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ü Microbubbles, small gas-filled microspheres that used to be
contrast agents in diagnostic US based imaging, are now being
intensively investigated in US-mediated gene and drug delivery
by serving as cavitation nuclei.

ü Encapsulating shell materials of microbubble can be divided into
three types shells: lipid shell, protein shell and polymer shell.
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Microbubble contrast agent 

Lee et al., Biomedical Engineering 

Letters May 2017, 7(2), pp 59ï69 

Characterization of liver mases

with contrast enhanced

ultrasound imaging.

Encapsulating shell material of MBs.
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Ultrasound molecular imaging and drug delivery

Ultrasound molecular imaging 

probe design

Cell 

Animal (Tumor)

http://www.journaladvancedultrasound.com:81/article/2019/2576-
2516/2576-2516-3-3-62.shtml Ai-Ho Liao* et al. 2013; 53(2):320-7, Ultrasounics

Microbubbles                     EGFR2-Microbubbles

Microbubbles                    EGFR2-Microbubbles
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Ultrasound molecular imaging and drug delivery

Drug loaded ultrasound 

molecular imaging probe



ü In the presence of MBs, therapeutic US could trigger acoustic
cavitation of MBs and therefore enhance the delivery of therapeutic
agents in the targeted area.
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Cavitation & Sonoporation

Schematic illustrating low and high power ultrasound assisting in drug delivery 

through microbubbles cavitation.
Zardad et al., polymers, 2016, 8, 359.



Application:
üIn November 2015, Canadian researchers for the first time utilized focused

ultrasound to cause pre-injected microbubble contrast agents in the blood vessels to
vibrate, successfully opening the blood-brain barrier in the human brain, thus
allowing more effective delivery of chemotherapy into a brain tumor.

ü In 2017, clinical trial in Paris, France: the BBB is opening in patients with
Alzheimerôsdisease.

ü In 2019, Sunnybrook researchers (Canadian): microbubbles are injected into a
patientôsbloodstream. MRI-guided FUS targets these microbubbles with thousands
of low frequency ultrasound waves causing them to vibrate and temporarily open
the BBB in patients with Alzheimerôsdisease.
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https://www.sciencedaily.com/releases/2015/11/151109085103.htm

Theranostics 2018; 8(16):4393 -4408.

Cavitation & Sonoporation
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The global landscape of human focused ultrasound 

clinical trials

Nature Reviews Neurologyvolume 17, pages7ʃ22 (2021)

https://www.nature.com/nrneurol?proof=t
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Publications per year on focused ultrasound (FUS) in the 

brain since 1990

¸ NaviFUS(NaviFUS, Taipei, Taiwan)
¸ PreoperativeMRI and optical 

neuronavigation(NaviFUS).

Nature Reviews Neurologyvolume 17, pages7ʃ22 (2021)

https://www.nature.com/nrneurol?proof=t
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Summary of MBs design 

Sirsi et al., Theranostics 2012, 2(12) 

----Considerations for next-generation

É Microbubble Surface Architecture 
É Microbubble Size 
É Molecular targeting
É Ultrasound Application 

Shell 

Type

Thickness Complia

nce

Stability Drug 

Payload

Ultraso

und 

Effects

Protein 15ï20 nm Medium Medium Medium High 

echogenic

ity; Shell 

does not 

reseal 

after 

rupture

Lipid 

Surfact

ant 

3 nm High Low to 

Medium

Low to 

Medium

Shell 

reseals 

after 

rupture

Polyme

r 

100ï200nm Low High High Shell 

does not 

reseal 

after 

rupture

PEM 

hybrid 

10ï200 nm High High High Unknown

Sirsi et al., Bubble Sci Eng Technol, 

1(1-2): 3ï17.
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An external type ultrasound (US) contrast

agent, microbubbles of topical uses.

1. Drug-carrying modified MB combine with a new 
designed device to connect to US system for the 
application of hair growth promotion, transdermal 
drug delivery, and clinical trial.

2. US-aided MBs facilitate the delivery of drugs to 
the inner ear via the transcanal method.

3. Drug loaded multifunctional MBs for theranostic

applications inhalation on airway diseases.

1. Insonation of systemically delivered cisplatin-or

5FU-loaded microbubbles significantly, and

reduced nephrotoxicity and dose of chemotherapy

in head and neck cancer.

Commercial 

design 

Development process of external type microbubble

An systemic injection of microbubble ultrasound

contrast agent for chemotherapy
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É The most important mechanism for skin permeability

enhancement is acoustic cavitation.

É Inertial cavitation results in much greater permeability

enhancement of the stratum corneum than stable cavitation.

Ultrasound mediated microbubble cavitation for transdermal drug delivery 

enhancement (TDD)

J Control Release 148 (2010) 204ɀ211
Shock waves and microjets generated during inertial

cavitations are thought to be responsible for transdermal

permeability enhancement, with microjets exerting a

significantly greater effect than shock waves.
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Penetration depth, concentration, and efficiency of transdermal Ŭ-

arbutin delivery after ultrasound treatment with albumin-shelled

microbubbles in mice

Ai-Ho Liao* et al. 2014; 23(7):2173-2182, Drug Delivery (IF=6.819).

