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ABSTRACT

Background and Aim: Many compounds derived from medicinal plants, such as antioxidants
and polyphenols have significant roles in prevention and treatment of various cancers.
Activation of apoptosis related pathways is one of the mechanisms for inhibition of cancer
progression. In this study, we investigated the effect of molecular dynamics simulation of
hesperetin on the pre-apoptotic factors of Bad, Bak, and Bim.

Material and Methods:. In this study we collected data about 3 dimensiona structure and
Protein Data Bank (PDB) files of three apoptotic factors of Bad, Bak, and Bim from Protein
Data Bank (http://www.rscb.org/pdb). Using VMD v1.9.2, AutoDock v.4.2, and Gromacs
v.4.5.4 softwares, we started processes such as optimization, simulation, molecular docking
and molecular dynamics calculations.

Results: Binding of Bad molecule to hesperetin led to release of the highest amount of energy
and reduced changes in the radius of gyration of Bad protein. But after binding of Bim and
Bak proteins to hesperetin, changes in the radius of gyration, increased. The most frequent
change in the secondary protein structure was related to increased amount of Bent structure
and decreased amount of -sheet structure in Bim molecule.

Conclusion: Hesperetin can affect the activities of pre-apoptotic factors of Bad, Bak, and Bim
by influencing their molecular dynamics. It seems that hesperetin has the highest effect on the
activation of Bad molecule. Also, it can activate Bim protein and induce apoptosis via
inducing alternations in the secondary structure of the protein.

Keywords: Molecular dynamics, Apoptosis, Hesperetin


https://core.ac.uk/display/188180076?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

1-9/1W9V sidwl g 1ag) / @0 § G 8)93 / OBws)5 b}y eole alEibils alas

39 Bim gBak Bad (539157 i S 1551 I 953 90 Suolisd 33 (ool prund gl (w5 99
v (5 Hlw duw Tanmo

T Sl 018 Sla” F Sledygw S Ol Sz Wi ¢ G Rl (5sle Mg

Ol 3l 5 (S b o8l ¢ (S5 08815 (Il gm g 05 57

Ol o8 0,8 4 (S e olSlasls (ot ol pske 0aSCan g3 ¢ J S m 5 Sk Sliiont 57 0.¥

YVPITTVRVY b abedl e 8 e 0o e (S psle oBtils (bl ol o sle odStns s ¢l o g Dl S 0¥
E-mail: kgsamani @yahoo.com

oS

Oloys 5 6Kt 35 oljmm L3 b 8 L 5 OIS ST dsle g asls OWLE Sleds Grie SLS 5 51 (g ke (400
B cadlae ol 53 by dad b g Sl S pT e 03,5 Jlab Olb e e sladnl b 51 (Sl b Ol gl
sk (s Slwars Lase 53 BiM ;Bak Bad o550 0T Jiw sla, 556 s, 1, (HESPEXeting o5 s J S50 oSl s
ol (o2

Bad ;57 ;556 . PDB (Protein Data Bank) sls L6 5 cin aw jlstlo 4 by o Sledbl 387 59
AutoDock v.4.2, ls il or 3 eslizul by 3 S0 235 WWW.rcsh.org sedbl oL i1, Bim 5 Bak
Ly SsSge eSalus Slanloes 5 IS 50 Jlas! (g jlwas (5 jluag slaanl 3 Gromacs v.4.5.4 , VMD v.1.9.2
2313 pll

S s 4 by Sk oS J 5o w8 e ST (@55 Olie e e b Uil s Bad US040 il
Zab i BIm s BaK gle 5, ol Js 28 o5 e Jlasl 31 e Bad 55, (Radius of Gyration)
5 BIM J S50 55 B-Sheet sl Ol 2alS 5 BONt il Do (25l 4 by o 0855 5 £33 5l b ok o 2
Il wis e BIM y Bak Bad 5507 i sle 0556 JiS05m eSalus p 5T L 0 s 16 8 domad 9 Sy
3 S 2l b g 5)ls Bad I 8050 03,5 Ul 03 1) ST o i s o 0 4 i pa e 15 3T o 1) 10T
255 55T sWl 5 s ol 058 Jb 4 e Ll 55 s BIM 55 5 095 Sl

