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Hepatoprotective Effect of Subfractions of Carthamus tinctorius L.
Semen on the Reversal of Biotransformation Enzyme Activities in
CCl-induced Hepatotoxic Rats

Choon-Sik Jeong', Ki-Wha Jung and Jeong-Suk Jeong
Hesearch hstitute of Pharmaceutical Sciences, Duksung Women's University, Seoul 132-7 14, Korea

ABSTRACT - Previous studies have shown that methanol extract and its butanol fraction of
Carthamus tinctorius L. Semen have the hepatoprotective effect on the CCl -induced hepatotoxic-
ity. The hepatoprotective effect of subfractions has been evaluated by analyzing blood and hepa-
tocyte biochemical analyses and biotransformation enzyme analyses. Treatment of BS-5 sub-
fraction has significantly decreased the activities of alanine aminotransferase and aspartate ami-
notransferase. In addition, the levels of cholesterol and triglyceride in liver have been decreased
as compared with that of CCl, treated rats. The hepatoprotective effect of BS-5 subfraction on
the CCl -induced hepatotoxicity would be mediated of the attenuation of the level of cytochrome
P450 and the enhancement of the activity of glutathion S-transferase.

Key words 1 Carthamus tincrorius L. Semen, Hepatoprotective effect, CCl,, Hepatotoxicity, Alanine ami-
notransferase, Aspartate aminotransferase, Cytochrome P450
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Carbon tetrachloride (Duksan pharmaceutical Co., Korea),
Carduus marianus ext, alanine aminotransferase kit
aspartate aminotransferase kit, cholesterol kit, triglyceride
kit (Yeongdong pharmaceutical Co., Korea), Tris acetate,
EDTA, Tris base, glycerol, foline ciocalteu's phenol rea-
gent, bovine serum albumin, sodium dithionite, 1-chloro-
2 4-dinitrobenzene, glutathione (Sigma chemical Co., St.
Louis, MO, USA), silica gel (Kieselgel 60, 70~230 mesh
ASTM, Merck, Art. 7734), TLC plate (Kieselgel 60,
F,, precoated, Merck, Art. 5714), anisaldehyde H,SO,
reagent, FeCl, reagent® AFE-3t1om 7|8} AoF & &

Solis AT B AloRE AHESISICE

7121

High speed centrifuge (DuPont Sorvall instrument,
Model RC 5C), ice maker (Welbilt Co. USA), micro-
pipette (Gilson medical electronics, France), UV-spectro-
photometer (Hewlett Packard HP 8452A Diode-Array),
ultracentrifuge (Beckman Co., Lid. 1-80), osterizer blender
(Oster Co., Listed 564A Household type), microscope
(Olympus optical,, Ltd.y& AH&-3}3ict.
ZB3xtel £ ¥ 24

2 Az% Z3RE scheme 13 720] methanol® 5
Agolla] sAIZHY 48] FE3 & 24 AASiaL, ANE A
¢} »Z23}9t}. Methanol & &2 hexane, chloroform,
butanol @ H,O 7F-3-2 AFHoE BRIl 7} FEE
< U8 wEsks

S5 MEo| 22| ¥ SE
23lx} butanol FHFES methanolo] &38JA17)15L silica

Carthamus tinctorius L. Semen (9.6Kg)
Shrs X 4 times extracted with methanol

Methanol ext. (474.5g)
‘ Fractionation

I I T ]
Hexane fr. Chloroform fr. Butanol fr. Hz0 fr.
(91.8g) (21.3g) (147.3g) (214.1g)

l Silica gel column
(

CHClzMeOH gradiently)
(I I I l T |
BS-1fr. BS-2fr. BS-3fr. BS-4fr. BS-5fr. BS-6fr.
(22.5g) (28.4g) (9.57g) (29.4g) (16.2g) (27.1g)
Scheme 1. Fractionation of Carthamus tinctorius L. Semen
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silica gel column®l 23 chioroform® methanol YO =
gradient elution(0% — 100%) 39t} £&A-2 thin layer
chromatographyE A8t TLC AollA UV lampE #2
std 22 RfEtE YEE £8& &t o9
subfraction2 AT} (BS-1 fraction ~ BS-6 fraction).

