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Anti-Inflammatory Activities of Extracts from Fermented Taraxacum
platycarpum D. Leaves Using Hericium erinaceum Mycelia
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ABSTRACT This study investigated the fermentation effect of Taraxacum platycarpum Dahlst. leaf extracts using
Hericium ernaceum mycelia to test antioxidant and anti-inflammatory activities in vitro. The antioxidant activities
of fermented or non-fermented extracts of 7. platycarpum leaves were determined by 1,1-diphenyl-2-picrylhydrazyl
radical scavenging activity, ferric reducing antioxidant power, and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
radical scavenging activity. The leaf extract of T. platycarpum showed higher antioxidant activity than extract of fer-
mented leaves. However, ethanolic extract of fermented 7. platycarpum leaves decreased levels of nitric oxide production
and pro-inflammatory cytokines such as interleukin-6 and tumor necrosis factor-a in lipopolysaccharide-stimulated RAW
264.7 cells. Moreover, fermented leaf extract suppressed protein expression of inducible nitric oxide synthase in RAW
264.7 cell culture. Therefore, the enhanced anti-inflammatory activity of ethanolic extracts of fermented 7. platycarpum
leaves might be attributed to the molecular conversion of leaf ingredients during fermentation and the active ingredients
might have specific affinity with ethanol during extraction.

Key words: antioxidant activity, anti-inflammatory effect, Taraxacum platycarpum D., Hericium erinaceum mycelia

M

W (Taraxacum mongolicum) %

650 ARA oz A5

WEdE 32 (Compositae)] FAAA tha A =&
F2A dubH 2 dandelion, 882 Taraxacum platy-
carpum, SHFANAE EFQUHA ) 2T ZGHAL), AH
i), edzx@ENZ SdY, o3 vsd s $2v
gl GA 7 F e ofstE FEAEIA A E
2 ol grEglon, o]& #5YH =7E7HA S-Evhet Aol
aAx de & 3}5’— { AlA el °F 2,000 Fo] A8k
740; oLE;]zj" 0] = Oabl_gl_oﬂ :tc)}‘:“ ];H_LPGO] )\u;_
N vsg = 25_,] a2 T3t ¥
acum platycarpuny), NS Taraxacum ha]/azsanense)

e

I%

NS 2 (Tarax-

dl(Taraxacum ohwianum), 3171 aﬂﬂ(Tafaxacum
coreanum), A% W5 (Taraxacum officinale), B

Received 22 September 2015; Accepted 28 October 2015

Corresponding author: Jae-Hyun Jeong, Department of Food Sci-
ence and Technology, Korea National University of Transportation,
Chungbuk 27909, Korea

E-mail: jhjeong@ut.ac.kr, Phone: +82-43-820-5248

A 9ltk(1,2). S d25E UEold 5 & Agew
o] gy om, MFME A slBeA At 4 Juj=
AFskelar, ftels mag A4S T8 A9 gleow A
7] %= A3, ‘{EEH—E Tt FoE X, o kgl
AI7F h= g A =R @ HEeh o] &5 o] ghth(4,5). E3
= = Folgt Ay & W& aart éo}
2 &A=l Hal olwmAhgo] Hold Aew defA ¢
ol e 2 3}]% A9, A, A=A Eoi
24kt &4(8 1D, 35 a7
¥ HT g3(13) 59
3 7}ELQ1 Ao, v A=
Aol kAl A7} gl Aoz
ol #e A= RS oyt
o]-&3k ofe] 74 Ade]dAel B3 A7t g
S99 QS FAM R HE e A AT A4

3}

GRASTH(14) o= <

delA sk oA " W

o, %713

o, ®

o]
HEdde] 2R

ARESE =R oM A (Hericium
erinaceum) HATF UTFEHA &

(Aphyllophorales),



WA AR BES T

o

WA (Hydnaecae), 23 AWM & (Hericiunm) o2
= Ao E AgAloe R o]f5 o] gr(15). o)A
Ao WA S S R okEA Eoll wj et
5 Aol #E A7t FE o] FL 9oH, Ha
Park E(17) TAHE o8& o 7 TAA
doll, Jang 5 (18), Shin 5(19)7 Choi
EFg oAl TAA O] 4
of &7} vk Hagk vt
FolH A FALAE ©]-&3}

HEUdS B9 e

%]