5 et ST (F S g Saliys 1A Slals”

AV/A/IV: o pds AVIMAL ol 4Dl AV/B/AVidllas J 5o



303506 aw 1 paT)me 136 Gy P

5 ol ad Sladlas. (V)i dal s JUs 4 J gk
OS5 S cwl el ol S5 eSalys
Sl 5 1 Llg o Iy ST5)8 dile Sl T
Bak, Bax, Bim, Bid, ;s T sla, St IS5
Jed  Calee b = 4 |, P38 5 Apafl
IS g0 $aliys 85 p o5 s 5T men (V).
Gl 4t e 53 S aT » S gl SE Sy
Clld il BaX sy, s 48T Coal esls Ol

()55 o, NF-kB
A5y 5 6,8 e s Ssal ol g g L
g 33 Jes ey sSh SGl S sladske
2ol ol sl b W s ST 2 Gl
o S50 $Salus ol andlas ol g3 cdiylsedgs
awlp s« Bad, Bak, Bim o) 0T jiw S0
UG (et gl 53 S o0 Wl coge A 558 0T
i (il A D)ge 4 cdied sl G S S

W 4B 8513 gy 23550

fewI R 0992
PDB s |6 g5l osleT

w Ol ge 4 Bim 3 Bak Bad <l» 55, PDB L6
Locss @) b Jshe ST dulp 5o e 5558
w35 oKL 51 (ID:1PQ1, ID:1BXL . ID:1G5J
G v Sl le LT Sy 4 WWW.ICSD.OFG L
5 T s 4 PUBCEM oKL Sl 55 o ot oS 55
PDB Lt « Mercury v.3.6 i3l ¢ 5l eslizal L
S s

U Ol 53 b s 5 S5l 4

el e 58050 6SCalys (5l a4 Loy o Solalllas
bl b s plonl oAl T sl ) STde s
45 3,80 S8 L ey Sl Luls Cod oy e
S sl xSy 4w PDB la L6 ae y Joles Il

doddo

Sis el 03 $lo3 78 o o O S)ley
Sllas &S wils 0T L, 1y Oliiss ol cpl 5 3,0
OT Olys 5 5, Kk gy Jeo sk 4 ) slos 8
A6 by Ollae Ole ol 53 (15Y) s el
S b 5 b 5 b OST ST ile LS LS 5
929215 OBLE 535 o)l gen o5 Slalllas Ll old Coasl
SUl 4 el LW s 1y OUT ojs SlS 5
(sl o

4 el ST 53 Jslonsls (5555 S5 5 5 et
B oswe )3 5555 o J= ST s 0HG/MI Slucs o s
Sl s 4 Sap S s B, (Sl il
5555 Sl 5576 Ol e i 4 S5 ) (0 ,F).3 5 e
Lo Lol b omoman (P)das o 2l ) Hge 55 odins
£S5 as, s (Antiproliferative) o1 <5,
Slayrn 055 b L 5 03 Sl |y Gl sadhe
E s sinT Wl e 5T oy e b dS s
A V)ss o Jsha

(§3nta 5l Sy 56 ¢ Jsho &8 0 5 551 T 13 55
sMcl-1 Bel-Xl b ol 55, S o o) 23
S5l g8 3 SisnT 46 gla)sS6 Ol se « Bel-2
bug BCl-2 & by (S 5,8 o Jshe o
ST WSS e w el 13 b 5 O LS slagyls
S, sSh 5l gl o5 Conl Las ol a4 558 o0 Hlge
Bad, Bak, sl ss woserer; imal Ui
(ODaS » Jw 1, Bim, Bax, Bid, Bik
S s, sse Bad, Bak, Bim wle ol s,
e 5 o 5 55 1T QLS Jleb 8 in (65 55T
o) 00 o W ets T sl dsho s 1y
A oS e Glid  smaT S sluSTE
Sl slaluls” cytochromec os 8 Jle b 5 o3 5

