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Abstract

The hepatoprotective effect of the H,O and MeOH extracts from the fruits of Hovenia dulcis
THUNB. was examined on endotoxin (lipopolysaccharide; LPS)-induced hepatotoxicity in chronic
ethanol-fed rat. Rats were injected with LPS after feeding ethanol (36 % of total calories) diet for 4
weeks. The H,O extract of H. dulcis significantly inhibited the elevation of serum ALT and AST levels
by LPS challenge after chronic ethanol consumption. In addition, the H,O extract suppressed the
accumulation of triglyceride (TG), total cholesterol (t-CHOL) and malondialdehyde (MDA) in rat

liver.

Key words Howvenia dulcis, hepatoprotective effect, alcoholic hepatitis, ethanol, lipopolysacchar-

ide.

Introduction

Chronic ethanol consumption is widely recognized
to alter hepatocyte metabolisms and finally induce
liver injury. Since endotoxemia is commonly seen in
patients with alcoholic liver disease (ALD) and some
experimental liver injuries,1 * endotoxin is thought to
play an etiologic role in several liver diseases. More-
over, some investigators recently reported that alco-
hol and endotoxin synergically induced liver injury,ﬁ)
whose hepatotoxic effects closely relate to the secre-
tion of a harmful cytokine, tumor necrosis factor
(TNF) "

In the courses of finding out hepatoprotective
crude drugs,g‘ " we attended to the fruits of Hovenia
dulcis THUNB. (Rhamnaceae) which has been believed
to be effective against alcoholic toxicity. Recently, it
was found that this crude drug accelerated the alcohol
metabolism in human as well as rat.”” However, no
report on alcoholism such as alcoholic hepatitis and
fatty liver was found. In the present study, we evalua-
ted the hepatoprotective effect of H. dulcis on LPS-

induced liver injury in chronic ethanol-fed rats.
Materials and Methods

General: Serum AST, ALT levels were measured
by a Refletron S system (Boeringer Mannheim Co.
Ltd., Osaka, Japan). Lipopolysaccharide (LPS ; Es-
cherichia coli serotype 055 : B5) was purchased from
Difco Léboratories, USA. The fruits of Hovenia dulcis
THUNB. were obtained from Matsuura Pharmaceuti-
cal Co., Ltd, Nagoya, Japan. The voucher sample
(TMPW No. 15502) was preserved in the Museum for
Materia and Medica, Analytical Research Center for
Ethnomedicines, Toyama Medical and Pharmaceuti-
cal University, Toyama, Japan. The Pulverized fruits
of H. dulcis (500 g) were refluxed twice with water or
methanol (1.5 LX2) for 3 h. The extracts was filtered
and lyophilized to give MeOH (103.2 g) and H,0O (87.6
g) extracts. These extracts were used for the evalua-
tion of their hepatoprotective activity.

Amnimals: Male Sprague - Dawley rats, 6 or 5
weeks old, weighing 150-170 ¢ were used for liver
injury model or ethanol metabolism experiment. The

*T930-01 & T 24v2630% 1
L ERERE A ER B R A LA s FHIR M PTH &R
2630 Sugitani, Toyama 930-01, Japan

FIER S EHERY 14, 2833, 1997



Hepatoprotective effect of Hovenia dulcis 29

animals were purchased from Shizuoka Laboratory
Animal Center, Japan, and maintained under 12 h light/
dark cycle in a temperature and humidity controlled
room. The animals were allowed free access to a
laboratory pellet chow (CLEA Japan Inc., Tokyo,
Japan ; protein 24.0 9, lipid 3.5 9%, carbohydrate 60.5
%) and water ad lbitum before experiment.

LPS-induced liver injury in chronic ethanol-in-

gested rats: Rats were divided into 5 groups (each n=
6). In the first group (Control I), rats were fed with
ethanol free liquid diet in which ethanol was substitut-
ed with isocaloric sucrose. In other groups, rats were
fed with Lieber Decali liquid diet in which 36 9% of
total calories were from ethanol. The MeOH or H,0
extracts from H. dulcis was administered p.o., each
100 mg / kg twice a day (AM9:00 and PM9:00)
during ethanol diet. Rats of contiol groups (Control I,
[T and III) were administered the same volume of
saline for same period. After feeding with liquid diet
for 4 weeks, rats of Control III and sample treated
groups were challenged with intravenous LPS (1 mg/
kg) injection. Blood was collected from the tail vein
for the measurement of serum ALT level at 8 h postin-
jection. All animals were sacrificed at 24 h postinjec-
tion and liver perfused with cold saline was removed
for the measurement of MDA, TG and t-CHOL.

