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ABSTRACT

In this study, the effect of high flux magnetiddfien silver nanoparticles under its acute toxicigoduced by
seaweed Sargassum angustifolium that is producediblpgical methods were investigated. The produced
nanoparticle by natural method can have reachedatlerage size of the bio nanoparticles of 102 nth spherical
form. Since the lethal concentration of LC50 wasfibto be less than one mili-mole per liter for coom carp, the
lower concentration was used in numerical studyghic nanoparticles suspended in non-Newtonianflbids
(blood) as drug carrier are widely used in industriand medicines as magnetic separation tool, @ricer drug
carrier, micro valve application in micro channetmnd etc. The governing non-linear differential etjoras,
concentration and Naiver-stokes are coupled withxMell’'s magnetic field. The coupling of magneticcé fluid
velocity, drag forces and diffusion coefficienthwmtoncentration makes the problem very tedioussdlee these
equations, a finite volume based code with SIMPtleme is developed and utilized. Results show adation of
magnetic Nano-particles near the magnetic sourcetifie passes the accumulation increases untiloksd like a
solid object. This is attributable to the comproenilanked by the magnetic and fluid drag forcesmagnetic effect
and size of magnetic particles increases the amgssose to the source increases as well. As \wellnhagnetic
susceptibility of particles affects the flow fieldd contour of concentration considerably.

Keywords: magnetohydrodynamics, silver nanoparticles, seawsmdmon carp

INTRODUCTION

In recent decades, progression of nano-technoldg¥],[ many theoretical phenomena have originateslr th
reputation in emerging applications [5-10]. Targetug delivery by using magnetic nanoparticleansefficient
technique to deliver drug molecules to specifisues in an animal [11-15]. An electromagnetic aauasystem is
a promising solution for applying an adequate facelirect the magnetic nanoparticles in the bleedsels in a
noninvasive way [16-25]. To do that a combined atitun and monitoring system is required to prowadelosed-
loop nanoparticle localization of the magnetic naarticles on the basis of magnetic particle imadimgmore
precise targeting [26-30]. The magnetic nanopasiatan be navigated by applying a magnetic fieltignt
provided by the actuation system and monitoredgdphyéng the drive and selection fields to the atibracoils by
using a time division multiplexing scheme [31-3Between various nanoparticle types, the silver partiles
(AgNps) are extensively investigated because ofewihge applications such as antibacterial, catatysdical
devices, photonics, optoelectronics and bioseng2s37]. Usually metallic nanoparticles are synibed by
chemical, mechanical and electrochemical metho8k [8 these methods for the synthesis of silvaraparticles
used toxic chemicals compounds that can have megaffects on the environment and water ecosystdios.
investigate the feasibility of combining the actaatsystem an MPI system is required which useckffinient
numerical simulations and optimizing hardware caists. The challenge of that aim is to sequeneeatttuation
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signal and the MPI signal to perform both tasksutiameously. The simulation results showed theilidég of the
MPI-based actuation system. The proposed systehpmaivide simultaneous navigation and tracking temgeted
drug delivery of MNPs in compact and efficient wayss a result of the devastating effects of thes¢hods on the
marine environment, at present several methodghésynthesis of these nanomaterials are nece€3aeyof these
methods that's more compatible with the environmemd create less pollution, are biological methddsthis
method to synthesis metal nanoparticles, used migamism and plant materials that exist in natnséeiad of toxic
chemicals [39]. One of the resources that can bd isnanotechnology and synthesis of nanopartarieseaweeds
that have variety types of phytochemical compouwsutsh as proteins, carbohydrates, alkaloids, stgrgidenols,
saponins and flavonoids [40] play key role in l@oluction of the metal ions into Nano form. Toxiaitysilver ion
has been known for centuries but silver nanopasitbxicity may be dependent on particle concantraparticle
size and shape and surface chemistry [41]. In tegears, several studies have been conducted iagaal the
effect of silver nanoparticles synthesized by cluainnethods on fish toxicity [42-45]. Through titedature search
[46-63], no researches have studied the applitabdf using Ag nanoparticles for drug delivery inimals.
Magnetic drug targeting is a drug delivery approathwvhich therapeutic magnetizable particles ajecied,
generally into blood vessels, and magnets are dbked to guide and concentrate them in the diseasget organ.
Previous study [63] done by author and cooperai®rthe first study on the toxicity of silver nanofees
synthesized using biological methods on common.clng purpose of this study is feasibility studynefgnetic
effects on silver nanoparticles for drug and gewedévdry in fishes. The present invention provideswm-
dimensional analysis using differential equatiohBusd flow for the purpose of delivering magnetianoparticles