Sl 1y &S e ol 5 Gl 35 pl 45 S 0 Jlb

19V siawl g ogd / 00w § Gy 2)9y / oliws)S (Sb)y eole slEkils alas



W laln 2)bd pleas

350 NAIG e LB 55 o] Cs 4 Sl
8 N5 S 5 o g4 s
PN SN PN S YPRTS W
S sl 08 S WSS ol
Jlast ,s Bad, Bak, Bim (55 5T i sla o555
548 gleld Jlail @551 Ol pFoml b e ma b
Gl s OT 53 0955 (Sl 4 Jasdl) s alie
Gy S5l and 53 0dd 0,53 (Gla s |5 ASlen LS
g0 B pSheS bl sla il s 5 4
Slad S se Silunnd S| Jol s 235 15 eslind
565 Ol & L olie ol SmaT iy
oSsn Sy ghs JE (Tota  Energy)
Ol il 4 by e il x (RQ (Radius of gyration)
Root Mean 55, il Sl e :Sle ds
Sl ol s 5 Square Deviation (RMSD)
boamlae 53 (o e OLE 53 5 2l 4 5 n p0
SIS b o s Il (5l s 3l ol s
Shostizal b 6B 4b 4 55 0T Lim sl U550
Uil 2,5 Graph pad prism v.5.0.1 o)
SPSS il 5l eslial b Jools uls 5 a8 8 413
(Paired Samples t- wuls T LT 05057 5 V.22
OV N9)Ls Llows g 52 TESE)

]

S e 53 o e Jlail 6 oSSl 5
ol QLS J.(.z 5,5 Bim ) Bak Bad L;)'}:;_.yj o
53 G &0) 8 e d S50 S0l 3 sl 0
oS3 53 G5 e n Sl b Jlail oKl s e
el 43 8 ol

109V sidwl g gog) /7 09w § QO 8)93 / olwy)5 Sy eole oGRSl alas

DPle s 3l eslizal L (BIM 5 Bak (Bad) adllas 5 40
> ;5 G43AL 5,5 ol s Gromacs v.4.5.4
s NA s dulons polie 039531 L. bds (gile 4 T
o) 02 ks el s Yoy S VP clle (L
BB aelsl 53 (0P eslizel SPC216 Jue 51 asllles
S ST 63555 Skl Ol e 4 s~ PDB

s oslizul by WSUeS (g5l and (ol
(S5 L b 5, 4 L8 (DoCking) Juas!
Sl 5 el b ST ST Ol
S 05 oS5 Jele geen s AutoDock v.4.2
St wl el edSiagy b by Dl
SSTs wyl s bl 35 g8 Sy ple ol
Sinl Uhm BB 0San 3 2 G SSs
Sl o e 8L sk 4 Bim ; Bak Bad
S5 o 5l e s ek S Jls!
3 o adlllan l s s plowil s, S L&Y Jlasl 51T
Ol =T !, PDBQT 5 PDBQ sle |16 W 5
W5 opmen 5 B Olsie 4 0T iy 5 o et
S S 5y, o), PDBQT, PDBQ sbs i
Olge a4 LOT G w s Bim 3 Bak Bad ;47T
o) 6l Sl amr & G BOX ) 523 Sl coi 18
Cu s MM (XY #Z) VY Yrads slul b ok, S
s autogridd —p n.gpf -l n.gle , sz 3l 235
dole T 5l e s oslizel NOIE e LB Wy
a5 Yo 53 s s S pS i sl IS0 ST
oS3 (.;wih Soadlas cpl s b plnil Jase
Lamarckian GA , (Genetic Algorithm)
sses 3 NAIG s 5 b6 ag @l A eslizal
5 A& eslel autodock4 —p n.dpf -l n.dlg



