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ABSTRACT: The contents of proximate composition, free amino acids and phenolic acids in the Fomitella fraxinea
cultivated-Rhus verniciflua stem bark(FRVSB), and its adipogenesis effect were investigated. The proximate com-
position(%) of FRVSB was as follows: moisture(7.64), ash(6.30), crude fat(3.86), crude protein(3.59) and sugar(not
detected); while Rhus verniciflua stem bark(RVSB) contained 1.64, 8.09, 7.28, 6.48 and 5.39, respectively. The total
free amino acids concentration was 97.41 mg% in FRVSB and 71.91 mg% in RVSB. Phosphoserine(55.06 mg%),
ammonia(17.84 mg%) and aspartic acid(6.05 mg%) were predominant amino acids. The content of total phenolic acids
was 422.89 ppm in ethanol extract and 283.86 ppm in water extract, with syringic and gallic acid as the main com-
ponent. The FRVSB extracts showed a potent free radical scavenging activity for DPPH(2,2-diphenyl-1-picrylhy-
drazyl hydrate) with IC,, of 28.54 pg(EtOH) and 54.70 pg(water), respectively, whereas 1C;, value of gallic acid was
1.84 pg. The protective effect of both ethanol and water extract the extracts against UV-induced oxidative stress
in NIH3T3 was observed. The water extracts of FRVSB may promote adipogenesis in 3T3-L1 cells.
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U (Rhus verniciflua Stokesy= s5oMrole] 2 X 59 allergys F2A1717] wlitel] 2% 2 o] - oREAA=
stal glom & Hd ARE AVl ARgEY foh. E&sket A"Ee] HA Ak 2= WA lignolytic
2 g3 E e daH(Kim ef al., 2004) 2 9 #H enzyme systemOl 2J3] 29| allergy-f243+-21 urushiol®]
A (Jung, 1998)S X|F3al7] 913k SHefA = o] &=o] ghow  AZEL E S-S AAEI e, ArHAATE o8
Q7o e 2o 228 5o FHE HHst] Sttt F 739 93%7HA] AA 7Fssk A o2 FRISIATHChoi er al,
20l Eo] &ak3KLee ef al, 2001; Lim ef al, 2001), FF=  2007). E3F, AFHA vjg 2 FE2ES o] Mg &
(Kim ef al., 2004), EAH1d (Park ef al,, 2004), FEF A2l dopamineS A st=t] 583t G 3h= tyrosine
(Yang et al., 2005; Kitts and Lim, 2001), &&HJeon ef al,  hydroxylase®] @& %S Z71A]7]1H (Sapkota et al., 2009)
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& 3 800 cc EFHO 450 g¥ TS TR 121°ColA 4087+
238kt 283 Choi ef al(2007)2] Wl we} #1235t
NAZ-S HF AL 25°CollA] 20407 vl T 353t
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Phenolic acid

FAAZE AR 050l 108H(wA)2] 70% MeOH} 0.13 &/
100 mLZ #|Z¥ ISTD(2,3-dihydroxy butyric acid) 1 mL<
A7V 5 FeollA 3A7F Rt FEIINITE FEES Al
(4°C, 5,000 rpm, 10 min)ste] “F7g A& 3]3aL &J7H0.45 pm)
Sk o 1 mLE FH3IAtE o171 ethyl acetate 2 mLE 37}
sl 2 Egste] AR EC, 5,000pm, 10 min)gh ¥
ethyl acetatedS 3|53t 3|5% ethyl acetated>
vacuunJEj ol 4] A= e 100 uLe] MSTFA (N-methyl-
N-(trimethylsilyl, TMS)-trifluoroacetamide, Sigma Co.)E
7K thx 60°CollA] 3087 WHEAIA F=AlE TRt
Phenolic acid= GC/MSZE 41313t GC/MS(2010/QP-2010,
Shimadzu Co, Japany= DB-5HT column(30 m x 0.32 mm x
0.1 um, Agilent Co., USAYS 3&slSith. A eEe] 2=
50°C(7%), 5°C/min, 70°C(10%), 10°C/min, 150°C(5%),
10°C/min, 300°C(205-)] program= AFE-31AT}. Carrier gase=
nitrogen(column flow: 1.40 mL/min)& AFE-3l%13L mass
selective detector®] ionization voltage= 70 eV, ion source
temperature= 200°C, injection port®] =% 250°CZ 3}3AT}

