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Effects of Mixture with Hovenia dulcis Thunb and Acer tegmentosum Maxim on Liver
Failure Induced by D-galactosamine in Rats

Seon-a Lee, Goo Moon
Dept. of Internal Medicine, College of Oriental Medicine, Won-Kwang University

ABSTRACT

Objectives : This study was carried out to investigate the hepatoprotective effects of mixture with Hovenia dulcis Thunb
(HDT) and Acer tegmentosum Maxim(ATM) on D-galactosamine-induced liver failure in rats.

Methods : The animals were divided into 4 groups: control, with liver failure and no treatment; H1A1, with liver failure
and oral treatment with HDT 1 and ATM 1; HI1A2, with liver failure and oral treatment with HDT 1 and ATM 2; H1A4,
with liver failure and oral treatment with HDT 1 and ATM 4. The animals were treated for 3 weeks and then examinations of
change of body weight, aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma glutamyl transpeptidase (y
-GTP), total cholesterol, triglyceride, total bilirubin, superoxide dismutase (SOD), catalase, histopathologic change, and complete

blood count (CBC) were performed.

Results : All experimental groups had significantly decreased AST in serum and markedly increased activity of SOD as
compared with the control group. HIAl, and HIA4 significantly decreased ALT in serum and H1A4 at 2 weeks was
significantly higher on the change of body weight as compared with the control group. In histopathologic change of liver tissue
by light microscopy, all experimental groups showed recovery effects of liver cells which were damaged by D-galactosamine.

Conclusions : Based upon these results, it could be assumed that a mixture of HDT and ATM has hepatoprotective and
antioxidative effects on D-galactosamine-induced liver failure. Therefore, a mixture of HDT and ATM might be utilized as a

protective agent in therapy for liver diseases.
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A\ FAH Hovenia dulcis Thunb, HDT)$} AH4 &
(Acer tegmentosum Maxim, ATM) Z+Z 300g<
S5 1000miek A A A} kg7 (DWP-2000M,
-5 A 714+3(F), Korea)oll A 3A17F xd% F&3}

I Afston, ol Fof| n|gF JAHAES A Ast
7] Y3l &Y% 7](Centrikon T-42K, Kontron
instruments, Italy)ollA 1587 3000rpme.2 4]
_t,Lg]—g,—}oq Az Hsdn AEAS i 79t

Z(Buchi, Netherlands)ste] A &o] 100ml7} &
E% F53 3 A5 AAZ(SFDSMO6, 4934
?ﬂzMoi Korea)ato] A7apel s &2
135g(& - 4.50%), 35g(FE ¢ 116%)S 742t &
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mg/kg 62 mg/kg)E FAG AFAH+AHE4
HFEAF(HIAD S E Yt &4 A8T #a
el FS SEF 500mlol Fo FAEY

Agstded, MY Ad2HA AT F J=
EHo &3AAA 377 AFHFEE Sk

-

=

Table 1. Distribution of Groups

Groups Treatment

Control GalN-induced liver failure and no treatment
HIAL Gg]N—induced liver failure and oral treatment
with HDT(6 mg/kg) and ATM(1.55 mg/kg)
GalN-induced liver failure and oral treatment
with HDT(6 mg/kg) and ATM(3.1 mg/kg)
GalN-induced liver failure and oral treatment
with HDT(6 mg/kg) and ATM(6.2 mg/kg)

HI1A2

H1A4

olkof - 2 7

3% B HETH AP YA AFS F
q;.

o HH}ﬂE AAAA et dAS AQJ 11
2= A A1 22 7)(Centrikon T-42K, Kontron instruments,
Italy)S o]-&3le] 4500pm oA 108 T ¥4
et 8% :
w8 €& SAs] A7AE 4T Bakst
o™ Aspartate aminotransferase(AST)= GOT
/AST-PII Slide(Fyjifilm Corporation, Japan)E,
Alanine aminotransferase(ALT)< GPT/ALT-PII
Slide(Fujifilm  Corporation, Japan)E, Gamma
glutamyl transpeptidase(y-GTP)= y-GTP-PII
Slide(Fyjifilm Corporation, Japan)E, total cholesterol
£ TCHO-PII Slide(Fujifilm Corporation, Japan)
£, triglyceride® TG-PII Slide(Fujifilm Corporation,
Japan)E, total hilirubin® TBIL-PII Slide(Fujifilm
Corporation, Japan)S ©]€3}e] Fuji Dri-chem
Clinical Chemistry Analyzer(Fuji Dri-chem 4000i,
Japan)Z S35tk
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A AAS = &5 +YE Y8l 16000xgel A 10
B 5o 4B 43 CuZnSODE 2L
H, o] ZEANS wild B o] g3y T