HE S M|

A% 150~250 g2 Sparague-DawleyAl 7 AFHE 22
+2°CollA] 25 o ARgste] AElAl 270 HeAxl A
Aol ARESIRAL LYALR A IAIR) B BE IR &
w3t
Z3A 7t BEEe $EE wet 0.5% CMC dof |
sl 3Y7E Fo ETh CClL= comn oilg vehicle
3] 04 milkg&FOE o HF Fo 327 Fo 5
Bl 18X 7 AANA S FEAF

o i

g o g% 22

°FE HF T 2447 § ether® "HIAITIL BF A
AL Asked AdlAl MBSk, 3000 pmelr 2027t
A4 Ejske 4 L ARE ARtk

&2 aminotransferase 24 &3
&7} alanine aminotransferase, aspartate aminotrans-
ferased kitE ©]-&-3td #4381t

U=X] & cholesterol ¥ triglyceride X

oFE FHE Fo 24X & HEFI 2 F ARE
8lo] phosphate buffer (pH 7)ol 22 &7 238
10% liver homogenateS THE3L cholesterol} triglyceride
€ kits o83t EA st

A

Microsome ¥ cytosol £2|

o HF 5o 207 F HES RAS AUAETR
A AlEE 5 3u 3] 0.0 M Tris-KCl buffer (0.1 M
Tris acetate, 0.1 M KCl, | mM EDTA, pH7.4 with Tris
base)S 7}8l3 osterizer blenderE |83k ZA& vl
Ak vhajE =22 high speed centrifuge® 8,000g014]
30%, 10,000 golA 90%-7F ZAMEAA A
cytosol #-2|8IT}E. AHA cytosobs FBHL 2
219 microsomes 0.1 M sodium pyrophosphate buffer
(0.1 M sodium pyrophosphate$} 1 mM EDTA)A A&
83l 100,000 gollA 6087+ ThAl 2 Eejste] A% %
% microsomeS LAt Lo microsomes 50 mM

Tris acetate buffer (50 mM Tris acetate, 20% glycerol,
pH 7.4 with Tris base)d| AN & R3] ARE-3}
71 A7 70°CAA] Bkt BE 2ZRS 4°C ol5}
A AAET

chuat

X E microsome 2 cytosol 0.6mlol 0.5ml Lowry
complex (0.2ml 4% sodium potassium tartarate, 0.2 ml
2% copper sulfate®} 10.0 ml®] 4% sodium bicarbonate /
02N sodium hydroxide 2042 ALg 2ol Z3tgt gl
& 7Pl AE3A Eskelgnt. 158 & 0.1 mlY folin
ciocalteou's phenol A19Fg 7}8lal 2A] 41 5 3087+
WAEE, 750 nmellM FBEE SN s e
bovine serum albuming ARE-E}] THE standard curve®
FE LAt

Cytochrome P450 &3

Microsomes T dzFo] 1~2 mg/mle] H=F 0.1M
phosphate buffer (pH7.4)° #EA|#Ah e §H&
semi-microcuvette®] 1ml¥ 20} reference cell¥ sample
cellZ 3} 239 sodium dithioniteE 7} cellell 7k ¥
400~ 500 nmel|A] 71841& 43 u}. Sample cellol] CO7]
AE 1 bubble/sec®] FE= 187} bubblingrlZl & T}A]
400~ 500nmo A1 cytochrome P450-CO binding complex
o] FH4-2 24319}t Cytochrome P4502 cytochrome
P450-CO complex ¥4 A%e] 21z} 450 nm®} 490 nmAt
ole] FAL Aol= ARksIReH, olw EAFFATE
91 mM'em'8 gkste] ALttt

Glutathion S-transferase #4 =X

Cytosoll] E£A)81= glutathione S-transferases= 1-chloro-
2, 4-dinitrobenzene”} glutathione S-transferase®l] 2|3 glu-
tathione 3} ZF=R-E o] 1Fo] ko] BAEE= &
=E S4%o R Z4EE A3 0.1M phosphate
buffer (pH 6.5 cytosol THE 25 ugE YL 25°Col|A
287 WA & 712N 1.0mMS] 1-chloro-2, 4-dinitro-
benzenes} 1.0mM2] glutathioneE 7F8le] & 1.0ml=
g & ZA] 340 nmellAM 102 AR 100% FRF FE
2 22319t} Blank2E 7Hdsle) EEA4353F cytosol
N2S AME o BAEEATE 9l pM em'E #
absted AT

SAIXZ|
RE AY die HaXg FF3E AtelaL, 7 2

Journal of Food Hygiene and Safety, Vol 14, No. 2



Hepatoprotective Effect of Subfractions of Carthamus tinctorius L. Semen 175

7re] ol Student's t-tests ARSI pgrel 0.057]1%H
o FAHCE frelido] Arky WALt

Rt

&% Alanine aminotransferase 3 aspartate amino-
transferase E40| O[X|= HE

Ao &k AE Uil EAlgle Eavt dojog
FEFe A2 3 pericentral necrosisE HEFHO.

drk, weba] 7oz RE Holol WEE 7h

o] 34 4% 4L 7 Al oA P #-8
Wiy 2=0] dhelw, £3] ¥# 5 alanine aminotrans-
ferase®} aspartate aminotransferase 52| G4 x| A
£ 7keo g sk 7k Ee] AR} 7kze] gt A
ggo] Wt transaminase’t FOo T el Fo] w2 &
& Vel Aolmg 7hM Xl WA gl mjAate) XHrt #
1=

CQl, ¥l ¥# alanine aminotransferase 4%
277.1+£714 KA Unilo]2H, £312F BS-13+ BS-2
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23.7% AA AT F8hA; BS-5 T ST
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77} 579%, 69.9% AAEte] Folide JERHITH Table
1).

