d/"ﬁ";a%; EEPRCRO TS PP PP U

S35 b Gl (ool U35 008 cple 545 g0 (b JiiKat 5 g p
BN Saliys g 5l ealiinl b Al JIS o O it

Yosljuer! Salow * 5,43 )

Q\J._;.‘ ‘j‘ij"’ ;ﬂ}.ﬁ aK..i.’:l) LJQ..:A:/ am\b cw.:.:rj:{j ‘)JTWQ a}; c‘)t.:.f..':‘)—\

Qlﬁ' cﬂjﬁ LJJ”JJ alii.'v\: gwj: S IAES s ‘Lﬁ:}ﬁJJTM"j; ‘L;TW;MJ\ wt“:)lS—Y

Ol s OVTVVNUEVY 2o Gotis®
r-ghadari@tabrizu.ac.ir

VYA Ve AT

oS>

Ol ks (501 iSan ol andllae 3 Sley 5ol gt b Conal w5
Soalys 3l a5 SS1s gy Sl esline | b e Vis ool I3kt ot S 5 Al SIS
ey Y STV lales 3 JsS0e Sealys (g3lma 3 ol 4 S 13 s 350 J5SU s
S A bes 53 53 I3 4 sls Jlail s3T5 31 oS sl ol R P L [P
5o 5 5ob ule 3550 b iSen 5 o I i I o (650 s XS 5 e
p.;,)@)u_.i@),s.lﬁr:_ﬁ_w,; ele S 5 e pdlgslily S oS sl QLS
Sz S350 s ) )l o By 15l (2iSes  Olje 45 AS et sl e
2 Jolss e p et Gldls GiSan  pramen 5 S50 (5 D0 SIaodes Sladisg 20l
Olgea OF 51 01 o candllan 350 ot (0L a4 55 Lol o IS 550en w510

5 eslinad 5l JUisl Ll

Jﬂy&ﬁQ) AU,‘JU)J\JU u:uiwj.l ng))J.:A ‘O_;L.ﬂ)})b Qlfj‘j.&:.ls



Ve J'.;.:L: Y AJM AY 099>

Jole mesn 5 s 55 mld O raslesr sdas O s
o Lo Sla gy a5 [V 15550 sled 4 52055 5a
Ol adsl Jorln 3 o3sm Ol 650 cnl plulid (sl
Rl 0SSl 3 5 Olidoe 5 i sla Ml 51 S
Sl bl gU shesliz ol o35 00 .l 05>
03 g an5e sbas S, 5l Gl Sl b S
Gols sl Y]l ol ast s Ol s Oloys ai)
s oo ¢ 5 ass OISl il s slaiLs
o3 oplpl Ales Sl B adl e s o
O bl el 5 o Sl (oS5 SR
Sl sl La gy pl 5 Sy s 5LS 4o
odes sba Wl g)ls 5 sl 55 lajltle U
CT 5 MRI (55155 5 pas 2 Ghaa slaslle S0 )
Mo 3 5L/ SIS st s 5 eslanal s 55 e sl
D8 4 b g0 b odms Ol o INVILIO (615 5 5 525 o

RGN PLER
LSl il e ol 535 083 45 ol el i
Aas e Jals ol by bable b iSO
LSS Llajlsla gl as Abs oS ol ol slgly
A b1 Kt ol Bl e IS sl L e
2l Olpea ba fesle Sleslina | V]S G b s (gobs
3 DVole e iS55 PH 5 bes 4 el Ol
e o onlin | E Sl (gla Lusle Sl candllas oy
Sl hls el ag ek S &S Con lods 518
55 s o5 Tl el s A3l e A5k 6L
W 8L ssls o3 Sl ol sy ST M s
3101 Ll 21 (IS5l S e e 53 A
ol 0 (5, S o3Il 2 gU A 350 b fle Lo gz
axdllas 3550 sla foole &S el 63ls OLAS Dlallas @Lﬁ
Loy 4y 5 0353 ol Sl PH 5 Los Dl oid 4

Aas o OLES el Se pH 5 Les Ol kS 4 m

3 Tamoxifen
4 Amphiphilic

UAJJA%; om'.ﬁ 6)}\;5 C--\-l}

4adle—)
Lﬁd&ﬁdb)b}b@b&})&@Lﬂ)}w;—j:bj)f‘

S5 ol 55 Ol juds slagls 5 F oS I

r.@,ac“}a o 3l gyl 3la s pl a5 S
o sl [V Dt 4 Sloys a5l esli
S L pa Gl pls gladlele wdd S5 &l
Sl eslial LB ol oyl e e boilales ol 3 dileld
A5 Sole 4 Ladds Do w ol el S0
S e G 3l eslial LT 55 55l 5 el osls Uiz
oslizel b lagsls o3 oy opl 3 [o=Y 35 3l ol
Jrae b ol s csle plans b (S50 sla s )
b ol anllae S s ekl sl Olgeas LS s
bt g Gl eslie 1L gl 5 S 53 Ol
odd Jaze old Mol Dl S Ll 0 PH ¢ los
(b 3l a4 gl el Daoy S ey [V
b e _ls @ gl s ol ole Saslda L
o 35T 5ols 5 eded sl (Sl 3L (s
Gl 53 "l S5 ISl esli ol
o oy e Slidss L;Lgms Lo g gl
il loslize & conl sl 3,18 A VIcw!
Dot (215 S tr o o (eSS IS 551
Olpear [l s ol 5 5 1o Sl
ey bodd Sls Jale o 2 nS5 IS s (gl sad
el ol o3lina | T S gl (55,05 JW) gl S
Sl s KSls Slallas 51 She andlls s
sprpe gl Sen bl gl S0 Soablins
ol eslatu lodd s fole o 2S5 IS 5 5505 le
Ly oS Sl 031> QLS el sty il
anlllas 5y 50 ShaS OILL D3 age B S5s5dn

