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Water Extract of Hovenia dulcis Suppressed Lipid Peroxidation and
Improved Renal Function in CCls Intoxicated Rats
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Renal dysfunction could be developed as the secondary disease of liver cirrhosis. Delayed or suppresed lipid
peroxidation by the treatment with physiological active substances could be explained as the antioxidative and
protective effect in tissue damage. In this study, we investigated an antioxidative effect and renal function improvement
of Hovenia dulcis in liver fibrosis(cirrhosis) induced rats. The female Sprague-Dawley rats (180~210 g) were divided
into 3 groups (Normal, AC: CCls mixture treated group, AC-HV: CCls mixture+ Hovenia dulcis treated group) and renal
damage was developed by CCls mixture administration in 4 weeks (0.8 méfrat). The tissue of kidney and liver and sera
were used for quantitative measurement of enzyme activity, MDA and Hyp. The histological change and gene
expression of collagen a1(Ill) mRNA and a1(IV) mRNA were observed by Masson's trichrome staining and RT-PCR.
As a result, the clinical biochemical parameters of liver function (AST and ALT) in sera of AC-HV group showed
significantly 46.4% and 104.8% lower (p<0.005), and the level of ALP and BUN as the parameter of protein urine and
azotemia showed 17.8 % and 25.8 % lower than in AC group. In AC-HV group, the concentration of MDA in kidney
and liver was decreased significantly 15.8% and 21.3% when compared with AC group (p<0.01~0.005). The content
of Hyp in kidney of AC-HV group is merely higher than in AC group, in contrast to liver tissue. The expression of
collagen a1(Ill) mRNA and collagen a1(lV) mBRNA was decreased in AC, but both of collagen mRNA in normal and
AC-HV group expressed fast similar. More massive lipid droplets, thicker collagen fiber bundles in portal triads and
more formation of portal central septum were observed in the liver of AC group than in AC-HV group. In conclusion,
CCl, mixture intoxication could be developed not only liver fibrosis(cirrhosis) but also renal dysfunction by the massive
lipid peroxidation and suppression of interstitial collagen and basement membrane collagen synthesis. And the water
extract of Hovenia dulcis may be possessed the antioxidative and protective effect and improvement of kidney function
in renal dysfunction induced rats.
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AZE FF, oked, A& B89 Ed3E thiiiEd ko
S5 XV“JJNQ} g2 AW sl g8 &gl A2
&7Ioltt A5 Ash AIRE 89 dAge 1 Zgo] &7
A&E mie 50% 7HE9] THEH ERjollA] uiel= ggolohi

0]
Ba"RDY, olufol AFFEAM ABEY Aol wE thiln
(protein urine)@} ZE A8 E(azotemia)o] LIERATT
A" X715 Al B A& &4 CCl, iron over load,
lead acetate, &1x%(Diabetes mellitus), gentamicin ol 2l3j4]
Furelm, 3] CClE mitochondriat|A] cytochrome P-45000 9
8 24 3lE]o] trichloromethyl free radical(CCl; - )& HEH &
ol 0} 214:3] ¥baS5kA trichloromethylperoxy radical (CCLO
2+ )€ ddeld Alzutg DiFAl7| I, 3] 74, A, AE §9
NESH FE &4 Aeh7) HEPD KRS 75 A
el @79 okzel B3 Aol AKBST YTk, CCl EE BE
SR GURBE SES ERN OIHHOE A5 A
VIERITL AFIA AZHAE X HEQD malone -dialdehyde
(MDA), 4-hydroxynonenal (HNE)Q] 712} collagen 0] 57}
ot Bugcl. e A% 4est fEE 24
collagen 23} collagen ALY widlo] Bl A 2jolle &l
EAT A71E Eolrt ol wh collagen?kd] 1H3519L collagen
type ¥ FHA}L o] B3 B A ARSI, A2 &
TollA LT it g7 7 e i dwEE Bus
BoLP™, A 715 M Bl DH; ATFHIE e Hrt
mEk] B dTolAle AR ¢ 2828 CCLE IHEH
g2t ks AIRAE 7 ";H‘Zoﬂ Foisle] 4ssr
AlEet X AH4E A HF, collagen 4(FA) AHES collagen &
FXL el S Baslod eiiglel Al 715 WM aE dasiant
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go] Ok 180~210 gQl 12 F& Sprague
4, SENE ARBSINL, AlERS)
B 9_‘3% Wi e FESI FAUCEL Hat
(normal)t 8 u}a] CCly EAFAQN CCly + 2 Eo7
(AC-HV)2 12 Plg|¥ g Shr e R MEsI%h

