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Antrodia camphorata (A. camphorata) is well-known in Taiwan as a traditional Chinese medicine.
The purpose of this study was to evaluate the ability of A. camphorata extracts to protect against
oxidative stress in vitro and against carbon tetrachloride (CCly)-induced hepatic injury in vivo. An
extract of A. camphorata inhibited nonenzymatic iron-induced lipid peroxidation in rat brain
homogenates with an ICso value about 3.1 mg/mL. It also scavenged the stable free radical 1,1-
diphenyl-2-picrylhydrazyl (DPPH). The dose of the A. camphorata extract resulting in a decrease of
0.20 in the absorbance of DPPH was about 31 4+ 0.7 ug/mL. Furthermore, an A. camphorata extract
dose-dependently (250—1250 mg/kg) ameliorated the increase in plasma aspartate aminotransferase
(GOT) and alanine aminotransferase (GPT) levels caused by chronic repeated CCl, intoxication in
mice. Moreover, A. camphorata extract significantly improved the CCls-induced increase in hepatic
glutathione peroxidase, reductase, and CCl,-induced decrease in superoxide dismutase activities. It
also restored the decrement in the glutathione content and catalase activity of hepatic tissues in
CCly-intoxicated mice. Furthermore, it also dose-dependently inhibited the formation of lipid
peroxidative products during CCl, treatment. Histopathological changes of hepatic lesions induced
by CCl, were significantly ameliorated by treatment with an A. camphorata extract in a dose-dependent
manner. These results suggest that A. camphorata extract exerts effective protection against chronic
chemical-induced hepatic injury in vivo, by mediating antioxidative and free radical scavenging
activities.

KEYWORDS: Antrodia camphorata ; antioxidant; free radical scavenger; carbon tetrachloride; hepato-
toxicity

INTRODUCTION dria, and the nuclei of hepatocytes are also impaired by

Many studies have shown that reactive oxygen species (Ros)lperoxidative produqts, with h_epatocytes_ uItima_ter_ being de-
including oxygen free radicals, are causative factors in the _stro_y ed anql becoming necro_nG)(Ac_co_rdlng to in vitro and
etiology of degenerative diseases, including some hepatopathied” VIvO studies, several classical antioxidants have been shown
(1, 2). Carbon tetrachloride (Cg)lis most frequently used as a to protect hepatocytes 'agalnst lipid peroxidation or |anam-'
chemical inducer of experimental liver cirrhosid).(It has mation, thereby preventing the occurrence of hepatic necrosis
been suggested that hepatic necrosis caused by i@@llves (7, 8).
bioactivation by the microsomal cytochrome P450-dependent Antrodia camphorata(A. camphorata)is well-known in
monooxygenase system, resulting in the formation of trichlo- Taiwan as a traditional Chinese medicine. It is rare and expen-
romethyl free radicals and ROS that initiate lipid peroxida- sive because its grows only on the inner heartwood wall of
tion and protein oxidation4). ROS have also been shown to the endemic evergreeBinnamonum kanehiraand cannot be
modify and damage proteins, carbohydrates, and DNA in both cultivated. It has been used as a remedy for drug intoxication,
in vitro and in vivo models ). Therefore, biomembrane and diarrhea, abdominal pain, hypertension, itchy skin, and liver
bioactive molecules are disturbed or inactivated by aggressivecancer §). However, there are as yet no published data docu-
oxidative stress. Furthermore, hepatic microsomes, mitochon-menting the antioxidative and hepatoprotective effect#\of

camphorata
. * Cgrrizponding author. Tel/Fax: 886-2-27390450. E-mail: sheujr@  |n the present study, we examined and compared the relative
mu.eau.tw. . S Lo . . .
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also evaluated the inhibitory activities Af camphoratan free
radical scavenging activity and lipid peroxidation in vitro.

