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ABSTRACT

We demonstrated that Acanthopanax senticosus fermentation products (FM-5111 and FM-5131) ad-

ministered to rats functionally protect against DL-ethionine-induced and ethanol-induced fatty liver models. In DL-ethio-
nine-induced fatty liver models, the serum concentrations of aspartate aminotransferase (AST), as well as liver concen-
trations of triglyceride and total lipid against the control decreased in FM-5111 and FM-5131 treated rats. In ethanol-in-
duced fatty liver models, FM-5111 and FM-5131 treated rats showed a decrease in the liver concentrations of triglyceride
and total lipid in ethanol-induced fatty liver models. There were no significant differences in the serum concentrations
of AST and alanine aminotransferase in FM-5111 and FM-5131 treated rats. Additionally, FM-5111-, or FM-5131-
treated rats showed no significant differences in the body weight gain between the control. These results indicate
that Acanthopanax senticosus fermentation products might have protective effects against DL-ethionine-induced and

ethanol-induced fatty liver models.

Key words: Acanthopanax senticosus fermentation, DL-ethionine-induced fatty liver model, ethanol-induced fatty liver
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Ganderma lucidum)2 ‘%Z}ﬁ' o] vt ol
/\Qi olx, 7, WY, g T ABAZA
Qo (18-20), FAX Aol th3l gtz W
2-g, dAH 274, g gg, 1AEF Nd 4
373828 ol el Barslo] ltk(21-24). F&H A
(Phellinus linteus) 2347] A&l 42l Ak, A= A
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NI UEE MM U 25
THA Q7 -G A MA g B TkA @ 7t Z7) 9} 99

HES 801200 ZRFshla, 7HA e ke - Al a
=& M et o] 719 le] HlEo] 50: 5022 Ejta)
o AAA] 85 FuskA . AN (Ganoderma lu-
cidum; KCTC 6729)3} 75w A (Phellinus linteus; KCTC
6719) &4 A Z+= potato dextrose agar(Difco, Franklin
Lakes, NJ, USA) ®iA] el A F3}ar 28°Coll A 7Lzt vl &gt
%, cork borer(¢p 8 mm)Z AFs}o] Hit® potato dex-
trose broth(Difco) ¥l#]7} 100 mLA 55 o] = 42t
Zh2=do)] 5~671¢8 AFHE dFH=AE HFskaL 643t
Z & e 2 (SI-400R, JEIOTECH, Seoul, Korea)3+ ‘:]r%
3 7)1 (Waring, Winchester, CT, USA)Z #33}s % p
tato dextrose broth HJ%]7} IOO mlA EFH e 2
Zglmge] 9 mLE HES B 597 ) oks)e] +.;Lo§
ARESETE AAviA] AR E -’Fl‘%ol 63£3%7F H=F 4
A+E FYslr autoclaveleio tech, Daejeon, Korea)©l
A 121 °C, 2023t =9 Hat gk & wfgg7]e @3] 7hA

r—{u:

7}9] WA £39)7F 60%7F HEE A dEo s syFa
kg7 =g o2 W A7l F autoclave(Jeio tech)ol A

121°C, 4087 Hd& AAS tg 7HAeobe] X E
25°C7HA FHAIA AAmA = ARg-eFlth. 7HA 7t -
AN FFES 93 HAuH ol AR FFS 99X
&8t 28°Col A 14U 7t v stglon, 7kA| e 7ta] -7
A HaES 9 dAu o] A TS 9%H
HEskar 28°Col A 3097t v k&),

7HA Q7 -G AW A L E B 7A Q7] A S A b
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AES 60°ColA Az d5FE3
A& 2 AP ek T A8 gs] A TR eleu-
theroside B, eleutheroside E€} B-glucan®]
st