Measuvement of hepatic MDA, TG and t-CHOL:
The hepatic MDA content was measured as an indica-
tor of lipid peroxidation in the liver. A lobe of liver
was homogenized in cold 1.15 95 KClI solution (4 ml/g
wet tissue) and MDA content in the homogenate was
measured by TBA reaction.”” The protein concentra-
tion of the liver homogenate was determined by
Lowry method Y using bovine serum albumin as the
standard.

Hepatic TG and t-CHOL contents were measured
according to the method of Haug, et al.mSimply, for
each rat, a 10 9% (wt/vol) homogenate of hepatic
tissue was prepared in isopropanol. The homogenate
was kept at 4°C for 2 d to extract TG and t-CHOL,
and then centrifuged for 10 min at 1000 X g. Aliquots of
the supernatants were measured enzymatically for
TG and t-CHOL with commercial kits (Boeringer
Mannheim Co. Ltd., Osaka, Japan).

FEthanol metabolism experiment: Rats were fasted
for 12 h prior to experiment, but water was given ad

libitum. Rats were administered ethanol (2 g/kg) as
50 % aqueous solution with gastric catheter. The H,O
extract of H. dulcis (100 mg/kg) or saline was ad-
ministered p.o. 1h before ethanol. Then, blood was
collected from the tail vein at just before and 1, 3,6 h
after ethanol administration. Eight volume of ice cold
perchloric acid (0.33 mol/L) was added to each blood
sample to exclude proteins. The solution was shaken
with vortex mixer and centrifuged at 3000 X rpm.
Aliquots of the supernatant was used to measure
ethanol concentration enzymatically using a commer-
cial kit (Boeringer Mannheim Co. Ltd., Osaka,
Japan).

Statistical analysis: All value expressed as mean+
S.E. obtained from # number of experiments. The
Studen’s ¢ -test for unpaired observation between
control and experimental samples was carried out for
statistical evaluation of a difference ; p value of 0.05
or less were considered as statistically significant.

Results

Nutritional data evaluation showed that ethanol
free diet-fed rats (Control I) consumed more calories
than did rats in the ethanol diet-fed group (Control II
and IIT). Rats ingested with ethanol free diet gained
more weight than rats fed with ethanol. However, no
difference of caloric consumption and body weight
between ethanol fed control groups (Control II or HI)
and sample (H,O or MeOH extract) treated groups
during ethanol diet-fed periods was observed (Table
I). As for the serum ALT and AST levels, both
parameters in control II (ethanol diet) were a little
higher than that of control I (ethanol free diet). In
control III (ethanol diet+LPS), serum ALT and AST
levels were two or three times elevated at 8 h after
LPS challenge. On the other hand, administration of
the H,O extract obviously suppressed the ALT and
AST levels (Table II). In the case of MeOH extract
treated group, no significant decrease of serum
parameters was observed.

Then, the hepatic MDA was measured as an
indicator of lipid peroxides generation. In control III,
a pronounced elevation of hepatic MDA was observed,
whereas in the H,O extract treated group, the produc-
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Table I Nutritional data after 4 week ingestion of ethanol diet in rats.

Group Treatment Dose EtOH® Lps® Body weight® Consumption®
(mg/kg) Diet challenge (g) (kcal/kg/day)
Control 1 Saline —_— — - 223.5+10.9 551.1£53.7
Control II Saline —_— + — 186.2+20.1 388.1+69.2
Control II1 Saline — + + 185.8+3.0 381.4+66.7
Hovenia dulcis H,0 ext. 100 + + 188.0+8.0 369.9+46.5
MeOH ext. 100 + + 195.7+9.4 382.8+81.4

The result was expressed as mean+S.E., #=6. Test sample or saline were administered twice a day

in the whole period of ethanol diet. a) Lieber diet, which replaced 36 % of total calories with ethanol,

was given rats for 4 weeks. Liquid diet, which was substituted carbohydrate for ethanol, was used as

ethanol free diet (control I).

b) Lipopolysaccharide (LPS; 1 mg/kg) was i.v. injected through tail vein in rat for enhancement of
liver injury after ingesting ethanol diet for 4 weeks.

c) The body weight at 4 weeks after ingesting ethanol diet.

d} Mean of diet consumption per day was expressed in calories.

Table II Effect of Hovenia dulcis extracts on serum ALT and AST level
on LPS-induced liver injury in chronic ethanol fed-rats.