LVedssls

! Doxorubicin
2 Cyclodextrins



U“)b/\ﬂjd‘)ﬁ

JU =l s b S 513 axdllas 550 adS Ol Oleys

sl o] e s
b a5 Slsle sla A Sl esliul o)
5 3550 sl Sl gadbln aalllas 5 550
el sl 2 s 5l ool L [YE TYTa il
2 e Tl 5 Gaa/gsls gl SKea Ol e
Slr oY glaesls o3 S (glwan i S5 bt
S |y Ll el > b L abl w5
S Aye & 015 oy Slaloes slaas, [YOIs 5l
o315 5l 503 0 S 4 o2 Gl Sy JUS 3 5 eSS
o anllae o Sl L 2050 Gl Lol gl
VIS ol SHSlan ) e 3 3
LT el el s 55N 525 G001 5 el 42k 2
Oebe Shssdes Lg (61,8 5 aS Cul el LS @lzj
S e SO 3 ege S8 Sl sl 5 )l
450 bl Olpea 50 C—Hm 2Sha, LS e
S s Lol slei y Jol/gls Sl (g5lL
Toolps SO S b Sl eslin il ol e aalllas
S Salos g Sl esla il b gls el Ol gea
e IS ol s TYV I 43S 13 s 550
Aot axdlas Ol ze Jgb 5 0 d 553 ks ST (g0
e i s LU S il esls 0L anlllas ol
oS oAl b uSes Ol 5 ls (s
At b Ol I 55 (gl oS gl S w1 sy
Cp i canlllan 3550 Slagsls o 55 s oo Ol
Ol e a3 oo O3 355 Sl S s sl L kb
ol plosl el auloes Jlail (6551 s Sl e

s Li oyl gl @l 4 ziy S gl
shls Slwsals gbabiln adles 5 > b oS cul

4 Exemestane
> Letrozole
° Fulvestrant

Olgeas adlas cpl 53 DOX Ol s (5505 isla,
el oSy e (5508

SUSlals slaable s IS8 sl L 5l estiz!
s gy ol b VISl o 4 55 5550 sl
031 4 atesls Cponr (13 Lamilals ol oS ol 0l
Al 3l esliad L oS il el gty il
1o B 1 e S0 015 0 Ol S 6 ot J 5SS
Spky s b a5 LW s Sk sl
Shwosls glallo s O 5l eslicwl Olw xS (VL
bl andllas G s [Mdl o 4 55 3550 Dl
ialay sl el s ele A ST 31 S 5l aslis
adllas Ol ;s Oleys sl e 55555 5 DOX Ole sas
O e O3 53 58 @i 6 DALl sas
s odd allae Olhass Ol w5 St 5 Ol s codas
350 S5 35 Julay a8 o ulesls L2 CJL;
Dp 2 5h o el PH 4 b~ oy g 4o andllas
a3 £Y los 5070 L plapH s bagsls hle, Ol
el o5 il 5 S sl

350 s Lddas Slwy g5l gla gy sl esla il
o3 <=k>.u'\ woay cpl 53 Sl Oladlae 5035 4 o5
AS1411 DNA aly 5l eslin ol o3l 55 ol
AL e Olies Sl (ol 55 3550 S S LSS
o> Sl o slad e 53 WS olps 55 byl
sdalie Il sladshe v 5 OF 5 i Lol 555 o
el 058 ol 3L e gl Ol ety [YY—VA Tl o2
Sl sl 50 ple 5 o (ST 31 S0
3l 4y ls A JUs! 5 w5 gl e e
onl s Llas § 13 axdlas 5550 5 el ag Sl
56 a5 sSde jalnl sloe 5 Sloys o3 G e
Sl oS e N ] s LSl e

! Doxorubicin (DOX)
2 Curcumin
3 Single-walled carbon nanotube



Ve J'.;.:L: Y AJM AY 099>

S ) o3lital L o8 Vv e i eslizal pE Y e
SLsl 8w, S L plS Veer 5 8 talS oy s
e sl Ol (g3leaig Sl [EET 555
Sl A sl (IS Sl a3 £Y 5 TV) Gua sles
o fEo]u s esla il Vo SN Sl 5 31 S
Sl & o sl <¢l§ Yorer bosaS slaS
Olar 3 o3 plE VO r s 5ol adil; i35
J—ol= Oldl bos 03 ol 51 B o ails & bes
o3lite | b s Oel s Jslas 4y 5 ol aneenils 353
PN ol el a6 At (Ul e s |
Vool e 4 IS5 Sl culgd e il e
o8 s el anlllas 3550 Glagten i 55 2 4SUSL
oS e AE B s YLl Sl
3313 (8N Jlosl La3ssden 5550 55 S
oo Sheslial b d5ssdes a5 Lagsls (ol Jlas]
il g goe 05t o Clam S8 SO
St Sl 3 Sl plosil sl [EV ] alone
S e e LT [EATA S o3l MMPBSA.py
Sl (51t ) (3Lt 1 ol slaesls
o Slr s TYMD b 5l a4 sla
@by Sl G 93 oot Sodea / 5o JiSen
Ol s sl L0080 eslee Ll LigPlot”
ol pdy—odias o dh ol S5gda Xsn o8
@_.ﬂ;t.g_.:a_;)f,zﬁpf_sﬁmﬂ\ﬁfsub
513 b Ol e NJ:..K;T WO L ol ' kel asly S

A esls
Pl @b Gl gl S o 2 2

A as S Sa

° Conjugate gradient

19 Langevin thermostat

' SHAKE

12 Moleculat mechanics/generalized Born and surface area
(MM/GBSA)

13 Visual molecular dynamics

14 Cutoff

UAJJA%; om'.ﬁ 6)}\;5 C--\-l}

Sl sy wlile b gl aa b Sl Cuenl
bl a3 o b Olallas aslsl 53 5 g
SiSan s Sy b sl Sl
b sl anllas s [FY=YA] kL L/ LIS
Ol g Sk Vsdaal J3550en slasltl Sl eslinu |
S ol gl el s gl el
SRR DY PP QTN EE N PUR WAL
Gals Jml gl OF 3 )8 5 el ol o058 ooVlia
o Sl s 4 Al S o Ol S
[Frlas

