
We showed here three types of experiments that can be performed with our apparatus. SonoWell makes it possible

to perform robust and reproducible experiments on cells, reducing the values of the standard deviation and doing so

that the observed effect becomes statistically significant, whilst using all standard devices commonly available in

biological labs.

Trendy fields of application of SonoWell might be cellular stimulation of functional pathways in nervous cells and

cancer immunotherapy.

Fig 4: Actinorhodin production in S. coelicolor M145

exploring different sonication and readout timing after

inoculum, as shown in Table. Antibiotic production was

evaluated by spectrophotometric assay. The bars of the

histogram represent means of five independent samples.
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Day 0 (0 hrs) Day 3 (72 hrs) Day 4 (96 hrs) Day 5 (120 hrs)

Inoculum Sonication Analysis Sonication Analysis Analysis

MW1 MW1 MW1

MW2 MW2 MW2

MW3 MW3 MW3

MW4 MW4 MW4

Actinorhodin production at 120 hrs in S. coelicolor M145 after sonication from inoculum with four different ultrasonic frequencies.

Design of experiment: the essential parameters of growth time, sonication (e.g. time of sonication, ultrasonic frequencies) and delay

for endpoint readout to allow antibiotic production maturation, were established using a limited number of plates. Bacteria were

inoculated at 1 x 108 cell/ml; plates were filled with 1 ml of bacterial culture/well and incubated at appropriate temperature for 120

hrs. Plates were sonicated with SonoWell and analyzed for antibiotic production as shown in table, while keeping constant the

temperature throughout the incubation. The frequencies -used simultaneously on four different wells- were: 650 kHz, 1 MHz, 2.4

MHz and 4.5 MHz.

We obtained the required information summarized in figure 4 using as low as four 24-well multiwell plates (MW1-4). Bacterial

maturation to produce antibiotic requires 72 hrs incubation, optimal sonication time to maximize endpoint level is at 96 hrs, while

readout is at 120 hrs. Optimal frequency to burst antibiotic production is 650 kHz, although 1.0 MHz gave comparable order of

magnitude results.

1) K. Hensel et al., Ultrasound in Med. & Biol., 37: 2105–2115, (2011)

2) H.K. Kim et al. Hum. Gene Ther. 7:1339-1346 (1996)

3) G. Ghoshal et al., Ultrasonic Imaging 34: 15-22 (2012)

4) A. Delalalnde et al. Ultrasound in Med. & Biol., 41: 1913–1926, (2015)

5) H.D. Raskar et al. Chem. Eng. Proces. 77: 7-12 (2104)

6) S. Bandyopadhyay et al. J. of Immunol. 196:1964-1976 (2016)

7) J. Unga & M. Hashida. 72:144-153 (2014)

Electronics: it can hold up to 16 parallel channels,

each generating an independent frequency within the

range 0.5-5.0 MHz, and electric power up to 20W per

channel.

Sample temperature stability: it is ensured by a

bath tank thermostated for cell culture and continuosly

degased to avoid both thermal and gas discontinuities

Plate-Well 3D Motion control: SonoWell finely

controls the Plate motion along the 3D coordinate

axis x, y, z through stepper motors. In particular z-

axis can be fine tuned to allow positioning of each

transducer plane below, within or above the cell

sample in the wells.

Simultaneous use of channels (from 1 to 4): the deposition of

the same acoustic pressure is achieved also operating at different

frequencies if the channels are in the same focal plane, this

allows to estimate the effect of frequency alone on the readout of

the cell experiments. The Near/Far Field plane position is

calibrated to be coplanar for all the channels.

Technology

Fig 1: Transducers warming test performed with a
180 s sonication, 75% duty cycle and 5.5 W/cm2.

Transducers cooling system: transducers are

cooled at low temperature through an independent

fluid circulation system, ensuring sonication

response stability and reproducibility from the

vibrating elements along all permitted duty cycles.

SonoWell easily enables to perform experiments where cells are

kept under controlled non stressful conditions, avoiding the

introduction of biased responses within measures, allowing a

direct comparison between results obtained with different

techniques. Sonowell has been designed to use standard

plasticware commonly used in molecular biology labs, ensuring

the temperature control and sterility conditions. With SonoWell the

researcher is allowed to fix all environmental physical and

chemical parameters within different wells and is allowed to vary

only one at the time.