Fre]obr] =2k
FAZAZE AE 100l 70% ethanol 1091E 37 homogenizer
2 A3 3 80°ColA 1587 X 7HE 3ttt Filter

paper(No.2)yE AH&-3te] o 2gh & 72 2t thA] 23] 2
# 70% ethanolS g AF=3 th 719 2 it
e B Fetod 45°C olse] =M st
ethanols- A A1t o710l ethyl acetate 2 mL-S 7F3H}e-
QAR (4°C, 3,000 rpm, 15 min)alo] B3-S 3)5=81aL 45°C
olate] 2&oflA FjFs=siitt 542 pH 2.2 sodium
citrate bufferdll €3l|3}3 0.2 pm membrane filter(Milliproe
Co., Ireland)= 333+ T amino acid analysis system(S-4300,
Sykam Co., Germany)< ©]-&-3to] 418ttt

A Al gl S frElobriedt S-S fsiE AR
Al HiFd 10 mLE ARE-SIITH.

aitst gty

DPPH

Ak}l 84S Murakami er ol (2002)2] WPl weh =74
stk FEE 200 uLet 100 mM Tris-HCl(pH 7.4) 800 uL
ZF &318F Tt 500 uM DPPH €9 1 mLE ¥ Wyt
SIATH WhES A0l 2087 ARl o3 2H(0.45 um)gH
o2 517 nmoll A 3 =E 43U} olw, blanks Al
589 i =gk 2t Gl E ARSI

ksl &4 blankell gk 50% S-3%=2] A4S UE
W= A2 E%=(50% inhibition concentration, 1Cs)Z
EAB

&5 Z(NIH3T3)

NIH3T3M| 2= A EFP O ZHE FYate] AR
3T} ¥R RPMI 1640(Gibco BRL)®Y 10% fetal bovine
serum(FBS), P/S(50 units/mL penicillin, 25 mg/mL streptomycin)
£ H7re AL o] 838t MAEE 5% CO, incubator(37°C)
oA 2ol X WX E wekshar] v sttt

Culture flask(75 cm’)oIA] 70% Z21€ A Eel] trypsi/EDTA
2 Agslo] AEES 3581 5% 10" cell/mLo] HE= 243
k2 96 well platel] 200 uL/well®] platingd}3AT}. 5% CO,
incubatoroll A 19 &<t S T viRE wEsl o
AP Err) HesE 2HE AR 10uLE 37} § 308 ot
23N H T

AE7F H7FE M2 365 nme] UV(VL-6LC, France)&
10cm =olollA 30% B9t FAREH TR 5% CO, incubatordl]
A1 B9 ke & M EAESS AR AEES
cell counting kit-8(CCK-8, Dojindo Co., Japany2 AME-3191.0.
™, S A=A ol whgk

& 3222 10u)(wh)e] phosphate buffered saline(PBS)o]

tdom oeke FEES 1% DMSO7F g+% PBS

MPX| LM ZBT3-L1)2| 235
i ¥
AFAGA 3 3T3-L12 S| 2323004 dsled 10%
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FBSS} 1% P/S7F 718 Dulbecco’s modified medium
(DMEM, Gibco BRL) HjA| & A&-5}e] Z2|A| AL

-3} (adipogenesis)
ks o & AlZo) trypsi/EDTAS A 2lste] A X E 34
33l 6 x 10°cell/mLe] ¥ %= 2H3lo] 24 well plateol
500 uLA platingdlAth. £33 913k vl 24 insulin
(5 pg/mL)°] H7F WA 2 vl om i 64R7EA]
insulin 7PRA| A E31E FEAZT ol FEEo] A
Alze] &3t mA= GEFS Lotr7] 918k insulin T
= insulin+ A&, insulin + E3E=2A] 222 FES]
A 43Y31A ). Insulin T ﬂﬂ?‘b Al =4l PBS
20 uLZ, N E AP TE AlEE PBSOl 32 F 10-100 ug/well
o] Hrs xdsle Hrtsll #3EIA= 0.2 uM
dexamethasone, 0.5 mM isobutylmethylxanthin(BMX)/well©]
=5 2Este] skt
3 AWM EZE insuling E3FEHA] 2= 10% FBS9}
1% P/S7} 37Fe DMEM WA 2 2% &9 2 wekshaA]
64 FF v A FATH