MATERIALS AND METHODS

Materials. Thiobarbituric acid, 1,1-diphenyl-2-picrylhydrazyl, carbon
tetrachloride, silymarin, hydrogen peroxide, sodium azidé;dtbiobis
(2-nitro benzoic acid) (DTNB), 2-thiobarbituric acid, and other reagents
used in the study were obtained from Sigma Chemical (St Louis, MO).
Diagnostic kits for assaying alanine aminotransferase (GPT) and
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in a 1-mL crystal cuvette containing 0.8 mL of 100 mM potassium
phosphate buffer (pH 7.0), 1 mM EDTA, 1 mM NagN0.2 mM
NADPH, 1 U/mL GSH Rd, and 1 mM GSH. Five microliters of the
liver homogenate and buffer was added to make a total volume of 0.9
mL. The reaction was initiated by the addition of 100 of 2.5 mM
H0,, and the conversion of NADPH to NADP was monitored with a
spectrophotometer at 340 nm for 3 min. The specific enzyme activity
of GSH Px was expressed as mg/protein.

Determination of Superoxide Dismutase Activity.A portion of
the liver tissue was homogenized (10%, w/v) in a solution (0.32 M

aspartate aminotransferase (GOT) were also purchased from Sigmasucrose, 1 mM EDTA, and 10 mM TrHCI, pH 7.4) using a polytron

Preparation of Aqueous Extracts from A. camphorata Antrodia
camphoratavas obtained from Well Shine Biotechnology Development
Co. (Taipei, Taiwan). Air-driedd. camphoratasamples were ground

homogenizer, after which it was centrifuged at 10 000 rpm (Beckman,
Microfuge) at 4°C for 30 min. The supernatant was assayed for
superoxide dismutase (SOD) activity by following the inhibition of

and then shaken with phosphate-buffered saline (PBS) at the ratio of nitroblue tetrazolium (NBT) reduction. SOD activity was assayed by a

1:25 (w/v) at 25°C for 10 h, and then centrifuged at 3@dtr 10
min, followed by passing through a Ou2n pore size filter. The stock
solution was stored at5 °C before use.

Antioxidative Activity in Rat Brain Homogenates. Rat brain
homogenates were prepared from the brains of freshly killed Wistar

reaction mixture containing 984L of 100 mM phosphate buffer (pH
7.4), 0.3 mM KkH,—EDTA, 0.5 mM NBT, and 0.1 mM xanthine. The
mixture was preincubated for 3 min at 26, and 1QuL of 0.02 U/mL
xanthine oxidase was added to generate superoxide and induce NBT
reduction. Changes in absorbance at 560 nm were recorded at 20-s

rats, and the homogenate’s peroxidation in the presence of ferrous iongntervals for 5 min. SOD activity was determined from a standard curve

was measured as we previously describiEg). (Tetramethoxypropane

of the percentage inhibition of NBT reduction with standard SOD

was used as a standard, and the results were expressed as nanomolestivity. Data are expressed as SOD units/mg protein as compared with

(nmol) of malondialdehyde equivalents per milligram protein of the
supernatant of rat brain homogenates.

Stable Free Radical Scavenging ActiorStable radical scavenging
activity was measured as described previoudli).(1,2-Diphenyl-2-
picrylhydrazyl (DPPH), a stable nitrogen-centered free radical, was
dissolved in ethanol to give a 1QM solution. One microliter of

the standard.

Catalase AssaysLiver homogenates (10%, w/v) were centrifuged
(10 000 rpm) at £C for 10 min. Supernatant (6L) was added to a
crystal cuvette containing 0.995 mL of a 30-mM®4 solution prepared
in potassium phosphate buffer. Change in the absorbance was monitored
at 240 nm for 1 min. Commercially available catalase was used as a

ethanolic DPPH in a cuvette was added to the test compounds or vehiclestandard. Using the reaction time intervalt of the absorbanceA{
solution. The decrease in absorption at 517 nm was correlated with and Ay), the following equation was generated to calculate the rate

the scavenging action of the test compouridg,(@and the concentration

constantK): K = (2.3/At) x log(A/Az) (13). The specific activity of

of the antioxidant that induced a change of 0.20 in absorbance duringthe enzyme was expressedkisng protein.

a 30-min observation time was taken as an evaluation of antioxidative
activity.

Animals. Male ICR mice, 5 weeks old and weighing-225 g, were
used for the chronic C@induced liver injury model. The animals were
maintained under a 12-h light/dark cycle in a temperature- and humidity-
controlled room. Mice were fed with laboratory pellet chow and given
water ad libitum.

