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Abstract

Cucumber fermentation has been used as a means of preservation. This study was performed to investigate
the effects of fermented cucumber beverage (CF) containing beneficial materials for an ethanol hangover based
on Hovenia dulcis (SKM) on ethanol-induced hepatotoxicity. Male Sprague-Dawley rats were randomly divided
into three groups: ethanol control, ethanol plus SKM, and ethanol plus CF+ SKM. SKM or CF+ SKM was orally
administered at a dose of 7 mL/kg body weight once per day for 5 weeks. Control rats were given an equal
amount of water. CF+ SKM significantly lowered plasma ethanol levels, whereas SKM tended to decrease the
levels compared to the control. Both SKM and CF+ SKM significantly lowered the plasma acetaldehyde levels
and serum transaminase activities compared to those in the control. SKM and CF+SKM did not affect hepatic
alcohol dehydrogenase activity; however, it significantly inhibited cytochrome P450 2E1 (CYP2E1l) activity.
Hepatic aldehyde dehydrogenase (ALDH) activity was significantly higher in the SKM and CF+SKM groups
than that in the control group. Plasma acetaldehyde concentration was significantly correlated with hepatic
CYP2E1 (r=0.566, p<0.01) activity and ALDH (r=-0.564, p<0.01) activity. Hepatic superoxide dismutase and
catalase activities as well as glutathione content increased with the SKM and CF+ SKM administration, whereas
lipid peroxide content decreased significantly. Furthermore, SKM and CF+SKM lowered plasma and hepatic
lipid content and lipid droplets compared to those in the control group. These results indicate that SKM and
CF+SKM exhibit hepatoprotective properties partly by inhibiting CYP2E1 activity, enhancing ALDH activity
and stimulating the antioxidant defense systems in ethanol-treated rats.
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Table 1. Composition of the ethanol liquid diet”

Component g/L/1,000 kcal
Casein 41.4
L—Cystein 0.5
DYL*Methionine 0.3
Corn oil 85
Olive oil 31.1
Dextrin maltose 25.6
Choline bitartrate 0.53
Fiber 10.0
Xanthan gum 3.0
Mineral mixture” 2.55
Vitamin mixture” 9.0
Ethanol 50.0

UThe liquid diet was mixed in 1 L of distilled water.
Mmeral mixture according to AIN-76.
YVitamin mixture according to AIN-76.

F9 A EAGY oehg S 2ol 3%(HA Ay
A AFATE 21%), AAGH dAG-2 2lo]9] 4%(HA| oY
A AFAT] 28%), 13 AR GRElE 2] 5% (A
AR HHFS 6X)E o3t ¢2&Y AHE F =
399t SKM¥ CF+SKM AF #F Algo] 315 AlF
183100 mL)& viAle ¥ 7|50 2 styon Al 55
7rol SHAAFE st AF kgd 7 mLA Y I
A zZbol| AT At AT wF 135 FA ZHel Z73
stgon, Aol dFHHL md dAHAZe 43 F FAH

oM IS Fete] Alitstitt

S U 3| A
Aol By AWEEE H4 A 1247 B A4
% CO, 7128 FYAA PHAAZ T B3R S (i

ferior vena cava)2Z5E FTE AL 3 ch A9
A B ethylendiamine tetraacetic acid(EDTA) 7‘13] -‘rEr
Bo ga Yz dee It 900 x g(4°C)oll A 1583k
AR 3t 77 @39 A S EEEtdh AP EE
=] 2 g AYFH & FA| FZ3}9 phosphate buffered
saline &H 02 At A F FTHO| FES A ASF A
gt om, SA AAALE FYAA -70°Coll B3 Th

PN

A
2|

©:

9

OEt21t OIMELT|SIE s &F

Z9Y dEE == A 4§ kit(Roche Co.,
Darmstadt, Germany)Z ©]-83}<] Cobas Intergra 800(Roche
Co.) 71712 EA3Ath oHHMELH S E 5 oM EY
b5 =7t SHF| = g4 A(ALDH)Y o8] A13}E o] o}
AELS AASE FAolA NAD'@Hs 2849 =58
HLo} NADHES /lg /H—g],htﬂ xgxﬂg NADH-J b:g.___ %7@ g].
= 982 AxD kit(Roche Co)E AL&-3te] =3}

oX 0A
N of

et o

=X
(=]

=
(=]

Muller(14)2] ®io g ZA|
Asan Pharmaceutical, Seoul, Korea)S A}-&3}
A3lat. = e 2HE &322 Richmond(15)9] W

ol

Bt 2455 S0 x|

=
= =
g3 T FEAL FF

flo 1
i

a8 i
i\ g
>
JE,



ool WELEI} WO RS Fold

2)
FEZXZE HEEQ21, v/ EFAoz AL FET
A7 T3 WP 43 FEE FIA

54 YoeA AL Qe FeiA e Y9 as-
partate aminotransferase(AST)¢} alanine aminotransferase
(ALT) &2 A5 A8teHE4] 7] (FUJI DRI-CHEM, 3500i,
Fujifilm, Tokyo, Japan)Z ©]-&3ls] =43t}

3 2+2 28 10% formaldehyde &8 ol 244 7¢
FAZ v, FAEAL 60% LA SAAFH FeEEE &
3t gEpded E2ujsta, o] RS 4 ym FAZ et
= ZgEm el A 200

Z2 0.1 M triethanolamine, 0.02 M EDTAS} 2 mM
dithiothreitol7} Z & $5-8&H(pH 7.4)& 7}t T2 7]
(099CK33, Glas—col, Terre Haute, IN, USA)Z w}33}<
A TAAS 900x g4’ C)l A 1087 A EF st o
9 vk RES AAS F A5 HE At ©]F 10000
gA° Ol A 2083 A4 & 3t mEZ=Eol #8& A
gt on EEEH AEA-S 100,000 x g(4°C)oll A 1217 =
AEE 3t ANES 28 rlo|a2F 288 Atk vE
Zogolo} vpo]| AR E FHAFLS AHEH 4FE& Q0 =2
T aadoz AgsdT 239 84845 E Bradford
179 WS AHgste] S8 9 d megde AFEAE
2 JeEh A

IZ=E|o| OEIZTHAL &4 BN E =Y

ADH 4%+ Bergmeyer(18)2] ol F3lo =43}
Foem ALDH A=+ Koivula®t Koivusalo(19)¢] Wi
of 3l A3 AY. E4AFAEE 187 1 mg g do]
A /3dsh= NADHS| 42 nmolZ %7]3t3th.

¢

2EX=Z19] oytochrome P450 2E1(CYP2ET) &M E &3

CYP2E]l 84 == Dicker 5(20)9] ¥Rl 3} aniline
o] aniline hydroxylased] 2|3} XA &= 4-hydroxyani-
lined] %S =43t} 3.6 mM aniline¥} 450 uM NADPH
9 wlo]| 72 & A EZ potassium phosphate £+5 4 (pH 7.4)
of £33t & 37°Col A 1A1ZF < RESAIZ ohs 40%
trichloroacetic acidg& 7}l ¥F-&-& FZ2A]7]13 14,000 X g
ol A 1027 A4we st FEHel 10% NaxCOs9t 2%
phenolE 7}gt & A2 A 4587 WX]5te] TAAI7] ohS

=

o

o] &g thAtsh FasbtolAlel nAe & 1101

H=E| 9| et g4 =Y Eol SFEEIR 5

Superoxide dismutase(SOD) A4S Marklund®} Mar-
klund(21)9] ol Fal] E4HES 93 Fa v
0.5 mM pyrogallol &4 9] 25485 50% A= A=

kS e AT Glutathione peroxidase(GSH-Px) &4-&
Paglia®} Valentine(23)2] %ol &3t @i d 1 mgd 1%
< AtslEl= NADPH A=E Yehlidth. 2FEHE
(glutathione, GSH) &< Ellman® WH(24)S 4 - B
st} ST

