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Inhibitory Effects of Phellinus linteus and Rice with Phellinus Ilinteus
Mycelium on Obesity and Diabetes
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ABSTRACT The objective of this study was to examine the ability of extracts from Phellinus linteus (PL) and
rice with Phellinus linteus mycelium (PLM) to inhibit obesity and diabetes. The efficacy of PL and PLM were evaluated
using Oil Red O staining, cholesteryl ester transfer protein (CETP) levels, protein tyrosine phosphate 1B (PTP1B)
levels, organ weight, and serum lipid levels. Lipid accumulation significantly decreased by 76% and 59% upon treatment
with 300 ng/mL of PL and PLM, respectively (P<0.01). The inhibition of CETP activity increased 99% upon treatment
with 300 pg/mL of PL or PLM. Treatment with 3, 10, 30, 100, and 300 pg/mL of PL, changed PTPIB activity
by 10, 11, 14, 12, and 18% respectively. Also, treatment with increasing concentrations of PLM led to a significant
concentration-dependent inhibition of PTP1B activity (P<0.01). PL and PLM were orally administered for 28 days
after a high fat diet (HFD). PL significantly (P<0.05) reduced triglyceride and cholesterol levels. In addition, PLM
significantly (P<0.05) reduced triglyceride, cholesterol, and HDL-cholesterol levels. GOT and GPT were not sig-
nificantly affected. These results indicate that PL and PLM extracts have potent and useful activities for the treatment

of obesity and diabetes mellitus.
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olof] I Aol A= Hwk} Firge] w71 2 Al
#E ATE Fote] A G A AR G2 80
% ethanol %29 PL¥} PLMS tiA o= A F7kA] A
H A ol et Fgunt aE gRlehy] 98t

FEES gA8taL, ol Fes} Hute] o £o X8
5ol P 7154 AF AR MLt AFE s}
pa=

YRR

sz )\I‘i.r

A 2} A A g AL A e A2 98] S EH(Gunsan,

Korea) Z4-H *3“‘0} AF-&-3}33 T}, Dulbecco's modified
Eagle medium(DMEM), bovine calf serum(BCS), fetal
bovine serum(FBS), trypsin—EDTA solution, penicillin/
streptomycin< GIBCO Life Science(Grand Island, NY,
USA)ZHE TY3te] ALE3131aL, dexamethasone, 3—
isobutyl-1-methylxanthine(IBMX), Oil Red O, orlistat,
insulin< Sigma-Aldrich Co.(St. Louis, MO, USA)=Z%-E]
T4kl A3 T Kits protein tyrosine phospha-
tase 1B(PTP1B) assay kit(Abnova, Walnut, CA, USA),
CETP assay kit(Biovision, Milpitas, CA, USA) A%< A}
gatglomn, 19 AMEE A2 13 o] el ATk

A3 A A A S 2ol F
A ALAN FA-S 80% etha—
oF &3l AR *}

Gschwader Strasse, Switzerland)E ©]-&3}o] &1 = |
At & =AAZ 39t AlxE Ee 4oCo WYY 1
sto] AE Al ARE-SEGITEH AlZ AR AME-SE AlE & di-
methyl sulfoxide(DMSO)9l ¢ stock solutions TH=
= A4 52 gAste] ARSI

MISZHH 2

3T3-L1 AA WA EZ+= ATCC(American Type Culture
Collection, Manassas, VA, USA)ollA F43tar, A=y
M3ES] 3T3-L1 cell®] AXE njgd oz = DMEMoﬂ 10%
BCS¢} 1% penicillin/streptomycine A 7}slo] AF&3FA
o, 37°C, 5% COz2 ZZ A wjstdct AlE7F 80~
90% confluent®™ 0.25% trypsin—EDTAE 2] 3}o] A
¥ = Byt ARV AES 28 3 suspension
L AME TrEo] 24-well plated] 93+ th. M E7}F post-
confluentdtAl W 10% FBS7} Z7Fs DMEM ] %<
0.5 mM IBMX, 1 uM dexamethasone, 10 pg/mL insulin
o] #7}4 differentiation mediums * g slo] #35 F=
3. 23 E 29 T 10 ug/mLY 1nsuhn°] -l
10% FBS DMEMO. 2 o] & Z<¢F vkttt 1 & 4, 69
A 10% FBS DMEMO. 2 v %8S wA|slo] x|HhA|E E3}
g FEsith MEAEE EEA12d T 2, 4, 69A HA
ol] Atz orlistat 20 pMI} A2 E 7-.”-.L FrEEE(],
3, 10, 30, 100, 300 pg/mL) A&l F3L, 5% 0> =
o R 24 AR P& HjA| Rk 24‘1]3}%3}. 8L A
H& & Oil Red O 4S5 3383t

