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Ganoderma lucidum total triterpenes prevent
y-radiation induced oxidative stress in Swiss
albino mice in vivo
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India, 3St. Peter’s College, Ernakulam, Kerala, India

Objectives: The in vivo radio-protective effect of total triterpenes isolated from Ganoderma lucidum (Fr.)
P. Karst was evaluated using Swiss albino mice, by pre-treatment with total triterpenes for 14 days,
followed by a whole body exposure to y-radiation.

Methods: The activities of the antioxidant enzymes superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPx), and the level of reduced glutathione (GSH) were analysed in liver and brain
homogenates. The extent of lipid and protein peroxidation was also estimated in liver and brain
homogenates after irradiation. Protection of radiation-induced DNA strand breaks in peripheral blood
lymphocytes and bone marrow cells was assessed using the comet assay.

Results: Total triterpenes were highly effective in reducing the levels of lipid peroxidation and protein
oxidation to near normal values in both liver and brain tissues. Total triterpenes, when administered in
vivo, were also found to be successful in restoring the antioxidant enzyme activities and GSH level in liver
and brain of irradiated mice. Administration of total triterpenes, prior to radiation exposure, significantly
decreased the DNA strand breaks.

Discussion: The results of the present study thus revealed the potential therapeutic use of Ganoderma total
triterpenes as an adjuvant in radiation therapy.
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Introduction

The fundamental equilibrium between life and death
can be prejudiced by numerous environmental stres-
sors. Among the various environmental stresses, free
radicals, especially reactive oxygen species (ROS),
are the most hazardous factors that influence living
beings. In addition to the normal metabolic processes
in which free radicals are produced as by-products,
oxidative stress can be triggered by environmental
influences such as UV light, ionizing radiation, and
various chemical agents. Even though a majority of
stresses can be overcome by the natural defence mech-
anisms of the cell, continuous disturbance of this
balance will lead to either apoptotic or necrotic cell
death. Oxidative stress-induced damage can also
impair cellular proteins, lipids, and DNA, thereby
causing alterations in various functions and physio-
logical processes of the cell.
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Ionizing radiations are an important source of oxi-
dative stress. They can cause damage to cellular mol-
ecules either by direct transfer of energy or through
the generation of oxygen-derived free radicals.
Damage due to ionizing radiations mainly occurs
through free radical-mediated mechanisms. For
many years, there has been intensive research on
radio-protective compounds due to their high impor-
tance in military, industrial, and clinical applications.
Development of safe and effective radio-protective
compounds for human applications is particularly sig-
nificant in cancer therapy. Although radiotherapy is a
common and effective tool for cancer treatment, the
radio-sensitivity of normal tissues, especially those
adjacent to the tumours, limits its therapeutic poten-
tial. Hence, protection of normal tissues against radi-
ation-induced cellular injury is of immense
importance in radiotherapy.

Dictary components, especially mushrooms, can
serve as excellent pharmaceutical agents because of
their low toxicity profile and ease of administration.
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Mushrooms might be considered as biological drug
factories that possess a wide variety of therapeutically
active compounds. Recent investigations have demon-
strated that a number of mushrooms possess antioxi-
dant and radio-protective activities.'” Ganoderma
lucidum, commonly known as ‘reishi’ or ‘lingzhi’, is
recognized as a superior medicinal mushroom that
has been used to promote health and longevity in tra-
ditional Chinese medicine for many years. Fruiting
bodies of G. lucidum contain numerous phytochem-
icals, among which the polysaccharides and triter-
penoids have been recognized as the major active
constituents. Aqueous extract and polysaccharides iso-
lated from G [lucidum mushroom were found to
possess radio-protective properties.>* Although more
than 140 different triterpenes have been identified
from G. lucidum, there is very little information avail-
able regarding the application of these triterpenes as
successful therapeutic agents.”® Moreover, it has
been reported that, based on the strain, origin, extrac-
tion process, and cultivation conditions of G. lucidum,
there will be qualitative and quantitative differences in
the chemical composition, physiological, and pharma-
cological properties of its isolated compounds.” In our
previous study, we identified the antioxidative poten-
tial of ‘total triterpenes’ isolated from the fruiting
bodies of G. lucidum occurring in South India.'® It
was also found to protect DNA and membranes
from y-radiation induced damages in vitro.'""'> The
present study mainly focuses on the protective effect
of the total triterpenes against y-radiation induced oxi-
dative stress in vivo. The activity was analysed using
Swiss albino mice, with the pre-treatment of total tri-
terpenes for 14 days followed by a whole body
exposure to four Gy y-radiation. To the best of our
knowledge, this is the first report on the radio-protec-
tive effect of total triterpenes isolated from G. lucidum
occurring in South India against y-radiation-induced
damage in vivo.

