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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 (c) 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 normalize 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.
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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 Mean+SE, “*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 dudcis 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) y-GTP (ULL)
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.
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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" 118.64+692" 6.23+0.3T°
ET 404742.69 129.03+5.04 8.0240.24°
ET-HWE 38.75+1.73 111.38+8.84 6.71£021°
ET-FHWE 35.17+149 1217741137 6.72+0.44°

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 Hovenia dulcis 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 Mean+SE. “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.
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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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Fig. 6. Effect of the Fermented Hovenia dulcis Thunb fruit water
extract on serum glucose 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.

o1ge] ARE B3 AL FEALEFL S L)
ALFE R 953 )5 A B

. Jg-
2 9 ohHELYIO|E Rale B 271

et ol ¢3ews] 2 1S &5 T35k A-8st
= frEAE<! dihydromyricetin(38)©] & ol 2|3 Z7}5
s ASE Al HTh 3 SUNGuFE AL e ELS vy
ARl d3g Folof o3l WAsk= EF A4 TR 89
e SNEEFFESERT S G930 2 /)X
7l AoZ Yeht} wEof 93t 7|54 o]l d5EHU
o webA] SAEFEAREEL T ¢IE A
ot Ast AF FAE At FHMA H dAESA
1 A s EAEZA SNEEFFESRT US
5 242 82 FoE Jgdn
e <

ol ok sfgrle] 7eA s AEE HESIA
2} SINEMEFFEES HaA & F4 2 g E=
< Fo 14 FERAS 59l AT oA, ¢2E
w3l 2 s AN Bs Atk 548 €38 Fo
SERdA SUNEr et E FHET-FHWE)S ¢F 2%
T(EDoN vlste] @4 d3& FE7}F FoFoz 7HAES]
1, 53] &g Fo 3ARE $9 dFE Fa= SUNGS
A gEo o3 46.1%, SINEEFFEE 3l
19.1% 7HAaE A0 YERT Tt 43 Fofof o3
7 @3 oM EZHElolE e UGS
B2 o3l FAE Fof 3AIZF Foll= 48.7%, 5417 -l
E39%E SILHWEZHENDET FojFos 7Aasga
ol NG ESFFEEL Had o3 ¢FE E oMM E
ddjtol = s ol F7ksle A= ALRE AT v
UFE Fo 1Y SERY Ao gL Fodl 93
FedE 93 43E sre g ErFE= U
W FENLEE FoAd o3| 247} 31%, 41% ol o=
stk @3 o EYHslolE w249 v-GTP B4 %
< SINEMEFFEES SUNGFEALEE Fo9
ol FAESNWEFEDET FoHo 8 s on, F
717t GFE FAd gt AT A A 2 1hxA A
T 94 FAE UEITh g s G
BELS AR ¢FE FAZ Qe THAaE 9 folF
o2 FITpIE AR Yeigth £ A7 2d, 34 ¢
< 5o FEEDA SN E5FEES Ead o
d-E g o EYH o= 3w o] T2, v
dIE Fof BdS F3 AolA= dae] o3| siign)
o 2715 JNAE o] FAEH FAlo dF E5(EH A
A 9 g9 77 /e S ASE eyt ot
A SNl FEATEEL §4 B T ¢33 TS
AAol oA N EEFFE=RY O At V)5
4 EAR &84 & IS o= JigEn



2T Q7Y I3 V)& zetd A

3

10.

Hepatoprotective effect of fermented Hovenia dulcis Thunb fruit water extract

AL =

B ATE 0113HE Rt § - BFAT A9

A7}
o A wol A7HYon old] A=Y

References

. Bunout D (1999) Nutritional and metabolic effects of

alcoholism: their relationship with alcoholic liver disease.
Nutrition, 15, 583-589

. Baan R, Straif K, Grosse Y, Secretan B, El Ghissassi

F, Bouvard V, Altieri A, Cogliano V (2007) Carcinogenicity
of alcoholic beverages. Lancet Oncology, 8, 292-293

. Corrao G, Rubbiati L, Bagnardi V, Zambon A,

Poikolainen K (2000) Alcohol and coronary heart discase:
A meta-analysis. Addiction, 95, 1505-1523

