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Rat Treated with Carbon Tetrachloride
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Abstract

To investigate the effects of plant extracts on the protection against liver damage by CCls in rat, two kinds
of experiment were performed, firstly by the primary hepatocyte culture and secondly by the animal feeding.
The primary hepatocyte culture with the extracts of pine leaf, soybean sprout and mugwort showed sig-
nificantly low activities (p<0.01~0.05) of aspartate aminotransferase (AST) and alanine aminotransferase
(ALT), indicating an excellent protective effect against liver damage by CCls. In the second experiment, the
microsomal malondialdehyde (MDA) contents of the above same groups were also significantly lower (p<0.01)
than the CCls-treated group without plant extracts, but shiitake showed less effect. Among four kinds of plant
extracts, extracts of pine leaf and mugwort showed also much higher activities of the microsomal cytochrome
P-450 in comparison to soybean sprout and shiitake. In the test of xanthine oxidase (XOD) activity, all of
three groups except shiitake showed significantly low activities (p<0.01). These consistent results in vitro
and in vivo suggest that the extracts of pine leaf, soybean sprout and mugwort may have strong protective
effects against liver damage induced by the potential toxicants such as CCla.
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Aol Ad A E Fusle= B
FWE 9
A A &ol| 2] 2] g0t k-
Aol A A o] & 715 A
o] A E-g o2 AlE .4 E/H Zoﬂ
Fabstd 7]543 & At az) stk A mFEA] o9
AA ) EHZA &S fdbsle A4S f714v <l CCly
2 EAEA R AH838104(6) in vitro & in vivodl A ©o]E 4]
B2 RE 23E YA 2 S oz A4
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A A, me AR Tl (7, ghEste] ARg-shad
Collagenase(Type IV), pentobarbital, fetal bovine serum
(FBS), penicillin(100 units/mL), streptomycin(100 uL/mL),
trypan-blue, CCly, dimethyl sulfoxide, sodium dodecyl sul-
fate(SDS), xanthine sodium(XOD), hypoxanthine, Hank's
buffer(pH 7.5) % HEPES(pH 7.5) %2 Sigma Chemical
Co.(St. Louis, USA)ell A 3ttt FE4 o] & A LSS
ICN Pharmaceuticals Inc.(Costa Mesa, CA, USA)el 4] T
) sted AIN-76"(7)ell whe} zA|sbe] AL&-5bodc). Aspar-
tate aminotransferase(AST)®} alanine aminotransferase
(ALT) A484 A4 kit oPHAIF(FI (A&, &=) Al
F5, 2 A Aok SFele] AlES AHEsksich

Al29] F=ZI} Ao|=H|
B Al AL8E 4552 A EA 2A1EL - £% (pine
F1}E(soybean sprout), &% %(mug-
wort) Artemisia capillaris % 3.3 Al (shiitake) Lentinus
edodes — &2 U7 Fofl A 2 F-& 2 FE3h
27 AAE AE 200 gol]l 275+ 2 LE
7Vat 3 SR 7] o A 12*]7‘} #el& 251 HhE-gF S 7}

leaf) Pinus strobus,

KX

5% FA Bastd AP EE AR2A Hrlebdrh
£ A9 718 Aol AIN-76 Aol 24 (Dol whgta, 7+7}
o g F2EE A7 Aole AL VR4 5% £

HHEE AT Y AlsEl4L X2
AP EEE o] /3 &+ 1—7—?3 o] ¥l Sprague-Dawley 9

F A% TRARAGAIRE
SAAS. D7} BFAFE

Table 1. The composition of basal and experimental diets

(%)
Ingredients Basal diet Exp. diet
Casein 20.0 20.0
Sucrose 15.0 10.0
Corn oil 10.0 10.0
Starch 50.0 50.0
Mineral mixture” 35 35
Vitamin mixture® 1.0 1.0
Choline bitartrate 0.2 0.2
Methionine 0.3 0.3
Vegetable powder” - 5.0

YMineral and ?vitamin mixtures were made according to
AIN-76™ (7).
3)Vegetable powder: pine leaf, soybean sprout, mugwort, shiitake.