-)035(6 aw 3 paSps G Gy K€

Jhail Jomn 53 Sombge o 5 53 (J5Sm S5 plonil 31 s BIM 5 BaK B (sl J S n (st Sl b o o Sl o il ) SO

ST o et Jlasl 3l A (G5l accds a0 5 1y (5551 e, TE (Total Energy) Js" 5,1 ol ¥ S5
Bak U5 sl a15T 550 Ol ool bl A8 s Bad 5557 i 5556 4w 2 6l e 5 dss AS
ol o S SiSTs lam 5 JsS05e XS5 51 s Bim 5 Bak

Olen o e BAD IS0 s 0l 1, JSU 5

200000+ 200000+ 200000+
1} T T T T T T T T T 1 [} T T T T T T T T T 1 0 T T T T T T T T T 1

= 123456?8910:‘\ 1.2 3 4 5 8 7 8 9 Wz 1 2 3 4 § 6 7 8 9 10
£ 2000001 £ -200000- £ 200000 Time (ns)
= Time (ns) = Time (ns) =z
; -4000004 = -4000004 = -4000004
: : =

-800000+ -B00000- 600000+

300000 Bak 500000 Bim E e Bad

(T K5,5) KaSs dm o 51 5. 05 et JLai! 1 s 5 13 BIiM 5 Bak Bad ls o555 (s5le ad 55 JS (65,51 0ljme & bgp o pslaatl K

ol Ba U0 50 4 55 e Jlaail 4 bogs o (6550 (65l 35T Ol pme o it (a3 650,) (5 ot g 53 &SiS T o 51 oy

Radius of Gyration (RG) s 5 glad 0lj
»Bim yBak Bad ;5 5T i 55856 4w 2 gl
KaSTs 5l dm s JsSge KaSTs G S e ¥ S
93 A & e ISl Ll el onls Olis S sSTse
il Sl (il 4 dl> e 55 BIM , BaK IS e
el st Bad JsSU s 4 o s Jlail 5 RQ 015

253 RQ 015 5o

109V siawl g o8 /7 09w § Gy 0)9y / oliwy)S (Sbjy eole slEkils alas



0 (Slobw 2yhd plgas

17 174 17
mMM 164 16
= 1.54 . 1.54 = 1.5
g E e T ———
-;—'[ 1.4+ = 1.4 - 1.4
" O ab
':‘1.3- = 1.2 r 1.3
1.2+ 1.2 1.2
14— i 1.1
11+ M7
01 2 3 4 5 & 7 8 95 10 . P S I 1 2 3 4 5 6 7 8 9 10
Bad Time (ns) Bak Lime (ns) Bim Time (ns)

N om RO O o Jlo 5 b (oo 20 RO 0150 B U380 50 & 05 et Sl 51 g G 3 E05) 05 ot 3 53 S5 o 51
Al o Sl BIM s BaK sls J S ss 4 o5 s !

ROOt (55, ISl Sl 0l il 31l
«w » s, RMSD)Mean Square Deviation
58 5> Bim y Bak Bad (5557 i 5556

S50 ST a3l 5 IS 50 ST b e
Jlast 3 dw RMSD il jes.sl sdiosls olis s s

b (or AT S d p 4 o et

0.5+ 0.5 0.
0.4 0.4 0.4
3 5 £
Z o3 03 £03
= [ = ***W
2 %oz £ 02
- =1 -
o o =
0.1 0.1 0.1
Dc T T T T T T T T T 1 U.3| T T T L) T T L} T T 1 D.3| T T T T L T Ll T L] 1
01 2 3 4 5 B 7 8 9 1C 01 2 3 4 5 6 7 8 3 10 01 2 3 4 5 6 7 B 9 10
Bad Time (nx) Rak Time (ns) Bim Time (ns)