Sl sla iy, Y

Y Gl ) 5558 55T 4l S5l aslslw oy 6l
el 3l estiul b lag,ls jltloc [FE]os esliul
el s Irolus gileang T(DOL il p) +8 e S
5ot sl BELYP/B*311G(d) (5,55 o ¢ 235
pde) (ilS b bwa 5l esliza | b Lajlitler 035 4
Slalows [YATU LIS 156 (g3lms S 3 355
IraJacs plnil Fly s Slo sl 4l 51 oslinwl LTSS
A eslia | (SIS Lal; Olgea P 5 o pl 4l
Vel 4ol sheslana L s g0 Salus (5l 4
Senls ol gl o3V o L1 A Ll
Ols [E0J6aE 03l WV 335 el 5l el 1L J5ST 5
O opl 6l T8V ealizal ¥ sl 48l Coso gae (65 0
5013055508 s [£Y] A5 o3lizalY el asls
A5 el 13 (TIP3P) (slab aw g5 51 UM 4 3
Vo B e i a5l D e S IS
Sz, Bl gl [EVTASL ansls kol oy 2SO
osline | LSl (g3lu ang o STl 53 o Ss 3

! Avogadro

2 Gaussian 09

3 Docking

4 AutoDock Vina

> MGLTools

¢ General AMBER Force Field (GAFF)
7 Antechamber

8 Steepest descent



U“)b/\ﬂjd‘)ﬁ

Oloys 8l auls opl 83 S Al oo Dl O

Byhst S B e Eok

Sl e o) 5l eslita | b andlas 5550 (55505 Slla
A g Sl gla i) i 3 el S5
al p lesla b asdles 550 J5godn Skl
350 Jiaodes &S Sl S5 LB LS ) 538550
S s ol b il e (6 ack bl slls aalllas
soedsan S b s asllas pl ps 5 Sl el 5l i
035 513 wa opslams 3 JSgoden Sl ey Sl sl
Sl Cow SUG 2§ ks s b ol cpl Ll
bl 5 sl lw (695 Gilmang plnil Gl 59 5
Sl sl (8l 0 bl S0 50 Sl
B) mﬁ)\}ﬁ&uﬂ)sjagjsuﬁn}j‘w&.»;)}»
Py e W U A JPA S JUNIP RS FPR W e

el 03 &Y S s anlllae
e D gmods andllan 5550 ol Sl L a5 L
P [P R % VA PR I COCIIY PR B
O & A e Dsline Jolad = )3 i 5 (555
O3 I amr s 55 ki s g0 Hletlor ol s ¢ s
Shostin b oS00 Sslus g5lwa 3 5 4 S
s S5 Gl e a5y o s 4 S5
o V0 5o iluand el 5o A alll ol $s5
oot Sl Jo e ol ol 2 pldl 5 S sl
Error! Reference source s J05 Solos
sarie s ol 5heul s wilyl not found.
el 313 e 1 4 e Sl s oS

3 Bicalutamide

Vi,j = o Jolas )‘ JJjJJ__A‘/J__A‘ A_Abﬂ BE

Wslan pl 53 355 e olicl 4y [(:_le ) (:_j)ﬁ]
Epj oS [uSas @132 o ol Sl el o le i
RSa g2 03 53 o by ol Gos b el
S5 01 3 aS Gl wl 5l el Sole 0y 5 oS
spdign o bl lads o)3-0,8 Vij Jeily

3 4 Gt e (6550 Gldie sl 51 S ol s
Sl 6l bl e ks andls Sl ol s s s S
Saslos (ilmand Jsb o3 byl ()l Ol
A plnil ' Sla e o Sls S gl LT ST 5
gl anlllae b o o o3I Ol s 4 b g o S
e S 3l b Do 4 05550 Sl Tl 12
Jiasden 5 solo ol cw) sl s oy o IS 5odn
.uwmﬁkpmjsf«uu

o g s Y

e Jisoder gt ekl B LSl anlllas 5o
Gt Lok oo 5 Sl b gy s 51 JUas
ot &S TALL IS L ol wd S (505 QS
Sl Jde (6,05 Olgeas (Ad Lo o s 53 ()l
o3ls QL) i 53 andllas 3550 (55)ls Hllo s

ol 0

F OH
i H%@sﬁ
F
o
NZ
F

Oless 53 Ol ol 55,8 50l a5 e Casodex (gl

! Root-mean-square deviation
2 Radius of gyration



VErY 5eb F ojled MY e, R VRGN AT PSP C SIE

Al S0 S 5 Skoal ale (slaes S 5 5 15 550en (6 achy A1y 51 it G (D) taddllan 550 J3akn bl ¥ IS
o o2 4 e A 4SS Ol e gl 35l (o a3 s IS0 ge (5 0505 (B3 S s sl 3 5 Ol
35 Om S5 Lgn SulA s oS e a Ll a8 13 SuSs blie 53 Jssde 5l e 55 (0) s e A3 ey

2L 6l () 5 il gled 51 s () 1 813 a3 6853 (sla s Sl Y lez aslsl 53 500 &g i

andllas 5 50 el

Calize K Kby o dlsl Yo e o gloans ol 8 Sl am 55 YO (slos tanlllas :)jar:..‘w&l.@i)l:;'-b\”‘}s.i
4.:5‘)\ v.}a.ﬂ = «$ M:w olis J._»J..aj LJ'»’“ LLloddd eals OLES (sj) d}\?— ‘_5Lﬁd)ﬁ)ﬁjl;l.:4 Cyj (5‘]" el 0l e3ls OLES

el 0l (65 S5 s S sl C e SS90 9 D3 Shaodes Glakisg 5 4y 5l kel

USRI VPSS S VR v SRR P WSS | Jve LSl Sladlas V¥
Ml 53 om0 2 3050 s & 01> LT Ol 05 5 ek ol 4 J3 g Slrlw b e o L
ST dad Obasl gl s plnil K815 an il DS e i O3 esli il LG @ b e Slalas



L 5 (g 8

M.L?-Ja u"“'\ BE IS fbu‘ "L;Tl.:_wbw él.hui))" u,l;r_v
rb.;}\ ;\;L;:SL_.,; a3 Y oYV gles o5 5 Ol wlses
Glos Sl 318 mle a3 YV glos oS Ll 51
YL 5 ol S sl am s £ sles Ol L das e
0L Jgeme los 4 o Sl b gles O3
Mo 5 mle leys (ias s leges oSl (criman 5 Sl

