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Abstract

Under constant environmental pollution, the incidence of Atopic Dermatitis (AD) caused by air pollutants and allergens
has increased. AD is an allergy inflammatory skin disease characterized by pruritus, eczema, and skin dryness. In herbal
medicine, Anemarrhena asphodeloides (Anemarrhenae Rhizoma; AR) has been utilized to treat Alzheimer’s disease,
osteoporosis, hypertension, and inflammation. The purpose of study evaluated the effect of AR in a mouse model of
2.,4-dinitrochlorobenzene (DNCB)-induced AD-like skin lesions. After acclimatization for 5 days, the mice (6-week-old,
male Balb/c) were divided into five groups (n=6/group): NC (normal control), DNCB (control), Dex (5 mg-kg-1, p.o.),
AR100 (100 mg-kg-1, p.o.), and AR300 (300 mg-kg-1, p.o.). On days 1 and 3, 1% DNCB was applied to the skin and ears.
After 4 days, 0.5% DNCB was applied once every 2 days for 2 weeks. Then, skin and ears eczema area and severity index
(EASD); skin nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), and prostaglandin E2 (PGE2) levels; and plasma
immunoglobulin E (IgE) levels were examined. The AR groups showed lower EASI, skin and ear thickness, mast cell count,
and IgE levels than the control groups. Moreover, AR reduced iNOS, COX-2, and PGE2 levels. Therefore, AR possesses
anti-inflammatory properties and can improve skin damage, indicating its therapeutic potential against AD.
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Fig. 1. Correlation Graph of atopy and Anemarrhenae Rhizoma.
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The articles were searched keywords such as atopy, Anemarrhenae Rhizoma, Anemarrhena Asphodeloides and the
correlation between AD and AR was analyzed using VOS viewer.

ol& gl EHo] miof 12} HEL WSS Fol
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mju Rt 22 A4 ﬂ]—ré‘i-‘ﬂ iy 2 oF5tA]
7171% $tck(Lee et al., 2011).

ot m] TR A(Atopic Dermaititis, AD)= A
o g 27y oF 45 detoer At 541, 4L
mR Az, 2, A 59 FAo] 9o, offol9]
15~20% °1~—4 7~10% A == AAHe=R
T A%t 5 shuolth(Lee et al., 2020). ADS] 191
Yoot Wl A7l eFgkout 844, 4 a8
HAskd 3712] 991 F 2714 olife] Bty oz 2t
goto] FEgettty el th(Lee et al., 2020). &
= IgE, vt AL S| AER ]_FI.I_;]-O] g
IL-4, IL-5, TNF-a} 22 Ato]|E7}<] ‘:4 &l
o] oty gelA glo, =5 F A
pH 37t 8a A g=t 5 g2 =

g

Stof] &S W% Shek(Puar et al., 2021).
greJsto| A ADE FE(AH, wind-heat), FLE0R
GE5(#E, heat toxin), BE
(m#t, blood heat), HISISA(BEMEIEE, spleen
deficiency and dampness), 2SI(f&fE, yin
deficiency)E €glez HI glow AW,
infantile eczema), Bl E(Ba2, fetal heat), EHA(BE
%, lichen), SX(GR%, eczema), S F(RIE, legs
eczema), ATHS(PUEE, four bended wind) &<
oA &t SHoH(Kim et al., 2009). $HeJsto|
A9 AD9] Q1 B2 o5 W D(#, heat)o] 52
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o4 §igt= Qo @R/ 55 7 E o8 A5 Al
o]|F ZZ o 2 "rAYot FFLGF H ] Hh-2o] gA] _/\]-o
2 g e Ao 2 AlmEcHAum et al., 2016).
A\ 5(81Y: Anemarrhena asphodeloides, ’§<F
¥ Anemarrhenae Rhizoma; AR)= Wgtite] 45}

# dampness-heat),
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Fig. 2. Treatment of Anemarrhenae Rhizoma and Dexamethasone in DNCB-induced Balb/c mice.
For sensitization, 200 L of 1% DNCB solution was applied to dorsal skin and ears of mice on days 1 and 3. After 4
days, 200¢L application of 0.5% DNCB solution was challenged once per 2 days and 100xL of AR extract (100 and
300 mg/kg) and Dexamethasone (5mg/kg) was orally treated everyday for 2 weeks.