IOH

Oil Red O &M

Oil Red O stock solution< 0.35 g Oil Red O A]¢F&
100 mL¢] isopropanold] o] filterdtgth. Oil Red O
working solution< 60%¢°l = Oil Red O stock solutions

I 40%°= FRTE 2ol Al A&t

1-5}/\]3}°1§—r151 8YA W F viAE AL M
NS PBSE Aol & 10% formaldehydeZ 500 uL
wol 527 8 A 5 AlA O}oﬂ‘ﬂr Al 10% form-
aldehydeZ 500 pLA ZF welloll Yar 1A)7F S A A A
t}. Formaldehyde& AASI S/F52 Aol & 7} well
o Oil Red O working solutions 500 pLA ¥ a1 Al-2-0f A
30% =<l JAMst & =FFF 33] wrE sl Aojud
AMo] H© AET= duAoT BAFIom 100% iso-
propanols 7}&}o] *114_ el 44 lipidg 83+ 96-
% 500 nmolA 3 == SA3] lipid
accumulation B=Z # 7}l ).

well plated] &7

CETP Xsalf &

CETP %2 CETP inhibitor assay kit(Biovision)&
AbE-to] A8t 96 well plateo] 160 ple] MES
Y& 5 rabbit serum 3 uLE ¥ WA ZF welloll



A,

donor molecule 10 uL, acceptor molecule 10 uL, 10X
CETP assay bufferg 20 pL.¥ ¥o] 37°CollA] 30+ &<
incubationd}$ith. ¥ F74 e o 7|9 465 nm, S
535 nmel A FAsAH

PTP1B Xl &M

PTP1B %L%HO: PTP1B fluorometric assay kit(Abno-
va)E AH&3te] A3t 96-well plate ZF wellell dis-
tilled water 30 uL, 10X PTP assay buffer 30 uL¢} 10X
fluoro—phospho-substrate 5 pL* Y- % recombinant
PTP1BE 7tste] 4204 15% &<t incubation 331
t}. Z} wellell developing buffer 20 uL.2} developing buf-
fer 5 pLE 2& 3 A-2ox 158 %<t incubationd} i th.
25 uL9 stop-solutions ¥& & w35 Z=dA AT %
e o719 502 nm, S 37 530 nmell A 5733813l

% Intensity =

Fluorescence intensity of test sample

- - X100
Fluorescence intensity of solvent control

SE4E

A FE-S male Sprague Dawley(SD) rat 553 S 5
AT FEGF)IA )M Fhste] 1793 #2120
Aol AFgEith. A AT (normal), A4 O]

tl = (high fat diet, HFDw), 3LA%-2] o] 9} 2J5H A 80%
ethanol %% 200 mg/kg/dayS 747 o3+ PL:, 14
2ol o} A Al F AR %4 80% ethanol FEE 200
mg/kg/dayE 47T F3% PLMT o2 7 o9 5ula]y &
4o 7 o] Ay e A&3GITE B3 Aol AfEA
AHAAZIHA AFFETE S EAIEAY AMFEHS 25
23+1°C, F% 45+5%, WYL 12417 7|12 A5 29
Ao, AFo W= WY VIFsSITE ARk o]
(10% kcal from fat, D12450B)$} 34 2] 0](60% kcal
from fat, D12492)% Research Diets, Inc.(New Bruns-
wick, NJ, USA)lA +918F31aL, 1 2742 Table 13 2t}

Hyo| SAEM Y BY XY 24

2847t A A olE ATl o FEd A =S
ethyl ether® v} slo] Ao AAdsta, AE N
2ol A 1A12F FATh7E 3,000 rpmell Al 2087 A4l &

gt A S TAAER ARSI

Ao A, FZd 28 E, HDL-ZH2H & 55,
GOT, GPTE #bs @9 #417](DRI-CHEM 4000i, FUGI-
FILM, Tokyo, Japan)® =439 1, LDL-ZFHAHZS&
Friedewald 5(10)¢] ¥l ulz} 74]*]')‘] FTEU 2 E -
(SA+ HDL-Z el 28 &)/ 590 ofsto] A== At

