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Anti-Inflammatory Activity of High Temperature Extract from the
Central Part Including Heartwood, Sapwood, Cambiun, and Phloem in Morus alba L.

Jong Hyun Nho', Byoung Man Kang' and Seok Won Jung'
National Development Institute of Korean Medicine, Jangheung 59338, Korea.

ABSTRACT

Background: Inflammation plays an important role in various diseases, including ulcerative colitis, Behcet's disease, and rheuma-
toid arthritis. In this study, we investigated the anti-inflammatory effects of Morus alba L. extracts obtained using different
extraction methods (water extraction or high temperature extraction) on RAW264.7 cells.

Methods and Results: Extracts from the central part (including the heartwood, sapwood, cambiun, and phloem) and bark (includ-
ing the periderm and cortex) of Morus alba L. were obtained using either water or high temperature extraction. The following
extract were obtained: MA1, water extract from the central part of Morus alba L., MA2, high temperature extract from the central
part of Morus alba L., MA3, water extract from the bark of Morus alba L., and MA4, high temperature extract from the bark of
Morus alba L. None of these extracts was observed to be cytotoxic to RAW264.7 cells. The MA2 extract reduced the production of
LPS-induced NO (nitric oxide), PGE, (prostaglandin E,), TNF-a, IL-6, and IL-1p production in LPS-stimulated RAW264.7 cells.
Conclusions: These results indicated that the inflammatory response was moderated by MA2. Treatment with MA2 could be used
as a natural medicine for treating diseases involving inflammation. However, further experiments are required to determine how the
high temperature extraction method alters the active ingredients in the extract and influences the anti-inflammatory effects of Morus
alba L..
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Moo PEee om AT AAY) 4L e Yolrld F
Shiz, Wedst 53 e 34 Uehi, olefd WS 5
R (Morus alba Lye 20HASINRE Qo7 8 298 243 BspAn A4ske 71t (Zamora ef

g EXsle 222 ByUFE I (Moraceae)d} BUFS al., 2000; Nathan, 2002). SEA| G5HEe-o] FAI7E x|&E
(Morus)el] &3tal low, o 25E -gubetlA o]&=ojA A AR ERAS e A4 FESE (bowel disease)? 7F
e WHE oY} AEFH TEE o|FE oy JHFAE 2 o8] TS = OF AL o SO wHE ¢ e

T A7Ee A5E Eo] o]&F L A (Onogi et dl., Q2<Qlo]l =™ (Simons et al, 1996; Guslandi, 1998; Wang
1994; Shin er al., 1995; Kim e al., 2003), o1&1g B er al, 2007), D50 EZS NO (nitric oxide), PGE,

o] FQ FaAEoZ o3 flavonoid, stilbene, coumarin 5 (prosaglandin E,), IL-67} +-H]%lt}.
o] B o] 9t} (Oh er al., 2002). A7 dERkeS JAls] flal Abeske S A
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7] 91 A7 Es] E AL ek waEbA] thdek G5t
SoENE AYEe AT =2l ZvE A=
FAT A8 A5 AAEZRE 2 she AvEo]

1A R U} (Lee ef al., 2011; Lee et al., 2013a).
e 2 23], 73], $7tx7], upxE], BROANL 8
HH|ZRA o2 HREEd], olF HF (xylem)@t AHF- (phloem)
= oy IUYALE HAY AAske 98-S 3t (Lalonde
et al., 2004). A UlF-oll= conducting cell, parenchyma cell,
companion cell, albuminous cell ®== supportive cellS Z3sh
o] AEE0] FXE ©|FIL 9™, o] F parenchyma cell=
HE-F5+= aerenchyma cell 3} chlorenchyma cell> TFIgE &
s Adshke 7les Itk dEA vk (Raven er dl,
1992). o8] A7Z2AE HlFo] & wf &9 Fojuith o
slal e AEel T A, B%E Aol7h drkal U
A 7] we] W] R91E ‘ﬂv:@rﬁﬁﬁ '5E Wrksks
93394 FERS EH"I—E‘ = 5, —r—“7] %‘I‘EI’ %_’
W, 7AW B3 s, SlE O]%f& &
jFEE o] o] gH L o UJ] (Shm et al., 2012), FEH
zte]7h VR TR o A
Tt (Woo et al., 2010; Lee et al,
2013b; Park and Hong, 2014) olyet F& W e F
88, FF AL A8AE ge 2 wHe] yERdth
(Kwon, 2002; Park et al., 2004).
Aol w2 B8 250C ool 204 migke: F= of
E}i*} AR 48 i, ole WEE e ofekE
3= ﬂui’é% FEIT F 3 ATHAL %‘Eﬂlxﬂ‘}l‘:}
(Bergeron et al., 2005; Katherine et al., 2008).
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Z710014 500C=2 <F 48 A7+ F<F 7143t filter paper
(Thermo Fisher Scientific Inc., Waltham, MA, USA)E &
3 vfgo R Holx= BubE AN oF 126 L (547%)E
AUt