150 g) 2.2 st Foll A=
Ol (ART), EEAE

A Fedshdch AL 279
oR R, AYTS

+
°3r4 aA}mr 2K J&Eh 20£2°CE A G oH, £
S 12A1 0 |2 288 A AY FETHE T Aol &
3 FoF F3 Foll ETE A YT AH LA 247

2=3}9] olive 011-‘4- "}°§ FerAi(1: 1)) £8 98 1 ml/kg
Zﬂ'ar°ﬂ g3l &3 28] H7}o FAslg o W, HET
S A SRS Er°4 } R4l FF] olive o 1“’."’— FA}Fst
Aot REAYEFEES 2Y 1 AHGEEALAE 25 A
gk o S AYAA BAH 7S oS Al AREE ST

AL ZHME HHQED} ALRSIEIS X2

2ol 2]t /‘]-°3§}F’V\-°4 %‘é frtkel ] o8-t A
ESFEEEY HNERT F o
2] Sprague-Dawley 47 %H 3 A3} "éz} ZHA E wl
& Fy3ETh HAES F2l= Meijer 52 HHE(8)
u}2} collagenase(Sigma, Type V)42 7t A2 AF
A7 e g AR sednl A A8l pentobarbital(5 mg/
100 g A= 7HE FE NEE Fol FA YN 3A
o 4}gk o 2 Ca''-free Hank's buffer® #5474 7+ 22
o] dol g A HE o}g A AL F 1 0.05% collagenase
Sdg Ao R A F Lol Ak &
3% 7F 238 normal Hank's buffer(pH 7.45)9)] gl 4l
F2(800 rpm, 4°C)5- & v}-2 10% FBS2} 8- A Al (penicillin:
100 units/mL, streptomycin: 100 uL/mL)& %33} DME
v R o} EAFAIA trypan-blue(0.4%) G4 3o @ v]GAtd
A A 255 24 3kgl v} = FE petri-dishell 3% 10°702] A)
EE5S B3t 42 g A ESFE 82 20 mg/mL T
= wA 2] EuloFAo} 3 mLr} HEE 247 Fof] COy-ull
F71(5% COq, 95% On)ell A 2417k Fok-& wloFAlzich 1
thgoll = 50 uLe] AMsd 3} =k A (F 32| dimethyl sulfoxidesl]
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(800 rpm, 4°C)A1A WA W& 525 ASTS ALTY 54
A& FA A o] A4E2] 842 Reitman® Frankel
ulhl(Q)el] w2} AST/ALT EAEX 244 kit(AM 1010-

K% AHgsheich,

ZEMIZ 2] microsome E&|

Z+A} 5£2] microsome ¥2] & Palozza $(10)2] B w
gl 4°Coll A A A3t et A5 248 1 g3 5919 0.25
M sucrose®} 05 mM EDTAE 23l d24% 5 mM
HEPES(pH 75)% 713 $-of @AsAlzich b =49 g4
o8- 8000 g5 18,000 gollA] <14 1084 ’“—‘?—E] ol 3
I vjEZcglo} B3I Xﬂﬂb‘]- Fo HEH2 =2 105000
gl A 6087 294223} microsomal pellet i)
Microsomal pellet2- 0.1 M potassium phosphate buffer(pH
75)el AEAIA A A (118 oF-g A ol AL8-sd )

7 MIZL ohdstx|Ele) Mt

Al slets S 2 A" 7ke] 3}4E3}A] A2 Draper}
Hadley] ¥ (12) 22 HFslgch &, 7t 22 o2 X g 2
2]3F 0.5 mg2 microsome T Ao} 200 L2 8.1% SDS
|83t 15 mL2) 20% acetic acidE A71ehe] & £33 ¥
°ﬂ 1.0 mL2] 1.2% TBA §9-& @1 30&7F =84k A 7}
L A 244 Alg T} o] A& 2,000 rpm(4°C)ell A 10
—,—7} LA Ee)sle Hg A5 NS 532 nmellA FHEE S
Astodch A E ks o] a2 A mg™ nmole
¢} MDAZo 2 #Ashgdrh

