S24=%E[X|, The Journal of Applied Pharmacology 4, 428-436(1996)

At sHERO 2f St

I'OI'

=40 0lXl= s=Xe BES25E

PE AR SEIN

o Aldiet e ehehd st

Protective Effect of Carthamus tinctorius L. Semen on
Hepatotoxicity by Carbon Tetrachloride in Rats
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Abstract — The protective effect of Carthamus tinctorius L. Semen on the carbon tetrachloride induced liver
damaged rats were studied. First, methanol extract was prepared and the extract was fractionated with hexane,
CHCl,, BuOH and H,O respectively. Animals were divided into 6 groups and each group was treated with
each fraction respectively. To investigate the hepato-protective effect of Carthamus tinctorius L. Semen AST,
ALT, albumin, TP, cholesterol, TG, creatinine and total bilimbin values were measured in each treated group
and compared with those of control group. GST activity was increased in BuOH group compared with the
control group. In malondialdehyde levels, all fractions was decreased compared with the control group. In
histopathologic examination, hexane and H,O fractions of Carthamus tinctorius L. Semen observed mild
degree of ballooning degeneration. The results show the protective effect of Hexane, CHCl;, BuOH and H,0
fractions on hepatotoxicity of CCl, by decreasing ALT, AST, bilirubin, cholesterol, TG and BUN. It seems
that the decrease of MDA are related to the recovery effect. The protective effects of Carthamus tinctorius L.
Semen fractions in hepatotoxic pathogenesis by CCl, was suggested in blood chemistry analysis and

histopathologi¢ examination.

Keywords[_| Carthamus tinctorius 1. Semen, ALT, AST, cholesterol, triglyceride, BUN, carbon tetrachloride,

GST activity, malondialdehyde
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FEe ¥R oA FAL 9 F449l carthamin
= safflor yellow A€} B(Onodera %, 1979; Onodera %,
1981; Takahashi 5, 1982; Takahashi-5-, 1984), flavonoidf-
91 kaempferol, quercetin, alkendiols®l erythro-alkane-6, 8-
diols, steryl ester¥-
oleiate=} stigmasteryl linolenate7| ¢low] <, £7] = #a]
Zof|A4] luteolin-7-glucoside @ polyacetylene 3 -3}
(Kim3} Kim, 1992; 34 5, 1980) #¢l= x|a-g7}
20~30% -§=o] 2)=d =2 linoleic acidi} oleic acid2]
glycer- ideo]cH(A A, 1983). &b E3he] 424 £
Fol] Rk AR "ﬂ:rL Y g delE dEA et &
Aol gt okx g JEde =8t
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S8t AER ¢ QIEF dF9 b 7|AHS 2
AW A wholr)A e Feqshz g2 A3k
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AEe ZFEAS sk Loi(Mathnew2}t Donald,
1963; Stewart 5- 1963)2 4]z CCLeY 2& 7+ Al £ w2
endopl- asmic reticulum® ¥ EFErz]o}ete] =L
AIAA A4S B4 2 AEHAE 2% CCLO) 9
3+ 74542 cytochrome P450¢)) 23} reductive dehaloge-
pationo]] )¢+ 7 & ¥ oFz{x g)ti(Pohl &, 1986).

E A= HAdE AR ofge} 7h5A ) Feidle
7172 dske 7 HF oA CClel| 237 7HEAof] E3}
24 2EE $E o] v|Xe 98 gEsidct. 23R
2] MeOH3ZE&3 ©]& hexane, chloroform(CHCl;), bu-
tanol(BuOH) ¥ H,02 A FZ&3s}e] Foigt oM o
7 AST#} ALT 4, blood urea nitrogen(BUN), creatin-
ine, total protein(TP), albumin, cholesterol, tn'glyccridc(TG)
2 total bilirubin £¢] W32 FAslgd oo dt =) 2

A A A8 E-S TBAYE-S o]83le] A3y % 747}’“ =
AEH 9] el Belsle GST B X E ZA st it

2R ARG 2ANE A3 BN BT

M
MEN=
E Afe)) Al2gt 23kx1= ghekf-%5(Seoul, Korea)el| A
Fstaic
Alekal 717

Alek2 carbon tetrachloride(Duksan Pharmaceutical Co.,
Korea), AST kit, ALT kit, protein kit, albumin kit, cho-
lesterol kit, triglyceride kit, bilirubin kit, BUN kit 2
ine kit(Yeoungdong pharmaceutical Co.,

