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Abstract: Previous investigation has proposed that Antrodia Camphorata possesses beneficial effect mainly on liver
protection. To date, the antioxidative effect of Antrodia Camphorata on the tissues of brain, kidney, lung, and liver, however,
has not yet clarified. In this current experiment, eighty male Sprague-Dawley rats were randomly divided into control and
Antrodia Camphorate-treated subject. Both subjects were intraperitoneally injected with normal saline and Antrodia
Camphorata for consecutive 14 days, respectively. On day 15, rats were sacrificed and tissues of brain, kidney, lung, and liver
were immediately harvested and homogenate. The malondialdehyde level, an end-product of lipid peroxidation, was measured
in different tissues. Experimental result showed that the malondialdehyde levels were significantly (P < 0.05) reduced in all
tissues after receiving Antrodia Camphorate as compared with the control subject. Specifically, an obvious decline (12.93%) of
the malondialdehyde level was found in the brain as compared to the tissues of kidney, lung, and liver. Accordingly, our
present result indicates that Antrodia Camphorate can significantly decline oxidative damage as presented by a reduced
malondialdehyde levels in the tissues of brain, kidney, lung, and liver. In addition, it seems likely that the best tissue protective
efficacy offered by Antrodia Camphorate in declining oxidative damage is found in the brain tissue.
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1. Introduction

It has been previously proposed that Antrodia Camphorata
(AC), one of the traditional Chinese Medicines, possesses
beneficial effects in treating a variety of human diseases such
as diarrhea, hypertension, abdominal pain, chemical
intoxication, and is mainly used for the treatment of liver
disease in most of the Asia countries such as Taiwan [1-3].
Investigation has revealed that Antrodia Camphorata can
exert its immune-modulatory ability and hepatoprotection
due to its antioxidant property [4-5]. Previous study has
suggested that Antrodia Camphorata can scavenge
deleterious free radical molecules mediated by chemical-

induced hepatotoxicity [6]. Furthermore, in vivo study has
indicated that Antrodia Camphorata not only can elevate
hepatic glutathione-dependent enzymes upon protecting
chemical-induced lesion on rat liver but also may decline
oxidative injury conducted by toxic molecules of hydrogen
peroxide [7]. On the other hand, previous experiment has
indicated that cerebral ischemia-induced brain infarction and
neurobehavioral disorder can be improved via administration
of the traditional Chinese Medicine of Antrodia Camphorata
[8-12]. As mentioned above, it seems likely to emphasize its
beneficial effect here that Antrodia Camphorate may exactly
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exert its excellent antioxidant ability to alleviate further
oxidative lesion.

Deleterious lipid peroxidation is a complex reactive
oxygen species (ROS) inducing reaction [13]. Due to the
utilization of aerobic metabolism in most of the living
organisms, large amount of the generated ROS may attack
the composition of polyunsaturated fatty acid (PUFA) and
result in further adversely oxidative effect in cells [14].
Under this circumstance, elevated oxidative stress and
cellular injury occur [15]. Malondialdehyde (MDA) is a well-
known stable end-product of lipid peroxidation. Moreover,
magnitude of lipid peroxidation is also well-recognized in
paralleled with the concentration of MDA, the end-product of
lipid peroxidation [16-18]. For this reason, elevated MDA
level not only represents increased lipid peroxidation level
but also is parallel with the severity of human diseases.

Large amount of the research papers have recently focused
on investigating its beneficial effect of Antrodia Camphorata
on the liver disease. However, whether this positive effect
can be observed except for the liver tissue, however, has not
yet been clarified and needs to be further elucidated.

2. Materials and Methods

2.1. Experimental Animal Treatment

Experimentally, eighty male Sprague-Dawley rats,
weighing from 220-270 g were encompassed in this present
work. All experimental rats were purchased from National
Laboratory Animal Breeding and Research Center (Taiwan).
All rats were kept in stainless-steel mesh cages, housed under
controlled conditions (22+£2°C, 504+20% relative humidity,
12-h light-dark cycle) with diet and water. All animal
handling and experimental protocols were approved by the
Institutional Animal Care and Use Committee (IACUC) of
Central Taiwan University of Science and Technology. All
experimental rats were randomly divided into control and
Antrodia Camphorate-administrated group of 10 rats each.
Control and Antrodia Camphorate-treated rats were
intraperitoneally injected with 1 ml/kg of isotonic normal
saline and Antrodia Camphorata (250 mg/Kg) once in a day
for consecutive 14 days, respectively.

