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Abstract: Objective: The purpose of this study is to evaluate the improvement of atopic dermatitis induced by
DNCB using pulsed electromagnetic fields (PEMF) stimulation through animal models. Methods: Twenty 6-week Hair-
less Mouse (SKH1) models were randomly divided into normal groups (n=>5), PEMF 15 Hz groups (n=5), PEMF
75 Hz groups (n=5), and Sham groups (n=>5). To induce uniform atopic dermatitis, the DNCB(2,4-Dinitrochloro-
benzene) solution was applied for 6 weeks. During the process of skin inflammation, sensory evaluations were con-
ducted every 3~4 days to grade symptoms of atopic dermatitis. Following the onset of atopic dermatitis symptoms,
the PEMF stimulation (15 mT) in the PEMF group (15 Hz & / 75 Hz) was stimulated for 8 hours per day for 1 week.
After all experiments, the dosal skin tissue was sectioned at 4 um, and after H&E Staining, the skin tissue was
observed through the light microscopy to analyze the skin lesion size. Results: As a result of the sensory evaluation,
the difference in average sensory evaluation scores between PEMF groups (15 Hz & 75 Hz) was 0.4 points, indicating
a low statistical significance. Between the PEMF 15 Hz Group and the Sham Group, the difference in average sensory
evaluation scores was reduced to 1.6 points, resulting in high statistical significance (P<0.05) and the best effect.
As a result of analyzing the size of the lesion, the difference in size of the lesion area between PEMF groups (15 Hz &
75 Hz) was 807 pixels, indicating a low statistical significance. Between the PEMF group (15 Hz & 75 Hz) and the Sham
group, the size difference of the lesion area was 12946 pixels, 13753 pixels, respectively, indicating high statistical
significance (P<0.001). It means that inflammation has improved in dorsal skin tissue. Conclusions: This study con-
firms that PEMF (15 Hz / 75 Hz, 15 mT) stimulation can improve symptoms of DNCB-induced atopic dermatitis.

Key words: PEME DNCB, Atopic dermatitis, Sensory evaluation, Lesion, Inflammation

*Corresponding Author : Yongheum Lee = =
Department of Biomedical Engineering, Yonsei University, $HtE]s @A whuibks oz abid =4 uBAglo|c},
1 Yonseidae-gil, Wonju, Gangwon-do, Republic of Korea = o AL o
Tel: +82-33-760-2863 - = T

E-mail: koaim@yonsei.ac.kr 3 LA WollA 4] do)



Journal of Biomedical Engineering Research 42: 48-54 (2021)

A, W57} S8 go] AzeAE T 2ol
SIS} A B2 ohEnly TR 3
7] B8 obg7lol A ZHA ol UEhtel, B4
7ol uhste] F4fo] QAT A&E 4 Qi
ZX ajEzslo g, ‘,ﬂg%‘ ¢ o] &
o:ltﬂz% o]/LF ol _\4 ul—g o]x} %g] 1:}01:6
ob) gl 0*1“41%
et (filagrin) VH oL
s ek 2w QloH5].

ofEy TR EAe FHL TR AT Az
7B (pruritus & dry skin), e} A3}(lichenification), 23}
A}(excoriation), SHt(erythema), £%(edema), 12|31 %]
T E(erosion)o] Uct. o] Az E4 U] IgE (Immunoglobulin
B) 520) A% 5& Sulshi 4104 73 o] BaEs
WS TA7E AAEIAHE,T]. o] AL = T0-80%
B TR el Siali el e WL, 0-00%e
SAEE IgE vl R o) Welgdel dae werHs.
oHET Y SR A 89, YR HH, el
ol S5, At Zol Akt 7 W 2l
Ueltbe AwolH[9], 2 fidHr)s ol 5 58
g 291 & SR AR Ql= FAllole}. HEA7 ]S
&2 B4 G2, Bt Elof, B A=A
e Eo] A WA SAof o AEE
gjzell, ol2fgt wAIE sk Zo] ofeu/d mid A
79 sidwy 5 shioltt[10].