Oil red g4

AMAEZE PBSE 29 AlHSH & 10% formalin £

AN INZF R IBAIZATE IFE AZE =2 3H AF
3132 Oil red O89S 7Po}°4 X7 QAR & oA S22 A
23199t Oil red 0882 0.5¢2] Oil red O 100 mLe]
isopropanol®l] &3]3 T2 EJ% 149 B &R X &
o Z}aste] ARE-sATE.

=}

gt & 3

e

HEA
FH A dA7E S22 %494 AR E-S- Table 1°]]
HeRiITh A0 2Ty 5 1.64%, A 8.09%, T
2 728%, B 648%, T 539%E A AW WA,
HjOFE-S 7}7} 7.64%, 3.86%, 3.59%, 6.30%, BHEE LFE:
T} el el <]siiA Xl pAgeS e e R R T )
Tzl 2445 1ed|, AEFS 71Fo= A 2,08,

TR o | guf 7;5\_0}912&] FRE BF SFEATH

M

N

Table 1. Proximate composition and sugar content in Fomitella
fraxinea mycelia cultured-Rhus verniciflua stem bark
(FRVSB, g/100 g)

. Crude
Moisture - Sugar
Fat Protein Ash
Control ) (11003 8.0940.06 7.28£0.04 6.480.03 5.39
(non-cultured)
FRVSB  7.64+0.02 3.86+0.02 3.59+0.13 6.30+0.02 nd

Values are presented as mean =+ SD.
nd : not detected.

oft

S2|ofo] =4t

A oY e % felollieal Se(Table 21
97.41 mg% o2 thZT(71.91 mg%)el ®sled 35% =7}

31592 ™ phosphoserine(55.06 mg%), ammonia(17.84 mg%),

Table 2. Contents of free amino acids in the FRVSB and
submerged culture broth of Fomitella fraxinea(mg/
100 g dry matter' or 100 mL?)

Submerged

Component Non-cultured' FRVSB' culture broth?
Alanine 5.39 1.73 0.13
Ammonia 221 17.84 1.38
Arginine 2.75 0.48 2.14
Aspartic Acid 1.31 6.05 0.18
Asparagine 1.41 0.38 nd
o-Aminoadipic Acid nd nd nd
o-Aminobutyric Acid nd nd nd
B-Alanine 0.27 0.28 0.02
-Aminoisobutyric Acid 0.93 nd nd
y-Aminobutyric Acid 0.66 0.29 0.22
Carnosine nd nd nd
Citrulline nd nd nd
Cystine 0.58 nd nd
Glutamic Acid 2.58 2.73 0.04
Glycine 3.10 1.59 0.04
Histidine 1.21 nd 0.04
Hydroxyproline 13.15 nd nd
Isoleucine 1.30 0.38 0.01
Leucine 2.04 1.21 0.01
Lysine 3.02 0.28 0.05
Methionine nd nd 0.01
1-Methylhistidine nd nd nd
3-Methylhistidine nd nd nd
Ornithine 0.51 0.19 0.02
Phenylalanine 1.23 0.63 0.01
Phosphoethanolamine nd nd nd
Phosphoserine 7.17 55.06 0.90
Proline 1.81 0.61 0.03
Serine 1.70 1.65 0.03
Taurine 0.29 3.99 0.17
Threonine 2.14 0.45 0.01
Tyrosine nd 0.23 0.02
Urea 13.64 0.74 nd
Valine 1.51 0.62 0.01
Total 71.91 97.41 5.45

