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Abstract — Effects of Houttuynia cordata on the level of lipid peroxide and the enzyme activities
of the liver were investigated in bromobenzene-induced rats. Lipid peroxide content in liver was
increased by bromobenzene. It was decreased when the methanol extract from the aerial parts of
H. cordata was treated to the rat. The methanol extract reduced the activities of aminopyrine N-
demethylase and aniline hydroxylase that increased by bromobenzene, however did not affect glu-
tathione S-transferase activity. The methanol extract recovered the activity of epoxide hydrolase
activity that decreased significantly by bromobenzene. We suggest that under our experimental
conditions the extract might play an important play in the prevention of hepatotoxicity by reduction
of aminopyrine N-demethylase and aniline hydroxylase activities as well as enhancement of
epoxide hydrolase activity. Six phenolic compounds have been isolated from H. cordata and iden-
tified by means of spectral analysis as protocatechuic acid, quercetin, apigenin, afzelin, hyperoside
and quercitrin.
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induced lipid peroxidation, hepatic enzyme, aminopyrine N-demethylase, aniline hydroxylase,
epoxide hydrolase
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el glom, BHorE FEAMC|EHRY, JH
24717 D=, herpes simplex virus type 1
7} human immunodeficiency virus type 1 A&
AP o] 4HA Utk oA x A7 dFo
bromobenzene® = AAFES] 122 SYAZ] I
o} Z¢] FZEF-o] bromobenzene thAMAl] TX=
JES BABF o, AN 659 HE ST
= sl A BT

MExE - Aol A ofdz2E 1996 109
A 2T dagoA st a4k A8
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ABEE - Y943 =H0= ARS?) Sprague-Daw-
leyAl 53 (200£50 )2 AMHE-3le IHAIE 9 U4
3 27 (£5:20+£2°C, % 50%, B 1247
light/dark cycle) StollA] Z8-3] 2-SA1715- AME-3I%
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glutathione S-transferase EAJe] G402 ARGt
Fom, FAEL 4uF9 01M potassium phos-
phate buffer (pH 7.5)°1 #¥3}e] epoxide hydro-
lase, aniline hydroxylase % aminopyrine N-deme-
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8.1% sodium dodecyl sulfate 0.2mil, 20% acetate
buffer (pH 3.5), 0.8% thiobarbituric acid % A3
AEQ) oz FEEE 7IEE 95°ColM 1AMZERt
WA AT A-&dA] WZAIA n-BuOH-pyridine
151 Arksle] 1587 AR 3 342 g-
BuOH-pyridine -2 #3}o] #7¢ 532 nmelxl S8
T2 243 o FRFHN 2 FFE 1 2H 1

g% malondialdehyde nmole S5 TS

484N £3

1) Aminopyrine N-demethylase®] &4 — ¥E-&-4
2mi= 0.1M Na*/K* phosphate buffer (pH 7.5)°1
2mM aminopyrine - HCL, 0.5mM NADPH, 10mM
MgCl, 150mM KCl, 1mM semicarbizide 3 &4
o (30-400 ugel TEYS 78| o] vkgelg 37°Cel
A 3027 wr-gA P U 15% ZnSOSt X3}
Ba(OH),Z 718l W32 EBAIL 587 WAF
1057 QAEste) o7l 4 Y Smidl 2
Aol ZA o2 Nash reagents 718l 60°CoA
3027 A7) F oA AR S AR A
sl g 415 nmelM 2 §BEE SAIL EEH
Ao sl BAEE AHEEATE 248 @9
= 1829 mg protein®] A3 formaldehyde n
moleZA] FAEITH?