AR 7S Rl oFEAI RS A, AEE 4 Qe o
A7F em W= gt Azt ‘IJrﬁ A= s o

og o3} tjokst BRSO 2|t

Hu
N

21

O.>C4 O_>l: :10
(2 o2 2 O orfr oox PN

2
b
£

oy (12
ro,
o

d

mlo

B ok Relo <l @ %9
B2 Y2e WAl A=yl AT Awd Wast dekn
A, B oAl AT 5 g Aol
glom chepg oFEX| Rl thdt A4E Ak o9 2t
oz chopst sfele] ojs) mmslglc,

wjebd, SFEAMY RAEE A, FPI w8 £

Aol AT Lhehd 4= glow] mR o] 43S E 4

e Az S AL 2ar) ok A7 v
ARl Fashs E4d0] 7] wiee] A Wl 2e 37k

A= = Qe v|RGF o)y v|FEZF Q] HHo|T)h, o]of &
A (static magnetic field)Z2H A|&21Q] A= FA5= |
HEch Ax]of M-S HAagto R sto] A W A=EE &
A o7 AYdt 4= 9l HAF A7 FHPEMF)S o] &3}
22} 3hch. =3, PEMFE W A3 oltof| A o]k AFx
A [11-14], 2221278 [15-19], S [20], A < ([21,22]

of thet A& At vk= 2ol AFEHU Lk, B
Aol H PEMF] 9 9 244 a3E ozuly
ielo] Hgsto] folg At AT =& AW
H9r}.

B qlo] 242 PEMFS] @R/A, 2444 &3} of
Rl wned meloy okEARE gAE 4 ol AT
HARYE AT, ohEalg TEAolH Uehts SHES
gsteb ety AAE Frlets ol 0% Bl
A obEu A TR SRl AA Uehts gEAQl 2
AFe 8ok " o g Hrlsl= s 7 Hclinical scoring)S
AABFAL[23], BT TE A 4 umE 2HESH F, H&E
Staining Mg 7A W¥He] 27|15 WA A2,
PEMF7} 8R4 7|4t0] olEujA] uie] meoja 3¢
W &) gRlEe] o]F Harskarat gtk

i

Il CHet S 2

1. BAH AlH 0]oF M |ZHPEMF) Al2H

(1) B3 Al wof AA71ZHPEMF) A= 2] 24

DNCB ¥hg-of ofsff el of=ul4 ulii¢jofx PEMF

Aol o3t ¢ 9 B 2APAY TS Hrtstr] 96l
B2 APV A AL BATLT, 2 AL A
sletu|elg 24, 7H, Alojd = A HW 4 SIWE
AskAct ®=35F, PEMFQ] A=71%=(10 mT ~ 50 mT)E Z.Exé
7hsotes Fojo 7t AY 9 ARE thA= Ao
T % glck. 55, A7) A solel Wl BAS @] 9]
A 217 whE HAZE WZ (pulse width modulation)E
Fol AFo] 10%~50%= 7P F 4= == A5 &
3, B3 4714 BEE @34 (mono-phasic), FF4 (bi-
phasic), A|7Fx} 9F=Ad(time interval bi-phasic) &= =
eI

(2) PEMF uhy 0] 9l shejoe]

PEMF 2 3o} A7|= 974, W7, =17t 27+ 60 mm,
35 mm, 30 mm¢l Fo] 67)E AlLFIg o, B oAl
15 Hz9} 75 Hz(pulse duty ratio : 30%)9] Fut4=9} x}=+
ZEs 15 mTe] B34 AZo] AGH 7% Axa
Holtk FEAY A7ol4 100 Hz ofs AFshejelol A @
M, AEst AT 27, 15 Haoh 75 HsZ A48
k. A= A% AEABE 510 mT, FEUH AL
30 mT F=E AMEaI7]0) Hatghel 16 mTE ARSIt 2
0]9] AA-L SM45Co|H, 241 Fojo] FAL FUsHA A
Aatol Azt fojol ArlE: WAy WY 9 A%
S AT 7, AT ke, HAZ wzo] A4l Het
2785t

O

49



50

HAY A7 (PEMF) A=<

o[ §¢F DNCBE £l ohw] g 55 A4l A} - 73

0] X1 0|2 0|47 HpRe P g o] 8-

2. M= 3 4 (Materials & Methods)

Aol Mg nheAL 57 26~27 g2l 6579 4
Hairless Mouse(SKH1), & 207}2](Normal group: n=5,
Sham group: n=5, PEMF 15 Hz group: n=5, PEMF 75 Hz
group: n=5)E ALESIch W9l ¥, ERAUAL 7o
gkt il 55 /\]-%/\]Hﬂ]/\ﬂ SPF &4 1347 A8
ANFHow, A2 7|7HRE AY 8 7|771A] Agtst 11
4Est 3948 B2 TR AddeD Auns
Sk ARRALAE. 12402 HelEY] W A eE @4+ 2009t
S5 + 5% A A=,

(2) AFAIeF

olEu]A] 1H A (atopic dermatitis)s QA9IF OS2 FHIA| 7=
DNCB £-91& A %3}17] ¥3H DNCB(2,4-D1mtr0chlorobenzene,
Sigma 23732-9) A4S AME3ITE AOOL A|ZE 93
Olive Oil(Shinyo Chemical 912193)1} 100% Acetone%
AHgstee.