2.2. Measurement of the Malondialdehyde Level in the
Tissues of Brain, Lung, Liver, and Kidney

On day 15, all rats were sacrificed and the tissues
including brain, lung, liver, and kidney were isolated for
further biochemical analysis. In brief, the isolated tissues (0.5
g, wet weight) was immediately homogenized in 5 ml of cold
KCl (154 mM) solution using motor driven tissue
homogenizers with Teflon pestles and then centrifuged at 4°C
for 15 min at 10000 g. The supernatants were harvested for
the measurement of the level of malondialdehyde. For
malondialdehyde analysis, the reagent of 1, 1, 3, 3-
tetraethoxypropane (TEP) was used as a standard solution in
the reaction with thiobarbituric acid reactive substance
(TBARS). Reagent of thiobarbituric acid (TBA) was

purchased from E. Merck (Germany) and used for
malondialdehyde analysis. Chemical reagent of 1, 1, 3, 3-
tetraecthoxypropane (TEP) was applied to act as a standard
solution in the reaction with thiobarbituric acid reactive
substance (TBARS). Generally, the analytical principle of
this detective method based on the determination of the pink
color that is produced by the interaction of TBA with the
component of malondialdehyde. The malondialdehyde level
was measured using spectrophotometer (U-1900, Hitachi,
Japan) and the wavelength of 532 nm was selected in this
present experiment.

2.3. Statistical Analysis

All experimental data were expressed as mean + SD. They
were statistically analyzed by using Mann—Whitney U Test.
Statistical differences were considered significant at a p value
less than 0.05 in this present study.

3. Results

3.1. Malondialdehyde Level in the Homogenates of the
Brain Tissues

Our present result showed that the mean MDA value in the
control and the Antrodia Camphorata-treated subject was
12.30 + 0.34 and 10.71 £ 0.36 (umole/g protein) respectively.
Compared with the control group, a significant reduction
(P<0.05) of the MDA level was observed in Antrodia
Camphorata administrated rats as shown in Figure 1.
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Figure 1. Profiles of the concentration of malondialdehyde (MDA) in brain
tissues. Data are expressed as mean £ SD (n=10). The MDA value in control
and Antrodia Camphorata-treated subject was 12.30 + 0.34 and 10.71 +
0.36 (umole/g protein) respectively. *p<0.05 versus control group as
determined by Mann-Whitney U test.

3.2. Malondialdehyde Level in the Homogenates of the
Lung Tissues

It has also been considered that the intensity of lipid
peroxidation is positively correlated with the MDA level.
Given the fact, higher MDA level represents higher lipid
peroxidation and oxidative stress. Our present observation
indicated that the MDA level in the control and the Antrodia
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Camphorata-treated subject was 8.80 £+ 0.46 and 8.40 + 0.13
(pmole/g protein) respectively. Compared with the control
group, a significant reduction (P<0.05) of which level was
found in Antrodia Camphorata administrated rats as shown in
Figure 2.
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Figure 2. Profiles of the concentration of malondialdehyde (MDA) in lung
tissues. Data are expressed as mean £ SD (n=10). The MDA value in control
and Antrodia Camphorata-treated subject was 8.80 + 0.46 and 8.40 + 0.13
(umole/g protein) respectively. *p<0.05 versus control group as determined
by Mann-Whitney U test.

3.3. Malondialdehyde Level in the Homogenates of the
Liver Tissues

It has also been recognized that intensity of lipid
peroxidation is positively correlated with the MDA level.
That is to say, higher MDA level represents higher lipid
peroxidation and oxidative injury. Our present observation
indicated that the MDA level in the control and the Antrodia
Camphorata-treated subject was 13.76 + 0.42 and 13.33 +
0.14 (umole/g protein) respectively. Compared with the
control group, a significant reduction (P<0.05) of the MDA
level was seen in Antrodia Camphorata administrated rats as
listed in Figure 3.
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Figure 3. Profiles of the concentration of malondialdehyde (MDA) in liver
tissues. Data are expressed as mean + SD (n=10). The MDA value in control
and Antrodia Camphorata-treated subject was 13.76 + 0.42 and 13.33 +
0.14 (umole/g protein) respectively. *p<0.05 versus control group as
determined by Mann-Whitney U test.

