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' Rhizoma on Raw 264.7 and 3T3-L1 cell lines.
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(ROS) activity, NO production and cell proliferation were measured.

Correspondence to: Hojun Kim i . .
Department of Oriental Rehabilitation Results: Total polyphenol compound measurement of L. Flos, A. Rhizogenes, and C. Rhizoma

Medicine, Dongguk University llsan extracts were higher than A. Rhizoma Alba, H. Herba. DPPH radical scavenging activity, ROS
Oriental Hospital, College of Korean activity and NO production of S. Radix, C. Rhizoma extracts were lower than L. Flos, A. Rhizoma,
Medicine, Dongguk University, 27 and H. Herba.

E;)S%%I;—E)érl;andong—gu, Goyang Conclusions: Metformin and S. Radix, C. Rhizoma, A. Rhizoma Alba, and L. Flos extracts com-
Tel: +82-31-961-9111 bination groups showed synergistic effect on adipocyte differentiation inhibition and anti-
Fax: +82-31-961-9009 oxidative activity.

E-mail: kimklar@dongguk.ac.kr

Copyright © 2015 by The Society of Korean - Key Words: Metformin, Herbal medicine, Combination, Antioxidative, Adipocyte differentiation
Medicine for Obesity Research

MZ2 2ot AStAE A

L
kines)& W@AA|7|1, S/dAtA(reactive oxygen species,

H|TES A3 oW 2|7 A5} A7l ABlet oy ROS)Z 7M7Y,
AFErt ot Ay Aol Hesh] EHsE Fgoz’ ROSE AFRtAEd|Aof ofs) AGEw Ty, A7,
AAEF, g, B 9 TRk 5 4% Aol oF 5 olg] 714 thakst Aol Welog AAED et
HES Z7M7IE a4on? Hgtow QI3 AgAE ROSE AtaE Zgoh= Shoh4] whgAo] &2 E4t=A
3718} A F7H= A of| ASIAEHAE FIHAZIL O] superoxide anion (O,-), hydrogen peroxide (H;O»),
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hydroxyl radical (OH), peroxinitrite (NO3~), hypochlo—-
rite ion (OCl-) 5-& ETslo] o] 2= gofeld]” WA
o] ¢ ZH2 Wi vk-gHo] AA FF Al AEAE
S, 6] G Ao A= ROSS| A At}
o] Hfo]7]d Afole] Bt o= Qlof ARt EAfo]
A=, o7 ROSE led-& Aokl FH|5H= B-cell&
A}, olo] AU AstAEHAS 25 A
g 9 G 250 §lo] B4 o £ g
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glycogen @ A AtiAte] w2 o] tigt A1 5
Fofl erefAiet thE oFEate] B8R A iteka et
T R 2 Aol vl Gl gt - shlrh
Metformine @A A2 Gy o] 2Ate] 12} =9
o= ARREI QoM AT S FUoHA] gfoH ¢
S o] Fo] AAIA R 1,2005 H AL} H gl
2 g4 AH. Metformine @974} 2448 olole S

WAzl A 2] @FHEe-g AAshE Z-go] glorl? A2
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FMAl metformint e H-§Folsto] telanrt &
71t @971 91908 015 S5 metformind} THE FHoFE
= B85 A st 2yt 9l FASAol dish 8ok
Uo7} vk 2| gof| &8 A7 dash Ao g 7,
2 AN E ME, o dx, a2} e, Fhe A 7t
2 FEUHS Sl 22 470 =552 metformin 9F
Al Raw 264.7 A|2Z22} 3T3-L1 Al2Eo]| A Elste] & H=g
& &4, 1-diphenyl-2-picrylhydrazyl (DPPH) 2] &
71%&, ROS A%, NO 4%, AlZgEes SAsAH
I3t Oil Red O staining= 5ol A|RA| 2] A|8F &2 o

A B WS 371 Ade Sl Aol TellA

ot

ofo] FERol w2 FvhAto] Bl metformindt B¥-E-FF Al
iy

1. d8l=g

Macrophage cell line§l RAW 264.7 H|Z= b= A3
T 2B (KCLB, Seoul, Korea)ollx] E51o} AH&-5H3ITE.
A 3ZBIF-2 Dulbecco’s modified Eagle’s medium (DMEM)
o] 10% fetal bovine serum (FBS)Z} 2 mML-glutamine,
100 U/ml penicillin, and 100 lg/ml streptomycin®©] 37
= "z & ARESEATE CO;, incubator 37°C, 5% CO, -