W QoMo ThA] filter papers ©]&-3le] AFH 2L 2
oA 1 4 & T4 dxste] oF 2658 H4UE FEd}
PBS (phosphate buffered salin)ll 9% s&=7F H&=s =
A ARSI & FEES S-S AXRA F A
Z 10 wle] SHFE 7I8te] 60TellA 48 A7+ F<F st
HA FEEES 753 F AsksSel] sA1xE AE o
A&=7} Fl=% PBS (phosphate buffered saline, Sigma-
Aldrich Co., St. Louis, MO, USA) =<7 filter paperZ 2
3§ AEE ARSI

NEE A7 BUR AR B F2E

=

(MAI) B“)r‘r‘ /KTH

A2 FEE (MA2), BUF 43 & FE5 (MA3), BuF
I I FEE (MADE FiFdte] Al ARgalith
2. MIEZHiQt

RAW264.7 AlX2F= SFHMEFS3 (KCLB, Seoul,
Korea)ollA] #4ato}l A& ol A18-315 ). Dulbecco’s modified
Eagel’s medium (Thermo Fisher Scientific Inc., Waltham,
MA, USA)°| 10% fetal bovine serum (FBS, Thermo
Waltham, MA, USA),
streptomycin (Sigma-Aldrich Co., St. Louis, MO, USA)<

H7ksld ARSI, 37C, 5% CO, ZA0A wjksla 6
=

Fisher Scientific Inc., 1% penicilin-

3. MIZMES £

MEZAYEEL CellTiter 96® AQueous one solution cell
proliferation assay kit (Promega Co., Madison, WI, USA)
B ALgSIIR, AZAN ATE T2ESH met P2
kit

RAW264.7 AZFE 96 well platecl] 2 x 10° cells/ml &
Tt HeE BFalar, 37C, 5% CO, vid71olA 24 A7k
w5 LUrT FEES 77 125, 25, 50, 100 12|32
200 /g/mb &= 24 17L B+ sk 24 AIZE FH 20 4
MTS solutionE YL 2 Al7F &<F vlg3st = microplate
reader infinite® 200 PRO (TECAN, Mannedorf, Switzerland)
Z o] 83) 490 nmol|A] TF T2 A3t AELL X
ol theh AEER FASIL ol me} AxR a7} =
FEE s,

4. NO (nitric oxide) 5% =&
LPS (lipopolysaccharide)Z A}=F¥ RAW264.7 Al EZofA],
717y 3222 NO A4 Alaxs SAs] flal By 5



5SS 98 F=2 AAEg F LPS (500 ng/ml)E 24 A7F
ot A2ttt 22 griess reagent system (Promega
Co., Madison, WI, USA)YS o|-&3le] A|ZxAlN AFE =
2EZ nt 43S St

RAW264.7 A EFZ 96 well plated] 2 x 10°cells/md &=
7b HEE 59 H, 37C, 5% CO, #id7]ox AEE 24
ARE EiGFRE 5 U FEES 47 125, 25, 50, 100 2
23 200 wg/ml FEE 24 A7F B A3 o E
Azt 7|ENqA] Al Aok 1:1 HER E3ate
At 10 ¥7F ¥-SA1Z1 F, microplate reader infinite®
200 PRO (TECAN, Mannedorf, Switzerland)S ©]-& 3}
540 nm oA FE3=E AT

H O01-=
5. Prostaglandin E, (PGE,) &% 53

WU FEE9 PGE, #Y] JAEHE SAs] Sl
PGE, elisa kit (Enzo Life Sciences Inc, Farmingdale, NY,
USA)E o]&3te] A8 a3t