3.4. Malondialdehyde Level in the Homogenates of the
Kidney Tissues

It has also been considered that the intensity of lipid
peroxidation is  positively  associated  with  the
malondialdehyde level. Given the fact, higher MDA level
represents higher lipid peroxidation and oxidative stress. Our
present observation indicated that MDA level in the control
and the Antrodia Camphorata-treated subject was 12.98 +
0.39 and 12.36 = 0.13 (umole/g protein) respectively.
Compared with the control group, a significant reduction
(P<0.05) of the MDA concentration was observed in
Antrodia Camphorata-treated rats as listed in Figure 4.
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Figure 4. Profiles of the concentration of malondialdehyde (MDA) in kidney
tissues. Data are expressed as mean £ SD (n=10). The MDA value in control
and Antrodia Camphorata-treated subject was 12.98 + 0.39 and 12.36 +
0.13 (umole/g protein) respectively. *p<0.05 versus control group as
determined by Mann-Whitney U test.

4. Discussion

It has been realized that aerobic organisms, which derive their
energy from the reduction of oxygen, are susceptible to reactive
oxygen species (ROS) such as superoxide radicals, hydrogen
peroxide, and hydroxyl radicals that inevitably form during the
metabolism of oxygen. Also, once large amount of the ROS are
generated, these toxic molecules may spontaneously react with
the composition of poly-unsaturated fatty acid (PUFA) in cells
and given the fact, further oxidative lesion named lipid
peroxidation occurs. In addition, further investigation has
proposed the fact that a number of diseases have been
documented in associated with increased lipid peroxidation due
to elevated ROS level [1-2]. The Chinese Medicine of Antrodia
Camphorata has been mainly used for the treatment of liver
disease, immune-dysfunction, food poisoning, drug intoxication,
diarrhea, abdominal pain, hypertension, skin irritation and
cancer [1-3]. This medicinal mushroom is starting to attract
interest due to it possesses a variety of bioactive compounds
such as polysaccharides, triterpenoids, maleic/succinic acid
derivatives and benzenoids derivatives [2-4]. Increasing
evidence has proposed that Antrodia Camphorata possesses
multiple ranges of biological efficacies including, immune-
modulation, anti-oxidation, anti-inflammation, hepatoprotection,
anti-cancer, and anti-hypertension [3-6]. In vivo study has
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revealed that Antrodia Camphorata exerts anti-oxidation effects
against H,O,-induced cytotoxicity in cells in carbon
tetrachloride-induced hepatotoxicity [7]. Additionally, Antrodia
Camphorata plays an important role in preventing oxidative
lesion by up-regulating the hepatic glutathione-dependent
enzymes in living systems to preserve the normal reduced and
oxidized glutathione (GSH/GSSH) ratio has been reported [5].
Investigation has pointed out that mycelia of Antrodia
Camphorata could exhibit anti-hepatitis B virus effect [8].
Furthermore, it has been reported previously that Antrodia
Camphorata  could inhibit = N-formyl-methionylleucyl-
phenylalanine (fMLP) or phorbol 12-myristate 13- acetate-
(PMA-) induced ROS production in peripheral human
neutrophils [6]. Our present study clearly showed that Antrodia
Camphorata can significantly reduce lipid peroxidation level in
the brain cortex of rats as compared with the control group
(Figure 1). In fact, lipid peroxidation processes are also known a
complex ROS inducing reaction caused by the degradation of
polyunsaturated fatty acid (PUFA) in cells. In this regard, higher
MDA level represents elevated oxidative stress and injury has
been well-recognized. Our present observation indicated that
Antrodia Camphorata can significantly inhibit free radical-
mediated lipid peroxidation, and our present finding was in
according with the previous investigation [9-13, 18].

5. Conclusion

Our results clearly show that traditional Chinese Medicine
of Antrodia Camphorate can significantly reduce the
malondialdehyde levels in the tissues of the brain, liver, lung,
and kidney. Meanwhile, an obvious reduction of the
malondialdehyde levels was found in the brain tissue as
compared to other tissues. In conclusion, our current
observations manifest that Antrodia Camphorata possesses
the protective efficacy in attenuating reactive oxygen species
mediated oxidative tissue injury. Furthermore, our
experimental finding demonstrates that the best tissue
protective efficacy produced by Antrodia Camphorate is
found in the brain tissue and possibly, Antrodia Camphorata
may be can considered an useful medicinal potential in
preventing and treating the brain tissues from further
oxidative lesion such as cerebral ischemic insult.
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