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Abstract

This study was performed to investigate the effect of fermented Hovenia dulcis Thunb fruit water extract on biomarkers
for acute (a) ethanol-induced hangover and chronic (¢) ethanol-induced liver injury in rats. For acute ethanol-induced
hangover, the rats were administered distilled water (D.W., 10 mL/kg body wt.), Hovenia dulcis Thunb fruit water
extract (HWE, 400 mg/10 mL/kg body wt.) and fermented HWE (FHWE, 400 mg/10 mL/kg body wt.), respectively,
before 40% ethanol (5 g/kg body wt.) was administered. For chronic ethanol-induced liver injury, the rats were
randomly divided into the normal control (cNC), ethanol (cET), cET-HWE and cET-FHWE groups. The ¢cNC and
cET groups were administered D.W. (10 mL/kg body wt.) before 40% alcohol (5 g/kg body wt.) was administrered
for 21 days. The cET-HWE and cET-FHWE groups were administered HWE (400 mg/10 mL/kg body wt.) and
FHWE (400 mg/10 mL/kg body wt.), respectively before 40% ethanol (5 g/kg body wt.) administration for 21
days. For acute ethanol-induced hangover, the serum alcohol and acetaldehyde concentrations were more significantly
reduced in the aHWE and aFHWE groups than in the aET group. Moreover, the effect of FHWE was greater
than that of HWE. For chronic ethanol-induced liver injury, the serum ethanol, acetaldehyde, y-glutamyl transpeptidase
(y-GTP) levels and the hepatic lipids concentration more significantly dropped in the cET-HWE and cET-FHWE
groups than in the cET group. The FHWE administration showed faster recovery of the serum glucose concentration
than in the cET and cET-HWE groups. The body weight reduction tended to nommalize in the cET-HWE and
cET-FHWE groups, which is ideal for chronic ethanol administration. These results suggest that FHWE has a protective
effect against ethanol-induced liver damage, as evidenced by its ability to lower the serum ethanol and acetaldehyde
concentrations after alcohol administration, and by its ability to decrease the level of y-GTP and hepatic lipids.
FHWE also elevated serum glucose concentration. Therefore, FHWE is effective in reducing ethanol-induced hangover
and can play a beneficial role in the treatment of ethanol-induced liver damage as well as body weight reduction.

Key words : Hovenia dulcis Thunb fruit, Ferment, alcohol, acetaldehyde, liver

MoE

*Corresponding author. E-mail
: 82-53-950-6232 Fax :

Phone

* mschoi@knu.ac kr
82-53-958-1230

e A AAH O BAG ABEROT AU d=
& 4AE AR 2 240 252 Fol e aual
g 5 AT He ST AT 04, TE, 25, 55
2 2R SO 4L fuste]l QB FNE ek
o R YA B2 WHE AW FP Ft ot



Hepatoprotective effect of fermented Hovenia dulcis Thunb fruit water extract 413

HH e Asfste] dFEHS 4o S22 AL,
kg, 1t PRI, $H23), =45, HEA7

BAA S ST Bk ol e}, v AR dEg
ik AEGH AASS Freste] od|A] At B3
< xHgth

LFE-L 7ho| e &F-&-53)] A (alcoholic dehydrogenase,
ADH) pathway, microsomal ethanol oxydizing system
(MEOS), catalase pathway 5 3714 742 2|3 tjAFET
249 ¢3S TV & W= ADHAA, ¢3S 5527t
E2 W= MEOSAAZE 2 &g thAlel] st &=
20| o} ELd|3}e] = (acetaldehyde)E A A oFMH| o] E
(acetate) Z AF3}E ) oA ELH|Fo] == 43 (hangover)
o] Al SHE AW sE7F =5 " AR 2R
Hol mEZE=olY s A, fudte]=iaas
(aldehyde dehydrogenase, ALDH) &4 7+, A7be] 25
il o 55 doH Tk olele] tE 237, 53] 5
A73A N FalEE IS A BR oA EdTsto] =9 A
AAE d3is FHCERH s B F e
2 AR ETH12). B3 Y GHES A=
nA T2 Az e AdEs St Ak 3
A AksE RS Zefjste] Ao triglyceride
e AR frdeith13). ek 43S HHE
AASIL F E4E AAT = d= =20
A& o7 Frkskal 9o oo ek A7t
Ha 3l
SI7W U5 (Hovenia dulcis Thunb.)+ 2w E3}o
@Bog A7 Rens 36, ejsol e o
s=2b8-2 FA AR, 283 59 3 7l i e
F3 Ao gl wet dagoly Atdsteas
FEd EY TERDAA HEAS JAskE 2l
Ug @77} tol Huslw Qorl52y Aol s
Fgul ] 7H7)% 7 2Rk ol 2} streptozotocin i
T i He24) B 3} 2825 Tl B
= 3o