EXPERIMENTAL SECTION

The applicability of the current study requiresravel device which is adapted such that particle mesigation and
electromagnetic field gradient can be simultangpsatisfied by using a DCC system, and is adaptet that the
overall three-dimensional drive unit size can baimized by reducing the number of coils and cursiply units,
and is able to generate a high electromagnetid fiehdient and a high particle drive force by itisgrcores in the
centers of the coils and thereby concentratingeteetromagnetic field. Figure 1 depicts the schénaitthe flux
density distribution on a blood artery. The coilrighe X-Y plane and Magnetic Field is evaluatébe flow is 2-
dimensioanl, laminar and non-Newtonian. A permarmaagnet is placed over the top wall of the chanfbk
center of this permanent magnet is located at 3mum fthe top wall of the vessel, see Figure 1. Tkieraal
permanent magnetic field is applied vertically witintensity at the center equal 16° A/m and its diameter equal
to 4mm, as shown by Figure 1.
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Fig.1. Position of Magnet to apply on blood artery
Here the drug delivery from the body to the celiideale in animal and human clinical trials is gddoy magnetic
resonance (MR) image for a cancer patient wherengtagnano-particle accumulate as lighter regidrtb@ arrow
tips (due to the MR extinction phenomena). Magmedicle can concentrated in rabbit tumor microseds or at
the membrane of mouse epithelial cells.

Governing equations including for bio-fluid, bloadth magnetic Nano-patrticles, in x and y directare as follows:

(6u+ au>_ 6P+ 62u+62u i E Q)
P\"ox ”ay = Tox TH\ox2 oy? *
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<6v+ 617)_ 6P+ 62v+82v L E 2
P\"ox 1783/ T dy K\ oxz dy? Y

WhereF, and F, represent the effect of magnetic particles coma&ioh on fluid in x and y direction, respectively.
The nanoparticles can obtain with the method ofd\latizadeh et al. [63]. After adding silver nigab Sargassum
anustifoliumextract, the brownish-yellow color in mixture techin to dark brown color after 110 min (Fig 1). To
make sure the synthesis of silver nanoparticlesoparticle absorption peak was measured using \blei
spectrometer (UV-Vis) in the wavelength range 00-Z00 nm. The best peak was observed after 2haation
time in the range of 406 nm, which correspondslésiifon excitation of the AgNPs. The peak formethis range
represented reduction of silver ions and aftertssis of silver nanoparticles using extracts ofvesa Sargassum.
The UV-V is absorption spectrum of silver nanomdes synthesized by treating 1mM AgNO3 solutionhwit
Sargassum angustifoliunextract [63]. According to the TEM analysis, awgasize of synthesized silver
nanoparticles was 32.54nm and predominately spdiénshape (Fig 2).