2. ZHIFsHEENol 9t sEkd U &4 fE

S MQsk AC, AC-HV20l| thiopental sod., olive oil
3 CCL ZEH(0.8 me/rat)ye PFYol 33] 457 FAsle] 1M
FEHE ol Yt AEELE RO
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Hovenia cortex(B#HAKEZ)E 419 SR A& oA &l
5hod E01E Bt 2ol ARESINTE 1.0 2 9] EF40l 20 g9 #Hig
KEE B 2 AIZE 2E5K] Aus Foll TA] 10 Bl E S5FA]
HAA 2ol ATFFAsICH

5 A R

daollA Ags gAE 2/\]?_} oldt Aol #IRI5 3000
rpmojlA] 1027} AN 22| & 835l 20T 23
ohal, 4 ABEZR Q] R 75T HAsi ARESINrt. €
He Mgleks Al 7k} AAE A2 malondialdehyde (MDA),
hydroxyproline (hyp) £& 3} collagen al(I)2} a1(IV) mRNAS
w3 & B Masson's trichrome @480l AF2EIIC

0)~

6. YRWYSEE A

EMBIEL-kitE A}Z6kd alanin  aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase (ALP),
blood urea nitrogen (BUN)E £433519iC}.

7. Hydroxyproline(hyp)t &7
Zh g AFEAW hypdo 582 Jamall 579 WHE

A}E3BIRICE Trans 4-hydroxyprolines 3]435l0] BTEHOZ A}
SEI9T, 74 A& 7 02 gofl 6N- HCl 4 pS @1
Al 12A17F 7V Rl A AA ATkl 7 RalES ERATE 50 1
9] Mg FEAT} 7R Eo) isopropylalcoholE 1.2 M
7¥8k Zofl 200 Q] chloramine-TE 718} 10 271 B1SA17
I ZFo] 1.0 w9 Ehrlich’s reagent solution (p-dimethyl
aminobenzaldehyde)& 715103 BREAIAH A 558nmoll A EHTE
ZEola] A48

8. MDA £%

Okawa 579 2¥#ol we} 200 Q) 7F e A& ZA 7
iy 200 00 dF sLE 38 EFEE (tetramethoxy
-propane)ol] 200 x#£2] 0.2% SDS, 800 ¢S] 20% acetic acid, 600
102] 0.8% thiobarbiturateZ 7}0}_L 3} E54 200 WUE 2BoA]
20 M E FEACE 95Tl HHSA17] Zofl /\]ﬁ/\ﬂ butanol
20 nig 715l AYEEIS 22 4ENHY SHEE 532nmo]
Al &85l Ak

9. RT-PCR 8/ 2 0] 83} collagen al(I)$} al{lV) mRNAZ] gt
o Ba

Total RNAX TRIzol A9 0]&€5}0] AARAIOZHE] &
£3la AM2BKITE 2 1g9 mRNAG] random hexamer, dNTP,
DEPCE @1l 5x buffer, DTT, RNase inhibitorZ 715l &IHA}
AlZ3E}. ol el Egtie) (M)} al(IV)S) primer (Table 1)$} 5
9] 10x PCR buffer, 1.5 9] 50 mM MgCl,, 1.0 29 10 mM
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dNTP, 35 9] DEPC HyO, 0.5 49 Taq. polymeraseE 7}‘8}04
£ 8US 50 UT TEERICE 1 Fol 94ToA] 587, 94T ®
72°C, 52C Hi= 58T £8HH S 30~353] ¥ & DP-—Oﬂ 7
27CollA 45 &7+ ¥ISAF3cHEppendorf, Master cycler gradient,
USA). TIA] 92°ColjA] 5 H7F HF2A]F) 1L 4Co] RHSINL). S
F AlF59 cDNAE 02% agarose gelollA] size markerZ 50 bp
DNA ladderE AME351] A71Q8SAAHA] UV transilluminator £
band9| intensityE #ESlI FAA Wog FESINCE

Table 1. The sense and antisense of rat collagen ai(ill) and
collagen a1(IV)
Primer Sequnce (5~3)

