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Abstract

Background and Aim: Metal- organic frameworks (MOFs) are groups of hybrid porous materials are constantly being
developed due to their porous nature and very high and specific crystalline surfaces for various applications, especially
the release of drugs according to specific design. In this research, the anti- apoptotic effect of UIO-66-NH2
nanoparticles containing letrozole on breast cancer cells was investigated.

Methods: In this experimental study, after preparing the nano- drug, the structure and morphology of these particles
were investigated by FE-SEM method. Then, the toxic effects of the nano- drug were evaluated on the MCF7 cell line
by MTT assay. Finally, the expression of Casp3 and Casp9 genes was analyzed by real- time PCR method. GraphPad
Prism version 7.01 software was used for statistical calculations. Owing to the regularity of the data distribution, One-
Way ANOVA was utilized to compare the treatment and control groups, and p < 0.05 was considered a significant
difference.

Results: The results showed that the nanoparticles have a polyhedral shape. Also, the UIO-66-NH2-Let component has
toxic effects on MCF7 breast cancer cells by a dose- depended manner with the IC50 value of the 1.26 £ 57.71 pg/mL.
Also, UIO-66-NH2 nanoparticles containing letrozole at the IC50 concentration were able to significantly increase the
expression of the apoptotic genes Casp3 and Casp9 by 4.35 £ 0.62 and 4.70 + 0.92 times, respectively, compared to
the control group (P < 0.001).

Conclusion: It seems that the UIO-66-NH2-letrozole has toxic effects on MCF-7 breast cancer. Therefore, it seems
\ useful to use it in studies related to cancer treatment in the future. )

Keywords: Breast Cancer; Nanoparticles; Metal- Organic Framework; Letrozole; Apoptosis

Please cite this article as: Gholizadeh F, Baghbani-Arani F. Study of Anti- Apoptotic Effects of UlO-66-NH2
Nanoparticles Containing Letrozole on MCF-7 Breast Cancer Cell Line. Pejouhesh dar Pezeshki. 2025;48(4):39-47.

*Corresponding Author: Fahimeh Baghbani-Arani; Email: fbaghbani@iau.ac.ir

Department of Genetics and Biotechnology, School of Biological Science, Varamin- Pishva Branch, Islamic Azad
University, Varamin, Iran.

ownloaded from pejouhesh.sbmu.ac.ir on 2026-07-03 ]

& Pejouhesh dar Pezeshki (i.e., Research in Medicine)
2025; Vol. 48; No. 4; 39-47

AR



mailto:fbaghbani@iau.ac.ir
http://pejouhesh.sbmu.ac.ir/article-1-3390-en.html

- . M " . Wb . 4 ! B P ! y N .
fVL\'i;«WzKW'\'Jb (\‘utjz\‘/\u” (j{,wfdu-U",w;aﬂﬁluér!bagl/bzu//py”w}j—u}izw
- . < L] L

MCF-7 Jokw 03, 59, J93958 59l UIO-66-NH2 l,3956 (5595347 w51 axfllane
Oy, (o guw
* T Sl Ao o0l 15 dnbls
Oyl g = cyaalyg aly ool ol T ol&ils ¢ w5 pole 0aSCiils ¢35 5T gur 5 S5 09,5

VEYNNY ey b VESY/ YT il s g

- )

(<

ot el 5 e Conl 4z gl b (3B 4 a5 s o JSdSs dlse Sl saz 09,5 (MOFS) J1 -3k slacsz 1z 1 8ua g bl
Js3s5d s sl UIO-66-NH2 ol j35ib Sl jus a3l pols o )0 .03lax3,5 15 a>g5 0,90 5,1 5jluln; ofng 4 cilides (sloo )5 (sl oL
2 (g 2 Ol Gl (Joko 03 (59,

MTT by, SaS L 500l (sams ST (s s ooy FE-SEM (29, L 0 (s35)58 590 5 ,lislos 0,00l a5 51 (285 aalllae cnl 50 1)1 (s
Graph ,1331s 5 5l glel Slwls (5ly .0 5 JUTReal time PCR g, 4 Casp9 4 Casp3 slayys oo cules ;0 90 b)) MCF-7 Jslo oo (s,
5 0 00ld 13 3BT 5,50 laools One- Way ANOVA s, 5l eolaal b laosls w365 (090 Jloy 4 4345 b .o ool Pad Prism version 7.01
ol oy a8 § a5 o loliee glas lgre 4 P < 4/-0