Fig. 2 TEM images of AgNPs synthesized by Sargassum angustifolium[63]

As shown in [63], apart from the perfect spherishbpe and size all particles dispersion was goad veell—
distributed in solution and is not in contact withch other. The viscous, steady, two-dimensionagmpressible,
laminar bio magnetic fluid (blood) flow is consideras taking place through a forked artery withemasis. The
flow is subject to a magnetic source, which is tedavery close to the lower wall and below it. Titev at the
entrance is expected to be fully developed anthalbrterial walls are kept at a constant tempegathile the fluid
is higher than wall. The origin of the Cartesiammbnate system is located at the leading edg&eidwer wall.
The volume force term@, and F,) are equal to the magnetic forces on a singlegterdt that location multiplied
by the number of particles per unit volume byFp£ nFy,,_,). The magnetic force on single particle apcafRd
F, are as follows, respectively. The magnetic fofeRIAP) depends on the gradient of the magnetic sitgrand
the effective magnetic dipole momentdgylof the particles. It can be expressed as:

©)
4)
®)

1
Frag = E(Volume),,uo)(VH2
1 Jd - -
Fo = |zmox5- (.1 6,

1 Ja - -
F, = [z, (.| cy

Considering, the nano-particle as a homogeneousraphith radius R and net magnetic polarization Hdt tis
suspended in a magnetically linear fluid of perniégband subjected to a magnetic intensity. Magradile
materials exhibit strong non-linear behavior, sashparamagnets and ferromagnetism, which cannignmeed
when modeling the electro mechanics of magnetitighes. Materials with non-linear magnetic propestican be
divided into hard and soft materials. For both, neization is related to the magnetic intensityhalgh for hard
materials, it also depends on the history of magatbn, which is termed hysteresis. The principahifestation of
non-linearity in magnetic materials saturation which limits the magnitude of the magnetizatiacttor to a finite
value. The influence of saturation on the effectivement of a particle is evident.
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Blood is considered to be an electrically condugtio magnetic Newtonian fluid and is assumed tdNbetonian,
since there is a very little variation of viscoswjth the applied magnetic field. Although bloodsigspension of
particles and should be treated as a non-Newtdluan it is generally accepted that it behaves &eatonian flow
in arteries with large diameters. Likewise, theatianal forces acting on the erythrocytes whenraxgeand exiting
the magnetic field are discarded (equilibrium maigagion). The walls of the channel are assumectrédally non-
conducting and the electric field is consideredligdge. Where in Egs (4) and (%), is volume concentration
(number of particles per unit volume) and is akfel

Cy = CyoC (6)

Where Cy, is initial volume concentration that equal @®3 and non-dimensional volume concentration (C) is
determined by [8]:

ac 7
= +V-(Cv) =V.(Ov0) @
The magnetization process of red blood cell behtikeghe following function, known as the Langevimction,
which defines the variation of magnetization witragnetic field. In equation (7) velocity of partisjev, is
calculated by balancing the hydrodynamic and magifatces and is given by Stokes drag law [8]:

(vp = vy + Viag) (8)
Where:

_ Fumq, 9
YMag = 6nuf' ©

There are many forces acting on particles movingiaod vessels, including hydrodynamic drag, imetiuoyancy,
gravity, and particle-particle interactions. Howevenly the major forces are considered: the hygnadhic drag
and magnetic force. Our model ignores inertia, lamoy, gravitational, and particle-particle interawt forces
because they are several orders of magnitude wéakethe magnetic force.

Magnetic particles injected at far upstream of dleelusion enter the region of interest (ROI), itee occluded
region, in the form of a homogeneous suspensionenMie magnetic career particles are transportethen
vasculature, they simultaneously experience magfetce, viscous drag force, gravitational (inchglibuoyancy)
forces, particle inertial effect, and thermal Bréaammeffects. The trajectory of a discrete phas¢iglaris obtained
by integrating the force balance on the particleisTorce balance equates the particle inertia thiehforces acting
on the particle. Where additional acceleration darecludes contribution from the drag force (FDagnetic force
(FM), buoyancy force (FG), Brownian force (FB) ath@rmophoresis force (FT) per unit particle massteNhat
the initial concentration is equal to 0.03 in thieoke vessel.