2) Aniline hydroxylase2] 4 - w34 2ml%F
10mM MgCl, ¢ 150 mM KClo] %2 50 mM
Trs. HCl ¢ pH 7400 7122 1mM aniline
HClL, 0.5mM NADPH = F49 (30-400 g8 &4
AYe 7¥sked o] g 37°ColA] 2087 WHSAIH T
Fe-o EFAZ EFHOZE 20% trichloroacetic acid
743k & 1087 gAaEe sl Ao @A)
Ao 10% Na,CO,2t 0.2N-NaOH (2% phenol
FOE B3 37°ColA 3087 RbeAID §F o
640 nmoll N T FHEE 93 BEFAANM 8=
2 ARG 242849 d9e 180 mg
protein®] 443 p-aminophenol nmoleZA] A}
Ak

3) Glutathione S-transferase®] ¥4 -0.1M pota-
ssium phosphate buffer (pH 6.5 71431 1mM
1-chloro-2,4-dinitrobenzene® 1mM glutathione&
Yy AR AL e vheAg 25°ColA
10587 wre-A 7l 3 AAdE  glutathione-2,4-dini-
trobenzene conjugateE 340 nmelld FREE E4
3 Tk 1-chloro-2 4-dinitrobenzene2] mole S 345
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9.6 mM’cm'E o]&3kd BHEE AT Ea
Aol T9e 187 mg proteino] BAE 2,4-dini-
trobenzene glutathione®] nmoles2 FA3tdct.”
4) Epoxide hydrolase®] ¥4 —50mM potassium
phosphate buffer (pH 7.0)f 712 ZA trans-stil-
bene oxide (TSO, 3mM)$} EAY (100-200 ug?l
dHEYS 718l HEgdo] 3 mIEl=E 1%}, o] b
SHEg 37°CelA 2083t HESAIFHE o ofnf AAE
713 FE 229nmilM FF=IF FAEE RS

Ir

9 FEIH P WY B B
SE 129 1mge] @¥de] 7199) TS08] % n

moleF2 UERASITE?

EHHE M2 3 SHRXE| - Lowrysel Wl
}o3 bovine serum albumin (Sigma, Fr. IV)&
FE0 2, FAAT = Duncan's multiple range
test 2 3}tk

& ¥ EEe| 2ol - oz AIF B5ke)E
SANES AR p-hexanee 2 2204 77 3
3] 9HE F&sle] gXS $ MeOHS AHe3le &
g3 weg FEHI & 327g2 AT
MeOH 9= 10% MeOHE HEAA ASEEo]
o3 CHCL, (72g), EtOAc (40g), »n-BuOH (68
2, B o2 I3} o5 EtOAc 7MY 35g
< CHCL-MeOH-H,0 (5:1:1, %), CHCL-MeOH
-H,0 25:8:5, 3%), CHCL-MeOH-H,0 (7:3:1, 3}
%) ¥ CHC,-MeOH-H,0 (65:35:10, 31%)] &%
82 gilica gel column chromatographyS A&}
a] E-1~E-119] fraction® & it o]& E-1 &
3¢ Sephadex LH-20 2% Alcolumn (&Z&&w):
MeOH)3l 33E 1 (26 mg)t 2 46mgE, 3
E-2, E-8X AEB o2 77} s1E 3 (193 mg)#
6 (820 mgy2 At} 28] E-7 B3 silica gel
2 Acolumn chromatography (£Z-&v): CHC,-
MeOH-H,0; 7:3:1, 31&)8 A8l E-7-1~E-7-3
o] &g dgler olF E-7-18 AdAs] 3%
E 4 64 mE E3HTE E-7-2%5 A silica gel
column chromatography [§%-&u]: CHCl,-MeOH-
H,0 (70:25:10, 3}=)}2 2|5l SIS 5(47 mg)
£ 473 22319tk 7171= IR spectrum® Bruker
IFS 66 FT-IR spectrophotometer, UV spectrum-=
Shimadzu Mps-50L spectrometer; NMR spectrum
£ Bruker AM 200 spectrometer® AME-3}t}.

SIEE 12| E3EE 54 (quercetin) - 'H-NMR
(DMSO-d;, 200 MHz) & 7.66 (1H, d, J=2.1Hz,
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H-2), 753 (IH, dd, J=2.1 & 85 Hz, H-6), 6.87
(1H, d, J=85Hz, H-5), 640 (1H, d, J=22Hz,
H-8), 618 (IH, d, J=22Hz, H6); “C-NMR
(DMSO-d,, 50.3 MHz): Table V