Methods

Isolation of total triterpenes

Total triterpenes were isolated from the fruiting bodies
of G lucidum as previously described.'® Briefly, an
ethanol extract of G. lucidum fruiting bodies was dis-
solved in chloroform and the soluble fraction was
then concentrated. The concentrate was loaded on to
a silica gel column and eluted with petroleum ether,
chloroform, methanol, or various combinations of
these solvents. The fractions that answered the tests
for triterpenes'® were combined and concentrated to
give the total triterpenes.

Animal maintenance
Male Swiss albino mice (weighing 25 + 2 g) were pur-
chased from Small Animal Breeding Station,

Mannuthy, Kerala, India and were housed in well-
ventilated cages under controlled conditions of light
and humidity. The mice were provided with normal
mouse chow (Sai Durga Food and Feeds, Bangalore,
India) and water ad libitum. All the experiments were
carried out as per the guidelines of the Committee
for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA), Ministry of
Environment and Forest, Government of India and
by the approval of the Institutional Animal Ethical
Committee (149/99/CPCSEA dated 23-10-2009).
Animals were divided into four groups of six
animals. Group [ animals were maintained as
normal without any drug or radiation treatment.
Group II animals served as positive controls that
received only radiation treatment. Groups III and IV
animals were administered with total triterpenes
orally at doses of 50 and 100 mg/kg b.w.t.,
respectively.

Irradiation schedule

Animals were placed in perspex-covered boxes and
were exposed to whole body irradiation, at a dose
rate of 1.41 Gy/min, using a ®0Co-Theratron
Phoenix Teletherapy Unit.

Protection against oxidative stress induced by y-
radiation in vivo

Total triterpene treatment was given to Groups 11T and
IV animals, once each day for 14 days. One hour after
the last dose of triterpenes, the Groups II, III, and IV
animals received 4 Gy y-radiation, as a single whole
body exposure. The animals were sacrificed 24 hours
after the irradiation. Liver and brain tissues were
removed and homogenized. The homogenate was
then used to study the levels of antioxidant enzymes,
lipids, and protein oxidation. The protein concen-
tration was determined by Bradford’s method.'*

Effect on radiation-induced lipid peroxidation
Lipid peroxidation levels in liver and brain homogen-
ates were estimated by measuring the amount of thio-
barbituric acid reactive substances (TBARS) and lipid
hydroperoxides (LOOH) formed, using the TBARS
assay and FOX II method, respectively.

In the TBARS assay,'>'” 500 ul of liver and brain
homogenates were heated with 500 pl of reagent con-
taining 20% (w/v) trichloroacetic acid (TCA), 0.5%
(w/v) thiobarbituric acid (TBA), 2.5 N HCI and
6 mM ethylene diamine tetraacetic acid (EDTA) for
20 minutes in a boiling water bath. After cooling, the
solution was centrifuged at 2000g for 10 minutes and
the absorbance of the supernatant was determined at
532 nm against a blank containing all the reagents
except the biological sample. Concentration of
TBARS formed was then calculated with the help of
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a standard graph wusing 1/,1’,3,3'-tetra methoxy
propane as malondialdehyde equivalent.

In the xylenol orange assay, or FOX II method, '
125 pl of liver and brain homogenates were incubated
with 875 ul of FOX II reagent at 37°C for 30 minutes.
The FOX II reagent contained solution A (98 mg
ammonium ferrous sulphate and 79 mg xylenol
orange dissolved in 100 ml of 250 mM H,SO,4) and
solution B (969 mg butylated hydroxyl toluene
(BHT) dissolved in 900 ml of methanol) mixed in a
1:9 ratio. It was centrifuged at 10000g for 15
minutes at 20°C and the absorbance of the super-
natant was measured at 560 nm. Lipid peroxides
formed were calculated from a standard graph of
optical density plotted against the concentration of
Hzoz.

Effect on radiation-induced protein peroxidation
Protein peroxidation levels in liver and brain hom-
ogenates were estimated by measuring the amount of
protein carbonyls formed and by assessing the extent
of depletion of protein thiols.

