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Effect of Subfractions of Carthamus tinctorius L. Semen on the Lipid
Peroxidation and Oxygen Free Radical Scavenging Enzyme Activities
in CCl-induced Hepatotoxic Rats

Ki-Wha Jung’, Choon-Sik Jeong and Jeong-Suk Jeong
Research nstitute of Pharmaceutical Sciences, Duksung Women's University, Seoul 132-714, 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 the subfractions of butanol fraction has been evaluated by ana-
lyzing oxygen free radical scavenging enzyme activities and histopathological examinations. In
BS-5 subfraction treated group, the activity of superoxide dismutase has been significantly
increased as compared with that of CCl, treated rats. Antioxidant activity has been evaluated by
the examination of the scavenging activity against 1,1-diphenyl-2-picrylhydrazyl radical. BS-5
subfraction has shown strong antioxidant activities. The histopathological examination showed
that the treatment of BS-5 subfraction has relieved the ballooning degeneration of hepatocytes

which had been generated by CCl,.

It appears that the protective effect of BS-5 subfraction

would be mediated of the attenuation of lipid peroxidation by acting as a free radical scavenger,
which were based on the increase of superoxide dismutase activity.

Key words [ Carthamus tinctorius L. Semen, Hepatoprotective effect, CCl,, Hepatotoxicity, Malondialdehyde,
Superoxide dismutase, Free radical scavenger, Lipid peroxidation
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CClLE phase [ oF= UIAF &4 F Ak} whgol] &3t
= 34%] cytochrome P4503 NADPH-cytochrome P450
reductase®l] &3I4 3hte] A7t reductive dehalogen-
ation®©] trichloro-methyl radical (- CCL)E& ®rETH
Trichloromethyl radicak> O,F-4ke} A%3} wichloromethyl
peroxy radical (- OOCCl)Z A4t Trichloromethyl
radicals®} trichloromethyl peroxy radicalss M|Z3te] %]
A2l polyenoic fatty acid®] methyl carbonS FZ3NA] |
AFrtslsE op7)ste] X MrHE doinh™

2342} (Carthamus tinctorius L. Semen)= 3] A=
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A}l linoleic acid % oleic acid 59 Ex3} At
Bul o)} flavonoids® ©FF &7 2t}. Flavonoids
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RS g Fast A% 3}
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Carbon tetrachloride (Duksan pharmaceutical Co., Korea),
carduus marianus ext., Tris-acetate, EDTA, Tris base,

glycerol, foline ciocalteu's phenol reagent, bovine serum

albumin, thiobarbituric acid, 1,1,3,3-tetracthoxypropane,
xanthine, cytochrome c¢, xanthine oxidase, 1,1-diphenyl-
2-picrylhydrazyl, L-ascorbic acid (Sigma chemical Co.,
St. Louis, MO, USA), xylene (Yakuri pure chemicals.
Co., Ltd., Japan), hematoxylin (Fischer scientific Co.,
USA), eosin (Merch Co.), 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, reagentg& AM-31.21, 71€} AleF &
& 8uis Al 53 AlokS ARSIt

v

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. L-80), osterizer blen-
der (Oster Co., Listed 564A Household type), autotech-
nicon (Shandon Citadel 2000), microscope (Olympus op-
tical., Ltd.y& AR&-&F3t}.
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2 Az¥ Z3AE Scheme 13 7] methanol® -8
defix] A7 48] FEF & 24 A48, A4S 7
F F=3}Ath Methanol FEE-2 hexane, chloroform,
butanol 2 H,0 742 AGHOE sl 2t Fo&
< 3t FHsisdnh

78 ME29 B
2312} butanol B E-S methanoldl] &8)A1F]5L silica

gel £ coatingd}Fith o] EHE silica gelE FAAIZ

Carthamus tinctorius L. Semen (9.6Kg)
5hrs X 4 times extracted with methanol

Methanol ext. (474.5g)
I Fractionation
f I T 1

Hexane fr. Chloroform fr. Butanol fr. H20 fr.