95% O, 751l A vistATt. Aol A Wz, o4

%, 225}, 32, & FE&(water 100%, ogt-E 30%,
OlE-E 100%)2 =St oFsttfgtof|A] AlFHtol A&

|t

o)

tact. 2H2ke] Mg /4=t (o]st normal, N) &+ E4
Z=(water 100%) A (elst HLW), &= 30% oflgt
& FEE AH(elst HL30), & 100% ge 555
A& (e]st HL100), &= 4522 22wt (olst HGW),
Za 30% olehE F2= A@w(elst HG30), &= 100%
offgte FEE AEF(olst HG100), W& 44555 A
g#(0]st BCW), W& 30% oleha FE& AHaF(elst
BC30), WZ 100% llgt2 FZ& A=t(°]st BC100), =
23t 32 A5t GMHW), 323 30% ol
& 28 Ag7(e]5k GMH30), 223} 100% g+ 5
& A5t GMHI100), oAx 4328 AT
(o]} OSCW), o1Adx 30% ofeha FE2& A2|(o]s)
OSC30), o14= 100% ofletE F=& Aefwt(elst OSC100)

5 % 15709 To2 s

dy

2. MZHH Y

RAW 264.7 cell linex} 3T3-L1 cell line& DMEMZ¢]|
10% FBS&}t 2 ml glutamine, 100 U/ml penicillin, and 100
pg/ml streptomycin®] -5 HjFH-S ARgste] 37°C,
5% CO;, 90% humidity©] Z7A5}of| A HF= ATt BiFH
A= 2~3do] §F 94 vjjofallg vHfto] A Hlioks
of JEZES}F 2o =25}92 uf phosphate buffered
saline (PBS)2.2 HZZE MJAHSH & trypsin—ethylenedia—
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minetetraacetic acid & o2 Bze] HZE Bejst 5 o
AEFst] AZE B TS AZe} vix|E Z
Ao viFste] A-8-sHiTt

3. Total phenolic compound & &%

Z¥zZto] &&= 40 plet Folin—ciocalteu’s reagent 200
ul, water 1,160 plg E&sto] 323t incubatorol A BH-&
A7]31, 20% Na,COs 600 plg H7Feret. 2417F §Hg-A171
Tof YHE s ASH-E 96 well plateol] 200 pl/well
o] E]=% %7]1l, microplate spectrophotometerE ©|-&
skol 765 nmoflA FHEE SHSIAH. F Hle dEE

gallic acid& BFgH o2 HFA-S Fotal Atotict,

4. DPPH 2L AAS BA
DPPH 2t &7F 5742 ZH2+e] 325 40 plofl 300
uM DPPH/EtOH 8988 760 ul 715kl 37°ColA] 30%

o]

—_

&<t #-5-A1Z1 3, microplate readeroll Al 515 nm mFFS
2 5355 S5kt

5. Intercellular ROS activity assay

3T3-L1 AlZE 6 well-platee] 3Xx10° cells/well2
seeding Sl 18AI7to] 2t &, Z47ko] 555 200 pg/
mlE H71sto] 6AIRF 59t HESAIZIT ©]% Dulbecco’s
phosphate buffered saline (DPBS)Z washingstil 0.25%
TE 100 pl/well2 471eF &, 1,000 rpm o2 587 AR
)it A5 HS Al7gt & DPBS 1 mlE H7ket & fluo-
rescence activated cell sorter (FACS) tube= %71t} 1,000
rpml & 5EZF AR T ATAS AAR 500
ul/tube dihydrohodamine (1:200 PBS dilution; 5~10
uM)-& 71st & 37°CollA] 3027t incubationstal DPBS
G802 39 washing?lt}, ©A] DPBS 1 mlE 3d7}stod
37°Cof|A 1027t incubation$t & FACS detectiondFith.