. Baliunas DO, Taylor BJ Irving H, Roerecke M, Patra

J, Mohapatra S, Rehm J (2009) Alcohol as a risk factor
for type 2 diabetes: A systematic review and metaanalysis.
Diabetes Care, 32, 2123-2132

. Shelmet JJ, Reichard GA, Skutches CL, Hoeldtke RD,

Owen OE, Boden G (1988) Ethanol causes acute
inhibition of carbohydrate, fat, and protein oxidation and
insulin resistance. J Clin Invest, 81, 1137-1145

. Taylor B, Irving HM, Baliunas D, Roerecke M, Patra

J, Mohapatra S, Rehm J (2009) Alcohol and hypertension:
Gender differences in dose-response relationships
determined through systematic review and meta-analysis.
Addiction, 104, 1981-1990

Rehm J, Rehn N, Room R, Monteiro M, Gmel G, Jemigan
D, Frick U (2003) The global distribution of average
volume of alcohol consumption and patterns of drinking.

Eur Addict Res, 9, 147-156

. Chenet L, Britton A, Kalediene R, Petrauskiene J (2001)

Daily variations in deaths in Lithuania: The possible
contribution of binge drinking. Int J Epidemiol, 30,
743-748

. Leon DA, Chenet L, Shkolnikov VM, Zakharov S,

Shapiro J, Rakhmanova G, Vassin S, McKee M (1997)
Huge variation in Russian mortality rates 1984-94:
artefact, alcohol, or what? Lancet, 350, 383-388

Kessler RC, Crum RM, Warner LA, Nelson CB,
Schulenberg J, Anthony JC (1997) Lifetime co-occurrence
of DSM-III-R alcohol abuse and dependence with other
psychiatric disorders in the National Comorbidity Survey.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

419

Arch Gen Psychiatry, 54, 313-321

Samokhvalov AV, Irving H, Mohapatra S, Rehm J (2010)
Alcohol consumption, unprovoked seizures and epilepsy:
A systematic review and meta-analysis. Epilepsia, 51,
1177-1184

Lieber CS, DeCarli LM (1970) Hepatic microsomal
ethanol oxidizing system: in vitro characteristics and
adaptive properties in vivo. J Biol Chem, 245, 2505-2512
Lieber CS (1994) Alcohol and the liver. Gastroenterology,
106, 1085-1105

Hong YL, Kim MH, Ahn C, Lee HY, Kim JD (2000)
Studies on the biological activities of the extracts from
hovenia dulcis Thumb. J Agr Sci, 11, 1-11

Okuma Y, Ishikawa H, Ito Y, Hayashi Y, Endo A,
Watanabe T (1993) Effect of extracts from Hovenia dulcis
Thunb on alcohol concentration in rat and men
administerd alcohol. J Jpn Soc Nutr Food Sci, 48, 167-172
Na CS, Chung NC, Yang KH, Kim SH, Chung HS, Dong
MS (2004) Hepatoprotective and blood alcohol lowering
effects of fruit peduncle extract of Hovenia dulcis var.
korean in the in vitro and in vivo animal models. Yakhak
Hoeji, 48, 34-40

Kim MH, Chung YT, Lee JH, Park YS, Shin MK, Kim
HS, Kim DH, Lee HY (2000) Hepatic detoxification
activity and reduction of serum alcohol concentration of
Hovenia dulcis THUNB from Korea and China. Korean
J Medicinal Crop Sci, 8, 225-233

Ji Y, LiJ, Yang P (2001) Effects of fruits of Hovenia
dulcis Thunb on acute alcohol toxicity in mice. Zhong
Yao Cai, 24, 126-128

Kim HT, Kim DD, Ku SK, Kim JW, Lim MK, Oh TH,
Lee KW (2011) Therapeutic Effects of Hovenia Dulcis
Thunb Extract on CCI4 Induced Liver and Kidney
Damage in Rats. J Vet Clin, 28, 20-7

Kim SM, Kang SH, Ma KY, Kim JH (2006) A study
on the extraction and efficacy of bioactive compound
from Hovenia dulcis. Korean J Biotechnol Bioeg, 21,
11-15

Na CS, Yoon SY, Kim JB, Na DS, Dong MS, Leec MY,
Hong CY (2013) Anti-fatigue activity of Hoveniadulcis
on a swimming mouse model through the inhibition of
stress hormone expression and antioxidation. Am J Chin
Med, 41, 945-955

Kim OK (2001) Protective effects of extracts of Hovenia
dulcis Thunb on hepatotoxocity in carbon tetrachloride
intoxicated rats. J Korean Soc Food Sci Nutr, 30,
1260-1265



420

23.

