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Anti-hyperlipidemic effect of Agaricus brasiliensis fruiting
bodies in rats fed with high cholesterol diet
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ABSTRACT: In this study, we aimed to investigate the effects of dietary supplementation with fruiting body of Agaricus brasiliensis
(AB) mushroom on the lipid profiles of serum and histological patterns of liver of high cholesterol-fed rats. Five-week-old, female
Sprague-Dawley albino rats were divided into three groups of 8 rats each, including a normal control-diet (NC) group, a high-
cholesterol diet (HC) group, and a group fed high-cholesterol diet supplemented with 5 % powder of Agaricus brasiliensis fruiting
bodies (HC+AB). Total serum cholesterol, low density lipoprotein (LDL), and triglyceride (TG) concentrations in the HC+AB
group were significantly reduced when compared with those in the HC group. Body weight in the HC+AB group was
significantly lower than that in the HC group, whereas no adverse effects were observed on the levels of plasma albumin,
creatinine, blood urea nitrogen, uric acid, glucose, and total protein. In the HC+AB group, liver enzyme activities related to liver
function, such as GOT and GPT, presented values lower than those in the HC group and were very similar to the ones in the NC
group. Excretion of total lipid and cholesterol in feces in the HC+AB group was significantly higher than that in the NC and HC
groups, indicating that mushroom feeding inhibits the absorption of lipid cholesterol in the intestine. Liver histopathological
analyses revealed that rats fed with HC diet developed fat liver disease, whereas only small amounts of fat were deposited in the
livers of the HC+AB group. In conclusion, the results suggest that fruiting body powder of A. brasiliensis provides health benefits
to high-cholesterol-fed rats by lowering body weight and the risk of atherogenic lipid profile.
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Al Agho] Wgsh= ARl = o] 150l HtaL S
HH o] FFY2HE, AU E=A A (LDL-cholesterol)
2 FEAe] STkst] Yehe IA g0l F8 A
2 4eA 3ith(Jang and Park, 1995). X 2EHE I3
e SHXHE B2 AR AFe A3 2 &
Axlo] Jlom 53] T2 E3A ok HH= €%
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o] FEYZHEY FEE T AIRA AL NES
of] 714 AW-S IAA7IE a”le] Hrhal BiE o 9}
TH(Spady er al., 1993). JA7HA] IAEFLS X F3517] S

A e At olRold Sl e AZE ook
Ao 31580 W 089 ¢
A GSol el 37 = FARgo] 14—3— A
o] g3 Ao]aMe NFal= s Sojual 9lrk(Yao
and Mackenzie, 2010).
HAle o ) BEskE ) v 719 59|
feo} QU BEG 3} kg 2k Qo] 7154
) W ohe}, MZ7. YUY, BY
9% S| Rl EspL WEAEA A% 7154
7 9 2R ool e Th(Molitoris,
1994; Wasser, 2002). WA (Agaricus brasiliensis)
G (Basidiomycota)®] FEHAE (Agaricales), T
BT (Agaricaceae), TEHAE (dgaricus)ol &3t
2 &Aoo R Hapd ofulE A A9 A3 Al 2}
sk ofdl Ao R R QIFAulel AdFgt o] %
A&, g, TS AR dE| AEZ ATH(Mizuno,
2002). A7 W&zl AREHAL] Fa Ae 2483
e TS, WIS, e, ddtetare, X
N a3, vRA a3, 189t 5 vhkst el AN
ol 3k Uehle A= BuH glojA A7z
AEFO R o]fo] JFsdle] Yo7 1 Be Frte] AT
7t Q8 Ao g AL ET(Seo, 2003; Choi ef al., 2004).
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2 AFole 45782 U7 2 F (Sprague Dawley)E
(F)Hhle] - (Eumseong, Korea)ZH-E HEofuto}
ALEE AlolR|oA dukatg g 1FY7F Z$A7 & 7+
A3 8utEd 3709 ZFOE Witk A A
3l 2]o]= t)Zw*(Normal control diet group, NC), L&
d2=H| & 20|+ (High cholesterol diet group, HC), 2=
g 2HE 2olol ANHMA (4. brasiliensis) AHEA EES
5% 75k 2ol (HC+AB)S2 Uro] 657 ARS-3HS
Oh AR 717F S AR Y] 2R 2382°C, R 50
~55%= AR 12417 F71= W9 (07:00-19:00)S
s Ao, B3 AlRE ZAHT 48T ALEA
HAFH AT viF 13] S8son e 438 A
et sEA TR L3 A Jzste] st