A et i e 40 0,59, BY VY £ VVE 1y 5005l IC50 jlade § aiogy MCF7 by oyl yes sla sk (59, 590 a0 aianly (coms ,UT (gl
ol A S 09,8 a4 s |, Casp9 4 Casp3d sjenbl lagyy ole axiuwilys 1C50 clale ,o Jgj9,4 gol> UIO-66-NH2 &l 395l puioon
(P < efe o)) wims g olime igl33l s $IV- & /AT 5 F/¥0 % - /5Y

\—

Sy oo 5 4y auke o] j0 oyl s yleyo b bas e slaaalllae 1o oS 5 ol 5l eolil ol pls el 5e5LT sos WIS e

9Ll e300 I -5 Cozla 1l 393 £yl (b s 1 goadS 5 Slg

1S olswl 1y o yguo g Alio cpl

Gholizadeh F, Baghbani-Arani F. Study of Anti- Apoptotic Effects of UIO-66-NH2 Nanoparticles Containing Letrozole on
MCF-7 Breast Cancer Cell Line. Pejouhesh dar Pezeshki. 2025;48(4):39-47.

fhaghbani@iau.ac.ir : Suig ySI! oy (w30l £ T SLel dagd 1l gl 0o 95°
Ol g = cyaaly5 azly ool Of5T oKkl ¢ s § pole 008l (6555 gm 5 ST 09,5

nloaded from pejouhesh.sbmu.ac.ir on 2026-07-03 ]

W

s
# fVL“\"!JaWz(_{(“"\'JbA‘utf(\‘/\a/»

[a—

% & 8
Sy —
° k4

€.



mailto:fbaghbani@iau.ac.ir
http://pejouhesh.sbmu.ac.ir/article-1-3390-en.html

Ol )Kan g ooly A8 aabold

sledsle & 35kl Jrus ol w8 e )5 oo L
S Oley g aiiles oy il oS a0 ojl>l (Sl
Jsb 0 eexles S smas Ml slagur e sl
Sl hlS slajlisy oolgils iyl Cons @y y5e58 Cdpiny
lagleys 5l ()l aiiwn (559,0 59ubl sl 5 g9,
Sio sl ) embl daslsls 03,555 00 b lbyes ey
OY) S o Gl oo pos (gl Jls

S J-Gl slhogzlr 0,8 pamie sl Ty 4 azsi b
Gl sl sl el olsie 4 aylisle ol oS3 YL o
witn grhe plop plays 53 bagyls il 5 Jlasl olls
ol s o 5 VEY Jlo o a5 ols aslllae 4o cplsls
5 oy Jgs95d g9l Ui0-66-NHz g5 JT &lydgb o
00, o oko » Ll 590l Wy SSgguln 5
A gy MCF-7 Jols

LTS

J93954 g9l UIO-66-NH2 o' )i g

sl UID-66-NH2 oS 5 3l eslitd b o205 anlllas oy
oBiils Sladod 095 ol o laie @y a5 Jg50 0
plmil (28,5 1,8 Grmghy ol Glie JLaS] o iyl Seio
Cod 5l S5 ldcSy, o el wnl Glp g ol
A oolaw! FE-SEM

9l Uio-66-NH2 oS j S giginm HUT (om) 2

MTT (g, b Jgjg,4
sl 5 MCF-7 by by Jsho 03, gsy cnl 5o
3> DMEM Lo )3 Jolo cuiS™ 0l and ol j9ly
YV los 53 GgemlisSl «(FBS) (555 (i s wo)o )
5 oolitl b Jsho ot b s ool COp o jo 5 4o
b ools ceiS Salz o 40 Jske 06+ T sgam ol luy
@ YV °C eleSil o lails 4% coly sk cuiS 5l o
o b Saly mhw doys Fo b o eols E cels FA S
sl il Jslre sk Jlas sl sl
bl @ Joieord 6oyl 5 Jsisrd sl Uio-66-NH2

- 035 595 J9394 s> UIO-66-NH2 ol )35l (555001 0 51 anlllas

doddo

a5 Ol ol )0 g lo ni@ls 5l (S Gl by
wsll 005 5o olbyw 5l (AU pesS e LS g (lge
Eoes Ll S a3 ladle o (Y )) oebie
oz Sloyd slaogd (8l 4 5L (olb s I (2L 095 ye
e (P ) cal ad 5518 axgi 0590 lbpw J 8 sy
o Jole flge a Sldgl 5l eolawl 5 il (g 5l8 Ll
(MOF) JI 38 lacszlz (A-0) cusl ke oy
Slaog 5l ot aidle gy 5 Slge 5l wax (858
baibiles Hlsie 4 Ll 5l ookl S35 4 45 akies (300
A 6ol azgi 990 laglbyw glgl Gloys jo g)ls Jlaul
Lol iyl JT =550 slocgz )l g95 (V- Q) conl asb S
Jos ezl aile o sl S Jdo 4 UI0-66 oS 5
338 5 sl (il Sspe 5 olends Sl VL b S

rdigs e 6,5k ooz lx uiss Ui0-66 ais
Yeooh Jlo yo Ll Ken g Lillerud lwg a5 sl wuisS 05

