, Iran University of Medical Sciences (IUMS),
Tehran, Iran

3. Applied Biotechnology Research Center, Tehran Medical Sciences Branch, Islamic Azad University, Tehran, Iran

Received: 24 Sep 2017 Accepted: 24 Dec 2017

Abstract

Background & Objective: Sodium butyrate (NaBu), a histone deacetylase inhibitor, is an anticancer
drug for multiple cancers. The objective of this research is to study the anticancer effects of sodium
butyrate on colon cancer CaCO:z cell lines.

Material & Methods: CaCO: cell lines were cultured and then treated with various concentrations of
NaBu (from 3.125mM to 200mM). After 24h, 48h and 72h incubation, the cytotoxicity was measured
by XTT assay. The statistical significance of difference analyzed by one-way ANOVA/Tukey test.
Also, in this research, the morphologic changes are considered by invert microscopy.

Results: The results showed that NaBu inhibited the growth in a time- and dose-dependent manner.
XTT assays showed that treatment with NaBu at high concentrations significantly inhibited the
growth of CaCO: cells. After 24, 48 and 72h, ICs for CaCO: cells were 105, 100 and 43 mM
respectively. Results confirmed the anti-proliferative effect of Sodium butyrate on this cell lines. The
results of morphological studies indicated that sodium butyrate has a growth inhibitory effect on ICso
concentration and it can arrest the cell cycle.

Conclusion: These results demonstrate that butyrate inhibited the growth of colorectal cancer cells.

It caused probably cell death via the induction of apoptosis. These findings may open interesting
perspectives in human colorectal cancer treatment strategy.

Keywords: Colorectal cancer, Apoptosis, Sodium butyrate, Histone deacetylase inhibitor, CaCO: cell
line

*Corresponding Author: Flora Forouzesh, Department of Genetics, Tehran Medical Sciences Branch, Islamic Azad University,
Tehran, Iran

Email: f8forouzesh@gmail.com

https://orcid.org/0000-0002-2747-3479

Journal of Fasa University of Medical Sciences 8 (2018): 735-745

journal.fums.ac.ir 745

Forouzesh F. et al.


http://journal.fums.ac.ir/
mailto:f8forouzesh@gmail.com
https://orcid.org/0000-0002-2747-
https://dor.isc.ac/dor/20.1001.1.22285105.2018.8.2.6.4
https://journal.fums.ac.ir/article-1-1501-en.html
http://www.tcpdf.org

