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Abstract

In the process of screening the extracts of various medicinal herbs exhibiting with potent anti-atopic activity, we
first confirmed the effect of the anti-atopic activity of the aqueous fraction of Lonicera japonica stem extract (afLj)
ontained by the solid fermentation process by Phellinus baumii was identified to show anti-atopic activity for the
first time. Further animal experiments revealed that the antioxidative activity of afLj had decreased, while the anti-atopic
activity was increased compared to control. Moreover, treatment with afLj significantly decreased the infiltration
of immune cells into inflammatory sites to 32% level observed with the control treatment in a DNFB-induced
mouse model (NT). In particular, aflj dramatically decreased the number of eosinophils by aflj than those compared
to Lj. The overall decrease in antioxidant activity and lack of significant differences in the [3-hexosaminidase activity
of afLj imply that the activity possessed by Lj itself was converted into an anti-atopic active substance through
biotransformation during solid fermentation. Overall, these results suggest that the potential of afLj will be possible
to use as a new functional biomaterial or functional food ingredient related with anti-atopic benefits.
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Al Zu g He] AatE st |k 2HE Ale]E7h
©l(cytokines)= & NI A X E g sl A3 AEH
-2 (cell adhesion molecules)] Hd-& FE3tAY 7}
AlA THZF(memory Al G 2] HHE FAXAF 224
F4 BHE FEth). A AHEEE A BARE B

= 1T

A9 T2EA|, 8| ~EAl, ekQlEE 2 Fo] A
Ho] foA e A BEHES Holx gloy, I8 I
AAlE A= ¥hgo] AAY, AR vhg- 9 A=, 54
TOR Qg BAgo] A7 H 1 i), HAES 98
23 2leF 9 v]Ee A 8Al HAES v g FeE
BEA, wa BXA 59 AEE BA5kE 75 7detd
A, OFS AAE] A, kst I 9 2F A
2Hg So] o AL At BuHi gong L X8
Wgol =&H7E Z1dE $ dTh@).

ANE2 L&, T3 % Fvete] A= 2 A9 4lolA|
3 50-600m A9} 2b7155 B QI7F F-2e] Sl A etE
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Ho] gk=dl, A Gl utel] oJshd
=+, caffeoylquinic acid, chlorogenic acid, iso-chlorogenic
acid 59 7FrE31E  tanninF{<}, loganin, sweroside,
vogeloside, epi-vogeloside 52| M@ A <] iridoidglycoside
%, ronicerin, rhoifolin, orchnaflavon 59| ZelH o] =F,
hedoragenin, oleanolic acidE H]GFZ 2zt triterpene]
saponinf 5°] &A UTHS).

o] ¢} o] 1%F-2 Q152K (Caprifoliaceae)ol] 3=
23 YA, ¢l e 557 449, 3=l
WAL A 5ok 5ao] g S 2 A= 28y
st 2 g2sdd A =S 523 FEE 4
Ho 33, vAE 2R AR ikt 2,
5ol Atke). BA o= Rl 25t 1A
29 7R A5 B DAfo] Astale Ao
th 2R % B8ka & AFolA s 2009 F<]
Ee AFe] AR AHTFsE A el et E44
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AlZo| FH| Y nAHUE

Aol AM&-3L QB (Lonicera japonica)e W7 A%
QR EEA 20179 4 T3 ©]9] =7(stem) F-
< A18-311 21, o] = voucher specimen (2017-Lj) 2=
S AFEAAYETTATAEAU3-213) B
of Ytk AHE Hell MA 3l BroES AAT & G453}

Fon o5 121°C, 2083t Hitdste] FH| &3 th(Fig. 1a).
°1% 100 g& 1 L Zgt~3o] ¥, 108] H-3] DWE
A7¥ste] 2413F &< ABAIZ & 12413F A A5k 10,000
pmOE 1087 4 8e) ¥ Asae el on, o2
&4 Axsted zt Gl o] AR AT