EZcgolo] X3 MnSODE d7] Yol A
Aol A9l pelletd] 50 mM phosphate buffer(pH
74), 025 M sucrose, 0.1 mM EDTA €94 1mE
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oAl 22,000xg2-Z 30
QAR FFATE BAF 5, A
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Skl MnSOD

A l%o}"iq TFJ% chal o] A SOD4
GAEE A7) Al s A 100 pg/wlE
non-denaturing polyacrylamide gel electrophoresisE
o] gste] 4T A AejelM ImAZ H7Y¥E
3tHen, gele 005 M KHPOs(pH 7.8), 1x10-4
M EDTA, 245 x10-3 M NBTE ¥+ gl oj A
GFHE SYS ol AlE E50] FHA 08 F
ob gAsHY. g gel& 005 M KHPOs(pH
78), 1x10-4 M EDTA, 0028 M TEMED,
28X10 5 M riboflavin & A 158 5ot 23 4
Aet & 15W FFAZ st A @l d bandE &
ol o}oa on I AIE densitometer(ImageMaster
VDS, Pharmacia)& ©]-&3t] 4313 ch
Catalase A= SAL 50 mM xHdg %
A(pH 729 7142 10 mM H0, F42HS 7))
o HZF wkg-do] 30m7t HA F ok, 25T oA
30%7F HRSAIFIHEA 240mm IPFAAM  AAEHE

H0,9 42 A8 oH, 84 2459 d9e
1527t 1nge] @¥o] Jh&-3te] PAIZl HOE
tste] Yehich

5) txA 9] Fetdn7 &

Fan|E #ES Sfste APsEY UxRAHS

AEsi3om, AEd 24< 4%9) paraformaldehyde
g ARgste 24A1RF B¢ 1A o, 70%,
80%, 90% 2 100% ethanol/xylol(1:2)el Z+z+ 2
A7 BHAIA 452 55°C incubatord| A xylol
/hard paraffin(2:1), xylol/hard paraffin(1:2) 2
hard paraffin %02 3A|7t¥ 2] 3+ & paraffin
Fufstgdth o= microtomes AME-8t Sum T
2 AHE AF3 & hematoxylin®} eosin®. & o]F
Garslar, 2000082 384074 (Olympus BX51TF,
Japan)& o]&3te] AZlS #Yste] A
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Zr AYTE 7Y 544 B
[e)

S3%e Ha L—zm-z}i 71538kt 72t Je
Zre] W59 zbo] HlWE Kruskal-Wallis test®
A8l g 2oz e B He A
o]2 Hlw&}7] Y3ke] Mann-Whitney U test® 7
At FFEL p0.06E T

1. #|Z Bisfol| o|X|= %6*
AfALS} A ES F
galactosamine©. & %‘?zl% A H”H-J Az
glo mAl= Fe #Es A3 TR ontrol
0] 2.7+10.49 g, HIAl 0] 4.04.30 g, HIA27©]
-2.0%4.15 g, HIA470] 156£9.79 g& JeRA L, 2
FAd Controldo] 41.7+10.11 g, HI1Al°] 59.8
500 g, HIA27©] 476447 g, HIA4T-0] 724+
750 g& Yehflen, 35A 0] Controlito] 104.8
+892 g, HIAIF0] 11061143 g, HIA237 0] 102.2+
818 g, HIA470] 1180+9.13 g& L}E}LH“E} iz
ol st 1FA)9} 3741 7 & Fog o]
£ Hol|A] gkgkom 27 HIA4 é—__lfé%ow s
93 AF 2718 EATHP<0.05)(Fig. 1).