nd : not detected.
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aspartic acid(6.05 mg%)’t 8 frlopn) =4t ol
WAle] Z2]ol 9]3|A] taurine, ammonia, phosphoserine,
aspartic acide= Z}7F 13.8, 8.1, 7.7, 4.68] S7FsH WM urea,
lysine, arginine 2 threonine> 18.4, 10.8, 5.7, 4.84) 7+4~3}
Rom, 22uky} P Fl (Harada ef al., 2003; Sasaki ef al., 1989)
ornithine3} £44 o}u]=%k(valine, isoleucine, leucine,
tyrosine, phenylalanine, arginine, proline)= HAEE ZOF
YERTE 74 9] felobr] AR arginine?} ammoniaZt 5+
8 frEjo=ate 2 yelyith, frejohn| =ik Bt 3ol @
< FIFE T BAle] TR ATdAlel wet 24do] ke
7o 7 RlEATHKim ef al., 2009; Harada ef al., 2003; Park
et al., 2000). HA12] SFE=E feEjohr|ieibe] g7t A
st dntsl & = gAY =B, o], W], 337, %
%o] WAl 52] 2-8HAell= glutamic acid, omithine, alanine
o] Wol FhrElo] slom JA, A7k, A o] oF&-
WAlolli= phosphoserine, taurine, phosphoethanolamine %
ammonia’} Zo] FFE] Ath= H7t Jo(Kim et dl,
2009) & Ao LT fFARSHAT

Phenolic acid

AL vl 22 phenolic acid#2- Table 39
YeRNSITE vldE2] % phenolic acidg#-2 422.89 ppm/
283.86 ppm(¥ie/E FE=)OE AJ29(1,857.09 ppm/
1,369.44 ppm)oll H]3le] 4.4u)/4.88) 24Tt A2y =
E-2 syringic acid®} gallic acid’} ¥ $H<2] 99% ©’d<
2R Bhe FL2A4H0]1902™ mandelic, vanillic, protocatechuic,
caffeic acid’} &% $H=o] AAIL salicylic, 4-hydroxybenzoic,
gentisic acide= AZEA] 3Tt o]21dk 2 vl E<]
FEEINMT vl FABHA YEld=H, syringic acide}
gallic acid7} & $HFe] 94% o XA ek o™ Al
Hj el oJaiA caffeic acid7} AA=AS. ¢Hd, & F59
phenolic acid3t#S G- FE=9] 73.8%(%) H 67.1%

Table 3. Contents of phenolic acids in the FRVSB extracts (ppm)

Non-cultured FRVSB
Component

EtOH(70%) Water  EtOH(70%) Water

Cafteic 3.23 nd nd nd
Gallic 729.81 498.79 161.79  106.09

Gentisic nd nd nd nd

4-Hydroxybenzoic nd nd nd nd
Protocatechuic 7.31 5.11 14.03 10.50

Salicylic nd nd trace nd
Syringic 1,103.00  861.51 239.53  161.30

Mandelic 7.14 nd 3.41 nd

Vanillic 6.59 4.04 4.13 297

Total 1,857.09 1,369.44 422.89  283.86

nd : not detected.

(N FE)el G Fo= A7 A7 IRl AT

2uo|A] FEg teket SgE-E0l(i.e. phenolic acid:
protocatechuic acid, p-coumaric acid; flavonoid: butein,
fustin, quercetin, sulfuretin, fisetin, garbanzol, mollisacasidin)
MBI AEgh ohdet AYEES 7R Ao E ZARER]
O} phenolic acid®] FX 9 g 7ol A3 A 5= g2l
HA] 23 T}, Kosar ef al.(2007) 5L genusQ! Rhus
coriariaEFUF)e] @l Foll= gallic, protocatechuic, 4-
hydroxybenzoic, vanillic acids°] FAlskaL low o] F
gallic acid”} 2F 95% o) XX}l B a3k, Gallic acid
= g os HREAEC Wol E3EsPH, syringic acide
Ap2lzol] EAlehs Zoe® dHA ATHF, 2001). Phenolic
acid= wA19] 2370l 20X toxic compoundZ 2HE-EFA] Tk
HAlTFS UA =2 phenolic acidoll Tk A &AdS 714
Jom FAREE 93l vlFAl phenolic acids 7HAA
7= Ao=Z deA AUth(Buswell ef al., 1993).