Chronic CCl4-Induced Liver Injury in Vivo. Mice were divided
into six groups: (1) normal control (PBS); (2) vehicle (corn ail) plus
CCl, treatmentA. camphorataxtracts (3) (250 mg/kg), (4) (750 mg/
kg), (5) (1250 mg/kg) plus CGlreatment; and (6) silymarin (100 mg/
kg) plus CC} treatment. Mice were treated with sublethal doses of
CCl, (40% CCl/olive oil, 0.1 mL/10 g body weight per dag,c.twice
per week) for 8 weeks to induce chronic chemical liver injury. Groups
of mice were treated witlA. camphorataxtracts (250, 750, and 1250
mg/kg per day, respectivelp,o, 4 days per week) or vehicle solution
(corn oil) for 8 weeks. Control mice were treated with PBS for 8 weeks.
Blood samples at 0.2 mL with heparin (10 U/mL) were collected from
the tail vein at the end of the first, third, sixth, and eighth weeks. Blood
and livers were obtained immediately after the animals were sacrificed.
Livers were weighed and utilized for the following biological analyses.
Liver homogenates (10%, w/v) were obtained in 50 mM phosphate
buffer (pH 7.0) and stored at80 °C within 2 weeks before analysis.

Measurement of Plasma Transaminase ActivitiesGPT and GOT
activities in the plasma were measured using GPT and GOT EIA kits
according to the manufacturer’s instructions.

Glutathione Reductase AssayLiver glutathione reductase (GSH
Rd) was assayed by a reaction mixture containing 0.99 mL of 100 mM
potassium phosphate buffer (pH 7.0), 1.1 mM MgGlmM oxidized
GSSG, and 0.1 mM NADPH. Ten microliters of liver homogenate was
added to trigger the NADPH conversion reaction. Changes in absor-

Determination of Glutathione Content. GSH was determined by
titration with DTNB as described previousiyi4). The glutathione
content was determined using a calibration curve prepared with an
authentic sample. An aliquot of lysate was used for determination of
the protein content. GSH values were expressegnasli/mg protein.

Measurement of Hepatic Lipid Peroxidation. The content of
malonaldehyde (MDA) formation in liver homogenate was determined
using the thiobarbituric acid (TBA) method ). Briefly, 250 uL of
liver homogenate (10%, w/v) was first mixed with the same volume
of 50 mM potassium phosphate buffer. Then /20 of an ice-cold
trichloroacetic acid (TCA) solution (4% [w/v] in 0.3 N HCI) and 200
uL of TBA-reactive substance reagent (0.5% [w/v] TBA in 50% [v/v]
acetic acid) were also added. Samples were boiled and cooled, extracted
with n-1-butanol, and centrifuged in a microcentrifuge for 10 min at
10 000 rpm. The butanol layer containing the TBA-reactive substances
(TBARS) was read at 532 nm. The results were expressed as absorbance
(532 nm)/mg protein.

Determination of Protein Contents.Protein contents of brain and
liver homogenates were determined by the Bio-Rad meth&dusing
bovine serum albumin as a standard.

Liver Histology. Mice were sacrificed at the end of the eighth week,
and the livers were freshly and quickly obtained. Liver slices were made
from a part of the left and central lobes, and immediately fixed in a
10% buffered formalin phosphate solution, embedded in paraffin, and
stained with hematoxylin and eosin (H&E).

Statistical Analysis. The experimental results are expressed as the
meanst+ SEM and are accompanied by the number of observations.
Data were assessed by the method of analysis of variance (ANOVA).
If this analysis indicated significant differences among the group means,
then each group was compared by the Newsl€auls method. Ap
value of less than 0.05 was considered statistically significant.

bance were monitored by a continuous-recording spectrophotometer

(V-530, Jasco) at 340 nm for 5 min at 2&. The specific enzyme
activity of GSH Rd was expressed as nmol NADPH/min per mg protein.
Glutathione Peroxidase AssayGlutathione peroxidase (GSH Px)
activity was expressed as nanomoles of NADPH oxidized to NADP
per minute per milligram of protein, with a molar extinction coefficient

for NADPH at 340 nm of 6.2 10° (12). Liver GSH Px was assayed

RESULTS

Inhibition of Lipid Peroxidation in Rat Brain Homoge-
nates.Antrodia camphorataxtract was tested for its ability to
inhibit nonenzymatic lipid peroxidation in rat brain homogenates
stimulated by ferrous ion. Th&. camphorataxtract concentra-
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Figure 1. Inhibitory effects of the A. camphorata extract on iron-dependent 2000 -