creatin-
Korea), bovine
serum albumin, 1,1,3,3-tetracthoxypropane Foline ciocalteu's
phenol reagent, thiobarbituric acid, sodium citrate, sodium
bicarbonate, copper sulfate, sodium potassium tartrate,
CDNB, potassium phosphate, glutaraldehyde, osmium te-
troxide, propylen oxide, toluidine blue, uranyl acetate, so-
dium acetate (Sigma chemical Co., St. Louis, MO, USA)et
P\ebA ket 3580l Al SFA L AHslde).
71714 high speed centrifuge(DuPont Sorvall instrument,
Model RC-5C), ultracentrifuge(Beckman Co., Ltd. L-80),
ice maker(Welbilt Co. USA), micropipet(Gilson Co.), micros-
cope(Hitachi H-600), UV spectrophotometer(Hewlett Pack-
ard HP 8452A Diode-Array), osterizer blender(Oster Co.,
Listed 564A. Household type), ultracut(Reich-ert-Jung), Tis-
sue tearor (Biospec products, Inc. Model 985-370) & Eva-
porator(Eyela)s A-2-5}53ch.
E3K1el £E3} 28
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LCarthamus tinctorius L. Semen (9.6 Kg)J

extracted with MeOH
(reflux, 5 hrs X3 times)
MeOH extract 474.5 g

added with hexape: MeOH: H,0=10:1:9

[ Bexane . 9188 | 5 0ueous Jayer

added with CHCI,

CHCL, fr. 213 ¢ Aqueous layer

added with BuOH

[ mo 2141 ¢ ]

Scheme 1. Extraction and fractionation of Carthamus tinc-
torius L. Semen.

| BuOH fr. 1473 ¢ |

-‘1/‘1 ot o] B-g 7t FEetrh. F54A} MeOH &
ZE-2 hexane, CHCl; 2 BuOHEZ AE 23 sle] e 2
HEE A wE3le) Uy A ngslgden a4 A
AT 2 #a)ste] abaslelvh(Scheme 1).
HMESEC M| U 2t=M Rt

Sprague-Dawley A 24 FFEF A% 2241 T4
28 B 23 ALRE Tt Aol 200 g W9 H
EE AlS-shgdoh

232l MeOHFEE-2 500 mg=t 1000 mgg- Fof &}
of o) A& 7|3 £ hexane, CHCL, BuOH 2 HZOTE}
EF W 200, 100, 500 2 500 mg/kge] S8k & 3907}
737 Fodsisich

CCLE com oil-g- vehicle® dlef zt7te] T 3lal=SE
FEE 5o 347 F 0.2 mlkg/day §2k0 8 BI}EelE
o HEAE EA g
AME SH2E

o HF Fof 2447 F ctherE v A7 w BR A&
A& Aste] Al ALt 3,000 pmetsd 2087}
A 2elAA @& AL A g2 AHgahn).
CCl, M0l CHEF Z5HA MeOHFE 22| 51}

£3512F MeOHSEE2) CCLeY) 28} 252 o) digh aw}
£ FF3)7] 919 A} MeOHFE 22 #4753 97
2] g3 o z2nE] ALT2l AST &A%, albumin, TP, cho-
lesterol, TG, BUN 2 creatinine@red-$& B418)¢it}.
MSx} 2te| 24 =5

F3x}2] hcxane, CHCI;, BuOH-L]— Hzo%i%ml%ql o
sho] HE oFE
Zof| Wit Zhel A2 stakstedct.
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S MEEE 2N

E32 MeOH£& 52 hexane, CHCL,, BuOH % H,0=
AgEHse] 9& 7 BHEL AR slo] @A AST,
ALT, albumin, TP, cholesterol, TG, BUN, creatinine % to-
tal bilirubing- kitZ o]g4-5}e] Bls}eic).
Microsomel} cytosol 22|

2] 2+& AE3le] PBSE F 58 A7 E F 7h9
3uf] 22k (.1 M-Tris-KCl buffer(0.1 M Tris Ac, 0.1 M KCl,
1 mM EDTA, pH 7.4)Z 7}3} 3 Osterizer blender&- o]-4-3}

A 9082 2422 sl

o7]el| 4] 2 AFA Q] cytosol-2 Hz|styinh £2]8) cy-
tosol-2- 53] ARE-3l7] A7bA] <70 ¢ WFael| wit
ldrl P& 3354 microsomes F#2] 0.1 M sodium
pyrophosphate buffer(0.1 M sodium pyrophosphate, 1 mM
EDTA, pH7.4)2 ®=hA5A 144,000 goll 4] 602-7F 290413
2§k & 915 1 E-¢l microsomeS 50 mM Tris Ac buff-
er(50 mM Tris-Ac, 20% glycerol, 1 mM EDTA, pH7.4)*]|
rehomogenationdte] -70 C2] WE o] Ryt o]df
BE 222 4 volstellA AA st
EreEa

Microsome} cytosol 2] wh A =F2- Lowry 5-(1951)2]
wpsdell w2k AL Shsic.

