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Anti-hyperlipidemic Effect of Shiitake Mushroom Extract
Hyperlipidemic Rats Induced by Poloxamer-407

Gye Yeop Kim, Hun Woo Jung', Eun Jung Kim®

Department of Physical Therapy, Dongshin University, 1:Department of Korean Medicine, Dongshin University,
2: Department of Physical Therapy, Nambu University

We attempted to determine the action target of Shiitake

mushroom extract with a known anti-hyperlipidemic effect

in poloxamer(P) 407-induced hyperlipidemia model. We investigated the anti-hyperlipidemic effects of the water extract

from Shiitake mushroom on the progress of high fat diet for
experimental groups including an normal group (normal

4 weeks. Experimental rats were divided into 5 different
diet; n=10), control group (hyperlipidemia; n=10),

Experimental group | (hyperlipidemic rats treated with Shiitake mushroom extract (100 mg/kg, PO), n=10), Experimental

group Il (hyperlipidemic rats treated with Shiitake mushroom
Il (hyperlipidemic rats treated with Shiitake mushroom extract
weight, visceral fat weight, blood lipid profiles, HMG-CoA
epididymal fat weight was not significantly change in experim

extract (300 mg/kg, PO), n=10), and Experimental group
(500 mgfkg, PO), n=10). It is to analysis changes in body
reductase and histological findings. Body weight and
ental groups (p>0.05). The level of total cholesterol, TG,

arthrogenic index, and HMG-CoA reductase were significantly lower in experimental groups than control group
(p<0.05). These results suggested that the Shiitake mushroom extract administration may act by inhibitory the release
of cholesterol related factors and HMG-CoA from the hepatocyte without liver and kidney cell damage in hyperlipidemia

rats.
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P2 FHIH o] lipoprotein lipased] <3l A %o] 3=
% LDLE 5ol n, VLDL £H #ae 8% FH=HE

T #AE ALY m NEFFAA Acetyl CoAE
3-hydroxy-3-methyl glutaryl CoA(HMG-CoA) reductase®l 2|3l
ZY 2" =L At wglA HMG-CoA reductase EAE <}
A7 ieﬂ’\‘;ﬂi g7 71del g B 5 g,
dury Az AR ASY2HE A, AT =
ato] ARE st

Ao oFE X5 EF
A85E 93 HMG-CoA
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= 2] (hepatotoxicity) % 5 %(myopathy)

7?"17]71 “H$°ﬂ OIE%Q 78—%- 1 o 1

L ol

o)
AN

mE
ﬁt’
il
frtt

ol statin

Rl

reductase

B =48

FYZHE FES WF7 =TT

TETE=E RT

A
L

%9 stain ¥
I 2L 938s
Y2 ES o

E]_lS .

grolstoll A A (lipid)& 878 43
o}
=

A2 AL A 01 WA Ferek

[}

At

>

>
2
o
Y
)

247 FAS AYTH 75l
]X]E =] 3t312}, poloxamer-407-& ©]83 1A PF
o] A o] Al AlF 2 AZALe] #ojste
HMG-CoA reductase 84, 23 38t7 H3lo] 3t HZS
QAL 28 vl @] sl Lol Al &

ol
=

o

)\

1. X189 F&
B A ALed

FaA
= A7

Aze &

A

T

|23
=
el

=
i
A

o

(Shiitake mushroom)-&
T AujE HAeZ FAAZI F 32 mesh Y2
B 82 AMEs HA 1 keoll 3,000 me2]
A 7)sko homogenizer = 1087t vhaj3le], 244

A 3

H
2

of
-

1=}
R
=

[S)

E_—
RIanTA

o

il

o}
T3

=
=

e}

2, mlm_&

00

ol
Ju
S

€
12 FE3AT ol oA

FEy o wyog 23 &

9 QEA F

e ooy R

a
A

=
=

bkl 13 %

=
¥
12

-ped
S 5 AR o]F FEAAL JALYEFIIZ 50T
EAM Y FFt] AR F 2 AFo d8s 7
2 3 Mzt ALgEtATh
2. 4¥FE

