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Antioxidative and Anti—asthma Effect of Morus Bark Water Extracts
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Abstract

This study was performed to evaluate the antioxidant activities and anti-asthma effects of Morus bark water
extracts. Inhibitory effect of Morus bark onto free radical generation was determined by measuring DPPH and
hydroxyl radical scavenging activities in vitro. Anti—asthma activities of Morus bark water extracts were as—
sessed by testing their effects on the degranulation of mast cell. For this, B-hexosaminidase released from
a basophilic cell line, RBL-2H3 was used and pro-inflammatory cytokines were measured by ELISA kit. The
antioxidant activities of water extracts of Morus bark was 59.2% in the DPPH assay at 2,000 pg/mL and 78.8%
in the hydroxyl radical scavenging assay at 2,000 pg/mL. Our results indicated that Morus bark water extracts
effectively inhibited free radical generation. Morus bark water extracts inhibited inflammation—-mediating sub-
stances such as histamine and B-hexosaminidase release from RBL-2H3 cells. Cytokine release demonstrated
a more effective blockading ability of the Morus bark water extracts to the release of IL-4 and TNF-a compared
to control. These results demonstrate that Morus bark may be beneficial in the treatment of allergic inflammatory

disease.
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7193 IgE @471 AFE o 28, FE 5o 3
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2 A HAoY Fo)Ade] itk Busdeh T3 Cho
5(20)09] AFolM= LPS Hito] & A=%E macro-
phage 264.7 cello| A s F&E o] IL-18 ¥ TNF-a9

BEHE Fo3A ZAAH LW, in ool A histamine?] &

A

of gt A& EW FEF 2 FLHE7] 28 thafA

S Hola USS & 4 Utk 28y H2] Iy
HIRkA 2ol igh AT & F

ATE HEFE AAo|th

A 2 AFeAe Al FEE AYEEE 53
3}7] $13}e] DPPH(2,2-diphenyl-1-picryl-hydrazyl) radical,
hydroxyl radical 2A5& 24351, 123 A 323
27] 855 #4937 9138t DNP-IgE-HSA complex re-
action®l] 2] 7+2+¥ RBL-2H3 mast cellol A 2] B-hexo-
saminidase 8] 2 JFA Alo] &7} IL-49F TNF-aoll
BIFE ALt AR TISA AFE AEEA] /&
e AHHE A} AT

IR

Mz 3 a
FESO| M=
A= A AA AAGNA FH3A e, A
T FA 2107 S/HS5E 7Hste] 60°Col A 24417 5
WHHEIAA 33] FEFES FEIAT o] Ao W
et o7 o 78HE 5 71(SB-1000, EYELA, Tokyo,
Japan)Z %392, AEE FZHAAZ7)(FD808, NShin,

Yangju, Korea)& ©]&3te] -70°Col A A% A28 WE
nasA HI3 sz 3 Aste] AMEsTh
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% #& =L Folin-Ciocalteu’s phenol A 2F-& o] &3}

A2, SRl A7 AR 200 uL

o] =74 4.8 mL, 50% Folin—-Ciocalteu’s phenol ] 2F 500
23 387 A AIF T NaxCOs 238 1 mLS ¥

% 700 nmoll X FFEE SHAT &

A £ tannic acid(Sigma, St. Louis, MO, USA)E °]&
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DPPH radical &~7{&HM =X

DPPH radical 2A&42 2+ A5 9] DPPH radicalell t
3k 388 SHSATH22). dlgHE-of 8143k A7 600 ul
o] DPPH(Sigma) 200 uLE 37}ste] ghzzdel A 3023t vt
S A7 & 517 nmolA] EF =S =431 th. DPPH radical
2AGARL dz2Fo e A E MUY FEEE Hlwst
A1-A189 FIE/NET FEFE)x1000] o3t 4
=35t

Hydroxyl radical &~7{&H4 =X
Hydroxyl radical 224 &/ Chung 59 W4
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of Z43Ath23). s=HEE A3 2 A|E 100 uL, 100
mM sodium phosphate(pH 7.4) 250 uL, 1 mM EDTA 100
uL, 36 mM deoxyribose 100 pL, 1 mM FeCls - 6H2O 100
pL, 1 mM L-ascorbic acid 100 pL, 10 mM H2O2 100 pL,
=54 150 uLE H7sbe] 38°C water bathol| A 1471 WX
3 1% thiobarbituric acid 1 mL, 10% trichloroacetic acid
1 mLE 7}k 100°Coll A 1087t boiling ¥ 532 nmol A
FHEE S8R 1- A=Y FF=/HEzTY 53
%) %1000 ofste] Ar=stAnt.