~
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946.7+96.6 KA Unitlo)1e, 8% BS-49} BS-5 #
g Eoj-S 7zbzb 823.3+321.6 KA Univl} 676.4+347.2
KA UniviZ CCLE fdd k& os S7+e
aspartate aminotransferase €4 %E 747} 13.4%, 29.4%
Astd et FNELS 43241 132.6 KA Unitl2 CCl,
Faojtoll sl 55.9% AAHIE B ATKTable 1).
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#} alanine aminotransferase €% 2 aspartate amino-
transferase §4& HA4A7E ROE Hol CCLE 1% 7F
&4 AA gt Je-E ERlsksith

=X & cholesterol ¥ triglycerided]| O|X|= A&k

CCli= A¥713% 5 endoplasmic reticulumol] $3-8 %

Beted A A} ohl g B g4 Bkl Aist e

e}

S AE7F WHstE Y 53], wiglyceride®] TEHU

apoprotein?} lipoprotein®] /ol #3sF=E triglyceride 2
cholesterolo] ZHAIEZ ol &=}

2314} butanol subfractions®] CCLE Fie 7hE7dl
e aAE wEslr] 918k 7123 F cholesterols 573
3t A3 CCl, Foe 84+05 mg/gelAd e, &3t
BS-1, BS-2, BS-3 852 CCLE f¥d 7HEdol
olsll F713k cholesterols #4171 Zatsdnt. $8hat
BS-4, BS-5, BS-6 ¥ Fola 3 PN Zhz}h 7.8+
14mg/g, 7.2+£23mg/g, 83X 1.8 mg/g X 5.8+0.9 mg/g
o2 CCl, FoLH v of 7R {ch(Table 2).

723 % tiglyceride= CCl, T4 1774102 mg/g
olsiom, &3t BS-I, BS-2, BS-3, BS4, BS-5. BS-6

=

Table 1. Effects of subfractions of Carthamus tinctorius 1.. Semen on plasma alanine aminotransferase and aspartate

aminotransferase activities in CCl, treated rats

Treatment Dose(mg/kg, p.o.) ALT(KA Unit/l) Inhibition(%) AST(KA Unit/l) Inhibition(%)
Untreated - 260t 3.8 - 105.8+ 15.5 -
CCl4 - 277.1+ 714 - 946.7 = 96.6 -
BS-1 fr+CCl, 100 382411489 -42.0 937.91+285.7 09
BS-2 fr+CCl, 100 3242+ 153.6 -18.8 1079.4 £ 580.4 -14.4
BS-3 fr.+CCl, 50 158.8 £ 54.1 47.1 9132+ 308.7 3.6
BS-4 fr.+CCl, 100 264511954 5.0 823.31+321.6 134
BS-5 fr+CCl, 65 131.7x 39.9* 57.9 676.41347.2 294
BS-6 fr+CCl, 100 217.7+173.0 237 877.31+590.8 7.5
CM ext.+CCl, 150 101.5 % 39.6%* 69.9 432.4 1 132.6%* 559

The values are mean = S.D. (n=6). Rats were treated with each agent for three consecutive days. CCl, (0.4 mi/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. Inhibi-
tion (%) was acquired by {1 - (agent + CCl, value - untreated value)/(CCl, value - untreated value)} X 100. *, Significantly different from the
CCl, treated rats (Student's t-test, p<0.05). **, Significantly different from the CCl, treated rats (Student's t-test, p<0.01). CM, Carduus mari-

anus; ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Table 2. Effects of subfractions of Carthamus tinctorius L.
Semen on hepatic cholesterol and triglyceride levels

in CCl, treated rats
Treatment Dose  Choles- % Triglycer- %
(mg/kg, terol(mg/g Change ide(mg/g Change
p.0.) Liver) Liver)
Untreated - 7.1£0.3 - 151+ 1.7 -
cqy, - 84x05 100 177102 100
BS-1fr4+CCl, 100 9.7+£27 115 138103 78
BS-2 fr+CCl, 100 107+14 127 121+ 33 68
BS-3 fr4+CCl, 50 8717 103 91+28 5I
BS-4 fr.+CCl, 100 78+14 93 93+ 42 52
BS-5 fr4+CCl, 65 72£23 86 8525 48
BS-6 fr+CCl, 100 83+138 98 100+ 24 57
CMext+CCl, 150 58%09* 70 14719 83

The values are mean £S.D. (n=6). Rats were treated with each
agent for three consecutive days. CCl, (0.4ml/kg) was intraperito-
neally 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. *, Significantly different from the CCl, treated rats (Stu-
dent's t-test, p<0.01). CM, Carduus marianus.