2. ASTO|| O]X|= &

A2} A 5SS TR wge AAVE D-
galactosamine®. 2 it 7kEAF WA o] ASTO|
R 9FS BAF3 Ay Controlio] 161.0+

3439 U/L, HIAlTo] 64.8+13.86 U/L, H1A27]
72.24¢9.12 U/L, H1A470] 596824 U/LE JER)
At iz vlsle] 7k AT BF foe

=2 vl

25 BATHP<0.05)(Fig. 2).
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Fig. 1. Effects of Hovenia aulcis Thunb(HDT) and
Acer tegmentosumn Maxim(ATM) on  the
change of body weight in liver failure rat
induced by D-galactosamine.

Control, liver failure and no treatment ; H1Al,
liver failure and oral treatment with HDT 1 and
ATM 1 ; H1A2, liver failure and oral treatment
with HDT 1 and ATM 2 ; H1A4, liver failure
and oral treatment with HDT 1 and ATM 4. Results
are shown as mean+S.E. *, P<0.05 as compared
with the corresponding data of control group.
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Fig. 2. Effects of Hovenia duicis Thunb(HDT) and
Acer tegmentosum Maxim(ATM) on AST in
liver failure rat induced by D-galactosamine.

Control, liver failure and no treatment ; H1Al,
liver failure and oral treatment with HDT 1 and
ATM 1 ; HIA2, liver failure and oral treatment
with HDT 1 and ATM 2 ; H1A4, liver failure
and oral treatment with HDT 1 and ATM 4.
Results are shown as meantS.E. * P<0.05 as
compared with the corresponding data of control
group.

3. ALTO| OJX|= A&t

AFA e} A ES erdEa wgst A A7 D-

olkof - 2 7

galactosamine® 2 e 7hEAF WA o] ALTO|
e 9 #FFS A, Controlite] 526+
1787 U/L, Hl1AlTo] 17.3+1.26 U/L, H1A27©]
245 254 U/L, HIA4T0] 182+2.36 U/LE e
Uitk dizFel vlste HIALT S HIA4TC]
93 7AS HYon HIA2TS 7HAad AFS
YERH A THP<0.05)(Fig. 3).
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Fig. 3. Effects of Hovenia auilcis Thunb(HDT) and
Acer tegmentosum Maxim(ATM) on ALT in
liver failure rat induced by D-galactosamine.

Control, liver failure and no treatment ; HIAI,
liver failure and oral treatment with HDT 1
and ATM 1 ; HIA2, liver failure and oral
treatment with HDT 1 and ATM 2 ; H1A4,
liver failure and oral treatment with HDT 1
and ATM 4. Results are shown as meantS.E.
* P<0.05 as compared with the corresponding
data of control group.

4. x-GTPO|| O|X|= F&

AFAst A ES TEEE e A D-
galactosamine &2 friHE 7HEA WA 9] y-GTPo|
AE Jee BAY A7 Controlo] 5.33:033
mg/dL, HIAI¢] 6.00+0.26 mg/dL, HIA27"0] 583
+0.48 mg/dL, H1A47 o] 583+0.31 mg/dLE e}
Wl izl Histe] 2t AT B5e 7o
AolE YeRA] o 3tthFig. 4).
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Fig. 4. Effects of Hovenia dulcis Thunb(HDT) and
Acer ltegmentosumn Maxim(ATM) on y-GTP in
liver failure rat induced by D-galactosamine.

Control, liver failure and no treatment ; HIAI,
liver failure and oral treatment with HDT 1
and ATM 1 ; H1A2, liver failure and oral
treatment with HDT 1 and ATM 2 ; H1A4,
liver failure and oral treatment with HDT 1
and ATM 4. Results are shown as mean+S.E.