Group Dose SALT sAST
(mg/kg) (U/L) (U/L)
Control 1 — 37.5+3.5 64.2%2.6
Control II —_— 60.0+8.4 134.2+49 .4
Control 111 — 117.8+32.3 235.2+58.3
Hovenia dulcis H,0 extract 100 53.9+12** 102.6+16.8***
MeOH extract 100 83.4%+5.7 259.01+39.2

The result was expressed as mean+S.E., #=6. The blood sample was collected to measure
serum ALT and AST level at 8 h postinjection of LPS following to ethanol diet feeding for
4 weeks. Control I: saline +ethanol free liquid diet, Control II: saline +ethanol diet, Control I1I:
saline+ethanol diet+LPS, Sample treatment group: sample +ethanol diet+LPS. Significant
difference, **p <0.01 and ***p <0.001 vs Control IIL

Test sample or saline was administered twice a day, p.o. in the whole period of ethanol diet.

Table III Effect of Hovenia dulcis extracts on accumulation of hepatic triglyceride (TG),
total cholesterol (t-CHOL) on LPS-induced liver injury in chronic ethanol-fed rats.

Group Dose MDA® TG t-CHOL
(mg/kg) (nmol/100 mg protein) (mg/g Liver) (umol/g Liver)
Control I —_ 87+9.1 10.8+0.8 17.1+£2.8
Control II —_ 118+6.0 68.8+12.1 58.9+6.1
Control LI —_— 219+2.8 45.8+19.6 51.9+8.5
Hovenia dulcis H,0 extract 100 151+11.6* 18.243.9* 36.2£2.6**
MeOH extract 100 209+14.1 19.74+2.4** 40.9+5.2*

The result was expressed as mean+S.E., #=6. The rat liver was taken to measure hepatic TG and
t-CHOL levels at 24 h postinjection of LPS following ethanol diet ingesting for 4 weeks. Control I:
saline+ethanol free liquid diet, Control II: saline+ethanol diet, Control III: saline+ethanol diet+
LPS, Sample treatment group: sample +ethanol diet+LPS. Significant difference, *p <0.05, **p <0.01
vs Control III.

a) Generation of lipid peroxides was expressed as the amount of malondialdehyde (MDA).
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tion of hepatic MDA was suppressed to 50 % of the
former (Table III). In the ethanol diet-fed groups
(control II and III), regardless of LPS treatment,
hepatic TG and t-CHOL were 4-6 fold and 3 fold
accumulated than that of control I, respectibely. On
the other hand, the treatment of H,O extract signifi-
cantly inhibited hepatic TG and t-CHOL accumula-
tion compared with control III {Table III). These data
cleafly demonstrated that the H,O extract of H.
dulcis possessed potential hepatoprotective activity
against LPS-induced liver injury in chronic ethanol-
fed rats. The MeOH extract also showed hepato-
protective activity such as suppression of the hepatic
TG and t-CHOL accumulation, although it did not
affect the serum enzymes and hepatic MDA level
(Table II and IID).

Moreover, we tested the effect of the H,O extract
on metabolism of ethanol. Ethanol was administered
orally and the time course of blood ethanol level was
examined as shown in Fig. 1. Just before ethanol
administration, blood ethanol level in both groups was
almost zero. The ethanol level in both groups reached
a peak at 1h after ethanol administration. Then, in
the control group, blood ethanol level gradually de-
creased to 6h, whereas in the H,O extract treated
group, it rapidly decreased to 6 h. At 3h and 6 h after
ethanol administration, blood ethanol level in the H,O
extract treated group was observed to be pronounced-
ly lower than that in control group.

Discussion

It is widely accepted that chronic ethanol con-
sumption leads to liver injury in human and experi-
mental animals. However, the mechanisms are still
controversial, although numerous studies have been
performed. It is known that the hepatotoxicity of
ethanol results from excessive generation of the
reduced nicotinamide adenine dinucleotide (NADH)
as well as acetaldehyde. The NADH can disorder the
ability of hepatocytes to maintain redox homeostasis
and a number of metabolic reactions. Acetaldehyde
also induces the alternation of metabolisms and gener-
ates harmful free radicals. Also, chronic ethanol con-
sumption - induced malnutrition affects functional
impairment of liver. These concepts about the pathol-

ogy of alcoholic liver diseases have been evolved in
the previous reviews.”” " In addition to the metabolic
complications, the role of the immunological system
on alcoholic liver diseases can not be neglected.m
Chronic ethanol consumption and alcoholic liver dis-
4, 18>On

the other hand, endotoxin (LPS) can induce liver

eases (ALD) frequently result in endotoxemia.