The externally applied magnetic field strength #imel electrical conductivity of the blood are two shamportant
parameters for the FHD and MHD problems. In orderstudy the effect of both of this two parameters w
introduce, the concepts blood viscosity. Normathe red blood cells occupy 35% to 50% of the blobuerefore
deformability, orientation and aggregation of réalolol cells result in shear-thinning viscosity o thlood. For non-
Newtonian behavior of the blood, its viscosity bmes a function of shear rate. Therefore a relatietween
viscosity and shear rate is required. The Reldigtween shear stress and shear rate is:

T = ply] (10)

In equation 10, the shear stress tensor is given by
7= u[VV + (V)] (11)

And the shear rate is given by:
v = [VV + (VV)T] (12)

And viscosity is given by the power law model aofe [12]:
p=my"? (13)
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where values for m and n are given in Table 1.unsbudy if viscosity that is calculated from povewv model (Eq.
13) becomes greater thap,,(0.02) or smaller thap,,;,,(0.00309), the calculated values are replaced bgrman
or minimum value. All other parameters are givemable 1.

Table 1: Blood thermo-physical and magnetic Nano-particles properties

Parameterg Value Sl unjt

p 800 K_‘Z

m
X 0.4,0.04,0.004
Tp (1,0.1,0.01x 10~° m
m 0.012
n 0.8

mZ
D 10° o

S

Uo 4 X 1077

N.s
Y7, 0.001 7
A L/2 m
B W+0.003 m
W 0.01 m
L 0.2 m

A finite volume code is developed and utilized.thé¢ inlet to the vessel dimensionless concentrasi@gual to 1,
see Figure 1. Also, at the exit of the vessel Neumiaoundary condition is applied. Furthermore tppar and

lower walls are insulated. In addition the diffusicoefficient (D) is equal ta x 10"’“"?2 [6]. A thin, straight wire

carrying a current is placed along the x-axis,hasv® in Figure 1. Evaluate the magnetic field at embernal points.
Note that we have assumed that the leads to the afritie magnet make call off contributions to tie¢ magnetic
field at any internal point.

RESULTSAND DISCUSSION

As investigated before [63] fish mortality during, 218, 72 and 96h of exposure were recorded. Thdtseshowed
that fish mortality increased with increasing cartcation and exposure time. After exposure to lighcentrations
(105 and 95 mg/L) fish were showed immediately scabaormal behaviors such as gill cover movements,
abnormal swimming and jumping out of the water #relr activity were reduced gradually and stayethatfloor
of water in steady state, then came to surfaceatémand lost their balance finally died. The désll has a natural
color. In control treatment, all fish showed norrahaviors and any signs of abnormal behavior wet@bserved.
The maximum acceptable toxicant concentration (MABEsilver nanoparticles for common carp at inédsvof
24, 48, 72 and 96 hours was determined 7.95, 2% and 1.13mg/L respectively. After 2 hours adateon,
nanoparticle absorption peak wavelength was deteattd06nm. This peak represents reduction of rsibwes and
forming the silver nanoparticles using extractsefdweedsargassum angustifoliuntherefore it is necessary that
the toxicity of nanoparticles in order to have &dreunderstanding of their effects on the aquaticironment that
should be assessed separately in different spdoigbe present study the different species of, fthke synthesis
method of examined nanoparticle was different camegbavith other studies, there it is expected thatresults of
the present study will be vary in toxicity with ethstudies. Figure 3 depicts the contour for Bdfie¢ctor flow of
2000 nm magnetic particles with susceptibi(iy) of 0.004. The vessel width is equal to 1 mm anet ivelocity is
0.001 m/s. As shown, near the magnetic source ectration of particles increase and particles eraatobstacle in
flow of blood. Ampacity and resistance of the stddcopper wires used. The used diameter is 0.32 arga is
0.32 mm2, resistance is 212%/km), and current is 1.4 Ampere.
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B-field VVector flow