5. Total cholesterol(TCHO)O{| =

AFALe} A ES I w@s AAVE D-
galactosamine &2 FEE 7HEA WA 2] TCHO®|
t X 9SS #&S A3 ControlTo] 39.3%5.63
mg/dL, H1Ali0] 362643 mg/dL, H1A27°]
40.8£3.09 mg/dL, H1A4w*°] 40.2+753 mg/dLE Y
Bt djxatel| Hlste] 72t A¥ET BRE £
St ztol & YERA] Sdth(Fig. 5).
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Fig. 5. Effects of Hovenia aulcis Thunb(HDT) and
Acer tegmentosum Maxim(ATM) on TCHO in
liver failure rat induced by D-galactosamine.
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Control, liver failure and no treatment ; HIA1,
liver failure and oral treatment with HDT 1
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and ATM 1 ; HIA2, liver faillure and oral
treatment with HDT 1 and ATM 2 ; HI1A4,
liver failure and oral treatment with HDT 1
and ATM 4. Results are shown as mean+S.E.

6. Triglyceride(TG)0ll D|X|= P&t

ATFA} =S 22 wgst AA7F D-
galactosamine .2 3 7F&AF Wl o] TG 1
e 98-S #A#3 23 Controlio] 23.0+4.38
mg/dL, HIAI7¢] 13.7+4.81 mg/dL, HIA27¢] 22.3
255 mg/dL, Hl1A4wto] 24.7+1.89 mg/dLE et
Wl gzl viste] 72t A B5e frole
ztol & UEA] ¢SkthFig. 6).
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Fig. 6. Effects of Hovenia aulcis Thunb(HDT) and
Acer tegmentosum Maxim(ATM) on TG in
liver failure rat induced by D-galactosamine.

TG (mg/dL)

Control, liver failure and no treatment ; HIAI,
liver failure and oral treatment with HDT 1
and ATM 1 ; HIA2, liver failure and oral
treatment with HDT 1 and ATM 2 ; H1A4,
liver failure and oral treatment with HDT 1
and ATM 4. Results are shown as meantS.E.

7. Total bilirubin(TBIL)OY| O|X|= st

AFA Y} AHES srdg wgst A7} D-
galactosamine® 2 FEH 74 WAl TBILo
vx= JS #Es 23 Controlwo] 0.53+0.05
mg/dL, HIAlT©] 047+0.04 mg/dL, H1A270]
0.4520.03 mg/dL, HIA470] 050+0.04 mg/dLS 1}
BRI izl Hlste] ZF AP EFe £
& 2ol & YERAl FTHEig. 7).
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Fig. 7. Effects of Hovenia duicis Thunb(HDT) and
Acer tegmentosum Maxim(ATM) on TBIL in
liver failure rat induced by D-galactosamine.

0.0

Control, liver failure and no treatment ; HIAI,
liver failure and oral treatment with HDT 1 and
ATM 1 ; HIA2, liver failure and oral treatment
with HDT 1 and ATM 2 ; H1A4, liver failure
and oral treatment with HDT 1 and ATM 4.
Results are shown as mean+S.E.

8. SODY| O|x[= F&t

A FAet B FEEE wjgd A7 D-
galactosamine .2 ¥ 71 WA ] SODe]
nAe 9% BE A7, Controlito] 65.2+0.72
u/mg protein, HIAI7©] 120.5+4.49 u/mg protein,
H1A20] 11664244 u/mg proteinl, HIA4:o]
113.345.05 wmg proteins YERNRAD. )z
Hgte] 7} Add B fos I7ME BT
(P<0.01)(Fig. 8).
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Fig. 8. Effects of Hovenia duicis Thunb(HDT) and
Acer tegmentosum Maxim(ATM) on SOD in
liver failure rat induced by D-galactosamine.
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Control, liver failure and no treatment ; HIAI,

olkof - 2 7

liver failure and oral treatment with HDT 1
and ATM 1 ; HIA2, liver failure and oral
treatment with HDT 1 and ATM 2 ; HI1A4,
liver failure and oral treatment with HDT 1
and ATM 4. Results are shown as mean+S.E.
xx P<0.01 as compared with the corresponding
data of control group.

9, Catalase01| O|Xl= g
AFAe} MRS s wEe A4V D-
galactosamine 2.2 FIE 7HEAF WA catalase

q)

o wAe FIFS FAS A7, Controlito] 7.9+
0.8 u/mg protein, H1AIi%¢] 11.8+1.8 u/mg protein,
H1A270] 11.9+1.4 u/mg protein, HIA47*¢] 11.0£1.0
wmg proteing WERATE diztel] Hlste] 7t

AT EF 7Y% Aol YA FRARH
719 A% HAHFig. 9).
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Fig. 9. Effects of Hovenia dulcis Thunb(HDT) and
Acer tagmentosum Maxim(ATM) on catalase
in liver failure rat induced by D-galactosamine.