6. NO assay

24 well-plateol] Raw 264.7 A|ZZ 2% 10° cells/well &
seedingdl i 24A17F T 71710] 2222 200 ug/mlE A7}
Sto] 2447k St vESAIALE Lipopolysaccharide (LPS)
0.1 pug/mlE Z47+e] wellel A2fotal 24A17F 5<t 37°C

26  www.jkomor.org

5% CQO, incubatorof|A] ¥i%F & A|ZujeF A5l 100 ul&
AT ol71o] el AoF 100 s BB 158 F
HES-AIZ] & microplate readerE ©]-85F 540 nmoflA &

S 24

7. Cell viability assay

96 well-plateol] 3T3-L1 MZE 3x10° cells/well2
seedingStal 24A|17F 3o Z}2te] 2 EBE5S welld 100 pl
A Bste] 24A7F H--A17]11, EZ-Cytox WST regent
10 pl& Z+ wellofl 7152l 2A417F <9t 8iQFSt & microplate

reader ©]-§5fl 450 nmol| A FF=S ZAHAT

8. Oil red O staining assay

op A ZJREA| QT 3T3-L1 cell line= 6 well plateof| A
5%10° cells/well2 seedingdt & A|Z7} full confluence”}
= wj7h2] vjeFsiet, M2} full confluence?t 2 w7kA] vl
okt o]2of H|X|E 1 uM dexamethasone, 0.5 mM iso—
butylmethylxanthine, 10 pg/ml insulinS Z3st DMEM
Hlj Z] (differentiation media) 2 HFE & 48A|7F <7t vfFst
tt. °o]%F 10 pg/ml9 insuling E3FSH= DMEM HiZA]
(maturation media)& &3t & Hs}5 Frsict Esprt
% Al3Z= lipid droplet®] 3719t 7§47} S7FshH, o]
2t 2o} A M| 22 E ohelet T o] MEY FAHET=
A2t & Oil O Red staining= B34 A 242 <

She avkE BT

=

tion)2 ZA|SFI}, DPPH 2t 475, Al &8 &
e % 335]9] AdS +F5t9 . Independent t—testE 5
3f o 7+ H] 1, paired t—testE Fl AF H| WS 519 0H,
BAA o2 PEe] 0.05 olskdl ¢ folgt Ao s Tt
Fohdrt.
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Table 1. Total Phenolic Compound and DPPH Radical Scavenging H&=$FY DPPH 2Ht)d A7 58 8w st A= Table 1
Activity of Five Herbs s e - =
of yetltt. & Edul=s o @ DPPH £24%5 25 W&
. Total phenolic DPPH _
ZF Lo Ayl=E Hol ES A X~
Herb Eﬁg&z compound  scavenging oA 71 e AE B9t £39] DPPH #tdE &4
mg/a) 100 (gm) o] Azigre 2AE|A] elokeh. FATAME F HEeY
Coptidlis Rhizoma Water 100% 5762 425 49 o] 30% ofere 2ETo|A 71 =4 A= vy 2o
pul =3 3T g e} g
Ethanol 30% 5803 39867 ] ] =T ]_1 e i I =74 °mT
Ethanol 100% 52,08 35342 100% E4FEE, 22510} oz ofee 100% &
Scutellariae Radix Water 100% 5920 123 44 - = _
. ' 2} L= O IZaly|is sHekS 8]
Ethanol 30% 5885 24436 Eoﬂj\:i 7}-0 I Ea]nﬂE (l):l o= ]%E}ME} DPPH a]—‘:]
Ethanol 100% 52,79 24917 7 2ALC A 7P 225 ATte UeT 1 2
Atractylodes Water 100% 0.12 - o ~ _ ~
Rhizoma Alba Ethanol 30% 0.06 - HrFEE0] 7MY Hold 89 Btk a3} oz
Ethanol 100% 253 —
- Bl A 7R =o AAE=L oj o
Lonicerae Flos Water 100% 53.73 143,36 ° 100%A 7P F-& DPPH 27158 Blom
Ethanol 30% 53,91 154 35 :’-%i}g] 751_",’_ 30% 01]1?_}% Tr__LOﬂ/\ﬂ =2 DPPH iﬂ‘g S
Ethanol 100% 57 .67 146 .93 &
Houttuyniae Herba Water 100% 26.42 2398 Hao.
Ethanol 30% 37.55 246 1 o =] =1 0 3Flalsl & i
: : 3T3-L1 Az Z+ 3eF 28-S AT & A=E
Ethanol 100% 46 85 29311 el 2t gof #2352 A= § AE
ST 2 =5 Ay Z1o i
DPPH: 1-diphenyl-2-picrylhydrazy!. ROS = OEE =01 =2 EH fLE 295%, metformm 2
mMt-2 25.1%7F S = AT OSCW+Met 1 mMt-2
28.3%, OSC30+Met 1 mMt-2 27.8%, OSC100+ Met 1
Normal Metformin 2mM
HL + Met 1mM HL 30% + Met 1mM