o,

¢

Al

>
)

rol'r' ,03’:00{' lO
M
R\
i

r
N0

2
%

—_

=

rlo
ol

o O N o0 of WY, b
AH'E'
ilL

Mg

ol
H

KN
=

—

Fr ol

wel B A e 43 B 2 75 A a3
7} <3t Ao Ry sUNEndeFEEe] wE A8

o sl FRADL ol8d 754 Hlmsknz 9]
VT T F 7, AUY B AFEA B o]

=

AZ M=
2 Aol A= SURdrle Al 5
= AxE Fee] Tt et AES 98 E o83kl

ok SN Erl = Al H S § FE0l A st
of A& 1000 g 108 9] S/TE 7Fske] 9

B FEAL, o] F 23] WHESE & A YA R o
skl sguidrFEES 56t T
267% Aot SUNEriFEALa =L SINEETT=
E9l Lactobacillus fermenturm NUC-C1 KCCM10929P <}
Saccharomyces cereviseaes 212} 0.3%2 FE3ke] 30°COl
A 797 wEste A zstAk SN ErFEE, SUN
FujFEA LT ES T2 713t EEgst & 2 AFo|
AHE-8EA T

ki
Jh
=
()
ofs
oL

A A=, 657, 190~220 905 P73t 257U &8}
A 817 17Hs <t 2852} A& (Purina Inc., Seongnam,
Korea)= AHT&A AFASIESE o}, ARSAS w3
F7] 12417h, % 20~26TC, 5% 40~60%2] $7HOo =2 25
7t RS A F GIZUZTED, NG
(ET-HWE), 37} gl & 7*(ET-FHWE) . 2 7z} 7m}2] 4] 3
N FoE2 TR Yol AFS FdsAT) 2o 9
g gIAE S5 23 AolE glolv] Sste HEs
RAZE FAAZ & GIEWERTEDS 575 10mL/kg
body wt.E SUNEviET-HWE)Z} SUNEvl#E HET
-FHWE)S S/ dujd5-F2 55 s datas
S 747} 400 mg/10 ml/kg body wt.¥ 7T FoIst%iL,
308 Foll 20% LT 5 gkg body wt.S Al 7§] A& Foll
AT FASATE &2 Fo T A 3T T =
zgjol A, SAIZE o= Ao A FAE AFH 3t 3,000
oA 208 &<t AN EElste] EHES wElstATh 1A7L
3A17E, 5A1Zbl AFE AL EH L, o ELH S0l =
=Ao] AFEEAT, 5A0C AFHE DAL alanine
transaminase(ALT), aspartate transaminase(AST) % y-glutamyl
transpeptidase(y-GTP) &%= =7l AF&-= Slth

ARl AR HHENE NG FEALEE ]
T AL o 2o] AYsATE &

A58 Wistardl HE=(FA, 759, 210~
2899} A& (Purina Inc., Seongnam, Korea)S
A AFAFES shAL, A4S v v 7] 12
A7, 25 2026, 5 40~60%2] B2 237t A%
N3 F BT EFNC), SRENETFET), QAT
(ET-HWE), 317} Qv it & 74(ET-FHWE) & & 7r}2] 4] 47§
o g FAQIE ro] 3533t ARSI &, AR
% HSHETEDS S75 10 mi/kg body wt.E 37

m

|

IS

Mr to
fru

—z

o

o,

&



414 S A F AR5 53] 2] A2l A3Z (2014)

Folstal, 30 Foll 47 SF59 40% ¢IE 5 gkg
body wt.E Z}Z 333t AFo 3 SUNGlE
(ET-HWE) ¥ S/} v & 7(ET-FHWE)S Z42te] A9
£ 400 mg/10 mL/kg body wt.Z 7 F43}31 1L, 30%
ol 40% LE 5 ghkg body wt.S 337 AT T8k
2194 Fof & 1243 SA4A17 5 20l = A2 Alm
o} 4FSE AT TP o ¢3S Fo 347 34
ARATES AEHZ vHAA AF AFsHA HF
gL 3000xg, 4ColA 2087 L4 Eesle] 4

