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Mechanism and Effect of Corydalis ternata
on the CCl,-Induced Hepatotoxicity

In-Ok Surh, Choon Sik Jeong and Ki Hwa Jung'
College of Pharmacy, Duksung Wormen's University, Seoul 132-714, Korea

ABSTRACT - Protective effect of Corydalis ternata against the carbon tetrachloride-induced
toxicity was investigated. Carbon tetrachloride(CCl,) induces hepatotoxicity due to the reactive
free radical(CCl, - ) generated by cytochrome P-450 enzyme. We examined effects of hexane, chlo-
roform, butanol and water fractions prepared from the Corydalis ternata methanol extract. Rats
were treated with those for 3 days, and liver microsomes and cytosols were prepared at 24 hour
after last treatment. Hepatoprotective activity of the water fraction was higher than that of
other fractions. To examine mechanism of the hepatoprotective effect of Corydalis ternata, we
measured contents of malondialdehyde(MDA), cytochrome P450(CYP), glutathione, calcium as
well as the activities of NADPH-CYP reductase, glutathione S-transferase(GST), superoxide dis-
mutase(SOD), glutathione peroxidase(GPX) and catalase. The fraction inhibited production of
MDA, content of CYP and calcium in liver of water fractions - treated rats as compared with
those of CCl,treated rats. The GST activity was increased. We speculate that the O, radical
scavenging activities of the water fraction might play a key role in the mechanism opposing the
progression of CCl,-induced hepatotoxicity, but the activities of SOD, GPX, CAT were decreased.
These results suggest that the mechanism might be mainly due to the decrease of CYP contents,
act as calcium channel blocker and increase of GST activity rather than O, radical scavenging
activities.

Key worlds (] Carbon tetrachloride, Hepatotoxicity, Corydalis Tuber, Cytochrome P450, Calcium channel
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AFel] ARES AJ°Fo ZA] carbon tetrachloride(Duksan
Pharmaceutical Co., Korea), ALT kit, total bilirubin kit,
albumin kit, TP kit, cholesterol kit, TG kit (Yeongdong
Pharmaceutical Co., Korea), Tris acetate, EDTA, Tris base,
glycerol, dithionite, foline ciocalteau’s phenol reagent,
bovine serum albumin, thiobarbituric acid, 1,1,3,3-tetraeth-
oxypropane, xanthine, cytochrome ¢, xanthine oxidase,
NADPH, sodium dithionite, cumene hydroperoxide, hydrogen
peroxide, 1-chloro-2.4-dinitrobenzen(CDNB), GSH, 1,1-
dipheny!-2-picrylhydrazyl(DPPH),  5,5'-dithiobis(2-nitrobenzoic
acid)(DTNB), L-ascorbic acid(Sigma chemical Co., St
Louis, MO, USAT"— AL ZE e B 35 Sle
A EFAokS AT

7171 i/\i high speed centrifuge (DuPont Sorvall
instrument, Model RC 5C), ice maker (Welbilt Co.
USA), micropipette (Gilson medical electronics, France),
UV-spectrophotometer (Hewlett Packard HP 8452A
Diode-Array), ultracentrifuge (Beckman Co., Ltd. 1-80),
tissue tearor (Biospec products, Inc. Model 985-370) 2
evaporator (Eyela)S AME3}3it).
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Scheme 1. Extraction and fractionation of Corydalis
ternata.
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Table 1. Effect of methanol extract of Corydalis ternata on
plasma ALT activity in CCl, treated rats.

Treatment Dose (mg/kg, p.o.) ALT (KA unit/L)
Control - 26.0t 3.8
Cql, - 217.4£75.7
MeOH ext. +CCl, 500 158.8 £66.6
MeOH ext. +CCl, 1000 753+£22.8%
CM ext. +CCl, 150 118.7£53.7

The values are expressed as mean +S.D. (n=8)

*P <0.001 compared to the CCl, group

Rats were treated with each agent for 3 consecutive days. CCl,
(0.45 mL/kg) was intraperitoneally injected at 3 hours after the last
treatment with the agent. Rats were sacrificed for the assay at 24
hours after the final agent treatment.

MeOH, methanol; CM, Carduus marianus
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Table 2. Effect of fractions of Corydalis ternata on plasma ALT
activity in CCl, treated rats.

