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As a forth state of material, plasma is ionized gas, which generates characteristically various reactive
species. After late of 20 century, plasma has been widely used in industry. After nonthermal atmos-
pheric plasma was developed, it has been applied to biomedical fields. Nonthermal atmospheric plas-
ma does not give thermal damages to human tissues, and it shows the high efficiency in cancer treat-
ment, sterilization, tooth bleaching, coagulation, and wound healing, Because the application of plas-
ma to biomedicine has been expanded through interdisciplinary studies, its value of high medical
technology is increasing now. Since nonthermal atmospheric plasma was first applied to the mamma-
lian cells and microorganisms, many valuable studies has been performed for about last 10 years, so
that now the new research area called “plasma medicine’ has been formed. This article introduces the
recent data resulted from plasma medicine and helps to understand the plasma medicine.
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Fig. 1. Various types of plasma were shown. Nonthermal atmospheric plasma device has the advantage of being adjustable depending
on the use. The pictures show a low frequency plasma (A), microwave plasma (B), air plasma (C), and dielectric barrier

discharge plasma (D).

ni{needle type plasma)E ©]-&-3}o] GAHEE
A} mAEll A Edkzntd] o7k Al

=] u?i_“
o

o

Q7] o\ Fekxnh vl dlo)d RGO 2 AT
AZ7k STk 200585 H A% S 2502 shol Ait, o
ATAE, AY, ARAAFAA 3 FHE B8 A7 A7
2obA Y12, 18, 36, 53], Leiut Fekxnh Wi ale) 23
7 ATABEL F2 Fexnl AT ga) Faho] Ho]
M) el L Aol tha HolgAw, Aol
947 BeAEe] 3] FEAOR olFold ATt w5
7| A, AT Ak AR A 38 FokA )
.

$HE ol2 Fazukt

Lol Edtel 24& A Y AL SR A
A Eeane) V1A eI ﬂrED} Fante] 714
b3 A wAdE s 24

Ag Az Erﬁokﬂ 29E Yeh))z
1 =13

A}
al

&

o

=5

= s} Bkl WA B45e) Eae A% A
olu} utee]o} Aol glof wf-¢- AN Ao R K ¥l
ATH17, 59, Zeh=utol A A= vofdt SEE Al
of AEHS AAAA F3 AT EHE JHA, FrFAE
7oz A xg;zﬂz;dg 749] A2 k7] okl-rl o
&, 2k Aol ZHAE 24 g Hold a7t 9
o, o2 Qe AAAf AA S WA 4 Sdth Sekzul
o3k At 7142 71EY] FAATE 7= WA e EAA G
i3k F2 digte] & 4 gtk FebxntoA] BAHE GAE

ol e a3 443}~ (hydroxyl radical: OH-), ions,
electrons photons, o] 315 7}A9} FAawe UV Fo] &
Hr} o] FolA A& 7kaE o]gste] Ee=ntE %”ﬁ"] ni-
tric oxide (NO)7} #A =™, NO= Al ¥ 2] H35 A7 ]74
A AfE frska2e], FEAT A 249 7u°§

4 B T ET o] BFARl Aow L}E} JTH7, 11, 4
Zejat OH-2 utea]of Agrel §lo] wi-¢- Fa9 o
= Aoz deiA iu19]. A Eﬂ'iu}% o]-§-g

off, ._
-

O
=

A

13
=
o} X
=

bm

T

¢

ATl Adsle] @ 17 9o leukemia
cell [50], ZAZEPT e SHE Helo] Behzos 2AH)
“'Hf PAE) AEETI} BT o]k Fehxahs oA
uhe| 2] o} At & Tl Bde AE 7}%]1 9 %
FRA G B
7} ' Ao = VERTHI2L AL
o] §ojA, o2 la) AA j?oﬂ/q_ 27} 7(}
X]’U = L:rL7HH]'°ﬂ Eolala i} 3o

ol g 53 ATAFHE Y1 YA
47} ol As] AlgkE o] vt B =
2l(plasma medicine) AP o] k=
grfabd M HzA Eekznt wv] Al
Metarat e

o

ZE9]

o
it

q

%
O g
lﬂol'LJ
S
FUX:—H

¢

T
y& o
i
2 rﬁ
—H

o M

M =2 e 2 2
= X do |
>,

PF

=l
b
£
olo
oo
uE
2 (o

o rlO
il
)
N
=
=,
o O

O ok

2o LR 2 oplo oo RIOHE R dle

re
4
i)
il
il
o
B

o
b
fr
to
o
S
&
o
o
S
>
e
Fm
0%
2

o
>

fofr oft
B ooE g

ox

o,
BN o

oo

do BB b

N
™,
=)
T
=
30,
o
ol
24
f
R

0
to

oL
>
N
il
o ool ol
- g
o w2
SR LTt
e
e Jr
s X
B e
il 113:2
N
- >
o
ot
g
Jm oy %1,
o, = 4
-
O
P
2

30,
o
&
o,
1%
2
o,
8 i

(e3

o onl
o

. 1l
>
bl
2
= o
rol
=

o ﬂllﬂ

— 1o
o2t
o ©
Y
=
o,
o
il
o
o
=l
©
30,
2
ol
d,
N

232 on

P
(o3

Iz
By
T

==

oo
A
B
o
QL
N
L
rt
R
-
N

w i H
!
i

rl o
i
b
~
i
NE,
jur]
S
ko
~
Ty
rN
N
it
oo

3o to

1o o g X,

[
o
o s

olo =
ofo
% o
=

0
o
2
>
B
rl
e
)