Control, liver failure and no treatment ; H1Al,
liver failure and oral treatment with HDT 1
and ATM 1 ; HIA2, liver failure and oral
treatment with HDT 1 and ATM 2 ; H1A4,
liver failure and oral treatment with HDT 1
and ATM 4. Results are shown as mean+S.E.

Catalase (u/mg protein)

10. Zt=Z1o| Halo|| O|X|= sk

ATAsh AR5 FEER WL AA7E D-
galactosamine® & F-3H 7k WA o] W23
37 wigle] A 4TS #EF 23, iz
A% AES NS AFAT Yo, HoE AR



fAEF IUFA BEA0| D-galactosamine et #iA{o| Zh&Aof o|x|= HE

7 Ueht &) #Ewla, 7 A A
gzl ity tagel 27t vl & &
H9la, x| dF o
e &9 AR S5 gES e
tHFig. 10).
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Fig. 10. Effects of Hovenia auicis Thunb(HDT) and
Acer  tegmentosun  Maxim(ATM)  on
histopathologic change by light microscopy
in liver failure rat induced by D-galactosamine.

Control, liver failure and no treatment ;
H1A1, liver failure and oral treatment with
HDT 1 and ATM 1 ; H1A2, liver failure and
oral treatment with HDT 1 and ATM 2 ;
H1A4, liver failure and oral treatment with
HDT 1 and ATM 4.

1. Nt H3lof| O|X|= F&

A FARe} A= A2 wgst A7 D-
galactosamine &2 7 WA ] CBC |
glo] PA= ¢S FES A WBCY BH-
Controlie] 5.17+1.03 K/uL, HIAI#°| 7.961.30
K/L, H1A2w 0] 6.27+0.81 K/ul, HIA4w o] 564+
092 KALE YeRSIa, RBCY 4$- Controli
o] 879+0.34 M/uL, Hl1Also] 895+0.24 MAL,
H1A27 0] 9.01+0.18 M/ul, HlA4w©] 883+0.26
MALE Yepfiglen, Hbe 7% Controlo]
14.38+0.70 g/dL, H1A17*°] 1543050 g/dL, H1A2

Ho tlo
L o
i H

iy,

18

o] 1647034 g/dL, HIA47o] 1620+0.36 g/dL
£ Yephla, HCTY 4% Control7©] 51.97+
157 %, H1Al0] 52.67+1.10 %, HIA237 ] 4985+
061 %, HIA4T0] 4848+1.14 %S Jepflon,
PLT9] 7% Controlio] 1,176.0+56.6 K/uL, HIA1
To] 12115+334 KL, HIA270] 1,124.7+1695
K/uL, HIA4T°] 1271.74575 KAuLE YeESITh
gzl Higte] BF fofd ztolE YERfA] &
gtom, RBC, Hb, HCT, PLTS] 7% W3 &%
< 23, WBCY 4 A37 EF F94L ¢l
Qo S7te] AEs HHHFig. 11).

8
a
§6
84
2
o LI . B L I

ON HiAl HIR HiAd 0ON HIA HiA2 HiA4

ul)

RBC (W

PLT (Kiul)

coN HiA Hie HIM

Fig. 11. Effects of Hovenia dutcis Thunb(HDT) and
Acer tegmentosum Maxim(ATM) on CBC
in liver failure rat induced by D-galactosamine.

Upper Left, WBC ; Upper Right, RBC ;
Middle Left, Hb ; Middle Right, HCT ;
Lower, PLT. Control, liver failure and no
treatment ; HIAL, liver failure and oral
treatment with HDT 1 and ATM 1 ; HIA2,
liver failure and oral treatment with HDT 1
and ATM 2 ; H1A4, liver failure and oral
treatment with HDT 1 and ATM 4. Results
are shown as mean+S.E.
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