24.

25.

26.

217.

28.

29.

30.

A F A S S A 2219 A35 (2014)

Hase K, Ohsugi M, Xiong Q, Basnet P, Kadota S, Namba
T (1997) Hepatoprotective effect of Hoveniadulcis
THUNB. on experimental liver injuries induced by carbon
tetrachloride or D-galactosamine/lipopolysaccharide. Biol
Pharm Bull, 20, 381-385

Kim JS, Na CS, Eun JB (2005) Effect of Hovenia dulcis
Thunb extract on the hyperglycemic mice induced with
streptozotocin. J Korean Soc Food Sci Nutr, 34, 632-637
Lee YA, Chae HJ, Moon HY (2005) Effect of Hoveina
dulcia Thunb. var. koreana Nakai fruit extract on glucose,
lipid metabolism and antioxidant activity in streptozotocin-
induced diabetic rats. J Exp Biomed Sci, 11, 533-538
Folch J, Lees M, Sloane Stanley GH (1957) A simple
method for the isolation and purification of total lipides
from animal tissues. J Biol Chem. 226, 497-509
Shumate RP, Crowther RF, Zarafshan M (1967) A study
of the metabolism rates of alcohol in the human body.
J Forensic Med, 14, 83-100

Lieber CS (1973) Liver adaptation and injury in
alcoholism. N Engl J Med, 288-356

Swift R, Davidson D (1998) Alcohol hangover: mechanisms
and mediators. Alcohol Health Res World, 22, 54-60
Zimmerman HJ, Seeff LB (1970) Enzymes in hepatic
disease. In: Diagnostic Enzymology, Goodly EL (Editor),
Lea & Febiger, PA, USA, p 1-38

31.

32.

33.

34.

35.

36.

37.

38.

Park EM, Ye EJ, Kim SJ, Choi HI, Baec MJ (2006)
Eliminatory Effect of Health Drink Containing Hovenia
Dulcis Thumb Extract on Ethaol-Induced Hangover in
Rats. Korean J Food Culture, 21, 71-75

Tate SS, Meister A (1971) Gamma-glutamyl transpeptidase:
catalytic, structural and functional aspects. Mol Cell
Biochem, 39, 357-368

Rosalki SB, Rau D (1972) Serum-glutamyl transpeptidase
activity in alcoholism. Clin Chim Acta, 39, 41-47
Boone DJ, Tietz NW, Weinstock A (1977) Siginificance
transpeptidase(GGT)
measurments in alcohol-induced hepatic injury. Ann Clin
Lab Sci, 7, 25-28

Friedman SL (1990) Acetaldehyde and alcoholic
fibrogenesis. Fuel to the fire, but not the spark.
Hepatology, 12, 609-612

Kim YS, Park JY, Kwon YB, Lim DW, Song MK, Choi
HY, Kim HC (2013) Hepatoprotective Effects of Hovenia
dulcis Extract on Acute and Chronic Liver Injuries
induced by Alcohol and Carbon Tetrachloride. Kor J
Herbology, 28, 25-32

Lieber CS (1997) Ethanol metabolism, cirrhosis and
alcoholism. Clin Chim Acta, 257, 59-84

Shen Y, Lindemeyer AK, Gonzalez C, Shao XM,
Spigelman I, Olsen RW, Liang J (2012) Dihydromyricetin
as a novelanti-alcohol
Neurosci, 32, 390-401

of gamma-glutamyl activity

intoxication medication. J

(A% 20149 2€ 199 54 20149 49 219 AE 20144 49 28Y)