S5z
CLEEE

rr
o,
~
H
=]
HN
o)
)
it
=]
N
ol
32
K
L
4
ol
N

N, S A ARA ] 2

FEE vivt 9 g A g7 1031

Table 1. Composition of experimental diet (2)
Ingredients Normal HFD
Casein, 80 mesh 200 200
L-Cystine 3 3
Com strach 315 0
Maltodextrin 10 35 125
Sucrose 350 68.8
Cellulose, BW200 50 50
Soybene oil 25 25
Lard 20 245
Mineral mix, S10026 10 10
Dicalcium phosphate 13 13
Calcium carbonate 5.5 5.5
Potassium citrate, 1 H20 16.5 16.5
Vitamin mix, V10001 10 10
Choline bitartrate 2 2
FD&C blue dyet#l 0.05 0.05

ZFol+= Student's t-test ©4HE AF&3Fe] A A<l
gAS #AHAs o P Eko] 0.05 v RHIX0.05)8 4%E5

=784 02 golatta Bl

U o

=t
=

A}

K

3T3-L19] XY =X Ax Fut
EIHEE 93 H7FEE insuling X
A ¥FA| EZ 9] 23} A glucose uptake 2} %"‘ A uko] 3k
= F7H71 A A sl 4
= transcription factor®l C/EBPa®] Z 522l f &4 o]
th(13). IBMXE 3T3-L1 AIXWe] cyclic nucleotide
phosphodiesterase?] A& A 33le] Aupd o=z x|ulE
ShM Ll A A1 JES v X = PPARyS} transcription
factor?l C/EPBaE &/43lA7|= EHEA, o]52 3T3-
L1 preadipocyte #3}ol] o] &H . A U AW %49
o] FAd Ao 7] wiitoll ¥3}¥ 3T3-L1 adipocyte
= 90| 7Fsslth PLF PLMS A &3k Al E W A %34
of gt aA}E SA7] skl 3T3-L1 Al AHAIE
o] #3} % Oil Red O solution®.@ G35ty &Rls}Th
(Fig. 1). 71 A%} Fig. 1Ad|A Bi= nje} o] MES )3}
2 &AL w3HE frEstlS Ael= A2 W lipid drop-
leto] FAE o] ARZlo] #FHA FAE A& IS PLE
FEHE((, 3, 10, 30, 100, 300 pg/mL)Z A 3RS u
96, 92, 89, 83, 32, 24% H =9 *]H]'?T@ = Eoﬂ Ot‘:], PL
10, 30, 100, 300 pg/mLell A4 /~<0.01

W
o

31, dexamethasone<

uj 88, 88, 88, 85, 69, 41% 0591 Ay XS Helow,
' EHor K0.01 FEAA Freldk A adtrt vet
wrhFig. 1B). o] 435 F3 A3 FE= 100, 300
ug/mLe} A3 A g AL SR =55 300 ng/mLo] YA
2T orlistatBt} 3T3-L1 AWAE W SAA9]
of digh Al a7t Z o= Kol vvk ool g3}

U\
J
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Fig. 1. Effect of Phellinus linteus (PL) (A) and rice with P,
differentiated 3T3-L1 cells. The intracellular lipid accumulati
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Fig. 2. Effect of Phellinus linteus (PL) (A) and rice with Ph
of CETP was determined using CETP inhibitor assay Kkits.

Ao g 7lgH),
CETP X3l
CETP(cholesterol ester transfer protein)s= &30l A
X]‘”’”“’é-f] ZU2HE o 2H S SAAHS Wi o
FoFoltt, FAARY st FUMETFE A
‘%éﬂ CETP?] &/do] F7ksl=tl CETP {4l
GALE ZAsh okgw A stk whebd PL
PLMS A g3t HDLe] % w28 &1t th(Fig. 2).
Fig. 2A|A] B vk} o] PLE X, 3, 10, 30, 100,
300 pg/mL)E A9 S of 2+t 10, 14, 12, 16, 45, 99%
CETP &4 Asiazts yehfigle. 53] PL& 300 ng/mL
2 AE3IE u X0.05 oA 798 AsiaxtE yE
At gk PLMS sX¥(1, 3, 10, 30, 100, 300 ug/
mL)= A s9S wf 712} 15, 34, 38, 45, 95, 99%= &

2y
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300 orlistat

hellinus linteus mycelium (PLM) (B) on lipid accumulation of the
on was evaluated by Oil Red O staining. “P<0.05 and *"P<0.01.
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ellinus linteus mycelium (PLM) (B) on the CETP levels. The level

*P<0.05 and ""P<0.01.

o] o]&2 o2 CEPT &4 A&|axr}t veEhwtar, PLM 100
ng/mLell Al X0.05 ol A ol A asrh ekt e
™, PLM 300 pg/mLell A& P<0.01 2ol 4] 213 A3l
a7k JebstthFig. 2B).