SIBIE 20| EWEX =M (apigenin)-IR vio
cm™: 3374, 1657, 1607, 1506, 1456, 1365, 1282,
1179; UV AY°O% nm 265, 295sh, 335; with NaOMe
274, 323, 391; with NaOAc 273, 300, 375; with
NaOAc+H,BO, 265, 301sh, 337; with AICI3 275,
300, 347, 383; with AICL+HCl 275, 298, 339,
380; 'H-NMR (DMSO-d,, 200 MHz) & 7.92 (2H,
d, J=87 Hz, H2 & 6), 692 (2H, d, J=87
Hz, H-3' & 5), 6.77 (1H, s, H-3), 647 (1H, 4,
J=19 Hz H-8), 618 (1H, d, J=19 Hz, H-6);
BC-NMR (DMSO-d,, 50.3 MHz); Table V

SiEiE 39| E2eiY B4 (protocatechuic acid)-
'H-NMR (DMSO-d,, 200 MHz) &: 7.33 (1H, d,
J=2.1 Hz, H2), 728 (1H, dd, J=21 & 81 Hz, H-
6), 6.74 (1H, d, J=8.1 Hz, H5), “CNMR (DMSO
-d, 50.3MHz) & 167.3 (C-7), 150.0 (C-4), 144.7
(C-3), 1219 (C-1), 1217 (C-6), 1166 (C-2),
1152 (C-5)

SIEHE 4o 2N SN (afzelin)-IR v,
em™ 3420, 1660, 1614, 1506, 1448, 1362, 1285,
1175, 1063; UV 1YY nm 265, 344; with NaOMe
274, 325, 388; with NaOAc 271, 360; with NaOAc+
H,BO, 266, 348; with AICI3 274, 304, 348, 397
; with AICL+HCI 275, 301, 342, 396 'H-NMR
(DMSO-d,, 200MHz) & 7.74 (2H, d, J=86Hz,

Table 1. Effects of Houttuynia cordata on the hepatic lipid
peroxide in bromobenzene-treated rats

Dose s
Group (mg/kg) Activity  Percentage
Control 0 22.4 + 2.55°

Bromobenzene (BB) 460 60.5 + 4.00° 100
MeOH ext. + BB 250 477 £459° 79
500 46.0 £ 4.70° 76

Rats were orally administered by the methanol extract of
H. cordata daily for one week and then bromobenzene
(BB, 460 mg/kg) was ip. injected four times with 12h
interval for final two days. Rats were decapitated 12 h
after the injection of BB treatment. The values are mean =+
S.D. of 5 animals. Values followed by the same letter are
not significantly different (p < 0.05).

*unit: malondialdehyde nmole/ g of tissue.
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Table II. Effects of Houttuynia cordata on the hepatic aminopyrine N-demethylase (AD) and aniline hydroxylase (AH)

in bromobenzene-treated rats

Group Dose(mg/kg) AD activity” percentage AH activity” percentage
Control 0 4.62 £ 0.48° 0.55 + 0.11°
Brombenzene (BB) 460 7.12 £ 0.67° 100 0.92 + 0.21° 100
MeOH ext.+ BB 250 6.22 + 0.50*° 87 0.77 + 0.12% 84
500 5.58 £ 0.53" 78 0.64 + 0.19° 70

Rats were orally administered by the methanol extract of H. cordatfa daily for one week and then bromobenzene (BB,
460 mg/kg) was 1.p. injected four times with 12 h interval for final two days. Rats were decapitated 12 h after the injection
of BB treatment. The values are mean £ S.D. of 5 animals. Means sharing the same superscript letter are not signifi-

cantly different (p<0.05).
unit: p-aminophenol nmole/mg protein/min
unit: HCHO-nmole/mg protein/min

H2 & 6), 691 H, d, J=86Hz, H-3 & 5),
642 (1H, d, J=19Hz, H-), 622 (1H, d, J=1.9
Hz, H-6), 529 (1H, s, anomeric H), 0.78 (3H,
d, J=53Hz, -CH,); "C-NMR (DMSO-d; 200 MHz)
Table V