Z 3)4 %) microsome®} cytosol 0.6 mle] 0.5 ml Lowry
complex(0.2 ml 4% sodium potassium tartrate, 0.2 ml 2%
copper sulfate2} 10.0ml2] 4% sodium bicarbonate/0.2 N
sodium hydroxide §-98-& AL& ARl &35k 4N)E 73}
T A&EA £33tk 15% & 0.1mle] Folin Cio-
calteou's phenol A2k 7hska Z4] 412 F 3087k ¥4
gt 750 nmollA FHEE SAsct diAle] wE=
bovine serum albumin-& A]-£3%}e] ¥HE standard curve 24
B dgict o] whyg ez Askgt ¥ microsome 13.26~
21.60 mg/ml, cytosol 9.25~19.61 mg/mle] thizl-&
et st
GST EMx &3

Cytosolel] £a]s}= GST ZA] =+ Habig S(1974)2] v}
el w2} 0.1 M potassium phosphate buffer(pH 6.5), cy-
tosol THill 25 pg-& wiokdell 5 25 CollA] 287} BkA
% 71224 1.0 mMe] CDNB& 1.0 mM] GSHE 7}3]o]
ZHg 1.0mz= & F 24 340mmelA 10% Ao
1002 £t T4 =2 S 3

Blank 2= 7} 3}e] 284133} cytosolwh¥d 2-2- ALLs}
9l ool BAESHASE 96 uM e’ 2 FHAFEle] Alxsleic)
KITTSE BT &

Microsome$] A7 #}413}E-2 Uchiyama -5-(Uchiyama2}

Mihara, 1978)2] vl o]l ule} Alslslsdich.

Microsome 0.5 mlel] 1% H,PO.2} 0.67% TBA A]¢kL 7}
&3 95 ¢ water bathel| 4] 458 H3} F Al27lx] W7ts)
3. BuOH 40mlE 7184 AeFE3 3 d4d2e]sted
BuOH 22 # 3 535 nme} 520 nmol|A] &34 %5 £43)
At

EFA 0 2= 11,3 3-tetracthoxypropane2 ARg-5led A
A4 2] malondialdehyde(MDA) A4 k& A2baly o] 2
nmol/mg protein® 2 jehygich.

ZEstx HH

e 7+e 1 mm'e] =72 A2} 2.5% glutaraldehyde
ol 4CeA 2X17rEQr ZAFE 2m] 0.2 M phosphate bu-
ffer(pH 7.4)2. A& s}sith.

A& ¥ 1% osmium tetroxide -84 (pH 7.4)°) 4 CelA]
1217t F A8l or buffer(pH 7.4)% M| 2gk ohg o
AT EETLE TPUEVA(60~100%) "3haL pro-
pylen oxide 2 x]3halodv). X33t 2212 epon 812 Zf
gt F 60 C ovendll A 24417t FAZ F 2N E o8-
&}¢] semithin section(0.35 pm)3} ultrathin section(70 nm)-&
sYsje] FHG Al=Fst & 24z} tolvidine blue, uranyl acetate
2] lead citrate 2 g A5} Ferdv]|A e 7 PA s}
SAHAZ

EEAY e BT 2F9AE Al a2
7} A2 3o|i= student t-testZ AREEFe] pgle] 5%m]
Tt o] BAH R fofAde] lvka dA sttt

4

CCL ZH=5M0fl Ciet S5t MeOHFEEE2| 1}

Z 312} MeOHFZE| A CClell 93 M54 &2 3
Z3l7] 9isted €4 F ALT9} ASTS] A4 %F Table Io],
albumin®} TP&] ¥3HE Table 114, cholesterol® TGE] ¥
312 Table MIel], BUNZ} creatinine] #3l-& Table 1V
Uhehyeint,

Table 1. Effects of methanol extract of Carthamus tinctorius
L. Semen on ALT and AST activities in CC), treated rats

Treatment Dose ALT AST
(mg/kg, p.o.) (KA unit/l) (KA unit/l)

Untreated - 455+ 8.9 115.94+ 18.8
CCl, - 414.1+132.0 512.9+169.7
C. t+CClL 500 228.24-110.9* 286.6+ 23.3*
C. t+CCl, 1,000 164.5+ 23.4** 3320+ 73.3
C. t.: Carthamus tinctorius 1. Semen. The values are mean S.
D. (n=6).