AL A8 A AIZHA] 70T Baatgon, &l
%, OKEGH|SIO|E, ALT, AST, y-GTP, T84, &
2HE, HDL-ZY|2H 2 559 93 55 =) A5
Aot w3 AFEFES 7HFEZAS phosphate  buffered
saline(PBS) -8l a2 it & HHE] 7S A A
AFsda, 84845 374, A4 FFEe R 29 7
ste] A Aao] FE AR F AR 24 AR 70Tl A
Hastgon, 122 24 9 FH2HE v 573

o AHE-5 .

Mr i b
o 1

g3 g3 sz 58
g% d3& FET ¢3E& 574 kit(Roche, Hayward,
CA, USA)E o] &3ale] Az wjFdol upe} 24319

. g32E 374 kito] 23 98-8 3 mLol|l 3 0.1

ZF incubationdt ¥ 340 nmo| A SHEE =H
(A2)8t 7 FBEAE ofef o] AlxkA ol tdst] EF
UL FEE SHSAG

Concentration = 0.7259/3.6x AA
AA = sample (A2-Al) - blank (A2-Al)

83 oM ELHso = £F

g3 OMELHIE FEE oMEYHI= =
kit(Roche)E A3 ST o ELH Stol ==
B89 3 mLo] ¥4 02 mLS E§3le] 20CoA 383t
incubationA1Z] TH 340 nmollq FHE=E S (A3},
ALDH 0.05 mLE %<& 7 20Tl 5&3F incubationgt

3

5 340 mAA FREE SHA)H T FREAE ol
o Al skl B oPEDH SIS FES 57

By

Concentration = 0.7158/3.6 X AA
AA = sample (A2-Al) - blank (A2-Al)

2715 X|Eel HH ALT, AST, +-GTP EAME =3
ALT, AST % y-GTP H5E A58 HE 4 7](Konelab

20XT, Thermo Electron, Louisville, CO, USA)Z A}-&-35}<
ZA3t

83 X3 9 8 s &3

g4 FA4AY, FZFU2HE 9 high density lipoprotein
(HDL)-Z#2HE s=9t €9 shc A T4
(Konelab 20XT, Thermo Electron, Louisville, CO, USA)S
A3l 29

=

™N
b

=% Y 5= 5%

| x| & S|
%72 A AL Folch 5(26)2] WMo 2 F&3 9} 7t
1 0.5 g& 24 A2 3 5 mL chloroform:methanol(2:1)
o7 FASAA 24 LS FE3UTE FEHL
Whatman 9J#2|(No. 2)2 ZAejWil Ai 7k=2 AxA17]
F &Y F=8&1 1 mLol| oA Fk o] T FAAAH
T 2HE 58822 2471 100 ILE F8t o] dA
7he2 AEAZ)A 5 mLe] ek E &A1 §, S
kit(oFHA| ¢} ki S o] 83t AlZALe] wiyr Lol whet =78
sttt

)

1% N

=
go

SAHAE|

A3 BE Ay HAFE A 2239 F9 sl
SPSS package program (SPSS Inc., Chicago, IL, USA)=
o] &3t Ar=H ). 2 w3k Hatatolo it 914
77L& one-way ANOVA (analysis of variance)S 2 A] 3}l
g#7ke] Z}o]= Duncan’s multiple range testoll 2]3}] p<0.05
FroAA ARARS Axstger, 1 Z3E Meant
SE(standard error)E 3% A] 5133

