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Immunomodulatory and Anti-Inflammatory Activity of Mulberry (Morus alba)
Leaves Fermented with Hericium erinaceum Mycelium by Solid-State Culture
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Abstract

After mulberry (Morus alba) leaves were fermented with Hericium erinaceum mycelium by solid-state culture
to enhance physiological activity, fermented mulberry leaves (MA-HE) was extracted by hot-water (MA-HE-
HW) and ethanol (MA-HE-E). MA-HE-HW showed enhanced mitogenic and intestinal immune system modulat—
ing activities (1.41 and 1.52 fold of saline control, respectively) compared to hot-water extracts of non-fermented
mulberry leaves (MA-HW) and H. erinaceum mycelium (HE-HW) at 100 pg/mL. Meanwhile, when we tested
the inhibitory effects of extracts on nitric oxide (NO), tumor necrosis factor (TNF)-a, and interleukin (IL)-18
and IL-6 production, MA-HE-E significantly inhibited these pro-inflammatory mediators in LPS-stimulated
RAW 264.7 cells (45.1, 41.3, 70.2, and 55.7% inhibition of LPS control at 1,000 pyg/mL). In addition, MA-HE-HW
and MA-HE-E did not show any cytotoxicity on RAW 264.7 cells at 1,000 pg/mL whereas HE-E and MA-E
indicated cytotoxicity (80.1 and 30.7% cell viability of saline control). These results suggest that mulberry leaves
fermented with H. erinaceum by solid-state culture might have enhanced immunomodulatory and anti-in-
flammatory effects compared to non-fermented mulberry leaves, resulting in ingredients biotransformed for

fermentation with H. erinaceum mycelium.
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Mol A|A aRE D& F AS Wk opet A7}
vk B gEo AFAANLE Tt B FAA
o 8RS EF AFHT 7 dv= AHE Aed =+ 3
= Ao A4dn

B AFedAME olggd HAS 24457 et o8
Ao ol gHo] g, AFAFRE d EE Edd
g A2 E5S 7L e AT Ae TR
A =FFoIHA FAAE solid-state culture WH o2
HjFate] BALRES A F WY 9 FAT 249
SAERE BTN 7S AR o] &3] AT 7]
228 E Rt A

Solit-state cutureS  0|E8t FIUO|HAT AR~
SAdLs =9 =H|

wFF oM A(H. erinaceum, HE) T A E 5%
7] (Chungbuk, Korea) 2. 2 B-E] #oFito} potato dex-
trose agar(PDA, Difco, Detroit, MI, USA) A}l %] of] A
25°C, 1097t vl et & 4°Coll RESIAA 450} Al <
sto] ARgstHTh g =Fg o] FAMK T2 1059
Auta) R Z FAM] ABSo] 7P A E mushroom complete
medium(MCM) A i x| o th3le] <4 HT(Gyeongbuk,
Korea)oll Al 438k B (M. alba leaves, MA)2] EF+F=
E(65'Bx)°] 5%(v/v) TE7F HEE H7bsta X" ]
(SI-4100R, Jeio Tech., Daejeon, Korea)ol| 4] 25°C= Hj %3}
o} 398, solid-state cultureE o] &3t =Fgul o] FALA|
of BILAE(=FTHo|HA FAA-BALEE MA-

& 248t 24& AT v, 121°Cel A 2023
! LR o] TAA TS 10%(v/v) HF 8t
o] 25°Col A 30¥7F v k(multi room incubator, Vision
Scientific, Gyeonggi-do, Korea)3t & T2 7AZ 3l ZA|
st

CREIUOIHA TAA-EALS= A+ & ofE=
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Solid-state cultureE ©]-8-3}e] 243 MA-HE2] WY
9 g5 24 gt dESFSES 2AS &8t
Atk WA, EFEFEELS MA-HE) 20019 S/ 7}
3}31 homogenizer(Ultra—turrax T-50, Janke & Kunkel
GmbH & Co., KG-IKA-Labortechnik, Staufen, Germany)
2 5000 rpmell A 1023+ #33 & dFFEa o, o3
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& stirring mantle(MS-ES, Mi-
sung S&I, Daejeon, Korea)oll 4] 2,000 rpm, 70°Ce] =2
2A17E B BRAA FE23 F A5t AL FEH O