Mlzzz 3 HHet

RBL-2H3 A+ 10% heat-inactivated fetal bovine
serum(FBS)¥} 1% penicillin-streptomycin®] % 7}¥ Dul-
becco’s modified eagle medium(DMEM) Bj Ao 4] 37°CE
FAE = 5% COy 273}l A Hl 3t H T,

M= MES

wj ko] B AEZ o] AEELS MTT(3-[4,5-dimethylthi-
azole-2-yl]-2 5-diphenyl-tetrazolium bromide; Sigma) 2
4 HHE o] &3t SA3HATH24). RBL-2H3 A& 96-
well platesell 1x10° cells/mL F=2 100 LY £33 H
24X 7F F<F v ¥k & FBS9} 1% penicillin—streptomycin
o] HA7FEA e wiA e 7 A5 & FEH(0, 100, 250, 500,
1,000, 2,000 pg/mL)ZE A2 F AZ A3t 37°C, 5%
CO; incubatorol| Al 24417t &2 v %31t o] % DMEM ]
102 19 slFst= MTT €945 mg/mL)<S 7}skar 37°C
ol A 4A17F o v Fste] MTTES 89A1A B4 % formazan
o] ¥jA|e) we} UrtA] FEF mAE ZA=HA AASHA
o Y g G274 3083 A2 T DMSOE 100
ul #5312 B 3 F 570 nmoll A FHE=E

24319,

B-Hexosaminidase &

B-Hexosaminidase release assay< Choi 5(24)¢] W
o F3le AAstA Y. 24-well platesol] RBL-2H3 Al X &
10% FBS¢F DMEM #j Al @EAIZ1 3 24-well plated]
2x10° cells/mL Al Z$} DNP-IgE(05 pg/mL)E 53
37°C, 5% COs incubatorol| A 12A17F vj &3ttt 2 A X E
£ Siraganian buffer(119 mM NaCl, 5 mM KCI, 5.6 mM
glucose, 0.4 mM MgCly, 25 mM PIPES, 1 mM CaCls, 0.19
BSA, pH 72)Z 23] A& 3 th 37°C, 5% CO; incubator®
A 1087F WHEAIZ1 & FBSSF DMEM iAo 2 A5 5
FER(0, 250, 500, 1,000 ug/mL)Z A &35t 37°C, 5% COs
incubatoroll A 30 &< RESAIZATE ©]% DNP-HSA(2 pg/
mL)S 7}l 37°C, 5% CO, incubatorol] A 2A]7F ¥F-8-A] 7]
I ice bathol A 10&3} incubationd}e] ¥+-8-& ZZAAATH

AZ= 40 pLE 96-well plateo] %713l substrate buffer
(4-p-nitrophenyl-N-acetyl-B-D-glucosaminide 2 mM,
sodium citrate, 0.05 M, pH 4.5) 40 pLE 931 37°Col A 14]
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Z} well & stop solution 200 pLE
A 7}ske] ¥b-2-& £ Z A7) 3L microplate reader(EL80S se-
ries, BioT k, Wmoos , VT, USA)E o]&3}4] 405 nmoll A