The carbonyl content of the liver and brain of the
control and treated animals was assayed by the
method of Evans er al?° and Levine er al?' with
some modifications. Briefly, 100 pl of homogenate
(10%) was incubated with 20 ul streptomycin sulphate
(10%, w/v) solution and the mixture was centrifuged
at 2800g. The supernatant was collected, and the
protein was precipitated by adding equal volumes of
20% (w/v) TCA. To the protein pellet, 1.5ml of
10 mM 2 4-dinitrophenylhydrazine (DNPH) in 2 M
HCI was added, mixed well and incubated for 1 hour
at room temperature. To this, 1.5 ml of 20% TCA
was added and kept for 15 minutes at room tempera-
ture. The mixture was then centrifuged at 3400g. The
precipitates were washed three times with ethyl
acetate: ethanol mixture (1:1) to remove the excess
DNPH. The final pellet was dissolved in 1.25 ml of
6 M guanidine hydrochloride and the absorbance of
both solutions (DNPH and HCl) was measured at
370 nm. The carbonyl content was calculated in
terms of nmol/mg protein.

The total thiol and protein thiol contents of the liver
and brain homogenates were assayed by the method of
Sedlak and Lindsay.?> For measuring total thiol
content, aliquots of 250 ul of tissue homogenate were
mixed with 750 ul of 0.2 M tris buffer (pH 8.2) and
50 ul of 0.01 M 5,5-dithiobis (2-nitrobenzoic acid)
(DTNB). The mixture was made up to 5ml with
absolute methanol. A reagent blank (without
sample) and a sample blank (without DTNB) were
prepared in a similar manner. The test tubes were stop-
pered with rubber caps and the colour was developed
for 15 minutes. The absorbance of the supernatant
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was read at 412 nm and the amount of total thiol (T-
SH) was calculated.”

For measuring non-protein thiols, 250 ul aliquots of
tissue homogenate were mixed in 5 ml test tubes with
200 pl distilled water and 50 pl of 50% TCA. The
tubes were shaken intermittently for 10-15 minutes
and centrifuged at 3000g for 15 minutes.
Supernatant (200 ul) was mixed with 400 ul of 0.4 M
Tris buffer (pH 8.9) and 10 pl DTNB. The absorbance
of the sample mixture was read within 5 minutes of the
addition of DTNB at 412 nm against a reagent blank
containing no tissue homogenate and the amount of
non-protein thiol (P-SH) was estimated. The molar
extinction coefficient at 412 nm was calculated as
13100 L mol ' cm™! for both T-SH (total thiol) and
Np-SH (non-protein thiol) procedures. The concen-
tration of protein-bound thiol groups (P-SH) was cal-
culated by subtracting the Np-SH from T-SH.*

Effect on antioxidant status in liver and brain
dfter irradiation

The activities of the antioxidant enzymes (SOD, CAT,
and GPx) and the levels of GSH in liver and brain
homogenate were analysed. The activity of SOD was
estimated by the method of McCord and Fridovich**
based on the reduction of NBT. The activity of cata-
lase was measured by the method of Beer and Sizer®
by measuring the rate of decomposition of hydrogen
peroxide (H,O,) at 240 nm. The activity of GPx was
assessed using the method of Hafemann er al.*®
based on the degradation of H,O, in the presence of
GSH. The level of reduced GSH was determined by
the method of Moron et al.*’ based on the reaction
with DTNB.

Effect of total triterpenes on y-radiation induced
DNA damage

Total triterpene treatment was given to Groups III and
IV animals, once in a day for 14 days. One hour after
the last dose of triterpenes, the Groups II, III, and IV
animals received 6 Gy y-radiation as a single whole
body exposure. The animals were sacrificed immedi-
ately after the irradiation. Blood was collected and
heparinized. Bone marrow cells were collected from
the femurs in ice-cold phosphate buffered saline
(PBS) (pH 7.4) containing 2% (w/v) fetal bovine
serum (FBS).