PTP1B X{3H &Af

PTPIBE ZkHol QoA F2.d oae daem o
v, olg# AlZ199| negative regulator® A eFE A Th.
PTP1B &4 9] S7te wulE e &S ZaA7A =i
o|& QI8 o] F7stAl Fo] Frel wle] & Aol
t}. o]o] PTP1BY] &4 % inhibition & 4 A& EZE o]
&35te] PTPIBe] 42 Aoy rjd e &
< F7HIA H a2, 9ol Hadte] Fals e 3
Al #t

Fig. 3% PTP1B &4 Aajas&s 5743 d3oltt. PL
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Fig. 3. Effect of Phellinus linteus (PL) (A) and rice with Phellinus linteus mycelium (PLM) (B) on the PTP1B levels. The level

of PTPIB was determined using PTP1B fluorometric assay Kits.

<zl vske] PLES 5X®(1, 3, 10, 30, 100, 300
pg/mL)E Ads9S w 2+ 3, 10, 11, 14, 12, 18%9]
A aas Bgon gzt vs PL 3, 10, 30 pg/mL
A9 S uw EAFHoZ X0.05 FFAA Fodt
PTP1BY &4 A avE YA Ack(Fig. 3A). PLM ¥
3 1, 3, 10, 30, 100, 300 pg/mLE ]33} & u) 5o
oJEHo g 7 8, 18, 21, 26, 40% AHEI}EZ KL, PLM
< 1 pg/mL HElsdS b TAHeR X0.05 =0l 2
93 A aztsE vehylen, 3, 10, 30, 100, 300 pg/
mLE A8 319S W 40.01 FFAA Folst A an=
e QA th(Fig. 3B). PTP1B Adl &S o] &8 A3 H|
Ty Gy X 5A 9 st AEe] MR =
A Edo] aEd o]E FUEAR 2L T
A ] ko] Z1diEo] @Ale] T X 5A| el 7]
A71E AFE 5 Ak wEkA PL, PLM2 A4 &4

or

}\0
a‘,_.
-
L

ok

O

Y ANEAgRAGo A Elitks) 2§l #ost= PTPIB
45 AFgoz Jded] A& Eolil FETE A
AAA, T d = Nd 295 YeERd 7 S Ao
2 Alg ).

d|

mxYHolol WE HE SotY HYl X =
TA Aol § A H 5 289

o) ehigc, AEWskE 3 A

AT el Fol 7k glen e $24

BgTRh wAY Tl e AFEHEE

WAolz wel ENNSE HUsAData not

Table 2. Effect of Phellinus linteus (PL) and rice with Phellinus
linteus mycelium (PLM) on body weight gain in rats fed high-fat
diet for 28 days

*P<0.05 and ""P<0.01.

shown). X2 o]t 2= (HFD)el H]&] PL¥} PLM ¢
o] fradheE A RO folgk AolE HolR| g9
o). o] Kim 5(14)°] 1x]"24 o] 9k "L@’Hﬂ’“ Hes F&
E 5o A AsFT7PE dEzad 2olrt gles Bargk AT
A} FAFsH

A A olo] PLZ} PLM< 78':|1E°‘1 sHlE o 2H 9]
o] 7S AE AAEES S
FH o] GOT &g 1hAze WA= ¥ }L w3} &*
2A F 22 &4 A T v &5 GOT, GPT
$4d-& HFD <ol v]&l] PL¥ PLM A 2latoll A Hashs 4
Fe B0 {3k ApolE HolA| e¥gk

Lipoprotein® A4 wa} chylomicron, VLDL,
DL, HDL=Z :rLT,__E]Uq :rL/H/HH o] _,_gﬂ/\gli/] o= 71—
7t 2 A EA4%. VLDLERE H3¥ LDLS 7hdlA v
& 2Aow FYrHES 2Wete 98E& st LDL-
cholesterol o] HoH g5 Hol| FH 28 F0]
2 fgo] & whH, HDL-cholesterol Wz
i FAHE FUAEHES A BAToEH F5 Za
2HE & AT BE FHA g dig HoladE
gt}

HA o A AFx W3l Table 49 2o d3 9] 2279
228 &2 HFD(92.0£10.8 mg/dL)°ll |3l PL*(69.2+
17.4 mg/dL), PLM+*(68.8£19.3 mg/dL) 2% #<]% 9l
A4S eI IL(X0.05), 832 T4 AW (triglyceride)
&%+ HFD+ 110.0+£13.8 mg/dLel ]3] PLT<2 82.0+
16.2, PLMi-2 84.6+10.8 mg/dL® 2% o8 o= 7