LoV N Els5s o ab S Sa glos ol
s sl e 5 pe i (OIGL LT L
YV gles 55 55 Ol fteglgjpﬁf«syb- e
Sl -t s s sl e ol S sl a5 £Y
r.:.w.t...u 92 Y MJL!“ OLES ol 43‘)‘ @l}; o | 0
BELEY dan jii"“gi @ LS)‘Jili L) )\ axllan S48

b sols Jail e (e Sals (5l
O b Bds ul gl a s Obsnl U5 5 ds e
WJlasl 3T (6550 op 5 st b gkt b o KiSTs (glaosls
Al eslinal JS e Salis (525,55 Dbt sl sl
K13 Dl oo plnil (5l A2 S35 2ty oS £ ,S0len
S KSls el sl eslina T Ly s Sl aali s
X Glwly 53 i fa tA 500 AL slul L' S wax
3 e eI Y BB dlols as s Z 5 Y
Sg el bl S5 SIS A w ame sl s 4 S
Candga ¥ S 53 5,8 130T Jls pie o IS
0L 53 0T Gy GRSam 5 300 5 U5 a0k &1 e B
Logm S hads J3g 0 5 )l ule .l ol 5 esls
el odalie LB () ojled jiz L) S5 ,00s
PN Salas g p YT

Golwand 5 3L 5550 rj}f slaesls g3lweslel (gl
S aS A o;mﬂ\r%@uuﬁjlggﬁy&Qa
Sl d 2l o 315 el 53 5 g ge sladali s )
53 el &l Ol Sl el b S0 5 Sl

U "’"‘k‘a-\v "“
{"%&.

}‘ D gt o s
1 /%&/ 0700
4 LA 5
o ot

f-*' /a2

Sl iy 5 Al IS o sals b S5asden K (O) 5 SUuS 4 S S5 ok 5 LK Condse (LD ¥ S

6[.&.1;):» ‘5)1):9).» ‘.,\;.)‘.) b &3}).1:.& .Ju'jg: LSJ‘JBJ‘ &UJSASMLL;& Sdxe JLALO LSL‘“}JfLS‘)\-’ axJlae S48 d})‘) .J}})J@

LSS J3aoaem 5 o)ls mle S3odes Lse S bis U sl old o po Jgodes sl s 5 JuS0se 0 5 0953 S5

3 Hyperthermia

.)}..:

! Grid box
2 Tleap



Ve }ﬁ.\:’, Y OJM AY 099>

oo S Nt JJJW S )

RMSD (A)
1) 4 . W .

[3%]

0 15 20

Time (ns)

ot
wn

—
W

Radius of gyration (/Z\)
i

12

Time (ns)
)lwdsﬂbaﬁumww‘ caxtlas )40 L;j-’)"\':k LSL‘“):’”J 6‘J,.reJ\.Ja Ml}m C)l:u]a wivl..f).l} L;Ua> (&_L“)i JS.:-

33 53 05050 Sl @31 Ol 25 plad () ddl o oS Dl SLla 3 Dl id 5 ooy oolin (SOILL & o 4B 50 Y 50

S das oo 0L 3 Sl 05 S a2 Oloy Do Usb 3 andllas 550 O gl glad S8 il a3 Y 5 YV sles

O kS 5 o Snlis Cale @ a5 b A3 o (e (s Olo§ Ske Jsbo 55 s (SoILL 5 S50 55 0L
bj.J:L;é sdalin g_}j.:»r‘ﬁj CL!.JJ BL) (r)fmij" J}J})J) é'b\ CJ‘)::.!.T ‘sz‘“:l'l 6Ll&j¢.>u)

S50 e S SR 3 g 5 Sl Ol 5 e il s
Sl 7l (iSen s Sissdes Lo AL
S5 Jelse 5l S es L Ol SL50) sl il
5 osoded Sl g Olsee a3 (L o el
IS8 53 Jolbe s s sl Il SiSen
DL 55 de S 53 edd Sl gl el o 1,1 0
Cald anlllas 5550 slos 95 55 b JuSan 5 aS das s
by ye slaesls b asly cpl 5ls S0uSs b ool ol
33 i 33 e (SISOt «S RMSD &,

Sl Glssan

2 Van der Waals

b s a O3 5 6LAV_?\ Oges| 25 Cl;.w caalsl s
b S e ml A e JSaodes o S s
Bgd e yatia =0 SE glaesls Il el 451
e 33 J S50 Sl (g3laand gl 55 4 S
Voo 3Ll ib e SuSs a3l Bl
a3 TV L aslas 53 8 glos s ot day 4y 5050
2 A Jelss i gl b e Bl S Sl
NS by o glaesls candllas 55 40 s (S5
Dbl s s s Jule slaey S ¢ 5 o S e s

! Hydrogen bonding



L 5 (g 8

I 15

Hydrogen bond no
w S
= T
—

— 37°C

42 °C
— Averaged (37 °C)
— Averaged (42 °C)

"

i

|

0 15 20

1
—_—
—_
(e
(=)

Energy (kcal/mol)

-1150

-1200

= 37°C
—42°C

0 3

0 15 20

Time (ns)

33 2 585 Salus (luand Iob o J5aodes slasess ol (dliobily (iSen s (©) 5 S50 Lsy (AN 0SS

GG 5 s Ok ol a0 [Klas oS s e 0l 555 31 VU o1 5SS (g3loand Oloy e Jgb 55 candllan 5 g0 CaS

Al e O

5 o pasedon () d=lg) I sad (6550 ulde 3 S
o315 35l 35 g e oy e glda>De LB o ylis &
LS ar 5 Al and Vol o i gla
Sl s o 4 Suop Sla sy Hule s e DL
DUl BB ams pl il ol 13 5 (g oy S50
r.?\ydd._.pb s Lse ol 3 gl on
adlas 53 il eSS same d= 31 sl 00,8 5 e
sl 4 S a3 i STY Sl o ol 51
wv;jj).@.uﬁsM>@ou;yb.@u.wl
oAl od a4 esian Sl i s do By JSse