I slegeme 2j oo 2y sloszly (V) ab By
ase> SBU) agl sliz! Gl &5 sve bog> >
a1y o)S G sl 5 oS 05 9 0092 (Z1608) s 0355 5
=Y o4l oage

Oleyo yo aS cawl ogyls CIFHUNS Jso,8 b Jg39,0 (g9,
=9 iled 3l pb b Joj9 ) 09500 S @ iy (b
$Blag,l 0ot o G lgie 4 a8 el iy (15092 (55,0
Sl oy ol 4 g b ooebe sunaib
soliiwl g Glies olbyw loye o 3bleg,l (slaonisS e
Sl ol Sl Bl a4z (asls 05,8 Gl 5l 0s3dls,
OVFVF) o5 o b oo

rb oz, S b ouds (6,80l S pe a8 L et
o gladshe iS5 5 0 Gliee ] SaS ey a5 ol Jslos
&5 sedlgls S9b e S olr by sl Iy pelas
0l 55T 0uisS lee (sl iyetis y dajlinsls aiile ilies
556 eniyS 05 eolgilsnl B (Bel2) Jsko psad slags
9 yls adi semblanls ;o P53 5 5 (TNF) (55085 59,5

nloaded from pejouhesh.sbmu.ac.ir on 2026-07-03 ]

W

s
# fVL“YT.“«WzK\\"\'Jb(\‘ul:(\‘/\u”

[a—

% &
d’ A
® k)

!



http://pejouhesh.sbmu.ac.ir/article-1-3390-en.html

nloaded from pejouhesh.sbmu.ac.ir on 2026-07-03 ]

W

&
R — Y (YA (VY L F oA FAon

[a—

Ol )Kan g ooly A8 aabold

488> iy Do 4 o5 ile ax 0 AD sl o yaunlisSl

A yiiw CDNA 4 sl
sl >, Caspase3, caspase9d slacys olo ow) 2 &y
bl primer express 4 Gene Runner l3sle 5 5l oolazwl b
JPles 5o ead (b Glawly pop pelaisl 5 al
() Jgaz) wb gw,» (NCBI cole) Primer BLAST

A eolatwl )8, o5 ol 4 f-actin 3

oo ooliwl G poul py col g 2lhb - Jguo

Forward:5'-CATACTCCACAGCACCTGGTTA-3'

Y ilels
’ Revers: 5-ACTCAAATTCTGTTGCCACCTT-3'
4 LS Forward: 5’-CATATGATCGAGGACATCCAG-3
- Revers: 5>-TTAGTTCGCAGAAACGAAGC-3’
oS- Forward:5’-TCCTCCTGAGCGCAAGTAC-3’

Revers: 5’-CCTGCTTGCTGATCCACATCT-3’

c3ls ABI oS L5 e 5 Real Time PCR cus plxl sl

Jr=S 05,5 Sl w535 ,Sem 99 03 8 sln b ool 1S, ]
CeSaSee 2 58 Sly aled e b Bl e 095
VoPMOl (g5l gids Sen 2 45 59k 4 oo iy See ¥
Fooolas 5,00 o5 4 by reverse ¢ forward sls ol )l
ol g, S ¥ g master mix s Soo Vo CDNA o S5l
Loy wiSS Glp &> aeby izes .owl RNase free
Wz Bo Vo Soe 4 a0 0 gleo jo adgl (S ply : Jells
Soe 4y a0 0 sl o (Kb puly Jolds as > Feo s
Sde 4 4,0 00 ;0 I DNA & Lo sl Jlasl sy S
Al YO Sow 4y az 0 YY o oSl as, od Jigb sl FO
A ploeil 4z Bo Ve Dol 4 a0 VY o plesl ans, i g
iy 3 5 eah gl pls (slaeols STy plnil 51 e
walis diged b o) o albi] mhw Slpd e amlic
ol by, ol Gl Gl el ol
Sdiges o 3l S 5 Baw o5 Ct(Threshold cycle)
sl Gl U5 s sl 55950 0se5] wiged 5 JpuS