Treatment Dose (ing/kg, p.o.) ALT (KA unit/L)
Untreated - 260+ 38
CCl, - 21741757
Hex fr. +CCl, 700 129.71£58.4
CHC], fr. +CCl, 800 133.8+90.2
BuOH fr. +CCl, 1000 150.3£60.8
H,0 fr. +CCl, 300 125.2150.9*
CM ext. +CCl, 150 118.7£53.7

The values are expressed as mean £S.D. (n=8)

*P < 0.05 compared to the CCl, group

Rats were treated with each agent for 3 consecutive days. CCl,
(0.45 ml/kg) was intraperitoneally injected at 3 hours after the last
treatment with the agent. Rats were sacrificed for the assay at 24
hours after the final agent treatment.

Hex, hexane; CHCI,, chloroform; BuOH, butanol; H,O, water;
CM, Carduus marianus

AFE Table 1, 29 JERHATE.
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3l7] 918t A F ALT 4% 274 Z3ES Table 39
e ATt

ALT BHE+= CClL &5 F922 2438+832KA
mit/Lel}YL & EEE 100 mgke FHFS 141.0£27.0
KA unitL, & EHE 300mgke THZL 8041249
KA unitL, Carduus marianus ext. 528 9441446
KA umiLE CCl, @& Fofzo] Hlsled & FY&
300 mgkg ¥ Carduus marianus ext. F-o ol A

Table 3. Effect of water fraction of Corydalis ternata on plasma
ALT activity in CCl, treated rats.

Treatment Dose (mg/kg, p.o.) ALT (KA unit/L)
Untreated - 26.0+£3.8
ccl, - 243.8+83.2
H,0 fr. +CCl, 100 141.0£27.0
H,0 fr. +CC], 300 80.4+24.9%
CM ext. +CCl, 150 94.4 +44.6%

The values are expressed as mean +S.D. (n=6)

*P < 0.05 compared to the CCl, group

Rats were treated with each agent for 3 consecutive days. CCl,
(0.45 mL/kg) was intraperitoneally injected at 3 hours after the last
treatment with the agent. Rats were sacrificed for the assay at 24
hours after the final agent treatment.

H,0, water; CM, Carduus marianus

Table 4. Effects of water fraction of Corydalis ternata on
plasma cholesterol and TG levels in CCl, treated rats.

Treatment Dose Cholesterol TG
(mg/kg, po.)  (mg/dL) (mg/dL)
Untreated - 446150 26.9+8.36
Ccql, - 67.1+£123 41.7£53
H,O fr. +CCl, 100 487+123%  294+11.7
H,O fr. +CCl, 300 673+ 9.2 51.7£8.0%
CM ext. +CCl, 150 522+ 84 350%£175

The values are expressed as mean +S.D. (n=6)

*P < 0.05 compared to the CCl, group

Rats were treated with each agent for 3 consecutive days. CCl,
(0.45 mL/kg) was intraperitoneally injected at 3 hours after the last
treatment with the agent. Rats were sacrificed for the assay at 24
hours after the final agent treatment.

H,0, water; CM, Carduus marianus
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Table 4] LERNRIT

Cholesterol &3 CCl, &5 FHFL 67.1£12.3 mg/
dLel A, & E8E 100 mghkg T2 48.7+12.3 mg/
dL, & E3E 300mgkg TS 673192 mg/dL,
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Carduus marianus ext. T 522+ 84 mg/dLE CCl,
95 Fogo] Hlgl B RE 100 mgkg FAZIM

TG e CCl, &5 FA7L 41.7£53 mg/dLe]USL
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AF}ZE Table 59 eI

Cholesterol %2 CCl, @5 FoF2 57122 mglg
livero|Q3, & BEEE 100 mgkg T 49+0.7 mg/g
liver, & 23E 300 mghkg FOITL 4.6 1.0mg/g liver,
Carduus marianus ext. T2 4.6L08mg/g liver=
CCl, &= Foo Bjsld BE XXM sk 7B
&g BHh

TG &FE CCl, G5 FHFE 20.6+2.6 mg/g liver©]
93, B E2FE 100mgkes FAT2 142+25mglg
liver, 2 #8E 300 mgkg F9T2 16.4E£2.6 mg/g liver,
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CCl, ©5 ool vjdle) B 2EE 100 mgkg FALH
2 23E 300 mgkg TN el de 24 Bk

CCl, &= FojFola 7hEA9) cholesterol B TGZF &
A Z7relen & 238 100 mgkg T B 8
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Table 5. Effects of water fraction of Corydalis ternata on
hepatic cholesterol and TG levels in CCl, treated rats.