injury througt the induction of cytotoxic cytokines
such as tumor necrosis factor from macrophage and
enhance the injury of other hepatotoxins‘w)Therefore,
it seems reasonable to postulate that LPS may play an
important role in the ALD. Bhagwandeen ef al’
reported that administration of endotoxin on chronic
ethanol - fed rat induced acute alcoholic hepatitis
(AAH). This experimental ALD model we used in the
present study was patterned after that described by
Bhagwandeen.6> Here, rats were fed a liquid diet with
36 % of total calories supplied as ethanol or carbo-
hydrates (as pair-control). At the end of a constant
feeding period of 4 weeks, rats were received LPS
challenge. Thus a combination of chronic ethanol
ingestion and LPS challenge induce a histopath-
ological alternation which partly resembles human
AAH." In the present study, the H,O extract of H.
dulcis showed a significant suppression on blood ALT
elevation, and hepatic MDA, TG and t-CHOL accu-
mulation. The MeOH extract also significantly de-
creased TG and t-CHOL accumulation, however it did
not affect the other parameters.

The fruits of H. dulcis have been traditionally
used for the treatment of alcoholism and detoxifica-
tion in China and believed to be able to abolish alco-
holic toxicity. However, only a few chemical and
pharmacological reports on this crude drug are seen in
literature. Recently, Yoshikawa et al. reported that
several methylmigrated 16, 17-seco-dammarane type
triterpene glycosides having histamine release inhibi-
tory activity were isolated from the seeds and fruits of
this plant.mzn Moreover, recent reports proved that
the H,O extract of H. dulcis accelerate the metabo-
lism of ethanol in rats and human.” ™ As shown in
Fig. 1, our observation also confirmed the effect of
the H,O extract from H. dulcis on ethanol metabo-
lism. Thus, the activity of H,O extract on ethanol
metabolism may display the hepatoprotective effect
against LPS-induced liver injury in chronic ethanol-
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Fig. 1 Effect of water extract from Hovenia dulcis on
ethanol metabolism in rats.
The result was expressed as mean+S.E., »=4. Ethanol (2
g/kg) was administered p.o. and blood sample was col-
lected just before and at 1, 3 and 6 h after ethanol admin-
istration to measure blood ethanol level. The water
extract (100 mg/kg) was administered p.o. 1 h prior to
ethanol.

fed rats. The H,O extract of H. dulcis could be a
possible therapeutic agent to alcohol-related liver
diseases.

Acknowledgment

We thank Dr. Takeshi Saito and Dr. Shuichi
Takamura, Health Science Laboratories, Yamanou-
chi Phamaceutical Co., Ltd., Tokyo, Japan for their
valuable suggestions.

Xk

MR+ 7 @7 4 % F X8 (Rhamnaceae) 7 > R+ &
(Hovenia dulcis THUNB.) DEBAREDL b I T2
BLZLOTHE, 2O L THEBELIHTEEINT
BY, dk, BEEOOBHECHHEEE L THYLNTE
72, A, E#= s 2 —AEER T > Mo LPS % Hilik s
THZ I NVFEELZFERT LT TAEMEHCT,
FHE TR B LN A 7 7 — NI X Z DT BAR#ENR & )
Lie HURBT 48/ —nxx ARG BT,
M TG, t-CHOL fio» B8 # HFEICH#IL 72 b oo, 1iF
IRTA—F = HE LB RRO LN o7, — AT,
K x 2 H#CclamiE AST, ALT i &L R TG,

t-CHOL, MDA -5 % Z L2 A EISHIHIT 5%
 VAAETE S YSY (WA

References

—

Nolan, J. P.: The role of endotoxin in liver injury. Gastroenter -
ology 69, 1346-1356, 1975.

2) Nolan, J. P. : Intestinal endotoxins as mediators of hepatic injury.
An idea whose time has come again. Hepatology 8, 232-236, 1988.
Camara, D.S., Caruana, Jr. J. A,, Schwartz, K.A., Montes, M. and
Nolan, J. P. : D-Galactosamine liver injury : absorption of en-

o

dotoxin and protective effect of small bowel and colon resection
in rabbits. Proceed. Soc. Exp. Biol. Med. 172, 255-259, 1983.
4) Bode, C., Kugler, V., Bode, J. C. : Endotoxemia in patients with
alcoholic and non-alcoholic cirrhosis and in subjects with no
evidence of chronic liver disease following acute alcohol excess.
J. Hepatology 4, 8-14, 1987.
Nanji, A.A., Khettry, U, Sadrzadeh, SM.H.,, Yamanaka, T. :
Severity of liver injury in experimetal alcoholic liver disease :

o

Correlation with plasma endotoxin, prostaglandin E2, leukotrien

B4, and thromboxane B2. Am. J. Pathol 142, 367-373, 1993.

