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The cover image was captured using a TEM at 40,000x magnification during work on the 
synthesis of iron oxide nanoflowers with outstanding heating efficiencies (ILP of 8.4 nH m2/kgFe 

or SAR = 2426 ± 76 W/gFe) measured at a frequency of 488 kHz and a field strength of 25 kA m−1. 
Each flower contains approximately 50 coalesced nanoparticles. (Storozhuk, L., Besenhard M. 
O., Mourdikoudis, S., LaGrow, A. P., Lees, M.R., Tung, L. D., Gavriilidis, A., Thanh, N. T. K* (2021) 
Simple and Fast Polyol Synthesis of Stable Iron Oxide Nanoflowers with Exceptional Heating 
Efficiency. Journal of Applied Materials and Interface. 13: 45870−45880). The work has become 
a finalist for  2022 The Royal  Society of Chemistry Emerging  Technologies  Competition in 
Health category. 

Trusted quality in a new design

perimag®

Frontier research with high-quality products

for Magnetic Particle Imaging (MPI) 
and Magnetic resonance Imaging 
(MRI) research

for homing and tracking of stem 
cells in regenerative medicine[1]

micromer®-M
high magnetomobility and 
selectivity for cell separation 

components in biosensor and 
lab-on-chip applications

nanomag®-D
high-throughput nucleic acid 
separation
components in diagnostic kits 
and biosensors[2]

for MRI and MPI research

for hyperthermia applications[3]

synomag®-D

• operating internationally

• more than 25 years experience in particle

synthesis and modification

• certified according to ISO 13485 since 2007

References:

[1] Labeling of hMSC with fluorescent perimag® (nucleus: blue; perimag® in cytoplasm: green) , T. Kilian et al. Nanomedicine 2016, 11 (15) 1957-1970.
[2] Viability assessment of Salmonella cells with nanomag®-D particles, E. Fernandez et al. Biosensors and Bioelectronics 2014, (52) 239-246.
[3] TEM tomography image of synomag®-D, L.J. Zeng, Chalmers University of Technology, Göteborg.

• Do you require particle design and modification in compliance with ISO 13485?

Get in contact with us: info@micromod.de or www.micromod.de



Welcome Message 

It is our great pleasure to welcome you all to the 13th International Conference on the 
Scientific and Clinical Applications of Magnetic Carriers. We are happy that it is now once 
again possible to have this wonderful meeting in-person to discuss our recent achievements 
in research on magnetic particles and their applications. 

London is an excellent location to host such a conference and we are very fortunate that the 
selected venue, University College London, or UCL for short, is located right in the heart of 
the city. This allows easy access to a great variety of historical landmarks and areas around 
the city in reasonable time. 

Unfortunately, the COVID-19 pandemic is not yet over, so while our conference will be held 
in person, we are basing our plans on you having received your vaccinations and booster 
shots, all of us wearing masks during the conference, and following all the local and UK 
national requirements regarding meetings and gatherings. Also, if you feel unwell during the 
conference or demonstrate COVID-19 symptoms, please perform a lateral flow test, and stay 
home if you are positive. 

At our conference location, University College London (UCL), we will have a large auditorium 
so we can be well spaced out during the talks. In addition, the spaces for poster sessions, 
lunches and breaks are extensive enough for social distancing, and we also have a large 
outside space available. 

We welcome you for a successful and interesting conference! 

Your organizers, 

Urs Hafeli, University of British Columbia, Vancouver, Canada, 
Nguyen T. K. Thanh, University College London, UK, 
Maciej Zborowski, Cleveland Clinic Foundation, Cleveland, USA, 
Wolfgang Schutt, IMC Krems, Austria & Rostock, Germany.  



Social Program 

It has been said that science may never come up with a better system for 
communication than the coffee break. But why not also extend our social interactions 
beyond the conference venue? In this way, we will have fun, enjoy London, and get to know 
each other better. 

Tuesday, June 14 
After the end of the first poster session, we will have a reception in the Wilkins Terrace, 
with lots of food and drinks. This traditional get-together is generously sponsored by 
nanotherics. Enjoy! 

Wednesday, June 15 
At the end of the day, beer and Pretzels will be offered following the end of the second poster 
session. This is graciously supported by micromod Partikeltechnology GmbH. 

Thursday, June 16 
During the day, there will be a spouse tour. This tour is complimentary and always 
fun. Spouses will meet at 9:00 at the registration desk in the UCL Wilkins building, in 
the North Cloisters. Spouses will be back at UCL latest at 17:15. 

The traditional boat trip along the river Thames is generously sponsored by Imagion 
Biosystems. We will start at 17:30 with a double decker bus ride to Butlers Wharf Pier, 
board at 18:15 and cast off at 18:30 – please be on time! During the trip, we will enjoy a 
wonderful dinner, picturesque views of London and as always, a great time. The New 
Orleans style jazz band "The Blind Tigers" will keep us on our feet and is generously 
sponsored by chemicell. Our boat, the ‘Dixie Queen’ will be back at a different pier, the 
Tower Millenium Pier at 22:30. The buses will bring us back to UCL from there. 

Friday, June 17 
The meeting will come to an end at 17:00. Please take the opportunity to explore the English 
capital on your own after the end of the conference! 
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 d
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n 
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d 
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 d
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at
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 p
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 m
ic

ro
flu

id
ic

 sy
st

em
 is

 e
ve

n 
m

or
e 

ch
al

le
ng

in
g 

du
e

th
e 

hi
gh

 ri
sk

 o
f c
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 p

ro
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 c
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ra
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 b
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 c
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 b
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 c
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l f
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at
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f p
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 p
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 c
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 c
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 p
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 p
ot

en
tia

l i
n 

di
ff

er
en

t b
io

m
ed

ic
al

 a
pp

lic
at

io
ns

 
su

ch
 a

sM
PI

,M
R

I,
an

d
m

ag
ne

tic
flu

id
 h

yp
er

th
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r B
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.
[2

] A
. B

ak
i e
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ra
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n
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m
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P
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R
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d
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m
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p
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p
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e.
g
.
in

m
a
g
n
et
ic

h
y
p
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b
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ro
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ra
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ra
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b
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e
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R
h
.
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e
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n
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t
d
ip
o
le

in
te
ra
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n
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n
d
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d
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n
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n
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n
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d
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n
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s.
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ra
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t
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r
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N
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se
m
b
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u
g
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p
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c
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t
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b
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d
R

h
.
T
h
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a
l
a
g
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en
t
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h
cr
yo

-T
E
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p
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p
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p
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b
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p
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p
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o
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n
g
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o
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ra
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n
m
a
g
n
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o
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=
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6
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p
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g
in
to

a
ri
n
g
.
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u
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ra
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a
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s.

[1
]
C
.
B
la
n
co
-A

n
d
u
ja
r
et

a
l.
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.
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.
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or
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s 
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nd
ed

 u
se
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m
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ic

in
e 
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 th

e 
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su
lt 

of
 d

iff
er

en
t i

nt
er

re
la

te
d 

fa
ct

or
s 

su
ch

 a
s t

he
 n

an
om

at
er

ia
l d

im
en

si
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s,
  i

nt
er

ac
tio

n 
w
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 c

el
ls

 
an

d 
al
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 th

e 
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nt
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hy
si
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l p

ro
pe

rt
ie

s.
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 c
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 o

f p
ar
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le

 d
im

en
si

on
s 

an
d 

re
ac

tiv
ity

 
ar

e 
de

vo
te

d 
to

 th
e 
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nt
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si

s 
st

ep
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 c
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e 
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de

 n
an

op
ar
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le

s, 
th

e 
ev
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ut

io
n 
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 t
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 c
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lo
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al
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yn

th
et

ic
 

m
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ho
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 b
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n 
a 

ho
t t
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ic

 fo
r m
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e 
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e 
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at
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n 
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e 
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nt
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si
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ro
n 
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e 
na
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s 
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 c
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ci
pi

ta
tio

n.
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ur
in

g 
th

is
 ti

m
e,

 th
e 

de
m

an
ds

 fr
om

 th
e 

bi
ol

og
is

ts
 

an
d 

m
ed

ic
al

 s
ec

to
r 

ha
s 

m
ot

iv
at

ed
 t

he
 in

tr
od

uc
tio

n 
of

 n
ew

 c
ol

lo
id

al
 s

yn
th

et
ic

 r
ou

te
s 

an
d 

ev
ol

ut
io

n 
of

 th
e 

co
nv

en
tio

na
l o

ne
s 

re
su

lti
ng

 in
 n

an
op

ar
tic

le
s 

w
ith

 n
ar

ro
w

 si
ze

 d
is

tr
ib

ut
io

n,
 

hi
gh

 c
ry

st
al

lin
ity
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nd
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en
ce

 o
f i

m
pu

ri
tie

s.
 H

ow
ev

er
, m

os
t o

f t
he

 r
es

ea
rc

h 
pe

rf
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m
ed
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ir
on

 o
xi

de
 n

an
op

ar
tic

le
s 
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s 

be
en

 c
ar

rie
d 

ou
t o

n 
is

ot
ro
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c 
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he

ri
ca

l p
ar

tic
le

s.
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l d
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ne
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si
s r

ou
te

 b
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ed
 o

n 
th

er
m

al
 d

ec
om

po
si

tio
n 
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 ir
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(II
I)

 a
ce

ty
la

ce
to

na
te

 w
hi

ch
 le

ad
s 

to
 h

ig
h 

qu
al

ity
 n

an
oc

ub
es

 o
ve

r 
a 

w
id

e 
si

ze
 r

an
ge

 (1
0-

80
 

nm
).[

2]
  T

hi
s s

yn
th

es
is

 ro
ut

e 
ca

n 
be

 e
xt

en
de

d 
to

 o
th

er
 sp

in
el

 fe
rr

ite
s (

C
o,

 M
n 

an
d 

Zn
). 
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 th

e 
pa

st
 it

 h
as

 b
ee

n 
re
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ed
 th

e 
sy

nt
he

si
s o

f m
ag

ne
tit

e 
na

no
cu

be
s o

ve
r 2

0 
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 b
ut

 b
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, t

he
se

 
sy

nt
he

si
s 

ro
ut

es
 fa

ils
 le
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in

g 
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 n
on

-r
eg

ul
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 n
an

op
ar

tic
le

s.
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]  
W

e 
ha

ve
 s

ho
w

n 
th

at
 1

7n
m

 
na

no
cu

be
s s

til
l s

ho
w
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al

 s
ta
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lit

y,
 e
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el

le
nt

 m
ag

ne
tic

 h
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er
th

er
m

ia
, a

nd
 b

et
te

r 
N

M
R 

pe
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or
m

an
ce

 (
m

uc
h 

be
tte

r 
th

an
 t

he
ir

 s
ph

er
ic

al
 c

ou
nt
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s)
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M

or
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r, 
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3O

4 
na

no
cu

be
s 

ar
e 

ou
ts

ta
nd

in
g 

he
at

 m
ed

ia
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 fo

r p
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m
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 in
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e 
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 b
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l 

w
in

do
w
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35
0 

nm
). 

In
 a

dd
iti

on
, t

he
 m

ag
ne

tic
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nd
 o
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ic

 a
ni

so
tr

op
ie

s 
of

 th
e 

na
no

cu
be

s 
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 b

ee
n 
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pl

oi
te

d 
fo

r a
 re

la
tiv
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y 

ne
w

 a
pp

ro
ac

h 
fo

r i
n 

sit
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lo
ca

l t
em

pe
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tu
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 s
en

si
ng
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, c
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gh

t 3
0 

nm
). 
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 r
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at
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ro
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 a
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n.
  

Th
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e 
fu
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s 
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e 
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m
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y 
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e 
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cl
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 S
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m

ag
ne

tic
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t c
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m
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nt
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h 
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m
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n 
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it 

th
ei

r f
un
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na
lit

y.
  C

on
si

de
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bl
e 

w
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k 
is

 th
er

ef
or

e 
no

w
 a

ls
o 

di
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ct
ed

 to
w

ar
ds

  l
es

s 
sy

m
m

et
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 / 
m

or
e 

an
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ot
ro

pi
c 

pa
rti

cl
es

.  
Th

es
e 

in
cl

ud
e 

di
ff

er
en

t s
ha

pe
d 

pa
rti

cl
es

 s
uc

h 
as

 c
ub

es
, r

od
s, 

an
d 

el
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so
id

s, 
w

hi
ch

 o
ff

er
 d

iff
er

en
t r

ot
at

io
na

l 
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d 
m

ag
ne

tiz
at

io
n 

op
tio

ns
 b

ey
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d 
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e 
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 s
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 p
ar

tic
le

s;
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pa
rti

cl
es

 a
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m
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 p

ar
tic

le
 cl

us
te

rs
, w

hi
ch

 m
ay

 fu
nc

tio
n 
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 ro

ta
tio

na
l m

ic
ro

m
ot

or
s /

 m
ic

ro
sw

im
m

er
s; 

an
d 

he
m

is
ph

er
ic

al
ly

 c
oa

te
d 

pa
rti

cl
es

, s
uc

h 
as

 Ja
nu

s p
ar

tic
le

s w
ith

 n
ov

el
 b

i-d
ire

ct
io

na
l p

ro
pe

rti
es

.  
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lo
re
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m
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g 
of
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y 
cu
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ro
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 p
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w
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m
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s l
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 o
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ra
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n 
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nl

y 
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-
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m
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s. 

   
H

er
e,

 h
ow

ev
er

, t
he

 s
ur

fa
ce

 p
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te
rn
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gs

 a
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 e
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ed

 v
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 n

ew
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 d
ev
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op

ed
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an
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er
 

m
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ro
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w
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 m
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an
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 d
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Th
e 
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lit

y 
of

 th
e 
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w
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 m
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er

ia
ls

 a
llo

w
s 
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m
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ly

 m
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ro
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ed

, i
ni

tia
lly

 p
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r d
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ig
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 to
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 tr
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er
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d 
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er
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, a

nd
 d
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ly
 w

ra
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ed
 o

nt
o,

 th
e m
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ro

pa
rti
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e s

ur
fa

ce
s. 

  B
y 

th
us

 le
ve

ra
gi

ng
 th

e p
ow

er
 

an
d 
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n 
re

so
lu

tio
n 

of
 e

xi
st

in
g 

pl
an

ar
 s
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ic

on
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ct
or

 l
ith

og
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ph
ic

 t
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ls
, 

th
e 
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ch

 a
llo

w
s 

fo
r 

ar
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tra
ry

 su
rf

ac
e p
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te
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in

gs
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xt
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di
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 d
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ig
n 
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d 

m
ag

ne
tic
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nt
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l o
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d 
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 T
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 p

ro
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o 
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lo

w
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 p
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le
l p

at
te

rn
in

g 
of

 m
an

y 
m
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pa
rti
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  T
hi

s 
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es
en

ta
tio

n 
w

ill
 d

es
cr
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e 

ho
w

 th
is 

ne
w

 p
ro

ce
ss

 w
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ks
 a

nd
 p

ot
en

tia
l 

ap
pl

ic
at

io
ns

, i
llu

st
ra

te
d 

th
ro

ug
h 

ex
am

pl
es

 o
f n

ew
 m

ag
ne

tic
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ly
 p

at
te

rn
ed

 m
ic

ro
sp

he
re

s, 
so

m
e 

of
 w

hi
ch

 a
re

 
sh

ow
n 

in
 th

e 
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m
pl

e 
fig

ur
e 

be
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w
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 d
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n 
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f 
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b-

m
ic

ro
n 

m
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ne
tic

 d
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rr
ay
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ve
r 

a 
se

t 
of

 
m

ic
ro

sp
he

re
, (

b)
 s

id
e-

an
gl

ed
 v

ie
w

 o
f i

nd
iv

id
ua

l s
ph

er
es

 p
at

te
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ed
 li

ke
 m

in
ia

tu
re

 h
ot

-c
ro

ss
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un
s, 
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(c

) s
m
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fa
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m
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d 

on
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 m
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 o
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f M
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e,
 C
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, S
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ev
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sf
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m
ed
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rr
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n 
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rti

cl
es
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 d
is
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pt

ed
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om
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st
as

is
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re
 b

el
ie

ve
d 

to
 b

e 
as

so
ci
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ed

 w
ith
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ar

io
us

 
pa

th
ol

og
ic

al
 

pr
oc

es
se

s, 
in

cl
ud

in
g 

ne
ur

od
eg

en
er

at
iv

e 
di

so
rd

er
s.

W
e 

us
ed

 
fe

rr
iti

n 
de

riv
at

iv
es

 
su

ch
 

as
 

re
co

ns
tru

ct
ed

 f
er

rit
in
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R

F)
 a

nd
 m

ag
ne

to
fe

rr
iti

n 
(M

F)
 to

 s
tu

dy
 th

e 
in

te
ra

ct
io

n 
w

ith
 ly

so
so

m
e 

am
yl

oi
d 

fib
ril

s 
(L

A
F)

. F
irs

tly
, w

e 
ch

ar
ac

te
riz

ed
 th

e 
ph

ys
ic

oc
he

m
ic

al
 p

ro
pe

rti
es

 o
f 

pr
ep

ar
ed

 s
am

pl
es

 b
y 

di
ff

er
en

t m
et

ho
ds

: 
U

V
-V

IS
, D

LS
, a

nd
 S

Q
U

ID
 m

ag
ne

to
m

et
ry

. S
ub

se
qu

en
tly

, t
he

 in
te

ra
ct

io
n 

of
 fe

rr
iti

n 
de

riv
at

iv
es

 w
ith

 L
A

F 
w

as
 

an
al

yz
ed

. F
or

 b
ot

h 
fe

rr
iti

n 
de

riv
at

iv
es

, t
he
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nc

e 
di

sp
er

si
on

 (N
M

R
D

) t
o 

ev
al

ua
te

 T
1 

co
nt

ra
st

at
 

64
 m

T.
W

e 
fin

d 
th

at
 IO

N
Ps

 c
an

 b
e 

ef
fic

ie
nt

 lo
ng

itu
di

na
l r

el
ax

at
io

n 
ag

en
ts

, p
ro

du
ci

ng
 b

rig
ht

 c
on

tra
st

 in
 T

1-
w

ei
gh

te
d 

im
ag

es
 c

om
pa

re
d 

to
 c

on
tro

l s
am

pl
es

 (F
ig

ur
e 

1b
). 

Th
e 

pa
rti

cl
es

 h
av

e 
lo

ng
itu

di
na

l r
el

ax
at

io
n 

ra
te

s 
th

at
ar

e 
si

ze
 d

ep
en

de
nt

 a
nd

, i
n 

so
m

e c
as

es
, o

ut
pe

rf
or

m
 co

m
m

er
ci

al
 G

d-
ba

se
d 

ag
en

ts 
or

Fe
rid

ex
 (F

ig
ur

e 
1c

). 
W

e 
co

rr
el

at
e 

th
e 

m
ag

ne
tic

 a
nd

 s
tru

ct
ur

al
 p

ro
pe

rti
es

 o
f t

he
 p

ar
tic

le
s 

w
ith

 m
od

el
s 

of
 n

an
op

ar
tic

le
 re

la
xi

vi
ty

 
to

 e
xp

la
in

 o
pt

im
al

 p
ar

am
et

er
s 

fo
r g

en
er

at
io

n 
of

 T
1 

co
nt

ra
st

. A
dd

iti
on

al
 e

ng
in

ee
rin

g 
m

ay
 b

e 
ne

ce
ss

ar
y 

fo
r 

in
 v

iv
o

us
e,

 p
ar

tic
ul

ar
ly

 w
ith

 r
eg

ar
ds

 to
 c

ol
lo

id
al

 s
ta

bi
lit

y 
an

d 
ca

pp
in

g 
lig

an
ds

. S
til

l, 
th

es
e 

ex
pe

rim
en

ts
 

su
gg

es
t t

ha
t I

O
N

Ps
 h

av
e 

de
si

ra
bl

e 
m

ag
ne

tic
 p

ro
pe

rti
es

 fo
r f

ut
ur

e,
 e

xc
iti

ng
 a

pp
lic

at
io

ns
 a

s T
1 

ag
en

ts
 a

t l
ow

 
fie

ld
s.

Fi
gu

re
 1

. (
a)

 P
ic

tu
re

 o
f 6

4 
m

T
Sw

oo
p

H
yp

er
fin

e 
M

R
I s

ca
nn

er
 w

ith
 s

ca
le

 b
ar

s 
sh

ow
in

g 
ov

er
al

ld
im

en
si

on
s.

(b
) T

1-
w

ei
gh

te
d 

fa
st

 s
pi

n 
ec

ho
 im

ag
e 

of
 9

nm
 I

O
N

Ps
, t

ak
en

 in
 H

yp
er

fin
e 

sc
an

ne
r 

at
 6

4 
m

T 
(T

I 
= 

70
0 

m
se

c)
. (

c)
 N

M
R

D
 

pr
of

ile
s s

ho
w

in
g 

IO
N

P 
si

ze
-d

ep
en

de
nc

e 
of

 T
1 

re
la

xa
tio

n 
ra

te
sa

s a
 fu

nc
tio

n 
of

 fr
eq

ue
nc

y 
(lo

g 
sc

al
e)

. A
ls

o 
di

sp
la

ye
d 

ar
e 

re
la

xa
tio

n 
ra

te
s 

of
co

m
m

er
ci

al
 c

on
tra

st
 a

ge
nt

s, 
M

ul
tih

an
ce

 (
G

d-
ba

se
d)

 a
nd

 F
er

id
ex

. P
in

k-
sh

ad
ed

 l
in

e
ve

rti
ca

l
sh

ow
s 6

4 
m

T 
(2

.7
 M

H
z)

.

D
is

cl
ai

m
er

: 
A

ny
 

m
en

tio
n 

of
 

co
m

m
er

ci
al

 
pr

od
uc

ts
w

ith
in

N
IS

T
w

eb
 

pa
ge

s 
is

 
fo

r 
in

fo
rm

at
io

n 
on

ly
; 

it 
do

es
 

no
t 

im
pl

y 
re

co
m

m
en

da
tio

n 
or

 e
nd

or
se

m
en

t b
y

N
IS

T.
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In
no

va
tiv

e 
na

no
co

m
po

si
te

s f
or

 p
ro

te
in

 r
el

ea
se

 th
ro

ug
h 

m
ag

ne
tic

 h
yp

er
th

er
m

ia
Jo

ël
le

 B
iz

ea
u1,

* , A
le

xa
nd

re
 A

da
m

1 , C
lé

m
en

ce
 N

ad
al

1 , G
ré

go
ry

 F
ra

nc
iu

s2 , D
av

id
 S

in
is

ca
lc

o2 , M
at

th
ia

s 
Pa

ul
y3 , S

yl
vi

e 
B

ég
in

-C
ol

in
1 , D

am
ie

n 
M

er
tz

1,
*

1
In

st
itu

t d
e 

Ph
ys

iq
ue

 e
t C

hi
m

ie
 d

es
 M

at
ér

ia
ux

 d
e 

St
ra

sb
ou

rg
 (I

PC
M

S)
, U

M
R

-7
50

4 
C

N
R

S-
U

ni
ve

rs
ité

 
de

 S
tra

sb
ou

rg
, 2

3 
ru

e 
du

 L
œ

ss
, B

P 
34

 6
70

34
, S

tra
sb

ou
rg

 C
ed

ex
 2

, F
ra

nc
e.

2
La

bo
ra

to
ire

 d
e 

Ch
im

ie
 P

hy
siq

ue
 e

t M
ic

ro
bi

ol
og

ie
 p

ou
r l

es
 M

at
ér

ia
ux

 e
t l

’E
nv

iro
nn

em
en

t (
LC

PM
E)

, 
U

M
R

 7
56

4 
C

N
R

S-
U

ni
ve

rs
ité

 d
e 

Lo
rr

ai
ne

, 4
05

 ru
e 

de
 V

an
do

eu
vr

e,
 5

46
00

 V
ill

er
s-

lè
s-

N
an

cy
, F

ra
nc

e.
3

U
ni

ve
rs

ité
 d

e 
St

ra
sb

ou
rg

, C
N

R
S,

 In
st

itu
t C

ha
rle

s S
ad

ro
n 

(U
PR

22
), 

23
 ru

e 
du

 L
oe

ss
, 6

70
34

 
St

ra
sb

ou
rg

 C
ed

ex
 2

, B
P 

84
04

7,
 F

ra
nc

e
*E

-m
ai

ls
:j

oe
lle

.b
iz

ea
u@

ip
cm

s.u
ni

st
ra

.fr
da

m
ie

n.
m

er
tz

@
ip

cm
s.u

ni
st

ra
.fr

A
 w

el
l-k

no
w

n 
in

te
re

st
 o

f 
us

in
g 

na
no

pa
rti

cl
es

 t
o 

de
liv

er
 d

ru
gs

 i
s 

th
e 

co
nt

ro
lle

d 
de

liv
er

y 
of

 t
he

 
co

nt
ai

ne
d 

th
er

ap
eu

tic
 a

ge
nt

s
ac

tiv
at

ed
 b

y 
ex

te
rn

al
 f

ie
ld

s 
su

ch
 a

s 
m

ag
ne

tic
 f

ie
ld

 o
r 

lig
ht

. 
B

ut
 t

he
se

 
na

no
sy

st
em

s 
ar

e 
ev

en
 m

or
e 

in
te

re
st

in
g 

if 
th

ey
 c

om
bi

ne
 s

ev
er

al
 m

od
al

iti
es

. 
In

 o
ur

 g
ro

up
, 

su
ch

 
co

m
bi

na
tio

n 
ha

s 
be

en
 u

se
d 

to
 o

bt
ai

n 
im

ag
in

g 
an

d 
m

ag
ne

tic
 h

yp
er

th
er

m
ia

. T
he

 s
ys

te
m

 c
on

si
st

ed
 in

 a
n 

iro
n 

ox
id

e 
na

no
pa

rti
cl

e 
en

ca
ps

ul
at

ed
 in

 a
 st

el
la

te
 m

es
op

or
ou

s s
ili

ca
 sh

el
l (

IO
@

ST
M

S)
an

d 
w

as
 a

lre
ad

y 
re

po
rte

d 
to

 b
e 

a 
pr

om
is

in
g 

bi
m

od
al

 im
ag

in
g 

pr
ob

e 
w

he
n 

fu
nc

tio
na

liz
ed

 w
ith

 q
ua

nt
um

 d
ot

s 
an

d 
co

at
ed

 
w

ith
 H

um
an

 S
er

um
 A

lb
um

in
 (

H
SA

) [
1]

. H
er

ei
n,

 th
e 

ai
m

 o
f 

ou
r 

w
or

k 
w

as
 to

 o
pt

im
iz

e 
th

e 
su

rf
ac

e 
of

 
su

ch
 IO

@
ST

M
S 

N
Ps

 in
 o

rd
er

 to
 m

ak
e 

th
em

 p
ro

m
is

in
g 

ag
en

ts
fo

r t
he

 lo
ad

in
g 

an
d 

co
nt

ro
lle

d 
de

liv
er

y 
of

 
pr

ot
ei

ns
 fo

r t
is

su
e 

en
gi

ne
er

in
g

th
ro

ug
h 

m
ag

ne
tic

 h
yp

er
th

er
m

ia
.

Fo
r t

hi
s 

pu
rp

os
e,

 in
 a

 fi
rs

t s
tu

dy
,t

he
 a

bi
lit

y 
of

 is
ob

ut
yr

am
id

e 
(I

B
A

M
)-

gr
af

te
d 

ST
M

S 
w

as
 a

ss
es

se
d,

as
 th

is 
IB

A
M

 g
ro

up
 h

as
 b

ee
n 

sh
ow

n 
to

 a
ct

 a
s 

a 
“g

lu
e”

 a
bl

e 
to

 lo
ad

 a
 w

id
e 

ra
ng

e 
of

 b
io

m
ol

ec
ul

es
 

(p
ro

te
in

s, 
nu

cl
ei

c 
ac

id
, p

ol
ys

ac
ch

ar
id

e 
an

d 
po

ly
pe

pt
id

e 
[2

])
 in

 a
 la

rg
e

am
ou

nt
. T

hu
s, 

th
e 

st
ab

ili
ty

 o
f 

pr
ot

ei
n 

co
at

in
g 

th
ro

ug
h 

th
e 

IB
A

M
 s

tra
te

gy
 h

av
e 

be
en

 s
tu

di
ed

 u
sin

g 
fo

ur
 d

iff
er

en
t p

ro
te

in
s 

an
d 

se
ve

ra
l 

de
te

ct
io

n 
te

ch
ni

qu
es

. 
Th

en
, 

th
e 

st
ab

ili
ty

 o
f 

th
is

 p
ro

te
in

 l
oa

di
ng

 o
ve

r 
sc

al
in

g-
up

 a
nd

 w
as

hi
ng

s 
w

as
 

as
se

ss
ed

 p
rio

r 
to

 i
nv

es
tig

at
e 

th
e 

th
er

m
o-

in
du

ce
d 

re
le

as
e 

ab
ili

ty
 o

f 
su

ch
 s

ys
te

m
. 