20 1F

=2d #32 Foof| T ZF5|x 55 AHS

T 432& R oMHELTHIoE T
antro g dage FTFAT F o 30% ol A
e} 60~90% 7t FrEaL w5 F 60~120% Atolel] Hi
Aol =L 94 0@, ¢EE Fo F ERe
o Haske] TP A BE ATl 1MeR
WERRIL, 143 o] AAJS] radhs A0 2 YRt
2 AF 3T T, SRERHETED HIs) SRy
FFEES T3 SUNEHLET-HWE AN e das
= s Foigh i<

A S
HAtKFg. ). €3& 5A7He] €5 ¢438 5=+ SUNE
W #(ET-HWE), SI7l@m 28 7 (ET-FHWE) &% 438
NEFEDRT FoHo =z 7Haste] FdrTl
HALh SAEW Y 85 €22 = At a9+ o]



Hepatoprotective effect of fermented Hovenia dulcis Thunb fruit water extract 415

(A)

80 NS

~O-ET
~O-ET-HWE
—&-ET-FHWE

60 |

20

Serum alcohol conc. (mg/dL)
B
)

Time(hr)

. ®
I 08 r
= =O=ET
£ NS
I= O-ET-HWE
g 06 ~A=ET-FHWE
2
L]
T o4 | b
% ab
T
[1]
a

E 02
£
=
g 0.0

1 3 5

Time(hr)

Fig. 1. Effect of the Fermented Hovenia dulcis Thunb fruit water extract on serum alcohol (A) and acetaldehyde (B) concentrations in

rats given acute ethanol administratoin.

Data are MeanSE. “*Means not sharing a common letter are significantly different between groups at p<0.05. NS, not significant; NC, normal control, ET, ethanol; ET-HWE,
ethanl+Hovenia dulcis Thunb fruit water extract; ET-FHWE, ethanol+Fermented Hovenia dulcis Thunb fruit water extract.
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Table 1. Effect of the Fermented Hovenia dulcis Thunb fruit
water extract on serum ALT, AST and y-GTP activities in rats
after 5 hours of acute ethanol administration

ALT (UL) AST (UL) v-GTP (UIL)
ET 377 £ 190° 14843 £ 693° 55240360
ET-HWE 3497 + 093 14257 + 463 423 + 049
ET-FHWE 3843 + 184 16064 + 919 483 + 067

Data are MeanSE. NS, not significant, ET, ethanol; ET-HWE, ethanl+Hovenia dlulcis
Thunb fruit water extract; ET-FHWE, ethanol+Fermented Hovenia dulcis Thunb fruit
water extract.
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Fig. 2. Effect of the Fermented Hovenia dulcis Thunb fruit water extract on serum alcohol (A) and acetaldehyde (B) concentrations in

rats administrated ethanol orally for 3 weeks.

Data are Mean<SE. “*Means not sharing a common letter are significantly different between groups at p<0.05. NC, normal control; ET, ethanol; ET-HWE, ethanl+Hovenia dulcis
Thunb fruit water extract; ET-FHWE, ethanol+Fermented Hovenia dulcis Thunb fruit water extract.

Fo 3A7E He] 8F ¢3S 5 S Ade v
ATHFig. 2). €IZSNWETEDY F 4dIE ¥
5062 mg/dLE 7FF =4 #FHJow syfgw
(ET-HWE) ¥ S/ drt & (ET-FHWE)9] &5 4=
S5 27t 35.85+1.43, 30.96+4.97 mg/dLE 432t
TEDRT 5 43E w57} A3 744 Zloz e
wth Wb SN EFFEES UG FEAdE
o AHv 42L& UAE w24 JPAIA g& we
AIZE Qb EF 4FE TEE AsH7IE AOE AR

A},
BAe) due HH 5, 85 opELY s F=
g 249 23, 9L st HASA AL

(ET-HWE)¥} 317§ vl & 7(ET-FHWE) 2] o}A| E & u) 3}
o|= F%& 7+7} 0.4040.05 mg/dL, 0.40+0.03 mg/dLE 1}
Bl ¢3 L thZF(ET)(0.50+0.03 mg/dL) Rt} 3 oA
Edtstols sE7F @A AE AoZ ey
(Fig. 2).