SHAtst By

st B4 249 A3k(Fig 1, DPPH) w2l
IC,7ES 28.54 ng/54.70 pg(BF-2/2 552 thE7(1130 pg/
21.02 pgyell wlske] of 2.5 w2 Zlo= yepyit), wjek
=9] -8 phenolic acid -3 gallic acid®] 1Cs7> 1.84 g
° 2 8 IS 2 ARE-El= BHA (butylated hydroxy
anisole, 4.34 pg) 2 BHT(butylated hydroxy toluene, 6.29 ug)
the WA YRt gallic acide 3HFF Aol 8 J&F
20908 RIS vz dlskaAlo] Aol &4

f

B} 7443 218 phenolic acid®] 7HA7F FH o<l Ho=®
= A B £ IA] dRGTE ol FAks)
S 7 Qe Ao g YERTH

A Welle] w2 kst @do] A Wellxe]

e =
) )
[ T

Optical density(517 nm)
e
=}
1 "

o
-
1 "

Cultured

(21.02)  (28.54) (FRVSB)

(11.30) Non-cultured

0 20 40 60 80
Concentration(pg/100 puL)

Fig. 1. Antioxidant activity of FRVSB extracts on DPPH radical.
M, FRVSB water extract; [ ], FRVSB ethanol extract;
O, non-cultured water extract; A, non-cultured
ethanol extract; A, gallic acid; 4, BHA; <, BHT.
IC,, values are given in brackets.

] (54.70)
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3 3= o|oX|R|E eFeth vigEe] el a9E G
ZHAE] A B 74F animal cell line(NIH3T3)S thAlo &2
AESIAT A=Al S0 oJaiA] NIH3T3A ol thsh
A EZE=A o] ol thFig. 2). ME7} 50%APE E= S E(1Cy,)
= HSEY] A EE FEE] S0ug200 UL, E FEE
©] 90 ug/200 uLO-Z thZT 20 ug/200 pLoll vlsied 2.5-4.5
ul] Yol t}. Hong et al.(1999)2 ZUF-ZHE urushiol
BHES AA|Elo] 20% FEA Lo theh Al E5AS 213
A3} 1C,8k0] 4 pgmLoeg 2 Ate] 79} vlSEA
=2 AZEAS YY) 28y wjdEe] S A
HA12] Z2ol 2]8A] urushiol(93%, Choi ef al., 2007) 2
phenolic acid®] 74 A3 AEHAdo] wof He 7
o2 detE).

M| 3o UVE ZATE 739 2k31E stressoll &af|A] Al
2] H,0,%F] 7151 H 3L o]+ hydroxy radical2 $4
slo] MEE APgo] ©]27] $Hth(Mantena and Katiyar, 2006).
Fig. 33} 7¥o] 30% B<te] UVERARY 2Jair 25%2] HlE7}
APESRs Ao Yelth Al 325 7Tl 98 5=
olEH o7 FEZO] FUIEIRM 2025 ug200 L F=0ll

75+
(EtOH ex.)

Non-cultured

Relative cytotoxicity(%)

T T T T T T T T T T T
0 20 40 60 80 100
Concentration(pg/well)

Fig. 2. Cytotoxcity of FRVSB extracts on NIH3T3 Cell line.
1.0
0.9 UV Osec

0.8+

(water ex.)

0.7 UV 30sec

0.6 (EtOH ex.)

Cell density(CCK-8, A450)

0.5+

0.4 T T T T T v T T T
0 10 20 30 40

Concentration(ug/well)

Fig. 3. Antioxidative activity of FRVSB extracts against UV-
irradiation induced oxidative stress for 30 sec.

oft

HE UVIIZARES A9 fARE AEE-S vehidn,
ey 71 ode] FEE FEE 35ug200 UL, NEE FEE
25 ug200 pLplM = e as} glo] ME7F ApEslit o=
Y FoA HIZAE G FARE 23S dERfio] A2
Aol 7190eks AR oAAXIT 2]l $HrE flavonoid
SIHE-2 cell linedl M= A ZEA 0] flE FolA =&
ksl @35 YERATKSon ef al., 2005; Lee et dl.,
2002). Mantena and Katiyar(2006)= EE=X| oA FZ3
proanthocyanidind}gH=o] UVel| 2JsiA] f=d heles &
HHoz AAANA FozZA Al kst &4 (glutathione
peroxidase, catalase, superoxide dismutase, glutathione)2]
7S vho Al BESC] ST BarsiSint i F=el
ksl g oeE FEEEUE B FEEIX U =
< Jo® Yeh 7154 =5 5 AdREAEe] AEEA
T3] o] 80| 7led A ow Aztdn