ST oo 5| . 5 et I 31 dn 5 13 BIM 5 Bak Bad sls 055, I 550 55l 4t s RMSD 0l & by o pslinf S
3 e Ockeor) S 31 g 38050 52 61 RMSD bl e 2887 (a3 655) S 55 &S dlom o 3l s 5 (T 55)
sl gV Ol
»P<0.001 )ls gne mlaw ;5 Bim , Bak Bad 0k ;3 RMSD s RQ (TE (s, 556 pslie 45 Syl

Wl ol 00y OLE Y J g Sl S5 4 8 s Ll ) a9 S gl 4

.Q:sﬁwaJl.p;l,'l@,J?;Bim,BakBadéqu:;Méju%;gyﬁféu,);fu@.\;ﬁ;m:1 Jou=>

LY TE RG RMSD
G1 YA Y/ALOY/ Ak Wik V0
Bad * * *
G2 —0+ DFOV/VELTAA/ \aE YR/
G1 Y40+ /AEOY VY Vane-00 Vike 0
Bak * * *
G2 SVOVAY /AN YY/Y V/PFE /N Yot /F
G1 FEOFA/ALFEY /0 \ALE-VAR YAk VN 4
Bim
G2 ZYYYYYA/ALFVY/FF VYR * CYFEFF

S50 K83 o o S ke 55T oy S0 (585 B2 ¢ o Ll 50k 5 I 58050 S5 o o 1 U5 55537 iy 1o 053, G
5 BaK ls U0 gn (5l S5 dlo o 51 dm RY 0e bl o0 2017 Doy ST o o 5l s 53 ST (5551 Ol et b I 3
a8 Bim , Bak Bad U a2 gl KaSTs do o 5l RMSD 05 il o 2alS Bad US40 ol bl i3l Bim

Gl o o b awslin ;5 P< 0.001 (gl sme oo™ bl oo

109V sidwl g o8 /7 09w § Q1 8)9y / olws)S (Sb)y eole slEkils alas



03506 aw yy pa3yms G W ¢

. - . Z. .
Jg.‘&).) ww)}&):jéjg}ﬁ&;b)\@
Ol o 05l J;'-"L“ o a)\-«.ﬁr

dyo 53 bagBsn s Olstle i Al

Sl ol o 53 5 S oS g0 ST 1 S (s 5leand

50 120 o

0 o len 4

6l 10 4

5 0 120 -

a0 - €0 ':3 |

= L] ol o

20 el

10 | “ o | -

u . | = ] . I I = b i == N

e S Iy - o - -~ = s P 3 Y = -4

Lo S e X - ) oS 3 o e &
s (;_;f -Q;%kbc of & e & &5 Q;;vb <& o o axf F o &

BIM ¥ + BAK ¥ o ¥ Bap ¥ ¥

535 IS5 S5 51 o (55t alm o 53 5 (JST gn S SIS (G5l Al s 53 s (5 93 Olat o Dk e D IS

A Sl 53 s s 53 5l Galed 5o 3 0S5, 5 W GLe 5o b s ps bl il T &5, A sl

sl 55 1y s pd Oolanil o i BIM &7 sls ol
288 Sldlas (Y350 53T Sl 4 G s 5 S
215 P Gl ol 56 Sl o il 5 e (55
03,5 DUl e 4 Sl b e gl
S Lsls ol oL, 5 Alshatwi (YFve)cl
Loy By olee 03 8B el K SIS 5 e
ol o ) Ssasl By s Sl Gl sle Jske