4 Fu

S S ko

<

Mo 1o ® i ot
s =S

™oae

o M o

= o

z 9

oS

ot

o
N

ok

)

off L

.
f

a e
w
2
o I
oo oox

2
oot
2
o
o
oX,

+ 2

ol
rob
ra

oll

z
rr
Lo

=
{

=
e
il
O
-

(<0
o %P S
2
WE N
o
'~

r
lt
=

1~>>~le

FﬂT fole e
>

o 4o

N @ oyE R opZ ¥ o o Z oo L 2 fr i@
e e Sy

I otlo rfu
ol
2
Lot

3717} 1~3 mm
oW X (H. erina-
ceum) A= A7 %= A (Hwaseong, Korea)°l
Al EoFwtol PDA(Potato Dextrose Agar, Difco, Sparks,
MD, USA) HjA| | A 55 7HA o2 Adu)fatis Age
AREATE A E R 231]4 Qe 28] FFRTE A7t
04 122417 &oF X8k & 500 mL WA a] ol 150 g¥
3 121.1°Cell A 60%3F kst Ht 3t ‘iEEﬂO]Oﬂ
FEBolHA TAA 33k WG HE 10%v/w) HET F
S5 25°C, % 60%cl A 4047t HH Fatalrt. H°¥°l %E
H 3 5AAZX dlo] FEAEE AIEEINT & FEE9

Az AR 50 goll FFF 1,000 mLE H7HEE F 80°Cel
2

okr
2
N
ffy
-

A 12083 &89 e, dEE FEE52 A8 50 g9
70% €< 1,000 mLE 7} 3 70°Coll A 12087+ 3
O === = = 11 =

Z30 1 B FEEY EE FEE BT s Yo s
o] 3} %] (No.2, Advantec, Tokyo, Japan)& ZF¢te] 3} 3}o]
Rotary Evaporator(N-1000, EYELA, Tokyo, Japan)=
F53 & TAAX 3o BAE AlRE AHESIITh

oo o
¥+ 32 Folin—Denis¥(21)=2 ¢FzF

mLel 1.

Z Ezll= 2 =4
53 1 WM sto
0 0 N Folin—-Ciocalteu A¢F ¥ 20%
NaxCOs €4S 7} 1.0 mLA 22 74ek vhg A4 30
B Az & B3 A (Secomam, Ales, France)E ©]&
3t 700 nmollA SH=E St Gallic aCid(Sigma—
Aldrich Co., St. Louis, MO, USA)E 0~200 ng/mL9] &
2 Azl AR} TUS oz EA% BE 713‘%}/39—
2RY FE2E F du FHFS S5 gallic acid
equivalents(mg GAE/g extract)® YWERAATE

[‘d\ﬂ

de FIF BY AT 21

ol
il
L)
f
[
o
n
1%
ofi
rlo
N
=3
19
=
[©]
o}
ol
©
)
Lo
33
T
=
=)
i)

=% 5 0.25 mLo| 75 1.25 mLE £33 5% sodium
nitrite 75 pL F7}3F & Ao A 5E7F WA T 10%
aluminum chloride 0.15 mLZ& —r7}6i e R 6—%7&

275 uLM ZPEﬂi 7hste] E3Hsk § 510 nmoﬂ*ﬂ FHEE
=439tk Catechin(Sigma-Aldrich Co.)S Z&E4 =&

3to] 0~1 mg/mL % HYY i+ AFHo2HY &
9] F ETtH o= S AAEI A catechin equiv—
alents(mg CE/g extract)® YER AT}

DPPH 2iC|Zt A7 &X
1,1-Diphenyl-2-picrylhydrazyl(DPPH) 2}tz AA
g4 AP Blois(23)9] W& 3831 &3} o] A3
33t} Blank+s ol €F2 100 pl, control of §H-&-
DPPH €< 50 pL, DPPHS} Al & ¥F-g-2 o % 40 uL,
DPPH €9 50 uLo} A& 10 uL& F718k3i a1,
FFETS 'S 90 uLot A% 10 uLE F7 ]'f?} < g

A 3083 WHEAIZ v 515 nmell Al FHEE F
gz &A1 E4%)S S48l
Scavenging activity (%)=(1— C_iD)XIOO
B—A
A: Blank %%
B: Control $%¥=
C: DPPH®} A& wgole] 3%

|
D: AR A9 FBE

ABTS ZIC|ZE 0|88 &

ABTS[2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid)] #tZ& o] &3 F JikstE o SAHS
Park¥} Kim(24)2] Wil wte} 7.4 mM ABTS &9} 2.4
mM potassium persulfateE 412 ¥ oA 12~16A1%F
Fol HESAI AT} o= 734 nmoll A SH =7} 1.57) HEE
SHFE 243 F 1.0 mLE st =& 50 pLE 713t
o] A2olA] 10&7F HH3AIA 734 nmoll A FFEE SA 3}
At EFEAZ 5959 TroloxE o]&38te] EFFALS %
< &2 Trolox equivalent antioxidant
capacity(TEAC)Z ¥ A3} t}.