HG + Met 1mM

BC +Met 1mM

GMH + Met 1mM

A

OSC + Met ImM

Y
2 i |

HG 30% + Met 1mM

E | ‘

—

0OSC 30% +Met 1mM

S

B

0OSC 100% + Met 1mM

Fig, 1, The level of ROS activity in
3T3-L1 cells, HL: Coptidis Rhizo-
ma water 100% extract, HL30: C
Rhizoma ethanol 30% extract,
HL100: C. Rhizoma ethanol 100%
extract, HG: Scutellariae Radlixwater
100% extract, HG30: S Radlix
ethanol 30% extract, HG100: S,
Radix ethanol 100% extract, BC:
Atractylodes Rhizoma Alba water
100% extract, BC30: A Rhizoma
Alba ethanol 30% extract, BC100:
A. Rhizoma Alba ethanol 100% ex-
tract, GMH: Lonicerae Flos water
100% extract, GMH30: L, Flos
ethanol 30% extract, GMH100: L,
Flos ethanol 100% extract, OSC:
Houttuyniae Herba water 100%
extract, OSC30: H. Herba ethanol
30% extract, OSC100: H. Herba
ethanol 100% extract,
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mMt2 24.1%, HLW+Met 1 mMa-2 28.3%, HL30+
Met 1 mM+-2 36.7%, HL100+Met 1 mMw-2 41.0%,
HGW+Met 1 mMw-2 17.3%, HG30+Met 1 mM+-2
19.6%, HG100+Met 1 mM+t2 22.0%, BCW+Met 1
mM-2 31.5%, BC30+Met 1 mM+-2 29.5%, BC100+
Met 1 mMEE 34.6%, GMHW+Met 1 mM+2 26.8%,
GMH30+Met 1 mMT-2 27.0%, GMH100+Met 1 mM
T2 20.9%7F S = lohFig. 1).

2. Metforminz} 5&2| Siekxl HL Eof A| AZAHK|

Y HEYES HR

W F23} g, F9, o A% s FEEC] met-
formin 1 mM-& 7}sto] 3T3-L1 A|ZA|A M EAEZES
S4%t A3h= Fig. 20 Yer ek, GMHWSE 200 pg/ml
olA 0.459, GMH30+ 200 pg/mlellA] 0.45, GMH 100+
200 pg/mlellAl 0455, HLW 200 pg/mloflA] 0.485,
OSCW 200 pg/mloflA 0.4597F S & o], iz
43k 0.597¢] s FAH R G5t A4S

T A

48 2 ASIEHP<0.05). olsle] TEelAE Aulst 3

or

B[\

SR

o
N

9 A7 BRI SAH 2 Fol S Holx] gytrt.
Metformin¥} thAl ot
E5o A 4S5 dATES Frksh] Y8l NO A&
O =
- |}

[e)
2.08, LPSE A3t o2 8.05%

°
45, HL30Z-LS 2.79, HL100-& 2.64, OSC30: 5.692
S =o] LPSwa} L A] SAH 02 {olobA Aot
oh. HL30w-2 2.792 SAH o2 7 ol Ao = Ltet
HTHP=0.0019). ©]€]9] FEANAN T Fulgt a7t BA
Tt FAASR Folide Holz] keftt. Metformin 1 mM
S 39 Tt oA BC100-2 4.93, GMH30TS
5.25, GMH1007-2 5.82, HGW+-2 2.92, HG30#-2
2.89, HG100#-2 3.64, HLWE 2.97, HL30-2 2.61,
HL100-2 2.36, OSCWat2 4.57, OSC30w2 4.87,
OSC100t-2 4.152 SA=|o] LPSwat HuL A] FAH LS
2 o5 #AsHITHP<0.05) HG100w-2 3.742 5
AH oz 7P §olgt 2 o & UeRFth(P=0.0036). ©]£]9]

w

=]
in

Optical Density (O.D)
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Oday 24hr BC BC30 BC100 GMH GMH30 GMH100 HG