AL G AHEE B A (Phellinus baumi) TAHA| =
(o] 2ol A #AE et FAMAE o] &3t 3%
WAl TAHE potato dextrose agar(Difco Laboratories,
Detroit, MI, USA) 3 ¥l 2] ]| ] 25°CE LA FU3F vl <Fsh
a1, ol wjA] 1x1 emE Z2hfo] potato dextrose broth
(Difco) Z719] flaskell 55317 shaking incubator(JSSI-300C,
JSResearch, Kongju, Korea)oll 4] 25°Ce] oz 353t
wjFstArh. =RlE Al wdd S 2 Eel A
Z38}31, incubatordl| A 25°C 2702 AL EE 3}Sth
AR A3}, WAo] g WAl A SISkl AL
(Fig. 1b), ©]5 ¢l& A& F=3 L YRlow =
g T4 dxste] AP o] &tttk

@)

Fig. 1. A Classical appearance of Lonicera japonica stem and solid
fermentation process.

(a) Dried L japonia was cut and autoclaved for sterilization. (b) The autoclaved sample
was cocultured with mycelia of Phellinus bauni for 2 weeks. The white color denotes
spores and underlying L japonica changed color as well as textures of the sample.

I8 552 (PH)MELE A T oHOsan, Korea)©ll
A FFEe 4557 9] A CSTBLOPH-25 AHE-3IIT
HRES npe-AE vpg-A8 7 0]%](220%200%145 mm)©l]
15747 3AZ] & 3ol ARSI B 5 A3
AR L 2 2242°C, AEE 55+5%, ZHF7] 124]
Zh, 2% 200 luxZ Z2HSFHA AMSSIA T Hol Alge
pelletd 113 A}E9] purina rat chows Nestle Purina Pet
Care Korea Ltd. (Seoul, Korea) 258 &g 2o} A5
AHE F UEE a5 eH, 35 B FATE AHhE
A JHstES Atk 99 BE AR e 55
Ag FE)9lds)o A 7 -& QA FretiA Ad
319 THKNU-2017-0072).

DNFB ®zloll 2ist of=m R4 oA 2
154 FEd @ FeA g3t BHe BeT Lol
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Fatdt. £3 S AR 2o 05% DNFB
(dinitrochlorobenzene benzene; Sigma, St. Louis, WA, USA)
£ acetone: olive oil 2] &1l 4:12] v &= 3]A5le] &H
50 ULE T wh§-2=9] B FAREII oM, 6, 7, 8, 10,
14, 162l 0.2% DNFB (acetone: olive oil=4:1) £ 20
us % 63ldl ZA A Feo =xsto] A
(resensitization)A] A ©}E3|E FA|ZT) 3, A|82] 7
= DNFB 8] & olE3] {2 np-p-20] 7] FH ] 9,
11, 12, 13, 15, 179 Al& 20 pl(100 pg/mL)E Z= 63] ]
AA EXSATE Al rEA ] 199l A5 A+ 10%
XYY =] nysdth AE2 LjklEe U9 & F
=5) B aflj(Q15e] doll FuAl FAZ AR
AZ & FEB)E AT 2y E e A 9 g,
A Iof 3H S AA 5-6 ime] L7 E AP A2
% hematoxylin-eosin (HE)= ©|8-3}o] Aste] dn|Z o
2 #3239 ©1(7), ear thickness, ear epidermis thickness,
total cell counting 2! eosinophil counting> 7 H.(8)l F5}<]
=g ek