Al

o s 52 e hile glaes S B S B s L
Sy SN 003 Sask s L ose Ol B UKL
oot Gl gn a3 aS ol S5 OLL sl
Lf'j)).xﬁ.h.ﬁﬁ: C}}Jﬁ‘w‘ﬁmd|)‘o Jg..i':)JAS
L;’Li))l 6‘): e Lol 03l QL.L; Jﬂf&ﬁ)o‘ﬁ);
CaaS opl (S50 m 5 0555 Sisoden L gy Ol
h\ Jg_d BE A.ld.ol? C‘"b 9 IS WY LSJ;")U"" MKU\} la
i VS Gl s glaesls L dled esls OLES
23 35S0 0503 Shaskes Gl L g S b o
b 3 o3l el a5 L el Lo Ol G La iy
.LJJL’L;‘: )Ua.“u‘ 390 odaliie U'i\ G P ub&‘ J"‘J"
d}}).\.:.ﬁ Lgl.h.bﬁ-\ o)l.a...i: J.:DUJ S el g Qlil...;':

Ao b das e Ot s 5l VL IS0 0553



O Sl iSen s 2
]
(=}
=1 T T T T T
= = Chain 1
£
=
(=}
O
3
[=13)
o
S
>~
=
=
(5]
&
d>) O 1 | L 1 |
<0 5 10 15 20
Time (ns)
o
= 1 T T T T
2 — Chain I with 2
= Chain 1 with 3|
3 — Chain 1 with 4
o Chain 1 with 5
% Chain 1 with 6
2 0.5¢ Chain 1 with 7||
=4 Chain 1 with 8
=
g Y = i
4 0 —N e F—— 1
< 0 5 10 15 20
Time (ns)

S a5 opl 85 B o baallas spse J3sode sls s oo (JoS0se m (©) 5 JsS05e 0505 (S3s0des disn (D S

am s B ol Ls Ol b JsSe cm 5 0555 S5asded el (il o 0LSS andllan 350 sla s slles 5 03100

o S5 pl g e s Sl 655 Ad Sr e IS sl Sl S ST 5 0500 STk Gladkisy s ASL
2y o B g leand Aol 5 Job s e

b Ao B s SWl Sk 5 e el alo b i
s o OL s 4 ey 60 L 35

g Sl (laand i S5 2ty a8 4 Shes
Sl oo pladl 51 ey i plil 51/ 55508 S35 2
Loools iSen 6551 (I s Sy (5lmand
S Sy 8 pl Gl dd e uls 55,0
JB o Co e —aly e 0 DD/ J S5
A o3l 351 3 g5 3 el sl 3 oS e 2

5 I3k 5 andlles 3550 sl o Sl 3T (5351
=YV L oy s w :\;L;:.ZL..N a3 LY 5TV gles
G | aseiia ol G 30 U 5 (g JS S -TVIV
5 B 6 anlllan 3y g0 i g5l s S

e ge Jiaodes 5ol g e sla RSl

G 3 oIl RSes 6o p el
ol &LV S )J@u W (ab.al)jb.wkguﬁqdj
w)ﬁj\yu@ugu“m@m@u.w\
Tl Al S o (G5a0des ladisn
LS b3 jomis o d5mse b S oS
O G Iyl o xSOn 3 aS g 93 la s
Wy Gl cp 5 ) Jldde cp 2 i L SusG
Olsen s s alols 20530 .l el olianstl 555
Uossd o bl o 4 Ldlssils SiiSen s oS L
&b Sl el b Gl il sla iiSan el 4 ax 5
ar s JB e asl -l JOY]Wledd arw s 5 g3,
Lol o gSae b s 2iSan o6 ol o Al e

“ Lhul.\ﬁwhf ‘U’L‘J"L" Ju)l.} LLJ)‘ on‘jJ B Jw;l d‘j..r.



O‘)&wﬁ)d)ﬁ ___________________________

g ol By S sdmie Jule slaey S syl
Loosrs el byl slen ail cpl Cl 5555408
gatia | IS 50 IS8 53 sl 1)) glaesls 4 a5
Sl A a bl mis Jisde sl &S 4S .
RS b IS0 5 00 Sisokea sl L sy
Syl O gai gl & ax 5 Lyl

Jolse Gul abomr Sl a5l (o 5 S e e 5l Sl
bl sl DSen y y Siasdea L g Ol o
Jsb 5o S de laiiSan  Olsee cpolal o 3 5

Al o J S5 Salus (gileand
3V K2 s dlasdes 5 sl ebe S5 L s
asha sdal St i Sl el GIA IS

Al s a5 BB Jiadee 5 ool ole S5 0 oS gyls Sl 5 S a3 bosls s J5ssdes

0"‘"ﬁq-\‘r.;a.l““~.‘;-ﬁ’ww! N s ) 7 APy

bl s daigl o b
= — Chain 1 with 2" Q’Mf, “«Mg Lkt |
5 [T aa iR e
g Chain 1 with 4 i
= — Chain 1 with 5
S -50 Chain1with6 ]
~ Cha@n { w@th 7
B Chain 1 with 8
b -
=
sl

-100+
. | . 1 | ;
0 5 10 15 20
Time (ns)

wuw.bu)\ guﬂjb)v\ib (_;Laulngq.ohj S AU}S&L:.QLALU-‘};LM duﬁu)wwj\jj_hb u;.&uf(..@#v‘}ﬁ

s bseng i Gl il (S Q‘)':.avﬁm_;ﬁls}} a3 5o 0 e pdlslils S 5 Ol 5 ey 5 ol

P peS S de uSn s s OAS
2 T
— 87 ZC

e — 42 °C
=
[=]
S
e
5 1 —
=13}
o
=
>

% 5 10 15 20

Time (ns)
o ol

mle S5 Lss () ) 8 Sle am )3 £Y 5TV los 53 55 J5soden 5 b IS o (5513 mle Siasds L (DA IS
‘ﬂ)'éﬁ:'fcfpj ‘514..» L;J:...Sl;- :ij).l:.djaﬂj JT‘)J‘}):?‘J“J'; u},.,S‘ ‘;;'TU"JSLSLAVJ‘ ‘L)SMU:Q-L}JJ}JJ?A}})\J
DL Jﬂfﬁjd})b L;!j))-l:ﬁduubﬁ ng‘):‘)j‘t_v‘\;-):la.b\a.l.w AJ.\;-J::JBA;- dﬁdﬂy}aﬁo}b QLM;J?U)&.EEJ

AL e oS T3 5 sls mle S5aodea Ly Ol «Jsoden Sla s

)