lipid peroxidation in rat brain homogenates. Brain homogenates were
treated with various doses of an A. camphorata extract (0.8—4.8 mg/mL)
or vehicle control (PBS) at 37 °C for 30 min followed by the addition of
200 uM Fe?*. Results are expressed as percent inhibition of TBARS 1400 -
formation vs vehicle control (PBS). Data are presented as the means +
SEM (n = 4).
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lipid peroxidation Figure 1). The A. camphorateextract did 600 4
not interfere with the TBA test because the color formation was
not changed if the extract was added after incubation with TBA
reagents. The 1§ of the A. camphorataxtract to inhibit lipid

GOT (U/L)

peroxidation was about 3.1 mg/mL. 0 :
Interaction with Stable Free Radical (DPPH)-Scavenging 0 2 4 6 8 10
Action. The change in absorbance produced by reduced DPPH Time (week)

was used to evaluate the ability of test compounds to act asfigure 2. Effects of the A. camphorata extract and silymarin on plasma
free radical scavengers. DPPH decolorization was increased byYGpT and GOT formation in CClg-intoxicated mice. CCl,-intoxicated mice
the A. camphorataextract in a concentration- and time-  ere treated with vehicle solution (O, comn oil), various doses of an A.
dependent manner (data not shown). The concentration of thecamphorata extract (v, 250; v, 750; and W, 1250 mg/mL), and silymarin
A. camphorataextract resulting in a decrease of 0.20 in the (g, 100 mg/kg) for 8 weeks. Animals were treated with PBS without CCl,
absorbance of DPPH was approximately-80.7 ug/mL (n = as the control group (®). Blood was collected at the end of the first,
4, data not shown). This result showed thatAarcamphorata  thirg, sixth, and eighth weeks. Plasma GPT and GOT levels were

extract was a good scavenger to interact with the nitrogen- getermined as described in Materials and Methods. Results are presented

centered stable free radical, DPPH. as the means = SEM (n = 10); #p < 0.001 as compared with the normal
Plasma TransaminaseBlood was collected at indicated time  control (without CCl, treatment); *p < 0.05 and **p < 0.001 as compared

points for GPT and GOT determination after G@ministra- with the vehicle group (corn oil).

tion. Both plasma GPT and GOT levels were markedly increased

to their maximum value (U/L) at 862 58 and 1612+ 252, compared with those of the control group. On the other hand,

respectively, at the end of the third week, and then decreasedthe A. camphorataextract reduced both enzyme activities in a
to 5454 25 and 809t 33 U/L by the eighth weekHigure 2a dose-dependent manner (250, 750, and 1250 mg/kg). However,
and b). In the normal group (PBS treatment), serum GPT levels the A. camphorataextract (250 mg/kg) slightly inhibited the
were 64+ 6 and 53+ 4, and GOT levels were 142 13, and elevated GSH peroxidase activity induced by £®Uut this did

117 + 14 U/mL at the end of the third and eighth weeks, notreach statistical significance. At higher doses (750 and 1250
respectively. On the other harl, camphorataxtract treatment ~ mg/kg), the A. camphorataextract markedly attenuated the
(250, 750, and 1250 mg/kg) produced dose-dependent reductiongctivity of GSH peroxidase Higure 3a). In addition, A.

in GPT and GOT levels at the indicated time points. Fe camphorata250, 750, and 1250 mg/kg) also markedly inhibited
camphorataextract (1250 mg/kg) markedly reduced the activi- the CCl-induced increase in GSH reductase activity. This
ties of GPT and GOT by about 79 and 74% at the eighth week enzyme activity was completely restored to the normal level
for continuous treatment with C&£as compared with those of by treatment with theA. camphorataextract at 1250 mg/kg
the vehicle group (corn oil)Higure 2). Silymarin (100 mg/kg) (Figure 3b). As a positive hepatoprotective control, silymarin
also significantly decreased the GPT and GOT levels to about (100 mg/kg) also significantly restored GSH-related enzyme
78% and 71% of the values measured in the vehicle groupsactivities to the normal level under the same conditidrig-(
(Figure 2). ure 3).