DL—Ethionined} ethanol X|g7t @& Qut

558 Sprague-Dawley(SD) rats 7S ()t kr}o]
2 % A (Eumsung, Korea)oﬂ/\i TR, dreEs 1T
A7F FEAAA A7 F Aol ALt SiTh AR
F 259 ratsE AFFRIA AL, AFSEA S A 2 A
2 oo o]l ZHFUTHEE: 22+3°C, HUF=E
50£10%, &% 200~300 Lux, B&F7]: 12412+ A5/ 12
AR 2%, ZPAIZE 8AI~20A]). AT ES 1719 AHAA

& (normal: A ¥7F )5, 1709 &4 )& (control:
ethionine or ethanol), 17§¢] %4 t)Z+(ethionine or
ethanol, ursodeoxycholic acid(Sigma-Aldrich, St. Louis,
MO, USA) 30 mg/kg F91), 370¢] FM-5111 FoJA g
(ethionine or ethanol, FM-5111-L 50 mg/kg, FM-5111-
M 150 mg/kg, FM-5111-H 300 mg/kg), 37§2] FM-5131
FoJ Al & (ethionine or ethanol, FM-5131-L 50 mg/kg,
FM-5131-M 150 mg/kg, FM-5131-H 300 mg/kg)o.&
ARt 7t o 859 ratsE FAIEUHTable 1).

DL-Ethionine A3t Zdllo| A o] 7pAl e 7by] Ba= &
THANE 93 Ald=290 FM-51113 FM-5131< DL~
ethionine(Sigma-Aldrich) Fo]d ¥} Fo 35 AFo] <
A, 2% 7 A F 63l AH fJolA G FER AT
o] 319191, ethionineS A2 GGl 2%(w/v)ZE =59
200 mg/kgo.® 7o &l

Ethanol(Duksan, Seoul, Korea) #5437+ Zdlo] A ¢] 7}
Ae7te] HEaE ga5H7ME 93 30% ethanol2 10 mL/

kgo @ 7, Q% 72 Aol mid 23] AA 289 F<t
ATFEA g9 om, AlFEH L ethanol F¢] 154 A 5FH
149 HoF QoA AFs ez AFES ¢ tHTable 1).
BEE SEATEL SEUSY sEATEEYAYIE
H 5 CBNUA-428-12-02)2] %29l 3}ol] o]Fo] AT},
Xzt mulo| ME S U M MistH 2o
Ethionine X W37t 2l AFL wjd HHA | ethanol
A7E BAl] AleL vl 13] dAGs Atel] T8 As

AE ol &3t 43t
Alglo] £7H F AlgFES ethyl ether(Duksan)® v}
Hslte] HER g s 2 HE At a2 A4

(3,000 rpm, 154%)3 & A& 3)53to] AAF47]
(Hitachi7060, Hitachi, Tokyo, Japan)E ©]-&3}¢] aspar-
tate aminotransferase(AST)®} alanine aminotransferase

(ALT)E 33+
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Table 1. Experimental groups in the study

of

Ethionine-induced fatty liver model

Ethanol-induced fatty liver model

Group Dose (mg/ke) Induction/ Duration of study (day) Induction/ Duration of study (day)
Normal non-induction/3 non-induction/28
Control ethionine (200 mg/kg)/3 30% ethanol (10 mL/kg)/28
UDCA 30 ethionine (200 mg/kg)/3 30% ethanol (10 mL/kg)/28
FM- 50 ethionine (200 mg/kg)/3 30% ethanol (10 mL/kg)/28
5111 150 eth@on@ne (200 mg/kg)/3 30% ethanol (10 mL/kg)/28
300 ethionine (200 mg/kg)/3 30% ethanol (10 mL/kg)/28
FM- 50 ethionine (200 mg/kg)/3 30% ethanol (10 mL/kg)/28
5131 150 eth%on%ne (200 mg/kg)/3 30% ethanol (10 mL/kg)/28
300 ethionine (200 mg/kg)/3 30% ethanol (10 mL/kg)/28

Normal: saline 10 mL/kg, Control: fatty liver model, UCDA: fatty liver model+ursodeoxycholic acid 30 mg/kg, FM-5111: fatty
liver model+FM-5111 (50, 150, 300 mg/kg), FM-5131: fatty liver model+FM-5131 (50, 150, 300 mg/kg).