2 Aol M= AFo] 150-160 g2 Sprague-DawleyAl A
6FH, &4, EAIAL) 50 HHEE AMEStAoH, 1599
A A 7S AR F ARESIAT AFSAEY 2R 24~
26CTE 34 om, =& 50+10%5 FASATh BLF71E 12
AlZEe 2 sto] ARl JElE AE 7z B A A
stth S FHdte T Aol duk ¥ AIEE AHEEHS
o 2 A AeE A5 ES A E A5 B A
oot AFeRon, AU APFE GEALI ] A
£ AA Ak
3. AXNEF

Poloxamer-407-2 1A &% (hyperlipidemia) fr= ¢FAZ A}
2510123 )t} Johnston & Palmer?e] W] wel 1A E=

fr= Z el Poloxamer-407 (Sigma, St Lois, MO, USA) 300 mg/kg
S AP AR 2AF e, 244 7F B 4~5T BE F 5
W (intra-peritoneally) A3} th.
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Z 8 28 E(Total cholesterol)
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= Cholesterol reagent (Bayer,
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21 7)(RM 2060-18 Eltec. Co., Italy)Z AH&-3te] 435tk o) &
AARGE ENZE 3o, 59 7% 84§ (athrogenic index)E o} <}
T FAe o3 Aech

Total serum cholesterol
Total serum HDL-C

Athrogenic index=

AST (asparatate transaminase), ALT (alanine amino-
transaminase) 4= AL £4 545 93 A HELITECH,
Division of SEPPIMSA. France)©.Z AJ3}3}H4 7](RM 2060-18,
Eltec Co. Italy)E AH&-3te 43}t

~

o

7. 2t9] HMG-CoA reductase X T =3

43 F8 § APTAAM S AHHs A, 4TA 1 g7
buffer A (50 mM phosphate buffer, pH 7.0, 0.2M sucrose, 2
mM DTT) 2 mM< 7}t Sonicatorg ©]-&-3te] o233t
3L, 15,000 xgoll A 1023t A4 EE]ste] 443 S 100,000 xgoll
A 607 Al YA EEIE & A2 microsome pelletd buffer
A (50 mM EDTA)E 1 me# H7tete] AlHskar, oA 100,000 xg
oA 6027t YA E25HA T B2, microsome pelletdl] buffer B
(pH 7.0, 50 mM phosphate buffer, 0.1 M sucrose, 2 mM DTT,
50 mM KCl, 30 mM EDTA)S 3 m(, H7}3to] w233 & whs
AZEE °1F 100,000 xgoll A 6027+ 4 Ee] sl Fsds
gt & cuvetted] 0.5 mM phosphate buffer (pH 7.0)2} 20 mM
DTT 100 xf, 3 mM NADPH 100 (& #7}8lth 37 CTellA 10
A28 & 3 mM HMG-CoA 100 uZ 7}
sted &4 g AZ FAG 340 mol A FR = WskE Felst
Attt HMG-CoA reductased] &AL tf2 2ol osle] A4ls)
#th. HMG CoA reductase activity(%) = (Sample O.D./Blank
0.D.) x 100

3t pre-incubations

Fe 4 wigE %%0}7] ate] HetHow B

5 TS HEHA, 23 2
grot A9 Jﬂr’(qo AA sgAa BE5S A
Astdtt. AZE Bl AEF(paraffin block) P AA 7]

a7

(Sakura 2040, Japan)E ©o]|&3}ld 5 um FAZ Hug Fo
hematoxylin#} eosin (H & E) @48 A3t &eo]=& A%
9tk 3831 % (Olympus Bx 50, Japan)S o] &3] &7
o] 25 CCD 7}v #H(Toshiba, Japan)Z &3 § 7} =4 A
2o WAAE, ¥H WIE dFeoh
9. BAA

2 AR 72t ZAge H £ TFUAZ Yo, o
T BASA £4& SPSS 18.0 ver. & AHEEHTh thEHI A
& B35l BAE HASIHA, Levene tests 53] #Absd
AE& AFSAT Y A A B EL FAE FEAY
745 AYLEAEH(one-way ANOVA)S AAEQ L, AHEHA

ERdeA RuMA FF

(post hoc) Tukey’s multiple range testE
o fol4E BAAGL, & AVET 798 AFE A9
FFL a=0.052 AA3A