Oytokine(IL-4, TNF-a) 2H|5 &%

24-well plateo] 2x10° cells/mLe} A Z 9} DNP-IgE(0.5
pg/mL)E B33 5 37°C, 5% COq v 7] A 12417F vl ok
g o5 M E& DMEM iAol Alg8E5 5= (0, 250, 500,
1,000 ug/mL)i A A A A ]st ATt 308 F< bl
&3 & DNP-HSA(0 pg/mL)E 7138} 37°C, 5% CO.
mcubatoroﬂ*i 2A1Z7F HE-S-A17]1 L ice batholl Al 1083} incu-
bation 3¢ ¥h-8-& FAAHTE WiFo] F1 AT HE 96-
well ELISA plated] =7]3, IL-49} TNF-a ELISA kit
(Bioscience, San Diego, CA, USA)S A}&-3lo] IL-49}
TNF-a T&& =439

SHEA

Ao o Ao 5AF 52942 GraphPad In-
Stat Version 3.00(GraphPad, San Diego, CA, USA) 54|
packageE o] g3le] A +HFQXE FAAL, 7 55
Hiare]l EAH #24S Tukey-Kramer multiple com—
parisons testoll &3] 7HAA3 T

== 4 & 4= =2

Ay 5 FEFLS 33 WE FE5t 4L Hd FERE
AAE 30 g& FE3t9 Y $FAL 54 AxE FA
2 243 A3} 20 g(oF 65%)S ATk Ay B 252
2 352101 mg/ge F HES FH3e A= YEHT
(Table 1).

H=Ad e AEAl 29 x50 e 24 At
A=) SR A #2 W phenolic hydroxyl 7|7} &4 &)
A3 g AREASH At 4o 7] Wi H=
o] &kl SUIEFF FEdWol, Fe=HE A} T
2 st 28 5o bR A2 7150l S7HETHES,
26). Heo 527Nl W2 ol A sl o8 2189 7
G F #lE ol 30 mg/g oldeld Hold kst %}*é%
Yetdohal stk ol 23E EWE Ao 3¢

Table 1. Extraction efficiency and content of total phenolics
of Morus bark water extracts

Extraction efficiency

Total phenolicsl)

Sample Sample Extract  Yield
weight (g) weight (g) (%) (me/g)
Morus bark 30.0 2.0 6.5 35.2%0.1

YResults were represented as mean =+ SE of three independent
experiments.

352 mg/gd F 3}
UrE‘r‘44 Rno= /‘PE%E} gl o] ksl 7)o of
o] HH
i}

s o] ATH28,29).

DPPH radical 278 =X

DPPH radical &89 $4 A3E Fig. 19 Y
o Als B 3259 250, 500, 1,000 2 2,000 pg/mLE
A aS W 5 oFF o2 DPPH &2AEA o] Z715
Rqom 7zt 353+1.2 444403, 51.9+1.1, 59.2+06% =
Uebstth g a) o] ksl thgk AtellA JeeNE
W3 F&E9] DPPH gioZ &7F 848 55 94»%*4 °

2 79 9eH, 1000 pg/mLolA 94 FEES 65.8%,
Nete FEE-2 87.0%2] DPPH radical 271%5< L}E}‘;EE]—
I 3he] el m] o] WAool 4 Bagh ub gl

s s ol E2t 7|HE AR AR E

, A SE g 555 AAFTAT 9 =
‘?4_ x5l Kang 5(28)2 Xﬁ}%cﬂ-‘g—o] =

gk gabsl st} atglon, ghdEe] & B2

stth webA] A E] o) gaksl vt 4

Kuln-)

N
pasy
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Hydroxyl radical &~71{&AM =X

Hydroxyl radical &4 &4 fenton reaction®l 2]3] A3
A9 hydroxyl radical® deoxyriboseE &3l dtal ojuw) A
¥ malonaldehyde®] 4& =743 o =24 A]89 hydroxyl
radical 2AEAHS SASHA DoH29). Fig. 2914 R wfs}
Zro] Ay B F%E- 9] hydroxyl radical 27842 250,
500, 1,000 2 2,000 pg/mL =4 62.1+0.5, 73.0+0.6,
76.4+3.1, 7188£2.0%=2 Yty % o|&ZH o= uZd &
Asel F7F3EATHp<0.05).

