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Figure S1. Cytotoxic effect of single plasma treatment in U87-Red and U251-Red spheroids. Spheroids 

were exposed to untreated PBS or a single direct plasma treatment (3 min, He + 20% H2O; single Tx). 

Plasma-treated spheroids (a,b) presented a delayed growth, but it was not inhibited. (c,d) Similar total 

spheroid areas were observed between the untreated and plasma-treated spheroids 7 days post-

treatment. (e,f) The treatment was cytotoxic for U87-Red, but not for U251-Red. Data representative of 

2 independent experiments, 4–6 spheroids per condition. Mean ± SD. Tx = Treatment. 
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Figure S2. Calculation of the concentration of spin radical adduct present in the sample using DMPO. 

(a) Area under the absorption signal, second integral of the absorption signal. The value obtained is 

proportional to the number of radicals present in the sample. (b) Absorption signal, obtained through 

integration of the first derivative. (c) First derivative of the absorption signal, simulated spectrum. (d) 

First derivative of the absorption signal, experimentally obtained spectrum. 
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Figure S3. Representative experimental and simulated EPR spectra of the radical adducts of DEPMPO 

formed in pPBS. Radical adduct hyperfine values (mT): DEPMPO-OOH aN = 1.34, aH = 0.99, aP = 4.92; 

DEPMPO-OH aN = 1.38, aH = 1.31, aP = 4.67; DEPMPO-C aN = 1.43, aH = 2.13, aP = 4.59. The contribution 

of each adduct to the combined simulated spectrum is shown in %. Three adducts were detected: with 

O2•– /•OOH, •OH and C-centred radical [1]. The latter is formed via partial degradation of DEPMPO 

upon plasma treatment. This confirms that oxygen species are virtually absent in pPBS, as they will 

rapidly decay the C-radical [1,2]. It is worth noting that the O2•– (superoxide) and •OOH 

(hydroperoxyl) radicals are generally indistinguishable using nitrone spin traps (NST). Based on the 

pKa value, at physiological pH, O2•– exists mainly in the non-protonated form. However, the O2•– 

adduct of a spin trap gets protonated to form NST-OOH (and not NST- O2•–) [3]. 

 

Figure S4. DMPO-OH adduct formation as a function of plasma treatment time. Plasma generated using 

He + 20% H2O vapour saturation. Mean ± SD. 



 

Figure S5. Representative experimental and simulated EPR spectra of TEMPO: impurities in an 

untreated PBS sample and TEMPO measured in pPBS. The signal observed in the untreated sample 

results from impurities. The difference was constant in all three conditions (below 9 µM), suggesting 

that these ROS (O/O3/O2(a1Δg)) were not the main species causing the observed biological effect. 

Hyperfine value: aN = 1.70 mT. 

 

Figure S6. Schematic of the COST plasma jet. The plasma jet was operated with He gas split into two 

lines and it was controlled by mass flow controllers (MFC). Part of He flow (50 or 200 mL/min) was 

passed through an H2O-filled Drechsel flask, to achieve relative H2O saturation in the feed gas of 5% or 

20%, respectively. The total feed gas flow was 1 L/min in all cases. With this method, the H2O vapour 

content was varied during experiments (H2O vapour content expressed as the percentage of the relative 

saturation of the feed gas at RT during the experiments). The plasma was sustained at 250 VRMS and at 

an operating frequency of 13.56 MHz. The distance between the plasma jet nozzle and the surface of 

PBS in 96-well ULA plates was set at 10 mm. For direct treatments, glioblastoma spheroids in 200 µL of 

PBS were exposed to plasma. For indirect treatments (pPBS), only 200 µL of PBS were plasma-treated 

in the absence of spheroids. 
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