oS 6l bl cpl g0l colaiul eols 0,5 ol

- 035 595 J9394 s> UIO-66-NH2 ol )35l (555001 0 51 anlllas

D e Ses YO ideSes VVIO) dilike clacale

03, 59y 3 atd (dg o Vv g 59y See Ve e g So
& ools 5t el FA o 4 MCF7  Jobos

Voo g ooad gyl cuS o wels FA clidS l as
5 ab LSl ol & (S5 5o MTT obos 5| 55 S
L e 0l ool S8 5LeSTl 3 el s o
4 DMSO oole Jg, S Voe g ol alilyy b Sal> o9,
S8 Sl gy, anBo Vo Gl A o 0l adls] o Sal>
AV- zoo Job jo Jolb S5 ol i oles 5o .ol 0ol
QY. zeo Job o Ip¥l Fedl 3 olliws 3l eolatwl b yiegls
Coles )0 g ol o,l55 eadale aen jo ol ol o8 gl
ICs0 clale 3l g ol lu> 1Cso (Real time PCR slesl (sl

G (VA 0 ool JsSUge 56T sl b Jsbos Lo sl
s all LS5 A s MTT

Sobo Gl e = (G )98 @3 | S5 )9 i) x Ve

O3 ol 2

03, 49, ICs0 590 MTT s plowl 51 gy asdllae ol o
$ooy ol i Wl 5w ooy b Slby Jshe
@ .0b o, real time PCR g, L Caspase3, caspase9
TRIZOL Jslno 5l oslizasl b RNA gzl 3eul lazyl jslaze oyl
e 5 a5 plnl RNA gliil oS Joallgins Gobo s
Fogb Y8 50 digad 0l ol zl il RNA oS o)
A g S eslal Clegil b

Ve 5 oad gl RNA 5l o S5l Y+ CDNA ol ol
Jobre (s 28,5 1,8 oolitial 3,50 OlIGOT sl JsooSey
5 Aady =y Sue 4 ol 5 ke a0 FO b o ol
@ 29559,500 OgewligSSl 5l ey ol 0S5l ISGLuge 5 ol
So by Gl (b 5l o b 03ls 1B (69, a3 g e
(reverse transcriptase o 51 sgl>) E Mix Jglxo g Koo
Dok 4y g alol g Se 4 RMIX Jolovo g Seo Ve
ASGLge 5 olSiws jo o 5 il a0 FY sles j0 4z 8o ¥

wpl Gledld e gl ol o ol alxl eSSl

Y

V. & a
Eoorsy ————


http://pejouhesh.sbmu.ac.ir/article-1-3390-en.html

nloaded from pejouhesh.sbmu.ac.ir on 2026-07-03 ]

W

s
_ YT’ zu/ \\‘de(fa/tfz\‘/\u”

[a—

Ol )Kan g ooly A8 aabold

JrS 09,5 b syloline BN Jojo L onds (5 IS5
ol g (SoiS ol cdale il Loy ojle P <o/l
CojsrelSsl boosd la Gladsle aSisysb 4 oab o
s -+ pg/mly cdie oYL s UIO-66-NH2-Let
oS ool Jl 5 el g oile 0035 aoys BYTY £ 1/ Y
9y Syloline (Faas Sl lacdile (los jo Jg59,8 59l
Ay )ogl 1C50 ke .l azilis MCF-7 Jsho o3,

el i e 30 0,55 Saa OV V) £ /Y7

120 -

w00 T Let (ag) BWUIO_B6_NH2_Let
E 80 - L T
& ik T

60 - wEE T
_1 Fik
= a0 -
o=

20 - I [

D T T T T
+ \Tf.'j T LE Youa

(ng/mijedae
0udj Glimo 32 J3398 b o (6 1A 03936 JUT -1 loges
MCF7- Jekw 00, Sk
obe sl Bl il ailo 0dd) wuoyd (il g0 4 b oold

P<o/e) gP < ofes) onidoyylid cud i 4y s

O3 ol o
Oliee by slodsbo 59, OF 515 1C50 590 (s 51 g
oor by Oy b ¥ Lels el Glagy ole
Usso,d 45 (g5 4 ol oo @) Y Jlogas o )] b 5 o
il s YIYA £ J85 i 4 [, ¥ 5LlS 55 ol Wlsi oo
ialsal ol ol OeYeed b oS5 0 a5 b o awe
oo s 3590 50 (P < /o) Conl plp FIYO £ /Y Lo
wlgige e VIFA £ 1Y ol a2 o394 55 3 5Ll 05
4 UI0-66-NH2-Let 55 Ll wsS ol 1, o5 ol ol

- 035 595 J9394 s> UIO-66-NH2 ol )35l (555001 0 51 anlllas

ably 5l osesl 5 SRS dised 59 Gm ol BB e
Y Ohge 4 b iaSTy cus opl 50 (00 ad solas] 2724
s plol 1S