= A 22 AEE e, S oA BeEY
HA7F A2 2ol gfom, FAHEL steroidal
saponins, flavonoids, lignans, polysaccharides®=

TFAEo] JHWang et al., 2014; Ji et al., 2019).
FEo B Blld 2R 2|, 5= gJHo] A3t
1 ol Ho] gl gk A1 SYI(RER, yin q)E X
st Ait HE HA 7S W2 A o] & 9
agh2 A=ota 71, 2%, 7HIE gloiedl AH8-E
ol A&so] dtiHeo., 2009). ool = FF-a4,
ANA= AT H3-S E56H weel virE 2
I I35, V1A BES Amgtta AeE ool
A7 B E Ao M2, e 2hg St 2
4 FY g Fo] Qo £H Aof, d=slo|unr,
T, o, 71BAAA 5& A B5Sta Bl FofQlt
(Wang et al., 2014). £5] AR2 LPSE A=3Huta2
2] AM|Z°] TLRs AZHGHZ SA37T oA = o]
IL-18, IL-6, TNF-a, COX-2 5 thgt Ato] E7FR1 9]
WA-S 7HA4A7|H p38, [kBe A HEH 2 S5t
A = o] Ato]EF}QIS] gAdo] ZrAH Tl W E Slrh
(Chai et al., 2013; Ji et al., 2019).
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DNCB (2,4-dinitrochlorobenzene), olive oil,
acetone, Phosphate Buffer Saline (PBS), protease
inhibitor cocktail, tween 20, dexamethasone
(Dex) 52 Sigma AldrichAKSt.Louis, MO, USA)
oA FhsHATH ESH ARl HFEEC 3 W IgE
o] ks |2|= 9 o] 215l BioLegendAt
] IgE ELISA kit (432401)8 5t ARo| 1
5 43578 o] Wrdlo ujx]= JFS glst
2t AbcamAHCambridge, UK)2] Mouse iNOS
ELISA Kit (ab253219)2} Mouse COX2 ELISA Kit
(ab210574)E F+4statt.  Mouse PGE2 /
Prostaglandin E2 (Competitive EIA) ELISA Kit
(LS-F28519)= LSBio*KSeattle, USA)°IA T
SHAT 18al 2| FEE2 eRtelstedrd dtekn
FA}-2-3gof| A TFHEE e H(KIOM-3-20-0058),
FE2E2 A2 1kgoll 10819] S745 Y21 3AZT &7
FETEE 37.92%)5F30k

2.2 s 24

659 571 Balb/c "F-2 (19-21 992 FEHlo]Q
H(seoul, Korea)e 5l 350 CH, 2% 55 3§
& T el 2 RAHEE S B AR &
5 AFHES sH). 2 A2 sheeteletd -
=AY 29U 590 Wol HPetriedd
S 21-099). 2 APA ofEn mEY FHL2 7]
Fo] Ay IS o wigote] 28Ystglom ofEx]
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Fig. 3. Effects of AR on the development of AD, which was induced using 2 DNCB solution in Balb/c Mice.
The DNCB solution was administered to Balb /c mice to establish an atopic dermatitis animal model The mice
were divided into 5 group as NC group (vehicle treated mice distilled water), DNCB group (DNCB pluse vehicle
treated mice), Dex group (DNCB plus Dexamethsone treated mice, 5 mg/kg), AR100 group (DNCB plus AR extract
treated mice, 100 mg/kg) and AR300 group (DNCB plus AR extract treated mice, 300 mg/kg).