(YF)ASG Ls J ph
5 Sile 4 Lo 53 45 adllae oyl 5l Jol s Ll
22 S e S 013 Ol S el (JSTse Sl
S LS Sl L o5 45 e p Sl
o S 5, Jlast Bim y Bak Bad ;5 57
S5 Ol e BAO U504 5 s JLail S
Gl 35T Ol ool () g 5 Y ISKE) 558 oo 15T
7S Bos 055 5 e s BAK U S350 (61 6551
b 555 4 et Jlail 1 dn (6550 08 53T Ll
Bad JsSsn s 0 i 4 5 ColalT 035 Jlé Sily
STy 5 e LS 5 e 51 zie 58 s b dlail s
WS Jlas! 5l dm 590 RO a5l ol 0l
b s Jo sla ol 0313 515 s 3 Ol e
adlln ol uls (VP)das o 2l 3) sy (2S5 (s
@ o e Jlas| 1 &7 505 0lis (Y Jauter 5 ¥ JSS2)

S
5 SSI ST OLS 5 oy 2 &S Gl Sl
das ga LS ol ol plonil g 5503 DLALE (s 5552
LS 5 opl baxlge 5o Gl gle b 5 (g5l &
By el &S spd e bl LOT s Sl
Sk B 5 5T Bl 5 00) 415 S 0A) s,
P PR P PRRPuR O | S AR PE I
oo 2 S 65t 5 SSI ST ols s cdle
w1y Oliios 4y ol gen L I8 o S gladshe
5 Gl ad adlas (YY)l axils Cogbrs 54
h el SIE 56 5, S IS Sl
Ol A5 et BIM 5 Bak Bad (5 5 T iy 55576
OS5 9 3l i 1y Bad U0 se el SIS S 50
2 8 Glaadlae (V9) das o 13 3 b cou Koo
S sl LS 6, (Querceting paw S 5t g,
S sls Ola A el Bim , Bak Bad ;T
IS0 m ok bl Siasda bl sl
Bim ,Bak ;5576 55 ¢ cosBad , 556 L 587
pioml 02 b Bad USise e 5S 5 l aiy
el o3y 15 Ks ppSE g 4 S 5 e
Sl e a0l 1+ NS Uk > RMSD S
Sl s Sl e £ 55 55l 55 BEK s Bad s,
RMSF 4 Ly 0 Sldlas 5 il 2als BiM J S0

19V siawl g ogd / 00w § Gy 2)9y / oliws)S (Sb)y eole slEkils alas



Vo lalw 2)bd pleas

sl e o 0T 038 Jld Loy as o5 1) 590

3l ey WT sl Jshw s j}:i}iT

S5 domid
Ol J5S050 Sl (55l 4 S| Jools S § garms
P 0SB e p ol g o s S Aas
S5 s 5t cou 1, Bim 5 Bak Bad s 57
oot Ll 4AS Jlad 1) oSl 4w 8 o8 4 g das
55 Olr i LBA 550 655 215 M8 5T
5L BIMUSse k15 o a8 Jlo 55l 3l 51T
Gl S RIPl 5 e Olessle Sl skl L
da 5550 2l 2 s DI e ST

&'é)&égﬁ
33 VY G 45U ik b Jols aJlie oyl

é&};r}l&a@\:&)}Tg}é)QL@jﬂcwﬁjw

-ﬂ)}T@J"&“:’@")'\;

Reference

Jla>I RO ,slis 2l L s BiM s Bak slad ;S350

Sl IR S 50 el 6y ST
Sb xS il and Sl At gLV Oley e sk s
51 sl (Wbt v csi8 1 .) Bak 5 Bad
IS8 s e ol & (b 56 ) BiM sy,
RMSD ol 2887 L ast g6 Ve OLL s bl ¢(F ol
3OV s 5 ¥ S s gr aln s 4 2 Gl
et Il Sl b s S 3pd e s
lrals by Ol 5 LS B 1) 55 Sl Sl
2 S et S ey o B sy ol b das LAl
L 56 e st RMSD 0 i 51Bad (s 65,