*P<0.05 compared to the CCl, group.,
**P<0.01 compared to the CCl, group.
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Table II. Effects of methanol extract of Carthamus tinctorius
L. Semen on albumin and TP levels in CCl, treated rats
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Table V. Effects of Carthamus tinctorius L. Semen frations
on liver weight in CCl, treated rats

Treatment Dose Albumin TP Treatment Dose Liver weight Liver weight/

(mg/kg, p.o.) (g/dD) (g/d) (mg/kg, p.o.) (&) 100 ¢ BW (g)
Untreated - 2.92+0.31 5.22+£1.03 Untreated 5.52+3.78 3.41+0.29
CCl, - 2.43+0.57 4.00£0.44 cql, - 7.00+1.00 3.96£0.73
C. t+CCly 500 3.26+0.57* 5.15+£0.77* Hexane fr.+CCl, 200 7.20£0.78 3.931£0.47
C. t+CClL, 1,000 2.61--0.73 5.004+0.68* CHCL,; fr+CClL, 100 7.50+0.98 4.01+0.26
C. t.: Carthamus tinctorius L. Semen BuOH fr.+CCl, 500 6.60+0.39 3.7210.28
H.O fr.+CCl, 500 7.00+0.57 3.9410.46

The values are mean S.D. (n=6).
*P«<0.05 compared to the CCl, group.

Table III. Effects of methanol extract of Carthamus tinctorius
L. Semen on cholesterol and TP levels in CCl, treated rats

The values are mean+8.D. (n=6).

Table VI. Effects of Carthamus tinctorius L. Semen frationg
on ALT and AST activities in CCl, treated rats

Treatment Dose Cholesterol TG
(mg/kg, p.o.) (mg/dl) (mg/dl)
Untreated - 63.5+12.2 702+£9.1
Cdl, - 66.6+18.6 90.4+233
C. t+CCl, 500 56.1+14.6 65.6+143
C. t+CCl 1,000 45.7+11.1 66.64+19.9

C. t: Carthamus tinctorius 1. Semen
The values are mean S.D. (n=6).

Table IV, Effects of methanol extract of Carthamus tinctorius
L. Semen on BUN and creatinine levels in CCl, treated rats

Treatment Dose BUN Creatinine
(mg/kg, p.o.) (mg/dl) (mg/dl)

Untreated - 10.4-40.9 0.99+0.35

C(Cl, - 11.0+2.8 1.00+0.26

C. t+CCl, 500 11.5+1.6 0.93+0.12

C. t+CCl, 1,000 9.8+2.5 1.024-0.08

C. t.: Carthamus tinctorius L. Semen

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

F3tAke] MeOHFE-2-2- CCLel| 28k Zb5Ad o o8 2

7He ALT 458 —rrglz—'"—-i oA Fow, ASTHARE
2} cholesterol @ TGS gefx zZFAA#ch zhollad ghAlm
v ZAARERS £ 2] Al 7] albumindFeks- fo)E o 2
et

o] A¥-L E& TR} CCLe 23 FEA S oIA)4]
A& o 4 dgich
E3X} 2E 20| Zt

HE GE 5o %

ofy

2] 270f OlXl= F&

A2l gt 7Fe] T A2 Table Vo
v 3 E E Fo] F2o] AFe] ke FAN]
< 29 AT 79 3.414£0.29 gof] H]#] CCLF-o3 Tl
2] 3.96+0.73 g2 2 Z7}5}%d 21} hexane, BuOH % H,0
B o] o) = Zh2 393+047 g, 3725028 ¢ 2 3.94
+0.46 go.2 7+adledr).
ALTS} AST M T

ALT 84 &8E CClLTRode] A% 414.1+132 KA unit]

Treatment Dose ALT. AST_
(mg/kg, p.o.) (KA unitl) (KA unit/l)
Untreated - 155+ 3.9 115.9+18.8
CCl, - 414.1+132.0 512.9+169.7
Hexane fr.+CCl, 200 152.5L£ 21.7*%% 265.7+108.0*%
CHCl, fr.+CCl, 100 216.8+ 97.5% 381941027
BuOH fr.+CCl, 500 69.9+32.8%* 17734+ 71.2%*
H,0 fr+CCl, 500 140.3+ 5.3** 286.6+ 23.3*

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

Table VII. Effects of Carthamus tinctorius L. Semen fractions
on bilirubin level in CCl, treated rats

Treatment Dose Bilirubin
(mg/kg, p.o.) (mg/dl)
Untreated - 3.334+1.20
CCL - 3.89+1.32
Hexane fr. +CCl, 200 3.30+1.02
CHCL, fr. +CCL, 100 2.33£1.00
BuOH fr. + CClL, 500 1.72£0.57*
H,O fr. +CClL, 500 3.41+£2.98

The valucs are mean~+S8.D. (n=6).
*P<0.05 compared to the CCl, group.

o]el 7 hexaneE-¥ Fo] & 152.5--21.7 KA unit/l, CHCl,

B EojFol| A 216.8+97.5 KA unit/l, BuOHE-3] S0
T A% 169.9432.8 KA wnit/l 'F H,0-E8 Fof Fof 4 =
140.3£5.3 KA unitl £ 25 Fol|A] CCLSRo]d-o B)s) &
24 9] 7442 H.gITH(Table VI).