(91.8g) (21.3g) (147.3g) (214.1g)

Silica gel column
(CHCIz:MeOH gradiently)

[ ! I I ] 1
BS-1fr. BS-2fr. BS-3fr.  BS-Afr. BS-5fr. BS-6fr.
(22.5¢) (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®ll ¥ chloroform¥} methanol £ 0 &
gradient elution (0% —> 100%) 3t th & N2 thin
layer chromatographys HA18ld TLC “golA UV lamp
2 st e RfEFE UEie S8 gsio o9l
subfraction2 AT} (BS-1 fraction ~ BS-6 fraction).

HE S8 AMAl

A% 150~250 g°] Sparague-Dawley”l 57 3FE 22
£2°CollA 27 o] AMSEte] AEA #7300 HeA17] H
AP AMESIAN TPAEGAIR) R FE FEI] T

e

%5}1} 7 B8E2 £5& mel 05% CMC oo &
ghale] 397 AR 9 CClLE com oil& vehicle
2 5l 04 mikg8FOR oFE FF Fof A T &
& FoAStaL 18M7F 7HE AAAA RS HdAHTh

oY

Microsome % cytosol =2

oFE HF Fol A 3 A& 1RAS AYAETRE

AL AEE & 36 &2 0.1M Tris-KCl buffer (0.1 M
Tris acetate, 0.1 M KCl, | mM EDTA, pH74 with Tris
baseys 7}8l3L osterizer blenderE ©]-&3&k %2 wly s}
At vklE 222 high speed centrifuge® 8,000 goll 4]
304, 10,000 g0l A 90E 7 ZYAESAA Aol
cytosolS FE3HATE A A cytosole #3323
A2l microsomes 0.1 M sodium pyrophosphate buffer
(0.1 M sodium pyrophosphate®} ImM EDTA)IA &3}
3led 100,000 gl 60%-7F ThA] 24l E2elskd 48 &
microsomeS AAUTE LolZF microsomeS S0mM Tris
acetate buffer (S0mM Tris acetate, 20% glycerol, pH
7.4 with Tris base)ol] AEAAZ] & BZ=3e] A5}
A7 70T Hasigith. B 22k 4°C o]l
A&k

chasa

314 % microsome % cytosol 0.6 mlol 0.5ml Lowry
complex (0.2ml 4% sodium potassium tartarate, 0.2 ml
2% copper sulfate®} 10.0ml2] 4% sodium bicarbonate /
0.2 N sodium hydroxide £1& A8 ZHol| &3l 8N)
£ it sl E3keldlh 153 + 0. m194 folin
ciocalteou's phenol A|%S 718ty ZFA] & 0_5‘:{
WAL, 750 nmell M FEEE &%
bovine serum albuming A-8-8}]

HE ATk

XjEntslE 88

Microsome 0.5 m]°ﬂ 1% H,PO,, 0.67% thiobarbituric
acid AoFE 7}8t T 95°CollA] 4587 gl 3. A ertx
Wz}t butanol 4.0 mlE 7IEIA A FE3 & Y4
w25l butanol & 3| 535 nme} 520 nmollA FF=
& AN ZFHO = 1, 1, 3, 3-tetracthoxypro-
aneg AHE-3ld ZAA )M 2] malondialdehyde 84 8-S 7]
W81 ©] & nmol/mg protein®. 2 VERSITEH ™

>

Superoxide dismutase #4 &%

Superoxide dismutaset= xanthine-xanthine oxidase assay
of o BAEE ZFsAUTt 29mle] T8 (51 mol
xanthine, 2y mol cytochrome ¢, 0.1 mM EDTA, 50 mM
Tris-HC1 buffer, pH7.8)2 cuvetted] €& & 50ul¢]
cytosols H7beke 1~287F 7138 443 U 0.1 mM
EDTA £ 2F 02U/ml2] xanthine oxidaseZ $H-sh=
£ 50 ul& AH7Fsted whe-g A)&3ta FAlo] 550 nmol|
AN e 37 £RE sl SAEE ALkl o
o] cytochrome 2] —L‘:r': AEFAPE 2ImM'emE $F
&t AT
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1, 1-diphenyl-2-picrylhydrazyl radical& ©]-&3}e] 3}rkak
e FA3AT). TN 7} B8 &) methanole 715}
o 120, 80, 40, 20, 10, 5 & 25pugml®] FE/t HEE
ZABL 4mk APl HPck o7]e 1.5X104M 1,
1-diphenyl-2-picryl- hydrazyl / methanol £ 1mlE 7}
st o & &8sl AolAM 3087 WAEF 3 520nm
AN FREE FHsict &4t g3k= 1, 1-diphenyl-2-
picrylhydrazyl radical& 50% AA3= = (EC)E %
AR, YRR L-ascorbic acidE AREsISiTh 7