S|

& 24

Al

=
AZste] FAE A
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& 4°CellA O/N als3ste] 2b7ke- 1.156% KCI(Sigma-
Aldrich) €922 10%(w/v)7F ¥ == Z2} homogenizer
(X520, Finemech, Portola Valley, CA, USA)Z A3} 3}
Atk 3,000 rpm, 15 minC. & YA E g & AZoS Ao
7 AA FA 0l A3l Th
242 Frings®t Dunn(25)2] v ol ule} 35
Aol HySO4(Sigma-Aldrich)& 7Hll #& &l
=3 5 d5Eo YZA1A phospho-vanillin &5
o] 37°CollA 1583t ¥h-3A[7]1 AL Aol A 57 W23t
t}. o] W3- NS spectrophotometer(UV 1601, Shimadzu,
Kyoto, Japan)& ©] &3} 540 nmZ S3 == SA s,
olive 0il(Sigma—-Aldrich)& working standard solution2
2 ARt A Ao s ATt

AR 248 Uchiyama®} Mihara(26)¢] B o}
2} 1.15% KCl &< 02 10%(w/v)7} ¥ =% 2} o2 s)gh
%, Al E ko] @ A5 AL Cleantech TG-S(Asan—
parm, Seoul, Korea)E o]-&3lo] B33t}

&

A4

E7 2AM
AHAn= Fiy EFHAZ YRS SPSS pro-

=
gram(SPSS 12.0, SPSS Inc., Chicago, IL, USA)& ©]-&3}
o] AYufx] AR (one-way ANOVA)S A A5+ o,
frojido] BEEH 2T H FoArt e AldTES &4
317] &l Dunnett's t-test?] BE5HA S A5

zd EI_ ol

=

K
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VINL=j | A

wago| XENE BY 24
AzE welo) A 2k 7% AN k) ALgE ARl

FM-5111, FM51319] eleutheroside B, E¢} B-glucan?
StekS B3 A3} eleutheroside BY A-$- FM-5111&
0.050 mg/g, FM51312 0.028 mg/gl & HAFl o,

Table 2. Eleutheroside B, E and B-glucan contents in extracts
of Acanthopanax senticosus-fermented mushroom

Eleutheroside (mg/g) B-Glucan

Sample B E (%, w/w)
FM-5111 0.050+0.003 0.064+0.011 4.47+0.14
FM-5131 0.028+0.001 0.074+0.064 4.15+0.06

FM-5111: water extracts of Acanthopanax senticosus-fermented
Ganoderma lucidum.

FM-5131: water extracts of Acanthopanax senticosus-fermented
Phellnus linteus.

eleutheroside E¢] ¢ FM-5111-2 0.064 mg/g, FM5131
2 0.074 mg/ge 2 A AT 3 B-glucan FF2 H
F FM-51112 4.47%= SA =2, FM-51312 4.15
%= A = JAHTable 2).

Xz mEo| XHE 2 =N MStst 2o

A FH443 AA A8 7|7be| DA ethionine 2 etha-
nol® F3k A7t oA S-A 2=+ (control) ¥} H] 1l
sto] FAAUET D AFHEA FoATdA FALLE F9
4 A= sk BEEA kth(Table 3). olel g A¥+=
A3 B A AEED Fo7t AT E] AFl A
Aol JgS T A & Fog

