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Abstract—Ultrasound facilitates the penetration of macromolecular compounds through the skin and offers a
promising non-invasive technique for transdermal delivery. However, technical difficulties in quantifying ultra-
sound-related parameters have restricted further analysis of the snophoresis mechanism. In this study, we

experimental environment replacing
transdermal penetration of polystyre
of the particles, as well as the hardness of the subcutancous support material. We speculate from the
pressure measurement that he partices penctration results from the mechanical acion o eavitation. (E-matl
Kurashina.y.aa@m.titech.ac.p) © 2022 World Federation for Ultrasound in Medicine & Biology. All rights
reserved.
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INTRODUCTION (iontophoresis and clectrophoresis (Chien ct al. 1990
y o Choi et al 99;), magnetism ~ (magnetophoresis
The skin protects the body from pathogens [Murthy et al. 2010]) and ultrasound (sonophoresis
(Metz et al. 2008) and physicalichemical stmuli B T o0 TR mong
(Chuong et al. 2002) caused by external stress. Specifi- o st © K 8

cally, the stratum corneu, the outermost skin tissue act-
ing as a strong barrier, prevents transdermal penetration
of drugs applied skin (Finnin and Morgan 1999
2006;). While drugs with small
MW <500) can easily penetrate the
skin (va aden etal. 2012), there is a need to devise
a technique that allows for transdermal delivery of arger
materials (such as macromolecular drugs and nanopar-
ticles) through the stratum corneum (Guy and Hadgraft
2002). In this regard, several researchers have developed
methods using physical action that include electricity

ddress correspondence to: Yuta Kurashina, 4259 Nagatsutacho,
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these methods, sonophoresis (Azagury et al. 2014) can be
applied to the delivery of various molecules including
non-ionized or non-magnetic materials, which can
increase the skin permeability of molecules such as insu-
lin (Kost et al. 2000), morphine (Monti et al. 2001), glu-
cose (Merino et al. 2003), lidocaine (Becker 2005) and

tetanus toxoid vaccine (Ogura et al. 2008) in addition to
nanosized  materials  such  as  liposomes
(Rangsimawong et al. 2018), polymeric micelles
(Polat et al. 2012), gold nanoparticles ( 2019),

al et al. 2006) and iror
particles (Lee ot al. 2010). Sonophoresis
extended its application target in chemotherapy, is
engincering,  immunotherapy  and  gene
(Polat et al. 2010).
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<<Transdermal Penetration>>
® Stratum comeu prevents transdermal penetration of drugs

1w Ol rugs with low molecular weight (MW < 500)
penetrate the skin®) a5 Cont. e 292

‘Sonophoresis has increased the skin permeability of various
molecules, expanding its application in chemotherapy, tissue
engineering, immunotherapy, and gene therapy

Previous researches.
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<<Purpose>>
We fabricate a sonophoresis device that penetrated nanoparticies

conditions Pol (PSNPs: 30, 200 nm)
ining lanoparticles: ©OYSYTeNe > 30 m)
Lining: HDPE, LDPE  Nanoparticles: iz (sinps; 30, 200 nm)

Frozen sections of skin penetrated with nanopartiles by ulirasound
were prepared and observed by a fluorescence microscopy

Control

Penetrated
nanoparticles
were shown by
white arrows

200 nm-PSNPs were penetrated in hard lining (HDPE)
200 nm-SiNPs were not penetrated, but PSNPs were penetrated

through stratum comeum by ultrasonic irradiation, and demonstrate
the transdermal effect using various inings and nanoparticles

<<How to irradiate ultrasound>>
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<<Design of sonophoresis device>>
8 Ulrasonic ransducer: bol-clamped Langevin (BL) transducer
u The electric balance can detect the moment when
the BL ransdicer touches the harvested skin
<<Vibration conditions>>
Max ampliuce: 1
Fnsono 5 it

conditions

AUNPS penetrated in the skin were sensitized and stained wi
Mayeré hematoxylin and observed by a phase contrast m\cwscope
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Gmd‘?‘;ﬁﬁemu method  Measuring the amount of transdermal
penetration of 20 nm-AUNPs (blac}
A wmaec e arfows) by ICP-M:

o
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1 Amount of AlNPS penetaed nskin
AT ’ Since the amount of penetration did

not changeregardiess of siratum
o0, wer comeu,
ol sanszed ozen skn secion peneiratéd nto stratum granulosum

Duration time: 5 min
Acly\lc
- holder

Electric

Balance

ki fed on Unesound madaedy Compasiion of

the nng ucer sonophoress device

Using high or low-density polyethylene (HDPE or LDPE) s a lining,

This sonophoresis device shows that the penetration behavior of the
system changed with the differences in particles and lining

which has similar acoustic impedance to cartilage and muscle
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