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Introduction

Ganoderma lucidum (Leyss.
a wood fungus, is found throughout Vietnam, from
North to South. The fruiting body of G. lucidum is rich
in active components, such as triterpenoids, steroids,
polysaccharides, and phenol compounds, which have
been studied and used for a long time in traditional
medicine to treat and improve health, especially to
protect and support hepatic function [1]. On the other
hand, in recent decades, G. lucidum spores have the
similar active components as found in the fruiting body,

Abstract

BACKGROUND: The wall-broken Ganoderma lucidum spores are widely used in recent years in the belief that
active components inside the spores are better released and well absorbed when taken orally.

AIM: In this study, the sporoderm of G. lucidum was broken by autoclaving at a high temperature.

METHODS: The powder of wall-broken spores was then extracted by soaking with ethanol at different concentrations
(50%, 70% and 96%).

RESULTS: The 70% and 50% ethanol extracts had the highest total triterpenoid content, in which ganoderic acid A
was predominant. In the 2,2-Diphenyl-1-picrylhydrazyl free radical scavenging test, 70% ethanol extract exhibited the
highest in vitro antioxidant activity. This 70% ethanol extract was also safe in mice at the dose of 2000 mg/kg body
weight. Moreover, this extract protected the liver from acute injury induced by cyclophosphamide.

CONCLUSION: The pretreatment by oral administration of 70% ethanol extract prevented serum alanine
aminotransferase and aspartate aminotransferase activities elevation and attenuated hepatic MDA formation and
GSH depletion following administration of cyclophosphamide in mice.

hard sporoderm protected also the release of bioactive
ingredients from G. lucidum spores under extracting
process, resulting in the lower concentrations of active
ingredients in extracts from the spores as compared to
the fruiting bodies [2].

Thus, various methods in breaking the
sporoderm have been used in recent years such as
using low-temperature ultrasound, soaking [4], physical
smashing [3], supercritical carbon dioxide [5], and
enzyme hydrolysis methods [6]. After breaking the wall,
the dissolution rate of the active components inside the
spore is significantly increased, which can be applied
to develop quality products that improve human health.

ex Fr.) Karst,

even at higher content. However, due to the complicated

spore collection, the yield is low and the cost of G. lucidum
spore powder is much higher than that of the fruiting
body. On the contrary, some studies have shown that G.
lucidum spores contain fewer triterpenoid compounds
than in the fruiting body [2]. This is likely due to two thick
and hard chitin shells of the spores of G. lucidum making
it difficult for the active components inside the spores
to be absorbed when taken orally [3]. In addition, this

In the present study, the sporoderm was
broken by autoclaving at a high temperature. Some of
the advantages of this approach include: Saving time
and effort; using available equipment in laboratories,
and performing on a large amount of G. lucidum spores
in a short time.

The aim of this study was to screen the in vitro
antioxidant effects of the total ethanol extracts from
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wall-broken G. lucidum spore powder, thereby selecting
the optimal extract to investigate the acute toxicity as
well as the in vivo hepatoprotective effects on the model
of cyclophosphamide-induced acute hepatic injury.

Materials and Methods

Medicinal materials

Spores of G. lucidum were provided by Linhchi
Vina Joint Stock Company. The wall of these spores was
then broken by autoclaving twice at a high temperature
of 120°C for 30 min.

Chemical materials

The solvents, methanol (HPLC-grade), water
(HPLC-water), acetonitrile (HPLC-grade) and ethanol
were purchased from Merck, Germany. Ascorbic acid
(The Institute of Drug Quality Control - Ho Chi Minh City,
Viet Nam) and silymarin 70 mg (Legalon® 70 Protect,
Madaus, Germany) were used as in vitro and in vivo
reference drugs, respectively. The quantitative reagents
of ALT (alanine aminotransferase) and AST (aspartate
aminotransferase) were purchased from EliTech Clinical
System, France. Cyclophosphamide (Endoxan 500)
was purchased from Baxter Oncology GmbH, Germany;
DPPH (2,2-Diphenyl-1-picrylhydrazyl), 5,5-Dithio-bis-
(2-nitrobenzoic acid), reduced L-glutathione (GSH),
and thiobarbituric acid, 1,1,3,3-Tetramethoxypropane
(MDA) were from Sigma-Aldrich, Germany.

Animals

Healthy Swiss albino mice of both sexes,
weighing 25-30 g, were obtained from Institute of
Vaccines and Biological Products — IVAC, Nha Trang
and kept in the animals’ house of the Separtment of
Pharmacology, faculty of Pharmacy, University of
Medicine and Pharmacy at Ho Chi Minh city. The
animals were acclimatized for at least 5 days before the
study and were given standard pellet food (from IVAC,
Nha Trang) and ad libitum water. The experiment was
conducted according to the ethical norms approved by
the Animal Ethics Committee of Nong Lam University,
Ho Chi Minh city, Viet Nam (Number NLU-2112101).