Collagen 1 S 5-CCCGGGTACCCTATGGCAATCCTGATCTTCCTGA-3

Collagen W AS  5-CGCGAAGCTTCATGGCCTTGCGTGTTTGA-3

Collagen IV § 5-GCAGGTGTGCGGTTTGTGAAG-3

Collagen W AS  5-GTGGAACTTCCGTCCCCTCGA-3'
S sense, AS: antisense

10. ZER) FeNSs B
583

T RsHAEShHol Qg &ubd JIE ol /REE ERIGH]
fo DZEAS Masson’s trichrome HPHOZE gk
collagen MFTid, MEY & AL AL, ZAHEHEY
(septum formation) £ L& &} Ar[4doZ BEIINCL

11. EAAZ]
Student's t-testZ A}Z5I median + standard deviationi}

p-valueE ol FYHE HSIMCE

449 2%
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=

1. LubEo]

CCLE Foloh ACTY ACHVITZOIA 45749 BE 713t &
Qtoll ACTAEE XAKZO] 13% = WERITE

el

2. AEm A 2A4 H3)

Faatoll BIghA CCLE FA8t ACE T AC-HVZOIA] 174
%, 9.0 %] ME A7t vIERTE A3 FAS AE/AS Hs
ACZI} AC-HVTo|A FatHrt =40 (Table 2), ACTE] A
Z/HEY vl ACHVERDE /FA4 UA EUTHp<0.05).

Table 2. The weight of kidney and ratio of kidney/body weight in
different group

. Body Kidney weight Ratio of
Group weght (g) (@) Kw/Bw (%) n
Normal 2000 * 86 136 £ 006 064 + 003 8
AC 1673 = 194 162 + 0.19 097 + 017 10

AC-HV 180.1 + 10.3 152 + 0.15 091 + 020° 12

# X005, significantly different from AC group, AC: CClethiopental sod. treated rats,
AC-HV: CCli-thiopental sod. + Hovenia dulcis treated rats, n: number of animal

3 E
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Huseks Wal
a3 & AST, ALT, ALP, BUN x| ACZd} AC-HVIZo|
A HATECE oM WA B7ISKACHFig. 1a-d, p<0.005). AC

OR
0%
oy
i
)
014

23 B IRNS W AC-HVIZOIA ASTS} ALTY] 4= 2914 3l
A SRATHp<0.05). A 7157 TR0l X FQ) ALPE 17.8% 29t
3L, BUNS 25.8% F914 UA @A LERITHFig. 1., d, p<0.01).
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Fig. 1. The values of clinical biochemical parameters in sera of
rats a aspartate aminotransferase, b alanin  aminotransferase, ¢ alkaline
phosphatase, d: blood urea nitrogen, ™ 0005, significantly different from normal
group, * X001, significanty different from normal group, # 005 significantly
different from AC group, Nor: normal group, AC: CClsthiopental sod. treated rats,
AC-HV: CCle-thiopental sod. + Hovenia duicis treated rats

I

i} 21E £Z] & hyroxyproline (hyp)Fo] 3}
b 2% & hyp U2 thEF0] B8] ACEH AC-HVZo]

11.5%, 55% e, ACEY U S uwl AC-HVZo]

4.

P

>
o

>~

1zt
Al 53%7} A LERGTHTable. 3). AC-HVIES 7FEAZE hyp
U2 ACTHC} 101.2% 794 QA LUTHTable. 3, p<0.005)

&

Table 3. The content of hydroxyproline in liver tissue and kidney
tissue of rats

Group Hyp Iver(ue/g) Hyp kidney(ue/9) n
Normal 997.30 + 87.03 9152 + 1027 6

AC 22016 + 1602 8262 + 576 10
AC-HV 10043 + 186.7" 8704 = 743 12

* X005, significantly different from normal group, #0006, significantly different from
AC group, AC: CClsthiopental sod. treated rats, AC-HV: CClethiopental sod. +
Hovenia dulcis treated rats

5. 43} 41F 28 & MDA T35
ABZRAE A48 AHEQ] MDAY] 55 & Eahri dl
WHE W ACTEOIA FAE UAA =A VERD Hl?joﬂ AC-HVZ

ol & xo]7} gk Table. 4, p<0.005). T12] 1 AC-HVZo)
AE ACTHTL 158% S8 O F Lt Table. 4, p<0.01). 7HE
X% MDA =55 ACHVZOA ACTETY 21.3% 294 A
A LIERGCHTable. 4, p<0.01)