sarste &5

Y

FRAPE 0|&%t & &5t &3

FRAP(ferric reducing antioxidant power) =732 Benzie
¢} Strain(25)9] H¥HES AFEE T & 300 mM acetate
buffer(pH 3.6), 40 mM HClell &3 10 mM TPTZ %
20 mM FeCls-6H05 247+ 10:1:1(v/v/v)e] v &2 =3
3l FRAP Al ek 3kt e]ojq A8 0.15 mLe} 3.0
mL2] FRAP Ao} 841 37°Col A 5EZF WAl &

9

Az
oFS 3t
593 nmollA FFEE 43tk A= FeS0. - TH0E



=522 39 mM FeSO, eq./mg extract® XA 31T}

MIZ=Z HHQE

Aol AMES I M EZFQ RAW264.7(Korean Cell
Line Bank, Seoul, Korea)2 &4 3}3t 10% fetal bovine
serum(FBS)¥} 1.0% penicillin-streptomycin®] 37}
Dulbecco's modified Eagle medium(DMEM) ujj#] ol A
37°C ¥ 5% CO, £719] incubatorol Al wj s} T},

M

Nitric oxide(NO

) M =3
NO A BE &

A
o o o
A 3}+= nitrite assay+ Titheradge(26)
o] wgol o3 v} o] SA ) WigH AXE 2%
10* cells/well F% % 96 well plateo] 33 & 204 7F
B vjeFet ok 4 s ARE & AIRE A S lip-
opolysaccharide(LPS, 100 ng/mL)E = &3t t}2 20A]%F
L A ¥ M mediumo 2 #H)H NO %S Griess A <F
[0.1%(w/v) N-(1-naphthyl)-ethylenediamine and 1%
(w/v) sulfanilamide in 5%(v/v) phosphoric acid]& A}-&
ste] WA ZA T ¥h3 § 540 nmolA 3 EE SA A
i sodium nitrite 2 EF=34 S A 3ke] NO9| 58 4t
=33t
ME=Y =3
MEEA F4HL MTTI[3-(4,5-dimethylthiazol-2-y1)-
2,5—-diphenyl-tetrazolium bromide; Sigma-Aldrich Co.]
3 S o] &3t Alxe] AEES S3ATHET).
RAW264.7 A E£Z 96 well platesel] 210" cells/well &
52 5% H 2442 sjge &, 4 A EE HE 55O,
62.5, 125, 250, 500 pg/mL7} | E=Z Aol =]g]ste] 20
/\] 7k Fot vjekstsitt o] % MTT £94(0.2 mg/mL)< 713}
37°Col A 2413t 9 wjgate] MTTE 94174 A€
formazano] iAo Wolz] UrkA] FEE mjAE 24 2Y
Al AASATE. DMSOE 150 pL #5+3ke] 104 53 &%
$ & 540 nmelA FFEE SAHATH

MY

Western blotS 0|2t CIEHEl His] HA

Hjekeo] ¢ AXES B2 vy HIFH9] lysis buf-
fer(iINtRON Biotechnology, Seongnam Korea)& A 7}sH
of 4°Col| A 158 F<¢F lysis A1 & 13,000 rpmo.&E 15%
7F dAEE o] dEds E'_?}E]r. %‘ﬂi}e‘% AeFato] vk
o] vl A S sodium dodecyl sulphate(SDS)-poly-
o] g3ste] Hr|Pgsor EEgh o
polyvinylidene difluoride(PVDF) membrane &% elec—
troblotting®l] <& HolA|Zth. Hol7} ' #HHFlL
5% non-fat dry milk® E273F & 1z} A Z =g sto]
4°Col| A over night A7 t}-& 23} dxﬂ—* AF-g31e] AF2-0)
A 1AIZE HEg AT Z T WEg-o] E & PBS-T(0.1% Tween
in PBS)& %3] A& 3}al Enhanced Chemiluminescence

acrylamide gel&

(ECL) €& Y& % [uminescent Image Analyzer(LAS—

3000, Fuyjifilm, Tokyo, Japan)E ©]-&3}o] &4 chal 7 o
¢S BT

EAEN
A3 33 o] WS AF A= 7F P&l wet
PAA+RFHZHSD)E T3t om, 7z i 7He] o4 ¢

A% GraphPad Prism 5.0 versmn(GraphPad Software,
La Jolla, CA, USA)E ©]-83}4] one-way ANOVA 5 Tu-
key's test® FAZF3sk] P gke] 0.05 W|vhE fojsk Ao
KRl ia=