Treatment Dose Cholesterol TG
(mg/kg, p.o) (mg/gliver) (mg/g liver)
Untreated - 35206 13.41+23
CCl, - 57+22 206+2.6
H,0 fr. +CCl, 100 49+0.7 14.2+2.5%
H,0 fr. +CCl, 300 46x1.0 16.4 £ 2.6*
CM ext. +CCl, 150 46x0.8 18618

The values are expressed as mean £ S.D. (n=6)

*P < (.05 compared to the CCl, group

Rats were treated with each agent for 3 consecutive days. CCl,
(0.45 ml/kg) was intraperitoneally injected at 3 hours after the last
treatment with the agent. Rats were sacrificed for the assay at 24
hours after the final agent treatment.

H,0, water; CM, Carduus marianus

Table 6. Effect of water fraction of Corydalis ternata on MDA
level in the liver microsome of CClI, treated rats.

Treatment Dose (mg/kg, p.o.) MDA (nmol/mg protein)
Untreated - 1.07 =0.03
CCl, - 1.52+0.04
H,O fr. +CCl, 100 1.55+0.07
H,O fr. +CCl, 300 1.38 +£0.02*%
CM ext. +CCl, 150 1.24+0.11%*

The values are expressed as mean +S.D. (n=6)

*P < 0.01 compared to the CCl, group

Rats were treated with each agent for 3 consecutive days. CCl,
(0.45 mL/kg) was intraperitoneally injected at 3 hours after the last
treatment with the agent. Rats were sacrificed for the assay at 24
hours after the final agent treatment.

H,0, water; CM, Carduus marianus
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H3A B B3Eo] CCl, 7t &4 vXe IS #F
3l7] 9)8td 7+ microsomeol| A 2] R A 3itEE
ZA#}E Table 60 ERASITE.

MDA & CCl, &5 FHFL 1.07£0.03 nmol/mg
protein®| A2, & ¥ 100 mgkg T 1.55+0.07
nmol/mg protein, & EFE 300 mgkg FHFES 138+
0.02 nmol/mg protein, Carduus marianus ext. T2
1.24+0.11 nmol/mg protein® & CCl, &= FojFol Hls}
o RE AN ZAdle AFE HAeH = £¥E
300 mgrkg FAEF Carduus marianus ext. 7oA
FoA de BAE BAT

CcCl7b 7ZhA X9 ERAA thAME o] trichloromethyl
radical?t 22 tlAL S Ho] AAAISE sl
AAFNEE0) A F2A HIE doTn E
o] a2A) EgeEn dd B 2 AIEA A3
o] Z71elA Hrke A7-AFel SAs? AAANEEe
TBARd 275 Z4% A3 & FIE 300 mghkg
A oA Jde AT Bgonz dsA E £
Bo| free radicals Tt AALE A 27 &4Fe] whofof
) e AeE Azbdd

it
_?l_g
o
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CYP &

AEA B BB Eo] CCl, 7t &34 vAE 9F%E #2
3171 93k 7} microsome| A1) CYP €32 Table 70l
e AT

CYP &2 CCl, @5 FAFE 16751042 nmol/mg
protein®| N7 B EHE 100 mgkg FHTL 16.76+0.65
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Table 7. Effect of H,O fraction of Corydalis ternata on CYP
level in the liver microsome of CCl, treated rats.

Treatment Dose (mg/kg, p.o.) CYP (nmol/mg protein)
Untreated - 13.04+0.271
ca, - 16.75+0.42
H,0 fr. +CCl, 100 16.76 +0.65
H,0 fr. +CCl, 300 14.53+0.63*
CM ext. +CCl, 150 14.25£0.32*

The values are expressed as mean £S.D. (n=6)

*P < 0.001 compared to the CCl, group

Rats were treated with each agent for 3 consecutive days. CCl,
(0.45 ml/kg) was intraperitoneally injected at 3 hours after the last
treatment with the agent. Rats were sacrificed for the assay at 24
hours after the final agent treatment.