2l s lol 50T

Graph Pad Prism version s Ll Juss l58ls 5 b assls
o 3l osls Jloy g9 owyp &lp g diad 6T 7.01
osls aje5 abewgiaoy 5 b ooliiul By ol -8 )55 5alsS
3hoolatwl b osls ay3e5 o Jloy 45 azgi Lol asciee
g ol odls 1,3 5JUT 5,40 Wools One-Way ANOVA i,
el o 48 5 La s Jobiae MSIP < 4[4

azsly

9S8 Koo 5T I ol 0,155 (g 281 155 e
Sl caumsylas (v JSo) (FESEM) glawe s ot

Ko 0 a5 jeblen sl ol i SIS gl gon aw

4 UIO-66-NH2 =356 som dus ,lislo sl _aseine

- S E PN AL g

53> UTO-66-NH2 (5,15 95 ;b cymass =) JSCib

P gy (988 ey o 1T awgi Jg59 4
(FESEM) _siliwwe

Sl glacdale SaiisS 1 cwypn @mlo ) laged o
oled el oui ool lid MCF-7 sla Jsho (59, g,logl
0,396 lacdale solad ;o 048 o odalice Jlogai jo a5 4b

Al

V. &8
S ———
A K


http://pejouhesh.sbmu.ac.ir/article-1-3390-en.html

nloaded from pejouhesh.sbmu.ac.ir on 2026-07-03 ]

W

s
_ YT’ zu/ \\“de(fa/‘fz\‘/\uﬂ

[a—

Ol )Kan g ooly A8 aabold

Olees 4z 31 by (YY) wo,S6 ovslie HFF-2 Jslo
€8 Sidem S Sy U Cou )30 5 Joke G Jolss
S5 el ) 3l landsSiid oSy 5 sk
(5':..0.990 u]/dfjij 9 ‘G’a_u: éj.g.Lo.C “f:.‘a.w )l.g “}KAA' ‘O)‘d.al
cbsbs a5 wlosls olis badlhs orizan Cosl (gl
abaoly b jgimgnl (dgils alavly b jgiamgnl ¢S
@iz Glp Jols N 5l Jaes setemgail 5 0 58
oY ol gil Sy S ey (TF) 0 o ooliial 6,350
D9 gy e ygo ar (Jslo o 50 ol

Goylogl ol jazie LKee 4 liln Gudsw o
sl oles 4 UlO-66 4 Cur L awslae ,o UIO-66-Cur
bl S Ghls Huoren il 5688 Sl wS
(V) ool 4 5Lals 5 ¥ sLals Gl b 5l jenb]
50 S el G 4 1) 5 e 98 Cudlys UIO-66 5 Le
& Jszard B In5 29hien anl 4zt (nl oo polo aslllas
Ok Ol Ssbie Jlowd Jobo (59, UIO-66-NH2 ol jon
SdaeN b GlB 5 Y laluls bl sy
aaly L) 51 s 90 5 bdsle o 5enb] oS cul
el S ¥ Ll o5 050 Jlab ()5 9 (oS e
Jud 5 e bawgi A 5Ll g B sy 00 L
GeioS olpen 4 polo Badod S alply (VF) 09 o
3 b cos Wiy oo Jolo ol bawg 25 5 (J5S s
W

dos9,008 dopgjond aloxsl gl o925 by, (naizr (95U
Alse el jshaie 4 dapgionisl 5 smape Belew Ol,3950
Srre Slopsad 2L ll g Gllew 2 Jgjed (ol
Sy BB a4l MOF (o cpl o a5 (YO-TY) wloals

GP & yazs sl Shy sl wer ST -l oS5

- 035 595 J9394 s> UIO-66-NH2 ol )35l (555001 0 51 anlllas

B 7 W casp3 W caspd

Fold Change {fc)

09,5 4 S Casp9 g Casp3 sy b yauds =Y 410905

59208l b ok Hlood’ Jldo 4 J s
UlO-66-NH2-Let
Ol o Bl £ Hyaile 0ui) duoyd (1Sileo W yguo 4 b 0ol
P < ofe) gP < ofee) oaidoylid cud 5 g s g s . Camwl 00

oo |

.’o=

-

s 5o UIO-66-NH2-Let oo jsalSsils a5 ols Lis Gokows
2 595 OVIVY pln 1C50 L5 jo0 a4 anly 555!
Ozes )18 Ol Gl Jsho (59, (SoaS ST ) e
b ol Wlgier 2ol weS 5 Gl &5 sl ol mbs
VISA 5 SI¥0 sg0> i a1, 4 5Ll 5 ¥ 5Leals (55500
alllas gl b alie aws (lBl 7S 095 a4 S il
SLdgl cole a4 4 5yl dszs sl slaadlhae ol
Shalbll Ll wilasslsy o] 6T ow, s UIO-66-NH2
@ gy al>ye o> 0 |, UIO-66-NH2 Y-V L o
Sge RA) sl Seujbey) ln woz bl S plee
UiO-66-NH2 &l,35i a5 sls olas guls 5 ols 1,8 esliul
V) )5 oss Sloys 5T RA Gl a)ls Jul> olsieay
SIS gigiew Jl a5 wsls plas Ghlen 5 olln Grizres
&ype 4 SKBR3 (Jsla 03, (55, (0559555 59> UI0-66
Sol o s b aS (V) Coul samliil 5en a4y aiel