Cell viability

Rat B]9HA| Q1 RBL-2H3-S 10% fetal bovine serum (FBS,
Hyclone, Logan, UT, USA), 1% penicillin-streptomycin(Hyclone,
USA)©| %71 Dulbecco’s modified eagle medium(DMEM,
Hyclone, USA) HIRIE-AFESK] 37 5% A0, incubator(MCO-18AIC,
Sanyo, Gunma, Japan) Z=71el[4] vl ¥ttt Alxe] A&
& MTT (3-[4,5- dimethylthiazole-2-yl]-2,5-diphenyl-tetrazolium
bromide(Sigma, St. Louis, WA, USA)S o] &-ato] =75}t
RBL2H3 A|ZZ 1x10° cellymLe] TE& FH|slo]
96-well platecl] 200 L2 EF3F F A 85 H7lsla 184]
Foage 5, wiRE AASK FBS7F X3E A e
DMEM ¥{A] 100 iL¥} 10 il MIT £-9(5 mg/ml)< 718}
147 B kst S99 formazans 243517 93k,
Hj A 2 A A8k DMSO 200 uLE o] ¢ 3 ELISA
reader(Perkin Elmer, Waltham, MA, USA)Z ©]|-&-3}< 570
oA FFE=E SHITh AXE AEE2 AEE H7t
1A S H= 100%= AlLtste] A o2 Blwaksl

B-Hexosaminidase assay

B-Hexosaminidase assay+ Chung 5(9)2] %< M3}
o 2835ttt RBL2H3MEE 0.5 pg/mlLe] DNP-IgE
(dinitrophenyl immunoglobulin E, Sigma)”} %7} vl z] ]|
1x10° cellsymL9] F =2 96-well platec]] 200 LA 53t
%, CO, incubator(MCO-18AIC, Sanyo, Gunma, Japan)©l| 4]
12 h &t wiFetitt 1 b, AEdS AlAst,
siraganian buffer (119 mM NaCl, 5 mM KCl, 5.6 mM glucose,
0.4 mM MgCl,, 25 mM PIPES, 1 mM CaCl,, 0.1% BSA,
pH 7.2)2 23] A2 T FBS7} A1<] ¥ DMEM Hlj=]o|

T2 ZAA-FEE A A26H A5E (2019)

AIRE-20 pgml2 *e5}e] 37°C, 5% QO; incubator(MCO-18AIC,
Sanyo, Gunma, Japan)©l| 4] 30 min &<+ ©f vjFA|ZT) 2
ng/mL DNP- BSA (albumin from bovine serum,
2,4-dinitrophenylated, Sigma, St. Louis, WA, USA)< 7}5}¢]
37C, 5% CO, incubator(MCO-18AIC, Sanyo, Gunma, Japan)
oA 2A1ZF Bt Bl FAIZ] &, A4S 40 uLE 96-well plate
o &7]3 substrate buffer (4-p-nitrophenyl-N-acetyl-3
-D-glucosaminide 2 mM, sodium citrate, 0.05 M, pH 4.5)%
40 1L F31 INRE E<F ohA] vl A Z T 200 1o RS A
AS H7tste] W32 EAAIZ] $ spectrophotometer(Perkin
Elmer, Waltham, MA, USA)Z ©]-8-3}o] 405 nmol|A &4 =
£ St

DPPH radical &H &4

Free radical-scavenging activity= radical$] 1,1-diphenyl-
2-picryhydrazyl(DPPH) < ©]-&-3}o] Kang 5(10)2] HIH S
sl ettt 24 &l 222 =8 AR 10
uL<} 0.2 mM DPPH(1,1-Diphenyl-2-picrylhydrazyl) 190 uL
£ E§ste] AdolA 1083 ¥HgAIZl £ 517 nmellA]
TA=E =%3ste] DPPH radical £2AEA Y& (%
inhibition)& ©}ef ¢} 22 WHO R AAeS]

DPPH inhibition (%)=[Ab (control) - Ab (sample)]/Ab
(control)*100
Ab (control): F-*12], Ab (sample): #] 2]

Ferric Reducing Antioxidant Power (FRAP)