Glutathione Peroxidase and Reductase Activity. Figure 3 Superoxide Dismutase Activity in Liver TissuesFigure 4
shows the changes in hepatic GSH peroxidase and reductasshows the SOD activity of liver tissues. SOD activity in liver
activities at 8 weeks in C@lintoxicated mice. Activities of tissues was reduced by approximately half at 8 weeks in-CCl
GSH peroxidase and reductase had increased by about 1.7- antéhtoxicated mice compared with that of the control group (428
3.3-fold, respectively, at 8 weeks after G@dministration as + 14 vs 209+ 15 U/mg). However A. camphorataextract
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Figure 3. Effects of the A. camphorata extract and silymarin on hepatic
glutathione peroxidase (a) and reductase (b) activities in CCl,-intoxicated
mice. CCl-intoxicated mice were treated with vehicle solution (corn oil),
various doses of an A. camphorata extract (250, 750, and 1250 mg/mL),
and silymarin (100 mg/kg) for 8 weeks. Animals were treated with PBS
without CCl, as the control group. Homogenates of liver tissues were
obtained from CCly-intoxicated mice at the end of the eighth week.
Glutathione peroxidase and reductase activities were determined as
described in Materials and Methods. Results are presented as the means
+ SEM (n = 10); #p < 0.001 as compared with the normal control (without
CCl, treatment), **p < 0.01 and *** p <0.001 as compared with the vehicle
group (corn oil).

administration (250, 750, and 1250 mg/kg) resulted in a sig-
nificant and dose-dependent increase in SOD activity. Similarly,
silymarin (100 mg/kg) also restored the SOD activity under the
same conditions (Figure 4).

Catalase Activity in Liver Tissues. The catalase activity of
liver tissues was 0.8+ 0.03 K/mg in control miceKigure 5).
The enzyme activity decreased to 0-80.04 K/mg at 8 weeks
in CCls-intoxicated miceligure 5). TheA. camphorataxtract
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Figure 4. Effects of the A. camphorata extract on hepatic SOD activity
in CCl-intoxicated mice. CCl-intoxicated mice were treated with vehicle
solution (corn oil), various doses of an A. camphorata extract (250, 750,
and 1250 mg/mL), and silymarin (100 mg/kg) for 8 weeks. Animals were
treated with PBS without CCl, as the control group. Homogenates of
liver tissues were obtained from CCly-intoxicated mice at the end of the
eighth week. SOD activities were determined as described in Materials
and Methods. Results are presented as the means + SEM (n = 10);
#p < 0.001 as compared with the normal control (without CCl, treat-
ment), *p < 0.05 and ***p < 0.001 as compared with the vehicle group
(comn ail).
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Figure 5. Effects of the A. camphorata extract on hepatic catalase activity
in CCls-intoxicated mice. CCl-intoxicated mice were treated with vehicle
solution (corn oil), various doses of an A. camphorata extract (250, 750,
and 1250 mg/mL), and silymarin (100 mg/kg) for 8 weeks. Animals were
treated with PBS without CCl, as the control group. Homogenates of liver
tissues were obtained from CCly-intoxicated mice at the end of the eighth
week. Catalase activities were determined as described in Materials and
Methods. Results are presented as the means + SEM (n = 10); #p <
0.001 as compared with the normal control (without CCl, treatment), *p

(250, 750, and 1250 mg/kg) dose-dependently increased the< 0.05 and **p < 0.001 as compared with the vehicle group (com oil).

catalase activity of liver tissues at 8 weeks in giDtoxicated
mice (igure 5). In addition, both theA. camphorateextract
and silymarin completely restored enzymatic activity to the

camphorataextract and silymarin almost completely restored
the enzymatic activity to the normal level at the respective doses

normal level at the respective doses of 1250 and 100 mg/kg of 1250 and 100 mg/kgRigure 6).

(Figure 5).