A
FM

 –
fo

rc
e 

sp
ec

tro
sc

op
y 

w
as

 fi
na

lly
 u

se
d 

in
 o

rd
er

 to
 d

ec
ip

he
r t

he
 in

te
ra

ct
io

ns
 a

t p
la

y 
be

tw
ee

n 
th

e 
pa

rti
cl

es
 a

nd
 th

e 
pr

ot
ei

ns
[3

].
In

 a
 s

ec
on

d
st

ud
y,

 i
t 

w
as

 h
yp

ot
he

si
se

d 
th

at
 t

he
 c

om
bi

na
tio

n 
of

 t
he

 I
O

@
ST

M
S 

w
ith

 t
he

rm
o-

re
sp

on
si

ve
 (b

io
)p

ol
ym

er
s 

w
ill

 a
llo

w
 th

e 
re

le
as

e 
of

 th
e 

pr
ot

ei
n 

th
ro

ug
h 

m
ag

ne
tic

 h
yp

er
th

er
m

ia
-in

du
ce

d 
co

nf
or

m
at

io
na

l 
ch

an
ge

, 
as

 r
ep

re
se

nt
ed

 i
n 

Fi
gu

re
 1

. S
ev

er
al

 t
he

rm
o-

re
sp

on
si

ve
 p

ol
ym

er
s 

w
er

e 
th

en
 

st
ud

ie
d,

 a
s 

w
el

l a
s 

se
ve

ra
l a

nc
ho

rin
g 

st
ra

te
gi

es
 o

n 
th

e 
pa

rti
cl

es
, s

uc
h 

as
 c

ov
al

en
t g

ra
fti

ng
 o

r 
po

ly
m

er
 

ad
so

rp
tio

n 
th

ro
ug

h 
th

e 
IB

A
M

 st
ra

te
gy

[4
].

Fi
gu

re
 1

: S
ch

em
at

ic
 re

pr
es

en
ta

tio
n 

of
 th

e 
re

le
as

e 
of

 p
ro

te
in

 th
ro

ug
h 

m
ag

ne
tic

 h
yp

er
th

er
m

ia
 b

y 
th

er
m

o-
re

sp
on

si
ve

 p
ol

ym
er

-fu
nc

tio
na

liz
ed

 IO
@

ST
M

S

[1
] F

. P
er

to
n,

 M
. T

as
so

, G
. A

. M
uñ

oz
 M

ed
in

a,
 M

. M
én

ar
d,

 C
. B

la
nc

o-
A

nd
uj

ar
, E

. P
or

tia
ns

ky
, M

. B
. F

er
ná

nd
ez

 
va

n
R

aa
p,

 D
. B

ég
in

, F
. M

ey
er

, S
. B

ég
in

-C
ol

in
, D

. M
er

tz
, A

pp
lie

d 
M

at
er

ia
ls

 T
od

ay
 2

01
9,

 1
6,

 3
01

-3
14

[2
] D

. M
er

tz
, P

. T
an

,Y
. W

an
g,

 T
. K

. G
oh

, A
. B

le
nc

ow
e,

 F
. C

ar
us

o,
 A

dv
. M

at
er

. 2
01

1,
 2

3,
 5

66
8-

56
73

[3
] J

. B
iz

ea
u,

 A
. A

da
m

, C
. N

ad
al

, G
. F

ra
nc

iu
s, 

D
. S

in
is

ca
lc

o,
 M

. P
au

ly
, S

. B
ég

in
-C

ol
in

, D
. M

er
tz

, I
nt

. J
. P

ha
rm

, 
su

bm
itt

ed
[4

] J
. B

iz
ea

u,
 A

. A
da

m
, S

. B
ég

in
-C

ol
in

, D
. M

er
tz

, E
ur
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. I

no
rg

. C
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m
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1,
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Su
pe

rp
ar

am
ag

ne
tic

 N
an

od
ev

ic
es

 a
s S

in
gl

et
 O

xy
ge

n 
C

ar
ri

er
s f

or
C

an
ce

r 
T

he
ra

py

Is
ab

el
la

 N
ev

on
i F

er
re

ir
a1

an
d

Ed
er

 J
os

é 
G

ui
de

lli
1*

1 D
ep

ar
ta

m
en

to
 d

e 
Fí

si
ca

, F
ac

ul
da

de
 d

e 
Fi

lo
so

fia
 C

iê
nc

ia
s e

 L
et

ra
s d

e 
R

ib
ei

rã
o 

Pr
et

o,
 U

ni
ve

rs
id

ad
e 

de
 S

ão
 P

au
lo

, B
ra

zi
l

C
on

sid
er

in
g 

th
e 

tre
at

m
en

ts
 a

va
ila

bl
e 

fo
r 

ca
nc

er
, 

ra
di

ot
he

ra
py

 i
s 

on
e 

of
 t

he
 m

os
t 

us
ed

. 
M

ag
ne

tic
 

hy
pe

rth
er

m
ia

, w
hi

ch
 h

ea
ts

 u
p 

th
e 

ca
nc

er
 c

el
ls

 w
ith

 a
lte

rn
at

ed
 m

ag
ne

tic
 fi

el
ds

 a
nd

 s
up

er
pa

ra
m

ag
ne

tic
 

na
no

pa
rti

cl
es

, c
an

 a
ls

o 
be

 em
pl

oy
ed

 as
 ca

nc
er

 tr
ea

tm
en

t. 
Ph

ot
od

yn
am

ic
 th

er
ap

y 
ca

n 
al

so
 b

e u
se

d.
 In

 th
is

 
ca

se
, a

 p
ho

to
se

ns
iti

ze
r i

s r
es

po
ns

ib
le

 to
 p

ro
du

ce
 re

ac
tiv

e 
ox

yg
en

 sp
ec

ie
s, 

su
ch

 a
s 

sin
gl

et
 o

xy
ge

n 
(1 O

2),
 

th
at

 c
au

se
s c

el
l d

am
ag

e.
 

Th
e 

pu
rp

os
e 

of
 t

hi
s 

w
or

k 
is

 t
o 

se
ns

iti
ze

 i
ro

n 
ox

id
e 

na
no

pa
rti

cl
es

 c
ov

er
ed

 w
ith

 a
 s

he
ll 

of
 a

ro
m

at
ic

 
co

m
po

un
ds

 th
at

 c
an

 b
e 

gu
id

ed
 th

ro
ug

h 
th

e 
bo

dy
 u

nt
il 

th
e 

tu
m

or
 to

 d
el

iv
er

 1 O
2. 

In
 th

is
 c

on
te

xt
, a

ro
m

at
ic

 
co

m
po

un
ds

 c
an

 b
e 

em
pl

oy
ed

, o
nc

e 
th

ey
 a

re
 a

bl
e 

to
 tr

ap
 1 O

2
an

d 
su

bs
eq

ue
nt

ly
 re

le
as

e 
it 

up
on

 h
ea

tin
g.

  
Co

ns
id

er
in

g 
th

e 
pr

es
en

ce
 o

f 
a 

su
pe

rp
ar

am
ag

ne
tic

 c
or

e,
 t

he
 h

ea
tin

g 
co

ul
d 

be
 a

ch
ie

ve
d 

by
 m

ag
ne

tic
 

hy
pe

rth
er

m
ia

. T
he

re
fo

re
, 1 O

2
re

le
as

e
is

 e
xp

ec
te

d 
on

ly
 w

he
n 

th
e 

na
no

pa
rti

cl
es

 a
ch

ie
ve

th
e 

ta
rg

et
 tu

m
or

 
ce

lls
 a

nd
ar

e
he

at
ed

 b
y 

al
te

rn
at

ed
 m

ag
ne

tic
 fi

el
ds

. 

Iro
n 

ox
id

e 
na

no
pa

rti
cl

es
, d

op
ed

 w
ith

 z
in

c 
or

 n
ot

, w
er

e 
sy

nt
he

siz
ed

 a
nd

 c
ov

er
ed

 w
ith

 a
nt

hr
ac

en
e 

or
 

na
ph

th
al

en
e.

 T
he

 n
an

op
ar

tic
le

s d
op

ed
 w

ith
 z

in
c 

pr
es

en
te

d 
sm

al
le

r s
iz

es
 c

om
pa

re
d 

to
 th

e 
un

do
pe

d 
on

es
. 

D
yn

am
ic

 li
gh

t s
ca

tte
rin

g 
re

su
lts

 in
di

ca
te

d 
th

e 
gr

ow
th

 o
f a

n 
an

th
ra

ce
ne

 o
r n

ap
ht

ha
le

ne
 s

he
ll 
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ag

ne
tic

 n
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N
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 c

an
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m
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d 

w
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m
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 c
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m

oe
m
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liz

at
io

n 
ag

en
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 m
ag

ne
tic

 d
ru

g-
el

ut
in
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M
D
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 c

an
 b

e 
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te
d 

m
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ne
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e 
M

R
I s
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h 
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e 
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ar
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em
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M
ag

ne
tic
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so
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R

N
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s t
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 o

ut
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an
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ag
in
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op
er
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f M
R
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o 
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te
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ve
r 

tu
m

or
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th
e 

B
0 m

ag
ne

tic
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el
d 
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 m

ag
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e 

M
D

EB
s, 
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d 

th
e 

im
ag

in
g 

gr
ad

ie
nt

 g
en

er
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ed
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y 
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ag
in

g 
gr

ad
ie

nt
 c

oi
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te
er
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e 
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et

ed
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es
se

ls
. I

n 
th

is
 p

ap
er

, t
he

 M
D

EB
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00
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w

er
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at
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e 3

O
4 
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d 
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d 

th
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e 
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m
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ra
te

d 
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e 
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ili
ty
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D
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R

N
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itr
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xp
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en
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ow
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a)
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e M

R
N
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in

e 
w
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te

d 
(th

e t
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ob
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d 
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 c
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s. 
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M

D
EB
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 p
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 c
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A
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w

 r
at
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e 
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ep
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rte
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 m
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m

L/
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 c
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rin
g 
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 d
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at
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m
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e 
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ft 
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X
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) d
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itu
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m
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 1
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m
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m
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ld
in
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a 
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m
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in
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itu
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 d
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m
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m
. I
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ea
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R
N

 c
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n 
M

D
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gg
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te
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M

D
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as
 re
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w
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 b
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g 
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 s
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0 

s 
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R
N

 c
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ol
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at
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ad
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ra
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se
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en
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l r
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e 
co

m
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na
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l f
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D
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 o
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 p
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 c
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 p

ro
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e 
M

R
N

 s
eq

ue
nc

e 

an
d 

re
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at
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n 
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R
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ra
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at
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e c
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ra
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. G
an

g2
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1

1)
 U
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 o
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ie
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f P
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b
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ni
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S

A
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A 
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ec
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f t

he
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os
t p
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m

in
en

t b
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ld
in

g 
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 fo
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ng
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lf-
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m
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m
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ph
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s 
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 c
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 b
e 
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 p
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ym
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, c
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r c
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in

g 
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e 
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d 
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 D
N

A 
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 c
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 c
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w
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f p
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 m
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f D
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 m
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f D
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 c
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f m
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r o
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m
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at
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l m
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d 
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m
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in
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 m
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at
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f m
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l d
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m
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hi
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m
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r c
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 p
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 D
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 b
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 p
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at
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 c
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 p
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at
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 b
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at
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 m
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 o
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e 

m
et

ho
d 

is
 b

as
ed

 o
n

us
in

g
an

 
al

te
rn

at
in

g 
m

ag
ne

tic
 f

ie
ld

 a
t 

ra
di

of
re

qu
en

ci
es

 w
ith

am
pl

itu
de

s i
n 

th
e 

ra
ng

e 
of

 1
0–

30
 k

A
/m

 to
 g

en
er

at
e 

he
at

th
ro

ug
h

m
ag

ne
tic

 n
an

op
ar

tic
le

s 
(M

N
Ps

), 
w

hi
ch

 h
av

e 
be

en
 d

el
iv

er
ed

 to
 th

e 
tu

m
or

 s
ite

[1
]. 

Pr
ec

lin
ic

al
 s

tu
di

es
 

ha
ve

 s
ho

w
n 

th
at

 c
on

ve
nt

io
na

l h
yp

er
th

er
m

ia
 h

as
 m

an
y 

ad
va

nt
ag

es
, n

am
el

y,
no

 d
ep

th
 li

m
ita

tio
ns

, h
ig

h 
he

at
in

g 
pe

rf
or

m
an

ce
, r

em
ot

e
an

d
te

m
po

ra
l c

on
tro

lla
bi

lit
y,

 a
nd

 
is

 b
io

co
m

pa
tib

le
 s

in
ce

 b
en

ef
iti

ng
 f

ro
m

no
n-

io
ni

zi
ng

 
ra

di
at

io
n

[2
]. 

A
t p

re
se

nt
, d

ue
 to

 th
e 

lim
ita

tio
ns

 o
f d

ru
g-

ta
rg

et
in

g 
m

et
ho

ds
, o

nl
y 

a 
sm

al
l a

m
ou

nt
 o

f t
he

 in
je

ct
ed

 
M

N
Ps

ca
n 

be
 d

el
iv

er
ed

to
 th

e 
de

si
re

d 
ar

ea
an

d
th

e 
re

st 
ar

e 
di

st
rib

ut
ed

 
th

ro
ug

ho
ut

 
th

e 
bo

dy
; 

sp
ec

ia
lly

ac
cu

m
ul

at
ed

 in
 t

he
 e

xc
re

to
ry

 o
rg

an
s 

(li
ve

r, 
sp

le
en

, o
r 

ki
dn

ey
s)

. 
Th

us
, 

th
e 

ap
pl

ic
at

io
n 

of
 

co
nv

en
tio

na
l 

hy
pe

rth
er

m
ia

ca
n

le
ad

 t
o 

da
m

ag
e 

to
 h

ea
lth

y 
tis

su
es

,
w

he
re

in
M

N
Ps

 e
xi

st
 in

 th
e 

re
gi

on
 o

f t
he

 m
ag

ne
tic

 fi
el

d
[3

]. 
To

 m
in

im
iz

e
th

e
da

m
ag

e 
to

 th
e 

no
n-

ta
rg

et
ed

 a
re

as
, 

th
e 

sp
at

ia
l 

fo
cu

si
ng

 h
ea

tin
g 

co
nt

ro
l 

us
in

g 
fie

ld
-f

re
e 

po
in

t (
FF

P)
/fi

el
d-

fr
ee

 li
ne

 (F
FL

)a
t t

he
 ta

rg
et

ed
 a

re
a 

ha
s 

be
en

 p
ro

po
se

d 
an

d 
de

ve
lo

pe
d

[4
, 5

]. 
Th

e s
pa

tia
l-t

he
rm

al
 

re
so

lu
tio

n 
an

d 
sp

ec
ifi

c 
lo

ss
 

po
w

er
 

(S
LP

) 
of

 
na

no
pa

rti
cl

es
 h

av
e 

m
ai

nl
y 

be
en

 i
nv

es
tig

at
ed

 t
hr

ou
gh

 
ex

pe
rim

en
ts

 [4
, 5

]. 
To

 o
pt

im
iz

e 
th

e 
tre

at
m

en
t p

ro
to

co
ls

as
 w

el
l a

s 
in

va
si

ve
 te

m
pe

ra
tu

re
 m

on
ito

rin
g

du
rin

g 
th

e 
tre

at
m

en
t, 

a 
m

od
el

 
to

 
pr

ed
ic

t 
th

e 
sp

at
ia

l-t
he

rm
al

 
re

so
lu

tio
n 

an
d 

SL
P 

of
 M

N
Ps

 i
s 

re
qu

ire
d.

A
lth

ou
gh

 a
 

on
e-

di
m

en
si

on
al

 m
od

el
fo

r s
pa

tia
l f

oc
us

in
g 

us
in

g
FF

P
an

d
w

ith
ou

t 
co

ns
id

er
in

g 
th

e 
m

ag
ne

tic
 f

ie
ld

 d
ire

ct
io

n
fo

r
pr

ed
ic

tin
g

th
e 

sp
at

ia
l-t

he
rm

al
 r

es
ol

ut
io

n 
an

d 
SL

P
w

as
 in

tro
du

ce
d 

[6
],

th
e

m
od

el
m

ay
no

t p
ro

vi
de

en
ou

gh
 

in
fo

rm
at

io
n 

fo
r t

he
 p

re
di

ct
io

n 
ne

ce
ss

ar
y 

be
fo

re
 a

pp
ly

in
g 

it 
in

 p
ra

ct
ic

e.
In

 a
dd

iti
on

, a
s f

ar
 a

s w
e 

kn
ow

 a
 m

od
el

 fo
r 

th
e 

sp
at

ia
l f

oc
us

in
g 

us
in

g 
FF

L
(tw

o-
di

m
en

si
on

al
)h

as
 n

ot
 y

et
 b

ee
n

co
ns

id
er

ed
. T

hu
s, 

a 
m

ul
ti-

di
m

en
si

on
al

 m
od

el
 

to
 p

re
di

ct
 th

e 
sp

at
ia

l-t
he

rm
al

 d
is

tri
bu

tio
n

an
d 

SL
P

us
in

g 
FF

P/
FF

L
sh

ou
ld

 b
e 

co
ns

id
er

ed
. I

n 
th

is
 p

ap
er

, b
y 

us
in

g 
th

e 
Sh

lio
m

is
 (

M
R

Sh
) 

eq
ua

tio
n,

 t
he

 t
em

pe
ra

tu
re

/S
LP

 d
is

tri
bu

tio
n 

in
 t

hr
ee

 d
im

en
si

on
s 

fo
r 

na
no

pa
rti

cl
es

 i
s

in
ve

st
ig

at
ed

. O
ne

 e
xa

m
pl

e 
fo

r t
he

SL
P

sp
at

ia
l f

oc
us

in
g 

us
in

g 
FF

P 
is

sh
ow

n 
in

 F
ig

.1
.F

ro
m

 th
e 

di
st

rib
ut

io
n 

of
 S

LP
 

in
 th

re
e-

di
m

en
si

on
s,

th
e 

bi
o-

he
at

 e
qu

at
io

n,
an

d 
C

O
M

SO
L 

M
ul

tip
hy

si
cs

 s
of

tw
ar

e,
 th

e 
te

m
pe

ra
tu

re
s 

di
st

rib
ut

io
ns

 
of

 n
an

op
ar

tic
le

s 
in

 a
 h

um
an

 b
ra

in
 a

re
 a

ls
o 

in
ve

st
ig

at
ed

. T
hi

s
m

od
el

w
ill

 b
e 

te
st

ed
th

ro
ug

h 
ex

pe
rim

en
t i

n 
fu

tu
re

 
w

or
ks

.
[1

] E
. A

. P
er

ig
o,

 G
. H

em
er

y,
 O

. S
an

dr
e

et
 a

l.,
 “

Fu
nd

am
en

ta
ls

 a
nd

 a
dv

an
ce

s i
n 

m
ag

ne
tic

 h
yp

er
th

er
m

ia
,”

 A
pp

lie
d 

Ph
ys

ic
s R

ev
ie

w
s,

vo
l. 

2,
 n

o.
 4

, p
p.

 0
41

30
2,

 2
01

5.

[2
] 

S.
-h

. 
N

oh
, 

S.
 H

. 
M

oo
n,

 T
.-H

. 
Sh

in
et

 a
l.,

 “
R

ec
en

t 
ad

va
nc

es
 o

f 
m

ag
ne

to
-th

er
m

al
 c

ap
ab

ili
tie

s 
of

 n
an

op
ar

tic
le

s:
 F

ro
m

 d
es

ig
n 

pr
in

ci
pl

es
 t

o 
bi

om
ed

ic
al

 
ap

pl
ic

at
io

ns
,”

 N
an

o 
To

da
y,

vo
l. 

13
, p

p.
 6

1-
76

, 2
01

7.

[3
] 

C
. K

ut
, Y

. Z
ha

ng
, M

. H
ed

ay
at

ie
t a

l.,
 “

Pr
el

im
in

ar
y 

st
ud

y 
of

 in
ju

ry
 fr

om
 h

ea
tin

g 
sy

st
em

ic
al

ly
 d

el
iv

er
ed

, n
on

ta
rg

et
ed

 d
ex

tra
n–

su
pe

rp
ar

am
ag

ne
tic

 ir
on

 o
xi

de
 

na
no

pa
rti

cl
es

 in
 m

ic
e,

” 
N

an
om

ed
ic

in
e,

vo
l. 

7,
 n

o.
 1

1,
 p

p.
 1

69
7-

17
11

, 2
01

2.

[4
] E

. M
yr

ov
al

i, 
N

. M
an

io
tis

, T
. S

am
ar

as
et

al
., 

“S
pa

tia
l f

oc
us

in
g 

of
 m

ag
ne

tic
 p

ar
tic

le
 h

yp
er

th
er

m
ia

,”
 N

an
os

ca
le

 A
dv

an
ce

s,
vo

l. 
2,

 n
o.

 1
, p

p.
 4

08
-4

16
, 2

02
0.

[5
] 

Z.
 W

. T
ay

, P
. C

ha
nd

ra
se

kh
ar

an
, A

. C
hi

u-
La

m
et

 a
l.,

 “
M

ag
ne

tic
 p

ar
tic

le
 im

ag
in

g-
gu

id
ed

 h
ea

tin
g 

in
 v

iv
o 

us
in

g 
gr

ad
ie

nt
 f

ie
ld

s 
fo

r 
ar

bi
tra

ry
 l

oc
al

iz
at

io
n 

of
 

m
ag

ne
tic

 h
yp

er
th

er
m

ia
 th

er
ap

y,
” 

AC
S 

na
no

,v
ol

. 1
2,

 n
o.

 4
, p

p.
 3

69
9-

37
13

, 2
01

8.

[6
] 

R
. D

ha
va

lik
ar

, a
nd

 C
. R

in
al

di
, “

Th
eo

re
tic

al
 p

re
di

ct
io

ns
 f

or
 s

pa
tia

lly
-f

oc
us

ed
 h

ea
tin

g 
of

 m
ag

ne
tic

 n
an

op
ar

tic
le

s 
gu

id
ed

 b
y 

m
ag

ne
tic

 p
ar

tic
le

 im
ag

in
g 

fie
ld

 
gr

ad
ie

nt
s,”

 J
ou

rn
al

 o
f m

ag
ne

tis
m

 a
nd

 m
ag

ne
tic

 m
at

er
ia

ls
,v

ol
. 4

19
, p

p.
 2

67
-2

73
, 2

01
6.Fi
g 

1.
 T

he
 3

D
 S

LP
 d

is
tri

bu
tio

n 
of

 n
an

op
ar

tic
le

s
(c

or
e 

di
am

et
er

 o
f 2

5 
nm

 an
d 

hy
dr

od
yn

am
ic

al
 d

ia
m

et
er

 o
f 5

0 
nm

) a
t 

30
 m

T,
 1

00
 k

H
z 

he
at

in
g 

fie
ld

 w
ith

 d
iff

er
en

t 
m

ag
ne

tic
 

gr
ad

ie
nt

s. 
 

Po
st

er
 #

28



Ca
pt

ur
in

g 
m

ag
ne

tic
 n

an
op

ar
tic

le
s w

ith
 e

xt
er

na
l m

ag
ne

tic
 fi

el
ds

in
 th

e 
flu

id
ic 

flo
w

S.
 A

rjo
m

an
di

1,
2 , I

.D
irb

a1*
, S

. E
ne

r1 , A
. F

ila
to

va
3 , U

. N
ub

er
3 , a

nd
 O

. G
ut

fle
isc

h1

1
Fu

nc
tio

na
l M

at
er

ia
ls,

 D
ep

ar
tm

en
t o

f M
at

er
ia

l S
ci

en
ce

, T
ec

hn
ica

l U
ni

ve
rs

ity
 o

f D
ar

m
st

ad
t, 

Da
rm

st
ad

t, 
64

28
7,

 G
er

m
an

y

2
M

at
er

ia
ls 

En
gi

ne
er

in
g 

an
d 

Na
no

te
ch

no
lo

gy
 D

ep
ar

tm
en

t,
Po

lit
ec

ni
co

 d
i M

ila
no

, M
ila

n,
20

13
3,

Ita
ly

3
Bi

ol
og

y,
 S

te
m

 C
el

l a
nd

 D
ev

el
op

m
en

ta
l B

io
lo

gy
, T

ec
hn

ic
al

 U
ni

ve
rs

ity
 o

f D
ar

m
st

ad
t, 

64
28

7 
Da

rm
st

ad
t, 

Ge
rm

an
y

*E
m

ai
l: 

sa
ra

h.
ar

jo
m

an
di

@
gm

ai
l.c

om

M
ag

ne
tic

 n
an

op
ar

tic
le

s(
M

NP
s)

ha
ve

 re
ce

nt
ly

 a
tt

ra
ct

ed
a 

lo
t o

f a
tt

en
tio

n
in

 b
io

m
ed

ica
l a

pp
lic

at
io

ns
 d

ue
 

to
 th

ei
r e

xc
ep

tio
na

lq
ua

lit
ie

s
su

ch
 a

s 
lo

w
 to

xi
cit

y,
 b

io
co

m
pa

tib
ili

ty
, a

nd
la

rg
e 

su
rfa

ce
 to

 v
ol

um
e 

ra
tio

s. 
O

ne
 o

f t
he

 m
os

t i
m

po
rt

an
t a

pp
lic

at
io

ns
 o

f M
NP

s 
is 

m
ag

ne
tic

 fi
el

d-
ba

se
d 

bi
o 

se
pa

ra
tio

n
sy

st
em

s, 
w

hi
ch

 
ar

e 
ga

in
in

g 
po

pu
la

rit
y 

du
e 

to
 t

he
ir 

va
st

ap
pl

ica
tio

ns
 in

 b
io

m
ed

ica
l r

es
ea

rc
h,

 c
lin

ica
l d

ia
gn

os
tic

s, 
an

d 
bi

ot
ec

hn
ol

og
y.

M
or

eo
ve

r, 
M

NP
s c

an
 b

e 
us

ed
 a

s c
on

tr
ol

la
bl

e 
ca

rr
ie

rs
 o

f m
ed

ica
l a

ge
nt

s a
nd

 fl
ow

 th
ro

ug
h 

th
e 

bl
oo

ds
tr

ea
m

. T
ar

ge
te

d 
ap

pl
ica

tio
n 

of
 m

ag
ne

tic
 fi

el
d 

ca
n 

be
 a

pp
lie

d 
to

 c
ap

tu
re

 th
e 

M
NP

s a
t a

 ta
rg

et
 

sp
ot

. 

Th
e 

ef
fe

ct
iv

en
es

s 
of

 m
ag

ne
tic

 b
io

 s
ep

ar
at

io
n

an
d/

or
 t

ar
ge

tin
g

is 
de

te
rm

in
ed

 b
y 

th
e 

in
te

ra
ct

io
n 

of
 

nu
m

er
ou

s p
ar

am
et

er
s, 

in
clu

di
ng

 th
e

flo
w

ve
lo

cit
y 

of
 th

e 
flu

id
 co

nt
ai

ni
ng

 m
ag

ne
tic

 n
an

op
ar

tic
le

s, 
th

e 
siz

e 
of

 th
e 

na
no

pa
rt

icl
es

, a
nd

 th
e 

st
re

ng
th

 o
f t

he
ex

te
rn

al
m

ag
ne

tic
 fi

el
d.

 In
 o

rd
er

 to
 b

ui
ld

 a
n 

ef
fic

ie
nt

 m
icr

o 
flu

id
ic

bi
o 

se
pa

ra
tio

n 
de

vi
ce

, i
t i

s
ne

ce
ss

ar
y 

to
 u

nd
er

st
an

d
th

e
pa

rt
icl

e 
be

ha
vi

ou
r i

n 
th

e 
flu

id
ic 

flo
w

, a
s 

w
el

l a
s t

he
 id

ea
l r

an
ge

 o
f v

el
oc

ity
, n

an
op

ar
tic

le
 d

ia
m

et
er

, a
nd

 m
ag

ne
tic

 fi
el

d 
st

re
ng

th
.

