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Abstract

Alcoholic steatosis is a fundamental metabolic disorder and may precede the onset of more severe forms of alco-
holic liver disease. In this study, we isolated enzymatichydrolysate from Semisulcospira libertine by alcalase
hydrolysis and investigated the protective effect of Semisulcospira libertine hydrolysate on liver injury induced
by alcohol in the mouse model of chronic and binge ethanol feeding (NIAAA). In an in vitro study, the hydro-
lysate protects HepG2 cells from ethanol toxicity. Liver damage was assessed by histopathological examination,
as well as by quantitating activities of serum aspartate aminotransferase (AST), alanine aminotransferase (ALT),
and alkaline phosphatase (ALP). After the administration of S. libertina hydrolysate, fat accumulation and infil-
tration of inflammatory cells in liver tissues were significantly decreased in the NIAAA mouse model. The ele-
vated levels of serum AST, ALT, and ALP activities, along with the lipid contents of a damaged liver, were
recovered in experimental mice administrated with S. libertina hydrolysate, suggesting its role in blood enzyme
activation and lipid content restoration within damaged liver tissues. Moreover, treatment with S. libertine hydro-
lysate reduced the expression rate of cyclooxygenase (COX-2), interleukin (IL)-1B3, and IL-6, which accelerate
inflammation and induces tissue damage. All data showed that S. /ibertine hydrolysate has a preventive role
against alcohol-induced liver damages by improving the activities of blood enzymes and modulating the expres-
sion of inflammation factor, suggesting S. libertine hydrolysate could be a commercially potential material for the
restoration of hepatotoxicity.
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A ¥5-(macrovesicular steatosis)®} W2 F7|7} 22 ©]
M A A5 (microvesicular steatosis)2] + 7FA] ez}
AZET OeFg aQlel ofste] ATe] FEww, Bivt
(obesity), Fiz(diabetes), ©]’dA] & 8= (dyslipidemia) & =}
T3 I3e AT AT 7P £33 Al 1<l
A= LA thBellentani et al., 1997; Assy et al., 2000;
Angulo 2002; Moscatiello et al., 2007). 53], =& 7+
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& Crabb, 2008). 53], ¢
A vbet A/3-8 FXIAF|E sterol regulatory element-binding
protein 1c (SREBPlc)2] &4d°] 357K You et al., 2002)3}
= W, mEZegoto At EalE A=
AMP-activated protein kinase (AMPK)9] &4Jo] 7+A3le
A7HE FE3TH(You et al., 2004). B$0], T d3E
A= AEZFE P-450 2E1 (CYP2EDNS] A S FX=(Wu
& Cederbaum, 1999)3te] AHfrett)Zd Aol o] Abshs
EY2E 4o A YDi Luzio & Hartman, 1967) 954t
S freste] &g HEFS 2 Sth(Nagata et al.,
2007). olelg 7k
ok ol o, F7g, 28713, WA T AW A
o ufj-§- XAl F&-& FTH(Linder et al., 1991).
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A &3] B & A= 713 Pleuroceridae)?l 48=
AseEZ 5o 4 Ex7}E5ANN &7l 744, 1H4
s}, A7E Fo] 7Sk X5 Rl o] &E o] gtor,
SH At AT sl ESA g3, FoESe] oW
I X5 o] &= gria g A Ut thE7lel g
Arze 4G AR 0 Fd B4 Baiel nusg
I(Lim et al., 2009), t}&7] 55

P

N

= @44 9 gl gEHe
ATHCha & Bail, 1999). t}&7] FEE2] Aoz =
akst 2, s A, A EES A Fol i
ul 21th(Lee et al., 2005; Kim et al., 2009). T3t AAE
2 ol Aol Ak EAE o] &3t FE t&E] 7t
Fial=e] ksl S Y HEad g s3] Aol
3t 55 &2l tHCho et al., 2017). 3HAITE th&7] 7+
FiRaf=e] GRS X 54 H Y S a9 5
o] #HA A F=3 Holrh wehA] £ A= National
Institute on Alcohol Abuse and Alcoholism (NIAAA)O] A
e dx2gAd A i w2 BEoA t&Er] Tt
TRz 7F BE &5 Hristaat stk v o
= o] gt T AFFAE T &3] dIE F5

oJgh dxgA 1= v RddA te7] THeE
Mes d32F A FARS W, 1F E4] AxEY
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP) 52| W35 %A1+
ok SOl 2 2F W 2A 5 @R AsiehE A4S
Fot] 7] s E o] GRS ATkl gk o
2N &S glstarat skt

