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ABSTRACT

Fluid transfer pipes play a key role in connecting different components of fluid systems, especially within the
human body's circulatory system. Blockage of the carotid arteries, the primary blood vessels carrying blood from
the heart to the brain, is a leading cause of stroke. Therefore, treating carotid artery blockages represents a
significant stride in stroke prevention and the enhancement of brain and body function. The most contemporary
approach for delivering drugs precisely to damaged arterial regions involves the use of nanoparticles that are fine-
tuned in terms of both size and quantity. In this study, a geometry with 50% occlusion is utilized to examine the
optimal nanoparticles. Following simulations of fluid flow in the damaged areas and the selection of Fe;O4@MOF
nanoparticles with an appropriate surface ligand as a targeted drug carrier, in sizes ranging from 100 to 1000 nm,
and with injection numbers of 100, 300, and 500 particles per cycle, the nanoparticle simulations are conducted.
Ultimately, the results indicate that particles measuring 100 nm in size, with an injection number of 300 particles
per cycle, exhibit the highest degree of adhesion to the target area. Additionally, particles sized at 800 nm, injected
at a rate of 100 particles per cycle, demonstrate superior surface and volume drug transfer capabilities. Optimizing
the quantity of injected particles notably reduces costs and mitigates potential side effects.

Sl 35 (513 disg i) 3950 bl 9 Jlww olipa SSaeliad J4LT
SR8 ,5 7D by

" oy (s " el ol el e ' & 050> oo
ol s () e el oBtils ol el L) e ol oKals il el iy ixio ol ol s () e ool oKl
R L NP FRRTRC R ITINLY SESPROPRTRC RTINS APRTRT TR IR 2 IS R

olus>

i fesgs  oledl o Vo s oty Vs slotilels ltie (gl L) 55 (50l s (i Sl Jlisl (sladly
B 2595 S, sla K85 ey ol ple sl (500 S Je (n inten 3 (955,15 SoS ) sre ar B Sl Sle 93 sladly) Lo slad]
wlass g ol il oadargy gl abuwgay dedon Sluyg s Cusl o g j3e 3 ,Sles Sgun g (e A I (6 Ndn Suz 0 S
P (S8 lawain gy Sl ooy sl SRl nl 5 el Iy sl (Al o)l aie Gl sl P9y s
olsiea caslie (o WIS L Fe;O4@MOF ol 35l bl 5 onpocmsl (s 50 Jlow olyz silossind | up 0500 38,5 115
P2 0030 g Ve Nee Gyyolaar g Voo g Acenim £ oM e oM (Yo oM G M slaojlal b diedan ol Jel>
S 2 33 0,3 Yoo )55 olasi o Ve oML o3l b (1,5 09 g dzmd Coldpe 0,5 0 D jg0 35l 4y gy e slags jlustinds ( JSeu
Jiil cud,b glls JSw 2 10 003 Voo Gy oo g A oM o3l b S0 izmen g o |y Guw 4l 4y Soees lade oy iy
B9 g0 sl Dl g baan jo W Kaie ialS Corge 0udi )5 Olyd slasd (g ludigs wiiud 5 VL o> g a9
55)l5 5, g S ydsil ciiadan s s,ls asdn] ol Jl JUDl slaals) 163w slvo 3lg

a.farajollahi@sharif.edu (5S35l saisg) Ladlgn cwaige jLoisls -
aliamanil374@gmail.com sl _wlis 5 -¥
j.shojaeii@gmail.com : s x5 -Y

cpt.rostami@gmail.com :,Lstel -f

This article is an open-access article distributed under the terms and conditions of the Creative Commeons Attribution (CC BY)
license.