H,0, water; CM, Carduus marianus

nmol/mg protein, & FEE 300 mgkg FoEL 1453+

0.63 nmol/mg protein, Carduus marianus ext. F9+2 -

14.25£0.32 nmol/mg protein®Z CCl, @5 Fojgo] H]
st B BEE 300mgkg 9 Carduus marianus
ext. FAFNA FoAd e AE BT CCLE B
YA &4 FollA] phasel &E thA} &4 CYPS
NADPH-CYP reductaseol] 2J8iA] thAt=Em wj$- wk-g-Ajo]
73 At F7HAIE FAdet] o A 2 EOiAL &4
Aol WstE doritt. wepr] S4EAY il #ejs)
= CYPS &4 % 2o Azl AdAe =3 &4 ¢
WAL AT = Uk E BYE 300 mgkg T
oAlX CYPEEo] FdUA #ad Aoz Hol 3
T BEYE0] CYPEEFS ZaAA Ccael g 23] &4
Wolel] &7} Qe Ao A

UZEZE calciumgl2F

Ao & B8E0) CCl, 7+ 40 vixe 9gs A2
3171 $ske] 7k FAANX Y calcium FF 23 AHE

Table 8o YERARATE.

Calcium3 2 CCl, &5 £ 0.5910.06 mg/g liver
ol, & FIE 100 mgky FITS 0491003 mg/g
liver, & #¥E 300 mgkg F42 0.50£0.07 mg/g liver,
Carduus marianus ext. £ 0451004 mg/g liver2
CCl, &5 Tzl vald & £8E 100 mgkg T34
Carduus marianus ext. FIFNA 94 e A8 B
Aot 7F 2359 caleiumPBEHE CCl, G5 Fofzdl v}
of BE AXTM Fidhe HFE Bon 53 B &
8E 100 mgkg FAH Carduus marianus ext. S-oJ=+0])
A Fold e A4S Bo COel i 23 &40 g
calcium channel blocker (CCB)ZA Z}&3dle] B3 3=

Table 8. Effect of water fraction of Corydalis ternata on
calcium level in the liver of CCl, treated rats.

Treatment Dose (mg/kg, p.o.) Calcium (mg/g liver)
Untreated - 04610.02
CCl, - 0.59+0.06
H,0 fr. +CCl, 100 0.49 £0.03*
H,O fr. +CCl, 300 70.50+0.07
CM ext. +CCl, 150 0.45£0.04*

The values are expressed as mean + S.D. (n=6)

*P < 0.05 compared to the CCl, group

*¥%P < 0.001 compared to the CCl, group

Rats were treated with each agent for 3 consecutive days. CCI,
(0.45 mL/kg) was intraperitoneally injected at 3 hours after the last
treatment with the agent. Rats were sacrificed for the assay at 24
hours after the final agent treatment.

H,O, water; CM, Carduus marianus

Table 9. Effect of water fraction of Corydalis ternata on GSH
level in the liver of CCl, treated rats.

Treatment Dose (mg/kg, p.o.) GSH (Lmol/g tissue)
Untreated - 42.62£1.99
Cql, - 39.07+£8.49
H,O fr. +CC], 100 43.47+£2.38
H,0 fr. +CCl, 300 46.39+6.74
CM ext. +CCl, 150 28.72+1.80

The values are expressed as mean £+ S.D. (n=6)

Rats were treated with each agent for 3 consecutive days. CCl,
(0.45 mL/kg) was intraperitoneally injected at 3 hours after the last
treatment with the agent. Rats were sacrificed for the assay at 24
hours after the final agent treatment.

H,0, water; CM, Carduus marianus
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Table 9°] “ERAA.

GSH 32 CC, @5 F9FL 39.07+8.49 umol/g
livero] 92, & EIE 100mgkg FAZL 4347+
238 umol/g liver, & FEE 300 mgkg T 46.39+
6.74 umol/g liver, Carduus marianus ext. FL 28,72
1+ 1.80 pmol/g liver2 CCl, &= Fol o] H|3le] 2E 3
2 ZolA zpeolE HolA] it v g4 ksl GSH
= o2 AlZ9] endogenous, exogenous 3}gHE-e] &)
#ojshs EZ A GSHY thiolZ]d] E§s}e] sj53a}sle]
Gl ZolL} DNAY 34, y-glutamyl amino acid53 2+&-
B9 olF, AAFAYY 2 2 B4 A fElr)el o
F A S 5 AAESHH O a8 o7 wgol &
o & AddelM 2 EEE 100 mgkg FHTH

Lo ol

24 A%s

L
h—y
©

%

8 ot

Journal of Food Hygiene and Safety, Vol 15 No. 3



232 In-Ok Surh, Choon Sk Jeong and Ki Hwa Jung

Table 10. Effect of water fraction of Corydalis ternata on GST
activity in the liver cytosol of CCl, treated rats.

