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Evaluation of the Antioxidant Activity and Anti-Inflammatory Effect
of Hericium erinaceus Water Extracts

Da Hye Kim, Sa Ra Park, Trishina Debnath, MD Abul Hasnat, Mehnaz Pervin and Beong Ou Lim
College of Biomedical & Health Science, Department of Applied Biochemistry, Konkuk University, Chungju 380-701, Korea.

ABSTRACT : This study was conducted to determine the antioxidative activity of Hericium erinaceus (HE) and we investi-
gated that HE extract contributes to cell proliferation and to anti-LPS-induced inflammation. HE extract showed high
DPPH free radical scavenging activity. However, the reducing power activity slightly increased in compare with control.
Nitrite scavenging activity, ABTS radical scavenging activity, SOD-like activity of HE were elevated in dose-dependent. The
level of total phenolic and flavonoid showed 30.06 mg/100 g and 33.86 mg/100 g, respectively. Linoleic acid oxidation inhibi-
tion had reached a maximum level on the fourth day and started to drop from the fifth day. HE extract contributes to cell
proliferation on the RAW 264.7 cell. Our finding demonstrated that water extracts of HE possess significant antioxidant
activities and may be suggested a new potential source of anti-inflammatory medicines.
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&2 Bl dojubm o] FolA
sitael BEAle E9ckAe 7HY
T Oyt Abs), Sl A
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w2Zdo] WA (Hericium erinaceusye AFauAlalol &35}
= AR Ve G979 Fol AEolA WAE &
oAM= Aol HEHA, e wAleR dEA dor
(Chang et al, 1999), €Eol|A= Yamabushitake (Ahn, 1992),
FEvElM e =F o] MR deiiith =Fgwlo] W
AolMe ershe, Bd, otk B4, FU|9F 2 vlE
Hl o] Fstal, e B WY V%S FAYIe &%l
ok g3 A ATk (Yearul and Shuichi, 1989, Yanmagumci
and Yearul, 1987). ol AmjA AR 7hsd 2o &
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2 dA7e =Fgdol WAl deFEEe st a5
RAW 264.7 cellol|x1] LPSel| oJgh #4358k =8 aol
oial] gopEirzt gt

Gl

ok
v
X

o)
2R

]

rO
1>
o

=

171070,

=

O -

S oE By ol

=

ol

N

[s]=}]
oy

M=

b=

| AlSIRIE2
off AREE A9l w=Fgdo] WAl F7dstar st
stttk ZEIT oF 100 ¢S ¥l 85CoA 33] wHg
FE3, FE2HL o7A] (Adventec Toyo 2, Japan)E
3] 749t oJ3SIAL rotary evaporatorZ F=SFATH
g F471% F 20T nasie] ARSIt

—

215

2. E23Y0| A FE39| shilst &M
1) DPPH 2}t]Z 2275 (DPPH radical scavenging activity) =3
DPPHE Blois®] (Blois, 1958) 23S Wdsle] I

FE2 7l QAR =7 o] WAl AIREE 10mgS T/

1 me 2 3435k 0.1, 0.5, 1, 2, 3mg/ml == ZFZF 1l A

A Z38FL, standard® AFE-E+= BHT €92 BHT 10mg<

methanol 1 mé 2 3Aaldx 0.1, 0.5, 1, 2, 3mgml &] F%

2 Ztzt 1l A Zx3h =3 DPPH £92 DPPH

0.002 gl methanol 25 m¢ 2 #|Z3kc}, 96 well platee]] BHT

g3} methanols 217} 80 ¥ &3 +, BHT2} DPPH

S-S 7hzF 80 A &3S F, samples} DPPH £ 7}

7} 80 1 &35 £, methanol?} DPPHEHS z}zt 80 il

A E8Hek 7, methanol?+S 160 /4% B3 &, SF59

DPPHEN S 742} 80 b ¥ &3t &, 75 methanols

747y 80 ¥ et & 247 st B & Wt vk
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ELISA readerE ©]&3l] 517 oA &3 =5 4390