Rdoxe] HoHo g HE
A3 ASTSF ALT E5F 31
EAEE a42 Ao g fFejso] 7k &4
A F2A AHg¥t} Ethionine & A ¥zko] §%% con-
troli*& normalsell H|gle] B5F =7} F7183th 53]
AST+ FM-5111-H, FM-5131-M, FM-5131-H ol A
control¥} Hlaale] o7 o2 7+438H% th(Fig. 1A). ALT
T EE AFETAA ast ot dxatd Hluske] Al
=4 FoATdA FYHow FFaskA FdrHFig. 1B).
Ethanol® ek AWzt Helloaje] PoHo 2 HE] AST
9} ALT X A& A3} ethanol® A W7o F=¥
controli< normal-oll Bl B X7} F713519 ©
™, Al Folit & FM-5111-M, FM-5111-H, FM~
5131-H oA control®} H]n&}e] AST] X7} 24
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300
243.88+11.12
253.52+10.61
256.33+11.90
206.09+9.13

FM-5131
150
246.18+10.04
256.98+11.12
260.65+10.93
203.79+11.45

50
241.08+10.97
251.33+£10.83
256.98+10.68
204.79+9.77

300
246.74+9.79
257.32+8.84
259.71+11.51
211.89+10.57

FM-5111
150
244.64+8.09
256.00+10.76
205.39+13.07

Group/ Dose (mg/kg)
256.24+8.69

50
243.51+12.33

252.89+12.22
257.12+12.13
206.61+9.25

UDCA
239.25+9.40
249.02+11.62
253.2449.65

Control
246.06+8.16
256.75+8.82
260.31+9.96
206.39+£10.37 207.78+10.52

Normal
242 .72+7.10%Y
249.88+6.46"°
258.38+7.51™
215.10+10.19™

1
2
3
7

Fatty liver
model
Ethionine

Table 3. Body weight in ethionine-induced and ethanol-induced fatty liver model
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= ° 7 748k tHFig. 2A). ALTE &3} Hlaste] A3
§§§ = E4 FolT, $AHET BFolA FolHo s AR &
E %‘ E g S Fig. 2B). &=Z-24 3+ £73(27), echovirusd # 4
X2 (28), A AFH27)ol A= AST 5217k ALT 3]l H]
SR RE 8 ol o Frejdnh B B dpelAe] ALT 54
Taagls 7} A o] Al Yebd o] = ethionine®} ethanolol] ¢
Sa5|Z S fruE ARk mRol M9l gk £ago] ALT $317k Sk
R 7 ol Aol Aolr] o= Az
5292 olg)3k A= 2 w] FM-5111, FM-51312 ethionine
+ 7} ethanol®l] ol 8 X Hk7E Rdlo A 71 &=73o gk
SERIE o BN B v glem Amr.
S23|E Rzt 2ol 2t L & XIE 24
QK3 b2 Ethionine A%7F 2ol A controli+d] 7+ W & A A=
= & 7t g9 65.56 mgl & normalit 31.01 mgell vl &
3 °:\ 3 “ A Aggo] 2uf o]} STt oM, AFEEH FolTo] 1 U
133|2 F AL AAHoR gadt AFS BAY. 53
ST FM-5111-L, FM-5111-M, FM-5131-M, FM-5131-H
Sed| 2 ToA F A AFo] FolH o s tHEFig. 3A). °]
0223 Al A 1w NGEA FolPe] 3kl B A Al P
Sadlz %91 UDCA Folautt ¥ sobdl 22 ¢ % gluh
% § ;ﬂ: : Ethanol AWzt Elo A controli-< normalv-ol H] 3|
R %) & ARl 2718490 UDCAS: ol B2
2 o 2 F AP pasgor], RE AYRY FoI
§ 3 E é oA F ALHE FofHoz A3 A3 A (Fig. 3B),
E 3 5 E AHEE FoTo F A2 FANETEY o HZAas)
bk ek, R AFRL FoTAN F Aol B AL
Q8@ 2 AFEAD FoTe] 7F Ul AA Aol A ate] o] Ak
e § Aoz AlmdtY}, ol#jdt A2 & v, ethionine T+
R B ethanol #%H7F Zele] 4 FM-51113} FM-5131< 7+ U
A3 4 E . AAe] FHS el G2 2te Aow wudn, 1y
g § § é g" 3l o] # 3 &5 ethionine A|W7F A K} ethanol A
g 7 BE A g FEHAA Ve
ES3|=so
§§§ 'q'éi X|H7Zh DElo| ZF L SAXY 2
N | BT Ethionine #|%-3F 2@l A control*9] 3+ 22 W T4
L= =3 2k S-S 7k g 52.28 mg . E normala® 17.89 mgol
209 |Eo st oF gul7lek Zrbetelom], FM-5111-M, FM-5111-
=79 £ H, FM-5131-M, FM-5131-H 2ol A 244 3¢l
TE3 §§ o4 o7 7hast g th(Fig. 4A). A2 A Tl F4]
§ 5 E QBE; X]t"o]” T A AT U7 UCDA Foiit} v
AR 58 AEE wolw gt
N EB Ethanol A|¥-7F 2 Elol| A controlitS normalstol H] &
BRI gt 7H U FAA Fhol F/heAAT UDCAS Fol @ A
_|EE¢ gaTel b v AN BHEE BLHYCr, FM-
g LS 5111-L, FM-5111-M, FM-5111-H, FM-5131-M, FM-
£ |Ens 5131-H ol FAAW Siae Fol8om gashgl
2EZ (Fig. 4B), A1 924 Folze] FAAW 72 4% normal
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Fig. 1. Level of AST (A) and ALT (B) in ethionine-induced fatty liver model. AST (A) and ALT (B) in sera after 3 days of