2715 X|EQl HH AST, ALT, v-GTP H4E =5

¥4 E3is APH RIVIARE 373 gEE o
AR M= AST, ALT S == AP F952Q1 2] 7t
YeRA] &gtth vh v.GTPE ¢S ET(ED)°] /M3

o] Z713E Aoz HAE Y K(Table 2). y-GTP= y
-glutamylpeptide S 7F=E-8) 37t 529l y-glutamyl 719} T}
£ ojui=itol L} peptide®] Ho] W3S FHujjsl= HAY
a4ola, AEUY glutathioned] Eale} gHAdol Tolgict
(32,33). AAQ1 Ztoll M= o] Ao BAle thds] WA|vt
o2} Fgto] WS o 7ol Ae] T FrhE I Aol A

T 343 A5S Bolth34). ERLo oFEE Qs 7+
o7} A7H 8 F yv-GTP7} SV, 53] &3 77t
SHAl WSk ool dizel] Agho] Qlod thE g4 HT)
wg] o] X E Ho] UnkF o g dF Lol 93t 7t Fof 9
A E7}F =W (35), -GTPot A7 B 4] FaaA
Qo] &3] AW A= B ALT, AST, ALP, &7
T 5 OE Vs AARE Zldolu y-GTPREe] 184
S HY A 43S JFHU ez SNEy B A
Ao & AST, ALT= T3F 72420 21o]7) gl
y-GTP= L IZEWEFET)°] AANZTLHY 28.65%
oHo 7 A3 Aoz YEhth

3 SN Q5EFEEL A4S A3 WE y-GTP
S JAlste AR HuEA=H36), & A Sl
MNe 4FE Foo 93] J5H -GTP A== SUNEv
THET-HWE)#} /) Gr & ET-FHWE)ol| A Z+7} 6.71
+0.21 U/L, 6724044 U/LE UEh} S dmj 94322
SNGuFEALTES dF L o3 d5H -GTP &

Table 2. Effect of the Fermented Hovenia dulcis Thunb fruit
water extract on serum ALT, AST and y-GTP activities in rats
administrated ethanol orally for 3 weeks

ALT (UL) AST (UL) y-GTP (UL)
NC 36.5042.14" 118.644692" 6.23+0.37°
ET 4047+2.69 129.03+5.04 8.0240.24°
ET-HWE 38.75+1.73 111.38+8.84 6.71£021°
ET-FHWE 35.17+149 1217741137 6.7240.44°

Data are Mean*SE. “Means in the same column not sharing a common superscript
are significantly different among groups at p<0.05. NS, not significant; NC, normal
control; ET, ethanol; ET-HWE, ethanl+Hovenia dulcis Thunb fruit water extract;
ET-FHWE, ethanol+Fermented Hovemnia dufcis Thunb fruit water extract.
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Fig. 3. Effect of the Fermented Hovenia dulcis Thunb fruit water
extract on body weight changes in rats administrated ethanol orally
for 3 weeks.

Data are MeantSE. “"Means not sharing a common letter are significantly different
between groups at p<0.05. NS, not significant; NC, normal control; ET, ethanol; ET-HWE,
ethanl+Hovenia dilcis Thunb fruit water extract; ET-FHWE, ethanol+Fermented Hovenia
dulcis Thunb fruit water extract.
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Fig. 4. Effect of the Fermented Hovenia dulcis Thunb fruit water
extract on serum lipids concentration in rats administrated ethanol
orally for 3 weeks.

Data are MeanSE. “Means not sharing a common letter are significantly different
between groups at p<0.05. NS, not significant; NC, normal control; ET, ethanol; ET-HWE,
ethanl+Hovenia dilcis Thunb fruit water extract; ET-FHWE, ethanol+Fermented Hovenia
dulcis Thunb fruit water extract.
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Fig. 5. Effect of the Fermented Hovenia dulcis Thunb fruit water
extract on liver lipids concentration in rats administrated ethanol
orally for 3 weeks.

Mean=SE. “Means not sharing a common letter are significantly different between groups
at p<0.05. NC, normal control; ET, ethanol; ET-HWE, ethanl+Hovenia dulcis Thunb

fruit water extract; ET-FHWE, ethanol+Fermented Hovenia dulcis Thunb fruit water
extract.
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