2) 398 (Reducing power assay) =%

Oyaizu®] (Oyaizu, 1986) Wil W=} PBSS} 1% potassium
ferricyanide 2.5m¢ E 0.1, 0.5, 1, 2, 3mgml o] F==2 A=
St sample} standard?] BHTS} ascorbic acid 2.5 mfé 3} T3
o 2.5me el ZHE ERAIZL S 50ToA 204 Bt FAS
T Whgo] 2 E9ES 727 smeA A tube® &7 F
TCA (trichloroacetic acid) &< 2.5m¢ & #7138} centrifuge
oflA 3,000 pm& =2 1037F HA4EE SRtk Yl s 4
ZN smloll FFH5 Smle} ferric chloride 1 meS 718 3
96well plateol] 0.15mé% £ 3| F ELISA readers ©]
23] 700 m AN FHEE

=439

3) o}&Akd &A% (Nitrite scavenging activity) =%

oldatd 2% 4L Gray®t Dugan® (Gray and
Dugan, 1975) A3WHE ol&ste] WA, =Fgtdo] HA F

ZE3 standard®] ascorbic acidE 7}7te] HE 0.1, 0.5, 1,
2, 3mgmlE sampleS A2z, 1m0e] ZF5 ELs
130 S 7)o ZtzF 1ml o] 1 mME| nitrite sodiumS-

=
e

u i)
ol of M\

38 = H smle] 0.2M citrate buffer (pH 3.0)%

H

gty 1§, 37ClA 1417 <t incubationgh F-of]
& T Il E e A5 &1 5 2% acetic acid 2mlb
griess reagents 04mé Y3 S} 1 158 B
1204 WkS- AlZl 3, ELISA reader® 520 nm oA =43}

AT}, Nitrite AlAPHE-2 T 2}

Nitric oxide scavenging activity (%) =[1-(A-C)/B] x 100

w32 rob RkOR

4) ABTS &Z &7 (radical scavenging) =7

ABTS 2|Z &271%52 Jeong 52 WHS (Jeong et dl,
2009), Hdste] SAAT. SHrell &algk 7mMe] ABTS
9} 2.45mM9] potassium persulphate &35+ 3 3=
Sl el A 12-16417F WA 7Tt 734 nm oA OD%Lo]
0.70 £0.020] H%== PBS (pH 7.4)Z 34310t} =gl
WAl FE&E3 standard?] ascorbic acid2 0.1, 0.5, 1, 2,
3mg/mb 2 {33 g 0.1 ml &F €19 ABTS & 0.9ml &
7hste] E9bet -, 5wk A2ollA FXg 5, 734 nmol| A &
FE=E STk ABTS AMbEe ogligl ot

ABTS scavenging activity (%)={(C-D)-(A-B)/(C-D)} x 100

9ol 2 A= ABTS €943} sample =+ standard®]

Z4%LS, BT potassium persulfate 8¢ sample =
standard®] =A%, C= ABTS &4 THSF E=

=Zz=2 7~ TC

methanol®] 434S, D= potassium persulfate®} 574 &£

£ methanol®] ZA7HS 2u)sit)

.
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5) & d=d e FF 4
T Asd e gFe 8] 98l Folin-Ciocalteu’s

A o] &3t (Wang er al, 1994). standard$l gallic
acidZ 0.05, 0.10, 0.15, 0.25, 0.30 mgml &] FEZ s}
y=0.0642x +0.0618, R*=0.99039] ¥F4S 53193 =
Fgdo] WAl 10mg/me = -g3gh & 40 1 2
Folin-Ciocalteu phenol reagentS 1mg/mé 2 £33 &

20 /4, Na CO 5 (20%) 60 /40-& 52
R
243 54
HE & s S93h

== 0

TE=E=

o N 1%

RN
-0 =
doldl s Fwo| EFFAG £E
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Tl AlA 308
HES-S- A7l & ELISA readers )83 700 nmoi|~ 53
(61.04%)S o]&3f =

v

3} EO]:

FE2E £ ZTtHolE I9E SEF
(Nieva et al, 2000)2] WHo=
S
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6) % Fehneol= Bl

w=2290] WAl
=742 Nieva 5

. A catechin reagentS 1 mg/ml 2 8-3)
0.005, 0.01, 0.015, 0.020, 0.025 mg/ml 2] FTE==
T 25 RS B S F 125 40] FRTE 3
5% sodium nitric (NaNO ;) 8 14 & 718k
oA HRSAIAFET. I F 10% aluminum chloride 15 220
3, 6587 ¥ % 1 M sodium hydroxide (NaOH) 50 /£
o} 27 40 FHTE H7lete] E93 F ELISA readers ©]
3) 510 mellX FFEE SHSATE y =0.0168x +0.0232,