2 BEEg &Ale A B EEE 9o 53] 8RF
Z 3l 4 FEAL BT IA dARY, 5 ¢ 541
22 AA JSLFEEMA-HE-E)E ZA sttt =3
LEAF A 2 R BA(MA) 2 dAugoz A&
w23 eo] FAM FFHE)E TYL3 woz A8 s
Hjdbg #ol Hl

Fgdo] TAMA Y] € (MA-HWS HE-
ZE(MA-E¢ HE-BE)E ZA% & =F
oA FARA-EYEEEe SuFEE(MA-HE-
HWF -E)3 #7485 Hlwstr] A3k Al stx2a 0 2 A4 ALE

4 2S4S YT HEFES AT 6578 A
C3H/He ¥ BALB/c w}$2Z (F)MEFE(Gyeonggi-do,
Korea)oll Al 743 & A1§-ZFol ¥ H4H &3 2APFE
£ HglA} &5 (Samyang Co., Incheon, Korea)& A3 3}
Atk FEAE wgS $% RPMI-1640 wl=A]¢} Hank's
balanced salt solution(HBSS), penicillin, streptomycin,
fetal bovine serum(FBS)< %% GenDEPOT (Barker, TX,
USA)ZHE FYst9 o, fungizone¥} amphotericin B&
Gibco-BRL Co.(Grand Island, NY, USA)ol A Yd<3tA o
ESH AZAEE 2 1998 2498 A3 9 cell
counting kit(CCK)-82 Dojindo Laboratories(Kumamoto,
Japan) 278 FY3te] AP AMES AT A, FEAT4
o] Ab2-E murine macrophage cell line?l RAW 264.7 A
EIFE IFAEFLYP(Seoul, Korea)ol| A FAFukoke,
RAW 264.7 MEF= 10% FBS<F 100 U/mL9 penicillin,
100 pg/mL9] streptomycin 2 125 ng/mL9¢] fungizone3}
amphotericin BE &-#3 DMEM(GenDEPOT) w1 & A}
|3} 37°C, 5% CO- vl % 7](Vision Scientific)ol| 4] 2~3Y
A0 2 Afatas mj stk £, FEFA PN o
ZHEZS 93 lipopolysaccharide(LPS from FEscherichia
coli) = Sigma-Aldrich Co.(St. Louis, MO, USA) A
3}$ 32, tumor necrosis factor(TNF)-a, interleukin(IL)-18
2 IL-65 A #3l7] 913 ELISA kit= BD Bioscience(San
Diego, CA, USA)elA Yd53te] Ao A8ttt
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Ao g uAL A& vy star 0.2% NaClzh F4%(200
mesh)& o]-&3t HEF9 o] EHE AAAZ T HIFA]
F(splenocyte)E 3]ttt 34g HIZA E= 10% FBS
¢} 100 U/mL9] penicillin, 100 pg/mL2] streptomycin &
125 ng/mL¢] fungizone® amphotericin BE &3+ RPMI-
1640 A 2 2~33] A Hsta AEFZ 5x10° cells/ mLE
x5t HIZAE dgd S ZASATE BIFAE F5d
2 96-well plate(SPL life science, Gyeonggi-do, Korea)2]
Z+ wellell 90 pLA 2333 FA st 352 A3 A8 10

LE #71sled 46417 B9 5% CO, vl %710l A vl Fst4
E]- A5 9] U]-O]EX*] g2 CCK-8 kit €95 10 uL # 13t
o] 4N 7F Bl ¥k & 450 nmoll A &3 = (Sunrise, TECAN,
Grodingen, Austria)E 743} saline tZ 2] HAAE
FAE gk F (902 ep Atk CCK-8& 113t
29 84 tetrazolium@ S ©]&3}= cell viability assay
kitZA Al3E 9] dehydrogenased] <& =m0} =84
formazang 43t 450 nmolA &332 Z formazan<
3 Fate] f7]8ufol A Z dart glof st e
7} o et A o] gF ] HIEYE
o @o] o] &= 3h16).

