Bubblesomes:
new tool in theranostics

. " Lo _ il e e . R g 3 Y g
B »-.;f‘-’“-““'v"x".g:..- e AN Sl 'M- % 2 T e S "";3'5'
Patrizia Nadia Hanieh?, Federica Rlnaldlb Angelo Biagioni¢, Andrea Bettucci¢, Carlotta 5

Marianecci?, Maria Carafa?
aDepartment of Drug Chemistry and Technology, University of Rome “Sapienza”, Piazzale A. Moro 5, 00185 Rome, Italy
bCenter for Life Nano Science@Sapienza, Fondazione Istituto Italiano di Tecnologia, Viale Regina Elena 291, 00161 Rome, Italy 4 -
‘Department of Basic and Applied Sc:ences for Eng/neer/ng, Un/verSIty of Rome ”Sap/enza " via A Scarpa 14, 001 61 Rome, Italy é’

A e AR S K SR T s . ot

oy ‘:; ~:. *&"
: SAPIENZA

~ . . & - - ' UNIVERSITA DI ROMA

-

ety
" y



SAPIENZA Aim

UNIVERSITA DI ROMA
Transducer
PR
/ Ultrasound

Lipid,

protein or
Reflection of US
ghdey“m o A waves for imaging
. (+] INERTIAL
Microbubble o — 00— o —'°o° CAVITATION
1'1 O !,lm Probes/Drugs \ Implosion
loaded NBs ° o

Local Probes/Drugs

® ® rcleaseat target site

o o
Bloood

Endothelial cell[ @) I O j ‘/ [ OI Oj

Air, nitrogen or
perfluorocarbon

Uptake in target cell via
cell membrane pores

— Brain

L] L]
Nanocarriers °

Ultrasound Contrast
Agents (UCAS)

Nanobubbles (NBs)

« Application only as

v'Theranostic carrier
contrast agents

. . v'"Nanometric dimensions
e Micrometric

dimensions :
v’Increase the physico-

. Instability over time chemical stability 7

Nanolnnovation 2016, Conference & Exhibition, Rome 20-23 September



SAPIENZA

UNIVERSITA DI ROMA

Bubblesomes®
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Dynamic Light Scattering (DLS) characterization

Sample Size (nm)xSD ¢-Potential (mV) £SD  Polydispersion Index
NBs (P1) 151,90 + 3,55 -4, 35+ 0,15 0,25
NBs (P2) 153,10 = 2,20 -70,90 £ 1,60 0,20
NBs (P3) 166,00 + 1,88 -15,70 £ 0,57 0,10
NBs (S1) 243,30 + 3,70 -41,90 + 1,82 0,12

v Nanometric size

v Monodisperse
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Acoustical studies

Pulse-echo

Acoustic

e signal Emitting

surface  Immersion Physical technique used in clinic for

transducer

Reflecting _— the image creation
> [puiser-receiver (the reflection in the human body of
Electrical signal aCOUStIC WaveS)
Nancbuk?bles Cylindrical
suspension test tube Digital
Oscilloscope
] NBs (P1) . NBs (P2) The dependence of the attenuation
. coefficient on the NBs concentration in
] ‘ ] hepes buffer.
o] . £°] At the 14 MHz (central frequency), the
Ul . 21 . several formulations of NBs show an
q - 1. attenuation value of 6 - 20 dB/cm.
o s M B o» 3 W 4 R T ST I e e s
Concentration (% NBs/Hepes buffer) Concentration (% NBs/Hepes buffer)

"1  NBs(P3) . NBs (S1)

124 S 2
£ 10+ 2l
5 . § 5] The Bubblesomes® show an
2 ] attenuation value equal or
.1 . I greater than the commercially

0 T T T T T T T T U . T L2 T . T 3 T L4 T L) T o T b T e UCAS

] 5 10 15 20 25 30 35 40 o] 5 10 15 20 25 30 35 40
Concentration (% NBs/Hepes buffer)
Concentration (%NBs/Hepes)

Nanolnnovation 2016, Conference & Exhibition, Rome 20-23 September



SAPTENZA Stability studies

: . DLS
« DLS measurements: size and C{-potential
.. . . Room temperature T=4°C
variations measured during a period of 3 o
months at two different storage conditions (4°C
and room temperature); 140
« Pulse-echo measurements: attenuation %
variations measured immediately after the 0
preparation and then after 3 months;
10 Size (nm) Zeta Potential Size (nm) Zeta Potential
« SAXS measurements: structural variations () )
. . . mt=0 mt=30 mt=60 mt=90 Days
measured immediately after the preparation
and then after one month.
Pulse-echo _
SAXS EAO v The vesicles are stable
18- - during the period of
1000000 164 Storage
100000 g
_ 144
10000 € ]
1000 2 2] v' The entrapment
5w 5 10 efficiency of the gas in
; z the NBs is the same
o £ o after three months
0.01 4'_
€3 > v' The morphology of the
ginm-1) s bk m & m % s NBs do not change
Concentration (%NBs/Hepes buffer) after 0 n e m 0 nth

Nanolnnovation 2016, Conference & Exhibition, Rome 20-23 September



SAPIENZA

UNIVERSITA DI ROMA

Bubblesomes® are theranostic systems
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Bubblesomes® and Sonovue®
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At the same volume of bubbles diluted in a medium,
Bubblesomes®show a greater acoustical efficiency (30%)
than the SonoVue®
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...Following

» Bioavailability studies

» Blood-Brain barrier opening and closing (in vivo)
» Model molecules brain localization

» Acoustical characterization by using a preclinical ultrasound scanner

o

At the College of
Medicine and Veterinary
Medicine (University of

Edinburgh)
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Summary and Conclusions

The Bubblesomes® show:

» Nanometric size;

» Good physico-chemical properties in terms of size, {-potential,
microviscosity, polarity and fluidity;

» Stability for three months;

» Stability in the biological fluids (data not shown);

» Ability to entrap and release several drugs/probes (data not
shown);

» Ability to maintain their acoustic efficiency in presence of
drugs/probes;

» Acoustic efficiency equal or greater than the commercially UCAs.

The characterized Bubblesomes might be considered a
promising system for diagnostic imaging and therapeutic
delivery
(Patent Pending).
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