2 Aokl DNCBE 1% 0.5%°] s== &uf
(acetone : olive oil = 3 : 1)°fl =] ARESFITH
Choi et al., 2018; Lee et al., 2020). 54 &< <F
A3} 712 & kA T 98 ARkl ulA] A7t
A =S 24417 ] F 1% DNCB 200 pLE =32
st he, 29 & 19 ] XSt} 49 AT 5 0.5%
DNCB 200xLE 29 9 A 25 57t st
Dexw it AR A F4=o] 842t Dex 5 mg/kg, AR
100 T 300 mg/kg B E2 257 Fo mjd AT Fof
sttt 2384 Bl gl alfaxan™ rompun <% &
A-Z 200 pLA Foiof npFHAIX] F ufeAE S AAIF
oh AE My o] W a AAE L4551 Fig. 2
ot A},

2.3. O|EL| D= 22 & Wy} U ZRIHIEHA

=
AR®] DNCBE %3t AD 2 relo] mEe} Jo
0|2 GRS BRIsH] Y3l AlRgt dol 7|Eo 2 uj

F 07 ARE #Yot% 2™ EASI (Eczema Area and
Severity Index)2 mF-2] HIE S5t HPark et
al., 2020). 33 HT+ 7F=(pruritus/itching),
21t/ 8% (erythema/hemorrhage), #%(edema), 2
Ay/ul#(excoriation/erosion), 2/ ZX(scaling/
dryness) ol w2t 0§, 173 1), 2(2-5), 3(AZE
o= JEste] 7k o] o Prlsglet, w7
ZA)2 4% paraformaldehyd® 24A|17t 2ol A 114
T 4 ym= At 222 H&E (hematoxylin &
cosin) 8 E= toluidine blue §qo2 FA o
fluorescence microscope (Olympus microscope
system BX53; Olympus, Tokyo, Japan)E A&l 5
22 43 FYSIHeH Image ] software
(Bethesda, MD, USA)E &8sty m& # FAZ
A, mast cells9] & S5t

24, Y Ul IgE WaE &3
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Fig. 4. Histopathological feature of DNCB-induced AD Balb/c mice.
The skin and ear tissue were fixed in 4% paraformaldehyde for 24h at room temperature and cut into 4¢m
thickness. The histological features of the skin and ear were stained with H&E (hematoxylin & eosin) and Toluidine
blue to estimate epidermal inflammation and mast cell infiltration. ###p < 0.0001 compared with the control group;

**p {0.0001 compared with the DNCB-treated group.

nte- A2 HE AL 1= 4T 4 10E 52 10,000
xg= U4 Helste] A AHgstr] A7k2] 53 d
A& -80CoA Hysgoh @A IgE Axx
enzyme-linked immunosorbent assay (ELISA) kit
(Cat. # 4324045 2-&5to] virde] weh 545191
t}. ELSIA AA] A Coating buffer®l antibodyE
1:2002.2 3]43] 96 well platell 100 pL¥ B3l

B T A 4T oA Bkl o™ Wash bufferg o1&
ol 48] &5ttt Assay diluent A 200 L4 €12
A2 4 1A17t Blockingstlal 43] Wash buffer®
A5t Assay diluent Aol 5 gyt HES
1:1002.2 3]4 F 100 pL4 G Ui F 247F 52t
Ao A v eFelis= AT, Wash buffer= 43] Al s}t3]
I Assay diluent A%l Detection antibodyE 1:200
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Fig. 5. IgE levels in plasma of DNCB-induced AD Balb/c mice.
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The IgE levels was measured in plasma samples from NC group (normal control, vehicle-treated mice; distilled
water), DNCB group (DNCB pluse vehicle-treated mice), Dex group (DNCB plus Dexamethsone-treated mice, 5
mg/kg), AR100 group (DNCB plus AR extract-treated mice, 100 mg/kg) and AR300 group (DNCB plus AR
extract-treated mice, 300 mg/kg). The IgE levels in plasma was analyzedusing ELISA kit and ###p < 0.0001
compared with the control group: **p {0.001 and **p < 0.0001 compared with the DNCB-treated group.

°2 34 T JARHERE Ao A BESAIZ S Wash
bufferZ 43] A A5ttt Avidin-HRP 2H-E Assay
diluent A°ll 1:1,0002.8 35]435}o] 30859 Uh-3-A]
7111 51 Wash buffer= AlZst Tt TMB Substrate
|AS T 9 Ad 5 207 St Hige

solutiong Yol ¥F§AIZ1 F spectrophotometer

91 Stop

(Versamax microplate reader, Molecular Device,
Sunnyvale, CA, USA)E ©]-8-5} 450 nmellA S
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2.5. o2 22| L iINOS, COX-2, PGE2 &