T

¢

o rfo

£ Ohkawa 5(25)2] #Hof
F3l =AY XEAH4EEY] A X EZQ malon-
dialdehyde(MDA) &#-& tetramethoxypropane %% 7 %

el skl YERA A

SHXE

AP ATE SPSS package Z =213 (SPSS Inc., Chicago,
IL, USA)S ol 83te] d3ad Had AT QAR A
I 7 7ke] PR BAA fod HAL one-way
ANOVAE AJsta ot he] zbolE p<0.05 FEllA
Duncan’s multiple range test2 A} A 3IATH FT3A
£ Pearson’s correlationS 243t 24319t

Zut 3 nE

HE, Alo|MF 2t 27|FA Yt 0|Xj= GE

SKM3#} CF+SKM2 d#9] 36%5 Ae&Z F993}
AR Aol & 573 FAF -9 A Aol dHd =
g WA A ko, FV|FA JA] CF+SKM¢] 4l
FAZ E2FEG 32 AS ALslae A48T 7y W
7F BFEEA ZSktHTable 2).

-

87t & o|EIZ2T} OIMEYH|S|= &2kl 0|X|= AEt
87 8% Fo degn olMELH I = &
C A& P2 Fig. 19 JepAtE. SKM#} CEF+SKM
79 2 F g e gzl vlste] 247 95%9}

G (Fig. 1B). o|&-& A, ot ELH 3| =] A, &g
A8l g o] w2 A ZU NADH/NAD H) Z71ol] &3 thA}
ETY, 84448 S7F o] oleol o A&t Ul
o2 4#A YuH26). Leedt Chyun(27)& ol X9 36%=
NEEZ FA3le A 2o & 30Uzt 3o Al F e

FEE ASH 02 Fopitky s, B 2G4



1102 ol - AL - o] - ol - AR - o]FE - A F - oW A

Table 2. Effects of fermented cucumber beverage on body weight, food intake and organ weights in ethanol-treated rats”

Control? SKM® CF+SKM”

Body weight (g)

Inital 158.75+9.01 164.62+3.89 165.18+6.46

Final 219.66+13.02 216.42+2.30 231.34+5.73
Food intake (mL/day) 64.93+2.18 65.01+0.61 66.15+1.33
Organ weights (g/100 g)

Liver 461+0.21 438+0.11 4.42+0.14

Heart 0.41+0.01 0.41+0.01 0.41+0.01

Kidney 0.97+0.03" 0.99+0.01" 0.89+0.01°

Spleen 0.17+0.00 0.16+0.00 0.17+0.00

"Mean+SE (n=8). Means in the same row not sharing a common letter (a,b) are significantly different among groups (p<0.05).

:Z)Rats were fed ethanol liquid diet.
YRats were fed ethanol liquid diet and were administered SKM.

YRats were fed ethanol liquid diet and were administered fermented cucumber beverage containing SKM.
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Fig. 1. Effects of fermented cucumber beverage on plasma ethanol (A) and acetaldehyde (B) concentrations and correlation
between plasma acetaldehyde concentration and hepatic CYP2E1 activity (C) or ALDH activitiy (D) in ethanol-treated rats.
Mean =SE (n=8). Means not sharing a common letter (a,b) are significantly different among groups (p<0.05). Control: Rats were
fed ethanol liquid diet. SKM: Rats were fed ethanol liquid diet and were administered SKM. CF+SKM: Rats were fed ethanol
liquid diet and were administered fermented cucumber beverage containing SKM. CYP2EL: cytochrome P450 2E1, ALDH: aldehyde

dehydrogenase.
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Table 3. Effects of fermented cucumber beverage on hepatic ethanol metabolic enzyme activities in ethanol-treated rats”

Control” SKM? CF+SKM?
ADH” (nmol/min/mg protein) 6.40+0.18 6.49+0.39 7.30+0.62
ALDH (nmol/min/mg protein) 6.50+0.52* 8.14+0.34° 8.3140.39
CYP2E1 (uymol/min/mg protein) 37.95+0.73¢ 30.95+3.59" 22.82+1.61°

"Mean=SE (n=8). Means in the row not sharing a common letter (a-c) are significantly different among groups (p<0.05).
YRats were fed ethanol liquid diet.