SlEtE 50| E&EIE SM (hyperoside)-TR v
cm™: 3424, 1657, 1606, 1511, 1464, 1448, 1128,
1080; UV AY™ nm 273, 358; with NaOMe 277,
329, 409;with NaOAc 280, 324sh, 383; with NaOAc
+H,BO, 276, 379; with AIClL, 278, 440; with
AICL+HCI 278, 299sh, 368, 401; 'H-NMR (DMSO
-ds, 200MHz) & 7.65 (1H, dd, J=2.2 & 84Hz,
H-6), 752 (1H, d, J=2.2Hz, H-2), 681 (1H, d,
J=84Hz, H5), 639 (IH, d, J=2.0Hz, H-8),
6.19 (1H, d, J=2.0Hz, H-6), 536 (H, d, J=
7.6Hz, anomeric H); “C-NMR (DMSO-d, 200
MHz): Table V

Table HI. Effects of Houttuynia cordata on the hepatic
cytosolic glutathione S-transferase in bromobenzene-
treated rats

31ElE 60| BTEIE 5A (quercitring - IR vio:
em™: 3370, 1658, 1607, 1574, 1507, 1452, 1375,
1280, 1169, 1050; UV aMe®" nm 259, 304sh,
352; with NaOMe 272, 328, 395; with NaOAc
275, 324sh, 374; with NaOAc+H,BO, 263, 303sh,
369; with AICl, 278, 306sh, 335, 439; with AIClL
+HCI 273, 304sh, 354, 405; 'H-NMR (DMSO-d,,
200MHz) & 7.30 (1H, d, J=19 Hz, H-2), 7.24
(1H, dd, J=19 & 84 Hz, H6), 666 (1H, d,
J=84 Hz, H5), 639 (1H, d, J=16 Hz, H-8),
620 (1H, d, J=1.6 Hz, H6), 525 (1H, s, anomeric
H); ®C-NMR (DMSO-d,, 50.3 MHz); Table V
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Table IV. Effects of Houttuynia cordata on the hepatic
epoxide hydrolase activities in bromobenzene-treated
rats

Group &n?g(;iz) Activity” Percentage Group (n]?g(jls{; Activity” Percentage
Control 0 2765 + 9.52° Control 0 10.32 + 3.70°

Brombenzene(BB) 460 2865 £ 10.57° 100
MeOH ext. +BB 250 2894 +9.23* 101
500 2903 £ 8.78" 101

Brombenzene (BB) 460 524 + 0.63° 100
MeOH ext. + BB 250 7.12 + 0.87*" 136
500 8.65 + 1.22*" 165

Rats were orally administered by the methanol extract of
H. cordata daily for one week and then bromobenzene
(BB, 460 mg/kg) was i.p. injected four times with 12 h
interval for final two days. Rats were decapitated 12 h
after the injection of BB treatment. The values are mean =+
S.D. of 5 animals. Means sharing the same superscript
letter are not significantly different (p<0.05).

“unit: conjugated 1,2-dichloro-4-nitrobenzene.

Rats were orally administered by the methanol extract of
H. cordata daily for one week and then bromobenzene
(BB, 460 mg/kg) was ip. injected four times with 12 h
interval for final two days. Rats were decapitated 12h after
the injection of BB treatment. The values are mean + S.D.
of 5 animals. Values followed by the same letter are not
significantly different (p<0.05).

*unit: TSO nmole/mg protein/min,
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Table V. ®C-NMR spectral data for compounds 1, 2 and
4-6 in DMSO-d,

Carbon
No.. 1 2 4 5 6
2 147.7 163.7 1573 1563 157.3
3 135.7 1026 1342 1335 1343
4 175.8 181.7 177.7 1774 177.8
5 160.7 161.0 161.3 161.2 161.3
6 98.2 98.7 98.7 98.6 98.8
7 1639 164.0 164.3 164.2 164.3
8 93.3 93.7 93.8 93.5 93.7
9 1561 1573 1565 1563 1565
10 103.0 1036 1041 1039 1041
1 121.9 121.1 120.5 122.0 121.2
2! 1150 1284 1306 1152 1156
3 1450 1158 1154 1448 1453
4 146.8 1614 160.0 148.4 148.5
5 115.6 115.8 1154 115.9 115.8
6 1199 1284 1306 1211 1206
1 101.8 101.8 1017
2" 70.1 71.2 70.1
3" 70.4 73.2 70.4
4" 71.1 67.9 71.3
5" 70.6 75.8 70.5
6" 175 60.1 175