TN 2y

ofe HFT Fo 2407 T HE2S xAE A o
02mmAEE #& F v
10% formalin -&%4-&
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M2z} 28] IAE T 23 ) A 2}
T2 R 283 FMEET) 7 29 232 auto-
technicon AR&-eiA T 8! & e 3} e
o3t 2

70% ethanol (1A]7F) — 80% ethanol (1A] 7H— 95%
ethanol (1A]7H — 95% ethanol (1A]7H — 95% ethanol
(2A17H — 100% ethanol (2A]17H) — xylene (1A]7F) —
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xylene (2A]17h) — paraffin (2A17h)

AA woke| paraffin blocks FHE7] #13]  embedding
center (Lipshaw)Z AFE3}0 0} Paraffin A5 o] £
Z2 & paraffin warming chamber®)] %37 base mold]
paraffin® AL F £A1& HEAI]L cryoplatel] S2FL

S % pase moldE WlolEUTH

Paraffin blocks BFE7|A  4um FAZ AS & &
Zhol= Zek o 28] 60°C hot platedll Al 712 F-A|
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gol= ZFEYAE 60°CE) ovenoll ¥
Z7] 0]9]9] paraffin® 0] xylenedllA] 1084 33] A
28t 5 100%, 95%, 80% 2 70% ethanol £2Z 23]
A 287 Helste 4 ARt HEEFA S d3d §
go|egollAd [087F 2 E|$F & Harris's hematoxylin® =
At T2 AR AFHSL 95% ethanol® 8%
=o AEldt & 05% eosin®E 28 T FAFATH
95%9} 100% ethanol= ©43t & W2]T xylenel® A
2% & UEaan. BE 472 1000&E sigich

g

=]
T
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SAXE

RE ¥ A= gaAel TEakE AL, 2t +
7+e] ol Swmdent's t-testE ARE3le] pglol 0.0579Hd
) SAHo=Z ool Uriar WSt

da % aF

X & kskEo] o0lx|l= HE
AEute] AR)AL free radical] T 23X oxygen
centered lipid peroxyl radical& 714 carbon centered lipid

endoperoxide radical % lipid endoperoxide® ¥ ¥ -3f

%o} malondialdehydeZ AAsH HEZ Axpilksle] A
=5 sk AHsF goh®

%312} butanol subfractions®] CCLE 248 7
gk whe} 713 #Rlshr) fleked ZF microsome T ma-
londialdehyde® &8¢ A3 CCl, oS 1.68+0.10
nmol/mg protein®] 212 ¥4} BS-1, BS-2 ® BS-6 &
FRATLE A)9)5 £312} subfraction FodollA] 7HAER]
o &3kA BS-3 E¥FATA FNRTS 47 1424
0.10 nmol/mg protein?} 1.02+£0.04 nmol/mg protein® =
CCl, Tzt vlawg o el 3iA s Ark(Table 1).

2 2do)x Z8x BS-3, BS4, BS-5 #EFAFe]
malondialdehyde 7= CCL2] thAlell ofs] A<l free
radicals®] A Arksl o] Had Aow AzbeEd.

Superoxide dismutase &#40{ 0|X|= A&

Superoxide dismutasei= metalloenzyme2 24} FHi-x o]
UE Cu, Zn, Mn % Fe 72 3% o|29] EHol uet +
B39 superoxide anion radicalsel] €3] A7) AbelH
Eodoll tigh Maze] wojo] YA o R foske 4R o
#HA Uk

%313} butanol subfractions®] CCLE F2E 7=l
gk ol 717g #RlIskr] st 7+ cytosol F super-
oxide dismutase ¥AHE=E AT Ha CCl, FATLS
7.17+1.32 Unitmg protein®]$2™ 3=} BS-13} BS-2
BB FEATS A9 F3A} subfraction FiTolA] SV
At} Z342k BS4, BS-5, BS-6 Y FoiF @ Pdris
2 7}z 13.12+2.64 Unitymg protein, 13.74%+1.85 Unit/
mg protein, 11.03+1.31 Unit/mg protein % 11.67£3.15
Unitmg protein® & CCl, T2 ¥wd wf -2/ d30A
Z7FI2ITH(Table 1).