B Ao ALt A BE WA (Agaricus brasiliemsis)2] A}
= A& AF deprdelA Fdst] 50°Ce =%
7)ol A 48417k 5—3}04 EHske & -20°Ce WE
Aol AHg-sk3dTt.

F_\IL

Ao[M=

B2 g 718 2ole] AL AIN-939 wel A=31
tH(Reeves et al., 1993) FHY=HZE 2]o]= 7]E2] o]0
247} 1%2] 2 2E23 10%2] 5 (Soybean oil)S
A7keted Azsion, AlEwAle] AA A7t ol=
IFHZEE Aolol] 5% T ARHA A e
A 7¥ste] (HC+AB) pellet FE]9] AlEZ ZAISH & A
S5 FAsIAtH(Alam er al., 2011). A& A3 3
2] o] 7492 Table 15} 2.

14A17J e d4

gk % 3,000 rpm
ol A 15f7i 4c<>ﬂ*1 zﬁv‘i—ﬂ%@# g% 22 § -80°C
o] WEie] ®Hste] A /\F‘lo}"jt‘r. g7349] total
cholesterol(TC), high density lipoprotein cholesterol
(HDL-C), low density lipoprotein cholesterol(LDL-C),
triglyceride(TG), glucose, glutamate oxaloacetate transaminase
(GOT), glutamate pyruvate transaminase(GPT), alkaline
phosphatase ALP), total protein, albumin, blood urea
nitrogen, creatinine, uric acid®] &%=+% Hitachi 7180 =}
FA)sleE4 7] (Hitachi technologies, Japan)oll Sekisui

Table 1. Composition of the experimental diets

Ingradient NC HC HC+AB
Corn starch 549.5 439.5 389.5
Casein 200 200 200
L-Cystine 3 3 3
Sucrose 100 100 100
Cellulose 50 50 50
Soybean oil 50 150 150
Vitamin mixture 10 10 10
Mineral mixture 35 35 35
Choline bitartrate 2.5 2.5 2.5
Cholesterol - 10 10
Mushroom powder - - 50
Total 1,000 1,000 1,000

NC, normal control diet; HC, high cholesterol diet; HC+AB, high
cholesterol diet supplemented with 5% Agaricus brasiliensis fruiting
body powder.

Mineral mixture; AIN-93G mineral mixture(Reeves et al., 1993).
Vitamin mixture; AIN-93G vitamin mixture(Reeves et al., 1993).



AH(Sekisui Medical Co., Ltd., Tokyo, Japan)2] A]¢F2 A}
£35to] 243 T 597 31447 (Atherogenic index: Al)
= Haglund er al (1991)2] Wl wal Al = (total
cholesterol - HDL-cholesterol)/HDL-cholesterol 2] ©]
&l stk

Zto| ZE|&E 2
A A F 7 29 Aol 0°CHH AT F

T4 AH7E AHEEk 5 ume] FAIZ vPEeE F gelatin
o7 %W Aeld Srfe|=of FRA T o] SEto]=o
phosphate buffered saline (PBS) &% 7Ist & F4°
propylene glycol &l 2387+ M 3L 0.5% oil red O
g A7 B AAEATE. o] F 85% propylene
glycol &4l 1327k ZHEAIAL S/TFE F W AIHE
% polymount= &-43te] FsHn] 4 o= X100 X400
o] v &= H&s th(Kobayashi ef al., 2004).

