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. my article density 5170 kg/m
: Particle diameter 30.0 pum
Proposed Cancer Therapy Experlmental Method —— ED > Saturation magnetization 0.55 Wh/m?
. XIS O VA ; : . .
External magnet In order to prevent nutrient Supply to the cancer, Purpose = aom |nvestigation about the influence of the RMF frequency O‘ VISCO?Ity COG-ﬁ:IClent-Of 4.9 MPa-s
blood vessels are blocked with magnetic aggregation . : : o 3.8 wt% gelatin solution
Cancer cells on the accumulation range of magnetite particles Flow direction Density of fluid 1.0 X 103 kg/m?
> gy e Fo = 61 r(v v ) Magnetic Rotational frequency of RMF 2.0,4.0,6.0 Hz
ETherapeutic embolization Homopolar ¢~ | Shielding Magnetic field distribution D Ve~ Vp shielding materia Vacuum permeability 1.257 X 106 m-kg/(s?+ A?)

in the shielding material F, = uoVM-V)H
Simulated organ

1.3 mT, 1.3 X103 T2%/m

e Method to necrose the cancer by blocking blood material

vessels around cancer tissue with embolic
substance such as microgel

* High skills to introduce embolic material during :
angiography is required : 1170

v For considering the time-dependence of the magnetic field, magnetic field was calculated when the shielding material was rotated every 30 degrees.

. | Based on these 12 magnetic field distributions, the magnetic force considering the time change was calculated. (Ansys 10.0, Cybernet System, Japan)
............. €’ 5.8 mT,5.2%x103T2/m v The existence of glass beads are neglected in order to simplify the calculation system,

and calculated the particle trajectory when simulated blood flowed into the syringe at a uniform flow rate of 1.0 mm/s.
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t is necessary to accumulate particles only in newborn blood vessels ' material ‘. Intensity of magnetic field[A/m] _ , 4 _
- : .. . 13 organ x-axist Simulated organ x-axis Simulated organ ) . )
o . > Particle accumulation in normal vessels causes blood clots ~ Simulated Q — . v'The particles existing outside of the
74 Magnetite particles v <—><—> organ o A targeted site are guided to the
Blood vessels % t Particle dispersion v . . | @\a - - i _ .
The use of superconducting magnets is essential - 23 (1.0 X 103 ppm) [mm] 20" 20 51 20 10, 250 um 57 um E u + i ‘ outside of the simulated organ
A cancer therapy by blocking newborn blood vessels in order to abplv this treatment to deeb cancer in the bod | 111 - < Jaxis 2 @) s hor.03 i
using magnetic force control and magnetite particles PRIy P y 1. Asimulated organ was prepared by filling a syringe with glass beads, simulating blood vessel group N _— L ﬂ.uﬁ@(b) ; 250 MM 57 Hm
2 asrette pricls wers diprsed (2.0 1000 o gty otion 5, 4209 - 7 Each parice o of the RN epeatsperioica moton
Procedure of . Ca.the.ter Il. Particle : lll. Particle : IV. Sustain of 4. After flowing 50 mL of the dispersion. simulated organ was solidified. </ omm <~ Tomm > with constant amplitude (< width of flow path)
the treatment Injection Accumulation Aggregation the blockage 5. The simulated organ was divided into 6 sections, and the amount of iron oxide contained in each section was measured (a) 2.0 Hz-RMF (a) 6.0 Hz-RMF j £ mI
I I T T 0 0 The experiment was conducted with the frequency of RMF as 0, 2.0, 4.0, 6.0 Hz 0.25f [mm] 00| tmm] :
l s | | | I : 03l 47 pm 008l 16 pm The particles adhere to the surface of glass beads
H l H | ibl Experlmental Results 0.21} | TN or continue the periodical motion among the beads.
- | . l i argz\r’:;tioen @ Accumulation range on the cross section of the simulated organ by the RMF o 007l
Control of particle I I I I . 50 o
dispersion and % “‘F (1 week) gas gt RMF - £>m 10 mm 017 c—3r—555 07t 100 0.06 SV S | * [mm] v Under the 2.0 Hz RMF, a particle is likely to be guided
oaresation I I : I PRk T - o 0 01 02 03 04 05 to the outside and flow downstream
Beres 10 um ~ > | | J 1 Microscopic trajectory on-axis of the RMF (Amplitude 120 um > Width of flow path 57 pm)
20 pm 20 um 20 um (b) 2.0 Hz-RMF (b) 6.0 Hz-RMF - “ml(/ \ /
Normal blood vessels Newborn blood Newborn blood Newborn blood 47 -4.86 36 y The particles are not accumulated
vessels vessels vessels e | KM
Control of Rotating magnetic Uniform Removal of e E i e ¥ Under the 6.0 Hz RMF, a particle repeat periodical motion
magnetic field field (RMF) magnetic field magnetic field Static magnetic field RME 2.0 Ha  RMEF 4.0 He RME 6.0 Ho 49 4.90 | (Amplitude 36 um < Width of flow path 57 um)
. . . N - : . !t = T 57
% A \\;Under a static magnetic field, particles are also accumulated outside the targeted area sol——— irt;r;ﬂ 492 | | | | _[mm] The particles adhere to the surface ol
i i i i . . . - 01 02 03 04 05 i . :
The accumulation range is extended as the increase in the frequency of the RMF Microscopic trajectory off-axis of the RMF or continue the periodical motion among the beads
i
— . . The possibility of controlling the accumulation range by adjusting the frequency of the RMF Under the high frequency RMF
An appllcatlon method Of the RMF u5|ng four Superconductlng:ﬂ......: .............................. RREEEEEE LR EEEEEE Sremrerssssessieserenaas : \/ h . I h b d h dl 'd d h 'd f h . I d
:Previous research -Particle accumulation by the RMF-: Magnetic shielding area The particles near the target boundary are hardly guided to the outside of the simulated organ