The effect of total triterpenes (10, 50, and 100 ug)
on radiation-induced DNA strand breaks in peripheral
blood lymphocytes and bone marrow cells were
assessed using single cell gel electrophoresis or comet
assay.”®?° To the frosted microscope slides, 200 ul of
1% normal melting agarose in PBS was added and
immediately covered. The slides were then kept at
4°C for 10 minutes. A second layer of 200 ul of 0.5%
(w/v) low melting agarose containing approximately
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10° treated cells at 37°C was added. Cover slips were
placed immediately and the slides were kept at 4°C.
After solidification, the slides were placed in the
chilled lysis solution (pH 10) containing 2.5M
NaCl, 100 mM Na,-EDTA, 10 mM Tris-HCI, 1%
(v/v) DMSO, 1% (v/v) Triton X100 and 1% (w/v)
sodium sarcosinate, for 1 hour at 4°C. The slides
were removed from the lysis solution and placed in a
horizontal electrophoresis tank filled with freshly pre-
pared alkaline buffer (300 mM NaOH, 1 mM Na,-
EDTA, and 0.2% (v/v) DMSO, pH > 13.0). The
slides were equilibrated in the same buffer for 20
minutes and electrophoresis was carried out at 25V
for 20 minutes. After electrophoresis, the slides were
gently washed with 0.4 M Tris—-HCI buffer, pH 7.4,
to remove the alkali. The slides were stained with
50 pl of propidium iodide (20 pg/ml) and the images
were captured using a Carl Zeiss Fluorescent micro-
scope (Axioskop) with bright field phase-contrast
and epi-fluorescence facility. The quantification of
the DNA strand breaks was done by measuring %
DNA in tail, tail length, tail moment, and olive tail
moment with the aid of CASP software.

Statistical analysis

All values were expressed as the mean =+ standard
deviation (SD), n = 6. Statistical evaluation of the
data was done by one-way analysis of variance fol-
lowed by Bonferroni’s test using InStat Graph Pad
software. A P value less than 0.05 was considered as
significant with respect to control group.

Results and discussion
Radiation-derived reactive oxygen intermediates can
potentially produce damage to DNA, lipids, proteins,
antioxidants, and other molecules. Products of oxi-
dative cell damage are considered as biomarkers in
the physiopathology of many diseases. In the current
study, the extent of oxidative stress enforced by y-radi-
ation was assessed using independent parameters like
DNA damage, lipid peroxidation, protein peroxi-
dation, and levels of antioxidant systems in the tissues.
Lipid peroxidation is one of the major damages
resulting from radiation-induced oxidative stress.
Whole body irradiation leads to increased markers of

lipid peroxidation including TBARS and LOOH.
During irradiation, LOOH first originates from unsa-
turated fatty acids and subsequently degrades into
different cytotoxic aldehydes such as 4-hydroxynone-
nal and malondialdehyde (MDA).**** Measurement
of free MDA and LOOH levels are useful markers of
oxidative stress induced by radiation. Table 1 gives
the result of TBARS and FOX II assays performed
to gauge the level of lipid peroxidation in liver and
brain homogenates. Lipid peroxidation levels were
found to be elevated after irradiation with 4 Gy
y-radiations in liver and brain tissue of control
animals. Treatment with total triterpenes effectively
reduced the peroxidation of lipids in both liver and
brain tissues. In the group treated with 100 mg/kg
b.wt. total triterpenes, the increases in levels of lipid
peroxides and TBARS were significantly attenuated
in both liver and brain tissues.

Radiation-induced free radicals can oxidize pro-
teins, thereby increasing their hydrophobicity and sen-
sitivity to proteolysis. Free radicals may react with
amino acids or sulphur groups, leading to cross-
linking and aggregation of proteins. ROS oxidize pro-
teins and thereby generate a series of stable as well as
reactive intermediates such as protein hydroperoxides.
These intermediates can further react with transition
metal ions and generate numerous other reactive pro-
ducts.>® The product of lipid peroxidation can also
cause severe damage to the proteins present in the
membranes, including formation of high molecular
mass protein aggregates, inactivation of surface recep-
tor molecules and enzymes, destruction of Ca’*,Na',
K" -ATPase, and damage of potassium channels.
Protection against protein oxidation was assessed as
formation of protein carbonyls and depletion of
protein thiols. Whole body exposure to 4 Gy y-radi-
ations cause an increase in the peroxidation of proteins
in the liver and brain of mice. Table 2 gives the levels of
protein peroxidation in liver and brain homogenates.
Radiation treatment increased the formation of
protein carbonyls and decreased the amount of
protein thiols. From these results, it is clear that the
treatment with total triterpenes could effectively
prevent protein peroxidation as evident from
decreased protein carbonyl and increased protein