Ho| EX|Wut S AHE | £

2lo]e] g & AlAFet 353 424 Afolof| Zhzte] A g
0 WS wol Wol TR SIS & S5t
Sk Az H 2 1 g2 chloroform: methanol (2:1)
£ 20 mLE g 25°CollA] 3A17F 59t shakingdt + 1
2} o353tk thA] chloroform 15 mLE Yo 5Y %
Z1elA overnight shakingdte] A& FE3F & o3}
o 1x} o3} et FE53 T TALY FqFS S
3l th(Folch et al., 1957). Y 2=HZE g 9
d3k WpHo R FE3 T cholesterol oxidase kit (Asan,
Pharmaceutical Co., Seoul, Korea)S ©]-&-3}o] =431t}

SHXE|

B AFoME= 33 o)de] A48 A3E mean + SDE
Yehflem, SA= SPSS ver. 11.5(SPSS Inc., Chicago,
IL., USA)E ©|&3aldtt. 7+ & 7+e] S %] ¥]2LE one-
way analysis of variance(ANOVA) testE AAJ3F &
Duncan’s multiple range tests ©]-83l p<0.05 F~<ll
A AR freldS dEstith

zn 2 1%

HE, Mo|MzE L Mol &8

A2 21o](NC), ALZ#|=HE 2o (HC), AT =H &
2lojof AHWMA AAA BHE 5% FEoZ HUe 4
O] (HC+AB)E 424 7+ A s AFe] AFHs), 2ol4
g 2 o] 58-S Table 201 YERAATH HC2] 71A)
T AZF B F7HES 15325 g2 NC2] 140 goll
vl 9.3% S718IA BAIHSZ /59 (p<0.05)8.2H
HCH+AB9] A|ZFL 137.63 g0 & AAF2 o] o) nlaj v
Ao o5 7k FAAL] oA gttt AF7

AFHEHE 2ol golol] o) A PFo| FEE AF ] AFHA LAY FuAEF &7 120

Table 2. Effect of Agaricus brasiliensis on body weights and
food intake of rats

Parameters NC HC HC+AB
Initial body weight (g) 102.50+4.22 102.75+5.77 102.63+3.64
Final body weight (g) 242.50+4.67 255.14+6.54 240.25+4.35

Weight gain 140.0042.51* 153.25+1.69° 137.63+2.55°
(g/6 weeks)
Total food intake ) o g )5 676.6348.18" 640.50+5.22"
(g/6 weeks)
FER 0.1940.01°  023+0.02°  0.21+0.02"

Results are means + SD (n=8). Different letters in the same row indi-
cate significant differences at p<0.05 as determined by Duncan’s mul-
tiple range tests. FER (Food efficiency ratio) = Body weight gain for
experimental period/Food intake for experimental period. NC, normal
control diet; HC, high cholesterol diet; HC+AB, cholesterol diet sup-
plemented with 5% Agaricus brasiliensis fruiting body powder.

7+ % Aole] HAFFE JHAl F NC7F 7P B 7455 ¢
S AFsY R, THS o2 HC7F 676.63 g AFH st on,
HC+AB7} 7P A& 640.5 g& AFstod HCSE NC 5
Hlal] 2oldF o] folshAl REATHp<0.05). ZHzke] A
ge] 2ol &84S NC(0.19)7F HC+AB(0.21)el s}
HC(0.23)7F f2l8kA =%t (p<0.05). Koh and Choi
(200)= FHZHIES 1% T3t SEZHE 2ol &
F3t2e] AAA BLS 3% F7E 202 A3 IF
o] AFS7HEL FEZEE H7E 2o BlE) feleA W
TEote] AMEA B g7t FF 9 AT TS
AAsle T Yok Bsdeh, WARRE AL 3
of 3hf¥ B-glucan 99 E9HS FA|8kaL, A
RS TTHA A FE AAAA FH AF
7} 4 @37F Avke Ba% uk(Park er al, 2009).
2hx] 2 Ao o] AT Aol FARSHAl A=
A AEA e FHE th R, ARa 9 71EF Aol 2
o] 2olg&d¥ AST7HE AN Ao E AtsH.
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FEFY2HE 2ol 5%2] AHFMA 2 A
7hek 2ol 6577+ Foidt 3F o] ¥A AFS B4
2 ZAE Table 30 YeRITH H o T~
HE s%= NC® HC+AB7F 22t 96.25 mg/dLe} 99.5
mg/dLE HC2| 119.5 mg/dLol| Bl zHzt 24.2%9} 20.1%
Lol BAH R {25t (p<0.05). ¥ HDL-F4
2HE9] F5E NC, HC ¥ HC+AB7} 742} 36.13 mg/