v’ The particles are likely to continue the periodical motion along the wall surface of the flow path

N —8— RMF_6Hz 124 Ly
| o & | Targeted site | : , . , , :
Cross section = e RMF_4Hz o 17 | 5 Discussion for Practical Application _ Temporary Irreversible
of the body S § 0.8 - i | Particle Magnetic field product for g aggregation aggregation
5 —6~ RMF_2Hz s | diameter particle accumulation by RMF <  Without magnetic field
- ,_ o o 067 Experimental condition 30 um 1.34 X103 T2/m o
. TR | — e m % —= RMF_OHz S 04 - Practical condition 5.0 um 0.29 T?/m g B Under magnetic field
| RMF 1.2 Hz RMF_3.(‘5'H2 § """ WithouF - § 0.2 - Magnetic field product of 0.29 T2/m should be applied to Eo
. . . O magneticfield 9 & P PP © B After ultrasonic irradiation
. o : Magnetite particles are accumulated selectively §E | _ < | | | | | | the part about 300 mm away from the magnet surface o
Magn(?tlc shielding on-axis of high frequency RMF~ 10 1s2(mm] 1> 10 - 0 > 10 15 ‘Superconducting solenoidal magnet was designed < ° 0.20T 040T
N material : A thod t | hioh-f RMF The distribution of accumulated particles in the flow direction Strength of applied magnetic field
The RMF is applied by the leakage magnetic field usri:e 53 e?czﬁztzlciin Igm_arenqeis?sczecessar y ~ (left: within the targeted area, right: out‘s/ide the targeted area) . ,17/0mm | Superconducting material  Nb,Sn Particle size of propionic acid-modified magnetite particles™
from the slit by rotating the shielding material g sup g Mmag Y : The RMF with hlgher frequenc.y.can More particles are guided to the outside Central magnetic fielc E0T !3y applying 3 magnejcic field over 0.40 T the particle-s form
accumulate particles more efficiency under the low frequency RMF 460 mm Magnetic field irreversible aggregation. These irreversible aggregation can
Purpose of the research  Design of a high-frequency RMF that can locally accumulate particles within v There are more particles in the targeted area than outside the targeted area on axis of RMF 0.21T keep the blockage even after the removal of magnetic field,
a spherical range with a diameter of 10 mm, 300 mm away from the magnet surface | || Magnetite particles guided to the outside, is likely to flow downstream by the drag force which correspond to the final stage of the treatment.
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