Publisher: Imam Hussein University © Authors



https://orcid.org/0000-0001-9201-1871
https://orcid.org/0000-0001-5780-3611
https://fma.ihu.ac.ir/article_208869.html
https://orcid.org/0000-0001-9201-1871
https://orcid.org/0000-0001-5780-3611
https://orcid.org/0000-0001-9201-1871�
https://orcid.org/0000-0001-5780-3611�
https://orcid.org/0000-0001-9201-1871�
https://orcid.org/0000-0001-5780-3611�




VFeY uLa.m.A) 9 )ul; ‘YO)LA..:: ‘\de 5&&4@[.4.);)5)}" 9 g_ayl.u.u &y&o

Vf

doddio —)

L) 55 50 o 8 o JUi sloaly
Lo (gladll) ixio piams Sy il gli
% S (eab b (g 69,5190 mlio do il
Loy dg) Jlo Jelge S p (a5 w5 lsonge (L]
Sgdume) (S35 o bz Jiml sledlyd (T 5l g
35 g0 s ) (gl Fasdcs (nl Wigd o (S
g and ploul g jod |y 0g5 (g wilgis w45
TRVE-SER L ISV IR GO E R V) DRSO Pt PO
2 0l Sl 56T 5 Sl 0l yz (gmoy 2 2l
bl o S L8 Wlgh e algd sasaanl sla S
Soslaal o JLss & rizeed 9 s S Ll
Sl ) 5 e e e Wl oo el S350
ol Olewdly (8, YL 5 (ool Ll ) s 225
il pcs Slis,S aiile Skme olge abardlol sed
5 e sladlgd 215 0 g mjie Sldlgw el
O s U2 )3 g oo adS 5 ()2 izeen
3 @y dbml co (b ladlg) Glgieds Gl
LY s gldlgl (9,0 a5 alam o9 o oyl 3o
sloay plo sbul Gln 1) dve) sl oo JS25 @m)
ool olass o S ClbdS 5l g aiS oo el )8 Sliges
Ly bz 9 s 9 008 0L 04 gmy slaasY
oS Sz S oY Slagged S1aS ol b oS o S5
Sl g 3g0me by e (A 0925 caia il ]
Ol o0 S8 0 reten 5l 9580 it IS S 50
25 o,Lal oy s sl (85«
slas, Gla S585 (leys )3 il (n Fees 5l S
Aol Judo il oyl ay ange Sloygls yas J51o
wlate ;05 4 (95 (05 o ;0 396 pled
i Gk 5l L g 095 Gl dhewts a5 (29l
o Lelaleled )0 Caepurdy 095 0 (i 3y (oundS
63 Sl i3 (58, )08 G E5:050 (nl 45 950 00
O R Sl 4 5)ls 99,5 Sl (rizres g 5,0
ol Sl A e 4S5 958 o0 Cenl ol &S
@ Ol Sloyo )o Jlo sl 0sd g0 Gy )0 00,0T
BTV 5 S Jyane jsb ar pgmsye (Sloyo gond (35,
o oo, 3 1A% 5 sz ol oo (slaJoos 4 510 %)
JSio ol > sl DN S o 2ol oIl (slacdly &