(YV)s,sBak s Bim 59 93 A L
O- 5 P-sheet slo,bsle b 55, p3 Olele o
bl ditews 59 53 Jbd e 5 Il sla ksl DEliX
Cgurs 5 Jb bl tUMN 5 COIl (gla ks L
ol Sl i 48 5l 0lis addlle ol s s
RIA s p e 2 S5 e EiSTs 5l e COI
OB e p Odd Jb 4 e S (0 JSE) ol aly
b Bak J,S4e 50 0-helix jlsle ll bl ssd
sen sl ) cpioan 5 dalS e 0T Sl g
OT ous Jlo 4 e BIM U35 55 Bend sl
J\Q&dets»a@ow@ud\.@uu

dw O‘i| £33 sele Ll < LSJ.}:’“.}‘—.T o Lgl.a)}:flé

1. Saffari-Chaleshtori J, Tabatabaiefar MA, Ghasemi-Dehkordi P, Farokhi E, Moradi MT,
Hashemzadeh-Chaleshtori M. The lack of correlation between TP53 mutations and gastric
cancer: areport from a province of Iran. Genetika 2017;49:235-46.

2. Heydarngjad MS, Hassanpour DA, Solati DK. Factors affecting quality of life in cancer
patients undergoing chemotherapy. Afr Health Sci 2011;11:266-70.

3. Eskandari E, Heidarian E, Amini S, Saffari-Chaleshtori J. Evaluating the effects of ellagic
acid on pSTAT3, pAKT, and pERK1/2 signaing pathways in prostate cancer PC3 cells. J

Cancer Res Ther 2016;12:1266-71.

4. Mgiumdar S, Srirangam R. Solubility, stability, physicochemical characteristics and in vitro
ocular tissue permeability of hesperidin: anatural bioflavonoid. Pharm Res 2009;26:1217-25.

109V sidwl g gog) /7 09w § QO 8)93 / olwy)5 Sy eole oGRSl alas



-)635(6 aw 3 gxipwe 136 LWy A

5. Yoshida H, Takamura N, Shuto T, Ogata K, Tokunaga J, Kawa K, et a. The citrus
flavonoids hesperetin and naringenin block the lipolytic actions of TNF-a in mouse
adipocytes. Biochem Biophys Res Commun 2010;394:728-32.

6. Kim HK, Jeong T-S, Lee M-K, Park YB, Choi M-S. Lipid-lowering efficacy of hesperetin
metabolites in high-cholesterol fed rats. Clinica Chimica Acta 2003;327:129-37.

7. Naini N, Aranganathan S, Kabalimurthy J. Chemopreventive efficacy of hesperetin (citrus
flavonone) against 1, 2-dimethylhydrazine-induced rat colon carcinogenesis. Toxicol Mech
Methods 2012;22:397-408.

8. Choi EJ. Hesperetin induced G1-phase cell cycle arrest in human breast cancer MCF-7
cells: involvement of CDK4 and p21. Nutr Cancer 2007;59:115-9.

9. Ouyang L, Shi Z, Zhao S, Wang FT, Zhou TT, Liu B, et a. Progranmed cell death
pathways in cancer: a review of apoptosis, autophagy and programmed necrosis. Cell
Proliferat 2012;45:487-98.

10. Engel T, Henshall DC. Apoptosis, Bcl-2 family proteins and caspases. the ABCs of
seizure-damage and epileptogenesis?. Int J Physiol Pathophysiol Pharmacol 2009;1:97-115.
11. Wen X, Lin ZQ, Liu B, Wei YQ. Caspasemediated programmed cell death pathways as
potential therapeutic targets in cancer. Cell Prolif 2012;45:217-24.

12. Saffari Chaleshtori J, Heidari Soureshjani E, Relsi F, Tabatabaiefar MA, Asadi-Samani
M, Zamanian N, et a. Damage intensity of carvacrol on prostatic cancer cells lineDul45 and
molecular dynamic simulation of it effect on apoptotic factors. Int J Pharm Tech Research
2016;9:261-73.