qe AH, JAAA, AFA]
WA 5o 2 FAE] oL, AT o] e 2 IS
Tl eEoE dsit, XF e A Ballo] B ol
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Table 3. Effect of Agaricus brasiliensis on plasma lipid
profiles in rats

P?;?;‘gi‘;rs NC HC HC+AB
TC 96.25+4.32°  119.50+8.44°  99.5+2.45°
HDL-C 36.1343.82  36.75£2.63  37.25+2.17
LDL-C 11754179 20.38+2.23°  1325+2.11°
VLDL-C  4838+7.23'  62.3849.63°  49.00+2.74'
TG 57.75+3.03 80.25+5.17° 48.13+6.13"

The values are means = SD (n=8). Different letters in the same row
indicate significant differences at p<0.05 as determined by Duncan’s
multiple range tests. TC, total cholesterol; HDL-C, high-density lipo-
protein cholesterol; LDL, low-density lipoprotein cholesterol; VLDL-
C, very low-density lipoprotein cholesterol; TG, triglycerides; NC,
normal control diet; HC, high cholesterol diet; HC+AB, high cho-
lesterol diet supplemented with 5% Agaricus brasiliensis fruiting
body powder.

dL, 36.75 mg/dL, 37.25 mg/dLE JER} 7t AEF 74
EAA FoAde itk 842 LDL-ZY2HE

= NC7} 11.75 mg/dL, HC+AB7} 13.25 mg/dL, HC7}
20.38 mg/dLS YER] NCS HC+AB2| LDL-Z#|2:H)|
Eo] HCO Hlal 242t 73.5%9}F 53.8% Yo} HCol <]
(p<0.05)3HA] R9ko} NCF HC+AB 7+e] #2942 ¢l
Atk NC& HC+AB 7F &% ¢] VLDL-Z#2HE 33
& 717} 48.38 mg/dLF} 49 mg/dLS UERY o|E Ad+
7re] folAde Qe HC# (62.38 mg/dL)ol BIafA
B5E oA Btth(p<0.05). @FH o SAAY FEE
NC7} 57.75 mg/dL, HC+AB7} 48.13 mg/dLE HC9]
80.25 mg/dLoll vl 242t 39%$} 66.7% So}, NC& HC
ol Hla] 2] (p<0.05)3}A ke | HC+ABE HCOl H]
3 =] v o438 HAT(p<0.01). EH XA F
=t = STk B 7FeAol =2 A8 A
3he] #1322l TSR (ADSF LDL/HDL ratio= Fig.
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19 FAEATE. EWA SR = NC7F 1.66, HC7} 2.25,
HC+AB7} 1.68& YER NC¢ HC+AB7F HCel H]&l
frolahAl Yk (Fig 1A), LDL/HDL ratio= NC7} 0.33,
HC”} 0.56, HC+AB”} 0.362 YERY HCo| Hls| NC<}t
HC+AB7} 2131 @kth(Fig 1B). wetr IZd 2|
2lojof AHWA AAA LS Hrle] Foid AT
AEAA Ago] AT 7FsAdo] W2 AR e
Al A E AEEEC 9T B9 FU2HE
Mol Aslele axtel gk A8 Atolls A} oL
H2HE 2ol “ElglMAle] Ed-g H7ste] Syrian
hamsterd]] F93t9S o H <] FH2HE s=7F 7<)
Al Ao (Bobek, er al, 1991). 7 2ol 21.5%
o] =X (lard)E37FeE IA A olo] F7H= WA =}
AR FE2ES 1%, 3%, 5% TEO2 HUISE Aol %
Ajsted C57BL/6 A AJF (mouse)oll 1257 Fod&

