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Plasma Bioscience and Medicines

Eun Ha Choi

Nonthermal bio-compatible plasma (bioplasma) sources and their
characteristics operating at atmospheric pressure could be used
for biological cell interactions, especially for plasma bioscience and
medicines. The electron temperatures and plasma densities of
this bioplasma are measured to be 0.7 ~ 1.8 eV and (3-5) x 10'*
> cm?, respectively. Herein, we introduced general schematic
view of the plasma-initiated ultraviolet photolysis of water inside
the biological solutions or living tissue for the essential generation
mechanism of the reactive hydroxyl radical [OH] and hydrogen
peroxide [H202], which may result in apoptotic cell death in plasma
bioscience and medicines. Further, we surveyed the various non-
thermal bioplasma sources including plasma jet, micro-DBD
(dielectric barrier discharge) and nanosecond discharged plasma.
The diseased biological protein, cancer, and mutated cells could be
treated by these bioplasma sources or bioplasma activated water
to result in their apoptosis for new paradigm of plasma bioscience
and medicines.
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Enhanced level of ROS

RS levels

b i Normal level of ROS

| 08 Excgenous ROS stress —s Pro-cuidants  —s Antioxidants |

Trachootham et al, "Targeting cancer cells by ROS-mediated mechanisms:
a radical therapeutic approach?” Mature Rev Orug Discovery 8 579-91 (2009)

[Fig. 2] ROS-mediated mechanisms for apoptosis of cancer cells
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OH Generation by Plasma UV Photolysis
P. Attri et al., Scientific Reports 5, 9332 (2015).
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UV + H20 < H0*
UV+H,0* > OH— + H*

OH~ > OH® + e
OH® + OH® YH.0,

[Fig. 3] Plasma-initiated ultraviolet photolysis : Generation
mechanism of reactive oxygen species inside the cell or
biological tissue.
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[Fig. 4] Nonthermal atmospheric pressure plasma sources for plasma
bioscience and medicines

A 0l belel) 2§ 7Hs e A& th7|er Eehzent 4
Arsta, gt o2 o] g3t Zefzut Helde) 7]
T 9 A vl S8 ol

AE 715t Bekmnk 2400 B2 Gl BE AT
A7) I, WA (4] (17 49 E) 3} Beput
AE [5] (17 49 sEhe] £ 71 AT Fehg 2
ehzut by RS AUt gk 53] Sehzot i
Zdo] s (PDP) % A2EH714 TEstol of
719 WA Sepnt HAPHE ALDS Uk, 712
PDP %13 Q14 7]4¢) Felaegulel 239 2y 7]
B2 olgsto] 24 ~ 48 m 22 A L 7

lm rﬁ
2

B> R

oo
o A

mln

Sk A~ [e] [
& 4= 9ich PDP A8 1 248 Fe71%o] & 93
100 100 10" 100 10" 10 10" 10 (K)
25 1 1 1 1
Theta
pinch
= Law e
e Allcali| (Pressurne wsion T
= metal| [2rE eEperimonts e
g0l T
— Larges — ]
51 rrr Where is biocompatible plasma ?
Ne: (3~5x 105 /emi, Te: 0.7 - 1.8V
0_ T T T T T T
-2 =i 0 1 & a9 4 5]

log T (eV)

[Fig. 5] Characteristics of nonthermal atmospheric pressure plasma
sources for plasma bioscience and medicines

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
1

=u_sezo 2= QTN

1
-
-
-
-
-

NV N



& =230 90 mme} 35 mm A fEl 7T B &
HAlE 7] A5 'S jhE 5 Qlnt, 242 A= e
o) 7= 54T} 9570 = %Wﬂﬂ P e
A A= Aﬁ} HW EX OXﬁxﬂ o S YA

QA Si0:
100 w FAz F2op ek, G 4
5] 1t S AL 9o, B4 A A, 5
g 9 A 2§ fafel] T A7 st ek

o) 718t A T AT Sf A A
% A|Zro| 7ps3Elt) o] A|EL LAt HYA AdAs
T g2 Zukstal gl o 2016\ A7 o) AMRSE =
32 JEro] A =o|th 400 x 100 me] v)A| vA o
ofollA] 7k M7 1ol ofa) Sejzuirl wasls ofnf

W B7] 7149 Bepaute] SER ot S| W
AEITE o] 7)1 4] BRI R Ao 7]k WA —*—E}ZU}% il
A2E7}0.7 ~ 1.8 eV 9 ZHe 71, Zekxn) ole
FX (3-5) x 1014—15/Cm3 9] 7S 7R = EAL 71AA
], 0]o] EAL Wyl £ Hoz I3 50 BAEA
ot (1Y 5). o]¢t 2L Axjer W =2 ol &

FO

gl zulo] oJFj|A] Y EE SRS S AEA|Ro| 28
o] EstA ol FI= 7|Uigt 4= Qlr) o] WHkA 129}
th2 7| hollow cathode A= L2E A3t Zep=n} A
E A= fdsiar ok, =4 kHzo 5 Fukee) 4=
Alof| Al 4= MHz9] 3150}, 718]3l 4= GHz 4 9] ulo|
Szat Setxol AE AA 2 Eiect 53], n5u 9
nfo| I 2ul Zolzul A EL QX YRS =l 2 9t}
224 kHzo| JLEZul2=0] Zalzul A E AAL FR) X
of u]w Faks A sfjeirtelon SAsy

At Zoln] 2016 AHdl7]o] AbgslE Zxe b
oh ALt/ Beze} AES ol8sle] IS
A3l oFalE oPHAlS oy BHS AR
AAZ = ‘21—‘:— %Xé% ZHAIAL QAe}, Eo] i Aot
etz AlE
& E3) FPAAS UHA

o HAREE AR 42 SIck ol LAl fole 84
=

=

o
o
<
)
=
4,
i
o
toy
o
2
o

= A Sick

ZIZ 0]0k7| Vacuum Magazine | 2015 12 December

[Fig. 6] Nano-second pulsed discharge image of non-thermal
atmospheric pressure plasma
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[Fig. 10] Tooth whitening by non-thermal atmospheric pressure

plasma jet : Before (left) and after (right) treatment
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[Fig. 11] Portable non-thermal atmospheric pressure plasma jet for
tooth bleaching
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