Cytochrome P-450 &2 &X

Cytochrome P-450 §8F-2 Omura®t Sato2] HH (13)el}
o8] &3kt 7k 23] o2 ¥e F2] ¥ microsome ¥F
2 COgasZ 187 7127} ’\“7]h ok3)l olH o7 ¥3HA7)
Z-ol 3914 2 sodium dithioniteE ¥ 3. £83191-S off A7)
+ -9 % microsome ¥ 3 3} CO-microsome &3 A 2] 22
o] 2ke] & 400~500 nmellA] 2# Edd-& T3 v} 450~490
nmol| 4] &2 %9 zlo]E cytochrome P-450-CO complex
ofl 2)3)F F33Ek 0 2 317 cytochrome P-450 complex2] mole

r:Lr

ZAA <

F33A14 91 mM lem & 0143} cytochrome P-450 gtk
S AAbsla, duld 1 meg™ nmolesiE E A3k}

Xanthine oxidase 4 =3

XOD#A 2 Stripes} Della Corte®] ¥} (14) ¢l whe} 22
3l 0.127 M potassium phosphate buffer(pH 7.5), 60
UM xanthine sodium, 30 UM hypoxanthine, =L2] 7 0.5~1.0
mg® microsome WA & F &3t 2HHS NS 4 mLE
3kod 37°Cell A 5E2F HH-- A Z e 20% TCAS A 7bsted vl
$5 FE8A7I 2 A E A A7) g 2,300 rpm(4°C) o)
A 108 T A EEE & Fol, 2 A5AE Heho] AA
H uric acid ¥3& 292 nmell4 A slsdt).

EAHXe]

EEARATE A 2EFAZ £A3
t-test® oA AAE Pk

7, Student’s

n]

ot ¥

]

ZHM|E sifQtElX|2} EELY ASTS ALTS| E4AEM
IEHLJJr #i F2H 437 (&Y, FUE, A4, %
T A A Eol 98 kR 5 S Fstr] 9
A} 3} ._ﬁ:a A2 gk At 7bA 2 vl oF vl =] W (Table 2)2}
ARS- 29 " W(Table 32 59 AST © ALTY 54
A& 72 v wstgdct. o] v A dwizl vle) o], @ Ao
v A] el A o] BAe B ZI I A E &4
Aol 2 A EE] £4HE v & Qloh(15). ¥
2 Az A E wliof AFelA, 4 g FEE
$ofl AST9} ALT £484 55 AldstediF oo v
sto] fo A QA e B4 (p<0.05)S e gl e, 2 99
AE 2EE H/ELS ALTA Y2 &4 p<00DE Y
Ehﬂaiu} 3], £ °é¢ ZFZ2Eo)AME AST 2 ALT &
RS A A I A& e oA £99
13 7R 5 AE ¥ 5 ik olE A A=
o BuEl oz AFAAEN F A cH16,17).
Choi 54 Kim(18)-& At sleta- & X 2] & g3 dg ¥ 7}

E'é‘

2] A (I x, 2249, Az, xawA, £, TE,

7.7.

2
SE

o, ]o N{tl

o am b
Ak

Table 2. The activities of AST and ALT in culture medium of the CCly-treated hepatocytes after vegetable extract admin-

istration
G b AST (karmen units/mL) ALT (karmen units/mL)

roups Ethanol extract Water extract Ethanol extract Water extract
Conzrol 19257 +2.65% 176.09%+2.69 78.01£2.07 93.84+252
Carbon tetrachloride 231.08£4.52 24653+5.32 117.01£3.67 121.84£6.23
Pine leaf 176.75%+5.36" 155.42+1.90™ 4955+3.05" 82.18+522™
Soybean sprout 195.87+4.01 14968+1.11" 67.364.44" 91.01£6.72
Mugwort 208.57+3.22 19191+1.42 68.32+2417 92.10*=1.18
Shiitake 205.87+3.38 151.47+12.9" 72.67x6.07 88.60%3.16"

"The cells (3% 10%) were treated with 50 uL of CCly dissolved in dimethyl sulfoxide (50 uL) after 2 hours-long incubation with

20 mg of each vegetable extract.