XE %
HEMZE I g4 JEelE ME
2 AFPolA AHE-E T&7]= 698 S(Hadong, Korea)ol| 4]
Algrol ARESIATE &7 THrEslES v 35
100 goll th3led 0.5% alcalase 2.4 L (Novozyme, Bagsvaerd,
Denmark)S E3Hsh= SHle] &ml(FR/T)E 78k
60°C water bath (JSEB-60T; JS Research Ich, Gongju,
Korea)oll A 5A17F F&3F3 T 7282 80 meshA| 2
€8 A& A AL o FA](Whatman filter papers No.2;
whatman international Co. Ltd., Maidstone, England)= o3}
sto] 7H9hE=7](Loborota 20 Control; Heidolph, Schwabach,
Germany)= §53 & 4 71x3le] 4°Col| HAswA
Ao AHE-sEATH

MzZ== HHRF

917} 7F9F A1 E9) HepG2 (ATCC, Manassas, VA, USA) Al
XE= 10% (v/v) Fetal Bovine Serum (FBS; Gibco, Carlsbad,
CA, USA), 1% (v/v) penicillin-streptomycin (Gibco)< 3
7}8 RPMI-1640 ¥) %) (Gibco)= 37°C, 5% CO,7} 545
=8 wFetanh vigE Alxe 239 7HHo=Z A w)
ato] A ARg-aATt

MEZMES 3 MZ =4 A-™

t&7] 7hrEslEe] AE 5242 Cell Counting Kit-8
(CCK-8; Dojindo, Kumamoto, Japan)S ©]-&3lo] =43}
t}. HepG2 M XEE 1x10* cel/mLe] F%Z 200 uL¥ 96
well plated] #+53te] 37°C, 5% CO, incubatorol| 4] B
sttt £ 16717 ol 7] 7Hrddles FEEHE
22 &ke] 2417 3 CCK-8 assayS o] &3to] A EAYE=S
S S5 deE 54 AAEHE SA 5] sk
CCK-8& AFE3}o] of &F2(Sigma-Aldrich, Inc., St. Louis,
MO, USA)S &3¢ 7HE 54 s A8S Fdith. 5
96-well plateol] M¥E &% 1x10* cells/wellZ 53+ o
A EF2S 9] 16417 M ge § A3 t&7] 7k
HES Ao AP sttt 2487 o] CCK-8 W<
10 uL® 96 well platedl] &3t 37°C, 5% CO, incubator
oAl 2A]17F WE-S-Al7| AL microplate reader (VersaMax; Mole-
cular Devices, Sunnyvale, CA, USA)°llA] 450 nm $3%=
E S5t AZAAEES Rl
=
EHEE Fatr] Aste] Bt F
% 91(GNU-161004-M0056)2 1Sk
2} 130l &gt f8 AH L FF8t d+E 28
Gt AHdFES (F)TY A EFE(Seoul, Korea)ol| A
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ol AYEEL 2% 2343°C, AEFE 30-70%, X% 150-

