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Filling gas Coating

* Non-toxic
e Low diffusivity

« Low solubility * Non-immunogenic

* Lowers diffusivity
* Lowers surface tension
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Bubble volume = 0.001% blood
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NO ULTRASOUND

Carlisle et al. J. Nat. Cancer Inst. 105: 1701-1710 (2013)
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Vince et al. Ultrasound Med. Biol. 49: 1415-21 (2023)



Drug only (0. 75 pg/ml)

Drug + Microbubbles

de Saint Victor et al. Ultrasound in Med. Biol. 2019
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® Surfactant shell

® Gas core

® Targeting molecules

® Drug molecules



Bubbles only Bubbles + ultrasound

Carugo et al. Biomaterials 113:105-117 (2017)




Cancer Infection
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Urinary tract infections (UTI) affect >10 million patients per
year globally.

~30% patients suffer recurrent infections.

Causes:

— Intracellular bacterial colonies .

— Poor penetration of systemic antibiotics

— Poor tolerance of high systemic doses
— Increasing antibiotic resistance

Hunstad & Justice, 2010
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* Cellular delivery (drug surrogate labelled green)

a Liposomes alone Bubbles

No ultrasound Ultrasound No ultrasound Ultrasound

Horsley et al. J. Cont. Rel. 2019



* Bacteria per cell
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Horsley et al. J. Cont. Rel. (2019)



Motile (planktonic) bacterial cell

Adherent (sessile) bacterial cell

Biofilm extracellular polymeric substances (EPS)
matrix with oxygen and nutrient availability
gradient

High O,
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(i) Replacing
conventional
antibiotics



Inactive drug Reactive oxygen
species






Tumour growth %

600+

Drug/ultrasound
500-
only controls
400-
300-
200-
100+
TreatedDay O, 6, 14, 17, 20
0_| ...........................................................................................................................................................
]_ Bubbles +
100 ultrasound
rrrrryrrrruora I I I I | I I I I
012345678910 12 14 17 20 24 28 31 36 42

Days (Post treatment)

J. Control. Rel. 208 (2018) 8-16



* Pseudomonas aeruginosa infected wounds in BALB/C mice

Untreated SDT
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Drug only
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Pseudomonas aeruginosa biofilm

Treated with air bubbles Treated with NO bubbles



Biomass of crystal violet stained biofilm remaining (%)
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(iii) Drug-free
Treaments




* Methicillin-resistant Staphylococcus aureus (MRSA) isolated from osteomyelitis
 Seeded at ODgy = 0.2 and cultured statically for 48 hours on collagen |
/dead stained with Syto-9/Propidium iodide before and after ultrasound exposure

38
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