AST S B = CCLE0I 7] A9 512.9+169.7 KA unit/
10]9) 7 hexane 23 %oy 7~ 265.7+108 KA unitl, CHC),
BE T FL 381.94102.7 KA unit/l, BuOH¥-5 Zej 72
17734712 KA unitl & H033Fo]F2 286.6+23.3
KA wnitl2 CHCLE & FodFS Ad ZE o4 F-2f
Qe ZhoeE By tH(Table VI).

Bilirubin 2k

Bilirubin¥Hgkel] glejx]E CCLEo oA 3.89+1.32

mg/dl, hexape ¥ & Fof ol 4] 3.3041.02 mg/dl, CHCL 22
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FolFollA 2.33+1.00 mg/dl, BuOHEZ =i o)A 1.72
+£0.57 mg/dl ¥ HO0EHFo T4 341+2.98 my/dlR.
25 Zh4dkgd 2 v BuOHEE ol ol e frej Al 2
25 B I TH(Table VII).

Albuminz} TP &2f

Albumin§22 CCLF9] #A$- 2.43+£0.57 g/dle]d
5. hexane®-8 Fod7& 256+1.08 g/dl, CHCLEE FoiT
< 3.13x1.15 g/dl, BuOHE-& Fo-2 335+0.52 g/dl ¥
H.0¥3 Fod8 3934018 g/dl2 Z=v)slglen] a3
BuOH¥-& Foi75} HO0RHFATFE frodole 5718
¥ gle}(Table VII).

TPkl glojAd= CCLFeiFollA] 4.00£0.44 g/dl, hex-
ane -8 Fol T 4.81--0.73 g/dl, CHCLEZ 8 Tl F-& 43+
1.01 g/dl, BuOHH-& 5oy F-2& 5.33+0.64 g/dl ¥ H0E &
FolT-& 6.30£0.17 g/dIE CCLSo] ol v]a] Z7hstad.e
o CHClLZ-8FoFS A BE Foll4 fFolisles 2
7+2 B.gie}(Table VII).

Cholesterold} TG ek

Cholesterol§akef] ¢lofA]= AAAbT-ol|4] 54.84+13.3 mg/
die) s 3. CCLSo~2 55.3+10.5 mg/dl, hexanc® 2] %o
T 452482 mg/dl, CHCL# & 50172 40.7+14.8 mg/
dl, BuOH¥-& Foi 72 31.3£7.3 mg/dl 2 H0F & %o F
£ 46.7+6.8 mg/dlE CCLFE T v]dle] tix asled

Table VIII. Effects of Carthamus tinctorius L. Semen frations
on albumin and TP levels in CCl, treated rats

Treatment Dose Albumin TP
(mg/kg, p.o.) (g/dD) (g/dD)
Untreated - 2.92+0.31 5.224+1.03
CCl, - 2.434+0.57 4.00+0.44
Hexane fr.+CCl, 200 2.56+1.08 4.81+0.83*
CHCl; fr.+CCl, 100 3.13+1.15 4.30+1.01
BuOH fr.+CCl, 500 3354+052% 5.331+0.64**
H,O fr.+CCl, 500 3.93+0.18%* 6.301+0.17***

The values are mean=+8.D. (u=6).
*P<0.05 cormpared to the CCl, group.
*P<0.01 compared to the CCl, group.

Table IX. Effects of Carthamus tinctorius L. Semen frations
on cholesterol and TG levels in CCl, treated rats

Treatment Dose Cholesterol TG
(mg/kg, po)  (mg/dl) (mg/dl)

Untreated - 54.8413.3 59.6+ 9.1
cCl, - 5531105 70.4+23.3
Hexane fr.+CCl, 200 452+ 8.2 558+ 84
CHCI; fr+CCl, 100 40.7+14.8 57.4+£17.8
BuOH fr.+CCl, 500 313£ 7.3 51.1+£20.7
H,0 fr.+CCl, 500 46.7+ 6.8 47.2+11.8

The values are mean+8.D. (n=6).

t}(Table IX).