0.7 4 t

HG30 HG100 HL HL30 HL100 OSC  OSC30 05C100 METO.S MET1 MET2
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Optical Density (O.D)
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=] =

o
s

o
|

Oday 24hr BC BC30 BC100 GMH GMH30 GMH100 HG

HG30 HG100 HL HL30  HL100 0sC  0sC30 0sSC100 MET0.5 MET1 MET2

plus Metformen 1mM

Fig, 2, The level of cell proferation in 3T3-L1 cells, BC: Atractylodes Rhizoma Alba water 100% extract, BC30: A, Rhizoma Alba ethanol 30%
extract, BC100: A, Rhizoma Alba ethanol 100% extract, GMH: Lonicerae Flos water 100% extract, GMH30: L, Flos ethanol 30% extract, GMH100:
L, Flos ethanol 100% extract, HG: Scutfeliariae Radlix water 100% extract, HG30: S. Radix ethanol 30% extract, HG100: S. Radix ethanol 100%
extract, HL: Coptidis Rhizoma water 100% extract, HL30: C. ARhizoma ethanol 30% extract, HL100: C. Rhizoma ethanol 100% extract, OSC:
Houttuyniae Herba water 100% extract, OSC30: H. Herba ethanol 30% extract, OSC100: H. Herba ethanol 100% extract, *P-value<0.05 as

compared to 24 hours group, TP-value<0.05 as compared to control,
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QR 2F Metformin B &5 0] A| &4tst 3 MX|HME 2351 oH| S 1}

Optical Dencity (0.D)
L e S S ¥ I Y - I Vs )

MNormal  LPS BC BC30% BC100% GMH GMH GMH HG HG30% HG HL  HL30% HL100% OSC 0sc

0SC Met0.5 Metl Met2

Optical Dencity (0.D)
O P N W s U O N W

Normal  LPS BC BC30%BC100% GMH GMH GMH HG HG30% HG HL HL30% HL 0sC 0SC

30%  100%

0SC  Met0D.5 Metl Met2
100% 100% 30%  100%

plus Metformin 1mM

Fig. 3. The comparison of NO production between herbal treatment and metformin and herb combination treatment in Raw 2647 cells, LPS:
lipopolysaccharide, BC: Atractylodes Rhizoma Alba water 100% extract, BC30: A, Rhizoma Alba ethanol 30% extract, BC100: A, Rhizoma Alba
ethanol 100% extract, GMH: Lonicerae Fios water 100% extract, GMH30: L, Flos ethanol 30% extract, GMH100: L. Flos ethanol 100% extract,
HG: Scutellariae Radix water 100% extract, HG30: S, Radix ethanol 30% extract, HG100: S Radix ethanol 100% extract, HL: Coptidis Rhizoma
water 100% extract, HL30: C. Rhizoma ethanol 30% extract, HL100: C. Rhizoma ethanol 100% extract, OSC: Houttuyniae Herba water 100%
extract, OSC30: H, Herba ethanol 30% extract, OSC100: H. Herba ethanol 100% extract, *P-value <0.05 as compared to LPS group. TP-value<

0.05 as compared to control,

TeolAE Fulet gart Bt
Holz] oFetth(Fig. 3).

Tlo

FAHOR £y

w
g
1L
i)
=
|m
Hel
I. a
o
OID
_2

Al X|ubssl oN| S ot
H?&‘:} BC30#7 1 mM met—
formin2 HEESH & 0.197, GMH30+7 1 mM
T2

ol vl SAge] @A S = o SAH R 7P &
oIt Aoz YePGtHP=0.016). 0] FEHE Hu
g A7 BT FAH R o4 Holx] ofettt
(Fig. 4).