Table 11. Effect of water fraction of Corydalis ternata on SOD
activity in the liver cytosol of CCl, treated rats.

Treatment  Dose (mg/kg, p.o.) GST (Wmol/min/mg protein) Treatment Dose (mg/kg, p.o.) SOD (Unit/mg protein)
Untreated - 2.6610.03 Untreated - 28.1%9.5
CCl, - 1.74£0.11 CCl, - 33.7+6.2
H,O fr. +CCl, 100 1.99+£0.56 H,0O fr. + CCl, 100 342453
H,0fr. +CCl, 300 2.01£0.07*+* H,0 fr. + CCl, 300 282+57
CM ext. +CCl, 150 2.2910.18%* CM ext. + CCl, 150 283+36

The values are expressed as mean + S.D. (n=6)

**P < 0.01 compared to the CCl, group

Rats were treated with each agent for 3 consecutive days. CCl4
(0.45 ml/kg) was intraperitoneally injected at 3 hours after the last
treatment with the agent. Rats were sacrificed for the assay at 24
hours after the final agent treatment.

H,0, water; CM, Carduus marianus

poi}

Lo
T

300mgkg T2l GSHE Ho| tha F7hgh
oxidative stress®] 7+Aol 93t Ao g AzZECH

GST ®4T

doA & BEEo| CCl, 7+ &4 X 43S &
&7) sled 7F cytosololiAle]l GST A 24 4
Table 109} YeRAACE. .

GST 84=+ CC, @5 FoE 1.74%0.11 pmol/
min/mg protein®l L, & £YE 100mgkg FHAFLS
1.99%0.56 pmol/min/mg protein, ¥ £&E 300 mgkg F
o7& 2.01+0.07 umol/min/mg protein, Carduus marianus
ext. &2 2.2940.18 umol/min/mg protein® 2. CCl,
s Fojid] Hlsle BE AR STkl AES B

o & BEE 300mgkeg T Carduus marianus
ext. FoIollA o e F7HE BATh

7t cytosol9] phasell WA} &2 GST+E bilirubin,
heme ¥ steroids?} 722 WHAA EFS] A, prosta-
glanding X% lipid hydroperoxide$} nucleotide
peroxide®] =3 Fa8t IS L & FEE 300
mg/kg FAZNA GSTE/ol F948 A F718 A=
Bol d3A & BIEo| GSTEEE F7H1AH CClel ¢
gk 3 &4 ool axprt Qe AeR Azt

<l

i o

SOD M=%

"o & E£5E0] CCl, T &l vHe IS 72
3}7] fle] 7+ cytosololM ) SOD TAE 274 g
Table 1191 VERARIT

SOD 4=+ CCl, &5 FoJ&2 33.7£6.2 Univmg
protein®)1 2, & FEIE 100mgkg F9FS 34.2%53
Unit/mg protein, & ¥ E 300 mgkg T+ 28.21£5.7

The values are expressed as mean = S.D. (n=6)

Rats were treated with each agent for 3 consecutive days. CCl,
(0.45 mL/kg) was intraperitoneally injected at 3 hours after the last
treatment with the agent. Rats were sacrificed for the assay at 24
hours after the final agent treatment.