Drug Delivery

Sonoporation of GANT–61 (GLI–inhibitor) in medulloblastoma stem cells (mMB10) using a single ultrasonic frequency of 1 MHz. The

same day of the sonication cells were seeded at 2.5 x 105 cell/well in a 24–well multiwell plate. After ultrasonic treatment cell

cultures were incubated for 24 hrs at 37°C, 5% CO2 and 95% relative humidity. The number of viable cells was determined by

CellTiter–Glo® (Promega) 24 hrs after the sonication. GANT–61 was added to cell cultures immediately before sonoporation at a

subinhibitory concentration. GANT–61 without ultrasound exposure did not significatively affected the ATP content.

Fig 3: Sonoporation of GANT-61 in mMB10 cells using microbubbles (MB) as sonoadjuvant at a frequency of 1 MHz.

In the figure the extimate of percentage of viable cells by ATP measurements with P = 1,2 MPa and t = 60” is represented. The

bars of the histogram represent means of four independent samples.
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Abstract

Nello studio dell’interazione tra ultrasuoni (US) e sistemi cellulari modello, uno dei task

più difficili da realizzare con la strumentazione attualmente disponibile è disegnare un

esperimento in cui solo un parametro acustico viene variato mentre tutti gli altri sono

mantenuti costanti.

Nel nostro studio mostriamo l’effetto degli ultrasuoni in differenti sistemi cellulari. Gli

esperimenti sono effettuati con il SonoWell, un innovativo strumento ad ultrasuoni

benchtop per la ricerca biomedica, disegnato e brevettato da Promedica per l’uso in vitro

usando comuni piastre sterili a 24 pozzetti (multiwell); esso consente l’esecuzione di

protocolli robusti e riproducibili per lo studio dell’interazione tra US e sistemi cellulari.

Particolare attenzione nel design dello strumento è stata rivolta alla minimizzazione di

fenomeni fisici non controllabili, quali dispersione di energia acustica su pozzetti laterali,

trasmissione e conversione di modalità di onde trasmesse, riflessioni e rifrazioni

secondarie etc. fenomeni che causano una scarsa riproducibilità delle misure.

Viene mostrato l’uso simultaneo di un set di quattro trasduttori che operano sulla stessa

multiwell esercitando la stessa pressione acustica in modo da isolare l’effetto biologico

delle differenti frequenze nel readout dell’esperimento cellulare. Il disegno modulare dello

strumento consente eventualmente di utilizzare quattro trasduttori identici per

massimizzare la velocità di esecuzione di un test nel caso questa fosse un fattore

limitante.

Sono stati effettuati test per alcune applicazioni basati sui differenti effetti biologici degli

ultrasuoni, rilevanti anche in campo oncologico, variando intensità acustica, frequenza,

tempo di sonicazione e duty cycle, tutti controllati attraverso interfaccia grafica e

protocolli automatizzati. I dati ottenuti provano che è possibile effettuare esperimenti in

vitro per scopi differenti (sonoporazione di DNA, drug delivery, ablazione, stimolazione

della produzione di antibiotici, stimolazione cellulare, LIPUS).

Il miglioramento dal lato della riproducibilità e della portabilità degli esperimenti

permette un importante avanzamento nel confronto di dati ottenuti con il nostro

strumento e con altre tecniche standard di biologia cellulare.
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Antibiotic production

Transfection

HEK293T (human embryonic kidney cells

transformed with large T SV40 antigen)

were used in transfection experiments.

24h before sonoporation cells were

splitted and seeded at 7 x 104 cells/well

(confluence 80% at sonication time).

Cells were transfected with reporter

gene (pEGFP-N1) expressing the green

fluorescent protein. 6 h and 24 h after

sonoporation cells were detected with

fluorescence microscopy. Sonovue®

(Bracco) were used at 90 MB/cell

concentration. Sonication parameters

used were: 650 kHz, 40% d. c., PRF 50

Hz, acoustic pressure 250 kPa for 90 s.

a b

Fig 2: 40X microscopy images a. Bright field; b. Fluorescence.
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After ultrasound exposure

there is a significant

reduction of cell viability.

Exposure of cell cultures to

US in the absence of

GANT–61 and in the

presence of MB, resulted in

a 9,85% reduction of

viability. Combined action

of GANT–61 and US in the

presence of MB indeed

affect cell viability to a

larger extent than

MB/GANT–61 or US alone

(31.02%).