Fig. 3. Contour for B-field vector flow of 2000 nm magnetic particles

Figures 4 show the B-Y component for the inlet eg#loequal to 1 mm/s. As shown by Fig 2 the Nandiplas
shift towards the magnet (because of high magrfetice) as bio-fluid (blood) pass the magnet. Ituess the
diameter of the channel and causes the blood ¥glowireases underneath of the particles. The niagfield
density and gradient produced by the optimum dailcsure were sufficient for positioning micro galés, but not
nanoparticles. To amplify the magnetic field to exent required for nanoparticle positioning, safh cores were
added to the design. Previous designs used linysteras [10-14], so the cores were not consideredige in the
electromagnets because the cores make a mageddiadin-linear. In our design, however, becausetfeet of the
force direction on particle trajectory is more imimt than the effect of the linearity of the fontmgnitude, the
nonlinearity of the magnetic field is insignificam{s a result, it is possible to use cores insidedoils and amplify
the magnetic field. However, the size and shapgbetores should be selected carefully such tleatrtiagnetic field
intensity and gradient are both improved acrosettiee ROI defined for the actuator.

BY component
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Fig.4.B-Y component in 1 mm/sinlet velocity

The real picture of common carp (Cyprinus carpg}hown in figure 5. The common carp (Cyprinus icaris a
prevalent freshwater fish of eutrophic waters kekand large rivers in Europe and Asia. The wilguyations are
considered vulnerable to extinction, but the spebias also been domesticated and introduced iMiooaments
worldwide, and is often considered a very destvectnvasive species, being included in the Listhaf world's
hundred worst invasive species. In targeted drligetg, a procedure of transferring medicine pdesco a patient,
that increases the concentration of the medicirtis@ased affected parts of the body relative herst
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Fig.5.Real picture of common carp (Cyprinus car pio)

The Circulatory System in Cyprinus carpio is showrfigure 6. The circulatory system of Cyprinugpia is
included of both static and dynamic mechanisms. dyneamic part is the blood with all its constituguarts that
flows continuously around the fish's body. Theistparts are the heart, the veins and arteriesrigad and from it
and the capillaries that connect them. Normallyveen 3% and 8% of a Cyprinus carpio’s body weigltidod.

The Vascular System of a Fish
A diagrammatic representation
Red = Veins - Blue = Arterie of the main veins and arteries.

Muscles
ﬂ_

e
Guts &Gonads

Fig. 6.Real picture of common carp (Cyprinus carpio)

By adding nanoparticles in blood the effect of n&tgnfield can investigated. Many recent studiegehiaeen made
on the nature of blood pathways through the gill€gprinus carpio. Values for flow velocity and silsation in
the afferent filament arteries of four goldfish eaged 0.65 + 0.34 mm/s (S.D.) and 0.63 +0.22 fteres whose
diameter range from 12-18n respectively. Corresponding values for the effeegteries having diameters ranging
from 15-47pum were 0.63% 0.34 mm/s and 0.2®.20 mm/s respectively. The relatively large staddfeviation in
the flow velocities obtained from different fish msainly attributable to variations in the depthawifesthesia and
perhaps the unnatural orientation of the fish. Fleelocities recorded were probably lower than thibsg occur
under normal physiological conditions. The maximilow velocity observed (i.e. about 1 mm/s in bdik afferent
and efferent filament arteries) may represent thieah flow velocity. This velocity is smaller thamat measured in
the micro vessels of frog lung. The flow velocitythe filament arteries is slightly lower than 1 ferat 18-20 °C
and is more pulsatile in the afferent than in tfferent artery. Fish possess a two-chambered otgarposed of
one atrium and one ventricle. Blood is pumped fittvn ventricle through the conus arteriosus to tlis. @3lood
then moves on to the organs of the body, wherdemts; gases, and wastes are exchanged. The b&adst from
the heart to the gills, and then directly to thelypdefore returning to the atrium through the simasous to be
circulated again. The heart rates of fish fall witthe wide range of 60-240 beats per minute, deipgnupon
species and water temperature (slower at lower ¢eayres).
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Fig. 7.Mesh of blood vessel