A, & ZE2HE 2 LDL-FE2HE0] 1A
Walolg Fogh Agtel vlal] folsiAl Haste] A4
2olg Fogt Agy e a3E Yeplta 2as)
ATH(Lee, ef al., 2014). 87 2ol 1%¢] FH=HES
71t AFH 2HE 2]olof] 3lEo] B 5%E st
A FA 477 FAS A3 Ao FEFY=HES
AR Tt foeA A E ole xo
Aol FHE B-glucano|tt 71ERS] Aol <] F2H|
£33 FAAEES AaAR Flolgkal B ekt (Cheung,
1996). Wb AHMA 2ApAA] B2e H718E 2olE F
o8k FF o o T AHF=7F NC9 Al A 3]
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Fig. 1. Effect of Agaricus brasiliensis on plasma low density lipoprotein (LDL)/high density lipoprotein (HDL) ratio (A), and
atherogenic index (B) in rats. Results are means + SD (n=8). Different symbol indicates significant differences among groups at
p<0.05. NC, normal control diet; HC, high cholesterol diet; HC+AB, high cholesterol diet supplemented with 5% Agaricus

brasiliensis fruiting body powder.
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Table 4. Effect of Agaricus brasiliensis on plasma biochemical
parameters in rats

AHEWA LA JuAES T3 122

Table 5. Effect of Agaricus brasiliensis on plasma enzyme
profiles related to liver function in rats

Parameters NC HC HC+AB
Albumin (g/dL) 2.80£0.12  293+0.15  2.79+0.13
Creatinine (mg/dL) 0.58+0.03  0.61+0.02  0.59+0.03
B1°°d(‘r1;;?d'£i)tr°gen 17.81£0.38  18.26£0.64 18.0620.63
Uric acid (mg/dL) ~ 1.94+0.14  2.05:0.17  2.03+0.17
Glucose (mg/dL)  129.25+6.20° 139.50+5.34° 128.25+4.35"
Total protein (g/dL)  6.50021° 7.1140.19°  6.55£0.27°

The values are means + SD (n=8). Different letters in the same row
indicate significant differences at p<0.05 as determined by Duncan’s
multiple range tests. NC, normal control diet; HC, high cholesterol
diet; HC+AB, high cholesterol diet supplemented with 5% Agaricus
brasiliensis fruiting body powder.

2 A3golth. B o], AFHZHE 2], AT 2H
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frelabdl RATH(p<0.05). Wb ALZHZEE Aol
AN ALAE 71 2eolE AR dFe &
HEo] AR Ql8f o7l w2 g A Fwvt
NCo} 22 A=l 502 Yol 2oz Helt),

fu
>
o

>
2

¢

A

-
O

o o k4 o wu w

ox
flo Lo

EEHo| ZIME 7|5 X|EGA2| &Y B4

GOT, GPT ¥ ALP+= 7HIA A= GaolH, do
el o] gie] Fwrt S7ksH HHE, ole 7kl 4
oy} 7H43s} 5o H3o] BAE= A& YER= X 3Eol
H 2= Fgo] TAY 5l = vERdTH (Qu, 2012).
ALP &4 UoA Q1] §F ol #shk=s 4=
= A3, 73 g oY FS Sol TS "ol €4
o] Z7}3tH(Ma and Li, 2006; Zou et al., 2006). = 2
Yol Al ZF 2lo], A ZH ZHE 2lo], AZH ZHE 2 0]
o 5%%2] AlFMA AR B HUIs o5 7zt
677+ B F ] FAgt F 7 mX= a5 AR $
&) 7+ 7153 BHo] = GOT, GPT ¥ ALP 52 &4
A4S =43 T Table 591 ®EAISAT. GOT E4&
NC, HC, HC+AB9IA z+z} 75.50, 80.88 78.38 U/LS L}
BRI GPT &4 717} 49.25, 57.25, 52.38 U/LS K
Ao, ALPE ZH7}; 302.75, 381.88, 306.75 U/LS e}
Wtk w2 GOTSF GPT 249 42 NC, HC ¥
HC+ABOIA B5F fARE 55 YER oY ALP 84
o] &Ae NC#3 HC+ABT©| HCol vl f2l3HA

oh
=
[s)