£ 2 AE 2499
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C3H/He v}-$-2= 2748 9o EA)3t=
Peyer's patchS % HBSS &90] GA
2 peter dishol] &7 5 2% NaCl3} S5 %S o8&
3te] @9} o] EAE A AT F Peyer's patch MEXdg
Ag ZA AT MExHGHL 10% FBSE 373 RPMI-
1640 M A= Al H ko] 2x10° cells/mLe] MEFEE 24
3t & 96-well plateo] 180 LA EF3t1 HIF3 w2 =2
A%k AR E 20 uLA H7Eske 37°C, 5% COy #l g7l A
547k v & “%—*’—‘1% Q—’Fﬁ}oq FAE SAE
: T w220 gER W
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APO|EZ}RI A nitric oxide(NO) 2Mls &
EEZoo|HAl TAM -2yt F o] g4 2 o et
=59 gk A4 Al EFFQI(TNF-q, IL-18 ¥ IL-6)3}
NO HAlsS SAst7] 94 RAW 2647 AIZE 10%
FBS7} 38 RPMI-1640 ¥l Aol A 1~5x10° cells/mLE
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Z7A3}e] 96-well plateol] 200 L& EF3F 5 5% CO, vl
71 A W FAA AEE FRAAT. 1242 F v Fd S
E5F AASIE =2 10% FBS g RPMI-1640 8] 160
Lot s A A8 20 uLE A HUke o, 308
Lo LPSE AH#3sta thA] 6A1ZHTNF-a), 484 ZHNO<}
IL-18) ¥ 24A1ZHIL-6) 53t 242t v F3t Tt LPSE fr =
H A4 Aol EZIRl 2 NO9| 42 AxEufg 459
50~100 puL # 3}y BD BioscienceAt2] AF&-HHH 2 Griess
reagent §H-&H(18)& ©|-&3fe] Sl LPS Ao A
Aol g AAE(%)Z ettt 4, Z2F A 59| Ato]
E7IQl & NO “Zﬂbg ZA3t7] M E A8 RAW
26477 M| 3ol ik ZAJ 81| M E|ofof &17] wEol, RAW
264.7 M 3ol o 1 o] H4o 75 CCK-8S A3t
S48t saline &0l st MEZAEE(%)Z Ve AT

SAXE

A AT g BAEAL SPSS SAZZ 13 (Stat-
istical Package for the Social Science, Ver. 12.0, SPSS Inc.,
Chicago, IL, USA)< ©] &3t Ad@ Ao A7 FH
2} (standard deviation, SD)E At&3lal H#x|+SDZ e}
yolem BAEA(ANOVA)S A% & 7} 23371
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FE& 634%)S ZAQoH, HdE B dFFEE
(MA-HW, & 2381%)% A&2FE2EMA-E, & 11.77
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Table 1. Immunomodulating activity of solvent extracts from
fermented mulberry (Morus alba) leaves with Hericium eri-
naceum mycelium by solid-state fermentation

Relative activity (%)

Samplel)

Mitogenic Intestinal immune system
(100 pg/mL) activity modulating activity
Control 100.0+£2.8% 100.0+8.8"
HE-HW 130.3+4.3% 119.846.0°
MA-HW 1165+5.0™ 133.8+6.6°
MA-HE-HW  141.3+3.6" 152.3+3.4¢
HE-E 111.2+13.7" 119.1+6.8"
MA-E 119.2+12.0™ 135.7+2.6°
MA-HE-E 124.8+7.1% 132.3+6.4°

YControl: only saline without extract, HE-HW/E: hot-water or
EtOH extract from H. erinaceum, MA-HW/E: hot-water or
EtOH extract from non-fermented mulberry leaves, MA-
HE-HW/E: fermented mulberry leaves with H. erinaceum.

YResults are expressed as mean=+SD of quadruplicate samples,
and different superscript is significantly different (p<0.05) in
each activity.