9= A5 et ferric reducing antioxidant power
assay (FRAP)= dxt# o2 de] o] &5 & Ao HslzA
Fehse 2R Heo SADS) WHES WPl AHS
staAth. GHaNaO,9b acetic acid(CH,0,)E  ©]| &3}
acetate buffer(pH 3.6, 23 mM)E ZA|3} 1 40 mM HC13}
TPTZ(2,4,6-tripyridyl-s-triazine) S ©|-§-3}%] 10 mM TPTZ
solutions THERITE RE-E-8-94-2 acetate buffer (pH 3.6, 23
mM), 10 mM TPTZ (2,4,6-tripyridyl-s-triazine) 3 20 mM
FeCl; - 6H,0Z 10:1:19] H] &2 4]0] THE F, A 74|
37CE AA13F92H, 96-well plate nlo]a 2 ZFo|E
(well volume: 200 pL)ol| vl A5 (2 pL)2} A 2K(198
uL)S A g th, oF 30 F Aol Al WA F 590
el FHEE SPetich

CUPRAC assay

Cupric ion reducing antioxidant capacity assay+= Apak<]
WH12)E MFste] S 351% T DW, 10 mM CuCl, 75
mM neocuproineS A Z23}aL, 2174-S A3 2 Al 100:1:1
H) &2 E3slo] ALL319TE A 22 96-well plateo]] ZH2}
2 1L FY3t3 &3 CUPRAC solution 198 ULE 7}t
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T 37Tl A L& AAg AJE 2 2087 WHEAIZ T 450

SN 2y

A¥ZA3= ANOVA Tukey post-hoc test= FA A -2
e TR 73 © 7 SD(standard deviation) #2 T-3h]
APl el A7t p<00sY W BAA RS st
At

2 o

OtEx| R4 OifA HEI0A 2
g #Hst
¢lEe] TR fiel wat Al xE FEEY oty &
A< RIsI3ith DNFBE PH-2= 7ol A2jd A3, &%
5 3

AsedEFE=(afLi)d

2, N 2 So] &9 A FAEAT AR AT
g YAl S-S G323, AF FEE)olre

DNFBE 2| & wh-§-29} A9 fA1g & B o,
JIELEFEZE@EL)S A vhs2dAs FAeF
(NT)9} fAtE =2 ofEs] Fio] ghale = As 21
S} th(Fig. 2a). 53], o|2]dt T30l EFA R dojd
735 Al 77} Fig. 2b and coll Hizo] vl dAom
FAGA =, ol & A9 F7E DNFBZ 100% 2 3+51<
o, Aoz Ao FA FAE ALt & A3, L,
afLjoll Xl 2t7+ 96%, 73% =, 12| £33 F7|(ear epidermis
thickness) = Lj, afLjol Al 22+ 110%, 71% 2 JEFSThH(Fig.
2d and €). T3, G5H-9)2] WML A FAFS 5P
atod, L3 WA U] F A ESE DNFB -2 tiv]
Lj, afLjol Al 2+2+ 67%, 32% #S Uehion, A&
27} 50%, 22% o2 AT Aoz & 5 QA th(Fig.
2f and g). WA, £ A A E ABL) FEE

3

golEy] FAC nnIH v, 9% E (@) 35

1o -1y UL O =
M gobes] B4o] A% F32 vlmslel 8K Z71e
Aoz I

d €
@ 120% - @ 16096 -
= 140% |
. 100% - E
E * g 1200 -
8 80% - M
A S 100%
g g
w 60% | E 80% |
F c
= E
- 2 g006 -
F 0% - %
& g 0%
20% | B
& 200 |
5
0% A 0% -

NT DNFB Lj  afLj NT DNFB Lj aflj

O e ® e
g 120% g 120%
a
% 100%% : 10095 -
g 1
= 80% - w 80% -
=
5 g
=
£ oo g 6006 -
= * =
S 400 E oa0% *
e £
g
& 2006 - A 2006 -
0% - 0% -

NT DNFB Lj  afLj NT DNFB Lj  aflj

Fig. 2. Anti-atopic effects of Lonicera japonica stem by solid fermentation with Phellinus baumii n a DNFB-induced atopic model.