Bhagwandeen, B.S., Apte, M., Manwarring, L. and Dickerson, J. :

Endotoxin induced hepatic necrosis in rats on an alcohol diet. J.

Pathol. 151, 47-53, 1987.

Tanaka, S., Kumashiro, R. and Tanikawa, K. : Role of the spleen

in endotoxin-induced hepatic injury in chronic alcohol-fed rats.

Liver 12, 306-310, 1992.

Hansen, J., Cherwitz, D.L. and Allen, J.I. : The role of tumor

necrosis factor-e in acute endotoxin-induced hepatotoxicity in

ethanol-induced rats. Hepatology 20, 461-474, 1994.

9) Hase, K., Kadota, S., Basnet, P., Takahashi, T. and Namba, T.:
Hepatoprotective effects of traditional medicines. Isolation of the

(=21

-

oo

active constituent from seeds of Celosia argentea. Phytother. Res.
10, 387-392, 1996.

10) Hase, K., Kadota, S., Basnet, P., Takahashi, T. and Namba, T. :
Protective effect of celosian, an acidic polysaccharide, on chemi-
cally and immunologically induced liver injury. Biol. Pharm.
Bull 19, 567-572, 1996.

11) Okuma, Y., Ishikawa, H., Ito, Y., Hayashi, Y., Endo, A. and
Watanabe, T. : Effect of extracts from Hovenia dulcis Thunb. on
alcoholic concentration in rats and men administered alcohol. J.
Jpn. Soc. Nutv. Food. Sci. 48, 167-172, 1995.

12) Ohkawa, H., Ohishi, N. and Yagi, K. : Assay for lipid peroxides

in animal tissues by thiobarbituric acid reaction. Anal. Biochem.

95, 351-358, 1979.

Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, RJ. :

Protein measurement with the folin phenol reagent. J. Biol.

Chem. 193, 265-275, 1951.

Haug, A. and Hgstmark, A.T. : Lipoprotein lipases, lipoproteins

13

14

and tissue lipids in rats fed fish oil or coconut oil. J. Nuir. 117,
1011-1017, 1987.

Lieber, C.S.: Alcohol and the liver : 1994 update. Gastroenterology
106, 1085-1105, 1994.

16) El-Newihi, H.M. and Mihas, A.A.: Alcoholic hepatitis. Postgradu -
ate Medicine 96, 61-68, 1994.

McClain, C., Hill, D., Schmidt, J. and Diehl, A.M. : Cytokines and
alcoholic liver diseases. Semin. Liver Dis. 13, 170-182, 1993.
Bigatello, L.M., Broitman, S.A,, Fattori, L., Paoli, M.D., Pontello,
M., Bevilacqua, G. and Nespoli, A. : Endotoxemia, ence-

15

17

18



19

20)

Hepatoprotective effect of Hovenia dulcis 33

phalopathy, and mortality in cirrhotic patients. Am. J. Gas-

troenterol. 82, 11-15, 1987.

Honchel, R, Ray, M.B., Marsano, L., Cohen, D., Lee, E., Shedlofs-

ky, 8. and McClain, C.J. : Tumor necrosis factor in alcohol
enhanced endotoxin liver injury. Alcoholism : Clin. Exp. Res. 16,

665-669, 1992.

Murakami, N., Ueda, T., Yoshikawa, M., Matsuda, H., Yamahar-

a, J., Saito, M. and Tanaka, T.: Histamine release inhibitory and
alcohol induced muscle relaxation inhibitory constituents from
Hoveniae Semen seu Fructus - Absolute Structures of methyl-
migrated 16, 17 - seco - dammarane triterpene glycosides,
hovenidulciosises., Symposium papers, the 37 th Symposium on
the Chemistry of Natural products. pp. 397-402, 1995.

21) Yoshikawa, M., Murakami, T., Ueda, T., Matsuda, H., Yamahar-

22

a, J. and Murakami, N. : Bioactive saponins and glycosides. IV.
Four methyl - migrated 16, 17 - seco - dammarane triterpens
glycosides from Chinese natural medicine, Hoveniae Semen seu
Fructus, the seeds and fruit of Hovenia dulcis THUNB. : Absolute
stereostructures and inhibitory activity on histamine release of
hovenidulcosides A,, A,, B,, and B,. Chem. Pharm Bull. 44,1736 -
1743, 1996.

Sakai, K., Yamane, T., Saitoh, Y., Ikawa, C. and Nishihata, T.:
Effect of water extracts of crude drugs in decreasing blood
ethanol concentrations in rats. Chem. Pharm. Bull. 35, 4597-4604,
1987.



