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Monitoring of hyperthermal effects of IRE on hydrogel phantom model

We studied the temperature changes of alginate hydrogel phantoms induced by varying
concentrations of NPs under electrical stimulation. The NPs-mixed cylindrical alginate hydrogel
phantoms were prepared using the extrusion gelation method. We prepared 4% (w/v) alginate
solutions with different concentrations of NPs (0, 47, 188, and 750 pg/mL) by adding sodium
alginate (250 cps, 25°C, Sigma-Aldrich, USA) and NPs to distilled water at 50°C. The mixed
hydrogel (6 mL) was transferred to a disposable syringe assembled with a 23-gauge needle and
allowed to stand at 50°C until all residual bubbles were removed. A cylindrical phantom was
formed by dropping the mixture into a 2.5% (w/v) CaCl: cross-linking solution (150 mL) at a rate
of 0.15 mL/sec. The curing process in the cross-linking solution and the subsequent gentle rinsing
process to remove excess residual calcium ions were performed twice. A pair of 23-gauge needle

electrodes was inserted into the central region of the alginate phantom specimen (70 mm long).



Monophasic pulses (1kV/cm electric field strength, 0.6 ms

duration time, 20 pulses) were delivered

to it using a pulse electroporator (ECM 830 Square Wave Electroporation system, BTX Harvard

Apparatus, Holliston, MA, USA). The real-time temperature changes of the phantom were

monitored using an infrared camera (Optris® Xi 400, Optris GmbH, Berlin, Germany).
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Figure S1. (A) TEM image of Dopa NPs (inset: hydrated particle size distribution of Dopa NPs),

and (B) FT-IR spectrum of Dopa NPs.
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Figure S2. In vitro cytotoxicity of Dopa NPs against (A) Hep3B cells and (B) L929 cells. The cell
viability was determined after treatment with different NPs concentrations for 48 h using the water-
soluble tetrazolium assay.
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Figure S3. Thermal effect of Dopa NPs according to Dopa NPs content in cylindrical alginate
hydrogel during irreversible electroporation. (A) Experimental setup for monitoring the surface
temperature of NPs-mixed alginate hydrogel phantom. (B) Thermal profile of the NPs-mixed
phantom with electroporation (1kV/cm, 0.6 ms-duration time, 20 pulses) over time. Statistically
significant value compared with control group data by ANOVA test (*P<0.05,**P<0.01, n=3).



Figure S4. Histopathological observation of the ablated hepatic region after IRE treatment (100
ps-duration time, 60 pulses) using an uncoated or Dopa NPs-coated electrodes. Brownish deposits
(blue circles) observed in the tissue treated with the coated electrodes.