The mesh plot to solve problem is plotted in figdr&Vhen 3ul of silver nanopatrticles for drug and gene delnisr
injected in the test section at a rate qfl/s, the silver nanoparticles travels downstrearthenform of streak-lines
along the lower part of the tube with very littloss stream diffusion (for an average particle @i@mof 10 nm, the
silver nanoparticles diffusivity, as per the Stokggroximation, in distilled water is of the ordsfr10-11 nd/s).
When no magnetic field is applied, the silver naartiples streak lines leave the test section, tldedlowing the
flow streamlines. However, as the bar magnet idieghpcf. Fig. 8) with a corner touching the outeall of the tube,
the silver nanoparticles forms a conical structiue to the action of the magnetic body force.

In the next simulation particles, distributed unifidy on the inlet surface, were released in thenokaand their
paths were captured for 2 seconds. The resultatitlpatrajectories are depicted in Fig. 9. Althbugost particles
went to the correct outlet, some did not. This ol because the initial position of some of theigas was far
from the center of the inlet and they required rargjer magnetic field to attract them toward therext outlet.
Since the drag force in the blood flow directionrisch greater than the magnetic force for movingpparticles in
a blood vessel, the transfer of particles in thverge direction of blood flow is practically impdss. Consequently,
in our approach, the particles move along the Vgsssing the blood flow drag force and then the metig
actuation system is implemented as a navigatioresymside the vessel network. In this situatibe, tesistive drag
force exerted on particles in vessel could be edéthas the opposing drag force on particles movisige a stable
fluid. Moreover, we defined the DCC approach, whiets many advantages compared to the Helmholtz-Mihxw
combination system. With the DCC approach, twoscaikt applied for each direction, and it is possiblmake the
system more compact, resulting in a stronger magfield and deeper penetration of magnetic gradi€ther
advantages of the DCC approach include reducedacasipower consumption, as well as the capabifitysing
coils with a core that improve the magnetic foroaking this system more desirable for nanopartitdering.

The entire silver nanoparticles mass is transpdsteddvection to the region near the dipole tig@® s (the supply
streak lines are visible in Figs. 8 to Fig.10). Hilger nanoparticles accumulation rate exceedwdatsh away rate
during this time and the size of the nanopartiggragate grows into a conical shape. Once fresplgup the
aggregate ceases, the convective and diffusivepmtof the silver nanoparticles into the contlyufiowing host
water stream leads to depletion in the silver nartigdes aggregate. This phase is presented thrtheglimage
sequences in Fig. 9.

Fig. 8 to 10 indicates how the axial velocity ofifl is influenced by the volume fraction densitythé silver
nanoparticles. One can see that, the axial veladbityreases by increasing the volume fraction denitthe
particles. The parabolic nature of the axial vealp seen in the annular space between the aatatythe catheter
walls. So, the value of axial velocity is higher # non-Newtonian fluid than that for a particlaifl suspension
model.