RS g RIS Z77) 138£ 103 mgfg, 12.1%
33 mglg, 9.1+2.8mglg, 93x42mg/g, 8.5+2.5mg/g,
100+24mg/g 2 147+19mg/gl 8 BE FoZo|A
CCl, B3} Hwe o 7% rH(Table 2).
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Cytochrome P45001 OlXl= Y&

CCl = phase 1 9F& t)A} &421 cytochrome P450°]
oJsiA tHAREW mig- whg/do] AR thAl SIS B
Bl 2AEAGE Joit webk 54 229 tiAbl ¥
&BR= cytochrome P4509] 84 2 wde] g% A
= =z z;ﬂ _4‘:)\]— al ol-ﬁl-/\g.o_ i],x;}z‘sl 2= oh;}lzi

%312} butanol subfractions®] CCLE FEH 740
o o] 71dg g1yl 98kl ZF microsome &
cytochrome P450:& 343 434 CCl, F92 040+
0.05 umol/mg protein®] 2™, F3& 2 BS-1, BS-3 %
BS-6 £&FoTe CCl, FoTRt ST S8t
BS-4, BS-5 ®8Fo7 ¥ YRS 22 0.27£0.09
umol/mg protein, 0.31£0.05 umol/mg protein ¥ 0.30%=
0.04 ymol/mg protein® 2 CCl, Foi3} vwg o 74
% 2AH(Table 3).

2 AgoM F3x BS4 % BSS REFAL
cytochrome P450 ZAE CCLE thAMESR]D ul§- ¥hg-Ado

2 Lo

Table 3. Effects of subfractions of Carthamus tinctorius 1.
Semen on cytochrome P450 level in CCl, treated rats

Dose CYP

Treatment . % Change
(mg/kg, p.o.) ( # mol/mg protein)

Untreated - 0.24+0.02 -
CcCl, - 0.40+0.05 100
BS-1 fr.+CCl, 100 0.40+0.09 100
BS-2 fr.+CCl, 100 0.38+0.03 93
BS-3 fr+CCl, 50 0.43+0.06 106
BS-4 fr.+CCl, 100 0.27+0.09 65
BS-5 fr+CCl, 65 0.31+0.05 74
BS-6 fr+CCl, 100 042+0.04 102
CM ext.+CCl, 150 0.30%£0.04 75

The values are mean* S.D. (n=6). Rats were treated with each
agent for three consecutive days. CCl, (0.4 mlkg) was intraperito-
neally 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. CM, Carduus marianus; CYP, cytochrome P450.

A oAb T S sl 84 AAE Hlem

A7rE,

Glutathione S-transferase #A0fl OjXkle= At
7} cytosol #-82] phase IT thA} 4220 glutathione S-
transferase= A2 Y% FESo] tiAlEe] AAEE

oxygen radicals ¥ ZIZ A4 xenobiotics®l glutathione2]

thiolZ1 & E5eley, A27e) &4 o)Folx ddsh= 5
oefst 715& 7R3 dvh. ©]2igt glutathione S-trans-
ferase®] XE2RE3 F5AbE-o] osf Wikl e 9y
LA 3929 53} a8o] sl ®ok CcClLel thAt

Table 4. Effects of subfractions of Carthamus tinctorius L.
Semen on glutathione S-transferase activity in CCl,

treated rats
Dose GST( ## mol/min/mg % Change
Treatment .
(mg/kg, p.o.) protein)

Untreated - 1.43£0.10 -
cqy, - 1.18£0.15 100
BS-1 fr.+CCl, 100 1.19£0.04 101
BS-2 fr.+CCl, 100 1.17£0.07 98
BS-3 fr+CCl, 50 1.26+0.12 106
BS-4 fr+CCl, 100 1.38+0.14 117
BS-5 fr.+CCl, 65 1.38+0.12 117
BS-6 fr.+CCl, 100 1.25+0.03 106
CM ext.+CCl, 150 1.36£0.07 115

The values are meant S.D. (n=6). Rats were treated with each
agent for three consecutive days. CCl, (0.4ml/kg) was intraperito-
neally 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. CM, Carduus marianus, GST, glutathione S-trans-
ferase.
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