2] bromobenzenethA Ao WlE Fa+E HESN
Bromobenzene2 xenobiotich] 7+=42] dFojr}),
Bromobenzeneg] thARNA cytochrome P-450 mono-
oxygenased] 2|3 bromobenzene 2,3-oxide®} bro-
mobenzene-3,4-oxideZ AZHT 23-oxide= A
H|EA4 822 2-bromophenol® W3 EAEAY
34-oxidex epoxide hydrolasell 2J3] ZAdol Q=
bromobenzene-3,4-dihyrodiolZ tHAIAIF|H E= glu-
tathione S-transferase®ll €13} bromobenzene glu-
tathione ©2 WiA=7|x F042 o] o) A ¥IEA
3} He ARg 540 £ 34-oxidert o] AAH
A HEEYe| S/

BromobenzeneS FWER g FFHE o=
Tl IRk e ) 7 BA] EARis)e|
s ojd2E AR sl AFEAT. Az
o] Wek=32E2 A3 bromobenzeneFH =
=48 fde e T ISR E Fe
bromobenzene TEFI7F ¥ wE vl FTIEARA
Shgo] ZaEQ & old% FEE 250 mgkge)
A7 e Uz Hsl 21%, 500 mgkg 5
TAAME 24%<] o] EUTHTable D.
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Aol Bds]olz] k2 Fe EAEA] il
o= phase 13} phase 2 ®¥F3oZ2 UE 4 Urh
BromobenzeneS #3135l E4EQS] epoxides A
ANFe EAAS aminopyrine N-demethylase,
aniline hydroxylase 833 epoxideE 7l-E3l5te
=40l Qe dihydrodiol2 thAMAZlE E4AY
epoxide hydrolase 84 22]3 epoxide 35AlA
glutathione®] EFE A4S glutathione S-transferase
o] gAWEE AEIAY. FEEE A
bromobenzene2 FI3t A<M aminopyrine N-
demethylase, aniline hydroxylase 49 W&o] &
A5t} £ bromobenzene®E ¥ @ amino-
pyrine N-demethylase$} aniline hydroxylase 243
& 2ol visl 54%st 67% Zzt FHEATh o
Hz F2E 250 FE 500 mgkgl® A8
bromobenzene2 T3t HAF AT o]E9] B0
bromobenzene?te 2 AL S5 AEZH ¥aF
] aminopyrine N-demethylase 842 77+ 13%%}
22%, aniline hydroxylase 242 16%%} 30%= Z+
Z} 24 tHTable ). 22\ glutathione®] 23t
FE29 glutathione S-transferase &5 UER}
=z 9kow= (Table II) bromobenzene®] F+=3h=
epoxideE ©] E4E SN e e 2=
Alggth. OE SAZA epoxideE 7Rl h
£ epoxide hydrolase@Agoll oJH J&2 wiA=
2] #E351 ). Bromobenzene ©E Foj2 U2
T} 49% AAIZHEo] e, Heks FEEE 250,
500 mgkgoE H*2|gt wo|A= bromobenzened
o Fad Bhe FEE 36%, 65% 47t EA|
ZATH(Table IV). o3¢l AA2A oz FEEL
bromobenzene 4= AF A R @arksl oAEAI0]
2lom, bromobenzenethAMAlNA] SAHEZHS 34-
epoxideE 7427 280 J2E & ATk o=
epoxide 4J/34]2] aminopyrine N-demethylase, aniline
hydroxylase 8474t sj=AS] UF<2 epoxide
hydrolase B4%7}e] B32H8<] AR AlRdT)

- o] EZE p-hexaneo 2 €% & A& MeOH
F2ES ASEISE, olF EtOACEEES silica
gel column chromatographyZ A3l 6&9] #HAl=
A e 2k IFE 35 IR spectrum®]l
A 3374cm™ (OH), 1657 cm™ (o, P-unsaturated
ketone), 1607, 1506 cm™ (aromatic C=C)2] &
E dz4 SEYS 47 @k 'H-NMR spec-
trumoll4] 1, 3, 4-trisubstituted benzene ring®ll 7]
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R4 R2
quercetin(1) OH OH
apigenin(2) H H
afzelin(4) O-rha. H
hyperoside(5) O-gal. OH
quercitrin(6) O-rha. OH