300 Lux, 12A17F 7H4 9] 9

oF #7] B3I 159 72+ 4
49U F AU HeSisc) 18710 FU Yuaols
4 A5 sl

National Institute on Alcohol Abuse and Alcoholism
(NIAAA) O}~ 22 8l Sofgi

dHE o] g9t Ao AT FAE T EES &
3] ¥ 3 (single binge) RS Agste] Alghat ARG &
g A A4S o7 = NIAAA w2 BdS
AHE B tHBertola et al., 2013). FEA3 0] ALEE o]
£ Liber-DeCarli 94| 7]¥-2] o] (Dyets, Inc., Bethlehem, PA,
USA)E AH&slaith & 8 & AAgE & FA AR A
ou;q]}\].g_/] xq__‘:__, _r]-H = Nt‘ﬂ ;_Q oniﬂ /\]—Ei 501
7 =3I o] % EEE Aol FHE oeE I Y
z:sl_ oda]:o U]—E/\Eﬂ/\E%gi Eﬁxﬂsy oétﬂ- No] ]:HXE-
(control diet), 5% SNEES X33t AR Hol& F
HEE ¢3E 2 o] tlFEH(ethanol die) o2 73+
th&7] 7HEEEES 1,000 mgkgs WY 13] AT Fo o}
Qom, gk Ao e g2 Ao] e FRS

£ i 18] AT T3 o823 412 Lieber-DeCarli
UFE 2ol v Fof HHe| Azxste] FFstAL, v
o S A =2s T ZASAT F 109 5% AT F
U o] e BT T3 FFoF 35% e
300 L SHFo 7 13] AT T3t
HEs 58 9 ol dsishe 24

BE FE sty 149 13 S4S FFsy A5
T=& AFTAE 0|83 }04 39 7HH o= dAg ATkl S
Aottt Q2 o3| FF AR oA &, Y50

(Vlrbac Paris, France)-»]— 33 (Bayelkorea Co., Seoul, Korea)
= 828 42 % 109 3Aste] Al wel B
2 10 uL/10 gAA Aol A3kt Ade o
AL 1,700xgoll A 15 A4 std @S 3od t=
A 2554 7] (Hitachi 7180; Hitachi, Tokyo, Japan)E ©] &
3} alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), alkaline phosphatase (ALP)5-S 4 &3}t

7 HE 3 TSN 2N

7x2A | A £48 sy flste AF T8
T e AEste] dAAARE FHE3te] -70°C deep freezer
o] BAETh A&3 7122 FAHAL ZofA¢l OCT

compound (Lab-Tek; Miles Laboratories Inc., Naperville,
IL, USA)ell Zmjigt & SA] 34X Z e, WEdH 7] (Leica
CM 1950; Leica Biosystems, Heidelberg, Germany)E ©]-&

sted 10um FAZ dHS 5448 Etol= BES Al
A543t} Oil-Red O stain H< 4 ¥E
Gt n| g o7 FAVSIAL X HkE 9 ﬂ7] 4 BYXE 24
skl AAXHEE Hrlepinh. 3

Hol Fe gas A AL 10% FA4 %%—ezg Helof] o7
Aot e 58 e g2 £5
(Microm HM325; Thermo Fisher Scientific, Waltham MA,
USA)E AH&-3le] 5um FA|2 AH3FA L hematoxylin}
eosin®] ©]% HAS Al FE #Aw]7d(Nikon Eclipse
80i; Nikon, Tokyo, Japan)2 2 #2313t}

QA EF(Western Blot) £4
7 2A LS| y51s A} A B 71 E o) 83t FE3)
AT FANL 4°CoA] 13,000xg0 2 1557 A1 E-2) 3

T A59S BCA Protein Assay Kit (Pierce, Rockford, IL,
USA)E o]&3ote] T AS A Fatdrt. A daS
Y3 FE3B0pg)E 10% SDS polyacrylamide gelol] A =

7199 % nitrocellulose membrane (Millipore, Bedford, MA,
USA)S.Z £7|3 YA 5% skim milk (Difco, Detroit, MI,
USA)7} H7Fel Tris-buffered saline with 0.05% Tween 20
(TBST) &&= 1A1ZF A2 blocking 3+ Th.
COX-2 (Santa Cruz Biotechnology Inc., Santa Cruz, CA)
of that 12} FAE 5% skim milkel] 34 5}ed 4°C YL
oA overnight*] At}. th3d horseradish peroxidase (HRP)
7F AgEo] A= 22k AL 1A7F St AelA] vk