üThis study demonstrates the penetration depth, concentration, and

efficiency of transdermal Ŭ-arbutin delivery during 4 weeks after US treatment

with MBs in mice.

üThe results indicate that combined treatment with optimal US and MBs can

increase skin permeability so as to enhance Ŭ-arbutin delivery to inhibit

melanogenesis without damaging the skin in mice.
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Transdermal drug delivery after ultrasound treatment 

with microbubbles in gel-type surrounding medium 

Ai-Ho Liao* et al. 2016; Mater Sci Eng C Mater Biol Appl.61:591-8. (IF=7.328).

Since the drug or cosmetic is usually applied to the skin in the form of a gel or lotion.

In this study, the efficiency of US plus MBs in different concentrations of agarose gel

for enhancement of skin permeability has been demonstrated.

MB behavior in an US field was recently investigated through numerical simulation in

an effort to enhance high-intensity focused US therapies. Both the viscosity and shear

elasticity of the medium surrounding the MBs reduced the attenuation of US

propagation through the MB mixture.

SEM micrograph of the (A) MBs, (B) MBs in 0.1% agarose, 

and (C) MBs in 0.15% agarose.

The gel type medium positively affected both the behavior 

of the MBs in combination with US energy and the efficacy 

of TDD enhancement.
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ü This study first determined the different effects of different-size

ultrasound (US) contrast agents and microbubbles (MBs) for enhancing

the transdermal delivery of high-molecular-weight drugs.

ü The effects of US-mediated different-size (1.4, 2.1, and 3.5 ɛm) MBs (as

a contrast agent) and ascorbyl tetraisopalmitate (VC-IP, MW=1129.8 Da)

on enhancing skin transdermal delivery were demonstrated both in vitro

and in vivo.

ü The results obtained in this study indicate that combining US with MBs of

different sizes can produce different degrees of skin permeability so as

to enhance the delivery of VC-IP to inhibit melanogenesis, without

damaging the skin in mice.

Ai-Ho Liao* et al. Plos One, 2015; 10(9):e0138500. (IF=3.214)

Effects of Microbubble Size on Ultrasound-Induced Transdermal

Delivery of High-Molecular-Weight Drugs

Change the different sizes of microbubble
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üThe present study evaluated the efficacy of US-MB-mediated diclofenac delivery for

treating adjuvant-induced rheumatoid arthritis (RA) in rats.

üThe obtained results indicate that combining US and MB can increase the skin

permeability and thereby enhance the delivery of diclofenac sodium gel and

thereby inhibit inflammation of the tissues surrounding the arthritic ankle on day10.

üColor Doppler-mode imaging revealed that US-MB treatment induced a rapid

reduction in synovial neoangiogenesis in the arthritic area.

Ai-Ho Liao* et al. Ultrasound Med Biol. 2016 42(8):1976-85. (IF=2.998).

Efficacy of combined ultrasound-and-microbubbles-mediated

diclofenac gel delivery to enhance transdermal permeation in

adjuvant-induced rheumatoid arthritis in the rat

The diclofenaccontaining gel type microbubblewas 
applied and combined with US to arthritis rat. 

Normal                Arthritis         After US-MB treat
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Lysozyme Shell

Treatment effects of lysozyme-shelled microbubbles

and ultrasound in inflammatory skin disease

É The lysozyme-coated microbubbles are stable for

several months and retain the enzymatic (antimicrobial)

activity of lysozyme.

É Lysozyme (LY) is a naturally occurring enzyme found in

bodily secretions such as tears, saliva, and milk, and is

considered a part of the innate immune system in most

mammals.

É Stable air-filled LY-shelled MBs were recently

synthesized using high-intensity US-induced

emulsification of partly reduced LY in aqueous solutions.

É LY-shelled MBs combined with US to reduce the dose

and treatment duration and improve the prognosis of

acne vulgaris.

Ai-Ho Liao* et al. Sci Rep. 7:41325, 2017. (IF=4.997) 
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Combined treatments of US and LY-shelled MBs for P.-acnes

The antimicrobial efficacy of 5% LY-shelled MBs

constructed using a sonicator power of 120 W

was more stable and hence selected for all of the

experiments.

This combing treatment reduced the treatment

duration, inhibited P.-acnes-induced inflammation,

and significantly improved the prognosis of skin

disease.

Ai-Ho Liao* et al. Sci Rep. 7:41325, 2017. (IF=4.997) 
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Ultrasound-mediated EGF-coated-microbubble 

cavitation in dressings for wound-healing applications
ÉLiquid-type MBs are not easy used for TDD and the survival of MBs with

US is affected by the viscosity of the surrounding medium.

ÉThe present study is the first to integrate EGF-coated LYMBs into a wound

dressing and combine them with US as a new platform for enhancing the

healing and prognosis of a wounded area both in vitro and in vivo.