Table 1 Effect of total triterpenes on lipid peroxidation levels in brain and liver of irradiated mice

Brain Liver
Groups TBARS LOOH TBARS LOOH
Normal 3.04 + 0.30*** 5.63 +0.79** 2.98 + 0.57** 4.50 + 0.36™**
Control 535+0.78 8.16 +£ 0.99 490 +0.98 9.01+1.02
TT 50 3.60 + 0.55*** 6.13 + 0.94** 3.18 + 0.48** 6.16 + 0.83***
TT 100 2.89 + 0.55** 5.27 £ 0.66™* 2.29 + 0.58"** 4,02 +£0.42**

TBARS - thiobarbituric acid reactive substances (nmol/mg protein); LOOH — lipid hydroperoxide (umol/mg protein); TT — total
triterpenes (mg/kg b.wt); values are +SD, n=6; ***P < 0.001, **P < 0.01 compared to control.
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Table 2 Effect of total triterpenes on protein peroxidation levels in brain and liver of irradiated mice

Brain Liver
Groups PCO T-SH P-SH PCO T-SH P-SH
Normal 0.81+0.10*** 52.66 + 3.78"** 29.80 +5.12* 0.72 +0.03*** 58.15 + 6.90"** 37.12 £ 7.57F
Control 1.92 +0.07 32.44 +6.03 16.72 +7.49 1.68 +£0.10 39.94 +3.95 22.86 + 3.61
TT 50 1.03 £ 0.33*** 48.65 + 6.99*** 23.83 +£9.43" 0.95 +0.32*** 50.40 + 8.85"° 29.82 = 9.66"°
TT 100 0.80 + 0.25* 52.68 + 6.94*** 29.86 + 6.45" 0.65+0.17** 59.13 + 4,29 37.16 £ 5.04*

PCO - protein carbonyls (nmol/mg protein); T-SH — total thiols (nmol/mg protein); P-SH — protein thiols (nmol/mg protein); TT — total
triterpenes (mg/kg b.wt); values are +SD, n=6; ***P < 0.001, *P < 0.05, "*P> 0.05 compared to control.

Table 3 Effect of total triterpenes on antioxidant enzymes and GSH levels in liver of irradiated mice

Groups SOD CAT GPx GSH

Normal 29.60 + 4.8** 35.95 +9.0" 18.83 +3.1™ 24.36 + 4.6
Control 19.00+4.3 25.24+39 13.71+27 18.22+8.8
TT 50 24.01 +4.5" 30.76 +6.3" 16.16 + 4.4™ 20.79 +9.1"
TT 100 30.18 £ 4.5 34.62 + 8.5 19.01 +5.3™ 25.13 +5.4™

SOD - U/mg protein; catalase — K/mg protein; GPx — U/mg protein; GSH — nmol/mg protein; TT — total triterpenes (mg/kg b.wt);

values are +SD, n=6; **P < 0.01, "*P> 0.05 compared to control.

thiol levels in the liver and brain tissues of treated
mice. The extent of radiation-induced lipid and
protein peroxidation was higher in the case of the
brain tissue than liver tissue. This may be because of
the extreme susceptibility of the brain towards antiox-
idant damage owing to its high utilization of oxygen
and poorly developed antioxidative defence mechan-
isms.>* Administration of total triterpenes prior to
radiation exposure significantly attenuated the
increases in levels of lipid peroxidation and protein
oxidation to near normal values in both liver and
brain tissues.

The antioxidant enzymes (SOD, CAT, and GPx)
and GSH constitute the body’s endogenous defence
mechanisms to help protect against free radical-
induced cell damage. SOD, CAT, and GPx establish
a mutually supportive defence against ROS. GSH pre-
vents the oxidation of protein thiol groups, either
directly by reacting with reactive species or indirectly
through glutathione transferases. The radiation-
derived free radicals can in turn weaken antioxidant
defence mechanisms leading to an increased mem-
brane lipid peroxidation that results in the impairment
of membrane structure and inactivation of membrane-
bound enzymes.®>> Increased activities of these

antioxidant enzymes and increased level of GSH in
the living system can provide better protection
against radiation-induced damage. The estimated anti-
oxidant enzymes and GSH levels in the liver and brain
homogenates of treated animals are summarized in
Tables 3 and 4, respectively. Total triterpenes, when
administered in vivo, were found to be highly effective
in restoring the antioxidant status in the liver and brain
of irradiated mice. In the control group, there was
depletion in the levels of antioxidant enzymes SOD,
CAT, and GPx. The tissue GSH level also was
decreased after the radiation treatment. However,
total triterpenes when administered 14 days before
the irradiation effectively restored the depleted levels
of antioxidant systems in both liver and brain
homogenates.

