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Transdermal delivery of large nanoparticles via ultrasonic 

irradiation in low-frequency range 

Amount of AuNPs penetrated in skin

2. Materials and Methods

3. Penetration of fluorescence nanoparticles 

4. Penetration of gold nanoparticles

5. Conclusions and acknowledgement

This sonophoresis device shows that the penetration behavior of the
system changed with the differences in particles and liningUsing high or low-density polyethylene (HDPE or LDPE) as a lining,

which has similar acoustic impedance to cartilage and muscle

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

Insulin2)

2) N. Yamashita, et al., Anat. Rec. (1997).

<<Vibration conditions>>
Max amplitude: 1.3Õm

Frequency: 42 1 kHz

Duration time: 5 min

Lining: HDPE, LDPE

Frozen sections of skin penetrated with nanoparticles by ultrasound

were prepared and observed by a fluorescence microscopy

<<Design of sonophoresis device>>
Ultrasonic transducer: bolt-clamped Langevin (BL) transducer

The electric balance can detect the moment when
the BL transducer touches the harvested skin

<<Purpose>>
We fabricate a sonophoresis device that penetrated nanoparticles
through stratum corneum by ultrasonic irradiation, and demonstrate
the transdermal effect using various linings and nanoparticles

<<How to irradiate ultrasound>>
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<<Transdermal Penetration>>

1. Introduction

Stratum corneum prevents transdermal penetration of drugs

Only drugs with low molecular weight (MW < 500) can

penetrate the skin1) 1) K. Maaden et al., J. Control. Release (2012)

Polystyrene nanoparticles3)

Previous researches

Electric 

Balance

Acrylic 

holder

LiningSkin

Ultrasonic 

transducer

Skin fixed on 

the lining
Ultrasound irradiated by 

BL transducer
Composition of 

sonophoresis device

Droplet containing 
nanoparticles

skin
Lining

C

Skin 
holder

BL transducer

Height adjustment

Electric 
balance

D

Ultrasonic 
irradiation

E

100 nm

G1

100 nm

G3

100 nm

G6

500 nm

G14

F

100 Õm

Control

C

100 Õm

100 nm-AuNPs

D

100 Õm

200 nm-AuNPs

100 Õm

PSNPs (200nm), LDPE

D

Control

100 Õm

G

SiNPs, (200 nm), HDPE

100 Õm

F

Nanoparticles:
Polystyrene (PSNPs: 30, 200 nm)

Silica (SiNPs: 30, 200 nm)

Penetration conditions

Lining: HDPE Nanoparticles: Gold (AuNPs: 20, 40, 100, 200 nm)

Penetration conditions

AuNPs penetrated in the skin were sensitized and stained with 
Mayerôs hematoxylin and observed by a phase contrast microscope

Diameter of nanoparticles

SiNPs (30 nm), HDPE

100 Õm

E

PSNPs (200nm), HDPE

100 Õm

C

PSNPs (30 nm), LDPE

100 Õm

B

PSNPs (30 nm), HDPE

100 Õm

A

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

Synthesized nanoparticles

Gold-synthesized method

100 Õm

A 20 nm-AuNPs

Gold-sensitized frozen skin section

0

0.01

0.02

0.03

With stratum 
corneum

Without stratum 
corneum

N
a

n
o

p
a

rt
ic

le
 

w
e

ig
h

 (
m

g
/L

)

Measuring the amount of transdermal
penetration of 20 nm-AuNPs (black
arrows) by ICP-MS

Since the amount of penetration did
not change regardless of stratum
corneum, the AuNPs were
penetrated into stratum granulosum

This work was partially supported by Mizuho Foundation and JKA

3) N. Zhang, et al., Biomed Res. Int. (2017).
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