In
 th

is 
st

ud
y,

 w
e 

in
ve

st
ig

at
ed

th
e 

ca
pt

ur
in

g b
eh

av
io

ur
 o

f M
NP

si
n 

ph
os

ph
at

e 
bu

ffe
re

d 
sa

lin
e 

so
lu

tio
n 

up
on

 
ap

pl
ica

tio
n 

of
 e

xt
er

na
l m

ag
ne

tic
 fi

el
d.

 Fo
r t

hi
s p

ur
po

se
, a

 m
od

ifi
ed

 o
pt

ica
l m

icr
os

co
pe

 se
tu

p 
is 

us
ed

 w
hi

ch
 

is 
eq

ui
pp

ed
 w

ith
 li

gh
t p

ol
ar

iza
tio

n 
op

tio
ns

 a
nd

 a
n 

AC
/D

C 
ex

te
rn

al
 m

ag
ne

tic
 fi

el
d 

ge
ne

ra
to

r u
p 

to
 5

00
m

T.
 

Th
e 

ex
te

rn
al

 m
ag

ne
tic

 f
ie

ld
 w

as
 a

pp
lie

d 
pe

rp
en

di
cu

la
r 

to
 t

he
 f

lo
w

 d
ire

ct
io

n 
to

 o
bs

er
ve

 c
ap

tu
rin

g 
ph

en
om

en
a.

Ef
fe

ct
 o

f t
hr

ee
 p

ar
am

et
er

s 
on

 c
ap

tu
rin

g 
w

as
 s

tu
di

ed
: i

) t
he

 v
el

oc
ity

 o
f t

he
 fl

ui
d 

co
nt

ai
ni

ng
 

th
e 

m
ag

ne
tic

 n
an

op
ar

tic
le

s, 
ii)

 th
e 

di
am

et
er

 o
f t

he
 m

ag
ne

tic
 n

an
op

ar
tic

le
s, 

an
d 

iii
) t

he
 s

tr
en

gt
h 

of
 th

e 
m

ag
ne

tic
 fi

el
d.

Th
e 

m
ag

ne
tic

 fl
ux

 d
en

sit
y 

ne
ce

ss
ar

y 
an

d 
su

ffi
cie

nt
 to

 c
ap

tu
re

 th
e 

M
NP

s 
fo

r a
sh

or
t t

im
e 

pe
rio

d 
(b

lu
e 

da
ta

 in
 F

ig
. 1

) a
nd

 t
o 

lo
ng

-te
rm

 c
ap

tu
re

 t
he

 M
NP

s 
(re

d 
da

ta
 in

 F
ig

. 1
) w

er
e 

m
ea

su
re

d 
at

 
di

ffe
re

nt
 c

on
st

an
t 

flo
w

 r
at

es
 a

nd
 s

ho
w

s 
lin

ea
r 

in
cr

ea
se

.F
ur

th
er

m
or

e,
 a

 m
at

he
m

at
ica

l m
od

el
 w

ill
 b

e 
de

ve
lo

pe
d 

to
 c

om
bi

ne
 th

es
e 

fin
di

ng
s 

an
d 

ai
d 

in
 th

e 
de

sig
n 

an
d 

de
ve

lo
pm

en
t o

f i
nn

ov
at

iv
e 

m
icr

o 
flu

id
ic 

bi
o 

se
pa

ra
tio

n 
sy

st
em

. 

Fi
gu

re
 1

: M
ag

ne
tic

 fi
el

d 
ne

ce
ss

ar
y 

to
 ca

pt
ur

e 
M

NP
s f

or
 a

 sh
or

t t
im

e 
pe

rio
d 

(b
lu

e)
 a

nd
 to

 lo
ng

-te
rm

 c
ap

tu
re

 (r
ed

).

Po
st

er
 #

29

V
is

ib
le

L
ig

ht
-D

ri
ve

n 
A

m
id

e 
Sy

nt
he

sis
 fr

om
 T

hi
oa

ci
d 

an
d 

A
m

in
e 

w
ith

 C
dS

e 
Q

D
s-

C
oa

te
d 

M
ag

ne
tic

 P
M

M
A

 n
an

oc
om

po
si

te
si

n 
an

 A
qu

eo
us

 S
ol

ut
io

n
C

ho
nn

av
ee

 M
an

ip
un

te
e1 ,a

nd
N

um
po

n 
In

sin
1*

1 D
ep

ar
tm

en
t o

f C
he

m
is

tr
y,

 F
ac

ul
ty

 o
f S

ci
en

ce
, C

hu
la

lo
ng

ko
rn

 U
ni

ve
rs

ity
, B

an
gk

ok
,1

03
30

, T
ha

ila
nd

*E
m

ai
l:

nu
m

po
n.

i@
ch

ul
a.

ac
.th

A
m

id
e

bo
nd

 fo
rm

at
io

n 
is 

on
e 

of
 th

e 
m

os
t b

as
ic

 im
po

rta
nt

 re
ac

tio
ns

 in
 o

rg
an

ic
 s

yn
th

es
is 

of
 n

um
er

ou
s 

or
ga

ni
c 

m
ol

ec
ul

es
 s

uc
h 

as
 p

ep
tid

es
, n

at
ur

al
 p

ro
du

ct
s, 

sy
nt

he
tic

 p
ol

ym
er

 a
nd

 p
ha

rm
ac

eu
tic

al
 a

ge
nt

s.
To

 o
bt

ai
n 

hi
gh

er
yi

el
d 

an
d 

pr
od

uc
e l

es
s o

rg
an

ic
 w

as
te

,C
dS

es
em

ic
on

du
ct

or
 q

ua
nt

um
 d

ot
s(

C
dS

e Q
D

s)
ar

e 
th

e 
on

e 
pr

om
isi

ng
ph

ot
oc

at
al

ys
ts 

fo
r t

he
 s

yn
th

es
is

of
 a

m
id

e 
fr

om
 th

io
ac

id
s

an
d 

sim
pl

e 
am

in
es

in
 

w
at

er
 a

t r
oo

m
 te

m
pe

ra
tu

re
 b

y 
vi

sib
le

lig
ht

 ir
ra

di
at

io
n.

 H
ow

ev
er

, t
he

to
xi

ci
ty

 o
f c

ad
m

iu
m

le
ad

s
to

 th
e 

re
qu

ire
m

en
t o

f e
ff

ic
ie

nt
 se

pa
ra

tio
n 

an
d 

re
co

ve
ry

 o
f t

he
 Q

D
s o

ut
 o

f t
he

 re
ac

tio
n 

m
ix

tu
re

fo
r a

vo
id

an
ce

 
of

 C
d 

co
nt

am
in

at
io

n 
in

 th
e 

sy
ste

m
. M

or
eo

ve
r, 

th
e 

re
po

rte
d 

se
pa

ra
tio

n 
ap

pr
oa

ch
es

ne
ed

 in
te

ns
iv

e 
la

bo
r 

an
d 

hi
gh

 e
ne

rg
y 

co
ns

um
pt

io
n 

an
d 

co
ul

d 
le

ad
 to

 th
e 

lo
ss

 o
f t

he
 c

at
al

ys
ts.

 

Fr
om

pr
op

er
tie

s 
of

 m
ag

ne
tic

 n
an

op
ar

tic
le

s 
(M

N
Ps

), 
th

e 
at

ta
ch

m
en

t 
of

 M
N

Ps
to

 t
he

 c
at

al
ys

t 
co

ul
d 

pr
ov

id
e 

su
pe

rp
ar

am
ag

ne
tic

 c
ha

ra
ct

er
 o

n 
th

e 
ca

ta
ly

st 
w

ith
 c

ol
lo

id
al

 s
ta

bi
lit

y 
an

d 
ea

sy
 r

em
ov

al
 u

sin
g

m
ag

ne
t.

N
on

et
he

le
ss

, M
N

Ps
ar

e 
se

m
ic

on
du

ct
or

 w
ith

 s
m

al
l b

an
dg

ap
. T

he
 d

ire
ct

 c
on

ta
ct

 o
f C

dS
e 

Q
D

s
an

d
M

N
Ps

co
ul

d 
le

ad
 t

o 
fa

st 
ph

ot
og

en
er

at
ed

 e
le

ct
ro

n-
ho

le
 r

ec
om

bi
na

tio
n 

an
d

ph
ot

od
iss

ol
ut

io
n 

of
 

M
N

Ps
, w

hi
ch

 c
ou

ld
 re

du
ce

ph
ot

oc
at

al
yt

ic
 a

ct
iv

ity
of

 C
dS

e 
Q

D
s. 

To
 m

ai
nt

ai
n

ph
ot

oc
at

al
yt

ic
 a

ct
iv

ity
, 

fa
ci

le
 in

se
rti

on
 o

f P
M

M
A

 a
s

in
su

la
to

r t
o 

pr
ev

en
t e

le
ct

ro
n-

ho
le

 tr
an

sf
er

 b
et

w
ee

n 
th

e
ph

ot
oc

at
al

ys
t a

nd
 

M
N

Ps
ar

e r
eq

ui
re

d.
 In

 th
is 

w
or

k,
 n

ov
el

 co
m

po
sit

es
 o

fM
N

Ps
em

be
dd

ed
 b

io
co

m
pa

tib
le

 p
ol

ym
er

 P
M

M
A

 
an

d 
C

dS
e 

qu
an

tu
m

 d
ot

s w
er

e 
fa

br
ic

at
ed

 an
d

in
ve

sti
ga

te
d 

as
 p

ho
to

ca
ta

ly
st 

fo
r s

yn
th

es
is 

of
 am

id
e b

on
ds

 
fr

om
 th

io
ac

id
s 

an
d 

sim
pl

e 
am

in
es

 in
 w

at
er

 s
ol

ve
nt

 a
t r

oo
m

 te
m

pe
ra

tu
re

 u
nd

er
vi

sib
le

 li
gh

t i
rra

di
at

io
n

w
ith

 e
as

e 
of

 se
pa

ra
tio

n 
an

d 
re

us
ab

le
, h

ig
h

ac
tiv

ity
, m

ild
 a

nd
 sa

fe
 c

on
di

tio
ns

.

Po
st

er
 #

30



H
ig

hl
y 

se
le

ct
iv

e 
se

pa
ra

tio
n 

of
 m

ag
ne

tic
 n

an
op

ar
tic

le
s u

si
ng

 d
yn

am
ic

 m
ag

ne
tic

 fi
el

ds
: 

a 
no

ve
l a

pp
ro

ac
h 

fo
r 

M
PI

 tr
ac

er
 p

ur
ifi

ca
tio

n

N
or

be
rt

 L
öw

a1*
,B

er
nh

ar
d 

G
le

ic
h2 ,

A
nd

re
as

 Id
e3 ,

Sa
nd

ro
 E

be
rt

3 ,
O

la
f K

os
ch

1 , 
D

ie
tm

ar
 E

be
rb

ec
k1 ,

G
un

na
r

Sc
hü

tz
3 ,

Jö
rn

 B
or

ge
rt

2 ,
Fr

an
k 

W
ie

kh
or

st
1

1
Ph

ys
ik

al
is

ch
-T

ec
hn

is
ch

e 
B

un
de

sa
ns

ta
lt,

 8
.2

3 
M

et
ro

lo
gy

 fo
r M

ag
ne

tic
 N

an
op

ar
tic

le
s,

B
er

lin
, G

er
m

an
y,

2
Ph

ili
ps

 G
m

bH
 In

no
va

tiv
e 

Te
ch

no
lo

gi
es

, R
es

ea
rc

h 
La

bo
ra

to
rie

s, 
H

am
bu

rg
, G

er
m

an
y,

3
M

R
 a

nd
 C

T 
C

on
tra

st
M

ed
ia

 R
es

ea
rc

h,
 B

ay
er

 A
G

, B
er

lin
, G

er
m

an
y.

* 
Em

ai
l: 

no
rb

er
t.l

oe
w

a@
pt

b.
de

M
ag

ne
tic

 n
an

op
ar

tic
le

s
(M

N
P)

in
te

nd
ed

 fo
r b

io
m

ed
ic

al
 a

pp
lic

at
io

ns
 su

ch
 a

s s
ite

-s
pe

ci
fic

 im
ag

in
g 

in
 v

iv
o,

 c
an

ce
r 

de
te

ct
io

n,
 o

r 
ca

nc
er

 th
er

ap
y

m
us

t e
xh

ib
it

a
sp

ec
ifi

c 
m

ag
ne

tic
 b

eh
av

io
r

re
su

lti
ng

fr
om

 a
 c

om
bi

na
tio

n 
of

 c
ry

st
al

 
st

ru
ct

ur
e,

 s
ha

pe
, s

iz
e,

 a
nd

 s
iz

e 
di

st
rib

ut
io

n.
 T

o 
ex

pl
oi

t t
he

 fu
ll 

po
te

nt
ia

l o
f t

he
 a

pp
lic

at
io

ns
 e

ns
ur

in
g 

th
ei

r s
af

et
y 

an
d 

tre
at

m
en

t s
uc

ce
ss

,t
he

 M
N

P 
pr

op
er

tie
s m

us
t b

e 
tu

ne
d 

ve
ry

 p
re

ci
se

ly
.T

he
re

fo
re

, i
t i

s o
fte

n 
ch

al
le

ng
in

g 
to

 fi
nd

 
a 

sy
nt

he
si

s 
ro

ut
e 

th
at

 p
ro

vi
de

s 
su

ff
ic

ie
nt

ly
re

pe
at

ab
le

 re
su

lts
, s

in
ce

 m
an

y 
sy

nt
he

si
s 

m
et

ho
ds

 v
ar

y 
in

 b
ot

h,
M

N
P

si
ze

 a
nd

 sh
ap

e.
M

ag
ne

tic
 se

pa
ra

tio
n 

ca
n 

be
 u

se
d 

to
 re

m
ov

e t
he

 lo
w

-p
er

fo
rm

in
g 

co
m

po
ne

nt
s o

f a
sy

nt
he

si
s p

ro
du

ct
 

an
d 

th
us

 re
co

ve
r t

he
 v

al
ua

bl
e m

at
er

ia
ls

 in
 h

ig
h 

pu
rit

y.
St

at
ic

 m
ag

ne
tic

 se
pa

ra
tio

n 
is

 a 
ve

rs
at

ile
 te

ch
ni

qu
e f

or
 sa

m
pl

e 
qu

al
ity

 e
nh

an
ce

m
en

tb
y 

ad
dr

es
si

ng
 th

e 
m

ag
ne

tic
 m

om
en

ts
 o

f M
N

P
[1

].

H
er

e,
 w

e 
w

ill
 p

re
se

nt
 a

 n
ov

el
dy

na
m

ic
 m

ag
ne

tic
 s

ep
ar

at
io

n
ap

pr
oa

ch
 fo

r s
am

pl
e 

pu
rif

ic
at

io
n 

th
at

 e
xp

lo
its

 b
ot

h,
th

e 
m

ag
ne

tic
 m

om
en

t a
nd

 th
e 

an
is

ot
ro

py
 o

f M
N

P.
A

so
ph

is
tic

at
ed

 se
pa

ra
tio

n 
sy

st
em

 w
as

 m
od

el
ed

, d
es

ig
ne

d,
 a

nd
 

m
an

uf
ac

tu
re

d
fo

r p
ur

ifi
ca

tio
n 

to
 im

pr
ov

e 
th

e 
pe

rf
or

m
an

ce
 o

f M
ag

ne
tic

 P
ar

tic
le

 Im
ag

in
g 

(M
PI

) t
ra

ce
rs

. T
he

sy
st

em
 

us
es

a 
sp

ec
ia

l 
se

pa
ra

tio
n 

co
lu

m
n

fil
le

d
w

ith
 

m
ag

ne
tic

 
be

ad
s 

ex
po

se
d 

to
 

a 
hi

gh
-f

re
qu

en
cy

 
m

ag
ne

tic
 

fie
ld

.(f
=4

86
kH

z,
 

=1
0

m
T)

.

O
ur

 re
su

lts
 s

ho
w

 th
at

 p
ur

ifi
ca

tio
n 

of
 a

 h
ig

h-
pe

rf
or

m
an

ce
 M

PI
 tr

ac
er

 u
si

ng
 d

yn
am

ic
 m

ag
ne

tic
 s

ep
ar

at
io

n 
re

su
lte

d 
in

 a
 fu

rth
er

 in
cr

ea
se

 in
 M

PI
 s

ig
na

l, 
su

ch
 th

at
 th

e 
si

gn
al

 a
m

pl
itu

de
 w

as
 3

.2
-f

ol
d 

hi
gh

er
 c

om
pa

re
d 

to
 th

e 
M

PI
 g

ol
d 

st
an

da
rd

 R
es

ov
is

t®
. 

Th
is

 i
nd

ic
at

es
 t

he
 c

ap
ab

ili
ty

 o
f 

th
e 

sy
st

em
 t

o 
se

pa
ra

te
 M

N
P 

ac
co

rd
in

g 
to

 t
he

ir 
m

ag
ne

tic
 

m
om

en
t a

nd
 a

ni
so

tro
py

. I
n 

th
e 

fu
tu

re
, t

hi
s 

ne
w

 s
ep

ar
at

io
n 

ap
pr

oa
ch

 c
ou

ld
 b

e 
us

ed
 f

or
 p

ur
ifi

ca
tio

n 
an

d 
qu

al
ity

 
as

su
ra

nc
e 

of
 M

PI
 tr

ac
er

s.

(a
)

(b
)

Fi
gu

re
.(

a)
D

yn
am

ic
 m

ag
ne

tic
 fi

el
d 

ge
ne

ra
to

r. 
(b

)S
ep

ar
at

io
n 

co
lu

m
n 

fil
le

d 
w

ith
 m

ag
ne

tic
 (o

ra
ng

e)
 a

nd
 n

on
-m

ag
ne

tic
 b

ea
ds

(g
re

y)
.

A
ck

no
w

le
dg

em
en

t:

Th
is

 p
ro

je
ct

 w
as

 fu
nd

ed
 b

y 
th

e 
D

eu
ts

ch
e 

Fo
rs

ch
un

gs
ge

m
ei

ns
ch

af
t (

D
FG

) w
ith

in
 th

e 
re

se
ar

ch
 g

ra
nt

“c
el

lM
PI

” 
(4

55
70

62
79

)
an

d
th

e
G

er
m

an
 M

in
is

try
 o

f E
du

ca
tio

n 
an

d 
R

es
ea

rc
h 

un
de

r G
ra

nt
 M

ap
IT

 (1
3N

11
09

2)
.

R
ef

er
en

ce
s:

[1
]

Lö
w

a 
N

, K
na

pp
e 

P,
 W

ie
kh

or
st

 F
, E

be
rb

ec
k 

D
, T

hü
ne

m
an

n 
A

F,
 T

ra
hm

s L
. H

yd
ro

dy
na

m
ic

 a
nd

 m
ag

ne
tic

 fr
ac

tio
na

tio
n 

of
 

su
pe

rp
ar

am
ag

ne
tic

 n
an

op
ar

tic
le

s f
or

 m
ag

ne
tic

 p
ar

tic
le

 im
ag

in
g.

 J 
M

ag
n 

M
ag

n 
M

at
er

 2
01

5;
38

0:
26

6–
70

. 
ht

tp
s:

//d
oi

.o
rg

/1
0.

10
16

/j.
jm

m
m

.2
01

4.
08

.0
57

.

Po
st

er
 #

31

M
ag

ne
tic

 a
ni

so
tr

op
y 

in
 p

ol
ym

er
ic

 m
ag

ne
tic

 h
yb

ri
d 

m
at

er
ia

l i
nd

uc
ed

 b
y 

va
t 

ph
ot

op
ol

ym
er

iz
at

io
n 

ad
di

tiv
e 

m
an

uf
ac

tu
ri

ng

N
or

be
rt

L
öw

a1*
,M

ar
ia

 A
le

ja
nd

ra
A

rd
ila

A
re

na
s1,

2 ,
D

ir
k

G
ut

ke
lc

h1 ,
O

la
fK

os
ch

1 , 
Fr

an
k

W
ie

kh
or

st
1

1
Ph

ys
ik

al
is

ch
-T

ec
hn

is
ch

e 
B

un
de

sa
ns

ta
lt,

 8
.2

3 
M

et
ro

lo
gy

 fo
r M

ag
ne

tic
 N

an
op

ar
tic

le
s,

B
er

lin
, G

er
m

an
y,

2
In

st
itu

ci
ón

 U
ni

ve
rs

ita
ria

 IT
M

, D
ep

ar
ta

m
en

to
 d

e 
C

ie
nc

ia
s A

pl
ic

ad
as

,C
ol

om
bi

a.
*E

m
ai

l: 
N

or
be

rt.
lo

ew
a@

pt
b.

de

A
dd

iti
ve

 m
an

uf
ac

tu
rin

g
(A

M
)i

s c
ha

ra
ct

er
iz

ed
 b

y 
a 

hi
gh

 d
eg

re
e 

of
 d

es
ig

n 
fr

ee
do

m
 a

nd
 in

di
vi

du
al

iz
at

io
n 

an
d 

th
us

, 
id

ea
lly

 s
ui

te
d 

fo
r t

he
 p

ro
du

ct
io

n 
of

 s
pe

ci
m

en
s 

fo
r b

io
m

ed
ic

al
 re

se
ar

ch
. A

 fa
st

 a
nd

 c
os

t-
ef

fe
ct

iv
e 

A
M

 v
ar

ia
nt

 fo
r 

pr
od

uc
in

g 
m

ed
ic

al
 s

pe
ci

m
en

s i
s 

D
ig

ita
l L

ig
ht

 P
ro

ce
ss

in
g 

(D
LP

), 
in

 w
hi

ch
 th

e 
sp

ec
im

en
 is

 c
re

at
ed

 la
ye

r b
y 

la
ye

r 
fr

om
 li

gh
t-c

ur
in

g 
ph

ot
op

ol
ym

er
. T

hi
s 

pr
oc

es
s 

ca
n 

be
 u

se
d 

to
 fa

br
ic

at
e 

pa
rts

 fr
om

 a
 w

id
e 

ra
ng

e 
of

 m
at

er
ia

ls
 w

ith
 

hi
gh

 d
et

ai
l 

an
d 

pr
ec

is
io

n.
 I

n 
ad

di
tio

n,
 t

he
 m

ec
ha

ni
ca

l, 
el

ec
tri

ca
l, 

m
ag

ne
tic

,
or

 o
pt

ic
al

 p
ro

pe
rti

es
 o

f 
th

e 
ph

ot
op

ol
ym

er
s 

ca
n 

be
 in

flu
en

ce
d 

by
 in

co
rp

or
at

in
g 

ad
di

tiv
es

[1
-3

], 
e.

g.
,m

at
er

ia
ls

 th
at

 a
re

 d
is

so
lv

ed
 o

r d
is

pe
rs

ed
 

in
 sm

al
l q

ua
nt

iti
es

 in
to

th
e 

ph
ot

op
ol

ym
er

 to
 in

du
ce

 a
nd

 a
dj

us
t d

es
ire

d 
m

at
er

ia
l p

ro
pe

rti
es

.

D
iff

er
en

t m
ag

ne
tic

 c
om

po
si

te
s 

of
 li

qu
id

 p
ho

to
po

ly
m

er
an

d 
ho

m
og

en
eo

us
ly

 d
is

tri
bu

te
d 

m
ag

ne
tic

 n
an

op
ar

tic
le

s
(M

N
P)

as
 a

 m
ag

ne
tic

 a
dd

iti
ve

 w
er

e 
pr

ep
ar

ed
 u

si
ng

 a
 s

pe
ci

al
 s

yn
th

es
is

 r
ea

ct
or

.F
ro

m
 th

is
 c

yl
in

dr
ic

al
 s

ta
nd

ar
d 

sp
ec

im
en

 (d
ia

m
et

er
 5

.2
 m

m
, h

ei
gh

t 5
.2

 m
m

)w
er

e 
pr

in
te

d.
 F

or
 p

ro
ce

ss
 a

nd
 q

ua
lit

y 
co

nt
ro

l, 
es

ta
bl

is
he

d 
m

ag
ne

tic
 

m
ea

su
re

m
en

t m
et

ho
ds

 w
er

e 
us

ed
 (l

in
ea

ra
nd

 n
on

-li
ne

ar
 d

yn
am

ic
 su

sc
ep

tib
ili

ty
 to

ge
th

er
 w

ith
 st

at
ic

 m
ag

ne
tiz

at
io

n 
m

ea
su

re
m

en
ts

). 
A

 h
om

og
en

ei
ty

 d
em

on
st

ra
to

r 
w

as
 d

ev
el

op
ed

 c
om

po
se

d 
of

 t
en

 s
ta

nd
ar

d 
sp

ec
im

en
s 

st
ac

ke
d 

in
 

bu
ild

in
g 

di
re

ct
io

n.
M

ag
ne

tic
 a

na
ly

si
s 

of
 t

he
 i

nd
iv

id
ua

l 
st

an
da

rd
 h

yb
rid

 m
at

er
ia

l 
sp

ec
im

en
s 

sh
ow

ed
 t

ha
t 

no
 

se
di

m
en

ta
tio

n 
of

 th
e 

M
N

P
oc

cu
rr

ed
 d

ur
in

g 
th

e 
m

an
uf

ac
tu

rin
g 

pr
oc

es
s (

du
ra

tio
n 

8
h,

 h
ei

gh
t 1

0
cm

)f
or

 a
ny

 o
f t

he
 

fa
br

ic
at

ed
 m

ag
ne

tic
 c

om
po

si
te

s. 
H

ow
ev

er
, t

he
 in

ve
st

ig
at

io
n 

of
 th

e 
m

ag
ne

tic
 p

ro
pe

rti
es

 r
ev

ea
le

d 
an

 u
ne

xp
ec

te
d 

ea
sy

-p
la

ne
 (p

er
pe

nd
ic

ul
ar

 to
 th

e b
ui

ld
in

g 
z-

ax
is

) a
ni

so
tro

py
 in

 th
es

ta
nd

ar
d 

sa
m

pl
e b

od
ie

s(
se

e F
ig

.).
 T

hi
s i

nd
ic

at
es

 
th

at
 th

e 
M

N
P

pr
ef

er
 to

 a
lig

n 
th

ei
r m

ag
ne

tic
 m

om
en

ts
 w

ith
in

 th
e 

pr
in

tin
g 

pl
an

e.
 R

es
ul

ts
 sh

ow
 th

at
 th

e 
fo

rm
at

io
n 

of
 

m
ag

ne
tic

 e
as

y 
pl

an
e

an
is

ot
ro

py
 in

 th
e 

A
M

pr
oc

es
s i

s i
nf

lu
en

ce
d 

by
 th

e 
M

N
P

ty
pe

 a
nd

 c
on

ce
nt

ra
tio

n 
us

ed
.D

ue
 to

 
th

is
 s

pe
ci

al
 b

eh
av

io
r 

of
 th

e 
m

an
uf

ac
tu

re
d 

bo
di

es
, t

he
 o

rie
nt

at
io

n 
of

 th
es

e 
co

ul
d 

be
 v

is
ua

liz
ed

 u
si

ng
 m

ul
tic

ol
or

 
m

ag
ne

tic
 p

ar
tic

le
 im

ag
in

g
(M

PI
)i

n 
a 

pr
ec

lin
ic

al
 M

PI
 sc

an
ne

r(
B

ru
ke

r)
.

Th
e 

A
M

 o
f m

at
er

ia
ls

 w
ith

 a
ni

so
tro

pi
c 

m
ag

ne
tic

 b
eh

av
io

r m
ig

ht
 fi

nd
 b

ro
ad

 a
pp

lic
at

io
n 

in
 m

ag
ne

tic
 la

be
lli

ng
,

su
ch

 a
s M

ag
ne

tic
 P

ar
tic

le
 Im

ag
in

g-
gu

id
ed

 e
nd

ov
as

cu
la

r d
ev

ic
es

. 

a
b

Fi
gu

re
.(

a)
Cy

lin
de

r m
ad

e 
of

 p
ol

ym
er

ic
 m

ag
ne

tic
 h

yb
rid

 m
at

er
ia

la
dd

iti
ve

ly
 m

an
uf

ac
tu

re
d 

in
 b

ui
ld

in
g-

di
re

ct
io

n
z.

(b
) 

M
ag

ne
tic

 m
ea

su
re

m
en

t (
m

ag
ne

tic
 p

ar
tic

le
 sp

ec
tro

sc
op

y)
 o

f t
he

 c
yl

in
de

rm
ad

e 
of

 m
ag

ne
tic

 c
om

po
si

te
 a

t d
iff

er
en

t a
ng

le
s Θ

w
ith

 re
sp

ec
t t

o 
th

e 
bu

ild
in

g-
di

re
ct

io
n

z.