Table 4. The concentration of MDA content in liver tissue and
kidney tissue of rats

Y
Normal 979 + 293 1627 + 116 6

AC 1313 = 182 1814 + 244 10
AC-HV 1082 + 140 1566 + 14.7° 12

* pX005, significantly different from normal group, #: p(OO1, significantly different from
AC group, AC: CCl4-thiopental sod. treated rats, AC-Hv: CCl4-thiopental sod. +
Hovenia dulcis treated rats
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A& ZEF collagen al(M), collagen al(IV) mRNA w3 9]

g <
o

ACTHAME AAZZE] & collagen al(Il) mRNAZ} ikt
3} AC-HVZO) vl SElokA AA W ACHFig. 2a). 12]1L
collagen al(IV) mRNAE= AC-HVZOlM = Hard |FABHA
WS EIQT, ACE Hrps FEshA wdlo] S7EUrkFig. 2b).

a) Collagen type Il
M N N N AC AC AC HVY HV HV

b) Collagen type IV
M N N N AC AC AC HVY HV HV

Fig. 2. The expression of collagen ali(lll) and al(lV) mRNA in
normal, AC and AC-HV group rat M: 50 bp ladder, Nt normal rat, AC: CCli-
triopental sod. treated rats, Hv: CCl:-thiopental sod. + Hovenia dulcis treated rats

7. R E Q] Feieks Hst

Masson’s trichrome B @8 GBS ACT 7HEAlOA]
ToF AkA, MZES) 3 AL} stroma$) portal triadsol] £33
A1 B2 collagen HJrid, A Mol JHFOEA 714
7t 4 FEE Aol BEEAUCHFig. 3a). AC-HVE IHE
oA ACT 2R Bl ZHE W oF} collagen 47 Tt}
] &4o] Ar|HATi(Fig. 3b).
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Fig. 3. The histolofical change of liver tissue in CCls and
CCls+HV treated rat by Masson’s trichrome staining(x 160). a: CCls
treated rat b CCli+HV treated rat

a Z

W= ARE EHEE 280] Holloin 71250
20, H29 ATolM B MY, SHAA, 1015 A, gt
8, 3 Sofl thgl TAlo) EUET A0 AFAST B
g 7120} QTR IE A9 gl AFor)
ARAS AF 488, AP, S 199 E3} R£E0]
72 Elo) ol OlAMH O R wilEl 4 9lom, B3] 7AW Bxt
o4 &l 7% Fohrt BRI BaEo] QLY. weid 2
Aol 7 Akl F50] Y= FHARE CCl ETAS
2ol ARAS S5 BTl AR IR} A17)E Aol
A

M gatE BASIIAL €8 45skE A, AFakist A FE,
collagen $H3(F7]) X ES} collagen mRNA Wl & #HE5193

i

JIBHS S A8 @Al 2d¢l K asigs)h &l 2
FollA] CCl4 E8HH ThE FATRE(ACT)NA EakEd vl aR)
S W A=) A)AFEO] 13%0IR T, MEHL7E 200% 2 LiEb
g Bt ohigl @8 % AST, ALT, BUN, ALP9| 4|7t faH
OS2 =A e ST (p<0.005), Zt2A)1E collageni®} MDA @0}
120.7%, 34.1% 394 UA =A UEhdTHTable 3, 4, P<0.005).
Masson's trichromeS 2 @A88F 7IRZ|o)A] stroma®} portal
triadsol] FJAE collagen AFridrOl HIE, central portal
septum HY 3 12 AYH E9| Heigd Halrt HaEe R
Al B F3HEhY 750 el = ATHFg. 3, 4, p<0.005). 1
21 ACE3 BlRRE W ACHVIZOIXNE 4 F19 #2717
EQholl AFYSH BE2 QIR 5%9] AS 24, 712X 9] et
7 Mgzt &7} Auloll e AST, ALT, BUNY £A17F /94
QA LRk (p<0.05~0.005), collagen 2} MDAQ £=x] A
101.2%, 21.3% FId UA A LEF2EA|(Table. 3, 4,
p<0.01~005), #HMARE7E (HREHAHSE FEE sE04A T
715 WA, BRister EHFsl gyt E45AH Ui Atsd
ch
sl Sk sakd AR[T BHEsl ACEY) AE ZAE
MDAQ] £=X|&= HArHED 294 JA E7sided, ole '
T ZE, gentamycin £} = CCLE AT AR ] 9
oAl Az &ao] 3 wh MDAQ] $=X]7} E71d the Hals}
ARBILY, B3 ot TAAEEY FHYSIOHE A FO!
ALPS} BUNo| R9d QA 7L EAM MRS Eshewt
ozt A& M4l 93t A1EH W= A71s Bzt R L,
ESH A7 A ATl A4 Aol AHRE 4= e Jhedol
2015 QICHFig. 1, d, p<0.005). AC-HVZolA] ALPS} BUNY
X7} ACZHT} 17.8%9} 258% L9k (Fig. 1., d), A2 TS}
R ES) MDA 2] 15.8% WS H O & BETQYTHTable 4). 012
St AHRERE HRARE ALIKEBE JHAAM JdE 5
S5k, T Lot AANEEE MURAILLEA EH4Es} &850 4
71 MAEEo] Ut AIFET

