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Abstract

Currently, aggressive brain cancer is one of the most severe types of cancer and is difficult to treat. It
accounts for up to 45% of all brain cancers. Therefore, the researcher aims to study and explore potential
approaches for treating aggressive brain cancer. This study focuses on utilizing Cold Atmospheric Plasma
(CAP) to eliminate glioblastoma cells (LN229), an aggressive form of brain cancer. The experiments
employed the Cool Air Plasma Jet model Nightingale and implemented a Full Factorial Design (29 to
investigate four factors: plasma intensity level, airflow rate, electrode-to-media surface distance, and plasma
discharge duration. The findings revealed that cold plasma achieved a maximum cancer cell elimination
rate of 49.91% under optimal conditions: plasma intensity at 0.62 watts, airflow rate at 3 liters per minute,
electrode-to-media distance at 2 cm, and discharge time of 210 seconds. Cell death was quantified using
trypan blue staining, while cell morphology was studied via fluorescence staining with propidium iodide
and Hoechst 33342. In three-dimensional models, the maximum cancer cell elimination rate was 23.00%.
The results suggest that cold plasma has significant potential in generating Reactive Oxygen and Nitrogen
Species (RONS), which contribute to cancer cell apoptosis. This research highlights the potential of cold
plasma technology as a future treatment for brain cancer. However, further advanced studies are required

to enhance its efficacy and applicability at the clinical level.

Keywords: Cold Atmospheric Plasma (CAP), Glioblastoma Cells (LN229), Reactive Oxygen and Nitrogen
Species (RONS), Full Factorial Design

Please cite this article as: P. Wichitthanabodee, K. Leksakul, N. Yawut, N. Vichiansan, and D. Boonyawan, “Cold
atmospheric plasma technology for enhancing glioblastoma cell death,” The Journal of KMUTNB, vol. 35, no. 4,
pp. 1-13, ID. 254-7797, Oct.—Dec. 2025 (in Thai).
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g

A1597 3 uaAReAMISadR p-value Aisedu
AsTesTu 95% Titfudnfay 0.05 KAIINNTAFDUNUT
Yadendniidwmansznu fie snsnslvavesennia (B)
5r8IeTENINBENINIARURIee (C) wagnanlung
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M15199 3 HaNIFIATITRNTUSLNSURTUNY 21

Term Effect Coef SE Coef T-Value p-value

Constant 23.822 0.447 53.240 0.000
plasma 0.841 0.421 0.447 0.940 0.358
Airflow rate 6.524 3.262 0.447 7.290 0.000
Electrode gap 2.076 1.038 0.447 2.320 0.031
time 1.960 0.98 0.447 2.190 0.041
plasma*Airflow rate -2.157 -1.079 0.447 -2.410 0.026
plasma*Electrode gap -0.698 -0.349 0.447 -0.780 0.445
plasma*time 9.762 4.881 0.447 10.910 0.000
Airflow rate*Electrode gap -12.847 -6.424 0.447 -14.360 0.000
Airflow rate*time -0.056 -0.028 0.447 -0.060 0.951
Electrode gap*time 3.160 1.58 0.447 3.530 0.002
plasma*Airflow rate*Electrode gap -7.027 -3.513 0.447 -7.850 0.000
plasma*Airflow rate*time -10.576 -5.288 0.447 -11.820 0.000
plasma*Electrode gap*time 6.703 3.352 0.447 7.490 0.000
Airflow rate*Electrode gap*time 3.963 1.981 0.447 4.430 0.000
plasma*Airflow rate*Electrode gap*time -6.184 -3.092 0.447 -6.910 0.000
Curvature 1 1251.75 1251.75 195.38 0.000
Error 21.000 1379.880 65.710

Lack-of-Fit 1.000 1251.750 1251.750 195.380 0.000

Pure Error 20.000 128.130 6.410

R-sq = 97.89%; R-sq(adj) = 96.20%; R-sq(pred) = 93.62%.

Ravrsananawn (D) ustladendniilildsmasenisnaans
AD SEAUAMUILUNAENT (A) LazfINUNaNIZNUYOY
Sunsnsentladeiidsmaronismaans Ao BC, CD, AD, AB,
ABD, ABC, ACD, BCD ttag ABCD aamé’aaﬁugﬂﬁ' 6 N3N
Half Normal Plot Fsdladtaassunsisendiusznouse
syfumudumanaun (A) dwwasonisnaass fauds
agulanssAuanudunanan (A) dason1snaass

nMsIAzRlusedl 3 fAansane R e
25UNUAMURNULUTUDIAFILUTROUAUDY WUUT1a09
WUULANTINIL R WU 97.89% wandliliiuinuuu
FraeauuiindIuay tuanunsaviuneauduus
serhedudsiuiudmdsaulalndifissiudeyads
waz R° (adj) Wiy 96.20% Tdlunisusziiiumany

wiugrvesuuuinaedaunsangy ieteUszifiulua
eeenefian ludiuesrn Lack-of-Fit SdudAgye1anes
Fmsnaaesiiuisluswinn denrdastiunudseves
usfna [21] TudiuveInIsAIvANgUUN YT RaN N
ndeulunIsNAaY Wag Montgomery uaang [22]
naInAdulsEANS (Coefficient) Tiuanspuduius
EUINAIMUTBATZUAZAILUTANY LUUIIABIENNTT
WNTIUIU wazhuuTIaesauni1sanjulneuwaniss
aumsi (1) wae (2)