VErY 5eb F ojled MY e, R VRGN AT PSP C SIE

M‘.ﬂ)b ‘g:i‘)’l"" ML@)Wﬂ"Jj}JJﬁ'Aﬁﬁj\JJf 6[.&_5ﬂ.v )‘ L;’i L&ﬁJ.:;e.v) UZ"’L‘ J‘“})J‘J ‘_5 MJ”
Cil.b C,.w‘ QML;&JJ;JJ‘)JJ.LA}})‘J J:)LG‘J:..&Q.AJ) LA).".’”JL;)‘J"@K’)JWU:"LJ”))’ V..L...:w j;rgb-
w‘aMﬁb‘qJﬁ;&)bJ«ﬂb— uwfw@b}}jdw}\éj\);‘&)w)b
-10 ' ' |
= 37 °C
—42:°C
— Averaged (37 °C)
—_— Averagde 42 °0)

W“H' i

it b |

Energy (kcal/mol)

L |

5 10 15 20
Time (ns)

3 e Snls Cple a5 L J 58050 Snlos (3leand Do dsb 53 Jisodes 5 50l e Gl iSen 2 4 IS
Ol Jsb 53 el analms Skl JuiSan s (65531 Olsee g5l Olos b 3 KA 4 ol La iy 5 5513 Copad g s

el il s

Slodns o5 o Sl gl ae

oD
PRPe

Ll 4 gad Olgsa el SO ko J S50 Salus (oleand p 3o 5 Il e ol aasd 53 d5sden 4 Sl 50l g Ve IS
Jj}).\:ﬁ f)l;-u""")J bﬁjﬁejbjéj)‘b J«.ZL«L;& )\J,fJ’I.va a0 LY }VV Lgl.a.:‘\_v.]aj;jav.;}:bu};ﬂ‘ el 0
li)e.&i aJJ:;- 5)\)"\"1)3;5“15'.'.1]‘:‘ wﬂj)léﬂ\s.l.h)y olis ‘5)L.N4:~.N uLa) CJ.\.AJ)JQ)J})\J Q.g.;}aw)j ] w;)\ﬁ

Al e (G50 Bs b o S OF (il BT e 5 55l ol (gl sl Al cpl 3 g 300 o= R



db&mﬁjd).ﬁ%

ij sl ol bt o i Sl (9350 B pgs das 3 Ll
JS 3 sl i b sl s S ol S5
Aol aSlyl & ges Ol geas J 5 50 Salys (5laad
WSS e dSsoder ot 5 sl e S e do U
S b IS ol slaesls amglin o sl 1)
53 s Ol g S e ST g 5 L SIS
S aho B aslishn e o= U jio Sl ol
03 gdme (e )3 Il 1l (SN ISsdea 5 50l
A5 S S ol o Gk s 35 Gl
53 Aol b0 By spum il o3k 5o A3l e
3 sl sl cnl s b e rals Susi L &S
V0 35 o3l 53 350 o e el S
Al o il Sl sazee 4358 95 Aol 4 bSL Y U
s I8 (golie Gl lils (6550 5l Sles ensn e 52
23S p Doty Sl e wlle 5
ol J{Gﬁ;;\jfd:}b a3 LY gles e )5
LU L i Sl ol s (e Ol gy A5 L
S5 el s 5 eas oS SISy 5l S Sl
ol 5 e s Sl e

03 plodly e oS ol jatie Ve IG5
350 e e 3 (J58 50 Salos $5le 4l sl aas
eiSas 5l i ol S Sl a8 (gles s axdllae
£33 4o 3 S W P :\;JSL_M a3 YV gl s
sl st e sdalie eyl e il
IS Sarbys St 55 Sl Sl 58
Copndsn Vo JSd 3 il e a5 BB sdalle
L il Lo &)l uSS & s J35en 5 500
:ljf‘_;:.lu YV gl s oS ol aiia 4 IS
SAcdas dlgdly iSen p oleand sl aas 53
Ve s bl 18 Jiasde 5 ks o
Soltie (giluands ol aas 3 guls &S ol sdaline LB
bl o i s s 4 5 a8 ol U0
R 3 el 4 S5 )3 Gk s 53 i
S Conl yasiie gb;QLAAgJaﬁfrjamggLﬁf
o g3 5 4B S 5 e Lt 5 2 iy )l
23 g e B d5asde 5 s R B RSes
Jslaag ) oS il jase e I3 Oles O iy

ol ﬁé;)l}oj&}&b)b J)}Mﬁ)b(s)t""dt“:’

25

[\®)
(=}

Distance (A)

—
W

10 ' '

10

20

15

Time (ns)

S aiSan a5y 4 s bl o3 5 Lt 1) J3ode 5l ot ed dols 5)ls J5sodm 5 pls o S e o VY JSCS

5003 mle St Lo 5 s ool Jai (g3l Olo3 oo b 53 3soden 5 5015 cpmle 555,008 L 5 15,0

Al e 4 g BB sode

S P Soalis (5lman 5 XS axdllas

Sals 5 ey S Sl IS ine JS e

VY



AFXA| J'.:’.:\.: Y eJL«...’;" AY 099>

Interfaces 10:17672—-17684.

[5] Mohd-Zahid MH, Mohamud R, Che Abdullah
CA, et al (2019) Colorectal cancer stem cells: A
review of targeted drug delivery by gold
nanoparticles. RSC Adv. 10:973-985

[6] Yan T, Cheng J, Liu Z, et al (2018) Acid-
sensitive  polymeric  vector  targeting  to
hepatocarcinoma cells via glycyrrhetinic acid
receptor-mediated endocytosis. Mater Sci Eng C
87:32-40.

[7] Jansook P, Ogawa N, Loftsson T (2018)
Cyclodextrins: structure, physicochemical
properties and pharmaceutical applications. Int J
Pharm 535:272-284.

[8] Mura P (2020) Advantages of the combined use
of cyclodextrins and nanocarriers in drug delivery: A
review. Int J Pharm 579:119181.

[991 Tang P, Ma X, Wu D, et al (2016)
Posaconazole/hydroxypropyl-B-cyclodextrin  host-
guest system: Improving dissolution while

maintaining antifungal activity. Carbohydr Polym
142:16-23.