A
ck

no
w

le
dg

em
en

t:

Th
is

 p
ro

je
ct

 w
as

 fu
nd

ed
 b

y 
th

e 
Fe

de
ra

l M
in

is
try

 fo
r E

co
no

m
ic

 A
ff

ai
rs

 a
nd

 C
lim

at
e 

A
ct

io
n 

w
ith

in
 th

e 
Tr

an
sM

eT
 p

ro
je

ct
 

“N
A
N
O
RM

”.
W

e 
fu

rth
er

 th
an

k 
th

e 
B

-s
m

ar
t L

ab
 o

f P
TB

 fo
r t

he
 su

pp
or

t w
ith

 a
dd

iti
ve

 m
an

uf
ac

tu
rin

g.

R
ef

er
en

ce
s:

[1
] A

. R
ui

z;
 S

. G
ar

g;
 S

. S
tre

et
er

, M
.K

. G
ia

llo
re

nz
i, 

E.
La

R
oc

he
lle

, K
. S

am
ko

e;
 B

.W
. P

og
ue

 S
ci

.R
ep

.,
20

21
, 1

1,
 1

71
35

.
[2

] M
.C

.-G
on

za
le

z;
 A

. D
.-A

lfa
ro

; N
. L

.-L
ar

re
a;

 N
. A

le
gr

et
; D

. M
ec

er
re

ye
s A

C
S 

Ap
pl

.P
ol

y.
 M

at
er

.,
20

21
, 3

, 2
86

5-
83

.
[3

] N
. L

öw
a,

 J.
M

. F
ab

er
t; 

D
. G

ut
ke

lc
h;

 H
. P

ay
se

n;
 O

. K
os

ch
; F

. W
ie

kh
or

st
J 

M
ag

n.
M

ag
n.

M
at

er
.,

20
19

,4
69

,4
56

-6
0.

Po
st

er
 #

32



Im
pr

ov
ed

 M
ag

ne
to

-M
icr

of
lu

id
ic 

Se
pa

ra
tio

n 
of

 N
an

op
ar

tic
le

s t
hr

ou
gh

 

Fo
rm

at
io

n 
of

 th
e 
β-

Cy
clo

de
xt

rin
−C

ur
cu

m
in

 In
clu

sio
n 

Co
m

pl
ex

 

Em
ai

l:
Jo

rd
y.

qu
ei

ro
s-

ca
m

po
s@

un
iv

-c
ot

ed
az

ur
.fr

M
ol

ec
ul

ar
 a

ds
or

pt
io

n 
to

 th
e 

na
no

pa
rti

cl
e 

su
rf

ac
e 

m
ay

 sw
itc

h 
th

e 
co

llo
id

al
 in

te
ra

ct
io

ns
 fr

om
 re

pu
ls

iv
e 

to
 a

ttr
ac

tiv
e 

an
d 

pr
om

ot
e 

na
no

pa
rti

cl
e 

ag
gl

om
er

at
io

n.
 If

 th
e n

an
op

ar
tic

le
s a

re
 m

ag
ne

tic
, t

he
n 

th
ei

r a
gg

lo
m

er
at

es
 e

xh
ib

it 
a m

uc
h 

st
ro

ng
er

 r
es

po
ns

e 
to

 e
xt

er
na

l 
m

ag
ne

tic
 f

ie
ld

s 
th

an
 i

nd
iv

id
ua

l 
na

no
pa

rti
cl

es
. 

C
ou

pl
in

g 
be

tw
ee

n 
ad

so
rp

tio
n,

 
ag

gl
om

er
at

io
n,

 a
nd

 m
ag

ne
tis

m
 a

llo
w

s a
 sy

ne
rg

y 
be

tw
ee

n 
th

e 
hi

gh
 sp

ec
ifi

c 
ar

ea
 o

f n
an

op
ar

tic
le

s (
10

0 
m

2/
g)

 a
nd

 
th

ei
r e

as
y 

gu
id

an
ce

 o
r s

ep
ar

at
io

n 
by

 m
ag

ne
tic

 fi
el

ds
. T

hi
s 

ye
t p

oo
rly

 e
xp

lo
re

d 
co

nc
ep

t i
s 

be
lie

ve
d 

to
 o

ve
rc

om
e 

se
ve

re
 r

es
tri

ct
io

ns
 f

or
 s

ev
er

al
 b

io
m

ed
ic

al
 a

pp
lic

at
io

ns
 o

f 
m

ag
ne

tic
 n

an
op

ar
tic

le
s 

re
la

te
d 

to
 th

ei
r 

po
or

 m
ag

ne
tic

 
re

m
ot

e 
co

nt
ro

l. 
In

 t
hi

s 
pr

es
en

ta
tio

n,
 w

e 
te

st
 t

hi
s 

co
nc

ep
t 

us
in

g 
cu

rc
um

in
 (

C
U

R
) 

bi
nd

in
g 

(a
ds

or
pt

io
n)

 t
o 
β-

cy
cl

od
ex

tri
n 

(β
CD

)-
co

at
ed

 i
ro

n 
ox

id
e 

na
no

pa
rti

cl
es

 (
IO

N
P)

. 
C

U
R

 a
ds

or
pt

io
n 

is
 g

ov
er

ne
d 

by
 h

os
t−

gu
es

t 
hy

dr
op

ho
bi

c i
nt

er
ac

tio
ns

 w
ith

 β
CD

 th
ro

ug
h 

th
e f

or
m

at
io

n 
of

 1
:1

 an
d,

 p
os

sib
ly

, 2
:1

 β
CD

:C
U

R 
in

cl
us

io
n 

co
m

pl
ex

es
 

on
 th

e 
IO

N
P 

su
rf

ac
e.

 A
 2

:1
 s

to
ic

hi
om

et
ry

 is
 s

up
po

se
d 

to
 p

ro
m

ot
e 

IO
N

P 
pr

im
ar

y 
ag

gl
om

er
at

io
n,

 fa
ci

lit
at

in
g 

th
e 

fo
rm

at
io

n 
of

 t
he

 s
ec

on
da

ry
 n

ee
dl

e-
lik

e 
ag

gl
om

er
at

es
 u

nd
er

 e
xt

er
na

l 
m

ag
ne

tic
 f

ie
ld

s 
an

d 
th

ei
r 

m
ag

ne
to

-
m

ic
ro

flu
id

ic
 s

ep
ar

at
io

n.
 T

he
 e

ff
ic

ie
nc

y 
of

 th
es

e 
fie

ld
-in

du
ce

d 
pr

oc
es

se
s 

in
cr

ea
se

s 
w

ith
 C

U
R

 c
on

ce
nt

ra
tio

n 
an

d 
βC

D
 s

ur
fa

ce
 d

en
sit

y,
 w

hi
le

 th
ei

r
re

la
tiv

el
y 

sh
or

t t
im

es
ca

le
 (<

5 
m

in
) i

s 
co

m
pa

tib
le

 w
ith

 m
ag

ne
tic

 d
ru

g 
de

liv
er

y 
ap

pl
ic

at
io

n.

Fi
g.

M
ec

ha
ni

sm
 o

f 
pr

im
ar

y 
ag

gl
om

er
at

io
n 

of
 β

CD
-c

oa
te

d 
IO

N
P 

th
ro

ug
h 

th
e 

fo
rm

at
io

n 
of

a 
2:

1 
βC

D
:C

U
R

 
in

cl
us

io
n 

co
m

pl
ex

.T
he

 a
dd

iti
on

 o
f 

C
U

R
 to

 th
e 

na
no

pa
rti

cl
e 

so
lu

tio
n 

is
 e

xp
ec

te
d 

to
 p

ro
m

ot
e 

bo
th

 1
:1

 a
nd

 2
:1

 
βC

D
:C

U
R 

in
cl

us
io

n 
co

m
pl

ex
es

 o
n 

th
e 

IO
N

P 
su

rfa
ce

w
ith

sk
et

ch
an

d 
re

su
lts

of
 t

he
 e

xp
er

im
en

ta
l 

se
tu

p 
w

ith
 

m
ic

ro
flu

id
ic

 c
ha

nn
el

(r
ep

re
se

nt
ed

 in
 a

n 
en

la
rg

ed
 s

ca
le

)w
ith

 a
 m

ic
ro

pi
lla

r u
se

d 
fo

r t
he

 m
ag

ne
tic

 s
ep

ar
at

io
n 

w
he

n 
th

e 
fie

ld
-in

du
ce

d 
ag

gr
eg

at
es

 a
cc

um
ul

at
e 

ar
ou

nd
 th

e 
m

ag
ne

tiz
ed

 m
ic

ro
pi

lla
r a

nd
 a

re
 se

pa
ra

te
d 

fr
om

 th
e 

su
sp

en
di

ng
 

liq
ui

d 
un

de
r f

lo
w

.

Po
st

er
 #

33

A
Sc

al
ab

le
 M

ag
ne

tic
 C

on
tr

ol
 S

tr
at

eg
y 

to
Su

pp
re

ss
O

ff
-T

ar
ge

t N
an

op
ar

tic
le

 T
ra

ns
po

rt

N
im

a 
M

ir
kh

an
i1 ,

M
ic

ha
el

 C
hr

is
tia

ns
en

1 , 
an

d 
Si

m
on

e 
Sc

hü
rl

e1*

D
ep

ar
tm

en
t o

f H
ea

lth
 S

ci
en

ce
s a

nd
 T

ec
hn

ol
og

y,
ET

H
 Z

ür
ic

h,
 C

H
-8

09
2 

Zü
ric

h,
 S

w
itz

er
la

nd
,

* E
-m

ai
l: 

si
m

on
e.

sc
hu

er
le

@
he

st
.e

th
z.

ch

A
dv

an
ce

s
in

 n
an

om
ed

ic
in

e 
ha

ve
en

ab
le

d 
de

liv
er

y 
of

 t
he

ra
pe

ut
ic

s 
w

ith
 r

ed
uc

ed
of

f-
ta

rg
et

 e
ff

ec
ts

. 
H

ow
ev

er
,

pa
ss

iv
e

an
d 

ac
tiv

e 
ta

rg
et

in
g 

st
ra

te
gi

es
 e

m
pl

oy
ed

 t
hu

s 
fa

r 
fa

il 
to

 m
ee

t 
th

e 
ex

pe
ct

at
io

ns
fo

r 
en

ha
nc

ed
,s

el
ec

tiv
e 

tra
ns

po
rt 

of
 d

ru
gs

, 
pa

rti
cu

la
rly

in
 h

ar
d-

to
-a

cc
es

s
tis

su
es

su
ch

 a
s

de
ep

-s
ea

te
d

so
lid

 t
um

or
s.

Tw
o 

ap
pr

oa
ch

es
pr

op
os

ed
to

 o
ve

rc
om

e s
uc

h
lim

ita
tio

ns
ar

e t
he

 u
se

 o
fe

xt
er

na
l f

or
ce

s a
nd

 h
ar

ne
ss

in
g 

bi
ol

og
ic

al
 ag

en
ts

 to
 im

pr
ov

e t
he

 
dr

ug
 tr

an
sp

or
t.

M
ag

ne
to

ta
ct

ic
 b

ac
te

ria
 (M

TB
)t

ha
t b

io
m

in
er

al
iz

e
iro

n-
ric

h 
na

no
cr

ys
ta

ls
m

er
ge

 th
e 

be
ne

fit
s o

fb
ot

h 
st

ra
te

gi
es

[1
].

C
om

m
on

 te
ch

ni
qu

es
 fo

rm
ag

ne
tic

al
ly

-a
ss

is
te

d
de

liv
er

y
of

 n
an

os
ca

le
 d

ru
g

ca
rr

ie
rs

su
ff

er
 fr

om
 la

ck
 o

f
sc

al
ab

ili
ty

 a
nd

se
le

ct
iv

ity
fo

r d
ee

p 
ta

rg
et

s.
R

ec
en

tly
,w

e 
re

po
rte

d 
on

 th
e 

ca
pa

bi
lit

y 
of

 M
TB

 to
 a

ct
 a

s f
lo

w
 m

ed
ia

to
rs

 
du

e 
to

 th
ei

r o
pt

im
al

 m
ag

ne
tic

 a
nd

 h
yd

ro
dy

na
m

ic
 p

ro
pe

rti
es

un
de

r R
M

F.
H

er
e,

 w
e 

au
gm

en
tt

he
 s

ca
la

bl
e 

m
ag

ne
tic

 
ac

tu
at

io
n 

sc
he

m
e 

by
 re

nd
er

in
g 

it
se

le
ct

iv
e

th
ro

ug
h 

ad
di

tio
n

of
 a

 m
ag

ne
to

st
at

ic
 fi

el
d.

B
y

su
pe

rim
po

si
ng

 a 
m

ag
ne

to
st

at
ic

 g
at

in
g 

fie
ld

 o
nt

o 
a 

un
ifo

rm
 ro

ta
tin

g 
m

ag
ne

tic
 fi

el
d

(R
M

F)
an

d 
us

in
g 

M
TB

as
a

un
qi

ue
 fl

ow
 m

ed
ia

to
r,

w
e

tra
ns

po
rt 

na
no

pa
rti

cl
es

(N
Ps

)a
s 

m
od

el
 d

ru
g 

ca
rr

ie
rs

 in
lo

ca
tio

ns
 fa

r f
ro

m
 th

e
so

ur
ce

of
 

th
e

m
ag

ne
tic

 fi
el

d.
A

m
ic

ro
flu

id
ic

ch
ip

 c
on

si
st

in
g 

of
a 

ce
nt

ra
l c

ha
m

be
ra

s 
th

e 
m

od
el

 ta
rg

et
tis

su
e,

su
rr

ou
nd

ed
by

 
fo

ur
 o

ff
-ta

rg
et

 ti
ss

ue
 c

ha
m

be
rs

 w
as

 fa
br

ic
at

ed
.S

uc
h 

a 
de

si
gn

al
lo

w
sc

om
pa

rin
g

di
ff

er
en

ts
iz

e
of

m
ag

ne
ts

 p
la

ce
d 

at
 

va
ry

in
g 

di
st

an
ce

sf
ro

m
 th

e 
ce

nt
er

.T
he

 m
ag

ne
to

st
at

ic
fie

ld
di

st
rib

ut
io

n,
ca

lc
ul

at
ed

 th
ro

ug
h

fin
ite

 e
le

m
en

t m
od

el
in

g
us

in
g 

C
O

M
SO

L 
M

ul
tip

hy
si

cs
,i

nd
ic

at
es

th
e 

ab
ili

ty
to

ad
ju

st
th

e 
re

so
lu

tio
n 

of
 th

e 
ze

ro
-p

oi
nt

in
 th

e 
ce

nt
ra

l c
ha

m
be

r
(F

ig
. 1

A
).

PI
V

 a
na

ly
si

s o
f t

he
to

rq
ue

-d
riv

en
tra

ns
la

tio
na

l v
el

oc
ity

of
 M

TB
 in

 th
e 

w
el

ls
 c

on
ta

in
in

g 
on

ly
 th

e
ba

ct
er

ia
l 

su
sp

en
si

on
de

m
on

st
ra

te
sc

om
pl

et
e 

su
pp

re
ss

io
n

of
 m

ot
io

n 
in

 o
ff

-ta
rg

et
 c

ha
m

be
rs

 w
hi

le
 M

TB
st

ill
 g

en
er

at
ed

flo
w

 in
 

th
e

ta
rg

et
ch

am
be

r(
Fi

g.
 1

B)
.

C
on

ta
ct

 p
in

ni
ng

 li
ne

s
ce

nt
ra

lly
in

co
rp

or
at

ed
 in

si
de

ea
ch

 w
el

lc
on

fin
ed

co
lla

ge
n 

in
 th

e 
ce

nt
er

 o
f e

ac
h 

ch
am

be
r,

w
hi

le
an

M
TB

-N
P 

m
ix

tu
re

 w
as

 a
dd

ed
 a

ro
un

d 
th

e
tis

su
e-

m
im

ic
ki

ng
 c

om
pa

rtm
en

t. 
R

M
F

w
as

ge
ne

ra
te

d 
by

 a
n 

el
ec

tro
m

ag
ne

tic
se

tu
p 

co
m

po
se

d 
of

ei
gh

te
le

ct
ro

m
ag

ne
ts

.T
w

o 
di

ff
er

en
t a

ct
ua

tio
n 

sc
he

m
es

w
er

e 
ap

pl
ie

d
fo

r1
h:

i) 
R

M
F

al
on

e 
an

d 
ii)

se
le

ct
io

n 
fie

ld
 w

hi
ch

 is
R

M
F

su
pe

rim
po

se
d

w
ith

m
ag

ne
to

st
at

ic
 f

ie
ld

 f
ro

m
N

dF
eB

m
ag

ne
ts.

Pa
tte

rn
in

g
w

as
co

nf
irm

ed
 u

si
ng

la
be

lle
d 

co
lla

ge
n 

ty
pe

 I
an

d
flu

or
es

ce
nt

N
Ps

.(
Fi

g.
1C

).
N

P 
tra

ns
po

rt 
in

to
 t

he
 

co
lla

ge
n 

w
as

 q
ua

nt
ifi

ed
in

 F
iji

w
he

re
in

te
gr

at
ed

 s
ig

na
ls

w
er

e 
no

rm
al

iz
ed

to
th

e
ze

ro
tim

e
po

in
t.

Tr
an

sp
or

t o
f N

Ps
 

w
as

 re
du

ce
d

to
 th

e 
di

ff
us

io
n 

le
ve

li
n

of
f-

ta
rg

et
 a

re
as

 w
he

n
ex

po
se

d
to

th
e 

se
le

ct
io

n
fie

ld
(F

ig
. 1

D
), 

w
hi

le
 m

or
e 

th
an

40
%

 o
f 

th
e 

m
ag

ne
tic

al
ly

 e
nh

an
ce

d
tra

ns
po

rt 
w

as
 m

ai
nt

ai
ne

d 
in

 t
he

 t
ar

ge
t 

ar
ea

.A
n 

ev
en

 h
ig

he
r 

pe
rc

en
ta

ge
 i

s 
ex

pe
ct

ed
 t

o 
be

 a
ch

ie
ve

d 
in

la
rg

er
 s

et
up

s
at

an
im

al
 o

r 
hu

m
an

sc
al

e.
H

er
e,

a
tra

de
of

f
be

tw
ee

n 
su

pp
re

ss
io

n
an

d 
en

ha
nc

em
en

ti
s a

ttr
ib

ut
ed

to
 fi

el
d 

gr
ad

ie
nt

sa
ct

in
g

ag
ai

ns
t t

he
 tr

an
sp

or
t t

o 
th

e 
ta

rg
et

du
e

to
 it

sp
ro

xi
m

ity
to

 th
e c

oi
ls

.
Th

is
ac

tu
at

io
n

sc
he

m
e

ha
s t

he
 p

ot
en

tia
l t

o
pa

ve
 th

e 
w

ay
 fo

rs
ca

la
bl

e 
an

d 
se

le
ct

iv
e

m
ag

ne
tic

 m
an

ip
ul

at
io

n 
fo

r d
ru

g 
de

liv
er

y
ap

pl
ic

at
io

ns
in

 c
om

bi
na

tio
n 

w
ith

M
TB

 o
rs

yn
th

et
ic

an
al

og
ue

sa
s l

oc
al

ly
co

nt
ro

lle
d 

flo
w

m
ed

ia
to

rs
.

Fi
gu

re
 1

. 
(A

)M
ic

ro
flu

id
ic

 c
hi

p 
co

ns
ist

in
g 

of
 fi

ve
 c

ha
m

be
rs

 a
nd

 fo
ur

 p
er

m
an

en
t m

ag
ne

ts
.(

B
) M

TB
 tr

an
sl

at
io

na
l v

el
oc

ity
 u

nd
er

 R
M

F 
an

d
se

le
ct

io
n 

fie
ld

.(
C

)
C

om
pa

rtm
en

ta
liz

ed
 c

ol
la

ge
n 

an
d 

M
TB

-N
P 

su
sp

en
sio

n.
(D

) N
P 

tra
ns

po
rt 

un
de

rR
M

F 
an

d 
se

le
ct

io
n 

fie
ld

.

[1
]

S.
 S

ch
ue

rle
et

 a
l.,

 S
ci

en
ce

 A
dv

an
ce

s,
vo

l. 
5,

 n
o.

 4
, p

. e
aa

v4
80

3,
 2

01
9.

[2
]

N
. M

irk
ha

ni
et

 a
l.,

 A
dv

an
ce

d 
Fu

nc
tio

na
l M

at
er

ia
ls

, v
ol

. 3
0,

 n
o.

 4
0,

 p
. 2

00
39

12
, 2

02
0

Po
st

er
 #

34



Re
d 

bl
oo

d 
ce

ll 
m

ag
ne

to
ph

or
es

is
 a

s a
 fu

nc
tio

n 
of

 o
xy

ge
n 

pa
rt

ia
l p

re
ss

ur
e.

 

Le
e 

R.
 M

oo
re

1 , N
in

a 
A.

 S
m

ith
1 , M

itc
he

ll 
W

ei
ga

nd
2 , J

en
ife

r G
om

ez
-P

as
to

ra
2 , A

nd
re

 F
. P

al
m

er
2 ,  

Je
ffr

ey
 J.

 C
ha

lm
er

s2 , M
ac

ie
j Z

bo
ro

w
sk

i1 * 
(c

or
re

sp
on

di
ng

 a
ut

ho
r: 

zb
or

ow
m

@
cc

f.o
rg

) 
1 Cl

ev
el

an
d 

Cl
in

ic
, C

le
ve

la
nd

, O
hi

o 
an

d 
2 Th

e 
O

hi
o 

St
at

e 
U

ni
ve

rs
ity

, C
ol

um
bu

s,
 O

hi
o,

 U
.S

.A
. 

Re
d 

bl
oo

d 
ce

ll 
(R

BC
) m

ag
ne

to
ph

or
es

is 
is 

th
e 

m
ag

ne
tic

 fi
el

d-
in

du
ce

d 
ce

ll 
m

ot
io

n 
in

 v
isc

ou
s 

m
ed

ia
 su

ch
 a

s b
lo

od
 p

la
sm

a 
or

 p
hy

sio
lo

gi
c 

sa
lin

e 
so

lu
tio

ns
. W

e 
st

ud
ie

d 
it 

as
 a

 fu
nc

tio
n 

of
 th

e 
co

nc
en

tr
at

io
n 

of
 d

iss
ol

ve
d 

ox
yg

en
 in

 n
or

m
al

 R
BC

s u
sin

g 
ce

ll 
tr

ac
ki

ng
 v

el
oc

im
et

ry
 (C

TV
, F

ig
. 1

A)
 

[1
]. 

Th
e 

he
m

og
lo

bi
n 

(H
b)

 m
ag

ne
tic

 su
sc

ep
tib

ili
ty

 c
ha

ng
es

 fr
om

 d
ia

m
ag

ne
tic

 (w
he

n 
fu

lly
 

ox
yg

en
at

ed
, o

xy
Hb

) t
o 

pa
ra

m
ag

ne
tic

 (w
he

n 
fu

lly
 d

eo
xy

ge
na

te
d,

 d
eo

xy
Hb

) r
es

ul
tin

g 
in

 a
 sm

al
l 

sh
ift

 in
 th

e 
RB

C 
di

am
ag

ne
tic

 su
sc

ep
tib

ili
ty

 fr
om

 lo
w

er
 th

an
 th

at
 o

f w
at

er
 (-

9.
05

10
-6

) t
o 

a 
hi

gh
er

 
th

an
 th

at
 o

f w
at

er
, r

es
pe

ct
iv

el
y.

 W
e 

sy
st

em
at

ic
al

ly
 m

ea
su

re
d 

th
e 

re
su

lti
ng

 c
ha

ng
es

 in
 th

e 
RB

C 
m

ag
ne

to
ph

or
es

is 
as

 a
 fu

nc
tio

n 
of

 in
cr

em
en

ta
l c

ha
ng

es
 in

 th
e 

so
lu

tio
n 

O
2 c

on
ce

nt
ra

tio
n 

(m
ea

su
re

d 
by

 th
e 

O
2 p

ar
tia

l p
re

ss
ur

e,
 p

O
2)

 a
nd

 c
om

pa
re

d 
th

em
 w

ith
 th

e 
O

2 e
qu

ili
br

iu
m

 c
ur

ve
 

(O
EC

, b
y 

He
m

ox
 A

na
ly

ze
r a

nd
 B

lo
od

 O
xy

ge
n 

Bi
nd

in
g 

Sy
st

em
, B

O
BS

™
). 

 

 
Th

e 
de

-id
en

tif
ie

d,
 n

or
m

al
 b

lo
od

 sa
m

pl
es

 w
er

e 
pr

oc
ur

ed
 fr

om
 th

e 
Cl

ev
el

an
d 

Cl
in

ic
 P

at
ho

lo
gy

 
di

sc
ar

de
d 

tis
su

e 
re

po
sit

or
y 

w
ith

 th
e 

ap
pr

ov
al

 o
f t

he
 in

st
itu

tio
na

l e
th

ic
s c

om
m

itt
ee

. T
he

 
re

su
lti

ng
 d

ep
en

de
nc

e 
of

 th
e 

RB
C 

m
ag

ne
to

ph
or

et
ic

 v
el

oc
ity

, u
m

 (i
n 

m
/s

) o
n 

pO
2 (

in
 m

ill
im

et
er

s 
m

er
cu

ry
, m

m
Hg

) r
es

em
bl

ed
 a

n 
in

ve
rt

ed
, s

ig
m

oi
da

l s
ha

pe
 c

ha
ra

ct
er

ist
ic

 o
f t

he
 O

EC
 c

ur
ve

 (F
ig

. 
1B

) i
nd

ic
at

in
g 

th
at

 th
e 

in
tr

ac
el

lu
la

r H
b 

m
ag

ne
tic

 m
om

en
t c

ha
ng

es
 a

cc
or

di
ng

 to
 th

e 
ki

ne
tic

s o
f 

th
e 

co
op

er
at

iv
e 

Hb
-O

2 b
in

di
ng

. U
nd

er
st

an
di

ng
 th

e 
de

ta
ile

d 
m

ec
ha

ni
sm

 o
f R

BC
 

m
ag

ne
to

ph
or

es
is 

m
ay

 p
ro

vi
de

 a
dd

iti
on

al
 m

ea
ns

 to
 d

ia
gn

os
e 

an
d 

tr
ea

t h
em

at
ol

og
ic

al
 d

ise
as

es
. 

[1
] X

ue
, W

., 
M

oo
re

, L
. R

., 
N

ak
an

o,
 N

., 
Ch

al
m

er
s,

 J.
 J.

, a
nd

 Z
bo

ro
w

sk
i, 

M
. (

20
19

) S
in

gl
e 

ce
ll 

m
ag

ne
to

m
et

ry
 b

y 
m

ag
ne

to
ph

or
es

is 
vs

. b
ul

k 
ce

ll 
su

sp
en

sio
n 

by
 S

Q
U

ID
-M

PM
S:

 - 
A 

co
m

pa
ris

on
. 

JM
M
M

 4
74

: 1
52

-1
60

. d
oi

: 1
0.