Glutathione Content in Liver Tissues.Figure 6 shows the
changes in glutathione levels of liver tissues in gi@toxicated
mice. Hepatic glutathione levels (nmol/mg protein) significantly
decreased from 48.4 2.1 in the control group to 20.# 1.8
units in CCh-intoxicated mice at 8 weeks. At doses of 250
1250 mg/kg, theA. camphorateextract significantly increased
the glutathione level in hepatic tissues. In addition, bothAhe

In Vivo Lipid Peroxidation. The hepatotoxicity of CGlis
thought to be due to lipid peroxidation. TBARS increased about
2.5-fold at 8 weeks in CGlintoxicated mice compared with
the that of control groupRigure 7). TheA. camphorataxtract
(250, 750, and 1250 mg/kg) dose-dependently reduced the
formation of TBARS in liver tissues in Cglintoxicated mice
(Figure 7). TBARS levels of liver tissues were almost com-
pletely restored to normal levels (0.360.04 vs 0.29+ 0.03)
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Figure 6. Effects of the A. camphorata extract on hepatic glutathione
levels in CClg-intoxicated mice. CCl-intoxicated mice were treated with
vehicle solution (corn oil), various doses of an A. camphorata extract
(250, 750, and 1250 mg/mL), and silymarin (100 mg/kg) for 8 weeks.
Animals were treated with PBS without CCl, as the control group.
Homogenates of liver tissues were obtained from CCl,-intoxicated mice
at the end of the eighth week. Glutathione contents were determined as
described in Materials and Methods. Results are presented as the means
+ SEM (n = 10); #p < 0.001 as compared with the normal control (without
CCl, treatment), *p < 0.05 and ***p < 0.001 as compared with the vehicle
group (corn oil).
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Figure 7. Effects of the A. camphorata extract on hepatic lipid peroxidation
in CCl,-intoxicated mice. CCly-intoxicated mice were treated with vehicle
solution (corn oil), various doses of an A. camphorata extract (250, 750,
and 1250 mg/mL), and silymarin (100 mg/kg) for 8 weeks. Animals were
treated with PBS without CCl, as the control group. Homogenates of liver
tissues were obtained from CCl,-intoxicated mice at the end of the eighth
week. TBARS formation was determined by the thiobarbituric conjugation
method as described in Materials and Methods. Results are presented
as the means + SEM (n = 10); *p < 0.001 as compared with the normal
control (without CCl, treatment), *p < 0.05 and ***p < 0.001 as compared
with the vehicle group (corn oil).

at a dose of 1250 mg/kg of the camphorataextract Figure
7). Similarly, silymarin (100 mg/kg) markedly reduced TBARS
formation in CCl-intoxicated mice.

Hepatopathology. Histopathological changes of necrotic,
ballooning, and lipid-laden hepatocytes of liver sections were
assessed at 8 weeks after ¢@&ministration Figure 8). Typi-

Hsiao et al.

Figure 8. Effect of the A. camphorata extract on hepatic morphological
analysis in CCl,-intoxicated mice. CCly-intoxicated mice were treated with
vehicle solution (corn oil), various doses of an A. camphorata extract
(250, 750, and 1250 mg/mL), and silymarin (100 mg/kg) for 8 weeks.
Livers were sectioned and stained with hematoxylin—eosin by standard
techniques.: (a) a representative mouse with PBS treatment (control);
(b) a representative mouse treated with CCl, alone. The hepatocytes show
either necrotic cells (arrow) or abundant macro- and microvesicular fats
(arrowhead); (c—f) Representative mice treated with 250, 750, and 1250
mg/kg of an A. camphorata extract or silymarin (100 mg/kg) plus CCl,
treatment, respectively.

changes of hepatocytes around the central vein and parenchymal
disarrangement were found. Ballooning degeneration and in-
filtration of inflammatory cells (such as hemosiderin-laden
macrophages) were also fourteidure 8b), as compared to nor-

mal liver sectionsKigure 8a). The hepatohistological changes
induced by CCJwere markedly ameliorated by treatment with
the A. camphorataxtract in a dose-dependent manrigg(re
8c—e). Administration of theA. camphorataextract (1250 mg/

kg) markedly decreased macro- and microvesicular changes, and
they were rarely found in C@ilintoxicated mice treated with

A. camphorateaextract. Lipid-laden cells or lipid droplets were
also rarely observed. In addition, ballooning-degenerated hepa-
tocytes or inflammatory cells were markedly reducEdy(re

8€). Furthermore, sylimarin (100 mg/kg) also markedly reduced
the alterations of necrotic, ballooned, and lipid-laden cells
(Figure 8f).