2 3
1. AFTY AF 2 WAL FA HsF

4537 FuuA FEES SEHEE B 3 ASY YA
W FA wsts #Es At APTEY Aee AF AF A9
AT FAu Rl A 23025+1050 g, HFUZFH(IAEF
Tl A 231504650 g, AET [(EIHA FEFE 100 mg/ke
FolF)e 229.80+9.80 g, AP M(EZHA FFF 300 mg/ke
FoF)E 230.74+1055 g, AP MEIHA FFE500 mg/ke
Tl ol e 230404890 gO. 2 BT HsEldon, 43 7
ol AFL ANUNRTL 27838+1562 g AIUx

53
AT
274.65+11.05 g AT [ 272601955 g AIT O=
272.02+6.48 g, AFT MAME 270.508.70 go & AFL hx
ol s ZastR o, AFT T KA Aole HolA &
H(Table 1).

x2

FaWA FEE] vEE Fojd mg ufFee ERyY
A FAE Bl AFh=Table 13 2ok WAL FA =
AR T 3.254045 g, AN Z T2 3.08+0.68 g, AT [
3.02+0.50 g, AT ME 2954044 g, A M-S 2.950.65 g©
2R A A AFE o Zpole HolA] ghsktt

Table 1. Effect of Shiitake mushroom extract administration on body
weight and visceral fat weight in hyperlipidemic rats (g)

Contents  Initial body Final body Visceral fat
Groups weight weight weight

Normal group 230.25410.50 27838+15.62 3.25£0.45

Control group 231.506.50 2746541105 3.08£0.68
Experimental

group 1 229.80+£9.80 272.60£9.55 3.02£0.50
Experimental

group I 230.74+0.55 272.02+6.48 2954044
Experimental

group I 230.450+8.90 270.50+8.70 2.95+0.65

All data are expressed as mean+SD.

2. 8% AABA AR X E 9F
A EZFA FaAlo]l €3 of AE #d A T2
28 E(TC), FAAYTG), LY =Ae(HDL)S #23 27}

Table 29} Zt}. FF8 £H E(total cholesterol)> A7 dlx+
o] 4565850 mg/dl R, AATETo| 8240825 mg/dlE A4
ol Fog FH2EHE FA Y
£ HAtHp<0.05). 2T+ & 68.30£5.20 mg/dl, AP O
60.84+6.30 mg/ dl, A F T M- 52.60+4.68 mg/dlZ FE WA
EES TG AP EC] IAIF S FES ozl vl
44 A FIFHzEHEC] TASIATH(p<0.05). FAEA
(triglycerides) 8ol Zto] 60.54+6.80 mg/de, AP o)=to
84.42+754 ng/ 2 AN ZT vl AFREFAAN F
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T 1°] 76.50%6.80 mg
o

3
T < 65.82+5.92 mg/

mg/ 02 YERY gz HlsiA A@dixde] o
HDL 747} Yebth(p<0.05). 23T 1 30.20+4.22 mg/dlE
Hastgod, o Aolrk uA| AP+ e
34.386.94 mg/d(, AFT ML 38.70+4.50 mg/ 2 VER} 2
gz Wy oA HDLY 747 eyt
(p<0.05)(Table 2).
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Table 2. Effect of Shiitake mushroom extract administration on the
serum lipid level in hyperlipidemic rats (mg/d?)

Experimental Total . . HDL Athrogenic
group cholesterol Triglycerides cholesterol index
Normal group  45.65+850 60.54:16.80  36.50+4.60 0.25:0.06
Control group  82.40+825° 84.42+7.54* 28.25+2.08° 1.92:+0.12°
Experimental b b b
group I 68.30£52° 76.50+6.80 30.20£4.22  1.26£0.10
Experimental b b b b
group I 60.84:63" 69.30t4.86° 34.38:6.94° 0.77:0.14
Experimental b b b b
group I 52.60£468° 6582:592" 38.70+4.50° 0.3610.02

All data are expressed as means=SD. Superscripts denote significant differences (p<.05)
between each groups.

b7 Ea GgE golr
e 53 AST, ALT HMG-CoA
HASI AT AST= Adwol 96.248.4 1U/L
166.5+10.4 IU/LE f23HA 7=,
AFF 12 1324485 IU/L, A4F+ O+ 123549 1U/L, 43
T M-S 994+ 102 [U/LE Bzl Hlal a4 Zastgct
(p<0.05). ALTE Aol 56.0+46 IU/Lel HlEle thzde
742468 IU/LE fFostAl F7t=en, 437 12 65.09.0
IU/L, 23T O 62.89.6 IU/L, APT M-S 60572 [U/LE
gzl HE EaMA FEE 5T AdPFENA FY3HA
7+22 349 TH(P<0.05)(Table 3).