HQ

HOO—COOH

protocatechuic acid(3)

Q38k= 8 7.33 (1H, d, J=2.1Hz), 7.28 (1H, dd,
J=21 & 8.1Hz), 6.74 (1H, d, J=8.1Hz)°l A 2]
peak7} #2¥r}h, “C.NMR spectrumol A 77 9]
singnale] #Z5H, o] ketone?]oll 7]21=E signal
(6167.3)°] Yebdth 3FE 38 3, 4-dihydroxy-
benzoic acid$! protocatechuic acid® 27 stg.omH
ol FAX™e} & dxEATh SFVE 1, 2, 4, 59
62 TLCOF £33} datacllAd flavonoiddldE= 33
Hoh. 2% (e 18 BYX)9) vlwe) o5 quer-
cetin® = 43N} FJME 28 MeOH &2 =
At UV spectra®lA] band I°] 335 nmellA] e}t
C-3° free hydorxyl”17} EA151A) eS¢ 5 3
t}. Shift reagentol] <% WH3EleA] MeOHY
NaOAc H7F= C-791A)) free hydroxyl”], NaOMe
AN C-491X1e) free hydroxyl’], AICL&mS} AICI,
o] HCl #7})A band [9] TH3Z B-ringol
ortho dihydroxyl7]7} Exlek] = sldE=R 743}
Atk 'H-NMR spectrumelA] §7.92, §6.92¢) dou-
blet= flavonoid B-ring®llXl ortho couplingdti Sl
< H-2, H-69} H-3, H-59 signalZ, §6.47, §6.18
ol 4] J=8.7HzZ meta couplingsl= doublet= A-
ring®] H-83 H-6S92 A&AIZAS Ut §6.77904=
H-32] proton singnale] #H=HAth webs 33HE 2
= flavone3l3HE<] apigenin® E A sIGE? 313}
2 4, 5, 62 IR spectrum®] A 1100-1000 cm™ 2]
Fd) 2 MeOH €79 UV datasllA] flavonol Hl
FAZ FAPTY. FFE 49 'H-NMR spectrumel
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2] B-ringol] 71918 J=86HzZ ortho coupling®]
87.74 9 5691904 F=E, Aring®] meta cou-
pling J=1.9 Hz)d= proton®] §6.429} 56.20°1 4]
doublet®= #&F o] H|FAE kaempferold S &~
2it}t. 1 mole2] Bl 7]Q15l= anomeric proton sig-
nale] §5.2904 singlet® #=%n, §0.78914 e}
e J=5.3Hz] doublet?} “C-NMR data (5 101.8
(C-1), 701 (C-2), 704 (C-3), 706 (C-4), 711
(C-H5) 24 e 1 B9 rhamnosed-& € 4 dth
AFSIA = shift reagentl] <3 UV B3 “C-
NMRo|A kaempferol#9] B]wo| 4 C-3 chemical
shift®] glycosylation shift® o] £x]ol o] ZAdst
S & Sk mEbA SIRHE 42 afzelin® TSI
o}, 3FHE 59 62 ol data® A9)sle SIFHE
49} FAFSIC}E. & UV spectradlA] AICL HCL
712x @3 ols# 'H-NMR spectrum®] 8 7.65
~86.66014 B-ring ABXE}]9] aromatic signal 2
Zolt}, wlgbr 3FHE 59 62 Y|FAlE quercetin®]
o, 22 BCNMR dataol|A] 737} galactopyranoses}
rhamnopyranose & & 5 it} A= 19 PC-
NMR spectrums}9] ¥lweli 2o A= 25
C-3ol=z 3IHE 59 62 Z17) hyperoside®t quer-
citrin® 2 FASAT. A2 T e ofshd
protocatechuic acid$} apigenin® oA ZolA A&
B9 sigHrolu), ojA4dz2] bromobenzenethAHA o
Zhe-se 2B A ASFold.

a4 =

gze] Hieks F2E g EFe] Bl
gAAe mXe FEE HESAUT. FEEL bro-
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