N [N &t
N
mlm

do
]1_?_1,
™,
0150 h
r°" il
_0,
=l
=
30
o

A AA g A

10, 22, 27, 53, 60]. PAEIPAR S ) S R

<o

& A b Alo] ofet Feb2nle] thoksl
% "é%o] Al E o] I AHnecrosis)Ll Al X AL AHapoptosis)
S st AXZE AFEATA |T17, 21, 37, 42]. Eek=
nfo| Al LA EE BAFEL A E9) H A (adhesion)o] F 25
7e& sk AENE gl dE s BN A Alxe 24
(detachment) 2 =38t A XA HALE FEgd) Al 2o 7
Aed AR s dehte AZAEALY R (anoikis)->

-
N
>
k1
g R
&



840 Ay 8ts] 2] 2013, Vol. 23. No. 6

SHAE A o}
ERPEESE
AHEA 2 7E

Vandamme =

g
I H
g
_vgj

N

< olN
to

L
2

ot

g

Jo

=

¢

o o
ol
g
I

o

=

O
1%
=
kel
=
R

o

O

S o g
= Y
ol

i

kr

ins

5y

rir

ue T

D e
>

D e R = < 1 A
i QL é
X Gy
=
)
o,
& o
ol X
o o [
2, -
off 7y
E?_ll] =
i_r“
Ir 2

> b R

1 2
oyl

Ay
X

9 m
X2
ES
Jn <z
)
2o
14

X

W glo]4l, FAKe] v
Atk A8 Fehnks ALg

Ao} FAKE H3A7] 5872

o

mlo

n
Hlo
o
o |
ki
olr
Y
=i
r
£ B

e
=
o A

>
N
= —
of,
ot
o
%

=
rr
lo,

ahx

271 = At (Fig. 2).
A E2Ql G361 A F 2= focal adhesion kinase (FAK)Z

BeHE B A %o
1= & @] A], DNAY &
HPXPWM B zaaiDHM]
A Glioma cell -
%A 9] A7|7} ﬂ%ii%ﬂ

>~

-

>
N

P
u
N
=~
o2
>,
bl

=
ek
i, J
fr -
=

Ko

i—'z
o
2

e

b
T o J
Bl XN

i

>

Ny

N

i)

lo
e ofN
R
N
o
]

> 00 of M ofl BN & % 2 fo > o

O
et}

N

o
rE
>

>

=)
lx)ll
)
&
o

1101' ol

B

0

12 2 YR
7" 22 khze] DBD typ
7] Zeh=nhair plasma) & 8] 91t}

B

(¢

=3 pry
S

A3k F EE}XH]'E E
Z1 Az ﬂZ?L o H °H THA Y SH2ntE ﬂﬁld "?ﬂ%
A A SAE AL AlEE-L 5ul o] &Sk
Iz EAL /‘ﬂ ® } O}Wﬂ]r oral squamous cell carcinoma
(0SCOIME fAH AnE Btk OSCColME epi-
dermal growth factor receptor (EGFR) TelA o] ) HHel 5
Rom, EGRRS T4 gz o
=2 617;1] z/\}z‘sﬂg 7(:)1_0r UH
83 4 0L 99 A3 Hges A
nhE o]-g-ato] QA A Y

>

L5t 2 U o];q_g_ Eg]_

=0 o}
=

rux rlo
tlo ox
b TR
oo

N

o &
it

1

H =

A xsh TEse] ALY Hol, g, FAE oA ¥
& & Aolth Te, M Bekxnbl AL AA L
A3 4LEE oA, O 474 2] Ael)) W

%o} ol

A Pl AT B40) 343 Sk A0 v

AN Pk oA HEo] Sek Ao yrEe] %

Aokl v AL Bl 4 Sl k. G

Aok gl A AAHE i 2l

2471 A0[B]. Ao} WAL Qo7 4
1

A A4 adlew el A 4 glom, Yoy wae
tetracycline 9] B-&, X459, X4 A} G O.7 915}o] of7]
Qtﬂ 9,] /\‘] 7<]—/~ﬂ ogE= 9,]_1_] HH/ ﬂ«q %gi 7—(]0]_9] S0

%’o] ?% 7]Xdii %}?47@ »}E}- Ti Abgete A &
#Akg 4 (hydrogen peroxide)o] m, XJofv]l s o A w}
Asledi WRAT Aolde 4714 iz 5] 448
Al S, W a5 Alole] A8 AARAL AAd] v
a7t ves slo delA A2 Kotelule) bl A9l
o R AT ate] FAske A oA o] FolAle A
b wEs A oA Algete At wimo 2 F53
4 Jo31]. AE7F vHe 22 1= (30-50%)2 FHAtale
S5 g n s and Rags Ao ve
o

Fig. 2. The schematic picture of selectively killing cancer cells using gold nanoparticle (gNP) and plasma. Cancer cell specific antibodies
are conjugated to the gNP that can be stimulated by plasma, thereby the stimulated gNP and plasma kill the cancer cells

selectively.
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Fig. 3. The plasma tooth bleaching. The extracted human tooth was treated with 15% carbamideperoxide and plasma for 30 min
(A). The high bleaching efficiency was observed in the tooth treated with plasma for 30 min (B).
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» Frequency : 900 MHz
P Ar gas flow : 2.5 slm
> Power : 2.5W

B

Fig. 4. The sterilization of Streptococcus nutans (S. mutans) by plasma. The plasma treatment of the agar plate (A). The microwave
plasma showed the sterilizing effect on S. mutans from 30 sec and a definite clear zone was formed at 300 sec of plasma

treatment (B).
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