13. Sambantham S, Radha M, Paramasivam A, Anandan B, Maathi R, Chandra SR, et a.
Molecular mechanism underlying hesperetin-induced apoptosis by in silico anaysis and in
prostate cancer PC-3 cells. Asian Pac J Cancer Prev 2013;14:4347-52.

14. Project E, Nachliel E, Gutman M. Force field dependant structural divergence revealed
during long time simulations of Calbindin d9k. J Comput Chem 2010;31:1864-72.

15. Jeyam M, Karthika G, Poornima V, Sharanya M. Molecular understanding and in silico
validation of traditional medicines for Parkinson’s disease. Asian J Pharma Clin Res
2012;5:125-8.

16. Saffari-Chaleshtori J, Heidari-Sureshjani E, Moradi F, Jazi HM, Heidarian E. The study of
apoptosis-inducing effects of three pre-apoptotic factors by gallic acid, using simulation
analysis and the comet assay technique on the prostatic cancer cell line PC3. Maays J Med
Sci 2017;24:18-29.

17. Spoel DVD, Berendsen H. Molecular dynamics simulations of Leu-enkephalin in water
and DM SO. Biophys J 1997;72: 2032-41.

18. Veeriah S, Kautenburger T, Habermann N, Sauer J, Dietrich H, Will F, et a. Apple
flavonoids inhibit growth of HT29 human colon cancer cells and modulate expression of
genes involved in the biotransformation of xenobiotics. Mol Carcinog 2006;45:164-74.

19. Kumar B, Gupta SK, Srinivasan B, Nag TC, Srivastava S, Saxena R. Hesperetin
ameliorates hyperglycemia induced retinal vasculopathy via anti-angiogenic effects in
experimental diabetic rats. Vascul Pharmacol 2012;57:201-7.

20. Heldarian E, Keloushadi M, Ghatreh-Samani K, Valipour P. The reduction of IL-6 gene
expression, pAKT, pERK1/2, pSTAT3 signaling pathways and invasion activity by gallic acid
in prostate cancer PC3 cells. Biomed Pharmacother 2016;84:264-9.

21. Elmore S. Apoptosis. a review of programmed cell death. Toxicol Pathol 2007;35:495-
516.

19V siawl g ogd / 00w § Gy 2)9y / oliws)S (Sb)y eole slEkils alas



9 (Slebw oyhd plegas

22. Roohbakhsh A, Parhiz H, Soltani F, Rezaee R, Iranshahi M. Molecular mechanisms
behind the biological effects of hesperidin and hesperetin for the prevention of cancer and
cardiovascular diseases. Life Sci 2015;124:64-74.

23. Saffari-Chaleshtori J, Heidari-Soreshjani E, Asadi-Samani M. Computationa study of
guercetin effect on pre-apoptotic factors of Bad, Bak and Bim. J Herbmed Pharmacol
2016;5:61-6.

24. Wu D, Zhang J, Wang J, Li J, Liao F, Dong W. Hesperetin induces apoptosis of
esophageal cancer cells via mitochondrial pathway mediated by the increased intracellular
reactive oxygen species. Tumour Biol 2016;37:3451-9.

25. Tekin GIm, Ozturk Br. Effects of Quercetin and Hesperetin on MCF-7 Cell Proliferation
by Using Real-Time Cell Analyzer. J Basic Clin Pharm 2017;8:121-6.

26. Alshatwi AA, Ramesh E, Periasamy V, Subash Babu P. The apoptotic effect of hesperetin
on human cervical cancer cells is mediated through cell cycle arrest, death receptor, and
mitochondrial pathways. Fundam Clin Pharmacol 2013;27:581-92.

27. Carugo O, Pongor S. A normalized root-mean-square distance for comparing protein
three-dimensional structures. Protein Sci 2001;10:1470-3.

109V sidwl g gog) /7 09w § QO 8)93 / olwy)5 Sy eole oGRSl alas



	Abstract 1- 343.pdf
	text 1- 343.pdf