A ZT ThA TBST $Edo = 1027 33 AH3 F
Clarity Western ECL Substrate (Bio-Rad Laboratories Inc.,
Berkeley, CA, USA)Z 13-7F ¥H-g-A1Z1 ¥ ChemiDoc™
Touch Imaging System (Bio-Rad Laboratories Inc.)S A&
3te] bandE AEF L™, B-actin (Sigma, St Louis, MO,
USA)<S loading control2 AF&-3It},

[¢]

Total RNA 22| 2! qPCR

b 229 total RNAE TRIzol Reagent (Invitrogen,
Carlsbad, CA, USA)E ©]&3le] £33
c¢DNA+= first-strand ¢cDNA synthesis kit (Applied Biosystems
Inc., Framingham, MA, USA)E A}-&3le] 435 T).
G cDNAZFE HFA Ale]EFRQD IL-1B (Cat#
Mm00434228)9‘r IL-6 (Cat# Mm00446190) -2 =}Fe] &

< Fls7] S8l 7 A 5ol primer®t probes
Apphed BiosystemsAF=H-E] T 3%t} TagMan® Gene
Expression Master Mix (Applied Biosystem Inc.) % ViA™
7 Real-Time PCR System (Applied Biosystem Inc.)< A}
4-3}o] quantitative real-time PCR (qQPCR)S <=3 5}53th.

3!, first-strand

PCR-E 95°Coll A 108 59+ 7] HAS 3 I, 94°CollA]
152, 60°CollA 13, 40 cycles A S & qPCRS 33

t}. Housekeeping gene?l glyceraldehyde-3-phosphate de-



hydrogenase (GAPDH; Catt Mm99999915, Applied Biosystem
Inc.) mRNA 2@ Fo 2 1 F3}519 ).

SAEA

EE AY2 33 WHE A28 meantSD E+= meant
SEMCe 2 YeRfITE A 7H] /5942 SAS version
9.1 (SAS Institute Inc., Cary, NC, USA)E ©|-&35}o] EAHE
A1(ANOVA)Z+ Duncan®] Th5 914 F(multiple-range test),
2 dHE=Azlg5 o] EAHEA(Repeated measures ANOVA)
o7 FoA HAF(p<0.05y AT

UFE R ZME SH0| O0X= 22

NS = THAE AEE S o 2A HepG2 Al
gk th&7| 7Rl =0 54S g1k vE 7] 7k
HalEe] 54 42 FEE AT v=7F 200, 500 &
1,000 pg/mL7} B =5 wjA]ol] Fof ARE-siiTh Al 28] =
/\6] o

EEEEray Hlsi_ BEgo] vHY o

1
orl $9 lom:ow HepG2 AE8] S48 Fa31), A

0

5 P} gE2Y] AlX AEEE 10082 BekS o o
EHe 7HS A3 RS 54.3+1.2%2] AEES WOl
W t&7] HeRESES 200, 500 21,000 pg/mL Xk
AA g A9 olehs TS A o] vl Fx2
EXoz 717} 8.0%, 14.6%F 18.0%2] THE AEE F
7+ B tHFig. 1B). Wk, t&7] 7HREs &2 ofghs
of o8 fatE A E B4 RIaANE 7HES AAFE
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Cell viability (% of control) E
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Concentration (mg/mL)
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OlElE B 7HA BY 0j2Al HF Wt
Liber-DeCarli &Z-& A=A 2]o] zf Fo} FAld A
T FAE Bo 438 @3] F3(single binge) RES 4
date] Abgat fARE SRS A S dodle
NIAAA w92 e (Bertola et al., 2013)2 A =}s}o] /\]-4‘1
Eise=a Fig 2= A ANZRE 28714 3d (tHdo=w =
Ak vk AT WstE yeRd Zlojth 597k oA
2ol A8 717k £, 5% °l %% —‘j—?:r she A *‘ﬂi
Hpto] o }93\‘:}. dHE 2o] Fol T 4A7kA] ofgk
Aglol| A Aol FHashe 7363:% Ko} A %
N Ao] gt 'rr"}?} AFow 3 EsHT 3t o
=7] ZhrielEnts AUk E—(HT)oﬂ Me A e
(CON)H frAHeE AlF Wists BTt 28y t&7]
7hrel B dleheg o] Fofgh FellA A izl
Hlgte] BAIF R frofgh AFart velsT ol &
ZE T5 dREY AT, @]o]ﬁ-"laol L S A
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Fig. 1. Effects of S. libertina hydrolysate on the cytotoxicity induced by the treatment of HepG2 cells with ethanol. (A) Cell viability
of HepG2 cells treated with increasing concentrations of S. /ibertina hydrolysate for 24 h was measured using a CCK-8 assay. Values are
represented as the mean+SD (n=3). (B) HepG2 cells were pretreated with S. libertina hydrolysate (1 mg/mL) prior to the addition of ethanol
(1 M). CCK-8 assay was then performed 24 h after ethanol-induced cytotoxicity. Values are expressed as the meantSD (n=3). *p < 0.05,