DISCUSSION

The phospholipid bilayers of cellular and subcellular mem-
branes are undoubtedly major targets for free radicals. The
compound that inhibits membrane phospholipid peroxidation
seems to exert a pharmacological effect in the prevention of
radical-induced oxidative pathological everit§)( In this study,

cal intense centrilobular necrosis of hepatotoxicity was observedtwo in vitro antioxidative tests were used to assess the activities

at 8 weeks in CGlintoxicated miceligure 8b), at which time

of the A. camphorataextract. Among cell-free systems, brain

there was also a drastic increase in plasma transaminaséhomogenates are usually chosen to evaluate antioxidant effects

activities figure 2). Marked macro- and microvesicular fatty

on lipid peroxidation {1). Rat brain homogenates exposed to
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ferrous ion exhibit lipid peroxidation in air by a mechanism
whose induction step may primarily involve site-bound iron-
mediated decomposition of lipid hydroperoxides to yield alkoxy
or peroxyl radicals, leading to the chain reaction of lipid
peroxidation {1). In this system, theA. camphorataextract
effectively inhibited lipid peroxidation. The DPPH tests provided
direct evidence that th&. camphorataxtract acted as a direct
free radical scavenger.

It is well-known that free radicals derived from oxygen and
other chemicals are important factors related to injury of the
liver (2). ROS generation and lipid peroxidation are thought to
be the common pathways inducing liver injuries by endotoxin,
CCly, and tumor necrosis factor (TN&). The hepatotoxicity
of CCl, results from reductive dehalogenation catalyzed by re-
duced cytochrome P450 which forms a highly reactive trichlo-
romethyl free radical (C@)J, and then forms the initiator of lipid
peroxidation as the trichloromethyl peroxy radical (g@D-)

(4). Another important mechanism of cellular injury is the
paracrine action of cytotoxic cytokines such as T&K17).
The expression of inflammatory cytokines such as TdNéecurs
during the actual period of hepatocellular injury in acute £CI
mediated liver damagéd.8). In this study, we also demonstrated
that CCh produced a marked increase in TNHevels (47.8+

8.2 IU/mL, n = 3) compared with the control group (6431.8
IlU/mL, n = 3) (data not shown). An early mediator of
hepatocyte injury and activation of Kupffer’'s cells is probably
ROS. Thus, cells then manifest increased ROS, proteolytic
enzymes, and inflammatory cytokines (e.g., IL-1, IL-2, and
TNFa) which have been implicated in the induction of hepa-
tocyte necrosisl9). Therefore, antioxidants may protect against
CCly-induced hepatic hepatotoxicity through anti-peroxidation,
free radical scavenging activity, and/or induction of defense
enzyme expressior2().

In this study, the activities of GOT and GPT were rapidly
elevated at 34 weeks after CGladministration, and then had
gradually decreased by-® weeks. However, at the end of 8
weeks, hepatic necrosis seemed to be attenuated in- CCI
intoxicated mice. This phenomenon may be explained by redox
adaptation or autoprotection. The detailed mechanisms of this
adaptation or autoprotection may occur through induction of
genes of some defensive enzyme systems or by CYP2E1l
inactivation @1, 22). However, the detailed mechanisms are
not fully understood and remain to be further resolved. In this
study, we found that the\. camphorataextract markedly
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SOD and catalase are the major enzymes which catalyze ROS
in most cells. Both enzymes play an important role in the
elimination of ROS derived from the redox process of xeno-
biotics in liver tissues3). It was suggested that catalase and
SOD are easy inactivated by lipid peroxides or RQS).(In
this study, catalase and SOD were appreciably elevated by
administration of theéd. camphorataextract, suggesting that it
can restore SOD enzymes and/or activate enzyme activity in
CCl-damaged liver tissue. This result is consistent with a
previous report which showed a significant restoration of SOD
activity by treatment with an antioxidant in C&htoxicated
animals g6).

In conclusion, theA. camphorataextract was effective in
prevention of CCHinduced hepatotoxicity. It is conceivable that
the A. camphorataextract exerts its hepatoprotective activity
by, at least partly, scavenging free radical formation or by
inhibiting inflammatory mediators in C&imediated lipid per-
oxidation. The inhibitory effects of a dietak. camphorata
extract may be useful as a hepatoprotective agent against chronic
chemical-induced hepatotoxicity in vivo.
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