o5 =2 0.2 mg2 Lysis buffer 200 xLE A&}
of dde FEF O mouse INOS ELISA Kit
(Cat. # ab253219), mouse COX-2 ELISA Kit (Cat.
# ab210574), mouse PGE2 / Prostaglandin E2
ELISA Kit (Cat. # LS-F28519-GOS14)E &85t
o Fdef whet @8 W iNOS, COX-2, PGE29] ¥
FS =459 96 well plate®l 50 pL8 S} £
& 8HqE I3 ZFwelloll 50 LA Antibody cocktail
< 92 g 3 F A=A 1ARE =5 s
Wash buffer®2 33] M5t TMB development
solution< 100 pLA E1 Y At & 1082 5 58
A FH L™ Stop solutione 100 xLA Fol FH-g-A171 H
spectrophotometer (Versamax microplate reader,

Molecular Device, Sunnyvale, CA, USA)E ©]-8-5to]
450nmolA FH=E A5kt

2.6. A2

pEE 5342 mean + S.E.M (standard error
mean)22 ZAISITE Dermatitis score Z¥=
Mann-Whitney’s U test& ©|-8sto] E4st1 A3
ZAito] fol4d 72 ANOVA (One way analysis of
variance)= ASSIALH AFEHZAL Dunnett's
testE o]-85to] g Fod= 5% PRt A= X
Apetatt. BAIAHE+= Graphpad Prism 9.0 (San
Diego, CA) Z2 13- A}-§5t%ict,
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Fig. 6. iNOS, COX-2, PGE2 levels in skin of DNCB-induced AD Balb/c mice.
The iNOS, COX-2, PGE2 levels was measured in skin tissue samples from NC group (normal control, vehicle-treated
mice; distilled water), DNCB group (DNCB pluse vehicle-treated mice), Dex group (DNCB plus examethsone-treated
mice, 5 mg/kg), AR100 group (DNCB plus AR extract-treated mice, 100 mg/kg) and AR300 group (DNCB plus AR
extract-treated mice, 300 mg/kg). The iNOS, COX-2, PGE2 levels in skin was analyzedusing ELISA kit and ##p <
0.001 compared with the control group; *p { 0.01 and **p { 0.001 compared with the DNCB-treated group.

o= FoloHA AlF WghA] -2 Aol &A1=t Uyt
Ao oFE Q] Al B Kol F¢ APTE A
Zoll S v|A|H, o] & Fall 12444 oFE B4 oRE
Qlckar & A lok(Park et al., 2020). & 4
T AT AR AlFo] HEHE Holx] ohgt
=48 Holz| ¢r& Aoz wetHt,

gellA AD T3 B9l Al T2 EASI B7HES A
|otar glom, vl dATolAE o] E85te] ADC]
g melsittar Barslo] 9tiLim et al., 2014).
kA $-2l ZF A7) AFS EASI HrhHo R B
51921, Fig. 3¢l Urebd Hke} ZHo] DNCB 23] A2
3t DNCB(3.6710.49%) Dex+(3.6710.427),
AR100+(3.33+0.427), AR300%(3.50+0.50%)-
152l 5% ke RS Slstolnt. oFE Fof 7Y
219l 2FAoll=  DNCBwA(5.83+1.017%)°l =I5
AR10074(4.5040.727) 7 AR3007(2.80+0.58%)-
Zasl9.ou Dexw(5.20+0.58%)2 DNCB#-d &
ALSEA A 9] ZHAsHA] eFokth, oFE Fof 149411 35
Zoll = DNCB(4.83+0.70%)0] 25at] H]s] 4
Fom Dexw(3.50+0.45%), AR1007(3.83+0.17
4), AR30072.75+0.487) B5F DNCB=ell Hlafl 7t
A5H3th DNCBE A A2, THIZE, BA|ZEe} 22
HAAZE =6 54 AEZRI(JIE 3, <IE
HZ, TNF-)& I4tste] B 24 Follg 4oy
o, o]& Foll mEAgEEAt 58 doicky gEA gl

CHMilam et al., 2019). @=FA, ARFolA 9]

|

=
rOl'