H,0, water; CM, Carduus marianus

Unit/mg protein, Carduus marianus ext. T2 283+
3.6 Unit/mg protein®Z CCl, T FoZol| v|3le] 74
e A4S Jepligith soDE F #AHY] superoxide
aniong hydrogen peroxide®} oxygen moleculeZ Z1EHA]
# superoxide anion radicals?l] &3] A7ie Ak &4
of tigt MX9 Hojol] dAFoR ATt B A
A= SODS] 2457t 9§ 3tsl aae] SE 71
ot 0318 AR AL CYPEE ZAZ st
AtasiRAe] tAE ZFAE O] free radicals®] A3/gdo] T
sl FEHA] 22 Fo= AztE

GPX EMT
HoA B B38| CCl, 7t &4 nAe dge #F
37] 3t 7+ cytosololXe] GPX 8= 54 AHE

Table 129 YFER{RATE. _

GPX 4=+ CCl, &5 Fo72 3.00£0.09 nmol
NADPH/min/mg protein®|$ 2, & 23E 100 mghkg F
& 3.20£0.29 nmol NADPH/min/mg protein, 2 3|

Table 12. Effect of water fraction of Corydalis ternata on GPX
activity in the liver microsome of CCl, treated rats.

Treatment  Dose (mg/kg, p.o.) Gpn)fjé/n;n;;:)ﬁl;m
Untreated - 1.41£0.23
Ccq, - 3.00£0.09
H,O fr. +CCl, 100 3.20+0.29
H,0 fr. +CCl, 300 2.90£0.25
CM ext. +CCl, 150 3.21+0.51

The values are expressed as mean = S.D. (n=6)

Rats were treated with each agent for 3 consecutive days. CCl,
(0.45 mL/kg) was intraperitoneally injected at 3 hours after the last
treatment with the agent. Rats were sacrificed for the assay at 24
hours after the final agent treatment.

H,0, water; CM, Carduus marianus
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Table 13. Effect of water fraction of Corydalis ternata on CAT
activity in the liver cytosol of CCl, treated rats.

Treatment Dose (mg/kg, p.o.) CAT (Unit/mg protein)
Untreated - 85£46
Cdl, - 503x13.2
H,0 fr. +CCl, 100 36.7+5.1*

H,0 fr. +CCl, 300 420159
CM ext. +CCl, 150 29.1 17 5%k

The values are expressed as mean £S.D. (n=6)

*P < 0.05 compared to the CCl, group

***%P < 0.001 compared to the CCl, group

Rats were treated with each agent for 3 consecutive days. CCl,
(0.45 mL/kg) was intraperitoneally injected at 3 hours after the last
treatment with the agent. Rats were sacrificed for the assay at 24
hours after the final agent treatment.

H,0, water; CM, Carduus marianus

E 300mgkg FHL2 2.90+0.25 nmol NADPH/min/
mg protein, Carduus marianus ext. Fw2 3211051
nmol NADPH/min/mg protein® 2 CCl, 9% S o]
ale] RE HRFoIM AolE Kol gttt Flsleas
&rshs 49 GPXe 99 peroxidase® W& ZZ4
EAsY NADP'E AArgA 23t H,0,5 Al7staA
898 glutathione(GSHYS 4+8}18 glutathione(GSSG)L 2
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717t 1=y Zh ARE AoloiA 2 Wghe Hol
A g3kt

CAT &4

3 E BEE0] CCl, 7 &4 vl HEge &
317] Ysled 7+ cytosololMe] CAT 4= =4 Z
Table 139 YEPHITE.

CAT BHEE CCl, 9% SoJ2& 5034132 Unitvmg

3
A

o
e

protein®| A3, E EFE 100 mgkg T+ 36.7+5.1
Unimg protein, & 285 300 mghkg 2L 420+
15.9 Ijﬁt]mg protein, Carduus marianus ext. T+
29.1+7.45 Unit/mg protein®® CCl, ©% Sojzo] u)3}
o BE AT adhes e BleH 53 & &
3E 100 mgkeg T Carduus marianus ext. T3
oM foA e 22E BEh

CATE= 7hl 71 o] Exjs it 3714 A2
o g3l Atk AAdolA el AsAksl, /7189 At
3} 9 superoxide dismutase®] 2]3] ¥ hydrogen
peroxideZ GPX$} §H7 4kAoF HOZ AEAT= 2E-S
she Atelshel g4 dFo =™ GPXOl vIE] Kmatel =
7) HEo) FkslEae) wErt 28w 2 2en 2
AellE CCl, OG5 FoF Bl RE XXl
CAT®| B4=7t #2443 AL £ + o™ o= oxidative
stress®] 7hAol oJgk o= Azt .
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TN ALTEA 9} cholesterol3H2] 7+, 7+ 22 Feo
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