[10] Patel MR, Lamprou DA, Vavia PR (2020)
Synthesis, Characterization, and Drug Delivery
Application of Self-assembling  Amphiphilic
Cyclodextrin. AAPS PharmSciTech 21:1-16. 11.

[11] Sitarz R, Skierucha M, Mielko J, et al (2018)
Gastric  cancer:  Epidemiology,  prevention,
classification, and treatment. Cancer Manag. Res.
10:239-248

[12] Nagaraju GP, Srivani G, Dariya B, et al (2020)
Nanoparticles guided drug delivery and imaging in
gastric cancer. Semin. Cancer Biol.

[13] Davis ME, Chen Z, Shin DM (2008)
Nanoparticle therapeutics: An emerging treatment
modality for cancer. Nat. Rev. Drug Discov. 7:771-
782

[14] Seynhaeve ALB, Amin M, Haemmerich D, et
al (2020) Hyperthermia and smart drug delivery
systems for solid tumor therapy. Adv Drug Deliv
Rev.

[15] Adeli F, Abbasi F, Babazadeh M, Davaran S
(2022) Thermo/pH dual-responsive micelles based
on the  host-guest interaction  between
benzimidazole-terminated graft copolymer and B-
cyclodextrin-functionalized star block copolymer for
smart drug delivery. J Nanobiotechnology 20:1-24.
16.

[16] Shi J, Zhang H, Wang L, et al (2013) PEI-
derivatized fullerene drug delivery using folate as a
homing device targeting to tumor. Biomaterials
34:251-261.

[17] Jiang HL, Kim YK, Arote R, et al (2007)
Chitosan-graft-polyethylenimine as a gene carrier. J
Control Release 117:273-280.

[18] Yaghoubi F, Motlagh NSH, Naghib SM, et al

B

UAJJA C‘-;J.Js om'.ﬁ ‘SJJL.J’ b’--ul}

Sl ot Slalllan ool (s JIS Ly Ol 3
318 Bl a3 £ 5TV (slos 55 3 J S50 Sl
55 paia by 93 55 ates (SIL oy S Ll
ol b sl e Il Les 5o s (J5ssds
Golis i 318 Sl a3 £ (glos 53 2z
Jol ol s o Ol 355 51 L]
T I
s s st sl oo s e s 00
oiils &5 s Jelse o e (pudlaolily JaiSlan 5
Jlasl o1 (6551 s o SouSG sl o b oni s
LA mld it aaloes J5 508 @ 5 505 0
Al e b 4 Jlasl (6550 Sl ple odins
RAS—o d5soder 5 ls mle Sl Ll AiSen
54y sl & I3, 551 e (5L Jule
Sl 53 5l sl 6 S5 s S
o b i s ooy Al a5 Lol ot

o okl 55 s ol e J3goa Lol

S o et OT b ke

Sl g S

adlian ool gl aly 3 35 o2l e yles |
Sy Sl ol

@UA -0

[1] Bao Y, Yin L, Liu L, Chen L (2020) Acid-
sensitive ROS-triggered dextran-based drug delivery
system  for advanced chemo-photodynamic
synergistic therapy. J Biomed Mater Res - Part A
108:148-156.

[2] Tang K, Zhang Y, Zhang H, et al (2012) Delivery
of chemotherapeutic drugs in tumour cell-derived
microparticles. Nat Commun 3:1-11.

[3] Al-Attar T, Madihally S V. (2020) Recent
advances in the combination delivery of drug for
leukemia and other cancers. Expert Opin. Drug
Deliv. 17

[4] Wei X, Liu L, Guo X, et al (2018) Light-
Activated ROS-Responsive Nanoplatform
Codelivering Apatinib and Doxorubicin for
Enhanced Chemo-Photodynamic  Therapy of
Multidrug-Resistant Tumors. ACS Appl Mater



dbb/\a.hjd‘).x:e

nitrogen-doped graphene oxides as temperature-
responsive drug delivery systems. Int J Hyperth
33:785-795.

[32] Ghadari R (2016) A study on the interactions of
amino acids with nitrogen doped graphene; docking,
MD simulation, and QM/MM studies. Phys Chem
Chem Phys 18:4352-4361.

[33] Zhang S, Bellinger AM, Glettig DL, et al (2015)
A pH-responsive supramolecular polymer gel as an
enteric elastomer for use in gastric devices. Nat
Mater 14:1065-1071.

[34] Hanwell MD, Curtis DE, Lonie DC, et al (2012)
Avogadro: an advanced semantic chemical editor,
visualization, and analysis platform. J Cheminform
4:1-17.

[35] Frisch MJ, Trucks GW, Schlegel HB, et al
(2009) Gaussian 09. Gaussian 09 (Rev. DO01),
Gaussian, Inc., Wallingfor
[36] Felegari Z, Monajjemi M (2015) AIM and NBO
analyses on the interaction between SWCNT and
cyclophosphamide as an anticancer drug: A density
functional theory study. J Theor Comput Chem
14:1550021.

[37] Vosko SH, Wilk L, Nusair M (1980) Accurate
spin-dependent electron liquid correlation energies
for local spin density calculations: a critical analysis.
Can J Phys 58:1200-1211.

[38] Stephens PJ, Devlin FJ, Chabalowski CF, Frisch
MJ (1994) Ab Initio calculation of vibrational
absorption and circular dichroism spectra using
density functional force fields. J Phys Chem
98:11623-11627.

[39] Trott O, Olson AJ (2010) AutoDock Vina:
improving the speed and accuracy of docking with a
new scoring function, efficient optimization, and
multithreading. J Comput Chem 31:455-461.

[40] Case DA, Cerutti DS, Cheatham TE, et al
(2017), AMBER 2017, University of California, San
Francisco.

[41] Wang J, Wolf RM, Caldwell JW, et al (2004)
Development and testing of a general amber force
field. J Comput Chem 25:1157-1174.

[42] Wang J, Wang W, Kollman PA, Case DA
(2006) Automatic atom type and bond type
perception in molecular mechanical calculations. J
Mol Graph Model 25:247-260.