TGEEEL AAFT)A] 59.6+9.1mg/dl, CCLEo] 72 704
+£23.3 mg/dl, hexane-#%-Fo{72 55.8+8.4 mg/dl, CHCl,
FE R L 5744207 mg/dl, BuOHEE £ F 2 5114+
20.7 mg/dl @ H,0#3 5T 472+11.8 mg/dlz =&
T4 CCLFe Tol] v]Bteq 734319 th(Table IX).
BUNZI} creatinine 2F

BUN# =k glelA] = AAelA] 10.4+0.9 mg/dl, CCl,
Fol 2 11.0+2.8 mg/dl, hexane# & 5o} 72 104419
mg/dl, CHCL, %3 $oJ 72 8.442.0 mg/dl, BuOHE- 5 %=
2 7.4:£38 mg/dl, H,OEEFol7FL 10.6+4.1 mg/dl2
CCLE] Tl B]}e] 7H4-319d cH(Table X).

Creatinine 3k A ARl 4] 0.99-+0.35 mg/dl, CCL5-3
T2 1.00+0.26 mg/dl, hexane® 2 Fo] =2 0.954-0.08
mg/dl, CHCL# & %] 22 1.0340.16 mg/dl, BuOHH 3=
o & 0.83+0.09 mg/dl 2 H,0E & Fo] 72 1.02:40.03
mg/dlE. CCLFolF3} &eo] & HolA] edgleh(Table X).
GST &M

7 AT Fhel|lx] E-=l3) cytosol2 AlEEZ CDNBE
714 & sho] GSTEAEHY EE Z35)edc)(Table XI).

GSTE#Y = CCLFI TS 1.46+0.32 mol/min/mg pro-
teino]]l ¥]a] BuOHE-E FofwellA = 2.00+0.17 mol/min/
mg protein ® 2 2] 4¢l= £71-2 B¢l th(p<0.01).

A& Atsts s

Table X. Effects of Carthamus tinctorius L. Semen frations
on BUN and creatinine levels in CCl, treated rats

Treatment Dose BUN Creatinine
(mg/kg, p.o.) (mg/dl) (mg/dl)
Untreated - 10.4+0.9 0.99+0.35
CClL - 11.0£2.8 1.00£0.26
Hexane fr.+CCl, 200 10.44+1.9 0.95+0.08
CHCIl; fr.+CCl, 100 8.4+2.0 1.03+0.16
BuOH fir.+CClL, 500 74+3.8 0.83£0.09
H,O fr.+CCl, 500 10.61 4.4 1.02+£0.03

The values are mean+8.D. (n=6).

Table XI. Effects of Carthamus tinctorius L. Semen fractions
on GST activity in CCl, treated rats

Treatment Dose GST
(mg/kg, p.o.) (Umol/min/mg protein)

Untreated - 1.49+0.27

CCl, - 1.4610.32
Hexane fr.+CCl, 200 1.68+0.27
CHCl; fr.+CCl, 100 1.55+0.27
BuOH {r.+CCl, 500 2.00+0.17*
H,O fr.+CCl, 500 1.45+0.16

The values are mean=+8.D. (0=6).
*P<0.01 compared to the CCl, group.
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Table XII. Effects of Carthamus tinctorius L. Semen fractions
on MDA level in the CCl, treated rats

Treatment Dose MDA
(mg/kg, p.o.) (nmol/mg protein)
Untreated - 1.40+0.16
cl, - 1.604-0.09
Hexane fr.+CCl, 200 0.89+0.21**
CHC(l, fr.+CCl, 100 1.274-0.24*
BuOH fr.+CCl, 500 1.2240.18*
HO fr.+CCl, 500 0.57+£0.14

The values are mean=+S$.D. (n=6).
*P<0.01 compared to the CCL group.
**P<0.001 compared to the CCl, group.

Fig. 1. Micrograph of hepatic structure in normal rats (Semi-
thin x 200). Note well-preserved lobular architecture.

Fig. 2. Micrograph f hcpatic structure in CCl, treated rats
(Semithin x 200). Note severe ballooning- degeneration of hep-
atocytes.

ZF A¥ETS ZrellA E22]3F microsomed A 82 s}
MDA AAgkg- &35 A} CCLF-037-2 1.6040.09 nmol/
mg protein.® £ hexane B&F 72 0.89+0.21, CHCLYE

HEFE 1.2740.24, BuOHE & Fol 7L 1.224+0.18

Fig. 3. Micrograph of hepatic struct
(500 mg) treated rats (Semithin x200). Note mild degree of
ballooning degeneration.