10
16

/j.
jm

m
m

.2
01

8.
10

.1
08

 

Po
st

er
 #

35

M
ag

ne
tic

 b
io

-h
yb

rid
 m

ic
ro

ro
bo

ts
 fo

r t
ar

ge
te

d 
st

em
 c

el
l 

de
liv

er
y 

K
ia

na
 A

bo
lfa

th
i1 ,

R
al

f M
.Z

w
ac

ka
2 ,

A
nd

re
a

M
oh

r2*
,A

li 
K

.H
os

hi
ar

1*

1 S
ch

oo
l o

f C
om

pu
te

r S
ci

en
ce

 a
nd

 E
le

ct
ro

ni
c 

En
gi

ne
er

in
g,

 U
ni

ve
rs

ity
 o

f E
ss

ex
, C

ol
ch

es
te

r C
O

4 
3S

Q
, U

K

Sc
ho

ol
 o

f L
ife

 S
ci

en
ce

s,
 P

ro
te

in
 S

tru
ct

ur
e 

an
d 

M
ec

ha
ni

sm
 o

f D
is

ea
se

 G
ro

up
, C

an
ce

r a
nd

 S
te

m
 C

el
l B

io
lo

gy
 

La
bo

ra
to

ry
,U

ni
ve

rs
ity

 o
f E

ss
ex

, C
ol

ch
es

te
r C

O
4 

3S
Q

, U
K

am
oh

r@
es

se
x.

ac
.u

k,
a.

ka
fa

sh
ho

sh
ia

r@
es

se
x.

ac
.u

k

Sm
al

l-s
ca

le
 (m

ic
ro

/n
an

o)
 ro

bo
ts

em
er

ge
d 

as
 a

 re
vo

lu
tio

na
ry

 to
ol

 fo
r m

in
im

al
ly

 in
va

si
ve

 a
nd

 
no

n-
in

va
si

ve
 i

nt
er

ve
nt

io
ns

. 
O

ne
 o

f 
th

e 
m

aj
or

 a
pp

lic
at

io
ns

 o
f 

th
es

e 
ro

bo
ts

 i
s 

ta
rg

et
ed

 
dr

ug
/s

te
m

 c
el

l d
el

iv
er

y 
fo

r c
an

ce
r t

re
at

m
en

t. 
Th

e 
pr

im
ar

y 
go

al
 in

 th
is

 a
pp

ro
ac

h 
is

 to
 im

pr
ov

e
a 

dr
ug

/s
te

m
ce

ll 
de

liv
er

y 
to

 a
de

si
re

d 
lo

ca
tio

n
to

 p
ro

vi
de

 a
n 

op
tim

al
 c

on
ce

nt
ra

tio
n 

of
 t

he
 

th
er

ap
eu

tic
 a

ge
nt

.

W
e

fa
br

ic
at

ed
bi

o-
hy

br
id

 m
ic

ro
ro

bo
ts

(F
ig

. 
1 

(a
))

by
 l

ab
el

lin
g 

m
es

en
ch

ym
al

 s
te

m
 c

el
ls

 
(M

SC
s)

 w
ith

m
ag

ne
tp

ar
tic

le
s. 

Th
es

e
ca

n 
be

 m
ag

ne
tic

al
ly

 g
ui

de
d 

un
de

r 
a 

ro
ta

tin
g 

m
ag

ne
tic

 
fie

ld
 (F

ig
. 1

 (b
))

. I
n 

th
is

 st
ud

y,
 fi

rs
t, 

th
e 

ef
fe

ct
iv

e 
fo

rc
es

 o
n 

th
e 

m
ic

ro
ro

bo
t a

re
in

tro
du

ce
d 

an
d 

th
e 

ro
ta

tin
g 

m
ag

ne
tic

 fi
el

d 
is

 s
tu

di
ed

.T
o 

id
en

tif
y 

th
e 

ef
fe

ct
s 

of
 fa

br
ic

at
io

n 
pa

ra
m

et
er

s 
on

 th
e 

bi
o-

hy
br

id
 m

ic
ro

ro
bo

ts
 c

yt
oc

om
pa

tib
ili

ty
an

d 
m

ag
ne

tic
 r

es
po

ns
iv

en
es

s
ar

e
ex

pe
rim

en
ta

lly
 

st
ud

ie
d 

us
in

g 
a 

m
ag

ne
tic

 m
ic

ro
ro

bo
tic

s s
ys

te
m

(F
ig

. 1
 (b

))
.

Th
e 

im
ag

e 
pr

oc
es

si
ng

 te
ch

ni
qu

es
 (F

ig
. 1

 (c
 a

nd
 d

)) 
ar

e 
us

ed
 to

 e
xt

ra
ct

 in
fo

rm
at

io
n 

in
cl

ud
in

g 
th

e 
m

ic
ro

ro
bo

ts
 s

iz
e,

 t
he

 v
el

oc
ity

 u
nd

er
 d

iff
er

en
t 

m
ag

ne
tic

 f
ie

ld
 c

on
di

tio
ns

 a
nd

 v
el

oc
ity

 
un

de
r 

di
ff

er
en

tf
ab

ric
at

io
n 

pa
ra

m
et

er
s. 

Th
e 

m
os

t i
nf

lu
en

tia
l p

ar
am

et
er

s 
ar

e 
id

en
tif

ie
d 

us
in

g 
th

e
re

su
lti

ng
 e

xp
er

im
en

ta
l d

at
a.

Fi
g.

 1
_ 

(a
) 

Th
e 

bi
o-

hy
br

id
m

ic
ro

ro
bo

t
co

ns
is

t
of

 M
SC

s
lo

ad
ed

w
ith

 n
an

op
ar

tic
le

s,
(b

) 
M

FG
10

0 
m

ag
ne

tic
 

m
ic

ro
ro

bo
tic

s 
sy

st
em

 t
o 

st
ud

y 
ro

ta
tin

g
m

ag
ne

tic
 f

ie
ld

, 
(c

an
d 

d)
im

ag
e 

pr
oc

es
s 

of
 t

he
 m

ic
ro

ro
bo

ts
 f

or
 

ch
ar

ac
te

riz
at

io
n

Po
st

er
 #

36



M
ag

ne
to

re
sp

on
si

ve
 n

an
oc

om
po

si
te

 a
gg

re
ga

tio
n 

du
rin

g 
m

ag
ne

tic
 ta

rg
et

in
g

Sa
nd

or
 I.

 B
ER

N
A

D
1,
*, 

Vl
ad

 S
O

CO
LI

U
C

1 , 
D

an
ie

la
 S

U
SA

N-
R

ES
IG

A
 2 ,

Iz
ab

el
l C

R
A

CI
U

N
ES

C
U

3 ,
R

od
ic

a 
TU

R
C

U
3 ,

El
en

a 
S.

 B
ER

N
A

D 
4 ,

M
ar

ia
 IO

N
C

IC
A

 5 ,
La

di
sl

au
 V

EK
A

S
1

1
C

en
tre

 fo
r F

un
da

m
en

ta
l a

nd
 A

dv
an

ce
d 

Te
ch

ni
ca

l R
es

ea
rc

h,
 R

om
an

ia
n 

Ac
ad

em
y 

-T
im

is
oa

ra
 B

ra
nc

h
2

W
es

t U
ni

ve
rs

ity
 o

f T
im

is
oa

ra
, F

ac
ul

ty
 o

f P
hy

si
cs

, T
im

is
oa

ra
, R

om
an

ia
3

N
at

io
na

l I
ns

tit
ut

e 
fo

r R
es

ea
rc

h 
an

d 
D

ev
el

op
m

en
t o

f I
so

to
pi

c 
an

d 
M

ol
ec

ul
ar

 T
ec

hn
ol

og
ie

s 
(IN

C
D

TI
M

), 
C

lu
j-N

ap
oc

a,
 R

om
an

ia
4

U
ni

ve
rs

ity
 o

f M
ed

ic
in

e 
an

d 
Ph

ar
m

ac
y 

“V
ic

to
r B

ab
es

” T
im

is
oa

ra
, T

im
is

oa
ra

, R
om

an
ia

5
Po

lit
eh

ni
ca

U
ni

ve
rs

ity
 o

f T
im

is
oa

ra
, D

ep
ar

tm
en

t o
f M

ec
ha

ni
ca

l M
ac

hi
ne

s,
 E

qu
ip

m
en

t a
nd

 T
ra

ns
po

rta
tio

n,
 

Ti
m

is
oa

ra
, R

om
an

ia
E-

m
ai

l: 
*s

an
do

r.b
er

na
d@

up
t.r

o

Th
e 

po
ly

m
er

, p
ol

ye
th

yl
en

e 
gl

yc
ol

 (P
EG

), 
is 

a 
st

ab
le

, b
io

co
m

pa
tib

le
, h

yd
ro

ph
ili

c p
ol

ym
er

, w
hi

ch
 h

as
 b

ee
n 

ex
te

ns
iv

el
y

st
ud

ie
d 

fo
r a

pp
lic

at
io

ns
 to

 d
ru

g 
de

liv
er

y.
 M

or
eo

ve
r, 

PE
G 

re
du

ce
s 

th
e 

re
sp

on
se

 o
f t

he
 im

m
un

e 
sy

st
em

 to
 n

an
op

ar
tic

le
s. 

To
 re

du
ce

 th
e 

cle
ar

an
ce

 o
f t

he
 n

an
op

ar
tic

le
s f

ro
m

 th
e 

cir
cu

la
tio

n,
 th

er
eb

y 
al

lo
w

in
g 

a 
lo

ng
er

 c
irc

ul
at

io
n 

tim
e 

an
d 

m
or

e 
na

no
pa

rt
icl

e 
ac

cu
m

ul
at

io
n 

at
 t

he
 t

ar
ge

t 
sit

e.
 M

NP
s 

ar
e 

pr
on

e 
to

 
ag

gr
eg

at
io

n 
du

e 
to

 m
ag

ne
tic

 d
ip

ol
e-

di
po

le
 in

te
ra

ct
io

ns
 o

r V
an

 d
er

 W
aa

ls 
fo

rc
es

 w
hi

ch
 le

ad
 to

 th
ei

r d
et

ec
tio

n 
an

d 
cle

ar
an

ce
 fr

om
 th

e 
hu

m
an

 b
od

y 
by

 th
e 

m
on

on
uc

le
ar

 p
ha

go
cy

tic
 sy

st
em

 (M
PS

2)
 b

ef
or

e 
th

ey
 c

an
 re

ac
h 

th
ei

r 
ta

rg
et

 s
ite

s, 
th

us
, l

im
iti

ng
 t

he
ir 

bi
om

ed
ica

l a
pp

lic
at

io
ns

. T
o 

ge
ne

ra
te

 t
he

 m
ag

ne
tic

 fi
el

d,
 w

e 
us

ed
 a

 
Ne

od
ym

iu
m

 5
0 

ty
pe

 m
ag

ne
t (

Nd
Fe

B5
0)

 w
ith

 a
 m

ax
im

um
 e

ne
rg

y p
ro

du
ct

 (B
xH

) o
f 5

0 
M

GO
e.

 D
ur

in
g m

ag
ne

tic
 

pa
rt

icl
e 

ta
rg

et
in

g,
 2

0 
m

l o
f t

he
 m

od
el

 s
us

pe
ns

io
ns

 a
re

 in
je

ct
ed

 b
y 

th
e 

sy
rin

ge
 p

um
p 

in
 th

e 
m

ea
n 

flo
w

 in
to

 
th

e 
ar

te
ry

 m
od

el
. I

n 
th

e 
pr

es
en

t e
xp

er
im

en
t, 

th
e 

M
C_

PE
G 

de
liv

er
y 

at
 th

e 
ta

rg
et

ed
 si

te
 is

 a
ch

ie
ve

d 
by

 fl
ow

-
m

ed
ia

te
d 

pa
rt

icl
e 

tr
an

sp
or

t. 
Th

e 
ev

ol
ut

io
n 

of
 t

he
 f

un
ct

io
na

liz
ed

 m
ag

ne
to

re
sp

on
siv

e 
clu

st
er

s 
bu

ild
-u

p 
is 

ac
qu

ire
d 

at
 a

 fr
am

e 
ra

te
 o

f 3
0 

fra
m

es
/s

. T
he

 M
P’

s d
ep

os
iti

on
 a

nd
 th

e 
m

ag
ne

tic
al

ly
 in

du
ce

d 
ch

ai
n 

le
ng

th
 a

re
 

in
ve

st
ig

at
ed

 a
t t

he
 e

nd
 o

f t
he

 in
je

ct
io

ns
 (a

fte
r 3

0 
s)

.

Fi
gu
re
:(
A)

TE
M

 im
ag

e 
of

 th
e 

m
ag

ne
tic

 n
an

oc
lu

st
er

s 
co

at
ed

 w
ith

 P
EG

.(
B)

Vi
sc

os
ity

 c
ur

ve
s 

fo
r 

bl
oo

d 
(v

al
ue

s 
fro

m
 

lit
er

at
ur

e 
an

d 
he

al
th

y 
vo

lu
nt

ee
r),

 P
EG

-c
oa

te
d 

fu
nc

tio
na

lis
ed

 n
an

oc
om

po
sit

e 
(M

C_
PE

G)
, a

nd
 m

od
el

 su
sp

en
sio

n 
flu

id
 

(c
ar

rie
r f

lu
id

 +
 0

.1
%

 M
C_

PE
G)

.(
C)

Ag
gr

eg
at

io
n 

of
 th

e 
M

C_
PE

G 
co

at
ed

 n
an

oc
om

po
sit

e 
in

 ca
rr

ie
r f

lu
id

 u
nd

er
 th

e 
ac

tio
n 

of
 th

e 
m

ag
ne

tic
 fi

el
d.

Po
st

er
 #

37

T
he

 e
ff

ec
t o

f S
PI

O
N

s m
od

ifi
ed

 b
y 

al
um

in
iu

m
 n

an
op

ar
tic

le
s o

n 
th

e 
gr

ow
th

 
of

 S
. a

ur
eu

s a
nd

 E
. c

ol
i

To
m

as
 G

ro
nd

za
k1

* , 
Ja

ku
b 

Pe
tr

us
1 , 

Ja
na

 M
ei

ss
ne

ro
va

1 , 
B

oz
en

a 
H

os
ne

dl
ov

a2
, 

E
va

 K
la

pk
ov

a1
, 

Ve
dh

a 
H

ar
i B

 N
ar

ay
an

an
3 , 

Ja
na

 C
ep

ov
a1

, R
ic

ha
rd

 P
ru

sa
1  a

nd
 R

en
e 

K
iz

ek
1

1 D
ep

ar
tm

en
t o

f M
ed

ic
al

 C
he

m
is

try
 a

nd
 C

lin
ic

al
 B

io
ch

em
is

try
, S

ec
on

d 
Fa

cu
lty

 o
f M

ed
ic

in
e,

 C
ha

rle
s U

ni
ve

rs
ity

 
in

 P
ra

gu
e 

an
d 

M
ot

ol
 U

ni
ve

rs
ity

 H
os

pi
ta

l, 
V

 Ú
va

lu
 8

4,
 1

50
 0

6 
Pr

ag
ue

 5
, C

ze
ch

ia
2 B

IO
C

EV
, F

irs
t F

ac
ul

ty
 o

f M
ed

ic
in

e,
 C

ha
rle

s U
ni

ve
rs

ity
, P

rů
m

ys
lo

vá
 5

95
, 2

52
 5

0 
Ve

st
ec

, C
ze

ch
ia

3 P
ha

rm
ac

eu
tic

al
 T

ec
hn

ol
og

y 
La

b,
 S

ch
oo

l o
f C

he
m

ic
al

 &
 B

io
te

ch
no

lo
gy

, S
A

ST
R

A
 D

ee
m

ed
 U

ni
ve

rs
ity

, 
Th

an
ja

vu
r-6

13
40

1,
 In

di
a

*E
m

ai
l: 

to
m

as
gr

on
dz

ak
@

gm
ai

l.c
om

U
nd

er
st

an
di

ng
 t

he
 i

m
po

rta
nc

e 
of

 m
et

ho
do

lo
gy

 i
n 

tra
di

tio
na

l 
m

ed
ic

in
e 

co
ul

d 
pr

ov
id

e 
us

 w
ith

 
ad

di
tio

na
l k

no
w

le
dg

e 
ab

ou
t t

he
 d

ev
el

op
m

en
t o

f 
ne

w
 d

ru
gs

 f
or

 s
er

io
us

 d
is

ea
se

s. 
A

nt
ib

io
tic

 r
es

is
ta

nc
e 

po
se

s a
 si

gn
ifi

ca
nt

 th
re

at
 in

 th
e 

tre
at

m
en

t o
f b

ac
te

ria
l i

nf
ec

tio
ns

. E
th

no
bo

ta
ny

 p
ro

vi
de

s u
s w

ith
 a

 lo
t o

f 
in

fo
rm

at
io

n 
ab

ou
t 

pl
an

ts
 w

ith
 r

em
ar

ka
bl

e 
an

tib
ac

te
ria

l 
ef

fe
ct

s, 
su

ch
 a

s 
ne

em
 (

Az
ad

ir
ac

ht
a 

in
di

ca
). 

Fu
rth

er
m

or
e,

 n
an

om
ed

ic
in

e 
br

in
gs

 a
dd

iti
on

al
 p

os
si

bi
lit

ie
s, 

th
an

ks
 to

 d
iff

er
en

t t
yp

es
 a

nd
 v

ar
ia

tio
ns

 o
f 

na
no

pa
rti

cl
es

. I
n 

th
is

 w
or

k,
 w

e 
fo

cu
se

d 
on

 a
 n

ew
 ty

pe
 o

f a
lu

m
in

um
 n

an
op

ar
tic

le
s (

A
lN

Ps
) w

hi
ch

 w
er

e 
sy

nt
he

si
ze

d 
by

 th
e 

gr
ee

n 
m

et
ho

d 
fr

om
 th

e 
le

av
es

 o
f 

Az
ad

ir
ac

ht
a 

in
di

ca
 (

A
lN

Ps
N

). 
SP

IO
N

s 
(F

e 3
O

4)
 

w
er

e 
pr

ep
ar

ed
 a

cc
or

di
ng

 to
 s

ta
nd

ar
d 

pr
oc

ed
ur

e
an

d 
th

en
 p

ur
ifi

ed
 o

n 
a 

m
ag

ne
t. 

A
ll 

na
no

pa
rti

cl
es

 w
er

e 
ly

op
hi

liz
ed

 (4
8 

h,
 -8

0 
°C

) a
nd

 th
en

 c
on

ve
rte

d 
to

 a
 s

ol
ut

io
n 

by
 s

on
ic

at
io

n 
(6

0 
m

in
, 4

0 
W

). 
Fo

r t
es

tin
g,

 
SP

IO
N

s 
w

er
e 

m
od

ifi
ed

 w
ith

 c
hi

to
sa

n 
(3

00
 r

pm
, 2

5 
°C

), 
th

en
 p

ur
ifi

ed
 o

n 
a 

m
ag

ne
t. 

SP
IO

N
s/

C
hi

to
 

w
er

e 
su

bs
eq

ue
nt

ly
 m

od
ifi

ed
 w

ith
 A

lN
Ps

N
 (

30
0 

rp
m

, 2
5 

°C
, 6

 h
). 

A
fte

rw
ar

ds
, t

he
 p

ar
tic

le
s 

(S
PI

O
N

s/
C

hi
to

/A
lN

Ps
N

) 
w

er
e 

w
as

he
d 

w
ith

 p
ho

sp
ha

te
 b

uf
fe

r 
(p

H
 7

) 
an

d 
th

ei
r 

pr
op

er
tie

s 
w

er
e 

st
ud

ie
d 

on
 

ba
ct

er
ia

l c
ul

tu
re

s 
(S

. a
ur

eu
s 

(M
SS

A
, M

R
SA

) 
an

d 
E.

 c
ol

i),
 w

hi
ch

 w
er

e 
gr

ow
n 

re
pr

od
uc

ib
ly

 in
 a

 p
ur

e 
m

ed
iu

m
 (t

he
 a

re
as

 u
nd

er
 th

e 
gr

ow
th

 c
ur

ve
s 

(A
U

C
s)

 w
er

e 
co

ns
id

er
ed

 a
s 

a 
ba

se
lin

e)
. T

he
 a

nt
ib

ac
te

ria
l 

ac
tiv

ity
 o

f p
ar

tic
le

s w
as

 o
bs

er
ve

d 
on

 b
ac

te
ria

l g
ro

w
th

 c
ur

ve
s, 

w
hi

ch
 w

er
e 

m
ea

su
re

d 
at

 4
50

 n
m

/5
40

 n
m

 
fo

r 
24

 h
ou

rs
 a

t 2
5 

°C
, 3

00
 r

pm
 a

t 0
.0

1 
O

D
 in

 L
B

 m
ed

iu
m

, r
ep

ea
te

dl
y 

in
 f

ou
r 

cy
cl

es
. A

lN
Ps

N
 a

lo
ne

 
w

er
e 

ad
de

d 
to

 th
e 

ba
ct

er
ia

 a
t c

on
ce

nt
ra

tio
ns

 o
f 3

00
–1

60
0 
µg

/m
L.

 T
he

 re
su

lts
 w

er
e 

ev
al

ua
te

d 
as

 A
U

C
s. 

Fo
llo

w
in

g 
th

e 
ad

di
tio

n 
of

 A
lN

Ps
N

, t
he

 m
in

im
um

 in
hi

bi
to

ry
 c

on
ce

nt
ra

tio
ns

 (M
IC

s)
 a

nd
 th

e 
m

in
im

um
 

ba
ct

er
ic

id
al

 c
on

ce
nt

ra
tio

ns
 (M

B
C

s)
 w

er
e 

ob
se

rv
ed

 to
 b

e 
lo

w
er

 fo
r E

. c
ol

i (
M

IC
 =

 3
10

 µ
g/

m
L,

 M
B

C
 =

 
63

0 
µg

/m
L)

 th
an

 fo
r S

. a
ur

eu
s 

(M
SS

A
 (M

IC
 =

 4
70

 µ
g/

m
L,

 M
IB

 =
 1

38
0 
µg

/m
L)

, M
R

SA
 (M

IC
 =

 4
80

 
µg

/m
L,

 M
B

C
 =

 1
56

0 
µg

/m
L)

). 
A

l3+
 a

lo
ne

 w
er

e 
m

or
e 

ef
fe

ct
iv

e 
fo

r E
. c

ol
i (

M
IC

 =
 6

 µ
g/

m
L,

 M
B

C
 =

 2
2 

ug
/m

L)
 th

an
 f

or
 S

. a
ur

eu
s 

(M
SS

A
 (

M
IC

 =
 9

 µ
g/

m
L,

 M
B

C
 =

 2
5 
µg

/m
L)

, M
R

SA
 (

M
IC

 =
 7

 µ
g/

m
L,

 
M

B
C

 =
 2

3 
µg

/m
L)

). 
Th

e 
st

ud
y 

pr
ov

id
ed

 i
ni

tia
l 

in
fo

rm
at

io
n 

on
 t

he
 e

ffe
ct

 o
f 

ne
w

ly
 s

yn
th

es
iz

ed
 

na
no

pa
rti

cl
es

 o
n 

S.
 a

ur
eu

s a
nd

 E
. c

ol
i.

Fi
gu

re
. S

PI
O

N
s m

od
ifi

ed
 w

ith
 c

hi
to

sa
n 

an
d 

su
bs

eq
ue

nt
ly

 w
ith

 a
lu

m
in

um
 n

an
op

ar
tic

le
s f

or
 a

nt
im

ic
ro

bi
al

 a
ct

iv
ity

 m
on

ito
rin

g 
an

d 
po

te
nt

ia
lly

 fu
rth

er
 ta

rg
et

in
g 

th
e 

in
fe

ct
io

n 
si

te
.

A
ck

no
w

le
dg

em
en

ts
. T

he
 p

ro
je

ct
 is

 b
ei

ng
 im

pl
em

en
te

d 
un

de
r t

he
 g

ra
nt

 p
ro

je
ct

 M
Z 
Č

R
 –

 R
V

O
, F

N
 in

 M
ot

ol
 0

00
64

20
3.

Po
st

er
 #

38



T
he

 e
ff

ec
t o

f S
PI

O
N

s m
od

ifi
ed

 b
y 

si
lv

er
 n

an
op

ar
tic

le
s a

nd
 v

an
co

m
yc

in
 o

n 
th

e 
gr

ow
th

 o
f S

. a
ur

eu
s a

nd
 E

. c
ol

i 
Ja

na
 C

ep
ov

a1
, T

om
as

 G
ro

nd
za

k1
* , 

Ja
ku

b 
Pe

tr
us

1 , 
B

oz
en

a 
H

os
ne

dl
ov

a2
, E

va
 K

la
pk

ov
a1

, 
Ve

dh
a 

H
ar

i B
 N

ar
ay

an
an

3 , 
H

oa
i V

ie
t N

gu
ye

n4
, R

ic
ha

rd
 P

ru
sa

1  a
nd

 R
en

e 
K

iz
ek

1

1 D
ep

ar
tm

en
t o

f M
ed

ic
al

 C
he

m
is

try
 a

nd
 C

lin
ic

al
 B

io
ch

em
is

try
, S

ec
on

d 
Fa

cu
lty

 o
f M

ed
ic

in
e,

 C
ha

rle
s U

ni
ve

rs
ity

 
in

 P
ra

gu
e 

an
d 

M
ot

ol
 U

ni
ve

rs
ity

 H
os

pi
ta

l, 
V

 Ú
va

lu
 8

4,
 1

50
 0

6 
Pr

ag
ue

 5
, C

ze
ch

ia
 

2 B
IO

C
EV

, F
irs

t F
ac

ul
ty

 o
f M

ed
ic

in
e,

 C
ha

rle
s U

ni
ve

rs
ity

, P
rů

m
ys

lo
vá

 5
95

, 2
52

 5
0 

Ve
st

ec
, C

ze
ch

ia
 

3 P
ha

rm
ac

eu
tic

al
 T

ec
hn

ol
og

y 
La

b,
 S

ch
oo

l o
f C

he
m

ic
al

 &
 B

io
te

ch
no

lo
gy

, S
A

ST
R

A
 D

ee
m

ed
 U

ni
ve

rs
ity

, 
Th

an
ja

vu
r-

61
34

01
, I

nd
ia

4 R
es

ea
rc

h 
C

en
te

r f
or

 E
nv

iro
nm

en
ta

l M
on

ito
rin

g 
an

d 
M

od
el

in
g,

 U
ni

ve
rs

ity
 o

f S
ci

en
ce

, V
ie

tn
am

 N
at

io
na

l 
U

ni
ve

rs
ity

, 3
34

 N
gu

ye
n 

Tr
ai

 S
tre

et
, 1

00
00

0 
H

an
oi

, V
ie

tn
am

 
*E

m
ai

l: 
to

m
as

gr
on

dz
ak

@
gm

ai
l.c

om

M
ul

ti-
re

si
st

an
t b

ac
te

ria
l s

tra
in

s p
os

e 
a 

se
rio

us
 th

re
at

 in
 th

e 
ho

sp
ita

l e
nv

iro
nm

en
t. 

M
an

ag
em

en
t 

of
 s

uc
h 

no
so

co
m

ia
l i

nf
ec

tio
ns

 re
qu

ire
s 

co
m

pl
et

el
y 

ne
w

 a
pp

ro
ac

he
s. 

Va
nc

om
yc

in
 is

 k
no

w
n 

to
 

be
 a

n 
an

tib
io

tic
 f

or
 t

he
 m

an
ag

em
en

t 
of

 s
er

io
us

 i
nf

ec
tio

ns
, 

am
on

g 
ot

he
rs

 c
au

se
d 

by
 

M
R

SA
 s

tra
in

s. 
Th

an
ks

 
to

 
th

e 
us

e 
of

 
na

no
te

ch
no

lo
gy

, 
na

no
m

ed
ic

in
e 

br
in

gs
 

ne
w

 
po

ss
ib

ili
tie

s, 
in

cl
ud

in
g 

ta
rg

et
in

g 
th

e 
us

e 
of

 
su

rf
ac

e 
m

od
ifi

ca
tio

n 
of

 
na

no
pa

rti
cl

es
. 

In
 

ad
di

tio
n,

 
gr

ee
n 

sy
nt

he
si

s 
m

ak
es

 i
t 

po
ss

ib
le

 t
o 

ta
ke

 a
dv

an
ta

ge
 o

f 
th

e 
kn

ow
n 

m
ed

ic
in

al
 

pr
op

er
tie

s 
of

 p
la

nt
s 

in
 t

ra
di

tio
na

l 
m

ed
ic

in
e.

 
Sa

ge
 

(S
al

vi
a 

of
fic

in
al

is)
 

ha
s 

be
en

 
kn

ow
n 

fo
r 

its
 a

nt
ib

ac
te

ria
l 

an
d 

an
tiv

ira
l 

ef
fe

ct
s 

fo
r 

a 
lo

ng
 t

im
e.

 S
ilv

er
 n

an
op

ar
tic

le
s 

sy
nt

he
si

ze
d 

fr
om

 s
ag

e 
ex

tra
ct

s 
sh

ow
 s

ig
ni

fic
an

t 
an

tib
ac

te
ria

l 
pr

op
er

tie
s. 

Th
ey

 s
ho

w
ed

 a
 2

0 
to

 4
0%

 
hi

gh
er

 
in

hi
bi

to
ry

 
ac

tiv
ity

 
th

an
 t

he
 

co
nt

ro
l. 