HY7|Bo 2 HYEA ) T8 & 7;% RnoZ &
HA JvH19,20). WetA FHoE HHAE | =
Aol 7$-ol Peyer's patchdl A= M cell«] phag-
ocytosis &0 2 HAMIEE FA3AZ 5 A SA43}
H WA EE AAS F8stEA AY9AE ASE 4 A
HEg 2 AFdAe olyg d8E o83t Peyer's
patchE 33 FFAE 4248 A3 Qc’*‘:} a
A A EHF+2 HE-HW == MA-HW
Z79] 120819} 1.348)) Brk B %E% dFFEEQ MA-
HE-HW7} 1.528]¢] f-98o=z 3
(Table 1). gHH, 9 %’%—%‘%%J MA-HE-E9] A%-d&
1.32v1 9] &4 o= AsdZ+¢ HE-E(1.198))] Bl&) ok
& F7HE 84S JEr o HE s B desFEE

TEE
?l MA-E(1.35#)9h= o491 2tol& yehfiA] &gkt v}
olEA A vhA7IXE MA-HE-HWRHTH §9]% Oi
FE BS FAsTH(Table 1). o2 A28 7

B DA HEE ABLFBEANA FAFE AR
A BARTEE T EE uY 5o nR} o] F2

e ol e 784 FEE 7L dES & stk

LRI FAH-EUALSE SHFES9| M=
=4

RAW 2647 A2 tigt S5 43S JaPstr]ol A
RAW 264.7 Ao 3 A8
g43t7] 918t CCK-8 A
pg/mLe] AFzores BE
ko H(saline &7 AIXAEES] 974~108.3%) 1,000 pg/
mLe LFEANME EFFPo| WAl FAA-BALEE 9
H4(99.1%) 2 o &-&FEE(101.0%) 7 ’\LJH_%ELA |
FFEE(MA-HW,; 99.0%< HE-HW; 100.8%)2> RAW
264.7 Aol gk 598 bR FAthFig. 1). 18
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Fig. 1. RAW 264.7 murine macrophage cell viability of sol-
vent extracts from fermented mulberry (Morus alba) leaves
with Hericium erinaceum mycelium by solid-state fermenta-
tion. After RAW 264.7 cells (1x10° cells/mL) were treated with
solvent extracts from fermented mulberry leaves for 48 hr, the
cell viability was determined by CCK-8 assay. Control: only sal—
ine without extract, HE-HW/E: hot-water or EtOH extract from
H. erinaceum, MA-HW/E: hot-water or EtOH extract from non-
fermented mulberry leaves, MA-HE-HW/E: fermented mulberry
leaves with H. erinaceum. []: saline without extract, /4. extract
(100 pg/mL), B: extract (1,000 pug/mL). Results are expressed
as mean=+SD of quadruplicate samples, and are shown as cell
viability (%) compared to that of control. The different super—
script is significantly different (p<0.05) in 1,000 ug/mL concen—
tration.
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CRESUHN dAA-EdLesE SiFE=e &
= StAM
o = o

a3 2} 2l lipopolysaccharide
(LPS)ell o3 A=ute o 21 M| 3L = nitric oxide
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(iNOS)ell 913k NO /g2 G5l ol A&z b
F Aol rEHoZA GFHEol ZIstA Heu(22),
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Fig. 2. Inhibitory effect of solvent extracts from fermented
mulberry (Morus alba) leaves with Hericium erinaceum my~-
celium by solid-state fermentation on the production of nitric
oxide (NO) in LPS-stimulated RAW 264.7 murine macro-
phage cell line. After RAW 264.7 cells (1x10° cells/mL) were
treated with solvent extracts from fermented mulberry leaves for
30 min prior to the addition LPS (1.0 pg/mL), the cells were fur-
ther incubated for 48 hr. The NO concentrations in the cultured
medium were determined by Griess assay. ‘“Refer to Fig. 1, and
LPS: only LPS treatment without extract. YND: not determined
because of sample cytotoxicity against RAW 264.7 cell (Fig. 1).
[1: saline without LPS, Il: lipopolysaccharide (1.0 pg/mL) with—
out extract, /2 extract (100 pg/mL), B extract (1,000 pg/mL).
Results are expressed as mean®=SD of quadruplicate samples,
and different superscript is significantly different (p<0.05).