DThe values are mean+SD of 4 experiments in the same condition **p<0.01 vs CCly~group and *p<0.05 vs CCli~group.
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Table 3. The activities of AST and ALT in serum of the
CCly-treated rat after vegetable powder administration

Table 4. MDA formation in the CCls—treated rat liver
microsome after vegetable powder administration

G 1 AST ALT
roups (karmen units/mL) (karmen units/mL)

Control 24051 +2.54” 5846 +4.30
Carbon tetrachloride 309.55%+9.16 139.37£2.60
Pine leaf 182.61+3.33" 4691 557"
Soybean sprout 250.80+6.32" 93.36£2.74"
Mugwort 26451 £5.33" 122.40£7.49
Shiitake 271.85%6.13 140.45+4.04

UDiet and water fed ad. libitum 3 weeks long followed by
CCly-injection (1 mL/kg BW) in twice. **p<0.01 vs CCly~
group.

2The values represent mean*SD of 5 rats per each group in
the same condition.

el ZF B3 aAE N EPL o 4G FES
ASTS} ALTS] &4 8w obje 704 e} Aukals
53 QAT B aslgch £ A E F

o] Aol ol'E F52E2 ALT, 283 25
ASTeNA & &4 & el gio), ubdd ol izl
Z280) 7§ ALT A4 8K oA, T4

2l Ao ASTS} ALT &4 RFoA &
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A(p<0.01) & AL ety o A2} Faw S
ot & A& LAl off Bl 3le] A A o2 22 A4S Ve gl

ZEM[Z LY DRAMSEXE Mt

Aol g At Fode ZHAZ e micro-
some AFZHE F A Z71A7) Ao Z eyt on] AdEE o
Foigh Al getae] Ao ekt ) #1 %t
£, FUHEFL QAAE 59 FEES HUIeHA ol
A b 94 d=(p<0.01) ZHAE ] 2] A4k} o A &£
7F I9E& EAvH(Table 4). o]k 2 Ade 35 Fa
ZA AR A7 A EAANEY APAAF 7 AbE SR A A
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ZEMIZ LY cytochrome P-450 &2t

ANEIA FEES A ALRE 3577 T3t L, 23] o
A3 Al et S FARE 2 A o)A E8] 8 microsomeY]
2] cytochrome P-450 &2F¥ 3= Table 59 73t} 7k &
A FEA 2] Ae]E Al ghEtaes A E W8 oFE )
53} v Aol #=1¥ cytochrome P-4508F-& t & -0l 1] s}
o] 65% o] 22 FIHA T ol @ d A dotEA o}

Groups MDA formation (nmole/mL)
Control 31.68+0.46"
Carbon tetrachloride 34.07£0.21

Pine leaf 30.65=0.09"
Soybean sprout 28.411+0.46™
Mugwort 26.931+0.26""
Shiitake 33.33%+0.31

"The values represent mean®SD of 5 rats per each group in
the same condition.

**Significant test was performed by the Student’s t-test (p<
0.01) in comparing to the values of CCls-treated group.

Table 5. Contents of microsomal cytochrome P-450 in the
CCly~treated rat liver after vegetable powder administration

Cytochrome P-450

Groups (nmole/mg protein)
Control 0.29%0.004"
Carbon tetrachloride 0.48=0.005
Pine leaf 0.46*0.018
Soybean sprout 0.37+0.005"
Mugwort 0.46£0.004
Shiitake 0.29+0.005"

UThe values represent meanSD of 5 rats per each group in
the same condition.

**Significant test was performed by the Student’s t-test (p<
0.01) in comparing to the values of CCls-treated group.

] SofjA o] whAle] g
Bagk 7|Ee S AFAAE
19- 22)*‘*]' A=A stg . A& 9] cytochrome P-450 w2 &
& FEoly BAFAES AYZ M dAA + %Ei ol &
EA ol hydroxyl 7| & F-2A1 7 024 8448 S7H4] 7]+
mixed function oxidase A oA =|-$- =23 7 iAs
3 gdelx o At st e g Fo Aol A 5
vg] AATART FAA U4 AAH A =k
AR o7 AR S 1]l ub of E aTH
A A7brd e 238 24 oA & FAH S ey
oich. o]# g A= Table 4¢] MDA A & ol A vhepyt At
34 ASET= i Aol A noFu ey A &
Ar3}A) () vitamin C) 3 7}+7} eytochrome P-450 3hek2] =
AR 3 AT SAEAY] F7 2 FoRFd o Y
A FAE ks AFZEACDe FAREA el