The alkaline comet assay is a widely used sensitive
technique to monitor DNA lesions including single
and double strand breaks and to study genotoxicity
and apoptosis induced by toxic environmental
agents.’*>® DNA strand breaks in peripheral blood
lymphocytes, bone marrow cells, and spleen cells
treated in vivo were assessed using the comet assay
and the results are represented in Figs. 1-3, respect-
ively. Exposure to 6 Gy whole body irradiation

Table 4 Effect of total triterpenes on antioxidant enzymes and GSH levels in brain of irradiated mice

Groups SOD CAT GPx GSH

Normal 24.97 + 3.3** 26.30 = 7.9* 15.36 + 2.9™ 21.87 +29™
Control 17.66 + 3.3 18.25+26 12.76 + 0.6 17.60 £ 5.1
TT 50 21.43+26"™ 2249 + 41" 14.25 + 4.3 20.31+3.4™
TT 100 25.18 + 2.5** 2576 +2.1" 15.90 + 3.2™ 22.96 + 8.7

SOD - U/mg protein; catalase — K/mg protein; GPx — U/mg protein; GSH — nmol/mg protein; TT — total triterpenes (mg/kg b.wt);
values are +SD, n=6; **P < 0.01, *P < 0.05, "*P> 0.05 compared to control.
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induced strand breaks in the DNA of murine tissues
such as blood, bone marrow, and spleen. The comet
parameters %DNA in tail, tail length, tail moment,
and olive tail moment were found to be elevated in
the group treated with radiation alone, implying the
formation of DNA strand breaks due to radiation
exposure. However, administration of total triterpenes
for 7 days before whole body irradiation attenuated the
changes in comet parameters in peripheral blood
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lymphocytes (Fig. 1), bone marrow cells (Fig. 2),
and spleen cells (Fig. 3), indicating the protection
against radiation-induced DNA damage. The results
clearly indicate the ability of total triterpenes to
protect cellular DNA against y-radiation in vivo.

An earlier study conducted in our laboratory also
revealed in vitro and in vivo antioxidant activities of
Ganoderma total triterpenes.'® The activities of antiox-
idant enzyme systems were boosted by the oral
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treatment of total triterpenes for 30 days.'® The anti-
oxidant effect of total triterpenes in terms of inhibition
of lipid and protein oxidation and its ability to
enhance antioxidant enzyme activities could be the
possible mechanisms behind its exhibited radio-pro-
tective activity. Antioxidant enzymes could succes-
sively remove the free radicals and their reactive
products induced by the ionizing radiation. Total tri-
terpenes also proved to be highly effective in scaven-
ging or neutralizing the free radicals produced in
various in vitro experiments.'® Radical scavenging or
the neutralizing ability of total triterpenes could be
the possible reason behind its observed DNA protec-
tive effect in whole body irradiation. Our earlier
studies also confirmed its ability to prevent radi-
ation-induced DNA strand breaks in pBR 322
plasmid DNA in vitro,'* human peripheral blood lym-
phocytes ex vivo,'> and splenic lymphocytes in vitro."!
Ganoderma total triterpenes also protected against
mitochondrial and microsomal membrane damage in
vitro and prevented micronuclei formation in mice
bone marrow cells in vivo.'? These observations also
support the findings of the current study.

Conclusions

Total triterpenes isolated from the fruiting bodies of G.
lucidum protected Swiss albino mice from oxidative
stress induced by y-radiation in vivo. Total triterpenes
administered for 14 consecutive days before whole
body exposure to y-radiation was found to reduce
lipid and protein oxidation in both liver and brain
tissues of irradiated mice. It also restored the antioxi-
dant enzyme activities and the GSH level in liver and
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brain of irradiated mice. Total triterpenes were also
very effective in preventing the single and double
strand DNA breaks induced by y-radiation. The
present study thus revealed the potential therapeutic
use of Ganoderma total triterpenes as a natural radio-
protector to prevent hazardous effects of accidental
radiation exposures. Further investigations and
human trials are necessary to establish the use of
Ganoderma total triterpenes in clinical applications.
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