B
as

ed
 

on
 

IC
50

ca
lc

ul
at

io
n,

 
M

IC
s 

w
er

e 
de

te
rm

in
ed

 t
o 

be
 1

50
 µ

g/
m

L.
 A

gN
Ps

S 
w

er
e 

pr
ep

ar
ed

 (
24

 h
, 

30
0 

rp
m

, 
25

 °
C

), 
th

en
 

ce
nt

rif
ug

ed
 a

nd
 l

yo
ph

ili
ze

d 
(4

8 
h,

 -
80

 °
C

). 
SP

IO
N

s 
w

er
e 

pr
ep

ar
ed

 a
cc

or
di

ng
 t

o 
st

an
da

rd
 

pr
oc

ed
ur

es
, 

th
en

 p
ur

ifi
ed

 o
n 

a 
m

ag
ne

t 
an

d 
ly

op
hi

liz
ed

 (
48

 h
, 

-8
0 

°C
.) 

Th
e 

na
no

pa
rti

cl
es

 
w

er
e 

th
en

 r
es

us
pe

nd
ed

 b
y 

ul
tra

so
un

d 
(6

0 
m

in
, 4

0 
W

). 
Fo

r t
he

 p
ur

po
se

 o
f t

hi
s 

st
ud

y,
 S

PI
O

N
s 

w
er

e 
m

od
ifi

ed
 w

ith
 c

hi
to

sa
n 

(3
00

 rp
m

, 2
5 

°C
) a

nd
 th

en
 p

ur
ifi

ed
 o

n 
a 

m
ag

ne
t. 

SP
IO

N
s/

C
hi

to
 

w
er

e 
su

bs
eq

ue
nt

ly
 m

od
ifi

ed
 w

ith
 A

gN
Ps

S 
(3

00
 rp

m
, 2

5 
°C

, 6
 h

). 
Th

e 
pa

rti
cl

es
 w

er
e 

w
as

he
d 

w
ith

 p
ho

sp
ha

te
 b

uf
fe

r 
(p

H
7)

 a
nd

 t
he

n 
m

od
ifi

ed
 w

ith
 v

an
co

m
yc

in
 (

10
0 
µg

/m
L)

: 
SP

IO
N

s/
C

hi
to

/A
gN

Ps
S/

VA
N

C
O

. 
Th

e 
st

ab
ili

ty
 

of
 

SP
IO

N
s/

C
hi

to
/A

gN
Ps

S/
VA

N
C

O
 

pr
ep

ar
ed

 
na

no
pa

rti
cl

es
 

w
as

 
ve

rif
ie

d 
in

 
PB

S 
(p

H
 

7)
 

by
 

va
nc

om
yc

in
 

an
al

ys
is

 
us

in
g 

H
PL

C
. 

Su
bs

eq
ue

nt
ly

, 
an

tib
ac

te
ria

l 
ac

tiv
ity

 w
as

 m
on

ito
re

d 
by

 g
ro

w
th

 c
ur

ve
s 

(S
. 

au
re

us
 (

M
SS

A
, 

M
R

SA
) a

nd
 E

. c
ol

i) 
w

hi
ch

 w
er

e 
m

ea
su

re
d 

at
 4

50
 n

m
/5

40
 n

m
 fo

r 2
4 

ho
ur

s 
at

 2
5 

°C
, 3

00
 rp

m
 

at
 0

.0
1 

O
D

 i
n 

LB
 m

ed
iu

m
, 

re
pe

at
ed

 i
n 

fo
ur

 c
yc

le
s. 

Th
e 

re
su

lts
 w

er
e 

ev
al

ua
te

d 
as

 A
U

C
 

gr
ow

th
 c

ur
ve

s. 
B

ac
te

ria
l 

cu
ltu

re
s 

w
er

e 
gr

ow
n 

re
pr

od
uc

ib
ly

 i
n 

a 
pu

re
 m

ed
iu

m
 (

A
U

C
s 

w
er

e 
co

ns
id

er
ed

 
ba

se
lin

e)
. 

Th
e 

st
ud

y 
pr

ov
id

ed
 

in
iti

al
 

in
fo

rm
at

io
n 

on
 

th
e 

ef
fe

ct
 

of
 

ne
w

ly
 

pr
ep

ar
ed

 sp
ec

ie
s o

f n
an

op
ar

tic
le

s o
n 

S.
 a

ur
eu

s a
nd

 E
. c

ol
i. 

 

Fi
gu

re
. S

PI
O

N
s m

od
ifi

ed
 w

ith
 c

hi
to

sa
n 

fo
llo

w
ed

 b
y 

A
gN

Ps
S 

an
d 

va
nc

om
yc

in
 to

 m
on

ito
r t

he
ir 

an
tim

ic
ro

bi
al

 
ac

tiv
ity

 w
ith

 a
n 

ai
m

 to
 e

st
ab

lis
h 

th
ei

r p
ot

en
tia

l f
or

 fu
rth

er
 ta

rg
et

in
g 

of
 th

e 
in

fe
ct

io
n 

si
te

. 

A
ck

no
w

le
dg

em
en

ts
: T

he
 p

ro
je

ct
 is

 b
ei

ng
 im

pl
em

en
te

d 
un

de
r t

he
 g

ra
nt

 p
ro

je
ct

 M
Z 
Č

R
 –

 R
V

O
, F

N
 in

 M
ot

ol
 

00
06

42
03

.

Po
st

er
 #

39

B
io

de
gr

ad
ab

le
 P

L
G

A
-B

as
ed

 M
ag

ne
tic

 N
an

oc
om

po
si

te
s f

or
 M

ag
ne

tic
 T

ar
ge

t R
et

en
tio

n 
an

d 
Su

st
ai

ne
d 

R
el

ea
se

 o
f T

ri
am

ci
no

lo
ne

 A
ce

to
ni

de
 fr

om
 D

et
ac

ha
bl

e 
M

ic
ro

ne
ed

le
s

C
ho

nn
av

ee
 M

an
ip

un
te

e1 ,a
nd

N
um

po
n 

In
sin

1*

1 D
ep

ar
tm

en
t o

f C
he

m
is

tr
y,

 F
ac

ul
ty

 o
f S

ci
en

ce
, C

hu
la

lo
ng

ko
rn

 U
ni

ve
rs

ity
, B

an
gk

ok
,1

03
30

, T
ha

ila
nd

*E
m

ai
l:

nu
m

po
n.

i@
ch

ul
a.

ac
.th

Tr
ia

m
ci

no
lo

ne
 a

ce
to

ni
de

 (T
A

) i
s a

 w
el

l-k
no

w
n 

sy
nt

he
tic

co
rti

co
ste

ro
id

 u
se

d 
as

 a
nt

i-i
nf

la
m

m
at

or
y 

dr
ug

 
to

 t
re

at
 s

om
e 

au
to

im
m

un
e 

di
se

as
es

 s
uc

h 
as

 p
so

ria
sis

,
ps

or
ia

tic
 a

rth
rit

is,
 a

nd
 a

lo
pe

ci
a 

ar
ea

ta
. 

Fu
rth

er
m

or
e,

 T
A

 is
 c

om
m

on
ly

 u
se

d 
to

 tr
ea

t a
lle

rg
ic

 rh
in

iti
s, 

ac
ne

,a
nd

 a
ph

th
ou

s 
sto

m
at

iti
s.

A
lth

ou
gh

 
TA

 h
as

 b
ee

n 
ap

pl
ie

d 
to

 cu
re

 m
an

y 
di

se
as

es
, i

t h
as

 ra
pi

d 
cl

ea
ra

nc
e

fr
om

 b
lo

od
 ci

rc
ul

at
io

n 
fo

r i
nt

ra
ve

no
us

 
in

je
ct

io
n.

To
 o

ve
rc

om
e 

th
e 

pr
ob

le
m

s, 
in

tra
le

sio
na

li
nj

ec
tio

n 
of

 1
0 

to
 4

0 
m

g/
m

L 
of

 T
A

 is
 u

su
al

ly
 u

se
d 

fo
r t

he
 tr

ea
tm

en
t t

o 
pr

ov
id

e s
us

ta
in

ed
 th

er
ap

eu
tic

 le
ve

l.
Th

e 
us

e 
of

 la
rg

e 
dr

ug
 d

os
e c

an
 c

au
se

 m
an

y 
sid

e 
ef

fe
ct

s
in

cl
ud

in
g 

sk
in

 a
tro

ph
y,

an
gi

ot
el

ec
ta

sis
, w

om
en

's 
m

en
str

ua
l d

iso
rd

er
s, 

ru
pt

ur
e 

in
 th

e 
in

je
ct

io
n 

sit
es

an
d 

ad
re

na
l s

up
pr

es
sio

n.
To

pr
ol

on
g 

th
er

ap
eu

tic
 le

ve
l w

ith
ou

t u
se

 o
f l

ar
ge

 d
ru

g 
do

se
,e

nc
ap

su
la

tio
n 

of
 T

A
in

 sl
ow

 b
io

de
gr

ad
ab

le
 p

ol
ym

er
or

 p
ol

y(
la

ct
ic

-c
o-

gl
yc

ol
ic

 a
ci

d)
 (P

LG
A

)i
s n

ec
es

sa
ry

.

D
iss

ol
vi

ng
 m

ic
ro

ne
ed

le
 t

re
at

m
en

t 
is 

on
e 

ty
pe

 o
f

tra
ns

cu
ta

ne
ou

s 
dr

ug
 d

el
iv

er
y 

ap
pr

oa
ch

es
. 

Th
is 

tre
at

m
en

t u
se

 a
rra

ys
 o

f b
io

de
gr

ad
ab

le
 p

ol
ym

er
m

ic
ro

ne
ed

le
s 

to
 p

ro
vi

de
 c

on
tro

lle
d 

dr
ug

 re
le

as
e 

in
to

 a
 

cu
ta

ne
ou

s 
tis

su
e.

 C
om

pa
re

d 
to

 h
yp

od
er

m
ic

in
je

ct
io

n,
 th

is 
ro

ut
e 

is 
no

n-
in

va
siv

e,
 r

ap
id

, p
ai

n-
fr

ee
,a

nd
 

po
ss

ib
le

 f
or

 s
el

f-
ad

m
in

ist
ra

tio
n.

 M
or

eo
ve

r,
th

e 
m

ic
ro

ne
ed

le
s 

m
ay

 r
ed

uc
e 

th
e 

sp
re

ad
 o

f 
di

se
as

e 
fro

m
 

ne
ed

le
-re

us
e 

an
d 

ne
ed

le
-b

as
ed

 in
ju

ry
.

D
iss

ol
vi

ng
 m

ic
ro

ne
ed

le
s

w
ith

 d
et

ac
ha

bl
e 

de
sig

n 
ha

ve
 b

ee
n 

ex
te

ns
iv

el
y 

stu
di

ed
 b

ec
au

se
 o

f 
th

ei
r

co
nt

ro
lle

d 
an

d 
su

st
ai

ne
d 

dr
ug

 re
le

as
e 

ab
ili

ty
 o

f t
he

 p
ol

ym
er

s. 
N

on
et

he
le

ss
, t

he
 p

ol
ym

er
s g

en
er

al
ly

ha
ve

 
ve

ry
 w

ea
k 

m
ec

ha
ni

ca
l 

pr
op

er
tie

s. 
M

ag
ne

tic
 n

an
op

ar
tic

le
s 

(M
N

Ps
)

ar
e

in
te

re
sti

ng
 m

at
er

ia
ls 

w
he

n 
fo

rm
in

g 
co

m
po

sit
es

 w
ith

 p
ol

ym
er

 p
ar

tic
le

s 
du

e 
to

 t
he

ir 
hi

gh
 m

ec
ha

ni
ca

l 
pr

op
er

tie
s.

Fu
rth

er
m

or
e,

 
ex

ist
in

g 
of

 m
ag

ne
tic

 p
ro

pe
rti

es
 fr

om
 M

N
Ps

sh
ow

 g
oo

d 
po

te
nt

ia
l t

o 
pr

ov
id

e 
hi

gh
 r

et
en

tio
n 

an
d 

go
od

 
lo

ca
liz

at
io

n 
of

 p
ol

ym
er

 p
ar

tic
le

st
o 

im
pr

ov
e p

ro
lo

ng
 d

ru
g 

re
le

as
e 

pr
of

ile
 an

d 
m

in
im

iz
e 

sid
e 

ef
fe

ct
 fr

om
 

dr
ug

.I
n 

th
is 

w
or

k,
 th

e 
m

ic
ro

ne
ed

le
s

m
ad

e 
fr

om
 c

om
po

sit
es

 o
f M

N
Ps

an
d 

TA
lo

ad
ed

PL
G

A
 p

ar
tic

le
s

w
ill

 b
e i

nv
es

tig
at

ed
. T

he
 m

ic
ro

ne
ed

le
sw

ith
 5

0 
m

g 
M

N
Ps

 lo
ad

ed
co

m
po

sit
es

co
ul

d 
im

pr
ov

e m
ec

ha
ni

ca
l 

str
en

gt
h 

of
 t

he
 n

ee
dl

es
 u

p 
to

 4
4%

 (
2.

3N
 a

t 
co

m
pr

es
sio

n 
di

sp
la

ce
m

en
t 

20
0 
μm

).
Fu

rth
er

m
or

e,
 t

he
 

co
m

po
sit

es
 w

ith
 2

5 
m

g 
M

N
Ps

 lo
ad

ed
 c

om
po

sit
es

 sh
ow

 sl
ow

er
 in

 v
itr

o
TA

 re
le

as
e 

pr
of

ile
 w

he
n 

ap
pl

y 
m

ag
ne

t a
bo

ut
 7

1%
 c

um
ul

at
iv

e 
re

le
as

e 
on

 2
0 

da
ys

 (
co

m
pa

re
d 

to
 9

0%
cu

m
ul

at
iv

e 
re

le
as

e 
of

 w
ith

ou
t 

m
ag

ne
t a

pp
ly

in
g 

co
nd

iti
on

). 
Th

e 
M

N
Ps

 lo
ad

in
g

in
to

th
es

e 
co

m
po

sit
es

sh
ow

 g
oo

d 
po

te
nt

ia
lt

o
fa

br
ic

at
e

a n
ew

 m
ic

ro
ne

ed
le

 d
ru

g 
de

liv
er

y 
sy

ste
m

 w
ith

 im
pr

ov
ed

 m
ec

ha
ni

ca
l p

ro
pe

rti
es

,m
ag

ne
tic

 ta
rg

et
 re

te
nt

io
n 

an
d 

su
sta

in
ed

 d
ru

g 
re

le
as

e.

Po
st

er
 #

40



Th
e 

m
ag

ne
tic

 fi
el

d 
ge

ne
ra

te
d 

by
 s

in
gl

e 
or

 m
ul

tip
le

 m
ag

ne
ts

 fo
r t

he
 m

ag
ne

tic
 d

ru
g 

ta
rg

et
in

g 
pr

oc
es

s

M
ar

ia
-C

ris
tin

a 
IO

N
CI

C
A

 1,
* ,

Sa
nd

or
 I.

 B
ER

N
A

D
2 ,

D
an

ie
la

 S
US

A
N

-R
ES

IG
A

 3 ,
Vl

ad
 S

O
CO

LI
U

C
2 ,

Iz
ab

el
l C

RA
C

IU
N

ES
C

U
4 , 

R
od

ic
a 

TU
R

C
U

4 ,
El

en
a 

S.
 B

ER
NA

D
 5 ,

La
di

sl
au

 V
EK

A
S

2

1
Po

lit
eh

ni
ca

 U
ni

ve
rs

ity
 o

f T
im

is
oa

ra
, D

ep
ar

tm
en

t o
f M

ec
ha

ni
ca

l M
ac

hi
ne

s,
 E

qu
ip

m
en

t a
nd

 
Tr

an
sp

or
ta

tio
n,

 T
im

is
oa

ra
, R

om
an

ia
2

C
en

tre
 fo

r F
un

da
m

en
ta

l a
nd

 A
dv

an
ce

d 
Te

ch
ni

ca
l R

es
ea

rc
h,

 R
om

an
ia

n 
Ac

ad
em

y 
-T

im
is

oa
ra

 B
ra

nc
h,

 
La

bo
ra

to
ry

 o
f H

yd
ro

dy
na

m
ic

s 
an

d 
C

av
ita

tio
n

3
W

es
t U

ni
ve

rs
ity

 o
f T

im
is

oa
ra

, F
ac

ul
ty

 o
f P

hy
si

cs
, T

im
is

oa
ra

, R
om

an
ia

4
N

at
io

na
l I

ns
tit

ut
e 

fo
r R

es
ea

rc
h 

an
d 

D
ev

el
op

m
en

t o
f I

so
to

pi
c 

an
d 

M
ol

ec
ul

ar
 T

ec
hn

ol
og

ie
s 

(IN
C

D
TI

M
), 

C
lu

j-N
ap

oc
a,

 R
om

an
ia

5
U

ni
ve

rs
ity

 o
f M

ed
ic

in
e 

an
d 

Ph
ar

m
ac

y
“V

ic
to

r B
ab

es
” T

im
is

oa
ra

, T
im

is
oa

ra
, R

om
an

ia
E-

m
ai

l: 
*m

ar
ia

.io
nc

ic
a@

st
ud

en
t.u

pt
.ro

 Si
ng

le
 m

ag
ne

ts
 o

r m
ul

tip
le

 m
ag

ne
ts

 c
on

fig
ur

at
io

ns
 c

an
 b

e 
us

ed
 to

 c
on

du
ct

 th
e 

dr
ug

 ta
rg

et
in

g 
pr

oc
es

s. 
A 

pe
rm

an
en

t m
ag

ne
t a

ss
em

bl
y 

co
ns

ist
s o

f t
w

o 
or

 m
or

e 
m

ag
ne

ts
 in

 a
n 

in
te

gr
at

ed
 m

ag
ne

t s
ys

te
m

 d
es

ig
ne

d 
to

 
ob

ta
in

 a
n 

in
cr

ea
se

d 
m

ag
ne

tic
 f

ie
ld

. 
Th

e 
m

ai
n 

ch
al

le
ng

e 
fo

r 
m

ag
ne

tic
 d

ru
g 

ta
rg

et
in

g 
(M

DT
) 

is 
th

at
 t

he
 

m
ag

ne
tic

 g
ra

di
en

ts
 d

ro
p 

of
f 

fa
st

 w
he

n 
th

e 
di

st
an

ce
 fr

om
 t

he
 m

ag
ne

t’s
 s

ur
fa

ce
 in

cr
ea

se
s. 

Us
in

g 
m

ul
tip

le
 

m
ag

ne
t 

co
m

bi
na

tio
ns

, w
e 

w
an

te
d 

to
 in

ve
st

ig
at

e 
th

e 
di

ffe
re

nc
es

 a
nd

 a
dv

an
ta

ge
s 

of
 t

he
ir 

m
ag

ne
tic

 f
ie

ld
s 

co
m

pa
re

d 
to

 th
e 

on
es

 g
en

er
at

ed
 b

y 
sin

gl
e 

m
ag

ne
ts

. T
hi

s 
pa

pe
r a

im
s 

to
 in

ve
st

ig
at

e 
(b

ot
h 

nu
m

er
ica

lly
 a

nd
 

ex
pe

rim
en

ta
lly

) t
he

 m
ag

ne
tic

 fi
el

ds
 g

en
er

at
ed

 b
y 

se
ve

ra
l s

in
gl

e 
ne

od
ym

iu
m

 p
er

m
an

en
t m

ag
ne

ts
 (N

dF
eB

) 
an

d 
m

ul
tip

le
 m

ag
ne

t c
om

bi
na

tio
ns

 u
se

d 
in

 m
ag

ne
tic

 d
ru

g 
ta

rg
et

in
g.

 T
he

 h
ei

gh
ts

 a
t w

hi
ch

 th
e 

m
ag

ne
tic

 fi
el

ds
 

w
er

e 
m

ea
su

re
d 

ar
e 

clo
se

ly
 re

la
te

d 
to

 th
e 

fa
ct

 th
at

 m
os

t o
rg

an
s a

re
 n

ot
 a

t a
 d

ist
an

ce
 m

or
e 

pr
om

in
en

t t
ha

n 
4 

ce
nt

im
et

re
s 

fro
m

 t
he

 s
ki

n’
s 

su
rfa

ce
. T

he
 o

bt
ai

ne
d 

m
ag

ne
tic

 fi
el

d 
va

lu
es

 w
er

e 
us

ed
 t

o 
an

al
ys

e 
a 

se
rie

s 
of

 
m

ag
ne

to
-rh

eo
lo

gi
ca

l f
lu

id
s 

(M
RF

s)
. T

he
 m

od
el

 s
us

pe
ns

io
n 

of
 m

ag
ne

tic
 c

ar
rie

rs
 u

se
d 

in
 e

xp
er

im
en

ts
 w

as
 

ob
ta

in
ed

, m
ix

in
g 

bl
oo

d 
an

al
og

ou
s c

ar
rie

r f
lu

id
 (C

F)
 w

ith
 P

EG
_C

M
C 

(s
ize

s i
n 

th
e 

ra
ng

e 
80

–1
50

 n
m

), 
di

sp
er

se
d 

in
 d

ist
ill

ed
 w

at
er

, w
ith

 0
.1

%
 m

as
s 

co
nc

en
tr

at
io

n,
 s

ilv
er

 p
ar

tic
le

s 
(s

ize
s 

in
 t

he
 r

an
ge

 8
–1

0 
m

), 
an

d 
iro

n 
pa

rt
icl

es
 w

ith
 t

w
o 

di
ffe

re
nt

 d
im

en
sio

ns
 (

ra
ng

e 
4–

6 
m

 a
nd

 r
an

ge
 8

–1
0 

m
, C

ar
l R

ot
h 

Gm
bH

, K
ar

lsr
uh

e,
 

Ge
rm

an
y)

. M
ag

ne
to

-v
isc

ou
s c

ha
ra

ct
er

ist
ics

 w
er

e 
m

ea
su

re
d 

us
in

g 
a 

ro
ta

tio
na

l r
he

om
et

er
 (M

CR
 3

00
, P

hy
sic

a,
 

St
ut

tg
ar

t, 
Ge

rm
an

y)
. 

 

 
Fi

gu
re

: (
A)

 S
in

gl
e 

an
d 

su
pe

rim
po

se
d 

ne
od

ym
iu

m
 m

ag
ne

ts
 u

se
d 

fo
r 

ex
pe

rim
en

ta
l m

ea
su

re
m

en
ts

. 
(B

) 
Nu

m
er

ica
l 

sim
ul

at
io

n 
of

 th
e 

m
ag

ne
tic

 fi
el

d 
us

ed
 d

ur
in

g 
th

e 
ex

pe
rim

en
ta

l i
nv

es
tig

at
io

n 
(v

ia
 th

e 
fre

e 
Fi

ni
te

 E
le

m
en

t M
et

ho
ds

 o
f 

M
ag

ne
tic

s 
(F

EM
M

) s
of

tw
ar

e)
. (

C)
 N

um
er

ica
l m

ag
ne

tic
 fi

el
d 

sim
ul

at
io

n 
fo

r 
th

e 
sa

m
e 

pe
rm

an
en

t 
m

ag
ne

t 
us

in
g 

th
e 

co
m

m
er

cia
l s

of
tw

ar
e 

An
sy

s M
ax

w
el

l. 
(D

) C
om

pa
ris

on
 b

et
w

ee
n 

th
e 

vi
sc

os
ity

 cu
rv

es
 o

f t
he

 d
iff

er
en

t m
od

el
 su

sp
en

sio
n 

flu
id

 a
nd

 b
lo

od
. B

lo
od

 v
isc

os
ity

 c
ur

ve
s 

w
er

e 
co

m
pa

re
d 

w
ith

 t
he

 li
te

ra
tu

re
 v

al
ue

s 
an

d 
va

lu
es

 m
ea

su
re

d 
fro

m
 t

he
 

he
al

th
y 

vo
lu

nt
ee

r. 
(E

) 
A 

m
ag

ne
tic

 f
ie

ld
 g

en
er

at
ed

 b
y 

th
e 

pe
rm

an
en

t 
m

ag
ne

t 
w

as
 u

se
d 

in
 t

he
 e

xp
er

im
en

ta
l 

in
ve

st
ig

at
io

n 
(m

ea
su

re
m

en
ts

 w
er

e 
do

ne
 fo

r s
ev

er
al

 d
ist

an
ce

s f
ro

m
 th

e 
m

ag
ne

t s
ur

fa
ce

). 
Ex

pe
rim

en
ta

l m
ea

su
re

m
en

t 
w

as
 d

on
e 

us
in

g 
an

 F
.W

. B
el

l G
au

ss
m

et
er

, m
od

el
 5

08
0.

 
 

Po
st

er
 #

41

M
ol

ec
ul

ar
 In

si
gh

ts
 o

f t
he

 O
xi

da
tio

n 
Pr

oc
es

s o
f C

op
pe

r-
Z

in
c 

Fe
rr

ite
s N

an
op

ar
tic

le
s  

C
oa

te
d 

by
 a

 P
ol

ym
er

 L
ay

er
 

D
or

ot
a 

La
ch

ow
ic

z1 *,
  A

ng
el

ik
a 

K
m

ita
1

1 , M
ar

ta
 G

aj
ew

sk
a1 , M

ar
ci

n 
Si

ko
ra

1 , J
an

 
1

1 , A
nd

rz
ej

 B
er

na
si

k1,
2 

 

1
 

al
. A

. M
ic

ki
ew

ic
za

 3
0,

 3
0-

05
9 

K
ra

ko
w

, P
ol

an
d 

2
 

al
. A

. M
ic

ki
ew

ic
za

 3
0,

 3
0-

05
9 

K
ra

ko
w

, P
ol

an
d 

 
 

1  

 M
ag

ne
vi

st
®

 (
G

d-
-

 
-w

ei
gh

te
d 

im
ag

es
2

3 . H
ow

ev
er

, 
4

5,
6

 
9

m
et

al
-

-
-

-
5,

6

10

11 12
 

 th
e -

-z
i

-
 

-
-

 
-

-
-

 
, 

 to
 d

et
er

m
in

e 
th

e 
ch

em
ic

al
 st

at
es

. 

R
ef

er
en

ce
: 1

. 
 (2

42
, 1

90
–1

91
.  

2.
 F

ro
nt

. M
ol

. N
eu

ro
sc

i.
11

, 1
–1

2 
 

3.
 M

on
ito

r. 
Sc

i. 
Re

p.
. 2

01
9 

,  
4.

 A
dv

 C
ol

l. 
In

te
rf

ac
e 

Sc
i. 

20
19

 (2
65

29
-4

4.
 

5.
 J

. N
an

op
ar

tic
le

 R
es

.2
01

4(
16

, 1
–1

1.
 

6.
 C

ol
l. 

Su
rf

. B
, 

,  
40

2–
 

. J
. M

at
er

. C
he

m
. B

, 2
01

9 
(

, 2
96

2–
 

 S
of

t M
at

te
r 2

00
9(

5
–

 
9.

 N
an

om
ed

ic
in

e,
 

14
, 1

31
–1

40
. 

10
. Z

ei
ts

ch
ri

ft 
fu

r P
hy

s.C
he

m
ie

,2
32

–
 

11
. J

.P
hy

s.C
he

m
.C

,2
01

5(
11

9
,1

94
04

-1
94

14
. 

12
. N

an
o 

Le
tt.

 2
01

2(
12

, 2
49

9–
25

03
. 

 

Po
st

er
 #

42



N
P-

ce
llu

la
r h

itc
hh

ik
in

g 
sy

st
em

 fo
r t

ar
ge

te
d 

co
m

bi
na

tio
n 

th
er

ap
y 

an
d 

di
ag

no
si

s 
of

 g
lio

bl
as

to
m

a
X

an
th

ip
pi

 K
ou

ts
ou

m
po

u1 , S
te

ve
n 

D
e 

V
le

es
ch

ou
w

er
2 ,J

ef
f R

oz
en

sk
i4 ,T

er
es

a 
P

el
le

gr
in

o5 ,
S

te
fa

an
 J

. S
oe

ne
n1 ,B

el
la

 B
. M

an
sh

ia
n1,

3

1.
 N

an
oH

ea
lth

 a
nd

 O
pt

ic
al

 Im
ag

in
g 

G
ro

up
, D

ep
ar

tm
en

t o
f I

m
ag

in
g 

an
d 

Pa
th

ol
og

y,
 K

U
 L

eu
ve

n,
 L

eu
ve

n,
 

Be
lg

iu
m

.
2.

 D
ep

ar
tm

en
t o

f N
eu

ro
su

rg
er

y,
 U

ni
ve

rs
ity

 H
os

pi
ta

ls
 L

eu
ve

n,
 L

eu
ve

n,
 B

el
gi

um
.