The effect of the volume fraction density of thetjaées on the pressure drop across the lengthetime-variant
overlappingAp is displayed in Fig. 10. The variation of the ga@e drop across the length of the time-variant
overlappingAp with volume flow rate for different values of ttiee is displayed in Fig. 8-10. Att = 0.1, we can
explain that the pressure drap increases as the r increases and the magnitutie pfessure drofip is higher in
the case of non-uniform magnetic field. Finallycareful investigation of this figure reveals thhe trelation
betweenAp and flow is found to be linear (the pressure digpincrease by increasing the flow rate) and the
minimum pressure drop is achieved at zero flow.réte simulation results were approved that thistesy could
generate the necessary magnetic field for nanaefanpropulsion. Moreover, it was accepted thatrehs a
possibility to perform suitable control on partitfejectory. Since for moving nano-particle in dogessel, the drag
force in blood flow direction is much greater thiéne magneto-phoretic force, transferring the pkesién reverse
direction of the blood flow is practically imposkib For that reason, the particles are moving gtk vessels
using the blood flow and then the magnetic actumatigstem is implemented as a navigation systenddntie
vessels network. In this situation, the exertedydoace on particles could be estimated by dragefan moving
particle inside the stable fluid. Accordingly, tstable water was considered as fluid environmenumsimulations.
Moreover, for navigation method, constancy of thieeé and velocity in the entire particle traject@yot essential
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and only the magnitude and direction of the foroe important. Thus, nonlinearity of the magnet&dihas no
effective impact on the system performance.

t=0.1(s)
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Fig. 8.Velocity component, pressure, and particle concentration at t = 0.1 ()
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Fig. 9.Velocity component, pressure, and particle concentration at t = 1 (s)

The use of nanoparticles has been suggested fordddivery to brain cells. Nanoparticles can cliogs brain tissue
and drugs encapsulated by these particles cambsférred to brain cells. Despite advances inalgeted delivery
of magnetic particles to some organs (e.g., livieapsferring the particles to brain cells remalifcult due to the

blood brain barrier, which prevents unrecognizedigas from reaching brain cells; consequentlg tlelivery of

therapeutic agents to specific regions of the braimesents a major challenge. Recently, localsgerthermia has
been used to overcome the blood brain barrierdictivates the blood brain barrier and allows theyeof micro-

particles into the brain. Although this method ffeetive, the possibility of the influx of harmfylarticles into the
brain with deactivation of the protective barriecieases and the applicability of this method ishdiwil.
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t=2 (s)
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Fig. 10.Velocity component, pressure, and particle concentration at t = 2 (s)
CONCLUSION

In toxicological studies of any NPs, detailed phgshemical characterization under real experimesgatlitions is
preferential. Measurements should include size ridigion, morphology, surface area, charge, surface
modifications, chemical composition, crystallinitgnd agglomeration. Toxicity distribution in a sdenfplood
vessel of a fish in common carp[42, 59]have beewist for silver nanoparticles synthesized usingidgjical
methods under application of magnetic field wadist. Currently, inadequate information on the gexic
potential of NPs and the impact on persistent exy$ human health is a concern. Numerous litezateports
focus on the cytotoxicity of NPs, specific aspeaxftphysicochemical characteristics, associatioi wther potential
toxic effects, as well as consideration of DNA dgmand cellular uptake, bioaccumulation, distritiitiand
retention. Beside the synthesis and fabricatiothefnano-particles for targeting drug delivery hire propulsion
system of these particles inside the blood veseelke field of magnetic nano-particles drug delwsystems is
investigated numerically. The main reason for thesaes is the size of the nano-particles whictd iegh power
system for generating force and movement. In thjgep, the feasibility of magnetic effects on silmanoparticles
for drug and gene delivery in Cyprinus carpio wasspnted which could be used as a low cost and acimp
experimental setup for researches Configurationdimensions of this system was chosen in such athatycould
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cover the size of the fish vessels, as an iniaafjét of experiments. Moreover, to achieve realistisults, the
currents and number of the electromagnet coilsstame considered realistic. Furthermore, the posugpliers
could be unipolar which are in lower price comptrebipolar power supplier required for previousiges. This
system needs more investigations for improvemendifg the accurate relation between the currerthécoils
and the direction of the particle movement is apanant research which will be presented in upcgnpapers.
Besides, simulation of the particle trajectory desthe realistic blood vessels and furthermoretpaexperiments
are our future works. Once internalized, the lomgrt fate of NPs needs to be considered. In additi@irological
techniques required to provide clearer informatioa currently not available and need to be develope
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