RAW264.7 AZFE 96 well plated] 2 x 10°cells/md &=
7} HEE 253 5 37C, 5% CO, vjd|ol AEZFE 24
AIZE wjeFRE &, B FE=S 2 25, 50, 100 18]
200 pg/ml FE=E 24 AZF FRF AEsiglel. 2 5 Al ek
AEHE Aot FEsl] S8 dAlEEZI= 4T, 13,000 x
g 27904 10 7 AAEE] S, Al $ds] AAE
Azl S o] &8l AXANAN AlFd ZREZ| uwet

gl

6. Cytokines (TNF-a, IL-1B, IL-6) S 53

LPSE A5% RAW264.7 AEFo] tlal] BpF FEE
SR A EHE E215H7] ] R&D system
(R&D system, Minneapolis, MN, USA)*}2] mouse TNF-alpha
duoset elisa (DY410), mouse IL-6 duoset elisa (DY406),
mouse IL-1 beta/IL-1F2 duoset elisa (DY401)S ARg-3le] 2
i =

RAW264.7 A EFE 96 well plated] 2 x 10°cells/md &=

7} 92 BF3 5 37C, 5% CO, w7100 24 A|7F H)
3t T FZES 74zt 25, 50, 100 23 200 pug/ml F=
2 24 AZF Bk HEEith o & AEeY dsds AE
o} B2lsh7] 98l LaEE7I=2 4T, 13,000 x g 2714 10
7 QAR AL, MIETE $dE] Al AR Ml o]

e =
O 1-= =

g33drt.
7. SAXE]

EAXEE Hd + EFUA} (Means = SD)E UERJ oW,
oS 7A3F7] 18 SPSS (Statistical Package for Social
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Science Inc., Chicago, IL, USA) &4 &2 1318 A3}

AAH A (One-way ANOVAYS A5, FrolAde] 9l
= A% p<0.05 oA, Duncan’s Multiple Range Test
(DMRT)E A8kt

.

gl
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-

i 3 oFE

==

1. F==

o5t

el RAW264.7 MIZF2| MIFFMEZ0| OIXl=

(Morus alba L) FZ&2] M|EZA
Mg JPtt. FEEES 2.5, 25, 50, 100 Z&] L
200 g/l E=Z 24 A7+ F 39S wl, RAW264.7
A EZFol thet 542 Uep A FUTH (Fig. 1A, 1B, 1C
and 1D).

EHEAE MA2 (U
7 22 FEE)E HAES
11.1+1.6% 283 11.6+03%% & 5 |
7t YERSEARE 2= mlr]EkSdth (Fig. 1B and 1D).

e FEEEL 200 gl SE7HA] EA0] Qe Ao=
el o]83t A2 nigo 7 FEE0] LPS Aol ¢
3l F7F nitric oxide wHE AT T U=A| Lokl 9
a Ado A& FEE 125 25 50, 100 2L
200 pg/ml =2 ARSI

2

MA4 (3}
oz oy
STHI7E 4

O il

L

R

2. FE29| nitric oxide (NO) e NS}
3422 NOE NOS (nitric oxide synthase)?ll 2|3 3t
dEm o]z dukz oz Al T3 uHEEloht T%S Al

Asls AYGWRE @49 A7 Hol E3] o)=L Utk
(Moncada et al., 1991; Nathan, 1992).

olo] wjg} 74zt FEEo| LPS ATl 98] F71EE nitric
oxide Aol PIXE JEE A 28] NO assays 7138l
st FEEES 77t 125, 25, 50, 100 223 200 zg/ml
FEg AAEE F LPSE 500 ngmle] FE=E 24 A7+ Bt
BEE

LPS &= Az vxlg)ol] Hlwsle] NO AJAd o] 7t
7F Ao FojH oz FUIeIAT MA3 (U 9] &
FE2E)% MA4 BT 59 I FEE)E NO A0
LPS &5 Xgjte] Hlal frojdoz rasizl sflov o &
= mmEkTh (Fig. 2C and 2D).