ZMIE Lol XOD &M &3

XOD& AEAWNA Ao} e Abo} ALdsiet s, &
Fal 5o o FA4EAL Al HAE FAZA o]F

B4 At Foll 2025 F38 Af7) FA ] gt A
22 4HA Qrh23). o] A4S FAF7h= Atz Ad
o] 74 A A XA 2R 2H718 AASIHE 2w
4% gl Table 60l A vebt Ald 8}t A 8] R o] 2 o}zl
XOD2 & F7te ol -l Bud o eh-&(24), Al Btk
(25), streptozotocin(26), xylene(27) 52 2= 2] AAo] &

m

1

—

ER

L

S
=
=

2 LS o
o rlo iy mlo

ko

)(t O}ﬂ

N



1250

Table 6. The activity of xanthine oxidase in the CCls-
treated rat microsome after vegetable powder administration

Xanthine Oxidase

Group (uric acid nmol/mg protein/min)
Control 2.06%0.03"
Carbon tetrachloride 243%0.14
Pine leaf 1.60+0.16™
Soybean sprout 1.64%0.02"
Mugwort 1.63+0.02"
Shiitake 2.20+0.17

DThe values represent mean*SD of 5 rats per each group.
**Significant test was performed by the Student’s t-test (p<
0.01) in comparing to the values of CCls-treated group.

o] B AYAFEH LA AT} £ APl A 247
o Arhe A sgayslEel vste] M AL Aol

f

£, FvE 2 AAS T2 FrAEAA F94 A=<
0.01) JA&I}E Heo] Frt

& d7]'(20 mg/mL HHZ])
2] (50 pL) g+ A=}, =2
2opr) £ e
=R —’F%%(p<005)°ﬂ/‘1
~0.05) A, 18] 3 FhEH AR %S 3
oA 2l =(p<0.01) #A4E By} £33
=5 A7 AR E AP F ol st A A st
FAH1 mg/kg AT FEAGAA AU AST
AL A E wioFe] Ao} fabstA £33 FhEeA
v AR p<0.0DE BAvh Aol i Al gt
A9 Fol = XA #4583 eytochrome P-4509) &k 1
2] 7 xanthine oxidase(XOD) &4 -& 3 A Z7}A1 7t} 18]

AlEaA Folld £, FHE, A& 55 3553 F
7her A Foll ek AldEska 7‘%’4—‘: dnba o 2 x4
Abstel XOD #AZ712 A5t A (p<0.01) ez el
Rk o), cytochrome P-4509] @& Z7}= “5—%134' 1x149]
Arpto) A FaE Qo wela 2 e
P-4509] #aFZ7tel gk A&

2l FkA T, £ FUHEY] FE2ELF /;}32}4424 A8 o)
A giwE gdd anE e,

m{y.

Ho
rak

1. Cheseman KH, Albano EF, Tomasi A, Slater T. 1985. Bio-
chemical studies on the metabolic activation of halo-
genated alkanes. Environ Health Perspect 64. 85-101.

2. Villarruel MC, Diaz Gomez MI, Castro JA. 1975. The nature
of the in vitro irreversible binding of carbon tetrachloride

e -

A

il

3.

7.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

. & E. 2003 T B AHH

to microsomal lipids. Toxocol Appl Pharmacol 33: 106--114,
Recknagel RO, Ghoshal AK. 1966. New data on the question
of lipoperoxidation in carbon tetrachloride poisoning. Exp
Mol Pathol 5 108-117.
ol A|=1, 1976, = B27}E 1,2, 3 A& AlFaR] dE
7, A2

+d4). 22 AR A5 4
T4, A7EFAL, AL

. Recknagel RO, Glende EA Jr. 1973. Carbontetrachloride

hepatotoxicity: an example of lethal cleavage. CRC Crit
Rev Toxicol 2: 263-297.

AIN-76. 1977. Report of the American Institute of Nutrition
ad hoc Committee on Standards for Nutritional Studies. J
Nutr 107: 1340-1348.

. Meijer DKF, Keulemans K, Mulder GJ. 1981. Isolated per-

fused rat liver technique. Meth Enzymol 77: 81-93.