-, 527k

=
=

d% rlo rlo

il —10{1

R*=0.9972°] &S 5383, =Fgde] vXl F=
B Sk 9o} e o g Agste] dojxl Al SEhR
ol o] ¥FEFAM 8 (61.04%)S 58 F ZetH e
ol= FeF ke 83Tt

S Debnath 5¢] =
(Debnath er al, 2012)S A3l =430 A T%
0.1 mgmlé, AT FE 3mgmlE L3 =FFuo] WA
&7} standard®! ascorbic acidS A|Z3}aL, FHHo =
2ok o]R4H EFS 747t 25ml S Al tubeol] EFETY
Z %, 01M PBS (pH 7.0) 1ml, =FF 0.5ml, 50 mM
linoleic acid 1 mbE 7}al|5aL, 40CoA 797 ARella &,
747ko] SMSE 7Y 2 Al 50 ihE A A tubedl]
B3 & 70 Z 75% EtOH 2.35md, 30% ammonium
thiocyanate 50 12, 20 mM FeCl ; 50 /4 S TAHE EF3
F 387 A2olA wEgAIZIYE 1§, SHAE150 b B
= % ELISA readers AR&-3le] 500 moX =S =
3tk olw linoleic acid oxidation inhibitione] AJAHH S

QEERE
Inhibition of linoleic acid oxidation (%)= (1-(A/B))*100

o2,
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2 got
olf A= sample H+= standard®] SF% #2, BE Uz

9] FEE 3 omsith

8) Superoxide dismutase F-AF €4 (SOD-like activity) 7

SOD A &4 =42 Marklund®] ¥ (Marklund and
Marklund, 1975)9l we} 243Gt =Fgdo] WAl FEE
7} standard®! ascorbic acid2 0.1, 0.5, 1, 2, 3mgml 2 &
&3k g3 =74 7} 02mlol]l 7.2 mM pyrogallol 0.2 ml-&
7kt 2 3ml 9] tris-HCI buffer (50 mM tris[hydroxymethyl]
aminomethane + 10 mM EDTA, pH 8.5)% &%l 1087F
Aol wkgAIZITE 2 & IN HCl 1 mbE 71t 83189 5
=AW osample?} standardE 0.15ml S 718F & ELISA
reader= 420 nm oA F2EE A AT

olmj SOD-like activity AlAHY-& o}gfol 72t}

Scavenging activity (%)= 100-[{A-B)/C} x 100]

T
EE

219] 2oA A= Aol BEF o] FoF] sample
standardE, B &% A9t ¥ sample standardE, C

= AgsHge] B o]Folxl tlmag olnlsit.
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3. MIEZ 2
1) Alazegek
B Aol A8 RAW 2647 AEE FA5H7] 93]

DEME WA & AR&-sIaL, ofw] Z}zke] wix]e] 10% FBS

(Fetal Bovine Serum, Gibco/BRL)2} 1% penicillin®] &

LHS ARRSE 37C, 5% CO , incubatorol| 4] B89

Ca*'/Mg?" free phosphate-buffered saline (PBS, pH 7.4)Z

7} o] @3-S 73] Mol & AlhuidS AABIIAL,

A= v Wttt
2) NIZAEE 548 (MTT assay)

FE2EY AEXEA 3-3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium bromide (MTT)E ©]&3F ¥l 2
& =430t viFE RAW 264.7 AIEE 5 x 10* cells/well
o] FERE EFste] 24A47F el H2 H PSRl &
TR ST A A ate] 24x7F B vt z+
AEol] Gure wix|E smgmd & =2 {IfA]A A3
MTTES 7} wellell 10 4 7kskaz, 37C, 5% CO, %7
oAl 4AI7F F9F HESAIA MTT7F FYE =S 315t wlA|
E AAZ F, 7} wellell 100 £ ¢] DMSOE #7Fste] 44
¥ formazan A%< 83IA1A 570 molA FFEE 73t