MA1 (U A% 5 F25)S LPS ©5 A2 NO
Adeko] 433+0.16 nME 71 W 200 zg/ml ©] o]
A 236+0.04nME ZAAZAOH, MA2 (EUE AR 78
FEE)e LPS @5 AHEFo| 4.19+039nM=Z S7HINS
W 1.73 +0.14 nM7HA] A7) A3E G130} (Fig. 2A
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Fig. 1. Cytotoxic evaluation of extracts from
Morus alba L. in RAW264.7 cells. MAT;
water extract from central part of Morus
alba L., M2; high temperature extract from
central part of Morus alba L., M3; water
extract from bark of Morus alba L., M4; high
temperature extract from bark of Morus alga
L. RAW264.7 cells were treated with
extracts for various concentration. (A-D) Cell
viability was measured by MTS assay. Means
values = SD  from triplicate  separated
experiments are shown. *Means with
difference letters are significantly different at
p < 0.05 by Duncan’s Multiple Range Test
(DMRT).
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Fig. 2.

Effect of extracts from Morus alba L.
on LPS-stimulated NO production in
RAW264.7 cells. MAT1; water extract from
central part of Morus alba L., M2; high
temperature extract from central part
of Morus alba L., M3; water extract
from bark of Morus alba L., M4; high
temperature extract from bark of Morus
alba L. (A-D) After pretreatment with
500 ng/m¢. LPS (lipopolysaccharide) for
30 min, RAW264.7 cells were treated
with various concentration of extract for
24 h. Culture medium was subjected to
NO assay. Data represent the mean =+ SEM
of three independent experiments. *Means
with difference letters are significantly
differentat p < 0.05 by Duncan’s Multiple
Range Test (DMRT).



(A)
1400
= 1200
Fl
& 1000 £
= e
E
£ 3800 - d
=
g
£ 600 - c
=
s b
i
E 400
g
200
a
0l
MA2 (ug/ml) - - 25 50 100 200
LPS (500 ng/m) - + + + + +
(B) 3000
2500 |
5 d cd cd
B 2000 - B c
£ b
£ 1500 {
=
-
2
=
& 1000
=
s00{ 2
ol
MA? (ug/mD) - - 25 50 100 200
LPS (500 ng/ml) - - + + + +
(C) =00
450 |
El
5]
&
=
2
€
=
o
e
A
a
=
-
=
MA2 (ugfml) - - 25 50 100 200
LPS (500 ng/m) - + + + + +
(D) 3s00
3000 £
E
S 2500 - e
=
=
-2 2000 4 d
£ ¢
£ 1500 {
g7 b
g
o 1000 |
o
-9
500 |
a
o
MA2 (ugiml) - - 25 50 100 200
LPS (500 ng/ml) . + + + + 4

Fig. 3. MA2 reduced LPS-stimulated cytokine
and PGE, production in RAW264.7 cells.
M?2; high temperature extract from central
part of Morus alba L. (A-D) After pretreatment
with 500 ng/m{ LPS (lipopolysaccharide) for
30 min, RAW264.7 cells were treated with
various concentration of extract for 24 h.
Culture medium was subjected to ELISA
assay. Data represent the mean = SEM of
three independent experiments. *Means
with difference letters are significantly
different at p < 0.05 by Duncan’s Multiple
Range Test (DMRT).
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AFNE FHIES o b 79 FEFE (MA3, MA4)Y
Hlg] B AR FE2E (MAl MA2)°] NO A4 A&z}
7} 7V Bol UERgeH, 1 F MA2 (B AR e F

EE)> MAL (B AF & FEE) vs) NO A4 ¢
AgIE & o B2 Zo® IRIEASH, M27}F 200 pg/ml
o] ool TEFE FEA BHE Uepie A= A7
At} (Fig. 2B).

NO= 22 B2 7K & free radical (f-2]7])0lH, 417

A3} WS 24P 5 e 5 AANN FLH UL

6“3} S A ESAZES 77wt dERbso] dojd o
Skl 7] 7‘401]*1 A|ZE5ol Hodate miZiA= deiA A
(Kim and Kim, 2002).