o

3+ RAW 264.7 murine macrophage A 3o A &4 3}
LPSE d%o] 5% RAW 2647 Al ZA NO9 %
5041 pMel oy A5 = 100 pg/mLe] 29, €55=
91 MA-HE-HW(43.24 M, LPS A& #¢ 14.2% 9 A)
A B ZT HE-HW(44.75 pM, 11.2% A1) 2 MA-HW
(4213 pM, 16.4% AN} Fo]5 A NO B AAEZH S
el A & th(Fig. 2). 3 U= A oS FEE
91 MA-HE-E(39.10 uM, 224% A& ALolx A g%
T2 HE-E(43.24 1M, 142% JA)RG= F980 8 =9
S MA-E(36.34 1M, 27.9% AR TE 2 NO 44
AA &5 YR AT 18y AlE5E 1,000 pg/mLeil A

fr mg e

£ ANEYRETEY MA-ES HE-EE AEE54S Yed vt
WHoBultg & o eh-2FE 59 MA-HE-E+ 54& UEl
WA gFomA d4-F28(49.79~43.87 iIMETE £93
O F EL& NO A AAEax 2767 1M, 451% AA)E YE}
WAth(Fig. 13 Fig. 2). o]&8s 2255 B ] TALA
daspo] vt Welo o EFEE T ATEAA =
A4S YeERE AES AEstoz A Bk oy
2} NO A7 9] Ao #odste FaEAES ST A
= e 5 AR

s 8
3, 95 (inflammation)2 9% zF=Ho] t)gk A x| 22
Hh-3-9] shuE A fraflE Aol 318H2 Ap5e o3t &
o2 Yoy (25), sl BAHA A7 /1A AF
21 Z}H(pro-inflammatory mediators)7} A A = o] AAHH

o ok
o 2

b =
Sy

H, Y, FH, 5F, 715300 59 F¥] vetdrt
LE3, 27) AU F89 4BL s ARG

T =

[®)
&
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o
o
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= 84 1337
A2Ql vl 2 gX]7} o] & & w EH]sl= TNF-q,
IL-18 ¥ IL-6 58 %FoA xHZA 274E 24 4
e Aoz Ruda Yri27). £33 WEsisz & g