Par(%rr/lgers NC HC HC+AB
GOT 75.5044.56  80.88+4.57  78.38+2.74
GPT 49254406  57.25:2.82  52.38+4.30
ALP 302.75+16.28' 381.88+13.82° 306.75+10.62"

The values are means = SD (n=8). Different letters in the same row
indicate significant differences at p<0.05 as determined by Duncan’s
multiple range tests. GOT, glutamate oxaloacetate transaminase; GPT,
glutamate pyruvate transaminase; ALP, alkaline phosphatase. NC,
normal control diet; HC, high cholesterol diet; HC+AB, high cho-
lesterol diet supplemented with 5% Agaricus brasiliensis fruiting
body powder.

Wkt (p<0.05). Kim ef al (2008)S AW 2]o]o]
WA AR B 5%E et AR 85 +
F 49 GOTS} GPT s& 47 24 4]
7Kgk Aolto] AW AolRks Foigh ol H]
GOTS GPTY ®m7l B% 7+Asl9owW GPT B2&
IAGNRS FoIst Aol vlE] AR {5
stk Rasisith 2 AgolA GOT9 GPT &
29 35 NCS HC+AB7}F HCOl B8] @otont 4
Aol oS QY ALP &40 F=oAwr NCS
HC+AB®| =7} HCOl Bls] felshAl =AUt whehA]
IFY 2HES Folol o) ol 2F 7He] ALP &4
FTEE AIEWA A A) Bke] Fojo o3 gadle] F
o]0] o8 1A% Ao 7 et

AHA o] TS HUEE AolE 747t 677 wog 77
o] AF7} wiEe o] TAAY SHZEHE FFS 24
&tod 2 AFE Table 60l YERHITH B1E Sal wiEd
EFA o] e NC#, HC#, HC+AB#o] 747t 18.7,

50.4, 59.7 mg/100 g& YER o] HC+ABo] W& &
A Aol o] NCell s A== fFolshA =%

0.01), HCol| BlsAl= FelshAl =UTH(p<0.05). M-S
ol mEE TEuLEEY] = HC+AB(12.2 mg/
100 g)o] HC(9.9 mg/100 g)ol| vl BAZHCRE &
2]k o (p<0.01) NC+(3.2 mg/100 g)oll Hls|H = =
=9 Fo4 JA = (p<0.01). E 43 A3+= Yoon
S (2011)°] FHZEIE 2lold] 5% EZ=ElHA 2t
AA EEE Hbst 67 AR DF7F HoR wjdst
FTAA FFE2HEL] ol B Aol FY 2|
Ete] vlE) frelahA wohths Bk dAsisint. uet
A AFEHA ZAEAE e Adae] W A Fe s
HE wjAdeo] A Frie A AAA FrE T8

2R sk vdRTE A-e 2Eket F4E AelA
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Table 6. Effects of Agaricus brasiliensis on fecal total lipid
and cholesterol in rats

Parameters

(mg/100 g dry feces) NE HC HC+AB
Total lipid 187404 504+1.3°  59.7+1.4°
Cholesterol 3.2+0.2° 9.9+0.2° 12.2+0.7°

The values are means + SD (n=8). Different letters in the same row
indicate significant differences at p<0.05 as determined by Duncan’s
multiple range tests. NC, normal control diet; HC, high cholesterol
diet; HC+AB, high cholesterol diet supplemented with 5% Agaricus
brasiliensis fruiting body powder.
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Fig. 2. Effect of feeding Agaricus brasiliensis on hepatocyte cells in rats. A-C, oil red O stained photomicrographs at X100; D-E
photomicrographs of oil red O stain at X400. NC, normal control diet; HC, high cholesterol diet; HC+AB, high cholesterol diet
supplemented with 5% Agaricus brasiliensis fruiting body powder.
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