. Reitman S, Frankel S. 1957. A colorimetric method for the

determination of serum glutamic oxaloacetic and glutamic
pyruvic transaminase. Arp J Clin Pathol 28: 56-63.
Palozza P, Moualla S, Krinsky NI, 1992. Effects of B-caro-
tene and « -tocopherol on radical-initiated peroxidation of
microsomes. Free Radical Biol & Med 13: 127-136.
Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. 1951.
Protein measurement with the folin phenol reagent. J Biol
Chem 193: 265-275.

Draper HH, Hadley M. 1990. Malondialdehyde determina-—
tion as index of lipid peroxidation. Meth Enzymol 186: 421-
431.

Omura T, Sato R. 1964. The carbon monooxide binding
pigment of liver microsome: Evidence for its hemoprotein
nature. J Biol Chem 239. 2370-2378.

Stripe F, Della Corte E. 1969. The regulation of rat liver
xanthine oxidase. Conversion in vitro of the enzyme ac—
tivity from dehydrogenase (Type D) to oxidase (Type O).
J Biol Chem 244: 3855-3863.

Zimmerman HJ. 1981. Chemical hepatic injury and its de-
tection. In Toxicology of the liver. Plaa GL, Hewitt WR,
eds. Raven Press, New York.

Kim SM, Cho YS, Kim EJ, Bae M], Han JP, Lee SH, Sung
SK. 1998. Effect of hot water extracts of Salvia miltiorrhiza
Bge., Prunus persica Stokes, Angelica gigas Nakai and
Pinus strobus on lipid oxidation. J Korean Soc Food Sci
Nutr 27: 399-405.

Kang YH, Park YK, Ha TY, Moon KD. 1996. Effects of
pine needle extracts on serum and liver lipid contents in
rats fed high fat diet. J Korean Soc Food Sci Nutr 25:
367-373.

Choi YS, Kim SW. 2000. Protective effects of some plant
extracts on lipids contents of rats treated with carbon
tetrachloride. Korean J Plant Res 13: 171-178.

Astrom A, Meijer J, Depierre JW. 1983. Characterization
of the microsomal cytochrome p—450 species induced in rat
liver by 2-acetylaminofluorescence. Cancer Res 43: 342-
348.

Chang JS, Kim HJ, Bae JT, Park SH, Lee SE, Kim OM,
Lee KR. 1998. Inhibition effects of Auricularia auricula—
Judae methanol extract on lipid peroxidation and liver
damage in bezo( @ )pyrene-treated mice. J Korean Soc Food
Sci Nutr 27: 712-717.

Chung Y], Lim EY, Kim H. 1997. Effect of ascorbic acid
supplementation on hepatic microsomal and mitochondrial
cytochrome P450 system in diabetic rats. J Korean Soc
Food Sci Nutr 26. 682-688.

Schenkman JB, Thummel KE, Favreau LV. 1989. Physio-
logical and athophysiological alteration in rat cytochrome
p-450. Drug Metab Rev 20: 557-584.



23.

24.

25.

AstRaE Foigt A Az o

Watts RWE, Watts JEM, Seegmiler JE. 1965. Xanthine
oxidase activity in human tissue and its inhibition by
allopurinol. J Lab Med 66: 683-697.

Oei HH, Kentroo WE, Burton KP, Schaffer SW. 1982, A
possible role of xanthine oxidase in producing oxidative
stress in the heart of chronically ethanol treated rats. Res
Commun Chem Pathol Pharmacol 33 453-461.

Yoon CG, Park HS, Lee SI. 1993. Effect of dietary tung-—
state on the liver damage in CCls-treated rats. J Korean

26.

27.

AR FE2EEY 23E 1251

Soc Food Sci Nutr 22: 678-684.

Park GY, Lee SJ, Im JG. 1997. Effects of green tea catechin
on cytochrome P450, xanthine oxidase activities in liver and
liver damage in streptozotocin induced diabetic rats. J
Korean Soc Food Sci Nutr 26: 901-907.

Lee SH, Jeon TW, Yoon CG. 1998. Effect of ethanol-
pretreatment on the liver xanthine oxidase activity in xy-
lene-treated rats. J Korean Soc Food Sci Nutr 27. 739-744.

(2004%1 79 19 A4 20049 99 6 A=)