AE AEES =l

KN
T

2=
=

Viability (%)= (Test well/tZ= well) x 100
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4, SAIA]

B AT BE AR 33] o) vkE AAg A9E ¥
7 + FFUAE JERReH, &
< o]_g_gl.oiljr zF 719] zz%;‘q
variance (ANOVA) tests AA|gH 3

Al= SPSS package program
H] 2= one-way analysis of
p<0.059] frolgzEelA

Ducan’s multiple range test2 1212 x}o|& AZ3IAt).
2o @ oE
vil‘“ p %a}y_':mz st2k dlw
ERgHo] WA FEE9 HE ‘3‘3 %ﬁ]ri‘—to A
*4?‘& A= Table 13 7t} =2Fdo] vAl F2E9] Hx

FHge 30.06 mg/100 g, STFE == FHEFS 33.86 mg/100 g2
ENERASS
o 2d, 8

=

2. DPPH ciCjZt g,
ABTS elC|Zt &~ &M =X

=Fgo] WAl diste] DPPH iz 47

Table 1. Total phenolic compound and flavonoid contents of
Hericium erinaceus extract.

Total phenolic Total flavonoid

Extract .0 GAE/100 g of dry mass)”™ (mg CE/100 g of dry mass)’
Water 30.06 +0.17 33.86 + 0.01°"
extract

‘GAE: gallic acid equivalent.
""CE: catechin equivalent.
""Values are mean £ SD(n = 3).

® Hericium erinaceus = Ascorbic acid BHT — Hericium erinaceus
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Fig. 1. Ant|OX|dant activities of extract from different concen-
tration of Hericium erinaceus. (A); DPPH radical scavenging
ab|||ty );Reducing power, (C); Nitrite Scavenging Activity,
(D); ABTS radical scaven ing act|V|ty The va?ues are the
mean +S.D. from three independent experiments *p < 0.05
vs. control group.
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SIAGE - <

3+ A3} Fig. 19] A9} 2t} DPPH #Hjd 47158 DPPH
7F e 2] Pgd Ay grld® il 2o o) g
AeHA Fe 2pllo] BAE= A E o]gate] S5
=4 ol H] WA Zhdsie] o] A|REAFE st SS

=2 )iy 231t} (Lee ef al, 2011). 9 F53 =F
g o] HWP— 0.1, 05, 1, 2, 3mgml oAl Z+z} 62.81%,

77.38%, 81.36%, 77.19%, 71.62%2] &7 AL Bt} o]
o} HlmwAog A §gisiA|¢l BHTE 0.1, 05, 1, 2,
3mg/ml oA ZH2F 74.74%, 95,69%, 96.08%, 96.71%, 95.94%
& HYOoBA =Fgdo] WAl BHT Hrhs W &4 &
AL Holu AAF FEE WS w 60% o144 DPPH &}
= fds iﬂ%*ﬁ wol7] wjEo] DPPH h|Zol] 3t =&
AR sS 7L e AR AlsH

E%%bl HWQ] sl Fol2g AT
A= Fig. 19] B 2om, o8 7H4]
2k g fg)7)o) ARE Folsh=

6]—/\]-3‘,;]_ B A= W

=2 tk
o= =

-
o

rf

I

b S el w2
HO]L} standardi AREE E39l

et al, 2012). =g o]
o] F7kshe @Ew

ascorbic acidt} BHTHUR= @2 AFE Ho w=FZo] B
Aol o= IA YL rAe R FoE FuEnh

oA E YA F& ol AdFH HHY sRIERIS v
EjrZayloz 37|=d], o] WERIENS 7%
FEIAS dodE Aoz ¢HA AW (Jung er al,
2000). =Fg o]l MAle] oA &~AeS Fig. 19 Cst
Zow, A#ES EW 01, 05 1, 2, 3myml oA ztzt
19.33%, 23.65%, 39.67%, 67.47%, 101.34%2] A&f&S =
Ao m, standard2 2291 ascorbic acid= 0.1, 0.5, 1, 2,
3 mg/ml, of A 15.11%, 25.13%, 37.57%, 55.15%,
99.47%°] A& JePlet, =7l WAle] Ascorbic
acid °]%}¢] £ASE Btk ol =Fgdo] WAL
standard 52} o] FE oFEA O F2 A&S Hole