03y 1 1y 658l iz LSen 5 olse iz o el Bt

¥F

V. &8
S ———
A K


http://pejouhesh.sbmu.ac.ir/article-1-3390-en.html

nloaded from pejouhesh.sbmu.ac.ir on 2026-07-03 ]

W

[a—

&
R — Y (YA (VY L F oA FAon

Ol )Kan g ooly A8 aabold

oo, ;5 (555 0,353 (goms BT (quy 3 B0 slaasllae
) s9sl e 30w slogys S0 (o)l g calises Jolo
0,3956 BT (gwy p Crizmon 0l 3 k5 e ST lagdiog o
Oy (hge sladae wile (5 09y sladae yo )

WS ol 1 oo Sl Wl oo 5 b

PENESPERIIYR
Lol 0uls 5 IRJJAU.VARAMIN.REC.1400.057

1098 g S

aabols ol VEYD- - OFF ol anbisbly 5l isky aalllas o
3 Sy Al jo w5 as o il o (gl ool 8
g = ol yg alg ol3T ol5iils (65¢)9iSG g 9 SUiBy 0aSiiils
» 8 ShlSn bl g e pBaseS lie Sl oy
ol sl (idgad 53k |y Lo pol> imgsy (sl

&bw (2,8

IRHIASUCI L S PRS- EO- S Pr A L COPY;

- 035 595 J9394 s> UIO-66-NH2 ol )35l (555001 0 51 anlllas

g b 2l JT L Same Wl (slapians ;o a5 aiies
P YLl s @l cen shls UIO-66 Jle (sl
Bl o rizen sl 055 Gl s @l sl
closls oml PH ,o aSjsb 4 col PH & Lulas
S 1y gyl gileolil Wisice 55 4 55088
Gluals wilgs oo BYS e 4y g ol atils Wl Jslo
o ol o il gl wo slagyls bess lp kol
)| u‘“‘“’ﬁ)?“SP 65)‘0 as w‘ cd‘é uLmA 6‘4.:.]”44 M)S
baze apal Ll)d 0 Gamng )9S 98 9 p9sigS 0 sladdy>
508yl asllas 1o (YA ) 05 oo Sl5T (221 & (555085 Jobo
15 55836 S 5 Sl s w5 colled aS ols (L MTT gl
S Jojerd el o 08 5l Gl Gl (ol o0,
5 Jo> ;5 UIO-66-NH2 o9 5o » ol 5 ool
] g,ls Ao L;)‘Lwolﬂ

Wt 00 lgaual adgl sl guizs glaasl aS Gll:> 50
6)J|)~w‘ u.»‘ )“ oolazw! 90 0990 Lglm‘sfm Sl r:)'Y
ﬁ,...,S (5)3—\&.;. |) uL..M..: L‘)Ua).w OLA)J ,a..\.B.,o L LIRS
Slagw,y Joli wazx loyd Hlel SO anwg anl
5 ol sl d (b slaialey] ( alislesl i
5 obaebl Gl mlge cpl 4 i3l cnl gudy Sl
el ) hles 4 F5e g crel Heb a4 Wl oo Hleyo 4
Lol oyl

—_

BT Jssa,5 slyls UIO-66-NH2 o355 45 oy oo ,lai
sbogy » g s MCR-7 Gy Jobo 05, » (oo
s5as] B 5 B e 0 45 CASP3 (CASP9
Gl Jobo Syo Juds ot 4 0)ls QI 51 il o5 L
Sl co g ol eml g5 5l Vel S3gl ol Jansgs 00
Sbywas slag ls drngi 6l cavlio luails S lgie 4

Slp Olgse ol Gz liwly jo 0,5 18 axgi )50

Yo

V. & a
Eoorsy ————


http://pejouhesh.sbmu.ac.ir/article-1-3390-en.html

nloaded from pejouhesh.sbmu.ac.ir on 2026-07-03 ]

W

8

[a—

Ol )Kan g ooly A8 aabold

References

1. Kanyi, C. Mesoporous zeolites: Preparation,
characterization and applications. Johnson Matthey
Technology Review 2016. 60(1), 25-28.