3.
 T

ra
ns

la
tio

na
l C

el
l a

nd
 T

is
su

e 
R

es
ea

rc
h 

U
ni

t, 
D

ep
ar

tm
en

t 
of

 I
m

ag
in

g 
an

d 
Pa

th
ol

og
y,

 K
U

 L
eu

ve
n,

 
Le

uv
en

, B
el

gi
um

.
4.

R
eg

a 
In

st
itu

te
 fo

r M
ed

ic
al

 R
es

ea
rc

h,
 D

ep
ar

tm
en

t o
f P

ha
rm

ac
eu

tic
al

 a
nd

 P
ha

rm
ac

ol
og

ic
al

 S
ci

en
ce

s,
 

KU
 L

eu
ve

n,
 B

30
00

 L
eu

ve
n,

 B
el

gi
um

.
5.

N
an

om
at

er
ia

ls
 f

or
 B

io
m

ed
ic

al
 A

pp
lic

at
io

ns
, 

Is
tit

ut
o 

Ita
lia

no
 d

i T
ec

no
lo

gi
a,

 V
ia

 M
or

eg
o 

30
, 

16
16

3 
G

en
ov

a,
 It

al
y.

Em
ai

l: 
be

lla
.m

an
sh

ia
n@

ku
le

uv
en

.b
e

G
lio

bl
as

to
m

a 
(G

BM
) 

re
m

ai
ns

 a
n 

in
cu

ra
bl

e 
tu

m
or

 a
nd

 t
he

re
 is

 a
 p

ar
am

ou
nt

 n
ee

d 
fo

r 
m

or
e 

ef
fe

ct
iv

e 
th

er
ap

eu
tic

 a
pp

ro
ac

he
s,

 ta
ki

ng
 in

to
 c

on
si

de
ra

tio
n 

th
e 

Bl
oo

d 
Br

ai
n 

Ba
rri

er
 im

pe
di

m
en

t. 
In

 th
is

 p
ro

je
ct

,w
e 

pr
op

os
e 

a 
no

ve
l n

an
op

ar
tic

le
 (N

P)
 c

el
lu

la
r h

itc
hh

ik
in

g 
sy

st
em

 (N
PC

H
S)

 fo
r 

G
BM

 t
re

at
m

en
t. 

H
er

e,
 m

on
oc

yt
es

 w
er

e
co

nj
ug

at
ed

 w
ith

 P
LG

A 
N

Ps
 p

ac
ke

d 
w

ith
 t

he
 d

ru
g 

pa
cl

ita
xe

l (
PT

X)
 a

nd
 S

up
er

 P
ar

am
ag

ne
tic

 Ir
on

 O
xi

de
 n

an
oc

ub
es

(S
PI

O
s)

 w
hi

ch
 w

ill 
be

st
ow

 
th

e 
sy

st
em

 w
ith

 M
R

I c
on

tra
st

, m
ag

ne
tic

 ta
rg

et
in

g 
an

d 
hy

pe
rth

er
m

ia
 tr

ea
tm

en
t w

hi
le

 m
on

oc
yt

es
 

w
ill 

pr
ov

id
e 

a 
di

re
ct

 ta
rg

et
in

g 
to

 G
BM

 b
y 

na
tu

ra
l c

he
m

ot
ax

is
.F

or
 th

is
 e

nd
, f

lu
or

es
ce

nt
ly

 la
be

lle
d 

pl
ai

n 
an

d 
PT

X-
lo

ad
ed

 P
LG

A 
N

Ps
 w

er
e 

sy
nt

he
si

se
d 

us
in

g 
th

e 
na

no
pr

ec
ip

ita
tio

n 
m

et
ho

d,
 a

nd
 

fu
lly

 c
ha

ra
ct

er
is

ed
 fo

r t
he

ir 
ph

ys
io

ch
em

ic
al

ly
 p

ro
pe

rti
es

 a
nd

 d
ru

g 
lo

ad
in

g 
ef

fic
ie

nc
y 

us
in

g 
D

LS
, 

Ze
ta

 p
ot

en
tia

l, 
TE

M
, H

PL
C

 a
nd

 IC
P-

M
S.

 T
he

 N
Ps

 w
er

e 
sc

re
en

ed
 fo

r t
ox

ic
 e

ffe
ct

s 
in

 re
le

va
nt

 
hu

m
an

 a
nd

 m
ou

se
 c

el
l li

ne
s,

 n
am

el
y;

m
on

oc
yt

es
, e

nd
ot

he
lia

l c
el

ls
 a

nd
 g

lio
m

a 
ce

lls
, u

si
ng

 h
ig

h 
co

nt
en

t 
sc

re
en

in
g 

an
d 

im
ag

e 
ba

se
d 

flo
w

 c
yt

om
et

ry
 s

ys
te

m
s.

Th
e 

op
tim

al
 r

at
io

 o
f 

N
P-

ce
ll 

co
nj

ug
at

io
n 

w
as

 d
et

er
m

in
ed

.N
ex

t,
SP

IO
 n

an
oc

ub
es

, a
pp

ro
xi

m
at

el
y 

20
 n

m
 in

 s
iz

e 
w

er
e 

lo
ad

ed
 

in
to

 th
e 

PL
G

A 
N

Ps
. M

R
I m

ea
su

re
m

en
ts

 o
f S

PI
O

 lo
ad

ed
 P

LG
A 

N
Ps

 o
r 

U
87

 c
el

ls
 in

cu
ba

te
d 

w
ith

 S
PI

O
-lo

ad
ed

 N
Ps

 r
ev

ea
le

d 
th

e 
in

cr
ea

se
 o

f 
r2

 r
el

ax
at

io
n 

ra
te

s 
w

ith
 i

nc
re

as
in

g 
Fe

 
co

nc
en

tra
tio

ns
. 

In
 v

iv
o

ch
em

ot
ax

is
 w

as
 i

nv
es

tig
at

ed
us

in
g 

op
tic

al
 i

m
ag

in
g 

w
ith

 t
he

 I
VI

S 
Sp

ec
tru

m
 a

nd
 v

ia
 i

nt
ra

vi
ta

l 
m

ic
ro

sc
op

y,
in

su
bc

ut
an

eo
us

an
d 

or
th

ot
op

ic
 g

lio
m

a 
tu

m
or

s 
fo

llo
w

in
g 

in
tra

ve
no

us
 in

je
ct

io
n

of
 N

P 
co

nj
ug

at
ed

 m
on

oc
yt

es
. T

is
su

e 
sl

ic
es

 fr
om

 tu
m

or
s 

an
d 

m
aj

or
 o

rg
an

s 
w

er
e 

in
ve

st
ig

at
ed

 f
or

 t
ar

ge
tin

g 
an

d 
th

er
ap

eu
tic

s 
us

in
g 

H
&E

 s
ta

in
in

g 
an

d 
im

m
un

oh
is

to
ch

em
is

try
. I

n 
ge

ne
ra

l, 
fo

rm
ul

at
io

n 
sh

ow
ed

 h
om

in
g 

ab
ilit

y 
to

w
ar

ds
 G

BM
 tu

m
or

s,
in

 
vi

vo
,p

ro
m

is
in

g
a 

po
te

nt
ia

l f
or

 ta
rg

et
ed

 G
BM

 tr
ea

tm
en

t.

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

Fi
gu

re
1.

 A
)A

 re
pr

es
en

ta
tiv

e 
sk

et
ch

 o
f t

he
 p

ro
po

se
d 

N
P

-c
el

l f
or

m
ul

at
io

n.
 B

) I
n 

vi
vo

ho
m

in
g 

of
 N

PC
H

S 
in

 s
ub

cu
ta

ne
ou

s 
gl

io
m

a 
tu

m
or

s.
 C

) I
n 

vi
vo

 h
om

in
g 

of
 N

PC
H

S 
in

 o
rth

ot
op

ic
 g

lio
m

a 
tu

m
or

s.
 

A.
   

   
   

   
   

   
   

   
   

   
   

B.
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  
C

.

Po
st

er
 #

43
Po

st
er

 #
44



Hy
br

id
 ir

on
 o

xi
de

 co
re

@
m

es
op

or
ou

s s
ili

ca
 sh

el
l n

an
op

ar
tic

le
s f

or
 

m
ag

ne
tic

 h
yp

er
th

er
m

ia
, p

ho
to

th
er

m
ia

 a
nd

 d
ru

g 
de

liv
er

y 
 

Al
ex

an
dr

e 
Ad

am
1 , J

oë
lle

 B
ize

au
1 , F

ra
nc

is 
Pe

rt
on

1 , S
éb

as
tie

n 
Ha

rle
pp

2 , F
lo

re
nt

 M
ey

er
,3 

M
ar

ia
na

 
Ta

ss
o4 , S

yl
vi

e 
Be

gi
n-

Co
lin

1 , D
am

ie
n 

M
er

tz
1

1 IP
CM

S-
CN

RS
 U

M
R 

75
04

, 
Un

iv
. 

of
 S

tr
as

bo
ur

g,
2 IN

SE
RM

 U
11

09
, 

Un
iv

. 
of

 S
tr

as
bo

ur
g,

 3
IN

SE
RM

 
U1

12
1,

 U
ni

v.
 o

f S
tr

as
bo

ur
g,

4 Un
iv

 La
 P

la
ta

, A
rg

en
tin

a.
 

E-
m

ai
l :

 d
am

ie
n.

m
er

tz
@

ip
cm

s.
un

ist
ra

.fr

De
sig

ni
ng

 h
yb

rid
 n

an
op

ar
tic

le
 p

la
tfo

rm
s 

re
sp

on
di

ng
 t

o 
ex

te
rn

al
 f

ie
ld

s 
su

ch
 a

s 
ra

di
of

re
qu

en
cy

 
m

ag
ne

tic
 fi

el
d 

an
d 

lig
ht

 h
as

 b
ec

om
e 

a 
gr

ea
t c

ha
lle

ng
e 

fo
r t

he
 d

ev
el

op
m

en
t o

f n
ew

 tr
ea

tm
en

ts
 fo

r 
na

no
m

ed
ec

in
e.

 Ir
on

 o
xi

de
 n

an
om

at
er

ia
ls 

ap
pe

ar
 a

s s
ui

ta
bl

e 
re

m
ot

el
y 

w
av

e-
re

sp
on

siv
e 

m
at

er
ia

ls 
re

sp
ec

tiv
el

y 
fo

r m
ag

ne
tic

 h
yp

er
th

er
m

ia
 a

nd
 p

ho
to

th
er

ap
y 

ap
pl

ica
tio

ns
 w

hi
le

 m
es

op
or

ou
s 

sil
ica

 
(M

S)
 a

re
 s

ui
ta

bl
e 

sh
el

l c
oa

tin
gs

 g
iv

en
 th

ei
r b

io
co

m
pa

tib
ili

ty
, e

as
y 

su
rfa

ce
 m

od
ifi

ca
tio

n 
an

d 
hi

gh
 

dr
ug

 d
el

iv
er

y 
ca

pa
bi

lit
y.

 In
 th

is 
ta

lk
, w

e 
w

ill
 p

re
se

nt
 v

ar
io

us
 ir

on
 o

xi
de

@
M

S 
co

re
 sh

el
l c

on
tr

ol
le

d 
na

no
st

ru
ct

ur
es

 d
es

ig
ne

d 
an

d 
fu

nc
tio

na
liz

ed
 a

s 
va

rio
us

 n
an

op
la

tfo
rm

s 
th

at
 m

ay
 s

er
ve

 a
s 

: 
m

ul
tim

od
al

 
th

er
an

os
tic

s 
pr

ob
es

 
fo

r 
flu

or
es

ce
nc

e/
M

RI
 

im
ag

in
g 

co
up

le
d 

w
ith

 
m

ag
ne

tic
 

hy
pe

rt
he

rm
ia

,[1
–3

]  h
yb

rid
 fl

uo
re

sc
en

t 
na

no
pl

at
fo

rm
s 

as
se

ss
ed

 in
 v

iv
o 

m
od

el
s[4

]  o
r 

dr
ug

 r
el

ea
se

 
co

up
le

d 
w

ith
 N

IR
 li

gh
t-i

nd
uc

ed
 p

ho
to

th
er

m
ia

 a
pp

lic
at

io
ns

[5
] . 

  [1
] 

F.
 P

er
to

n,
 M

. T
as

so
, G

. A
. M

uñ
oz

 M
ed

in
a,

 M
. M

én
ar

d,
 C

. B
la

nc
o-

An
du

ja
r, 

E.
 P

or
tia

ns
ky

, M
. B

. F
. v

an
 

Ra
ap

, D
. B

ég
in

, F
. M

ey
er

, S
. B

eg
in

-C
ol

in
, D

. M
er

tz
, A

pp
lie

d 
M

at
er

ia
ls 

To
da

y
20

19
, 1

6,
 3

01
. 

[2
] 

M
. M

én
ar

d,
 F

. M
ey

er
, C

. A
ffo

lte
r-

Zb
ar

as
zc

zu
k,

 M
. R

ab
in

ea
u,

 A
. A

da
m

, P
. D

. R
am

ire
z, 

S.
 B

ég
in

-C
ol

in
, 

D.
 M

er
tz

, N
an

ot
ec

hn
ol

og
y

20
19

, 3
0,

 1
74

00
1.

 
[3

] 
A.

 A
da

m
, K

. P
ar

kh
om

en
ko

, P
. D

ue
na

s-
Ra

m
ire

z, 
C.

 N
ad

al
, G

. C
ot

in
, P

.-E
. Z

or
n,

 P
. C

ho
qu

et
, S

. B
ég

in
-

Co
lin

, D
. M

er
tz

, M
ol

ec
ul

es
20

21
, 2

6,
 9

71
. 

[4
] 

F.
 P

er
to

n,
 S

. H
ar

le
pp

, G
. F

ol
la

in
, K

. P
ar

kh
om

en
ko

, J
. G

. G
oe

tz
, S

. B
ég

in
-C

ol
in

, D
. M

er
tz

, J
ou

rn
al

 o
f 

Co
llo

id
 a

nd
 In

te
rfa

ce
 S

cie
nc

e
20

19
, 5

42
, 4

69
. 

[5
] 

A.
 A

da
m

, S
. H

ar
le

pp
, F

. G
hi

lin
i, 

G.
 C

ot
in

, B
. F

re
is,

 J.
 G

oe
tz

, S
. B

ég
in

, M
. T

as
so

, D
. M

er
tz

, C
ol

lo
id

s a
nd

 
Su

rfa
ce

s A
: P

hy
sic

oc
he

m
ica

l a
nd

 E
ng

in
ee

rin
g 

As
pe

ct
s2

02
2,

 6
40

, 1
28

40
7.

 

Po
st

er
 #

45

L
C

-M
S/

M
S 

as
 a

 S
tu

dy
 M

et
ho

d 
of

 th
e 

R
el

ea
se

 K
in

et
ic

s o
f R

em
de

si
vi

r 
fr

om
 

M
ag

ne
tic

 N
an

op
ar

tic
le

s

Ja
ku

b 
Pe

tr
us

1*
,T

om
as

 G
ro

nd
za

k1 ,
K

at
er

in
a 

D
un

ov
sk

a1 , 
B

oz
en

a 
H

os
ne

dl
ov

a2 , 
E

va
 K

la
pk

ov
a1 ,

C
ar

lo
s F

er
na

nd
ez

3 , 
Ja

na
 C

ep
ov

a1 ,
R

ic
ha

rd
 P

ru
sa

1
an

d 
R

en
e 

K
iz

ek
1

1
D

ep
ar

tm
en

t o
f M

ed
ic

al
 C

he
m

is
try

 a
nd

 C
lin

ic
al

 B
io

ch
em

is
try

, S
ec

on
d 

Fa
cu

lty
 o

f M
ed

ic
in

e,
Ch

ar
le

s U
ni

ve
rs

ity
 

in
 P

ra
gu

e 
an

d 
M

ot
ol

 U
ni

ve
rs

ity
 H

os
pi

ta
l, 

V
 Ú

va
lu

 8
4,

 1
50

 0
6 

Pr
ag

ue
 5

, C
ze

ch
ia

2
BI

O
C

EV
, F

irs
t F

ac
ul

ty
 o

f M
ed

ic
in

e,
 C

ha
rle

s U
ni

ve
rs

ity
, 2

52
 5

0 
V

es
te

c,
 C

ze
ch

ia
3

Sc
ho

ol
 o

f P
ha

rm
ac

y 
an

d 
Li

fe
 S

ci
en

ce
s, 

Ro
be

rt 
G

or
do

n 
U

ni
ve

rs
ity

, G
ar

th
de

e 
Ro

ad
, A

be
rd

ee
n 

A
B1

07
Q

B,
 

A
be

rd
ee

n,
 U

ni
te

d 
K

in
gd

om
*E

m
ai

l:
ja

ku
bp

et
@

gm
ai

l.c
om

O
rig

in
al

ly
 ta

rg
et

ed
 a

ga
in

st
 E

bo
la

 a
nd

 M
ar

bu
rg

 v
iru

se
s,

an
tiv

ira
l d

ru
g

re
m

de
si

vi
r (

R
D

V
) h

as
 

sh
ow

n 
cl

in
ic

al
ly

 re
le

va
nt

 e
ffe

ct
s a

ga
in

st
 S

A
R

S-
C

oV
-2

 v
iru

s.
R

D
V

 is
 m

et
ab

ol
ise

d 
in

to
 it

s 
tri

ph
os

ph
at

e 
fo

rm
 w

hi
ch

 a
ct

s a
s a

n 
in

hi
bi

to
r o

f v
ira

l r
ep

lic
at

io
n 

by
 b

ei
ng

 a
n 

A
TP

 a
na

lo
gu

e 
an

d 
st

al
lin

g 
vi

ra
l R

N
A

 p
ol

ym
er

as
e.

 In
 b

lo
od

, 9
3%

 o
f R

D
V

 is
 b

ou
nd

 to
 p

ro
te

in
s a

nd
 it

s h
al

f-
lif

e 
is 

ar
ou

nd
 o

ne
 h

ou
r. 

B
ec

au
se

 o
f i

ts
 c

on
ce

nt
ra

tio
n 

de
cl

in
in

g 
qu

ite
 ra

pi
dl

y,
 it

 m
ig

ht
 b

e
be

ne
fic

ia
l t

o 
de

ve
lo

p 
a 

m
ag

ne
tic

 n
an

oc
ar

rie
r w

ith
 th

e 
ab

ili
ty

 to
 re

le
as

e 
R

D
V

 o
ve

r t
im

e.
Fi

rs
tly

, w
e 

ai
m

ed
 to

 d
ev

el
op

 a
 L

C
-M

S/
M

S 
m

et
ho

d 
to

 d
et

ec
t R

D
V

 in
 b

lo
od

 p
la

sm
a/

se
ru

m
. 

Se
co

nd
ly

, w
e 

pr
ep

ar
ed

 m
ag

ne
tic

 n
an

op
ar

tic
le

s
(M

N
Ps

)t
o 

w
hi

ch
 w

e 
bo

un
d 

R
D

V
. T

he
n,

 th
e 

re
le

as
e 

ki
ne

tic
s o

f R
D

V
 in

 b
lo

od
 p

la
sm

a/
se

ru
m

/b
uf

fe
rs

 w
as

 st
ud

ie
d 

at
 d

iff
er

en
t p

H
. F

in
al

ly
, 

w
e 

co
m

pa
re

d 
th

e 
st

ab
ili

ty
 o

f f
re

e 
R

D
V

 w
ith

 R
D

V
 b

ou
nd

 to
 M

N
Ps

in
 b

lo
od

 p
la

sm
a/

se
ru

m
 in

 
or

de
r t

o 
de

te
rm

in
e 

w
he

th
er

 th
e 

at
ta

ch
m

en
t i

nc
re

as
es

 R
D

V
 h

al
f-

lif
e.

LC
-M

S/
M

S 
m

et
ho

d 
fo

r 
th

e 
de

te
ct

io
n 

of
 R

D
V

 w
as

 d
ev

el
op

ed
 -

m
ob

ile
 p

ha
se

 A
 (1

00
%

 w
at

er
 +

 0
.1

 %
 H

CO
O

H
), 

m
ob

ile
 p

ha
se

 B
 (9

5%
A

C
N

 +
 5

 %
 w

at
er

 +
 0

.1
 %

 H
CO

O
H

), 
co

lo
n 

Zo
rb

ax
 C

18
, R

T 
1.

88
m

in
, 

60
3.

2 
m

/z
 

20
0 

m
/z

.I
n 

bu
ffe

r s
ol

ut
io

n,
 th

e 
R

D
V

 si
gn

al
-c

on
ce

nt
ra

tio
n 

re
la

tio
n 

w
as

 li
ne

ar
 (r

 
= 

0.
99

96
), 

LO
D

 0
.3

 n
g/

m
l, 

LO
Q

 5
 n

g/
m

l.
In

 p
la

sm
a/

se
ru

m
, t

he
 re

la
tio

n 
w

as
 li

ne
ar

, t
oo

 (r
 =

 
0.

99
96

/0
.9

99
6)

, L
O

D
 1

.9
 n

g/
m

l, 
LO

Q
 6

.5
 n

g/
m

l. 
R

D
V

w
as

 b
ou

nd
 to

 th
e 

pr
ep

ar
ed

M
N

Ps
pr

im
ar

ily
 b

y 
el

ec
tro

sta
tic

 in
te

ra
ct

io
n 

(2
4 

h,
 2

5°
C

, 4
00

 rp
m

). 
Su

bs
eq

ue
nt

ly
,t

he
 d

yn
am

ic
s o

f 
R

D
V

re
le

as
e 

in
to

 th
e 

m
ed

ia
 w

as
 st

ud
ie

d
ov

er
 2

4 
h.

R
D

V
 w

as
 su

cc
es

sf
ul

ly
 e

lu
te

d 
fro

m
 th

e 
m

ag
ne

tic
 c

ar
rie

r a
nd

 d
et

ec
te

d 
by

 L
C

-M
S/

M
S.

Fo
r t

he
 p

ot
en

tia
l b

io
m

ed
ic

al
 u

se
 o

f 
na

no
pa

rti
cl

es
, i

t i
s n

ec
es

sa
ry

 to
 st

ud
y 

th
e 

ef
fe

ct
s o

f s
el

ec
te

d 
m

ol
ec

ul
es

 th
at

 m
od

ify
 th

e 
su

rf
ac

e 
in

 a
 si

gn
ifi

ca
nt

 w
ay

 b
y

th
e 

fo
rm

at
io

n 
of

 a
 p

ro
te

in
 c

or
on

a.
 T

he
 p

ro
te

in
 c

or
on

a 
ca

n 
af

fe
ct

 th
e 

be
ha

vi
or

 o
f t

he
 n

an
ot

ra
ns

po
rte

r, 
bo

th
 p

os
iti

ve
ly

 a
nd

 n
eg

at
iv

el
y.

 

Fi
gu

re
. (

a)
 L

C
-M

S/
M

S 
pe

ak
 o

f R
D

V
 w

ith
 R

T 
1.

88
 m

in
. (

b)
 st

ru
ct

ur
e 

of
 M

N
Ps

 w
ith

 b
ou

nd
 R

D
V

 (r
ed

 sq
ua

re
s)

 a
nd

 p
ro

te
in

 
co

ro
na

 m
ad

e 
pr

im
ar

ily
 o

f a
lb

um
in

e.

A
ck

no
w

le
dg

em
en

ts
Th

e 
pr

oj
ec

t i
s 

be
in

g 
im

pl
em

en
te

d 
un

de
r 

th
e 

gr
an

t 
pr

oj
ec

t
M

Z 
ČR

 –
R

V
O

, F
N

 in
 M

ot
ol

 0
00

64
20

3
an

d 
Po

rtA
SA

P 
C

A
 

C
O

ST
 A

ct
io

n 
C

A
16

21
5.

Po
st

er
 #

46



Fu
nc

tio
na

liz
at

io
n 

of
 p

rim
ar

y 
T 

ce
lls

 w
ith

 m
ag

ne
tic

 N
an

op
ar

tic
le

s 
fo

r g
ui

de
d 

im
m

un
ot

he
ra

py

Fe
lix

 P
fis

te
r1*

, P
hi

lip
p 

B
oo

sz
1 ,

R
en

e 
St

ei
n1 ,

B
er

nh
ar

d 
Fr

ie
dr

ic
h1 , 

La
rs

 F
es

te
r2 , 

D
ia

na
 D

ud
zi

ak
3 , 

C
hr

is
to

ph
 A

le
xi

ou
1

an
d 

C
hr

is
tin

a
Ja

nk
o1 

1 
D

ep
ar

tm
en

t o
f O

to
rh

in
ol

ar
yn

go
lo

gy
, S

ec
tio

n 
of

E
xp

er
im

en
ta

l O
nc

ol
og

y 
an

d 
N

an
om

ed
ic

in
e 

(S
E

O
N

), 
E

ls
e 

K
rö

ne
r-

Fr
es

en
iu

s-
S

tif
tu

ng
-P

ro
fe

ss
or

sh
ip

, U
ni

ve
rs

itä
ts

kl
in

ik
um

E
rla

ng
en

,G
er

m
an

y;
 2

In
st

itu
te

 o
f A

na
to

m
y 

an
d 

C
el

l B
io

lo
gy

, 
Fr

ie
dr

ic
h-

Al
ex

an
de

r-
U

ni
ve

rs
itä

t 
E

rla
ng

en
-N

ür
nb

er
g 

(F
A

U
); 

3 L
ab

or
at

or
y 

of
 D

en
dr

iti
c 

C
el

l B
io

lo
gy

, 
D

ep
ar

tm
en

t 
of

 
D

er
m

at
ol

og
y,

 U
ni

ve
rs

itä
ts

kl
in

ik
um

 E
rla

ng
en

, 9
10

54
 E

rla
ng

en
, G

er
m

an
y

*
E

-m
ai

l: 
fe

lix
.p

fis
te

r@
uk

-e
rla

ng
en

.d
e

Ad
op

tiv
e 

T 
ce

ll 
th

er
ap

ie
s 

ar
e 

an
 e

m
er

gi
ng

 p
ar

t o
f i

m
m

un
ot

he
ra

pi
es

 ta
rg

et
in

g
ca

nc
er

.W
hi

le
 th

es
e 

fo
rm

s 
of

 tr
ea

tm
en

t c
an

 s
ig

ni
fic

an
tly

 im
pr

ov
e 

pa
tie

nt
 s

ur
vi

va
l a

nd
 re

du
ce

 d
is

ea
se

 b
ur

de
n,

 th
ey

 c
an

 a
ls

o 
ca

us
e 

se
ve

re
 a

dv
er

se
 s

id
e 

ef
fe

ct
. F

ur
th

er
m

or
e,

 th
e 

po
si

tiv
e 

re
su

lts
of

 T
 c

el
l t

he
ra

py
 a

ga
in

st
 b

lo
od

 c
an

ce
rs

ca
nn

ot
ye

t
be

 
re

pr
od

uc
ed

 
on

 
so

lid
tu

m
or

s.
 

Th
is

 
m

ig
ht

 
be

 
du

e 
to

th
e

im
m

un
os

up
pr

es
si

ve
 

m
ic

ro
en

vi
ro

nm
en

t o
f s

ol
id

 c
an

ce
rs

, l
im

iti
ng

 T
 c

el
l f

un
ct

io
na

lit
y 

an
d 

in
fil

tra
tio

n.
Th

er
ef

or
e,

 it
 is

 o
f i

nt
er

es
t 

to
 im

pr
ov

e
th

e 
ef

fic
ac

y 
of

 T
 c

el
l t

he
ra

pi
es

 a
ga

in
st

 s
ol

id
 t

um
or

s 
by

 in
cr

ea
si

ng
 t

he
 n

um
be

r 
of

Tu
m

or
 

in
fil

tra
tin

g 
T 

ce
lls

. H
ow

ev
er

, a
 s

ys
te

m
ic

 e
sc

al
at

io
n 

of
 a

dm
in

is
te

re
d 

T 
ce

ll 
nu

m
be

rs
 is

 n
ot

 a
dv

is
ab

le
 d

ue
 

to
 th

e 
af

or
em

en
tio

ne
d 

ris
k 

of
 s

er
io

us
 s

id
e 

ef
fe

ct
s.