A NO9| A= A5HHeS oA & + de= o=,
B AR LR FEE0] 39S 2488 T ATk A
+ t} SEAIRE o= RAW264.7 A5 Wjo] NO A d &
gel3t Aztz, Ao NO e o] 0}—— NOS (nitric
oxide synthase)®] THA = mRNA TS glato] of
W FGoA NO A4S AlehaA] dotie F71 Aol
Qafrar AYzbeE

_N

F_

3. MA29| cytokines (TNF-o, IL-6, IL-1f), PGE, ISt
IL-6 (interleukin-6Y= WAMEE Edsl= o8] AEoA]

Bujgo] Arreds) WRERrSe g T Helnke
< Qa0 LA AL wer ohe}, e ATAE T
S|

R }— mesangial /“I]_I_J 20|y synovial fibroblasts &3+

A, shEAlE Estel 22 AANREel] de] Hofske o

Zo|t} (Tanaka et al., 2014).

TNF-a (tumor necrosis factor-o)y= T FFuI/NEEF th
2A B A= dal fFeHe d58 AAEA, —r"4 il
o g M AelM 7Pt 83 98 Fehe A
24 3 ERE oklzgt (Song, 2007), ASAIES] Fé, 3

g F23 e oJe] Az #ojgtel wel FEHH-ol
Z83% A T UE BAE Y] St} (Bradley, 2008).

IL-1B (interleukin-1 beta)= TH3EA <l pro-inflammatory
cytokine & SMHZE %, 9%, AV 9 e oY IF
HEgolA Fo AR Agehe TER deA lom, Al
E YR 94522 EEA (inflammasome)E 53] NLRP-1
(NACHT, LRR and PYD domains-containing protein 1)3}
caspase-1° oJ3ll @AdstEl= dASwHEEE LA At
(Ren and Torres, 2009).

ool we} NO A4 A&7} 7 &4 vebsd MA2
(3._1/}_|_ AH e zxﬂ)o] AZuj71 A} W&o ojE J3F
< HAEA dobry] 98| TNF-o, IL-6, IL-1] thEt
ELISA assayS F3J3}3ith.
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S 747} 25, 50, 100 L2]3L 200 g/l F=2 71
g 3 5 LPSZ 500 ng/ml o] FE2 24 A7+ Bk x2lst
ATk TNF-08] %+ LPS T X2t H|X|g|wtol] vla
3le] 965.15+28.2 pg/mle] FE 2 Z7FSFAAIRE 200 pg/mb2)]
MA2 FEES X2]519S Wl 44124+ 14.8 pgmb Z 714519
t} (Fig. 3A). IL-6 ELISA assayollA] LPS W& A2 IL-
6 Aol 2,202.88+ 1202 pg/ml 2 Z7F=I QAT 200 g/md €]
MA2 FEES X2]3l9e ul 1,473.64+70.7 pgml &] T2
A=A} (Fig. 3B).

o2 IL-1p AES gRls)E A4, LPS W5 A2t
A EFo] 335.14 + 14.1 pg/ml 2.2 Z7HE AR 2 200 zg/ml 2]
MA2 FEE52 A28I0S )l 46.1 +6.3 pgmle] =2 7
=t (Fig. 30).

PGE, (prostaglandin E,= H54WHs-3} Aol wi¢-
HEAUAZH HSS v et oz} FA21AY=}

39 st x2S g% dt (Jier al., 2004).

ol wEt M el PGES A F=E gRist A3,
LPS ©= A& 289439+ 735 pg/ml 02 F7Fek Wi
200 g/l F=0] MA2E A2t A3} 1,221.17+77.7 pg/ml
2 7Hasitt (Fig. 3D).

olefgt A A}ENE B AN 2 FEES LPSE
A7l RAW 264.7 tHAAHIAE2] cytokines} PGE,2] #&lS
AAlete] AFHES NI A A FZEEA ol&
g F 9ou® TNF-q, IL-6 23 IL-1pe] WS 43}
ZAA}QI A} (transcription factor)?] NF-xB (nuclear factor
kappaB)2} PGE29] A§Adel] #odsl= COX2 (cyclooxygenase
2)9] ©ulEd E= mRNA 3 F3 NF«Be U o5
(neclear translocation)S ERIsh= F715Ql o] HQ
Ao A7Hert.

olglgt A7 A}RHE B 4% LPSE
FEAIZ] RAW264.7 THAAHIEZS] cytokines}t PGE29] &S
AAete] AFHHES NAATI= A oAl FZ22EA ol &
2 5 3oz jn vino 9% A ZHIIA 2 in vivedl
gk g A7 JegEojof & Zlow AlgE L
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