2. Worrall, S. D., Mann, H., Rogers, A., Bissett, M.
A., Attfield, M. P., Dryfe, R. A. Electrochemical
deposition of zeolitic imidazolate framework electrode
coatings for supercapacitor electrodes. Electrochimica
Acta 2016, 197, 228-240.

3. Csicsery, S. M. Shape-selective catalysis in zeolites.
Zeolites 1984, 4(3), 202-213.

4. Kitagawa, S., & Matsuda, R. Chemistry of
coordination space of porous coordination polymers.
Coordination Chemistry Reviews 2007, 251(21-24),
2490-2509.

5. Sohn, J. R., DeCanio, S. J., Lunsford, J. H., &
O'Donnell, D. J. Determination of framework
aluminium content in dealuminated Y-type zeolites: a
comparison based on unit cell size and wavenumber of
ir bands. Zeolites 1986, 6(3), 225-227.

6. Martens, J. A., Tielen, M., Jacobs, P. A., Weitkamp,
J. Estimation of the void structure and pore
dimensions of molecular sieve zeolites using the
hydroconversion of n-decane. Zeolites 1984, 4(2), 98-
107.

7. Slowing, I. I., Vivero-Escoto, J. L., Wu, C. W., &
Lin, V. S. Y. Mesoporous silica nanoparticles as
controlled release drug delivery and gene transfection
carriers. Advanced drug delivery reviews 2008,
60(11), 1278-1288.

8. Sanchez, C., Belleville, P., Popall, M., & Nicole, L.
Applications of advanced hybrid organic—inorganic
nanomaterials: from laboratory to market. Chemical
Society Reviews 2011, 40(2), 696-753.

9. Kuppler, R. J., Timmons, D. J., Fang, Q. R., Li, J.
R., Makal, T. A., Young, M. D., etal. Potential
applications of metal-organic frameworks.
Coordination Chemistry Reviews 2009, 253(23-24),
3042-3066.

10. Sel, K., Demirci, S., Ozturk, O. F., Aktas, N.,
Sahiner, N. NH3 gas sensing applications of metal
organic frameworks. Microelectronic Engineering
2015, 136, 71-76.

11. Gu, Q., Ng, H. Y., Zhao, D., & Wang, J. Metal-
Organic  Frameworks (MOFs)-boosted filtration
membrane technology for water sustainability. APL
Materials 2020, 8(4).

s
Fy v’ ;U/(“"Y’J(/ Fol FAoss

- 035 595 J9394 s> UIO-66-NH2 ol )35l (555001 0 51 anlllas

12. Torad, N. L., Li, Y., Ishihara, S., Ariga, K,
Kamachi, Y., Lian, H. Y. et al. MOF-derived
nanoporous carbon as intracellular drug delivery
carriers. Chemistry Letters 2014, 43(5), 717-719.

13. Orellana-Tavra, C., Mercado, S. A., Fairen-
Jimenez, D. Endocytosis mechanism of nano metal-
organic frameworks for drug delivery. Advanced
healthcare materials 2016, 5(17), 2261-2270.

14. Tranchemontagne, D. J., Mendoza-Cortés, J. L.,
O’keeffe, M., & Yaghi, O. M. Secondary building
units, nets and bonding in the chemistry of metal-
organic frameworks. Chemical Society Reviews 2009,
38(5), 1257-1283.

15. Collins, C. S., Sun, D., Liu, W., Zuo, J. L., &
Zhou, H. C. Reaction-condition-controlled formation
of secondary-building-units in three cadmium metal—
organic frameworks with an orthogonal tetrakis
(tetrazolate) ligand. Journal of Molecular Structure
2008, 890(1-3), 163-169.

16. Eddaoudi, M., Moler, D. B., Li, H., Chen, B.,
Reineke, T. M., O'keeffe, M., etal. Modular
chemistry: secondary building units as a basis for the
design of highly porous and robust metal— organic
carboxylate frameworks. Accounts of chemical
research 2001, 34(4), 319-330.

17. Boice, A., & Bouchier-Hayes, L. Targeting
apoptotic caspases in cancer. Biochimica et
Biophysica Acta (BBA)-Molecular Cell Research
2020, 1867(6), 118688.