o=t

LPSE RAW 264.7 A9} 2e nla =] e ggto] A
TNF-q, IL-18 ® IL-6 52| pro-inflammatory A}°]E7}<1
S SUMATIE Ao E dE A JTH26-28). wheEkA] 2 A
NHE =FFYo|HA A -BALFTE SrFEE9]
TNF-q, [L-18 ¥ IL-6 5 954 Al EFIR] A v
= 9FS Fg2l3r] 9t LPSE FEA1Z1 RAW 264.7
AX2HE 54 viNEZE S JA5S cytokine levelolA]
2918t tHTable 2). WA, TNF-a9] A$ollE A8FE
100 pg/mLelA LPS A8 +(1,670.7 pg/mL)=} AL g &
94 ASU R RE 5 2 dE2FEE(1,7728~15705
pg/mL)el A 2 Z Q1 Aol & e A] 4tom, A EFE
1,000 pg/mLe] AFEAME AgZRT E5FEE2 HE-
HW 2 MA-HW(1,662.8% 1,652.4 pg/mL)< LPS A 2]
I o] AQ1 ApolE YERA] &okth(Fig. 2). 22y Al X =
A Ao AlBEF] v E Bl =FF o] @A
A7} 24 JEd 1,000 pg/mLe] LEEAA =FF o]
HA FAA - AL EE S FEE MA-HE-E= 5
AJo] ¢1& Wt olyz} LPS A+ 5 MA-HE-HWRth
o802 & TNF-a A4 A ZH(981.1 pg/mL, LPS
A9 413% AANE dER o] #AMA HEE 53] =
QAR FA5 S48 MIFHT JUS5S FAAT 4 3
ATHFig. 134 Table 2). 3, TNF-a2} 4 LPS Ao 2
g 2@ FA 7] ¥-$-(acute phase reaction)S FE&E IL-
18(28)9] A TN = 100 pg/mLe] A& = A= MA-
HE-E¢] 7%l LPS *2](432.9 pg/mL)3} Bl ale]
Aoz [L-189 Aol A=A (2664 pg/mL, LPS
A2l 385% GA) AlZUET] MA-ESH= f92<]
2ol 2 Holx| ¢Fgkom MA-HE-HW(LPS A&T9) 237
%9 AANANM=E AlgthETF Fo] 2l Ao]E Holx] &
%TH(Table 2). 22 A 2% % 1,000 pg/mLe] L% F o A
£ AEUWETF MA-E$ HE-E7F Al =4S Bl vk,
S48 Holx gre wolulg B o] MA-HE-E(1289 pg/mL)
7} 702%9] =& IL-18 A4 JAEALE Yelo] 45 ul
NAARQI IL-139] g FA e} THE Sg4%8<] dazy
Zoll S7HE 3 J&5S B FUAH(Fig. 13 Table 2). 3,
IL-691X% 100 pg/mLe] E4¢] glE AEEdA MA-
HE-E ¥ MA-HE-HW+= LPS *2]1(1,164.9 pg/mL) =
oA AAEHRE BIJOHLPS A9 1959 9.0%
AA), AE8NZTT FHA 2ol & HolA| gkt Table
2). 28} 1,000 pg/mLe] TEEdAE TNF-o 2 IL-18
o A A EHe} viRVA 2 MA-HE-E9] 7% 54
o] flowAl LPS A Hluste] 55.7%9 F9H<
IL-6 A4 dAEZE Yepd ¥, 45 =o)4 MA-E9}
HE-Ex 548 Uelfo] dAA 2ta s 53le] B
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Table 2. Inhibitory effects of solvent extracts from fermented mulberry (Morus alba) leaves with Hericium erinaceum mycelium
by solid-state fermentation on the production of pro—inflammatory cytokines in LPS-stimulated RAW 264.7 murine macro-

phage cell line

Cytokine production (pg/mL)

1
];:;(;;Cﬁ) TNF-a IL-18 L6

100 1,000 100 1,000 100 1,000
Control -2 — —
LPS (1 pg/mL) 1,670.7+82.3" 432.9+103.3% 1,164.9434.6°
HE-HW 1,570.5+33.8" 1,662.8+48.3™ 375.9+17.2"  5158+439¢ 1,108.7£65.6%  1,1742+41.6°
MA-HW 1579.5+64.1° 1,652.4+59.0™ 361.1+120.9™  352.8+77.0™ 1,058.0+£43.2 998.0+43.6™
MA-HE-HW 1,772.8+127.0°  1534.6+12.3" 330.3+41.0  524.1+94.2¢ 1,059.5+95.2 998.0+23.3"
HE-E 1,664.1+£142.9 ND? 339.4430.8" ND 1,147.8+53.8° ND
MA-E 1,703.2+137.8" ND 280.1+£10.4° ND 954.1+21.7° ND
MA-HE-E 1577.7+115.4° 981.1 +40.4* 266.4+3.9" 128.9+335° 9375+27.1° 516.0+23.3"

RAW 264.7 cells (1x10° cells/mL) were treated with 100 or 1,000 pg/mL concentrations of solvent extracts from fermented mulberry
leaves for 30 min prior to the addition of LPS (1 ug/mL), and the cells were further incubated for 6 hr (TNF-a), 48 hr (IL-18)
and 24 hr (IL-6), respectively. The pro-inflammatory cytokines in the cultured medium were determined by sandwich ELISA

assay.

DRefer to Table 1, and LPS: only LPS treatment without extract.

?Not detected.

YND: not determined because of sample cytotoxicity against RAW 264.7 cell (Fig. 1).
Results are expressed as mean=+SD of quadruplicate samples, and different superscript is significantly different (p<0.05) in each

cytokine.
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