(3) DNCB Al 9 of2u]/d oy 2 W

DNCB Z242 AOOE9H(Olive Oil : 100% Acetone=1:3)
o] 3]4l5lo] DNCB &S A %35}%th[24,25]. DNCB ¥t
Sof 9J3) O}E.L]/H g2 o] GHFE Hairless MouseEs 3
Mo 1522 Y31, Sham groupy} AE+PEMF 15 Hz,
75 Hz group)® 1185} t}. Normal group? 7%, AOO
fol-9 3~4% 7FAS 2 200 pl¥ Micro PipetteS: o]-835}o]
Ay £ 3191, AEL(PEMF 15 Hz, 75 Hz group)y}
2w (Sham group)> & 657H1F0lA 657714]) 2+ 7|
A Sl wel DNCB 895 0.1%~1%= =5 =4
6]-111 200 pl& Micro Pipetted o]-g3to] Ay T3E 3fo]

£ AN Wb ASE ofaly sde) HaE
T4 OIS 1202 AR B4 ofENY BRde
FAAZE. B ATE s AP WA BE AP 2

Cage bottom

N INEREI

PEMF cores (n=6)

JE 1. AT AX7 A A= v

Fig. 1. PEMF stimulation method

M magnetic flux

AlFabge dAtstn 51852993 (IACUC, Yonsei
Univ)2] £:¢1(YWCI-202002-003-01)2 -2 & 2a5}3ic).

(4) PEMF A= vl

AISH(PEMF 15 Hz, 75 Hz group)2 67112] PEMF 2Hj
51015 HHEA(10mm) O 2 Ao A] Hie Ao Zals ¢
A 1797 % 8AZH o 15 mT 2=aklck(Fig. 1)
Sham group} Normal group?] 39, A3+ S U3
5101 WAISIAoL, PEMF 453 214 gigiet.

(5) T5-H7KClinical Scoring)

% 6327F(130)| A 65712)) DNCB ®re-o 2 out
E94 WY F4E B Q8. 8-42 14
w02 AL EloiAE AF Sl el sy
AL P AT 9ol 6744 RS 2 A
Brke daee] §E Bolol 15 A AR e,
H7F &L 727 A% E(pruritus & dry skin), Ej
A sk(lichenification), ZF}Al(excoriation), SHHerythema),
H2Z(edema), 1831 AFES(erosion)O 2 LHith. o] Zf
ZHo] g }I5(0), M), $5=(2), A= A
stdch LE 59| %7t %ol dist 54 HES DSLR
712 (Eos 550d, Canon, Japan)S ©0]-83}o] 3~4 7+2
o= Fostel 7=,

T
o

M
(AT

=
o

(6) ¥ =17] =4 (Lesion area measurement)

HE Afo] TRE o%, AFEEHOR QHAL A F,
Skin ?HHS 4 um A2 ¥F8ste] H&E Staining 3 Slide
glasso] Mounting 3t 5, 33st3u] 7 (Light microscopy,
Leica, Wetzler, Germany)& ©o|-&3] 100uj=2 &t z-
EET 25589 A FolA 7P 2 uloleta ghael
ARG ZESIh PHe) 2718 JPHoR S4s 9
3 “Matlab R2020a"E o|-g&3lo] o] Yehd APAS o

vz ok ], WHe 2715 Aes] 57457 $lsiAl Graph
cut WA ol g3fe] 7 2 sk SEsiect. WH

Stimulation methods

- PEMF (15mT. 15Hz, 75Hz)

- 8 hours/day, 7 days

|




Journal of Biomedical Engineering Research 42: 48-54 (2021)

sfexid 6g L

154 pixels
(@)

J& 2. Matlabg 0|83t BHe| F7] E4] oA

Fig. 2. Example of analyzing the size of a lesion using Matlab (a) Original picture showing the lesion. (b) Photos with lesion
masked after contrast adjustment. (c) a figure representing the size of a lesion as the number of pixels
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