[43] Jorgensen WL, Chandrasekhar J, Madura JD, et
al (1983) Comparison of simple potential functions
for simulating liquid water. J Chem Phys 79:926.
[44] Adcock SA, McCammon JA (2006) Molecular
dynamics: Survey of methods for simulating the
activity of proteins. Chem. Rev. 106:1589-1615
[45] Allen MP, Tildesley DJ (1987) Computer
simulation of liquids. Clarendon Press

[46] Ryckaert JP, Ciccotti G, Berendsen HIC (1977)
Numerical integration of the cartesian equations of
motion of a system with constraints: molecular

\o

(2022) A functionalized graphene oxide with
improved cytocompatibility for stimuli-responsive
co-delivery of curcumin and doxorubicin in cancer
treatment. Sci Reports 2022 121 12:1-18.

[19] Tong X, GaL, AiJ, Wang Y (2022) Progress in
cancer drug delivery based on AS1411 oriented
nanomaterials. J Nanobiotechnology 20:1-36. 20.

[20] Carvalho J, Paiva A, Cabral Campello MP, et al
(2019) Aptamer-based Targeted Delivery of a G-
quadruplex Ligand in Cervical Cancer Cells. Sci
Reports 2019 91 9:1-12.

[21] Rosenberg JE, Bambury RM, Van Allen EM, et
al (2014) A phase Il trial of AS1411 (a novel
nucleolin-targeted DNA aptamer) in metastatic renal
cell carcinoma. Invest New Drugs 32:178-187.

[22] Yazdian-Robati R, Bayat P, Oroojalian F, et al
(2020) Therapeutic applications of AS1411 aptamer,
an update review. Int J Biol Macromol 155:1420—
1431.

[23] Ramezanpour M, Leung SSW, Delgado-
Magnero KH, et al (2016) Computational and
experimental ~ approaches  for  investigating
nanoparticle-based drug delivery systems. Biochim
Biophys Acta - Biomembr 1858:1688-1709.

[24] Hathout RM, Metwally AA, Woodman TJ,
Hardy JG (2020) Prediction of Drug Loading in the
Gelatin Matrix Using Computational Methods. ACS
Omega 5:1549-1556.

[25] Van Gunsteren WF, Bakowies D, Baron R, et al
(2006) Biomolecular modeling: Goals, problems,
perspectives. Angew. Chemie - Int. Ed. 45:4064—
4092

[26] Akyuz L (2020) An imine based COF as a smart
carrier for targeted drug delivery: From synthesis to
computational studies. Microporous Mesoporous
Mater 294:109850.

[27] Ghadri Z, Raissi H, Shahabi M, Farzad F (2020)
Molecular dynamics simulation study of Glycine tip-
functionalisation of single-walled carbon nanotubes
as emerging nanovectors for the delivery of
anticancer drugs. Mol Simul 46:111-120.

[28] Ghadari R, Kashefi A (2019) Amino Acid
Functionalized Single—Wall Carbon Nanotubes in
Thermoresponsive Drug Delivery Systems: A
Computational Study. ChemistrySelect 4:1516—
1524,

[29] Ghadari R, Sabri A (2019) In silico study on
core-shell pseudodendrimeric glycoside structures in
drug delivery related usages. Polyhedron 160:10-19.
[30] Ghadari R (2017) Nitrogen doped
nanographene structures; study on the adsorption of
nucleobases, nucleotides, and their triphosphate
derivatives using mixed docking, MD, and QM/MM
approaches. J Chem Phys 146:44105.

[31] Ghadari R, Kashefi A (2017) A computational
study on the usability of amino acid-functionalised



AFXA| J'.:’.:\.: Y eJL«...’;" AY 099>

[50] Laskowski RA, Swindells MB (2011) LigPlot+:
Multiple Ligand—Protein Interaction Diagrams for
Drug Discovery. J Chem Inf Model 51:2778-2786.
[51] Hildebrandt B, Wust P, Ahlers O, et al (2002)
The cellular and molecular basis of hyperthermia.
Crit Rev Oncol Hematol 43:33-56.

[52] Jones JE (1924) On the Determination of
Molecular Fields. 11. From the Equation of State of a
Gas. Proc R Soc A Math Phys Eng Sci 106:463-477.

1

UAJJA C‘-;J.Js om'.ﬁ ‘SJJL.J’ b’--ul}

dynamics of n-alkanes. J Comput Phys 23:327-341.
[47] Genheden S, Ryde U (2015) The MM/PBSA
and MM/GBSA methods to estimate ligand-binding
affinities. Expert Opin Drug Discov 10:449-461.
[48] Miller BR, McGee TD, Swails JM, et al (2012)
MMPBSA.py: An Efficient Program for End-State
Free Energy Calculations. J Chem Theory Comput
8:3314-3321.

[49] Humphrey W, Dalke A, Schulten K (1996)
VMD: Visual molecular dynamics. J Mol Graph
14:33-38.



dbl{wﬁjd).ﬁ

Evaluation of Interactions between Amid/Acid Hydrogel
with Bicalotamide Anticancer Drug Using Molecular
Dynamics

Rahim Ghadari,”* Siamak Ahmadzadeh?

1 Associate Professor of Chemistry, Faculty of Chemistry, University of Tabriz, 5166616471, Tabriz,
Iran
2 M.Sc. degree of Organic Chemistry, Faculty of Chemistry, University of Tabriz, 5166616471,
Tabriz, Iran

r-ghadari@tabrizu.ac.ir

Receipt: 2021/04/05 Accepted: 2022/05/29

Abstract

Designing new drug delivery systems is important; therefore, in the present
study the interaction between an anti-cancer drug, bicalutamide, and an
amide/acid hydrogel was studied. Analyzing was done by using docking and
molecular dynamics simulation methods. Molecular dynamics simulations
were performed at 37 and 42 °C. The results showed that the binding free
energies of the drug to the hydrogel system at two temperatures were similar,
and altering the temperature did not affect the stability of the system. The van
der Waals interaction is the most crucial interaction between the drug and the
hydrogel, which depends on the distance between the drug and hydrogel. Intra-
and intermolecular hydrogen bonds and van der Waals interactions are the
major factors in the stability of the hydrogel system. Due to the stability of the
studied system, it can be used as a drug carrier.

Keyword: Drug delivery; hydrogel; van der Waals interaction; molecular
dynamics
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