Without NT, all of sample group were treated to 0.2% of DNFB. NT: no treatment group, DNFB: 1-Fluoro-2,4-dinitrobenzene, Lj: Lonicera japonica, afLj: aqueous fraction
produced by solid fermentation of Phellimus baumii on Lonicera japonica stem. Topical application was carried out by 6 times (20 uL of 100 pg/mL aflj). (a) A classical
image of ears. Five mice was used for each group. (b,c) Histochemical analysis by HE staining. (b) 40, (c) 100x magnifications. (d-g) The one-way analysis of variance

was used with Tukey post-hoc test. *p<0.05.
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B-Hexosaminidase assayoll 2|st &4 w3}

Aol 2ol vzt 2 g 27] vhgo] dojd
737, BIHA| 3Eof| 3] 2E}Rlo] EH]H ) ] 2~EHRl-& H]Rk
A W Zhsdel] EA1sH=H], B-hexosaminidase HgF A%
Y i EAStER, Al Yre g BeljEe d4d 5
274 (degranulation)®] A= o] &5 3L T A E B
2 HH)E o] 4 &L, dEET] JAIEEY AeE
Sl &t AHgE I ATh(13).

HA, ¥ A 21 RBL-2H3 A oA 9] 5445 43}
7] 18] MTT assay & 2413 A3, Ljd®} afLjo] 3, 10,30
pgiml FEoNA AE 2 AF IE FEENAM = AE 54
o] glE Aoz AFEArh(Fig 3a). ©] 2E EUE, B
-hexosaminidase®] €73 374 23}, 10 pg/mL 5 =0l A]
= W& (control)el] thH]3td Ljot afLjol A 22t 70,

(a)
120% -
100% -
80% -
60% -

40% -

Cell viability (% of control)

20% -

0% -

afLj
(ng/mL)

T2 ZAA-FEE A A26H A5E (2019)

67%2 242, 30 ng/mL F=olA = 247 37, 25% 24
afLjoll Al &5 wn|atAl Aol F7ket A st
(Fig. 3b). webA, A ZqFell A G| 27] wh-gol 23k 5]
Yl BHE Ak @L AeFEEY o] HEFE
B E5oA fraket €49 el i wE Aol

A 55 FAsA
gitst gao| ztagel

Wg fFol] w2 ksl gg-E vlwsly] flske], aat
3} Aol B3 3714 assay S A8 tE DPPH 2holZt
2% =% A3, 100 pgmL % 71502 1j9} afljoll A
27y 64%, 3% = TR Fol| 2T 2A%sel o 61% A

A& EAsATHFig. 4a).

()

140%
120% -
100% -
80% -
60%
40% -
20% -

0% -

B-hexosaminidase activity (% of control)

Fig. 3. Inhibitory effect of Lj on activity of B-hexosaminidase in RBL-2H3 cells stimulated with IgE - antigen.

(@) Cell viability by MTT assay was performed. (b) [3-Hexosaminidase assay was performed using DNP-IGE. The values are means + SD with triplicate experiments. Lj: Lonicera
Japonica, afLj: aqueous fraction produced by solid fermentation of Phellinus baumii on Lonicera japonica stem. *p<0.05, compared to control group.

(a) (b)

80% 0.80

(©)
0% 0.25 -
60% 0.60
z 50% g E 020
H .: 0.40 =]
'E: 40% % y g 0.15 -
-
z 0% S g o0 -
g 20% ° °
- {
T % . 0.05
2 - . 000 1= -
0% - 0 30 100 30 100 0.00 =
0 30 100 30 100 0 30 100 30 100
Cont, Lj alLj
Cont. Lj aflj (1igmL) | (ug/mL) Cont, Lj afLj
(ng/mL) (ug/ml) (ng/mL) (ng/mL)

Fig. 4. Comparison of antioxidant activities of Lj and its solid fermented extract. Lj: Lonicera japonica, afLj: aqueous fraction produced

by solid fermentation of Phellinus baumii on Lonicera japonica stem.