133 zx] m

Tabel 3. Effect of Phellinus linteus (PL) and rice with Phellinus
linteus mycelium (PLM) on GOT (glutamic oxaloacetic trans-
aminase), GPT (glutamic pyruvic transaminase) in rats fed

Groups Body weight gains (g) high-fat diet for 28 days (U/L)
Initial Final Gains Groups GOT GPT

HFD 158.943.0 370.0+£31.0 211.14£29.6 HFD 100£13.4 35.2+4.0

PL 158.8+13.5 360.9+16.3 202.1+£10.8 PL 86.6+9.4 35.0+8.5

PLM 158.6+3.1 361.5+£30.2 202.9+£28.5 PLM 82.0+18.8 34.0£7.7

Values represent the meantSE (n=5).

Values represent the meantSE (n=5).
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Table 4. Effects of Phellinus linteus (PL) and rice with Phellinus linteus mycelium (PLM) on the levels of biochemical markers

in rats fed high-fat diet for 28 days

Groups Total-cholesterol Triglyceride HDL-cholesterol LDL-cholesterol
HFD 92.0+10.8 110.0+13.8 52.4+4.3 59.5+12.1
PL 69.2+17.4" 82.0£16.2° 63.2+18.0 40.2+16.1
PLM 68.8+19.3" 84.6£10.8" 65.4+3.4" 38.8+17.3

Values represent the meantSE (n=5). "P<0.05 and “"P<0.01.

3Foith. wsk ¥ 2 9] HDL-cholesterol HFD¢] 52.4+
4.3 mg/dL= YEFEAL PL7 9] 63.2+18.0 mg/dL, PLM*
o] 65.4+3.4 mg/dL=E HFDA 8] Ht} S718HS o,
PLMA g]itell A Fo] 2oz Z7hs3lth(#40.01). LDL-
cholesterol® HFDi*©] 59.5+12.1 mg/dLZ YE}sta
PL9] 40.2+16.1 mg/dL, PLM+°] 38.8+£17.3 mg/dL&
UEbsk o {1 ARl Afol= QI Th o] ] AR m]Fo
& ol PLI PLMS] 77t A5 A& 245 NAA7=
N7 ASE & AR AT FSH A AR
FEToNAN FEU2HE, FAAY, LDL-Zd2HES
W33 HDL-F8 28 &S 4sA7e 2945 28t A
AAF A0 EAl Ao 1,}1;}1)}@:} /J—g]—tﬂ/ﬂ ol H)
3 A ATA A FET ] Ao F FUHES W
3l HDL-cholesterol& o]+ 432 % %Hﬂ/}iﬂ/\hﬂ@'
of WlEl=F3 ] Asadtet Alsdh

PN PRI }\]’Xﬂe ;Hi}\]?:]
A ALA] vl g —ir% (PLM)¢] &3
4 oA &
% SOEWHoﬂ 011 Red O |44&
1 lipid droplets isopropanole] &3}
04 500 nm°ﬂ}‘1 H‘E«E— =A% A3 PL 3, 30, 100, 300
ug/mLell A X0.01 sFEoll A ol gk oAl &3t vEsT
PLMS 5% &2 0w X0.01 Sl o8 A as
7F vEbskth. CETP A& @45 S43 43 PL 300 ng/
mLol A /X0.05 FFollA froje Asjanrt ekt

PLM< 100 pg/mLoll A /X0.05 g==oll A -2l sk A3l a )
7} YRk em, PLM 300 ng/mLelA & /<0.01 <ol A
frogh A az st ebsth Qe ofg Ay Al
ol dojA Ad&EA s As|st: PTP1IB &4&
A3 A3, PL2 10, 30, 100 pg/mLelA SAIH o=
X0.05 FsEell Ao frolgh Asjaxsrt vepskon PL
1,000 pg/mLel SlolAE= X0.01 F=3olA frod Aeia
7} vl PLM2 dlZ<tel] ¥]ske] PLM 1 pg/mLol|A]
SAHORE /X0.05 ol Ao fole A eyt ekt
©m PLM 3, 10, 30, 100, 300, 1,000 pg/mLel Slo} A=
X0.01 2ol A Frofst Asianr vepstel w3k 314
Walole] PLYF PLMS 28U%t A5 3191S u 29
2 HEL& HFDw el H]8] PL, PLMw* 2% <94l

O

Z
T

[0 ox o

i

=4
Ean=4

N
o o

YN A 3(/X0.05), A9 FdA W (triglyceride) %
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