 T
o 

ac
cu

m
ul

at
e 

T 
ce

lls
 in

 th
e 

tu
m

or
 re

gi
on

, a
do

pt
iv

e 
T 

ce
lls

 w
ill 

be
 lo

ad
ed

 w
ith

su
pe

rp
ar

am
ag

ne
tic

 ir
on

 o
xi

de
 n

an
op

ar
tic

le
s 

(S
PI

O
N

s)
 a

nd
re

-a
dm

in
is

te
re

d 
ad

m
in

is
te

re
d 

in
to

 th
e 

va
sc

ul
ar

 s
up

pl
y 

of
 th

e 
re

sp
ec

tiv
e 

ca
nc

er
 ti

ss
ue

.D
ue

 to
 th

e 
m

ag
ne

tic
 p

ro
pe

rti
es

 o
f 

SP
IO

N
s,

 T
 c

el
ls

 a
re

 g
ui

da
bl

e 
by

 a
n 

ex
te

rn
al

 m
ag

ne
tic

 fi
el

d,
 a

llo
w

in
g 

th
e 

lo
ca

l e
nr

ic
hm

en
t i

n 
th

e 
tu

m
or

, 
w

hi
ch

 s
ho

ul
d 

in
cr

ea
se

 a
nt

i-t
um

or
 a

ct
iv

ity
 a

nd
 a

re
du

ct
io

n 
of

 s
ys

te
m

ic
 s

id
e 

ef
fe

ct
s.

Pr
io

r e
xp

er
im

en
ts

 re
su

lte
d 

in
 th

e 
de

ve
lo

pm
en

t o
f a

 s
ui

ta
bl

e 
pa

rti
cl

e 
sy

st
em

 w
ith

 c
itr

at
e-

co
at

ed
 S

PI
O

N
s,

 
w

hi
ch

 w
e 

im
pr

ov
ed

 to
 e

nh
an

ce
 S

PI
O

N
 s

ta
bi

lit
y 

in
th

e
m

ed
iu

m
, S

PI
O

N
up

ta
ke

 a
nd

 T
 c

el
l v

ia
bi

lit
y.

W
e 

w
er

e 
al

so
 a

bl
e 

to
 e

nr
ic

h 
th

es
e 

na
no

pa
rti

cl
e-

lo
ad

ed
 T

 c
el

ls
 m

ag
ne

tic
al

ly
 in

 a
 d

yn
am

ic
 f

lo
w

 s
ys

te
m

. 
Ad

di
tio

na
lly

, w
e 

in
ve

st
ig

at
ed

 th
e 

im
pa

ct
 o

f S
PI

O
N

 lo
ad

in
g 

on
 th

e 
im

m
un

e 
re

sp
on

se
 o

f p
rim

ar
y 

hu
m

an
 

T 
ce

lls
. 

N
o 

di
ffe

re
nc

e 
in

 t
he

 p
ro

du
ct

io
n 

or
 I

L-
2 

af
te

r 
po

ly
cl

on
al

 
st

im
ul

at
io

n 
w

as
 d

et
ec

te
d 

(F
ig

ur
e 

A)
.

Ad
di

tio
na

lly
, 

w
e 

fo
un

d 
th

at
 t

he
 S

PI
O

N
s 

w
er

e
lo

ca
te

d 
ei

th
er

 
in

tra
ce

llu
la

rly
 o

r 
w

er
e

st
ab

ly
 a

tta
ch

ed
 to

 th
e 

pl
as

m
a 

m
em

br
an

es
,w

ith
ou

t s
pi

llin
g 

ov
er

 to
 n

on
-lo

ad
ed

 
ce

lls
(F

ig
ur

e 
B)

. T
he

re
fo

re
, w

e 
ha

ve
 s

ho
w

n 
a 

pa
rti

cl
e 

sy
st

em
 s

ui
te

d 
fo

r t
he

 lo
ca

l m
ag

ne
tic

 e
nr

ic
hm

en
t 

of
 T

 c
el

ls
 fo

r p
os

si
bl

e 
fu

tu
re

 th
er

ap
eu

tic
 a

pp
ro

ac
he

s.

Ac
kn

ow
le

dg
m

en
ts

:T
hi

s 
re

se
ar

ch
 w

as
 fu

nd
ed

 b
y 

th
e 

El
se

 K
rö

ne
r F

re
se

ni
us

 S
tif

tu
ng

, B
ad

 H
om

bu
rg

 v
.d

.H
., 

G
er

m
an

y 
(2

01
8_

A8
8)

 
to

 C
.J

. 
an

d 
D

eu
ts

ch
e 

Fo
rs

ch
un

gs
ge

m
ei

ns
ch

af
t 

(D
FG

)-S
FB

 T
R

R
 3

05
-B

05
, 

D
U

54
85

-1
 t

o 
D

.D
. 

as
 w

el
l a

s 
in

tra
m

ur
al

ly
 b

y 
th

e 
Em

er
gi

ng
 F

ie
ld

s 
In

iti
at

iv
e 

EF
I-B

IG
-T

he
ra

 a
nd

 th
e 

St
ae

dl
er

-S
tif

tu
ng

 to
 D

.D
. a

nd
 C

.A
. 

Fi
gu

re
. A

ct
iv

at
io

n 
of

 S
PI

ON
-lo

ad
ed

 T
 ce

lls
an

d 
ce

llu
la

r S
PI

ON
 lo

ca
liz

at
io

n.
 P

rim
ar

y 
hu

m
an

 C
D3

+
T 

ce
lls

 w
er

e 
iso

la
te

d 
fro

m
 

pe
rip

he
ra

l 
bl

oo
d 

an
d 

lo
ad

ed
 w

ith
 S

PI
ON

s 
ov

er
ni

gh
t. 

A)
 A

fte
r 

lo
ad

in
g,

 T
 c

el
ls 

w
er

e 
po

ly
clo

na
lly

 s
tim

ul
at

ed
 w

ith
 a

nt
i-

CD
3/

CD
28

/C
D2

 a
nt

ib
od

ie
s a

nd
 rh

 IL
-2

 (S
tim

) o
r n

ot
 (N

ai
ve

) f
or

 2
4 

h 
an

d 
an

al
yz

ed
 fo

r c
yt

ok
in

e 
ex

pr
es

sio
n.

 B
) T

ra
ns

m
iss

io
n 

el
ec

tr
on

 m
icr

os
co

py
 p

ict
ur

e 
of

 a
 T

 c
el

l 
af

te
r 

SP
IO

N-
lo

ad
in

g.
 I

nt
ra

ce
llu

la
r 

SP
IO

Ns
 a

nd
 S

PI
ON

s 
at

ta
ch

ed
 t

o
th

e 
pl

as
m

a 
m

em
br

an
e 

ar
e 

m
ar

ke
d 

vi
a 

re
d 

ar
ro

w
s (

fro
m

 B
oo

sz
 e

t a
l.,

 C
an

ce
rs

 2
02

1)
.

Po
st

er
 #

47

M
ag

ne
tic

na
no

pa
rt

ic
le

fo
cu

sin
g

sy
st

em
on

th
e

bl
oo

d
ve

ss
el

us
in

g
an

ar
ra

y
of

pe
rm

an
en

t m
ag

ne
ts

Bo
yo

un
g 

So
n 

an
d 

Ju
ng

w
on

 Y
oo

n

Sc
ho

ol
 o

f I
nt

eg
ra

te
d 

En
gi

ne
er

in
g,

 G
w

an
gj

u 
In

st
itu

te
 o

f S
ci

en
ce

 a
nd

 T
ec

hn
ol

og
y,

 G
w

an
gj

u 
61

00
5,

 R
ep

ub
lic

 o
f K

or
ea

.

Em
ai

l:S
on

bo
yo

un
g@

gm
.g

ist
.a

c.
kr

 M
ob

ile
:8

2-
10

-4
07

1-
46

16

M
ag

ne
tic

 n
an

op
ar

tic
le

s (
M

N
Ps

) a
re

 a
 c

or
e 

re
se

ar
ch

 to
pi

c 
in

 m
ed

ic
al

 n
an

ot
ec

hn
ol

og
y 

be
ca

us
e 

th
ey

 a
re

 n
an

o-
sc

al
e 

pa
rti

cl
es

 th
at

 c
an

 b
e 

m
an

ip
ul

at
ed

 in
 th

e 
hu

m
an

 b
od

y.
 T

ar
ge

te
d 

dr
ug

 d
el

iv
er

y 
(T

D
D

) a
nd

 M
ag

ne
tic

 H
yp

er
th

er
m

ia
 

ar
e 

th
e 

la
te

st
 m

ed
ic

al
 te

ch
no

lo
gi

es
 u

si
ng

 M
N

Ps
, w

hi
ch

 a
re

 b
ei

ng
 re

se
ar

ch
ed

 a
s 

a 
re

pr
es

en
ta

tiv
e.

 W
ha

t t
he

se
 tw

o 
te

ch
no

lo
gi

es
 n

ee
d 

in
 co

m
m

on
 is

 to
 fo

cu
s t

he
 in

je
ct

ed
 M

N
Ps

 in
to

 a 
si

ng
le

 p
oi

nt
. S

o,
 w

e s
tu

di
ed

 h
ow

 to
 fo

cu
s M

N
Ps

 
in

je
ct

ed
 in

to
 th

e 
bl

oo
d 

ve
ss

el
 in

to
 a

 si
ng

le
 p

oi
nt

 w
ith

in
 th

e 
bl

oo
d 

ve
ss

el
.

A
s p

er
 E

ar
ns

ho
w

's 
th

er
eo

m
, a

 st
at

ic
 m

ag
ne

tic
 fi

el
d 

ca
nn

ot
 fo

cu
s a

 m
ag

ne
tic

 p
ar

tic
le

 to
 a 

po
in

t i
n 

a 3
D

 en
vi

ro
nm

en
t. 

Th
er

ef
or

e,
 e

xi
st

in
g 

st
ud

ie
s u

til
iz

e 
a 

co
il 

sy
st

em
 to

 fo
cu

s p
ar

tic
le

s 
w

ith
 a

 d
yn

am
ic

 m
ag

ne
tic

 fi
el

d.
 H

ow
ev

er
, t

he
se

 
sy

st
em

s 
ha

ve
 p

ro
bl

em
s 

w
ith

 h
ea

t g
en

er
at

io
n 

du
e 

to
 th

e 
op

er
at

io
n 

of
 th

e 
co

il,
 th

e 
si

ze
 a

nd
 w

ei
gh

t o
f e

qu
ip

m
en

t 
be

co
m

in
g 

la
rg

e 
an

d 
he

av
y,

 a
nd

 it
 is

 d
iff

ic
ul

t t
o 

co
nc

en
tra

te
 p

ar
tic

le
s 

im
m

ed
ia

te
ly

. T
hi

s 
st

ud
y 

pr
op

os
es

 a
 m

et
ho

d 
th

at
 u

til
iz

es
 a

n 
ar

ra
y 

of
 p

er
m

an
en

t m
ag

ne
ts

 to
 in

st
an

tly
 f

oc
us

 m
ag

ne
tic

 p
ar

tic
le

s 
on

 th
e 

ve
ss

el
 w

al
l t

hr
ou

gh
 a

 
co

m
pa

ct
 a

nd
 li

gh
tw

ei
gh

t s
ys

te
m

. T
ak

in
g 

ad
va

nt
ag

e 
of

 th
e 

sp
ec

ifi
ci

ty
 o

f b
lo

od
 v

es
se

ls
, w

e 
us

e 
a 

st
at

ic
 m

ag
ne

tic
 

fie
ld

 to
 ta

rg
et

 M
N

Ps
 to

 a
 p

oi
nt

 o
n 

th
e 

ve
ss

el
 w

al
l r

at
he

r t
ha

n 
a 

po
in

t i
n 

sp
ac

e.
 T

hi
s s

ys
te

m
 is

 si
m

pl
e 

an
d 

sm
al

l, 
so

 
it 

ca
n 

be
 u

se
d 

to
ge

th
er

 w
ith

 T
D

D
 a

nd
 M

ag
ne

tic
 H

yp
er

th
er

m
ia

 sy
st

em
s.

Th
e 

pe
rm

an
en

t m
ag

ne
t a

rr
an

ge
m

en
t o

f t
he

 sy
st

em
 is

 si
m

ul
at

ed
 in

 F
ig

ur
e 

(a
). 

In
 th

is
 sy

st
em

, t
w

o 
ax

es
 o

ut
 o

f t
hr

ee
 

ax
es

 in
 sp

ac
e 

ap
pl

y 
a 

co
lle

ct
in

g 
fo

rc
e 

ba
se

d 
on

 th
e 

ce
nt

er
 p

oi
nt

, a
nd

 th
e 

ot
he

r a
xi

s g
iv

es
 a

 p
us

hi
ng

 fo
rc

e.
 In

 F
ig

ur
e 

(b
), 

w
e 

ex
pe

rim
en

t w
ith

 f
oc

us
in

g 
M

N
Ps

 in
 a

 s
ta

tic
 f

lu
id

 e
nv

iro
nm

en
t. 

Th
e 

si
ze

 o
f 

th
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 o
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 o
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PrecisionMRX nanoparticles are manufactured by Imagion Biosystems,
Inc., a developer of non-invasive, non-radioactive diagnostic imaging

technology. Combining nanotechnology and biotechnology, the
company aims to use PrecisionMRX nanoparticles to support clinical

research and other biomedical applications. 

PRECISE, UNIFORM, CONSISTENT 

PrecisionMRX  nanoparticles are superparamagnetic iron
oxide nanoparticles with uniform spherical morphology,
narrow size dispersity, and high magnetic relaxivity. 

To achieve the highest quality, Imagion Biosystems uses
the thermal decomposition process, which allows precise
control over size, shape, and magnetic properties of the
nanoparticles. The manufacturing process is robust and
produces high-quality magnetite (Fe₃O₄) core
nanoparticles with minimal batch-to-batch variability.

Conventional Suppliers

PrecisionMRX nanoparticles are made specifically for the
demands of biomedical applications and are available with a
variety of coatings to facilitate their uses. 

Contact us for bulk quantities or custom orders.

imagionbiosystems.com
info@imagionbio.com

PH: (855) 564-5264

Carboxylic Acid Functionalized PrecisionMRX  Nanoparticles

Dextran-Coated PrecisionMRX  Nanoparticles

mPEG Coated PrecisionMRX  Nanoparticles

Oleic Acid Coated PrecisionMRX  Nanoparticles

Key Applications

Superparamagnetic Relaxometry
Magnetic Resonance Imaging
Magnetic Particle Imaging
Magnetically Induced Hyperthermia

Other Applications

Vaccine Adjuvant

Drug Delivery

Magnetomotive 
Ultrasound Imaging

Theranostic Application

Magnetic Immunoassays

Magnetic Cell 
Enrichment Assays

® 

® 

® 

® 

® 



Magnetherm Systems & Accessories 

The magneTherm™ system has been purpose built for this application for 
over 16 years and is now the most flexible, affordable, reliable and fit for 

purpose bench top system available. 

Installed on 5 Continents and over 28 Countries 

The best-selling, purpose designed systems for Nanoparticle Heating 
studies including: Hyperthermia, Calorimetry, In Vitro & In Vivo studies, 

Drug Release & Drug Delivery Research. 

The New Magnetherm System is available with Full Software control  
and display of all operating parameters. Method Storage and recall with 

full data analysis and display of SAR/SLP/ILP. 

Software Controlled 

Option 

Our wide range of accessories makes the 

Magnetherm the most flexible System for all 
your Nanoparticle Heating Studies. 

Water Jacket 

Options 

Live Cell Exposure 

Option 

Customised & 
Large Format Coil 

Options 

Drug Release/Delivery 

Option 

Visit our website for further details – www.nanotherics.com 

Tel. +44 1925 812554   E-mail. enquiry@nanotherics.com 

http://www.nanotherics.com/


chemicell
NEW TOOLS IN BIOSCIENCES

Chemicell develops and produces magnetic nano- and
microparticles for innovative bioseparation, gene transfection
and detection systems. Focus of our product development is to
design particles for high quality customer-oriented „ready to
use“ kits with special orientation towards the compatibility for
labor automatisation.

It is chemicell’s policy to be open for cooperations with other
companies or scientific institutes to maximize the chances and
opportunities that evolve from the rapid development of
biotechnological procedures and to distribute innovative new
products.



chemicell GmbH
Eresburgstrasse 22-23
12103 Berlin
Germany

info@chemicell.com
www.chemicell.com

Contact

SiMAG / fluidMAG - magnetic nano- and microparticles

chemicell
NEW TOOLS IN BIOSCIENCES

Magnetofection – magnetic transfection of pollen
The simple and efficient Magnetofection technology

was successfully applied to the transfection of pollen.

This opens the possibility of the rapid and efficient

generation of new variations of transgenic crops.

Zhao et al. 2017 Pollen magnetofection for genetic
modification with magnetic nanoparticles as gene
carriers Nature Plants 3, 956–964 (2017).

Fast and efficient isolation of DNA and RNA by means of magnetic
SiMAG-DNA particles not only in SARS-CoV-2 times.
SiMAG-N-DNA particles have been successfully used

to isolate SARS-CoV-2 RNA for rapid large scale

testing by RT-qPCR and RT-LAMP.

Steffen Klein et al. - July 2020 - SARS-CoV-2 RNA
extraction using magnetic beads for rapid large-
scale testing by RT-qPCR and RT-LAMP.
https://www.mdpi.com/1999-4915/12/8/863

virus RNA magnetic bead
with RNA

magnet



About us
Nanotech Solutions S.L. is an innovation company 
founded on January 2019 and composed by experts 
in instrumentation and nanomagnetics research, 
development and manufacturing.

NTSOL focuses its commercial activities on the 
development and manufacturing of instrumentation 
for AC/DC magnetic field generation, or Magnetometry. 
These Systems are used for characterising the 
magnetic properties of nanomaterials and for its 
applications in different areas.

A tight interaction with customers to satisfy 
their requirements is our major fingerprint as 
manufacturer.

We are committed with magnetic nanomaterial’s 
users to provide the best to benefit their research 
and/or industrial activities. NTSOL offers commercial 
alternatives to suit customer requirements and 
purchase capabilities: Sales or renting ?

For achieving this goal, “flexibility” guides our 
actions concerning the design, development, 
manufacturing and commercialization of NTSOL 
advanced instrumentation.

AC Magnetometry
AC Hyster series are inductive magnetometers that 
perform calibrated magnetization measurements 
of magnetic  nanoparticles dispersed in liquids, 
or inside biological matrices under alternating 
magnetic fields.

We have 3 different models measuring under AC 
magnetic fields at different field frequency ranges:

• LF AC Hyster is an inductive magnetometer whose
performance is close to quasistatic conditions:
single field frequency (1 kHz) and intensities up
to 150 kA/m.

• SENS AC Hyster is an inductive magnetometer
working in a field frequency range between 10
and 100 kHz up to 24 kA/m with sensitivity down 
to 300 nano Am2.

• ADVANCE AC Hyster is an inductive magnetometer 
working in a field frequency range between 25 and 
350 kHz up to 24 kA/m.

PR OV I DI N G I N STR UME NTATIO N  
FOR E X PLOI TI N G N A N OMAGNETICS

www.ntsol .es

Nanotech 
Solutions
Headquarters: 
C\Miguel Unamuno, 2 3ºB 
40150 Villacastín, Spain

Commercial office: 
C\Tomás Bretón, 50-52 4º 
Nave 7, 28045 Madrid, Spain
+34 609 411 812
+34 921 124 860
+34 915 060 293 



Up to 80 kA/m
Unlimited number of frequencies
Advanced Software integration
Easily expandable

Calorimetry
In vitro
In vivo
Thermal Imaging
Optical Microscopy
Drug Release Monitor
Photothermal System

nbnanoscale.com www contact@nbnanoscale.com +34 976 741 714
C/Alaún 14 Nave 7 50.197 Zaragoza,
Spain

Check out this video and find out all the possibilities our
magnetic heating equipment can offer you!  

http://www.nbnanoscale.com/
http://www.nbnanoscale.com/


Innovation with Integrity

The World‘s First MPI System,

Only from Bruker

To learn more please visit www.bruker.com/mpi

The Bruker BioSpin Pre-Clinical Imaging (PCI) division is a renowned provider of state-of-the-art preclinical imaging 
technologies, ranging from Magnetic Resonance Imaging (MRI), Computed Tomography (CT), Positron Emission 
Tomography (PET), Single Photon Emission Computed Tomography (SPECT) to its youngest imaging technology, Magnetic 
Particle Imaging (MPI).  Preclinical imaging plays an important role in the understanding of biological processes in both 
healthy and diseased states and of responses to pharmacological, physiological, or environmental challenges. The use of 
state-of-the-art analytical technologies can significantly advance clinical diagnosis and therapy routines. With our mission 
to develop each imaging technology to its best, Bruker drives innovation in new methodologies and solutions for scientists 
enabling ground-braking discoveries. Bruker constantly advances Magnetic Particle Imaging in the preclinical area, paving 
the translational way to clinical perspectives. The use of nanomaterials and their specific response to external magnetic 
fields is not only crucial for molecular imaging but opens the door to the development of novel theranostic strategies, which 
in turn can improve patient outcomes and save lives.





MAGNETIC HYPERTHERMIA 
INSTRUMENT 

Features: 
A. RF Power Supply: 5.0-12.0 kW / 150-450 kHz
B. Magnetic Power Intensity: 350-1200 Gauss / High SAR Values
C. Round and Planar Heating Coils: 40-130 mm

Hand Heating Unit is designed for Hyperthermia Treatment.
The 3.5 kg hand heating device applies hyperthermia heating energy downward and thru 
the skin to a depth of 30-40 mm. A 3-5 meter flexible cable allows the technician to 
easily position the heating anywhere over the body’s surface. Heating can be 
concentrated in one area or heating can scan a larger area. Tumors that can be treated 
are bone, infant brain, thyroid and breast. 

       MSI Portable Power Supply is Free-Standing and on Wheels.  (See Details) 

MSI AUTOMATION, INC. 
Wichita, Kansas  67220 USA 

Website: www.msiautomation.com  / Email: dave@msiautomation.com 
International Representatives: 

Hong Kong/Shanghai: www.worldwide-china.com / Romania: www.pro-tehnic.ro 
Singapore: www.dmxasia.com 

http://www.msiautomation.com/
mailto:dave@msiautomation.com
http://www.worldwide-china.com/
http://www.pro-tehnic.ro/
http://www.dmxasia.com/


March 2020: 516pp
358 illustrations

Hb: 978-1-138-05155-3 | $375.00
Pb: 978-0-367-90193-6 | $140.00
eBook: 978-1-315-16825-8

20% discount with this flyer!

Clinical Applications of
Magnetic Nanoparticles
From Fabrication to Clinical Applications

Edited by Nguyen TK Thanh, University College London,
UK

Offering the latest information in magnetic nanoparticle
(MNP) research, this book builds upon the success of the
first volume and provides an updated and comprehensive
review, from synthesis, characterization, and
biofunctionalization to clinical applications of MNPs,
including the diagnosis and treatment of cancers. The book
captures some of emerging research area which was not
available in the first volume. This volume, also written by
some of the most qualified experts in the field, incorporates
new developments in the literature, and continues to
bridge the gaps between the different areas in this field.

20% Discount Available - enter the code FLE22 at
checkout*
Hb: 978-1-138-05155-3 | $300.00
Pb: 978-0-367-90193-6 | $112.00
* Offer cannot be used in conjunction with any other offer or discount and only applies to
books purchased directly via our website.

For more details, or to request a copy for review, please contact:

For more information visit:
www.routledge.com/9780367901936

http://www.routledge.com/9780367901936


Providing
separation
solutions
for magnetic
beads

Magnet Sales & Service Limited provides magnetic

solutions to a wide variety of markets and applications.

Over many years we have worked closely with leading

magnetic bead manufacturers, developers and users in

providing both standard and bespoke separation devices.

Whether you’re looking for a rapid or improved separation

device for a tube, vessel or plate, or if you require a

magnetic separation process as part of your automated

equipment or production, then Magnet Sales can help.

Magnet Sales & Service Limited
Unit 31 Blackworth Industrial Estate
Highworth, Swindon, Wiltshire
SN6 7NA UK
T +44 (0)1793 862100
F +44 (0)1793 862101
E sales@magnetsales.co.uk

www.magnetsales.co.uk



Keeping you at the front of 
the quantum revolution
The most extensive range of low temperature 
physics instrumentation

For more information visit

qd-uki.co.uk
Quantum Design UK and Ireland Ltd 
1 Mole Business Park, Leatherhead, Surrey KT22 7BA
Tel: +44 (0)1372 378822 | Email: info@qd-uki.co.uk

■ Fully automated temperature and magnetic field testing platforms for 
materials characterisation

■ Helium Liquefiers
■ Measurement and control solutions for materials characterisation under 

extreme temperature and magnetic field conditions
■ High-precision electrical, optical, and cryogenic systems



Advanced Biomagnetic  
Separation Systems

Solutions for R&D and small volumes: 
monitor your biomagnetic separation process
Developing a magnetic bead-based process is a laborious task. Users often need to work with a wide range 
of volumes, starting with small tubes and increasing the sample size. Sepmag® proprietary technology 
generates constant magnetic force at their inner bore, with minimum stray fields. Processes are monitored 
and recorded, which enables the operator to explore the effects of bead size, concentration, or buffer 
conditions on the separation time. 

. Real-time monitoring. Our Monitor - software and hardware - measures optical changes in the
suspension, displaying its behavior and comparing different compositions. 

. Well-defined magnetic separation conditions. Applying a well-defined magnetic force to the entire
sample means variations are restricted to suspension characteristics (particles, buffer, …). 

. Safe System. Large magnets can be dangerous. Our systems are designed to operate near
computers and to protect operators from risks.

Sepmag® Systems
CENT. Parc Tecnològic del Vallès
E-08290 Cerdanyola del Vallès - Barcelona

www.sepmag.eu

Sepmag® LAB, especially suited to viscous media 
and/or small magnetic beads/particles

Sepmag® A, for the first steps with commercial magnetic beads 
and water buffers

Any questions? Do you need customized systems? Contact us at contact@sepmag.eu

Model Use

Sepmag® LAB For small tubes (1.5-50 ml), 
filled up to 50 mm 

Sepmag® LAB L For small tubes (1.5-50 ml), 
filled up to 90 mm

Model Use

Sepmag® A200ml For 250 ml bottles 

Sepmag® A200ml For 500 ml bottles

Most popular adaptors

MA211 2x 2ml + 1x 15ml + 1x 50ml

MA022 2x 15ml, 2x 50 ml

MA003 3x 50ml





The cover image was captured using a TEM at 40,000x magnification during work on the 
synthesis of iron oxide nanoflowers with outstanding heating efficiencies (ILP of 8.4 nH m2/kgFe 

or SAR = 2426 ± 76 W/gFe) measured at a frequency of 488 kHz and a field strength of 25 kA m−1. 
Each flower contains approximately 50 coalesced nanoparticles. (Storozhuk, L., Besenhard M. 
O., Mourdikoudis, S., LaGrow, A. P., Lees, M.R., Tung, L. D., Gavriilidis, A., Thanh, N. T. K* (2021) 
Simple and Fast Polyol Synthesis of Stable Iron Oxide Nanoflowers with Exceptional Heating 
Efficiency. Journal of Applied Materials and Interface. 13: 45870−45880). The work has become 
a finalist for  2022 The Royal  Society of Chemistry Emerging  Technologies  Competition in 
Health category. 

Trusted quality in a new design

perimag®

Frontier research with high-quality products

for Magnetic Particle Imaging (MPI) 
and Magnetic resonance Imaging 
(MRI) research

for homing and tracking of stem 
cells in regenerative medicine[1]

micromer®-M
high magnetomobility and 
selectivity for cell separation 

components in biosensor and 
lab-on-chip applications

nanomag®-D
high-throughput nucleic acid 
separation
components in diagnostic kits 
and biosensors[2]

for MRI and MPI research

for hyperthermia applications[3]

synomag®-D

• operating internationally

• more than 25 years experience in particle

synthesis and modification

• certified according to ISO 13485 since 2007

References:

[1] Labeling of hMSC with fluorescent perimag® (nucleus: blue; perimag® in cytoplasm: green) , T. Kilian et al. Nanomedicine 2016, 11 (15) 1957-1970.
[2] Viability assessment of Salmonella cells with nanomag®-D particles, E. Fernandez et al. Biosensors and Bioelectronics 2014, (52) 239-246.
[3] TEM tomography image of synomag®-D, L.J. Zeng, Chalmers University of Technology, Göteborg.

• Do you require particle design and modification in compliance with ISO 13485?

Get in contact with us: info@micromod.de or www.micromod.de



www.micromod.de