Ai-Ho Liao* et al. Sci Rep. 8:8327, 2018. (IF=4.997) 
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Adapalene-loaded microbubbles combined with ultrasound 

suppressed UVA-induced skin photoaging in hairless mice

É Adapalene (Ada) is a third-generation

synthetic retinoid that can target abnormal

desquamation of the skin, modulate cellular

differentiation, and produce anti-

inflammatory effects.

É Although Ada gel (0.3%) provides a safe

and effective skin treatment, it can produce

undesirable side effects and Ada has a very

low percutaneous absorption. This limits its

clinical application.

É The present study investigated whether

Ada-coated lysozyme microbubbles (Ada-

LysMBs) combined with ultrasound could

enhance skin repair and reduce side effects.

Ai-Ho Liao et al. Plos One 15(5):e0232617, 2020

(IF=3.214). 



The efficacy of a new laser-mediated MB cavitation method in terms of avoiding 

the intense heat produced by the laser and enhancing TDD both in vitro and in 

vivo

Laser type Argon ion laser
Supercontinuum 

fiber 

Nd:YAG
CO2 fractional 

Wavelength (nm) 515 1064 532 10,600

Mode of operation Continuous Pulsed Pulsed Pulsed

Energy (mJ) n/a n/a 380 1.3

Output power 

(mW)
10.8 10.8 n/a n/a

Repetition rate n/a 80 MHz 5 Hz Single

Radiation 

repetitions 

(in vivo)

n/a n/a n/a Seven times

Radiation 

times/repetitions 

(in vitro)

60, 120, or 180 s 60, 120, or 180 s 60, 120, or 180 s
One, three, or 

seven times

MB dilution Fivefold Fivefold Five- or tenfold Tenfold

Average 

temperature 

increase (ÁC)

0.7 1.0 0.86 or 0.23 1.1
Ai-Ho Liao et al. Pharmaceutics 10:4, 2018. (IF=6.525) 20

Laser irradiation is an alternative approach for

enhancing TDD.

Unlike US, the mechanism underlying the effects of

laser-induced cavitation with stabilized coated MBs in

liquids remains unclear.

Pulsed laser induces stress waves that can disrupt

more MBs for inducing inertial cavitation compared to

when using a continuous laser.



Ai-Ho Liao et al., Theranostics 2016; 6(6): 817-827. (IF=11.556) 21

Effectiveness of a Layer-by-Layer Microbubbles-Based Delivery 

System for Applying Minoxidil (Rogaine) to Enhance Hair 

Growth

Some patients present with clinical

complaints of pruritus and scaling of

the scalp, and it was found that this

was mainly due to propylene glycol

rather than to the Mx itself.

This study created a new ultrasound

(US) contrast agentðalbumin-

shelled microbubbles (MBs) that

absorb chitosan oligosaccharide

lactate (COL) and Mxðand

combined it with sonication by US

energy in the water phase to

enhance hair growth while

shortening the treatment period.
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2016 publish a paper "Effectiveness of a Layer-by-Layer

Microbubbles-Based Delivery System for Applying Minoxidil to

Enhance Hair Growth to Enhance Hair Growthñin Theranostics

2016, 6(6), 817-827.and used as the journal front cover page

image. (IF=11.556)

¸ The combined use of US and Mx-COL-

MBs provides an important means to

increase the rate of hair growth and the

diameter of keratinized hair shafts.

¸ Most importantly, US combined with Mx-

COL-MBs can significantly enhance hair

growth in water without requiring the use

of any chemical enhancement method to

increase the skin permeability.



FITC (18h) Control US (3W) MB+US (3W)

Depth (ɛm) 312 405 1856
23

Measurements of penetration depth in pigskin



Animal treatments

area 2.14 cm2

3 weeks

24



N=7 25
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Clinical trial

É 40 volunteers received the 4 months treatment

É 28 volunteers completed clinical studies
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Clinical trial

After 4 months treatments, the rate of hair growth and the diameter of keratinized hair

shafts improved.

75.8%

Volunteer 1

Volunteer 2

Volunteer 3

Control: US+Rogaine MBs: MBs+US+Rogaine
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Ai-Ho Liao et al., BioMed

Research International

Volume 2014, Article ID

840852, 11

TEM of albumin MBsTransdermal
Drug Delivery

Temperature Duration Mechanism Damage

US ŷ 10 min heat

US+MBs 1 min cavitation

PW Laser ŷ 7 sec heat yes

PW Laser+MBs 7 sec cavitation

Conclusions
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Advanced Drug Delivery 
Reviews
IF=16.1

Inner ear drug delivery
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Commercial design (inner ear, preclinical development)

Ultrasound-induced microbubble (MBs) cavitation via a transcanal or

transcranial approach facilitates inner ear drug delivery

Ai-Ho Liao et al., JCI Insight. 2020, pii: 132880. (IF=9.484)

2020 Taiwan Innovation Award (Zone M, A039)