Ayt ¥ nF

+2, & E2lHs 8 ¥ & S0l

ERFgHoHA dAAZ Tas UEHYY & FE2E
I o ghE FEES HESHA e UEYdY] FEEN
&, & ZovE 39 2 F FPRwoE RS nwdt
A}E Table 1o YeHATH dashA] &2 WEH 9
E FEEY deE F2EY 782 747 29.35%, 22.85%
g Yo, w3 gdolmAl FAA R wast 7S
Ao & F22Y oes FE2EY &2 47 29.24%,
19.25%% & #tol& YebNA eFokeh. e washA] &
e NEYY & FEEY e FEE F ZYvE 3
= +

S BX3% A3 56.18+1.01 mg GAE/g extract, 59.88
0.89 mg GAE/g extract® YEMAA AL, =FF o] HA
AR R as s & FEEY TS FE2EY F
Zo s =S 22.3510.23 mg GAE/g extract, 14.60+
0.19 mg GAE/g extract® A B Eg & & FZE3} o
Bl =22 U = iﬂ_zﬂhz ala‘t 91 60%, Ok 75% 7}3&
F HEYY & F
ol sl oF 80%,
EIALHA O] FFALA]

o}
= gallic ac1d ‘3—1 methyl gallateE 7}k N A A x| of] A

Table 1. Extraction yields, total polyphenols, and total fla-
vonoids contents of Taraxacum platycarpum leaves extract and
fermented T. platycarpum leaves using Hericium erinaceum my-
celia

Extraction  Total polyphenol Total flavonoid
Sample yields (mg GAE/g (mg CE/g

(% wiw) extract) extract)
TLW 29.35 56.18+1.01" 36.30+0.76"
TLE 22.85 59.88+0.89 40.41+1.17
FTLW 29.24 22.35+0.23 7.07£1.33
FTLE 19.52 14.60+0.19 3.74+1.17

TLW: T. platycarpum leaves water extract, TLE: T. platycarpum
leaves ethanol extract, FTLW: fermented T. platycarpum leaves
water extract, FTLE: fermented 7. platycarpum leaves ethanol
extract.

GAE: gallic acid equivalents, CE: catechin equivalents.
YValues represent means+SD (n=4).
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Fig. 1. Effect of fermentation on the leaves extracts of 7. platy-
carpum on DPPH radical scavenging activity. Different letters
(a-f) represent statistically significant differences (P<0.05).
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Table 2. ABTS radical scavenging and FRAP activity of 7. pla-
tycarpum leaves extract and fermented T. platycarpum leaves
using H. erinaceum mycelia

TEAC (mM Trolox

FRAP (mM FeSO4

Sample eq./mg extract) eq./mg extract)
TLW 0.359+0.006" 0.47+0.02
TLE 0.294+0.004 0.58+0.02
FTLW 0.194+0.007 0.14+0.01
FTLE 0.117+0.004 0.10+0.00

TEAC: Trolox equivalent antioxidant capacity, FRAP: ferric re-
ducmg antioxidant power.
YValues represent means+SD (n=4).
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Fig. 2. Effect of fermentation on the leaves extracts of 7. platy-
carpum on NO production in LPS-stimulated RAW264.7 cells.
RAW264.7 cells were treated with samples at various concen-
trations (62.5, 125, 250, and 500 pg/mL) with or without LPS
(100 ng/mL) for 20 h. The nitrite in the culture supernatant was
evaluated using Griess reagent. Data are presented as the mean
£SD (n=3) for three independent experiments. *#P<0.001 versus
control, **P<0.001, *P<0.01 versus LPS are significantly differ-
ent as analyzed by one-way ANOVA followed by Tukey's test.
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Fig. 3. Effects of fermentation on the leaves extracts of T. platy-
carpum on the viability of RAW264.7 cells. The results are dis-
played in percentage of control samples. Data are presented as
the mean+SD (n=3) for three independent experiments. "P<0.05,

"P<0.01 versus LPS are significantly different as analyzed by
one-way ANOVA followed by Tukey's test.

A 2500 1

#H##
2000 ~

1500 -

1000 -

IL-6 production (pg/mL)

500 +

0 p
LPS (100 ng/mL) - + + + + +
FTLE (ug/mL) - - 62.5 125 250

Dexamethasone (ug/mL) - - - - - 10

B 6000 -

#i#
5000 4
4000 -
3000 4

2000 - s

TNF-a production (pg/mL)

1000 -

[
LPS (100 ng/mL) - + + + + +

FTLE (ug/mL) - - 62.5 125 250
Dexamethasone (ug/mL) - - - - - 10

Fig. 4. Effect of FTLE on the production of IL-6(A) and TNF-o
(B) in RAW264.7 cells. The cells were pre-treated with samples
as indicated concentrations for 1 h, and then incubated with or
without LPS (100 ng/mL) for 20 h. The level of cytokine was
measured by ELISA. Data were represented as mean+SD (n=4)
with one-way ANOVA followed by Tukey's test. **P<0.001
versus control, ~“P<0.001 versus LPS.
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