Fig. 4. Micrograph of hepatic structure in methanol extract
(1000 mg) treated rats. (Semithin X 200). Note mild degree of
ballooning degencration.

, L ! k! M‘}‘ B —a
Fig. 5. Micrograph of hepatic structure in hexane fr. treated
rats. (Semithin X 200). Note mild degree of ballooning
degeneration just around the central vein.
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Fig. 6. chrograph of hepatxc structure in CI-ICl3 fr treated
rats. (Semithin % 200). Note mild degree of ballooning
degeneration just around the central vein.

Flg 7. Mlcrograph of hepatlc structurc in BuOH fr. trcatcd
rats. (Semithinx 200). Note mild degree of ballooning
degeneration just around the central vein.

H,05 8 So2 (0.574+0.14 nmol/mg protenf'.—_ LE I
A $e)a o @ 7451l ch(Table XII).
REsE 2

Semithin section(0.35 um)oll th3}ted Fehd vl A (200u]) <
2 §33 AFE Fig. 1914 Fig. 8ol Vel et

CCLFeI A ofli= Fig. 2 vhehdl 7" A £ AJet
ballooning degeneration o] #&= gl o} E3}x} MeOH—’]’:
2 500 mgd 1,000 mgkge 77 AFFASIEL o
ballooning degeneration®] RE7} 7r4-shgd oh(Fig. 3 Fig.
4), &3}212] hexane, CHCL,, BuOH ¥ H,0¥33-& 200,
100, 500 ¥ 500 mg/kgS 2 ATESA F2 central
vein FHol|4] 2+3}% ballooning degenerationg Ve
471 welth(Fig. 5, Fig. 6, Fig. 7, Fig. 8).

-

Fig. 8. Micrograph of hepatic structure in H,O fr. treated rats.
(Semithin X 200). Note mild degree of ballooning
degeneration just around the central vein.

&8 Zpo e e oo vk s A
& ZFEA AT QoA 7 -8 Wl E] st @
A % ASTS} ALT 59 54849 AL FHeE
dgk ZAEe] FAte} 2kEA e 41'447]' Zlf e nje}
transaminase”} EF o2 fHalEe] FL& IS JehiE
7l o] T}(Hayes, 1982). CCl= cytochrome P4500] o &) =4
o] 7Z}gt thALg= 5= o] thAlZe] 7t microsomes®| Tt
W thiol7]<} 7}8lA] Agsted Zhe] AAiks} w8 =
zlalo] Aol g Y oA ThellA] <] ‘:}“Jl"ff.}*é% A Alsta ¥
Zol4] AST 2 ALT 59| o[&2 do7]= Ao oA
9)t}. Flavonoid 313ESo] WA 4tA: free radical-& 4
Aske] FAFALL Jelle o)zle] A ZE F AL
7)Adelela B skl (Wagner, 1986). 3182 9] 2H5A4<
frabslr) YEled CCLE ol gdhd] a-g-k2] CCL(2.5 ml/
kgel S 13 Fojsivizls 15 S EEE & 2
2 510 (Nakata 5, 1985) B od-foflA]= ¥ A &40 2
738 whe-g elo 4= 9olE 02inlke?] 4o =2 B}
Foistel 2bEAS Lk 2lFe] P ALTS; ASTH| &
QAZE7tel et EsApEEn LHEES Fosialriy
ALTE#A T+ MeOHZEEE 5003} 1,000 mgkg ol A z+
7} 50.4%} 67.7%, hexane, CHCl;,, BuOH @ H,O& & Fo 7
o] Z+zt 63.2%, 47.6%, 59.0% L 66.1%<] Fr2] &<l 7rars
Baot w8k ASTE2AEE CHCLEE Fo7g AL =
= FYRATAN FoHQl AAaRAE ¥t} ol 2
Az s gAFreEH HA Feo fEld tran-
saminase® QA g Ao & Balch

Bilimbing Eol E-Lolmz FiYETolr= EA al-
bumin®} 7}H@R o2 Agslel oz ubEe] ZrefA]
glucuronic acid conjugation-g Hto} 71840 bilirubin.® 2wl




Atdsieiaol| 25 24
A= 7k £4RA] bilibine] 248 ok $Heh(Kui-Nyung
%, 1993). 332} BuOH¥-E F-ol 7o) 558% Zri% 2al
AL A g g APl B e 24 bi-
lirubin2] &"-o] Zb4% 71 o2 Hedzir)