77}

A I+ AU

ABTS oz &AL 4tsl fFEAQ potassium
persulfate®} WHS-ol] ]3] PFAE ABTS ¥ol20] AlE T
rkst B4l o8 AAE o dojihs GRS o83t

o 249 st FES 4= Woltt (Myung and
Hwang, 2008). :=Fg o] WAle] ABTS ]z &£A59
A= Fig 19] D9} Zow, =Fgdo] Ml w7t 5
71gkel wEl ABTS i 47w Ed S7H8ITh 0.1,
0.5, 1, 2, 3mgml oM Z+z} 29.13%, 47.63%, 69.82%,
99.48%, 101.49%2] AAEHS B om ojuf standard &
A2 22l ascorbic acide 0.1, 0.5, 1, 2, 3 mg/ml o|A z}z+
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Fig. 2. Inhibition of linoleic acid oxidation by the water extract
of Hericium erinaceus. The values are the mean £ S.D.
from three independent experiments *p < 0.05 vs. control

group.
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Fig. 3. Superoxide dismutase (SOD)-like activities of water extract

from Hericium erinaceus. Mean values + SD from triplicate
separated experiments are shown. The values are the
mean + S.D. from three independent experiments *p < 0.05
vs. control group.

100.44%, 99.97%, 99.29%, 99.16%, 100.95%%] A2AZAEE
Hlogy w& A7 BAS Hole AS FIE 4= Utk
3. el=allt Mst Kol &

EX3HE A HAke] A1 Linoleic acidol]l ™ =F&dl
o] WAle] ksl #| &4 (oxidation inhibition)yS 73
om GAEAE ] 220]= ascorbic acid®] AHs oA &
A& A B3I} linoleic acid AHsl ATl Axe=
Fig. 28} Zrom, =Fgdo] Al Aj7te] F7iste] wet
linoleic acid AFs} Al T3t Z7HeIATh 53] 4dxol =

Fgo] MAL 85% 9Al5S, standard®! ascorbic acide=
96%2] Al oz A =& 7S eI sdARY 7

Adle AR Ve,

4. Superoxide dismutase 57AI 2 (SOD-like activity)
AR ) ksl a4 F9] 32l superoxide dismutase=
A S E sz A7) jEe-2 ) st

T - o=

116

A;‘:;‘m:ol

T =

El

A T}

0.
0

120

.d
2 S =

'
=]

cell viability (%o of control)

20

X
ik
| | "
| '
‘ ‘
+ + + + +

10 15 20

Fig. 4. RAW 264.7 cells were incubated under various con-
centration of Hericium erinaceus extract. Viability of
cells harvest at 24 hr after LPS addition was determined
using the MTT assay. The values are the mean + S.D. from
three independent experiments *p < 0.05, **p < 0.01 vs.
LPS-treated group.
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= §40olH, SODd| 93l A FiteAE catalase B
peroxidaseol] o3l & AR} At BAIE H¥EE Fo% &
2 Z shtoltt Ha et al, 2010). =F3FFo] #Ale] SOD
AR Fe A= Fig. 39 YERNTE =, superoxide®] Wt
+8E JAIEHH, =slele A7 = SODFAF Y TS
pyrogallolel] th&t 254k} RES-S o]g-3sle] =Fgtdo] MAl
< 01, 05 1, 2, 3mgml o] FEox =43 Az, 7zt
44.38%, 54.71%, 77.01%, 114.42%, 175.46%°. 2 eSO
™ standardQ] ascorbic acid= 0.1, 0.5, 1, 2, 3 mg/ml oA
27y 43.11%, 52.42%, 70.60%, 97.91%, 100.28%S YERY
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5. MIZZMEZ =X (MTT assay)
MTTE ©] &3} do] WA FEE
(10 pg/m)E F=F RAW 264.7 CellolA] D} A% =4
UeRH=A] gRIgh A¥= Fig. 49} 2t} =Fg o] B4l
58 TEHEE A ME AESES ST LPSTel
A MEF7E o, FE2E9] A9ole =2 AlE A
&S Yo EA =R gdo] Ml
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