YRats were fed ethanol liquid diet and were administered SKIM.

i“RatS were fed ethanol liquid diet and were administered fermented cucumber beverage containing SKM.

YADH, alcohol dehydrogenase; ALDH, aldehyde dehydrogenase; CYP2EL, cytochrome P450 2E1.
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A2E GiAg} 2o 18lES /A Hol 7 &4 e T oleE Sl o ksl mA 4 Hae
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2 e EA BEAE 4eidl oMM ELHEE £3E ¥ A== 2Hretd 2 v whg Aol & R ELH 9
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Table 4. Effects of fermented cucumber beverage on hepatic antioxidant defense system and lipid peroxide content in etha-
nol-treated rats'

Control” SKM? CF+SKM”
SOD” (unit/mg protein) 461+0.15" 5.85+0.39 5.89+0.29
CAT (umol/min/mg protein) 14.50+0.64° 17.82+1.16° 17.82+0.40
GSH-Px (nmol/min/mg protein) 12.11+0.24 12.50+0.33 13.98+1.21
GSH (nmol/g) 557+0.14 6.10+0.22" 6.330.09"
Lipid peroxide (nmol/g) 56.87+1.31° 49.65+1.64" 44.21+1.51%

"Mean=SE (n=8). Means in the row not sharing a common letter (a-c) are significantly different among groups (p<0.05).
YRats were fed ethanol liquid diet.

YRats were fed ethanol liquid diet and were administered SKIM.

i“RatS were fed ethanol liquid diet and were administered fermented cucumber beverage containing SKM.

D)SOD, superoxide dismutase; CAT, catalase; GSH-Px, glutathione peroxidase; GSH, glutathione.
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Table 5. Effects of fermented cucumber beverage on plasma
aminotransferase activity in ethanol-treated rats”

Control? SKM” CF+SKM”
ASTY (U/mL) 210.83+26.26° 150.66+9.48" 118.80+7.71°
ALT (U/mL) 99.85+10.93° 5800+759" 65.80+6.88°

"Mean=SE (n=8). Means in the row not sharing a common
letter (a,b) are significantly different among groups (p<0.05).
?Rats were fed ethanol liquid diet.

YRats were fed ethanol liquid diet and were administered SKIM.
YRats were fed ethanol liquid diet and were administered fer—
~mented cucumber beverage containing SKM.

“)AST, aspartate aminotransferase; ALT, alanine amino—
transferase.
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Table 6. Effects of fermented cucumber beverage on plasma and hepatic lipid contents in ethanol-treated rats"
Control” SKM? CF +SKM"
Plasma
Total cholesterol (mg/dL) 142.18+7.19° 97.15+5.48* 102.73+9.87%
Triglyceride (mg/dL) 56.90+9.17 48.61 +2.84 49.97+4.85
Liver
Cholesterol (mg/g) 6.81+£0.35" 5.53+0.51° 5.10+0.16"
Triglyceride (mg/g) 26.37+1.13" 25.30+0.91% 22.88+1.84%

‘”MeaniSE (n=8). Means in the row not sharing a common letter (a,b) are significantly different among groups (p<0.05).

?Rats were fed ethanol liquid diet.

YRats were fed ethanol liquid diet and were administered SKIM.

YRats were fed ethanol liquid diet and were administered fermented cucumber beverage containing SKM.
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Fig. 2. Effects of fermented cucumber bever—
age on hepatic morphology in ethanol-treated
rats (x200). Representative pictures of hema-
toxylin and eosin-stained sections of liver tissue
from rats were fed ethanol liquid diet and were
administered SKM (SKM) or fermented cucum-
ber beverage containing SKM (CF+SKM) show
few fat droplets compared to the rats fed ethanol
liquid diet (Control).
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