Optical Density (0.D)

@‘“ S

8
O
G

23 X N (4(}'\ (j(,(;»
& VY EE e W Ty

plus Metformin 1mM

Fig. 4. Oil Red O staing 3T3-L1 cells treated with 5 types of herbs
combination with- metformin, CON: control, HL: Coptidis Rhizoma
water 100% extract, HL30: C Rhizoma ethanol 30% extract, HL100:
C. Rhizoma ethanol 100% extract, HG: Scutellariae Radix water
100% extract, HG30: S. Radixethanol 30% extract, HG100: S, Radlix
ethanol 100% extract, BC: Atractylodes Rhizoma Alba water 100%
extract, BC30: A Rhizoma Alba ethanol 30% extract, BC100: A
Rhizoma Alba ethanol 100% extract, GMH: Lonicerae Flos water
100% extract, GMH30: L, Flos ethanol 30% extract, GMH100: L,
Flos ethanol 100% extract, OSC: Houttuyniae Herba water 100%
extract, OSC30: H. Herba ethanol 30% extract, OSC100: H. Herba
ethanol 100% extract, *P-value < 0,05 compared to metformin alone,

o % 2 AT NO 27 So] Bolato] el
2 vz} ok E3h WiZo] phospho-
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I FEs 24 EJ}— UrEMM o l 719t 50 A=
Az2A A7 PsAo] Qlok= B i1z} Ik,
r)rolco]— /\HE]QJ-/\'] 20

242 ¢
gatst @ Faeo] glom? Fest 9 Foshdzst
Raw 264.7 cellofA LPSZ =9 NO<2 A4, iNOS,
COX-2 ¥ cytokine®l] F&S U4 gram—negative bacterial
infectiono]] &3t FFH-GoIA FSHAANRSS AATS
W78t uf oo

2o JEOoZE flavonoidA == A, baicalein,

biacalin, chrysin, oroxylin—A, oroxylin—a—-7-O-glucur-

onide, wogomin, wogonoside, skullcapflavone, dihydro—
baicalin o] Qlom®, g gt A dFEE T4
9 g, o B utelds, sk gl Tet ms)
QALY olslo] GEEEEe MFE BT 70 EelA
HEY ST srs W3, 39| high density
lipoprotein (HDL)- ie]/\“:ﬂ% Sk, T ZULHE o
g HDL-ZEAHE Hl&2 =

o 1A 8% AE 9L BT vt A,

N

—“& ‘E%lh FEZ, T‘%Wé‘ 59 gt e WE, o4
%, 238, 2, &4 FEES metformindt ¥
o FF= A4S aE dotH7] 9451 total pol

phenol compound &%, total phenolic compound &,
DPPH 2t 4£A%, ROS, NO AZHS ZA4s519loH,
MEEA ofFof thdl] cell proliferations =75t

[e]
E
Total phenolic compound &=FollA &=, &4, 323 F+

30  www.jkomor.org

[

S=o| BE, oz FE=S00 Hlel w8ken 1 FollA
HGWZ3} HG3020] 59.20 mg/g, 58.85 mg/g02 714
= SAHAH. FEo B 2= ol8e FEHo] total
phenolic compound A

=
cF DPPH 2Hei3d 4745 B9 $280] 7H 91,
=Z.=11 O

NE FE222 radical 27152 SAY & A%eH, o=
24 total phenolic compound &

ahatst At LrehA] gh Ao Azt oz, 3
#ALol|l A total phenolic compound®] F&&Fo] F71sk

2 27 47150 Z7ElE Aow Yepgoi} 92, 2

ol
o
TN
5
AT
o
<
=)
o &

25}2] 739 total phenolic compound §H&Fe] Z719} =t
HAd 2750 ATEA 7 dEhR] g Ao’ Hot £

N

- &2 A5 Fof FEUHol W total phenolic
compound FAAE o] @ g)A AT FHE I
[ Zow Y7HE

ROS &4 A] oA %, 32, 2235}t 1 mM metformin #]
glto] Neto] 29.5%E e WA S4= 3o = 1 mM
metformin A E2E metformin 2 mM B3 2]7o)
25.1%HE Tt @A ZH=E S0 o] & HGW 1 mM met—
formin A2 17.3%=2 7 @A A=A NO =
A Aol HL30 ©55Foto] 2795 BAACE 7 &
Ot Ao 2 e © ™ metformin BHHES] A] HG100+
23742 BAHO R 713 9]?} Z10 2 e

3718 dTE= EO]’
formin¥} B-EE45192

.

=°fl Bl Gt 7‘”101] RS & 5 A FE
B ge= o8 FE=0] &2 °l

g

M2 ZA0 disl &7] 5 A1t cell proliferation®]]
e GMHWZ 200 pg/ml. GMH30Z 200 pg/ml,
GMHI100 200 pg/ml, HLW<t 200 pg/ml, OSCW
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