KUUTNADIUUULANTIUIU (Regression Model)

Wasiudnisaevaaadusisy = 23.822 +
0.421A + 3.262B + 1.038C + 0.980D - 1.079AB -
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0.349AC + 4.881AD — 6.424BC - 0.028BD + 1.580CD  ooimi . % i 2 o~
B 162 30 20 200
- 3.513ABC - 5.288ABD + 3.352ACD + 1.981BCD - Ep VL & o 900
————————— ‘11 S ) { I ———
3.092ABCD - 17.01Ct Pt (1)
Dead %
, Maximum
wuudaesauniIsansluanifsuuuinasiiian e .
ST LUTDATEAIINLUUS AR LUULALS 1Y il ¢ °
L [ ] [ ] [ ] ®

yMlAlunalinnUnsaukazAnewUsNlldinane
N13NAABY N38lA1 p-value 1NN 0.05

LL‘IJUﬁﬁaadﬂuﬂ'ﬁaﬂg‘lJ (Reduced-form Equations)
wWosdudnsaneveawaduzisa = 23.822 + 3.2628
+ 1.038C + 0.980D - 1.079AB + 4.881AD - 6.424BC
+ 1.580CD - 3.513ABC- 5.288ABD + 3.352ACD +
1.981BCD - 3.092ABCD - 17.01 Ct Pt (2)

NATAATIZAM Response Optimizer &g
| 3 < a @
AINITANEVRILAANLISIETFAMNTY 49.91% 21nN13
Feseilagldiasoeiiavedusunsuituny 21 wand
Aagun 7 SadeiinliwaduziSeanewiinesemegaiian
U5ENBUME SLAUANULUNAAUNTEIU 3 (0.62 TRR)

@

8n31N5haveIRINA 3 ARTABUNT SEEEWNNTEUING
a <

BLANINIANURIYRILAY 2 WwURwAS kazianlunis
favnsananaun 210 Jund

3.2 Budfunanimaasinsrvseudeyaeulunisnie
gafildn 5 9

yhmansaaeudeyaidoulunismegeiian 5 6
ileButfunanisnnassaniedesiiuead

NVBYANIINBVBABAEULT AN N
shenanasteyansmaaey T-Test Wisuifivuriade
YBINGNAIBENEDINGY Ineeuisunsaevesas
uzsmAMVadUNaaInnnsinnelaglusunsy
Tuny (49.91%) WAEINNITNARBITTS

HaNSMAEDU T-Test FaAns19fl 4 WUt p-value
Wiy 0.208 Falsiamnsaufiasaunigiundniin

JUN 7 Anesiduinsmevetaduziseniasiian

Y

Boxplot of %Dead
(with Ho and 95% t-confidence interval for the mean)

42 44 45 48 50 52
96Dead

Uil 8 Boxplot Aldannlusunsudiiuny 21

Atdsveinisansvaasaduzifandinisinudie
wanaulifinuuandisegaditeddgnisadnidle
Wisuitsuiuaiivhngfaenndesiunaves Box Plot
FagUTl 8 uanafiatnaesidudnsmeveawadiiniade
47.60 +3.44% Balpsifusinismevesmaduziieigs
flandl 49.91% oglurnemnuidesiu lasuaninanis
NAABY Fas1edl 4 uazguil 8

M15199 4 Han5IATIERNTUsLNSURTuNY 21

p: population mean of % Dead

Null hypothesis Hy b =49.91

Alternative hypothesis Hpi:p #4991

T-Value p-value

-1.50 0.208

StDev = 3.44 95% Cl for p (43.33, 51.87)
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& =
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NAN1TNARDITLAINAINFUFIUING VD UL
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AUNUITBDY Azzariti Lazamy [24] Tavinnisinw
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24 Hlua

Plasma Discharge on Glioblastoma BrainLN229 (24 hr.)

3UN 9 nndugnineveswadi 24 4alus

3.4 NAN1IINNAadINTIAEBU Optical Emission
Spectrometer

nan1snageudIuUsEnaun1uAil (OES) v89
wmam’iuﬁauhﬁﬁﬁqmmmﬁmam meﬁqgﬂﬁ' 10
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Tunsuansfaesausenaumaaiilunanaun genndeeiu
MUATaVB Mrotzek uazan [25] losannsasiadeu
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