administration of experimental materials. Normal, saline 10 mL/kg; Control, ethionine 200 mg/kg; UCDA, ethionine 200 mg/kg+urso-

deoxycholic acid 30 mg/kg; FM-5111-L, ethionine 200 mg/kg+FM-5111 50 mg/kg; FM-5111-M, ethionine 200 mg/kg+FM-5111

150 mg/kg; FM-5111-H, ethionine 200 mg/kg+FM-5111 300 mg/kg; FM-5131-L, ethionine 200 mg/kg+FM-5131 50 mg/kg; FM-

5131-M, ethionine 200 mg/kg+FM-5131 150 mg/kg; FM-5131-H, ethionine 200 mg/kg+FM-5131 300 mg/kg. Data are presented
as means=SD. "P<0.05; Compared to control.
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Fig. 2. Level of AST (A) and ALT (B) in ethanol-induced fatty liver model. AST (A) and ALT (B) in sera after 14 days of
administration of experimental materials. Normal, saline 10 mL/kg; Control, 30% ethanol 10 mL/kg; UCDA, 30% ethanol 10 mL/
kg+ursodeoxycholic acid 30 mg/kg; FM-5111-L, 30% ethanol 10 mL/kg+FM-5111 50 mg/kg; FM-5111-M, 30% ethanol 10 mL/kg+
FM-5111 150 mg/kg; FM-5111-H, 30% ethanol 10 mL/kg+FM-5111 300 mg/kg; FM-5131-L, 30% ethanol 10 mL/kg+FM-5131 50
mg/kg; FM-5131-M, 30% ethanol 10 mL/kg+FM-5131 150 mg/kg; FM-5131-H, 30% ethanol 10 mL/kg+tFM-5131 300 mg/kg. Data
are presented as meanstSD. P<0.05; Compared to control.
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Fig. 3. Contents of total lipid in liver in ethionine-induced (A) and ethanol-induced (B) fatty liver model. (A) Total lipid in liver
in ethionine-induced fatty acid model after 3 days of administration of experimental materials. (B) Total lipid in liver in ethanol-in-
duced fatty acid model after 3 days of administration of experimental materials. Normal, saline 10 mL/kg; Control, ethionine 200
mg/kg or 30% ethanol 10 mL/kg; UCDA, ethionine 200 mg/kg or 30% ethanol 10 mL/kg+ursodeoxycholic acid 30 mg/kg; FM-5111-L,
ethionine 200 mg/kg or 30% ethanol 10 mL/kg+FM-5111 50 mg/kg; FM-5111-M, ethionine 200 mg/kg or 30% ethanol 10 mL/
kg+FM-5111 150 mg/kg; FM-5111-H, ethionine 200 mg/kg or 30% ethanol 10 mL/kg+FM-5111 300 mg/kg; FM-5131-L, ethionine
200 mg/kg or 30% ethanol 10 mL/kg+FM-5131 50 mg/kg; FM-5131-M, ethionine 200 mg/kg or 30% ethanol 10 mL/kg+FM-5131