Table 1. Effects of subfractions of Carthamus tinctorius L. Semen on malondialdehyde level and superoxide dismutase activity in CCl,

treated rats

Treatment Dose(mg/kg, p.o.) MDA(nmol/mg protein) % Change SOD(Unit/mg protein) % Change
Untreated - 1.07£0.03 - 10.79 £0.68 -
Cql, - 1.68 £0.10 100 7.17+£1.32 100
BS-1 fr.+CCl, 100 2.35+0.21 140 4.10=1.38 57
BS-2 fr.+CCl, 100 2.17£0.79 129 6.01£2.56 84
BS-3 fr.+CCl, 50 1.42£0.10%* 85 10.18 £6.62 142
BS-4 fr.+CCl, 100 1.64 £0.04 97 13.12£2.64* 183
BS-5 fr.+CCl, 65 1.64 0.07 97 13.74 £1.85%* 192
BS-6 fr+CCl, 100 1.99 £0.01 119 11.03+1.31* 154
CM ext.+CCl, 150 1.02 £0.04** 61 11.67 £3.15*% 163

The values are mean £ S.D. (n=6). Rats were treated with each agent for 3 consecutive days. CCl, (0.4 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. *, Significantly dif-
ferent 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 marianus, MDA, malondialdehyde; SOD, superoxide dismutase.
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Table 2. Radical scavenging effects of BS-5 fraction of Car-
thamus tinctorius L. Semen on 1, 1-diphenyl-2-picrylhydrazyl
radical

Samples EC,, (Lug)
BS-5 fraction 28.54
Carduus marianus ext. 26.88
L-Ascorbic acid 13.13

The values indicate 50% decrease of 1,1-diphenyl-2-picrylhydra-
zyl radical.

B A¥olx F3A} BS4, BS-5 BS-6 TS
superoxide dismutase E4E7F CCl, Foiv-at vlaLd o
Z71s 248 CcCLe] Akl sl A7) free radicals®] A
Azatsle] 3t vhe] A0 24 superoxide dismutase
A7t FrtEE AoE AgzbErt

S:)

©

In vitro®iM2] &itst g1t

%314} butanol subfractions % CCLE 7H3E FAZl
3 F| oA 2] malondialdehyde 7449} superoxide dismutase
o) A= F7te HFlshA vekd BS-5 £3=9 in
vitrodl] 41 2] A H A< free radical scavenging@ s =43}
22k 1,1-diphenyl-2-picrylhydrazyl radical A7 &4& &
3T

1,1-diphenyl-2-picrylhydrazyl radical2 50% #| 73l
EC, & BS-5 ¥ &3 Carduus marianus ext.©] Z}z}
2854 ng9t 2688 uge ® w2 Aksl A4 vERIAT
(Table 2).

2} F&ol W 1,1-diphenyl-2-picrylhydrazyl radical A
7 A4S vws) B vE o]EHo =z ksl g o
2R eA =

(B)

)]

Fig. 1. Effects of BS-5 subfraction of Carthamus tinctorius L. Semen on CCl,-induced hepatotoxicity in rats.
Rats were treated with each agent for 3 consecutive days. CCl, (0.4 ml/kg) was intraperitoneally injected at 3 hours afterthe last
treatment with the agent. Livers were examined at 24 hours after the final agent treatment. Hematoxylin and eosin-stained sections
were photographed at x100; Well-preserved lobular architecture was observed in untreated rat (A). Note ballooning degeneration of
hepatocyte with severe necrosis and hemorrhage with infiltration of inflammatory cells around the central vein in the CCl, treated rat
(B). Ballooning degeneration of hepatocyte with severe necrosis was relieved in the BS-5 subfraction treated rat (C) and Carduus

marianus ext. treated rat (D) prior to CCl, treatment.
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