Kim¥} Choi(30):= BHT, ascorbic acid ¥ 2P|#} F&&

120 W 250 pg/mL
500 pg/mL
B 1000 pug/mL
02000 pg/mL

100

80

60

(% of control)

40

DPPH radical scavenging activity

20

0
Ascorbic acid MBW
Fig. 1. Effect of Morus bark water extracts (MBW) on DPPH
radical scavenging activity. Results are from three experiments
and are expressed as mean=*SE. Significant differences were
compared with control at “p<0.05.
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Hydroxyl radical scavenging activity
(% of control)
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Fig. 2. Effect of Morus bark water extracts (MBW) on hy-
droxy radical scavenging activity. Results are from three ex—
periments and are expressed as mean=*+SE. Significant differ-
ences were compared with control at “p<0.05.

51 500, 1,000 pg/mLe] &= A hydroxyl radical
2ATE S 27 100 pg/mlL F=oNA 2v|A} FE2E
(33.6%)-2 ascorbic acid(59.3%)$} BHT(56.4%) K.t} ¥9ro
U F=7F 719 1,000 pg/mLolA oA} FEE(72.1%)
< ascorbic acid(79.4%)9} BHT(745%)2] A30E E&
hydroxyl radical 24%< YEIHT o] B Ao A&H
A B 2223 vlws] 2w 1 32kslA) 2l ascorbic
acid & olu =& ,14.1—471- A2ASE JHA B E 32kl 5o)
=01 dgE oA dA9A9 #AH free radicale] @

B8] ge Ao Welge] 2353 glon it

MIT assayE O|&8H M= MEE FX

RBL-2H3 A 3ol t3h 4
< tu /(.]]_J.E}\-]_g olo]_i7
Fig. 3). 4y & FE2ES 5%
2 2000 pg/mL)E A 2|d A3}, BE FEAA AE
YEtA eistth. 1B 2 Jus) & FEEC] 8| ~ER
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TEE AYste] 43S WY ATh

;
Q'L
£
%
o)
2
£
i
),
Og(:‘xl
9#
patd

(0, 100, 250, 500 1,000

EH o]

B-Hexosaminidase &
gL} A7} v ““ﬂi

o ut
w2aged 5o Bggol L-ﬂz e 5
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o, =

=4, g 27 2745 FQlstr] Heixe AMELE EH]
H 5o & STz AT = AY@ED. B AF
A= &3 AEZ AFE-H I = B-hexosaminidase
BAo] BHIE SATOR AUy & FEE] e 27
EYE ZH3AHFig. 4. RBL-2H3 Al o] gy &
ZES 0, 250, 500, 1,000 pg/mL=E A& S W B-hexosa-

0,
minidase H&% AA 5L Z7t 42.2+13.1, 385+9.6, 41.1+
Ae] 2T uds o FoJ2l Bas v

L) -
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Fig. 3. Effect of Morus bark water extracts (MBW) on the
cell viability in RBL-2H3 cells. Results are from three experi—
ments and are expressed as mean=*SE.
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Secretion of B-hexosaminidase

40
20 r
0 |
Control without
250 500 1000 IgE-HAS

Concentration (ug/mL)
Fig. 4. Effect of Morus bark water extract (MBW) on B-
hexosaminidase release of anti-DNP IgE-primed RBL-2H3
cells that were stimpLated with DNP-HSA. Results are from
three experiments and are expressed as mean=®SE. Significant
differences were compared with control at p<0.05, “p<0.01.

W A THp<0.05).

Lee 5(32)2 298] & F2EZ7H g9 27 24
Z &

S Yehlle 184 E2& £3589y, 4un Fo ggE
27 84L& Y E A EL lignincarbohydrate complex
—ir A =™, positive control?] ketotifen¥}2] B w2 g of A

q

7, 69.5%9] 3| 2~EtHl fe A 28-S BTl skt

u 5(33)8 Folx} F2E 1,000 ug/mLY 5= PMARE
} ¥ RBL-2H3 Al Zoll A ]3t& ® 65.19%62] 4| A
2 Yehithy B89, Lee S(340)S BAHo g WAl
71A] ks W AR FEE 9] 1] AT 29.0%°]
Koy Zikto g BFAHS Ae-ole F4o] 2u= 59
W 46%9] 28] JAE YElH T Bt