150 mg/kg; FM-5131-H, ethionine 200 mg/kg or 30% ethanol 10 mL/kg+FM-5131 300 mg/kg. Data are presented as means+SD.
P<0.05; Compared to control.
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Fig. 4. Contents of triglyceride in liver in ethionine-induced (A) and ethanol-induced (B) fatty liver model. (A) Triglyceride in liver
in ethionine-induced fatty acid model after 3 days of administration of experimental materials. (B) Triglyceride in liver in ethanol-in-
duced fatty acid model after 3 days of administration of experimental materials. Normal, saline 10 mL/kg; Control, ethionine 200
mg/kg or 30% ethanol 10 mL/kg; UCDA, ethionine 200 mg/kg or 30% ethanol 10 mL/kg+ursodeoxycholic acid 30 mg/kg; FM-5111-L,
ethionine 200 mg/kg or 30% ethanol 10 mL/kg+FM-5111 50 mg/kg; FM-5111-M, ethionine 200 mg/kg or 30% ethanol 10
mL/kg+FM-5111 150 mg/kg; FM-5111-H, ethionine 200 mg/kg or 30% ethanol 10 mL/kg+FM-5111 300 mg/kg; FM-5131-L, ethio-
nine 200 mg/kg or 30% ethanol 10 mL/kg+FM-5131 50 mg/kg; FM-5131-M, ethionine 200 mg/kg or 30% ethanol 10 mL/kg+FM-5131
150 mg/kg; FM-5131-H, ethionine 200 mg/kg or 30% ethanol 10 mL/kg+FM-5131 300 mg/kg. Data are presented as means+SD.
"P<0.05; Compared to control.

O FAFFEOR AT el A ol ehE thAL Al al- el A AE= BokS W, ethanol AR oA
cohol dehydrogenase(ADH), acetaldehyde dehydroge-— gL Frexd a%S Holx ). wEkA FM-51113%
nase(ALDH) B8 Fal ¢S frafe o]0l FM-5131- W] &a1&7d A3t %*é% I8tar st
BE A NADMP)' & o]¥% o] NADH7} H4=H, oluf 2t ofa] FAE AYE e Ees 7HA AL o, Hg
A el NAD(P) ©] &X7F F7k= o] NADH7F U+ ot e A dIE AR R A 3 E &
™A NAD(P)"/NADH H]E-/] 3ol FE50(29) Al AA st oz ddEr)
FEA o] FETH30). o] & 23le] NAD(P) &= 2%
NADH7} 7<) 4] 7] gch, mat 3 AAE 271 o ZtAle| =
YA oz Abgs o] At AFsH(B-oxidation) & 74
7 24 A (triglyceride)®] % 7%(31), citric acid cycle?] B =S FHFARETIE7 897 IR A 7
activity 45 Zefstr}. wehA] FM-5111% FM-51312 S/NEARA (A S 110128)2] Aol of 3l o] Foizl A
olnl = B+ % NADP) /NAD(P)H' 9] sE& H 3} o
FAAA] F4& AA = At IS Ao m FAH
ol#]gt A¥ELS FM-5111% FM-5131¢] ethionine ¥ REFERENCES
ethanol A3t Relol| A Ik of SAA L] F4S& ogst
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