18. Helalat, R., Masoumeh, MO., Rezaei, N. et al.
Evaluation of the cytotoxic effects of silver-zinc oxide
nanoparticles synthesized by green method on sw480
cell line. emergent material. 2023, 6, 291-298
https://doi.org/10.1007/s42247-022-00413-8

19. Sadat Shandiz, S. A., Hashemi A, Rezaei N,
Haghani B, Baghbani-Arani, F. Cytotoxic activity of
silver nanoparticles prepared by eco-friendly synthesis
using Lythrum salicaria extract on breast cancer cells.
Molecullar Biology Reports. 2024. In press

20. Tabatabaeian, K., Simayee, M., Fallah-Shojaie, A.,
Mashayekhi, F. N-doped carbon nanodots@ UiO-66-
NH 2 as novel nanoparticles for releasing of the
bioactive drug, rosmarinic acid and fluorescence
imaging. DARU Journal of Pharmaceutical Sciences
2019, 27, 307-315.

21. Bazzazan, S., Moeinabadi-Bidgoli, K., Lalami, Z.
A., Bazzazan, S., Mehrarya, M., Yeganeh, F. E.
Mostafavi, E. Engineered UIO-66 metal-organic
framework for delivery of curcumin against breast

t5

% &
Sy —
“ K


http://pejouhesh.sbmu.ac.ir/article-1-3390-en.html

nloaded from pejouhesh.sbmu.ac.ir on 2026-07-03 ]

W

[a—

&
R — Y (YA (VY L F oA FAon

Ol )Kan g ooly A8 aabold

cancer cells: An in vitro evaluation. Journal of Drug
Delivery Science and Technology 2023, 79, 104009.

22. Molavi, H., Zamani, M., Aghajanzadeh, M.,
KheiriManjili, H., Danafar, H., & Shojaei, A.
Evaluation of UiO-66 metal organic framework as an
effective sorbent for Curcumin's overdose. Applied
Organometallic Chemistry 2018, 32(4), e4221.

23. Sabourian, P., Yazdani, G., Ashraf, S. S,
Frounchi, M., Mashayekhan, S., Kiani, S., & Kakkar,
A. Effect of Physico-Chemical Properties of
Nanoparticles on  Their Intracellular  Uptake.
International journal of molecular sciences 2020,
21(21), 8019. https://doi.org/10.3390/ijms21218019

24. Mishra, A. P., Salehi, B., Sharifi-Rad, M., Pezzani,
R., Kobarfard, F., Sharifi-Rad, J., & Nigam, M.
Programmed cell death, from a cancer perspective: an
overview. Molecular diagnosis & therapy 2018, 22,
281-295.

25. M.T. Vu, N.T.T. Le, T.L.B. Pham, N.H. Nguyen,
D.H. Nguyen, Development and Characterization of
Soy Lecithin Liposome as Potential Drug Carrier
Systems for Codelivery of Letrozole and Paclitaxel, J.
Nanomater. 2020; 1-9.
https://doi.org/10.1155/2020/8896455.

- 035 595 J9394 s> UIO-66-NH2 ol )35l (555001 0 51 anlllas

26. Akbarzadeh, A. Saremi Poor, M. Khodarahmi, M.
Abdihaji, A. Moammeri, S. Jafari, Z. Salehi
Moghaddam, M. Seif, M. Moghtaderi, Z.A. Lalami,
M. Heydari, H. Adelnia, B. Farasati Far,
Gingerol/letrozole-loaded mesoporous silica
nanoparticles for breast cancer therapy: In-silico and
in-vitro studies, Microporous Mesoporous Mater.
2022; 337: 1119109.
https://doi.org/10.1016/j.micromes0.2022.111919.

27. S. Ahmadi, M. Seraj, M. Chiani, S. Hosseini, S.
Bazzazan, |. Akbarzadeh, S. Saffar, E. Mostafavi, In
vitro Development of Controlled-Release
Nanoniosomes for Improved Delivery and Anticancer
Activity of Letrozole for Breast Cancer Treatment, Int.
J.  Nanomedicine. 2022; 17: 6233-6255.
https://doi.org/10.2147/1IN.S384085.

28. P. Horcajada, T. Chalati, C. Serre, B. Gillet, C.
Sebrie, T. Baati, J.F. Eubank, D. Heurtaux, P.
Clayette, C. Kreuz, J.-S. Chang, Y.K. Hwang, V.
Marsaud, P.-N. Bories, L. Cynober, S. Gil, G. Férey,
P. Couvreur, R. Gref, Porous metal-organic-
framework nanoscale carriers as a potential platform
for drug delivery and imaging, Nat. Mater. 2010; 9:
172-178. https://doi.org/10.1038/nmat2608.

v

% & a
Eoorsy ————


https://doi.org/10.1155/2020/8896455
https://doi.org/10.2147/IJN.S384085
https://doi.org/10.1038/nmat2608
http://pejouhesh.sbmu.ac.ir/article-1-3390-en.html
http://www.tcpdf.org