(a) DPPH assay, (b) FRAP assay, (c) CUPRAC assay. Statistical significance was performed by unpaired two-tailed students t-test. *p<0.05 compared with control.
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FRAP assay 23| A=, 100 pg /mL F=14 595 nm<]
OD.#t2 Lj¢t afLjell A 22t 0727, 0.0302-2A], Q15 AHA|
o] gitst AL S, TR Fo kskee A
e Aoz 3915 9 th(Fig. 4b). CUPRAC assay©ll A =,
100 pg/mL F=oNA 19} afLjoll A 22t 0.265, 0.0312] 53
=5 JEh I W (Fig. 4c). 23H o2, gAats} 352 A
Y RTdA] BUe o 9% FEEo| WE I
As A F AU

o

Zd| 53t Eo
iridoide, flavonoid ¥, triterpene, saponini+ 5°| U2
1 7154 =4olth o|n] HEA Shin 5(14)2, Al¥E
WA FAAE DAL EAZ] 554 DNFBO| 9
gt golEy S Attt 1 A dAE AlFl
Hla HEAIZ] FEES MMP-2, MMP-9, MMP-109] A
7 olEy] /Aol ST E RS FRlEHTh &
AT E o] 2AfolQ]o] AW FAHE o] &3 1A
g7} oty Ao AT = ATE A3 F,
Aol vfg 43 S BHATdS DA =AU

DNFBE ©|-&-¢t o}&E9] fo] R vlmsle], x|
=717} AA QIA6| o}ESE fEsl= Aol o fARg
21502, o] o s fxd olEy RdldA <%
o] A uALE FEEC FoleEy TS HS
£ dg Aol Jtta AlgHt) 53, olEy JAgo] whek
T-helper cell®] unbalanceo] Wz} S7Fele= Ao E71Ql
(IL-4, IL-13, IL-17E(IL-25), IL-31, IL-33)59] %4 o] 22
F7H o2 1 d g7 glvtau dtd)h @, ofEy
F B AFEEH 2 9= G A Bl (dexamethasone) 2} 2
2 2EH|Ro|=A oFEe] HA8T fAk Aie] A
wE olEy 9749 A FHESI vS FE4Q
olEd] 1]Fe] X 5ol AR Akt AA o] 87
F 3 JeK15). oFEY] FRAE 2 Fdhe dl glofA] 719
2HZo|EA] & AWA Fo FAEE s
el Zzupo] e E A AL gitoZ AAIFE A o]
gtz 2alo] g4 A= A Z AFTA = HuA| 2
=7l ghoz FIAZ] B olEy i FERY
ATFATgoEZN S EHE oY 7HK] W HA nlo]
A Bl JSha, ol v R 1 ofEy] IRY
A 771AS 9l = 9l 1 A3 ofEy] 93y x589
Bk 5 &hel SCORADFX| 7} 108 F3llA] o)
23702 71.3%2] WA, ST= olEy Wi Aagy

kv
02
ol
QoL
X
ok
Ho
=
2
X0,
rr

d], tannin¥,

£ UERISITH1S). & dATFA = gkt vl efAlE
AHESHE Bie] Afole g d2ERA FAREAC]
okl &2 F JoB R oleldt Tt Bekalr] 95t
of AFol o3 nARTE Fdke] ek A7) A
EAEAS ARSAI717] At Ao g uARE S
9839t 2 A3, MTT assay?| A = FA] T =
A& YehiA] gkon gatsl 248 Yehl =t
/g0 JatFol 9ste] AAEASN = Batar g
ol23 &Ao] $-F35HA UERd Solgt WA o| ATt Lee
(16)9] ATl E vt 5 nATEA Fakst o]
Zt, Wl F2nkel|l Al 24 51.8%, 66.4%, 42.2%C1 4
64.7%, 14.1%, 52.8% % <7}echa Hustgich B2, Son
SR o] U JAMA R nALEAT 2 o9
ZEo ZAISte] DNFBe i olEd] &k nhg-2
¥xate] 3] AFEHNI} A=A ARE gl
7, A 243 F99] FA F 9 F 2A A9 g4k
152 1A OE B S AR o] & FEEA ot
By g3t AR TS ddsd e, oley o4
o] ulo] e mpA 2l Aks} A (NO) &4 &4 (NOSs), matrix
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