MR LM ZGBT3-L1)2| 2510 0|X[= P

PR & FEEO] APAAIE 3l rXe 9L
A E ZAIH(Fig. 4) insulintt FA7FIAS A5l A+
A A 2] B3t AL dojubA] &= WHH insulina} Bl
FES TN ATsha AR A 2] Bt d4sHA
Z7FEJek B3k 10 pg200 uLe] F=olM 7P =kom
ol HFAWbAM|Ee] H3} ZZ1A¢] IBMX + dexamethasone
HT} E=9ith 28y 1 oe] FEE wRoAMe st
T 248 0 40 pug200 uL7HAlE 3419} fARRE 2
L& 7HAAL QL) o] AFell A @, 2004) MAlHe] 5

0 0 pg 0 0w
40 ug 60 ug 80 ng 5
100 pg B 7.

: ‘ I IBMX(0.5 mM)
““. D: dexamethasone

gAY 02 v

FeY ah i

A

Fig. 4. Effect of FRVSB extracts on adipogensis of 3T3-L1
cells. Cells were treated with 5 pg/mL insulin with various
does of extracts or IMBX+dexamethasone for 4 days. And
then cells were fed with DMEM and stained with Oil-red
O at day-6.
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2H 2 FE2ELS AAIE(TF2)2] lipoprotein lipase(LPL)YZH
< S7HIE AR YEETh 22U AAERE
=3 flavonoid SHHE-2 AFAIAMES] 3k FXIA|
7 sl A Aol FEgk AESAS ARk ZoE
el ™ (#H 5, 2010), A7AEA 2] #38H= phenolic
acideh= #EAo] H Zo7 HIEATHSpoor ef al.,
2006). Wi F= (Aol T4 2UF Al 4 5
(2010)0] B3k A3} 5L flavonoid S}5HEo] SR
202 YR HKim ef al., 2010) F=rHiAlo] wike 2=
insulin }17H8S 57112 8 ofue} Alatol| s Awo]
A" AS AN E ST 27K 715E 7R AL
AE Aoz FAE™ phenolic acid®]2]2] flavonoididH-o]
S m3E AoR F5E
AA EE insulin®] A SlolA] AF o) APAM 2R
23ldn). 23l WA EE insulindl] D7Fele] 9
zh gholEQl o 24 o XA Al T3 9Es 3h
(Yamauchi et al., 2001), adiponectin, leptin, LPL, tumor necrosis
factor-a, interferon-6, resistin 52 4] M} (Guerre-Millo,
2004; Bi4s, 2002). ©] 5 adiponectin, leptine A|32] insulin
NS S7NA 85 & 528 2-5= 982 3 &
3], adiponectin® #|28 TxH (type 2 diabetes mellitus) 2
ek g3 2 Aoz dEA Avk(Clarke et al.,
2006). =3, LPLS 3ol SAlsks S8AYS E3lAA
Akl R R A2 oA Fet] wiiel €5 54
Age] FEE Yol FOoEM IFAATEFTR] A EF
AW a5 7T 5 Utk FFHAS o]&ste] £
allergy’d+-S A|ASIAL o]F AFaANS} sl A AHEA
o7 e AAEE Ad AoR Azt e kA 9
71573 gl tigh X|&A Q1 Ao} wAlte] 2Rg-o = A1
H 7158 EE g §ao] F a3t

of
ool
tlo

2
-

5o

23)o] AWAIE-L 1 1.64%, A 8.09%, THZE 7.28%,
SR 6.48%, B 5.39%= TdE O] AN W, A AlS
SAAZ 2R AEL 287 7.64%, 3.86%, 3.59%, 6.30%,
EAE oItk miF=e] & frElobr)edt IS 9741 mg%
o2 thEF(71.91 mg%)ell HIstd 35% F7hetlom
phosphoserine(55.06 mg%), ammonia(17.84 mg%), aspartic
acid (6.05 mg%)y’t T2 F2lopu|i=At o] ATt vjFEL] &
phenolic acid$Ha-S 422.89 ppm/283.86 ppm(YE-2/= F
ZE)0192 syringic acid®} gallic acid’} T2 AJHoIA L
vanillic, protocatechuic acid’} 2% -r=o] UAAT} FAksE
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