I

S, 3| 2Rl REAFY 2§ FF 5o gdE7)
S-S do71= EZZA compound 48/80 *2] A H]THA]
Fo|A 3] 2EY #H|7} ZRHETH Ye 5(35)2 FA g7l
Hl&j 3| 2EWS FE38E compound 48/808 X & stAS
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Fig. 5. Effects of Morus bark water extracts (MBW) on IL-4
production from RBL-2H3 cells. Results are from three experi—
ments and are expressed as mean=*SE. Significant differences
were compared with control at “p<0.01, ~p<0.001.
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Fig. 6. Effects of Morus bark water extracts (MBW) on
TNF-a production from RBL-2H3 cells. Results are from
three experiments and are expressed as mean*SE. Significant
differences were compared with control at “p<0.05, “p<0.01.

AL & FESO0|| St TNFa 449 5}

dulal F FEES AYstds W A EE TNF-a9
A 5& Fig. 63 2t} FA-3A 9k l o)ste] &/gste
HIREA| o A A4 E TNF-a= 15.3+1.0 pg/mLE HA 3
EL ko] BulE ik 23y el & %% =& A3 A
S dolle 5 JEHOE AL, FEF TR 250,
500, 1,000 pg/mLolA Z+zF 13.3+0.7, 8.0+£1.0, 7.8+0.7 pg/

mLS YER ATk
TNF-aE 583 95 ¢
AME A vl =
TNF-a7} £8]3A H3 3
S SVA BATET

XM, 53 A5 Y4t A& 5
HTH39). :Lai‘ji gy 2] a3E 2t7] fsiAs TNF-
ad] FHIE A AL sk, B A Aol A dua] &
F28L 3 Hg}ﬂ B g4 Z o 4 TNF-a Abe] £7191¢) Al
4 dAle S 7= As gRlstinh. 4734 o2 DNP-IgE
9} HSAZ &43}9 RBL-2H3 cellol| A Al B =&Eo
AXe HA7 BEd AFE A, M2 o 2 )
Ao apHo g A}J&% T UEs Aozt AekETh

A, Ye 5(35)2 #A 2 AR FA A5 FEE

g Al TNF-a& JAA 7 A Z3pAY wm] st o, o g
FZ B Me 22 297, 479% 2 TNF-a9] A& =
Aoz Hi3Y Y. Cho 5(39)2 Mz HAAes &
LPSE A= AdFFore ZE
a3V g, 97 FRAAME
77 ARE Bttt +&
A2 A M EL] TNF ko] e S @
T o) E BolA] ghol gl A
AEZEZFE TNF A4S fFEsAL A 714
3 e B AFehe ApolE HYTHA0).

fo mo 2

E5 oA TNF-a 9A
23] TNF-a9] EH =
/\4 }\]-Hﬂ_z,] zrg‘:’ o] H]
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g9 N SHAE RA2A olF b5 g% e
7 SAstel s B F289 FA8 B L in vitroo) A
2 ﬂxd £32 FAseh G 24 Ane F A=

5.2 mg/g® WE o™, DPPH radical iﬂ T
35.3~59.8£, hydroxyl radical A4 %2 62.1~78.8% H$]
2 ¥ FAE 558 UEith DNP-IgES HSAZ &
d3l® RBL-2H3 M XoAe] &4 ade= w57 S718

FE F9% 02 B-hexosaminidaseES HAA|AOH, A=
A cytokine?l IL-4, TNF-a Alo]E7}¢l £n] 2 9

]
A (p<0.05) 2.2 ZHAA AT AAZH o7 Al ) &
AslE S 7R, G4 #EE ARES Fodoe=z &
Ao ZN A it 2 HE g VA 2AEA
Ol 87XV} =& Ao Z Al HTH
ZAte 2
ATFE FAa71G AEEE YA AT Ao,
o) 8} ¢ Nutraceutical Bio Brain Korea 21, F¥2 5§
AFFAE Y dF AL A=Y YT
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