LS Eug dusil BIRFIE 7180l e AER
nephrone, A}7A|, 2R, AAARE S FHHA
11, T}FO) interstitial collageni} basement membrane collagen
o] 2EF] 9O, E3] basement membrane collagen?] type
Ve 7| A Exlgle AeE i {Urt Collagen FHA}
HHO AFolA Uchio B2 418 7F38lE FE¢ ICR utfs
ollA] collagen I, IIl, IV mRNAY Z719} ol&dl HIQEY B
ol 98t AEHN A collagen FO) £718 HusiAr . ¥ &
ToME T HuE W ACEY] A1FolA] MDA k2
E71618 2L, & collagen & HIHSlE hyp o] Har Hrt
ACTolA 115% @A VBhds ¥ ohig} collagen al(M)3} a
1(IV) mRNAZ} Hawol A Bt BA W4 ATHFig. 2). ol
CCliofl a3h AlZN &4 Az aibale] ot A EEke] mha ol
ZA £47) e B2 DAEHE T45h= interstitial collagen
I} basement membrane collagen®] o] 2318 LBAATIE=
AOFE M7Iet 4= 9lom, 7oAl k= gl A& oAlE collagen
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gty 719 HXol 7[Qlske 498k FEHA &2 AL=
AIR¥EDE 0l2 Hugh= ASE NIDDM(non insuline
dependent mellitus)ol] ~ 7]QIgk= A& Fof
(mephropathy) -XloA1 7145} collagen?] type IV} HEi0]
laminin®] #i4o] E7KcHs Bt AEFY. ACHVES 2%
oflA] MDA &2 ACTHT} §94 A Ril(p<0.01), hyp ol
HHED} 55% SRACLHACT B 53% =10) collagen al
(I3} a1(IV) mRNAS] &8l 2 Hakwd} vl ACTEHM %
B51A Bo] WHEHEHACE Wtk $UEAREY} collageng 245}
= AZES XNAdRElZ BE] BSIOZA o)A 71AE
2 F48H= collagen type VS ZMETE FHSH= fibrous
collagen?! type L19] 3t & E7TMIAAM 4718 71 A& L
EPATIIL ALEECE

diabetes

4 &

CCLE= EHE AST, ALTY A& S7KIFIAL UE

collageni} MDA &2 Z71A1Z 24l opgl =R FHA
collagen 43 Cha}, AWHE QX7 28 84 59 FesHA
st zAEEA THHFHESHE FUA7IL AE Z4
MDA}S] 71, collagen &4 collagen al(IM)T al(IV) mRNA
9l Bk Z4, @HZF ALP, BUN $A12 Z7AA chily

NIES. Q! collagen e} &4 Bl NG A& A4E
IR Q1% X175 BolE Zelghh

bal

!

ol & Ho ol

PURARRE UAZS hypSt MDA &8 Za g
& AST, ALTE |9820FE ZAAI71H(p<0.01~0.005), E

A9 geisty HEE TR E s /A, Eiisle}
‘é}**wa} a7 A 8 T ot A ZAolA] A& H4E

XFQl MDAS} ALP, BUNQ| $R]18 ZAAIZALZEA AFEA
OCME Aol Qg Tl 5ol AHLEES /MAATIL, AE
HiE8LE A A 51, collagen ZHA9] AAF S} collagen al(I)3} a
1(IV) mRNAQ] gt F7}AHA @418k} 41715 M4 ZHgol
ATkL AIERC
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