ke diedan Sl syl ol 4 iz o3l gla Lo 4o
VRS
eodls dcgoze PMllasl jo diedan Slujgyls
aalhio G j0 o9, 0lge mSlas o, el aS el
seboled 848 oo el 00 ol s aS o 5l els
35 5l 55 iadan g s 5o 4D £5kao 45
gl lade g iSTas mile) (1 all asils cwlol S5
5o gyl lade Blas S (Y oy odgdcam] Jowe 4
Sloya)ls pie So S pebar oo plle slacdl Koo
ol ' 513 89S o> g 9,15 Lol gac g0 Jols diadun
ol 595 5 SBS pb i (6,500 g 3190 (pan 0 &S
2k b gl (il ) s a5 090 o0 (55105 gl gl
s 5 35230 GBS ) Al s @y 390 o0 (5 Yo
3o Sl ol g 355 (K58 slad Gl 055 b0
Sl I ol @y G 5SS (LS ojlil gl Wil
e (Sl S Jio 1y (33 5355 s o
Ngdgo Sl ey e b agil slal o g)ls slafel>
Lol 03,57 SLLY ST (351955l asee; cnl yo a5
555 iy pm (55918 S plgieds Glsiisa |y (5505 gl
5 yogil olasl ;5 olSis ¢ bojls cily Sl a5
Garmgi 5 6,00 (S8 el ST sloanld rizpen
53U 03131 b plerl sl sl 03,8 o3 1, L]
Olyiea a5 b Jologili b 1,350 ¢ Jltolgisay
shd cde 4 03 o )l)8 colaiuls g g ks sl ful>
sl Shae 5 ol )+ M) Loy T S8l
slul o plaal loa L a5 825 (0 095 @ 1) (g
Sonte 4 SLLE S5 g 300 (g5 B glis S
o3lail .asles o 0ulidlgunS slag lo gy ylo,o (5,90 e
5 Shas 5 Sl S5uge 1 o i e Sz 5S
505,55k 1) (g ks sloyd Hlizmen )35k o pglatenis
o3 el s o S e ol 1 (S ayor sl S
5 sy Sl Slall ool syl sl bsle
Sh3gl @ Glgiee Lol G fpee ol a5 wilondad s
MNP bliso 55 @l 396 (ogasar 5 [¥] 3l
13 8,01 6 youls S1,3956 L] Lapgendsil Y]
Ja] e i dA] ool g e V] sals sad

' Drug carrier
2 Nano-Particles



Vo COlSen 5 ! @8 o505 yal): oy oo Sl 5o (B2 095 Sy (Salins 5 (Sewlinog ] Jelow

MOF Jleljls Csz ol V- T lacssssil 5 lagy Jsé
(MFCS) cusblise ol slacy el 5 [VY )]
Gl s, Lawss | bag ls l3gil ol 5,5 o Lol [VY]
Jbow 4 D130 0938l ol oo Bon a4l 4y el
Jwgil soadolml (olss )3 (St com by
S (ool (Rl &l Jnl aSCul alear 5l e09h oo
oS Gl b Jlmagil 5> glan oS laisSa, [V
DE N sl oo ial38l Sdgl o3l 2ol 5 oz
g cdale 2l b aS aas s las olidss Kiacs bl
wbse SRl Jlwgll (Sl 4 jsSany )39l ,lad
Galal, S oS § Crad diges leicay [VY ) F]
a1, TIO02 Jlwsib &) colan dawle lp 0,20
Jmsgilh (Sozdga5 poly> sgbiman o VAL wilos 5
DA los S a1y il Ll )3 (59, S et
slaghs) & ol |) sedan Glujg)ls slas,
odazmn slaghy, U (G5 5 smoge oolitul) oslu
Sogbar )5 el (Gloj)ls Slapasilis)
(S Slaghy) s a4y Glujg)ls lapansie
IV Wt oo s Jlsb slagg; 5 Jldpé slagts,
ozl (2B gl Jlosl bawgs (o586 pS Saw
b5 AN ] (©gol,8) ' SeragST Y] iblie oo
soJol> o [YF] S xS o 5 [YY] @)l Y]
dedan Colaa o] gamil a5 sgdie plxl gyl
EpSBaa Cawd oddam! e 4 gl sl el
SlaShg o S8l &5 0,5 o0 D90 Sloy Jadre
sl sl plo 4y Cond (99,84 amin (So5gls b
4 e &S 05 o8y hlyd plyn ol Gull a8 sl
aloxjl 00,8 lais,ge <l o gl Skl mess
@ Ol JWrt @pFue sladses (n 5 gl
Juire opSian TSy cpdidel Sl
Ao b b e gls Judp o3 hios 5l ,0) o3l
2 9l Ghaley) b ahapnl (Pl w3l S sl
OS5 (Oleys 0y50 il o PH Ll cglis il
5,50, opadyie VL YOl o5 olal Sle
Jlaill a5 el Jleé 6,8 Bun « gluygyls jo 65 B0n
cldbls 4 WK Hlee cov onipmSlun sla Jsg0

! Acoustic- Ultrasound
2 Enhanced Permeation and Retention
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