**p < 0.01 vs. significant with respect to ethanol-alone.
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Fig. 2. Body weight changes during the chronic plus binge
ethanol feeding model (the NIAAA model). Mice were fed with
a liquid control diet for 5 days to allow for acclimatization to the
liquid diet, and then divided into four groups: CON, control diet
group; HT, S. libertina hydrolysate-treated control diet group; EF,
ethanol diet group; HT+EF, S. libertina hydrolysate + ethanol diet
group. The ethanol-fed groups were fed with a liquid diet containing
5% ethanol for 10 days with or without S. /ibertina hydrolysate (1 g/
kg, per os) and the control groups were pair-fed a control diet for 10
days. At day 11, mice in ethanol-fed groups were gavaged a single
doses of ethanol (35% ethanol 15 mL/kg), whereas control groups
were gavaged equal volume of 45% (wt/vol) maltose dextrin
solution. The mice were euthanized 9 hours after gavage. During the
diet feeding, the animals were orally injected with S. libertina
hydrolysate at dose of 1 g/kg every days. Body mass was measured
every three days. Data represent meanststandard error. All of the
animal experiments were approved by the Institutional Animal Care
and Use Committee (IACUC) of Gyeongsang National University.
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Fig. 3. Representative histological sections from the livers of NIAAA mouse model after administration of S. libertina hydrolysatc
and/or ethanol. (A) Effect of S. /ibertina hydrolysate on hepatic steatosis in ethanol-fed mice. Histopathological sections of the liver were
stained with hematoxylin and eosin (H&E). Magnification: x200. Excessive fat accumulation (steatosis) in the form of macrovesicles
(arrows) was primarily observed in ethanol-fed mice (EF). (B) Representative microphotographs of Oil Red O staining of the hepatic lipic
accumulation. CON, control diet group; HT, S. libertina hydrolysate-treated group; EF, ethanol diet group; HT+EF, 1 g/kg of S. libertinc

hydrolysate + ethanol diet group. Magnification: x200.
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Fig. 4. The effects of S. libertina hydrolysate treatment on
serum levels of liver enzymes in ethanol-induced hepatotoxicity
mouse model. (A) Aspartate aminotransferase (AST), (B) alanine
aminotransferase (ALT) and (C) alkaline phosphatase (ALP) levels
were measured using an automatic biochemical analyzer. Values
represent means+standard errors of mean (SEM) (n=10 per group).
*p < 0.05, **p < 0.01 vs. vehicle control (CON) group; #p < 0.05
vs. ethanol-fed (EF) group.
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Fig. 5. Effects of S. libertina extracts on the expression of COX-2 and proinflammatory cytokines (IL-1p and IL-6). (A) Western blot
analysis of COX-2 and (B) this result of the densitometric analysis. Values are meantSD (n=3-4). **p < 0.01 vs. vehicle control (CON)
group; #p < 0.05 vs. ethanol-fed (EF) group. (C) The mRNA levels of IL-1f and IL-6 were determined by RT-qPCR. All data were
normalized based on GAPDH levels and are expressed as the meanstSEM. **p < 0.01, compared to the vehicle control (CON) group; *p

< 0.05 compared to the ethanol-fed (EF) group.
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