EHoll= o] 7 de] g5 glon o F al-
bumine| 60% H=F ARSI ZhellA FAE o] AR
45 FX)A]7]= bilirgbin, vitamin 2 hormone 52 A F &
Sy EP-— 71%°] 9tk F3p2t BuOHT} HOE3 ¥ Foi 8
albumin-2 37.15} 61.7%%] Zrl2 AN EHe F=9
g 271552 shis 2 Anhus(1991)2) ¥ 1w} oxlghe B
T sk g} ofofAtel o} A xR A e TPE 2
Z} 3337} 57.5%2) F715 Ryt

AR AT T2 AT F
AR &5} §HA AETre] Ao g hBale
g A Aolm 7b £AbA] wlAdRbe 2 €15} T cholesterold =
o] Yelflnl TG U2 alchold! glycerol® 2]ukale]
estero] ™ o2 Ao2 i 221 EE A F =] Al
A F59c) o)) el FAIxIHFl chylomicrono]
ol F2 7t HtzA e AE o Ajukzz]d) A
H TG o] o dxUeg ¥Z% o nonesterified fatty
acid(NEFA)2} glycerol® FsflE o] EEo) dlEF ). o)u)

AX| P ez AMg-H 3 ‘a% NEFA& 7rol|l4) chA] TGE
Walz ojs] Al 1 F5 e 67} el

Aol o, ARR FoA) RAE T4 cho-
lesterol® TGEFEES] x} -2 Kol ZE 7hdFere] Z7]
(Hoyumba 5-, 1975)%. 918t ¥ 5ahg-0 2 AR Ec).

CCL7E Al =lA]= %%k—% %}cmﬂ #3 BUNz}
creatinine §Hk-S- 23 8}¢iv] ke AAFN A 104
+0.9 mg/di, CCL—?—Oﬁ—:r_LOH/H 11.0i2.8 mg/dLZ, creatinine
Fhaks AARFA] 0.9940.35 mg/dl, CCLEo]T-6|A] 1.00
£0.26 mg/dl 2 WT}E WSE Mo|x] ergirl.

CCLe HAMEE+x cytochrome P450, NADPH-cyto-
chrome P450 reductaseo]] £]3]4] one electron reductive deha-
logenation®] 4 CClL - CCl, (trichloromethyD)Z - CCl;
(trichloromethyly= OF-2}¢} Agksted - OOCCl(trichloro-
methyl peroxyl radicals)® =lo] AlZ2} elx]” <l polyenoic
fatty acids®] methyl carbones& A 3}e] XA }A1slE o
L7)A €e}(Pohl 5, 1983; Butler, 1990; McCay £, 1984;
Philippe -5, 1990)

Az JAA- AAAaEe] BA A free radicald]
3 2|3+ oxygen centered lipid peroxyl radical-2& 7] =]

Fltal cholesterol-2-
=l :17‘74'”& 29

carbon centered lipid endoperoxide radical, lipid endoper-
oxide 2 ¥ F FaFo] MDAES A Huz x|z
Abste] =& 238t A %71 FrdJohansson 5, 1985).
F3halel RE Y TolFel MDARER) 7}aEe] =
ApatslEe] oA Bl AL CCLY cytochrome P4500]]
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2)E} free radical®) F}AAA 0 F olgl FaALAlL ulo]dd

% slebx Az,

GST& 374 Alzo) AzAd F2 EAlsts 542
AZWE Foi®l FESo] diaf=]e] A=+ oxygen free

radical & RAHAHY £A 24 5ol Boshes AT
AEAE H gk JA zkge] glvtm dEA 9ol
(Chance -5, 1979; Vos -, 1990; Ploemen, 1990; Matharo,
1989). GSTRA == CCLFoI Tl wls] BuOHR& T4
djA Fredsls F7ME BYo 2N X HEalde o
& PR E Ao AE 4 gk

o4k} o] COLel) <5t AR WEA el o2 oFE
A B EA4E0 ST WElel 7rRAe] £47] T u]
AL FHAFEEN FUES) AE AL 23} 227
&) $=4k, ransaminase A £ 0] =71, bilirubinTake] Al
albumin&teFel 744~ cholesterol#t TGS Z7he E3hAls:
S5 2HEY] 524 NAAZ 5= gl ol& GST
o e Wsturke Az AQshus gl Wkl
ML }:;_ AL Bolv] CCLY) 2)5) 7hzaaake) A E

e DA Hgadnle) 4 ®al ol]w} xA A
oA T Salsget. we 225 BBl AP
B3l HO0 ¥ 3 AL Aeye 48g day
2 Al gt 2E B4 wiAE Agke] v A7y
ofo} & Zlo]ck

2ol 2

2 AT 19963 % A ojxte gk ksl 4 o 961
E 7 A Axr)ehd obA) a]e) Al olF) 528
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