7Fe] HMG-CoA reductase®] A% W3S A23 A3t 4
55.0+8.6%, &I 954+12.0% 2 FANZTo Bt
A froe 2712 Bygon, AFT 1L 758+15.6%, 2
OE 655+14.0%, A3 7 M-S 592:82%% thzTol Hls|
HMG-CoA reductase FAHT7} FaHA 7433 th(p<0.05)
(Table 3).
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Table 3. Effect of Shiitake mushroom extract administration on the
liver enzyme in hyperlipidemic rats

Grous Normal ~ Control  Experimental Experimental Experimental
P group group group I group I group I

AST(IU/L) 962484 1665¢104° 1324+85° 1235:49°  994:10.2°

ALT(U/L) 560446 742:6.8°  650£9.0°  62.8:9.6°  605+7.2°

HMG-CoA

reductase 55.0£8.6 954+12.0° 758£156°  655:140°  59.2:82°

activity (%)

All data are expressed as means=SD. Superscripts denote significant differences (p<.05)
between each groups.

A

Fig. 1. Effect of Shiitake mushroom extract administration on the
liver tissue in hyperlipidemic rats (H&E stain, x 200). A: Normal rats.
B: Hyperlipidemic rats induced with poloxamer(P)-407. C: Hyperlipidemic rats
treated with Shiitake mushroom extract (100 mg/kg, PO)). D: Hyperlipidemic rats
treated with Shiitake mushroom extract (300 mg/kg, PO)). E: Hyperlipidemic rats
treated with Shiitake mushroom extract (500 mg/kg, PO))

A C

Fig. 2. Effect of Shiitake mushroom extract administration on the
kidney tissue in hyperlipidemic rats (H&E stain, x 200). A: Normal rats.
B: Hyperlipidemic rats induced with poloxamer(P)-407. C: Hyperlipidemic rats
treated with Shiitake mushroom extract (100 mg/kg, PO)). D: Hyperlipidemic rats
treated with Shiitake mushroom extract (300 mg/kg, PO)). E: Hyperlipidemic rats
treated with Shiitake mushroom extract (500 mg/kg, PO)).
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(i)l A=, F9 o e HDL# & LDL, TG % TCS
AREGY. ole #AFH Adn ﬁﬁéﬁéﬂé(cardlovascular

diseases; CVD)oll BHE #&o] gl 917 Ao, v = W
A Q1T F 31%7F A EF(hyperlipidemia) S 7RI 3= A
© 2 NHANES(1999-2008)¢ll 4] ZAME Qlom, o]t 1APF
o 9&& FE FAANTG) 1= A9 4% 150 mg/dl ©]
Zgold, tiAE a0l 2u) o] FUhetE AR HilH
AT = poloxamer-407 FHE 53 nXEF 5=
283, WA FE2E FAV AF, A2 #d B4
v Gl s zASHATH
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OFE 9] FLo 9Ed Y, 1ZYAHEY IXIZS §
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ER LH A4L SH2EHE, TH4AY s
(free fatty acid; FFA)2. 2 F4 5 o] 3lom, o] Ahijde] §
Bz d85 we Fedyr, A2 4T 9o Eddos
el 4 EAS Yo A wEs 8% Ad B
HA3] FA L, 27 LALFTS ARSGES WA= A
e Fast®. ZumAle oy fa B2 F @4
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HMG-CoA reductase= 7HllA FH2HE tALE 243}
© 34EA ZH2HE ALY BEE 3‘_@_3}% AA}ol e
HMG-CoA reductase®] A= A3k 7HollA &
Ae AL W Fe2HE 55
S FHIA —E%ﬂ% LDL §§A7F 24 = %?JQE
Szt wal A HMG-CoA reductased] A& 1A P=
ofvel FHASE ]BJ?‘}—T’— AgstedE e,
lovastatin?} pravastatin® HMG-CoA reductase®] A& %3
ZH2HE FHS JAlstE Fo R Bol AHEE
U &% il E&F0)A X3t BAEo] Wol A uAdEF
< gAE7] g8, g A8 A7 I FolTp B AN
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