= T
et Melzde 24 & Aol AzbErt

3 &2 Y28 gjlst] $jal mjE
oF 7] x2of| 4] 22| W st Wt thgt Afolct,
] ZHA50] T/ NCiH(20.16+0.55 pm)ell H] 3]
DNCB#(113.33+5.17 xm)°] FAHRSH Dexit
(37.92+1.52 pm), AR 1007(40.31+1.78 pm), AR
3007(25.24+0.67 #m)< DNCBell H|3l £A71 5
AlA o2 §olohA Aottt mHe] Xn] £A41= NC
(292.16%3.23 pm)°ll H|all DNCB+(480.53+7.85
pm)°l  F7%¥1  DNCBE  AF  Dexw
(311.17+4.85 pm), AR100w(427.30+7.09 xm),
AR 300(308.60+5.59 p2m)-> DNCBw-ol| Hlsf 77|
7t AR CRE FoloHA AT AL sttt 2444
=0 FAe} np7 A 2 ARO] e EU4E el 4
o] TA| ZHAe] o a3tAl Ao] ERIE It A ZHE S
o] F7l= NC#(13.9640.36 #m)°ll HIsH DNCB#
(72.53+2.00 gm)ellAl T4 S DNCBE A =gt
Dex(33.98+1.37 pm), AR1007%(41.23+1.02 «
m), AR 3007-(48.41+1.30 xm)> DNCBe] H]35]
FAZF BAXH SR FolotA FrAsttt. AD7F st
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FAYAA =lo] pH WS}, w82 A Gt 22 1
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DNCBZ I3l 74971 oot A FA7F AR Fofwtell
A A Ao R ERIFglon o= &4 TR
7152 At mekEh

ot oh g, m] i U H]9hA| 2= NC(24.24+0.82
7W) B3] DNCBw(98.98+2.907M)ollA Z715t9e™
Dexi(58.39+2.057),  AR1007X73.33+2.567H),
AR 3007465.50+2.2471)& DNCBZll H|3l 5AA
02 fol5HA ZAAastact HTA| = ADS} L A%
At A tf9 FQ37F TS oh= W AlZLo] dFo
2 3|2EH, AL EZIRI ARTIIT 22 A5 ui7iA]
o] 240 HAFTHPark et al., 2020). DNCBZ otE
T o5 FAF m R ES FRAZH TR W BTk
9| pop 2 WY A7 F7FoHH ARS o 2 of
7 f H|gE Al 27F 2EARE Zo] ERIE|Q]E o] AR
2 o8 Y H NEE Aok Aoz wrtdct

3.3. 3 L IgE a2k 24

Fig. 5+ @& 27] §¥-8-& &st] 9, Ads
=9 @4 Ul IgE TAZS] #stel gk Aotk NC
o] Hls DNCB(173.85+7.93 ng/mL)®| IgE &
Aol F71E AS T & e Dextt
(89.33+3.11 ng/ml), AR100%114.90+9.29 ng/
mL), AR300%(70.17+49.79 ng/mL)°] DNCB=l
H|5} [gE Wrasfo] ZAstqlet. IgE9] ¥3h= AR 5o
o] DNCB=el H|el FAGH =2 Fon|stA i
gt AL FRlIsttt. IgE= ADCl ¢el27] §hgofl &
83 J&-Z 5t AD 22t9] 80% ool IgE 4217t
S7Ftdota &4 thLim et al., 2014; Milam
et al., 2019). BA|ZoA B4 IgE= HIRE Al &
W] high-affinity IgE receptor@ ZAgs] H]THA
GBI A S| AEHIS] HAAZ|BER WY ¥-gof F
Q AAF shtolth(Lee et al., 2020). DNCBE 2=
5= 2 @4 W IgEo] AR FowollA dAagt A
o2 Hol AR ofEX mEHe] " Ao anrt
g Aol Tt

3.4, O|5 221 LY INOS, COX-2, PGE2 52t Hi5}

Fig. 62 AR®| FEZF Al EZIRI AE &l

3 2= oi W iNOS, COX-2, PGE2°] ¥ are
223t Ailolt}, INOSE NCH73.9943.80 pg/mL)

35}
=]

=]
=

i

gali - u

pild

el

o] ]3] DNCB(110.82+9.96 pg/mL)°l E7FoF3a
Dex(48.02+10.25 pg/mL), AR1007(92.08+5.49
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