Extraction procedure

100 gofwall-broken powder of G. lucidumspores
was soaked by ethanol at different concentrations (50%,
70% and 96%) for a period of 24 h at room temperature.
The mixture was then placed in an ultrasonic bath
(Branson 3800, Danbury, USA) at 40 kHz for 2 h before
filtering. The process was repeated 3 times; the solvent

Table 1: Extraction efficacy and humidity of ethanolic extracts
from the wall-broken G. lucidum spores

Samples Extraction efficacy (%) Humidity (%)
96% ethanol extract 6.0 1.5
70% ethanol extract 7.5 12.0
i50% ethanol extract 4.2 16.0

G. lucidum: Ganoderma Lucidum.

of pooled filtrate was then evaporated to obtain the
various ethanolic extracts (Table 1).

Determination of triterpene composition of
ethanolic extracts

The determination of triterpene composition
was performed with the Agilent 1290 UHPLC system
according to USP43-NF38 with slight modifications [7].
The separation was achieved by a HPLC-C,, column
(150 x 2 mm; 3 um) at 25C. The mobile phase
consisted of Solution A (aqueous phosphoric acid
solution, 0.075%) and Solution B (acetonitrile) with a
gradient elution program were presented in Table 2.

Table 2: Gradient elution program

Time (min) Solution A (%) Solution B (%)
0 80.0 20.0
3 73.5 26.5
34 73.5 26.5
52 61.5 38.5
53 80.0 20.0
58 80.0 20.0

A total of 0.15 g each extract was dissolved
in a 10-mL volumetric flask with methanol, using
an ultrasonic bath at room temperature, dilute with
methanol to volume, and mixed well. The sample
solutions were filtrated through a 0.45 um membrane
filter before being subjected to HPLC analysis. The UV
absorption of the standards and samples was recorded
in 271 nm. The relative retention time and relative
response factor of each compound were presented in
Table 3; thereby, the content of triterpenoid compounds
in each extract was then calculated.

Table 3: The relative retention time and relative response factor
of 10 triterpenoid compounds

Analyte Relative retention time Relative response factor
Ganoderenic acid C 0.36 0.51
Ganoderic acid C, 0.42 1.05
Ganoderic acid G 0.56 1.18
Ganoderenic acid B 0.60 0.45
Ganoderic acid B 0.66 1.10
Ganoderic acid A 1.00 1.00
Ganoderic acid H 1.05 1.54
Ganoderenic acid D 1.25 0.51
Ganoderic acid D 1.33 1.08
Ganoderic acid H 1.54 1.45

Evaluation of in vitro antioxidant activity

A solution of 0.05 mg/ml DPPH was prepared
in absolute ethanol immediately before using and
stored in a dark bottle. Different ethanolic extracts
of wall-broken G. Jucidum spores and ascorbic
acid were prepared in absolute ethanol at different
concentrations by dilution method. The equivalent
amounts of the G. [ucidum extracts or ascorbic acid
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and DPPH solution were then added to the test-
tube. The mixture was shaken well and incubated
for 45 min in dark at room temperature. Absorbance
was determined at 515 nm using a spectrophotometer
(UV-VIS Shimadzu). The free radical scavenging effect
or inhibition percentage (I %) was calculated using the
following formula:

Ao A 00

| (%)

C

Where: A : Absorbance of control sample with
DPPH

A Absorbance of test sample with DPPH

Each sample was repeated 3 times. From
the curve showing the relationship between sample
concentration and the inhibition percentage, the linear
equations were extrapolated to determine the IC
(effective concentration that scavenges 50% DPPH
free radical). The extract having the highest antioxidant
activity was further evaluated for the in vivo oral acute
toxicity and hepatoprotective effect.

Oral acute toxicity testing

In this experiment, mice were deprived from
food for the 12h before oral administration of the
studied extract. The promising extract of wall-broken
G. lucidum spores was suspended in distilled water
to the maximum concentration that could be aspired
through a gavage needle. The obtained preparation
was then orally administered to 10 mice (five female
and five male mice) with the gavage volume of 10 mi/kg
body weight [8]. The control group (five female and five
male mice) was given an equal volume of water. The
animals were closely monitored during the first 72 h,
and occasionally thereafter, for 14 days for the toxic
signs and symptoms (asthenia, hypoactivity, anorexia,
diarrhea, and syncope) or the change in general
behaviors of the mice. The number of dead mice was
recorded, a concentration range of tested extract would
be conducted to determine the lethal dose of 50% of the
animals (LD).

Evaluation of hepatoprotective effects

Cyclophosphamide was dissolved in water
for injection (Vidipha, Viet Nam) at the concentration
of 17.5 mg/mL immediately before the injection
in mice and was injected in mice at the volume of

10mL/kg body weight; thus, the injected dose of
cyclophosphamide in mice was 175mg/kg body
weight.

In physiological control group, mice were
orally administered distilled water (10 mL/kg body
weight) by gavage for 7 days, then they received
through an intraperitoneal (i.p.) injection of the water
for injection (10mL/kg body weight) on 7" day. In
untreated-group, mice received a single i. p. toxic
dose of cyclophosphamide at the dose of 175 mg/kg.
In pretreated groups, mice were daily pretreated
by oral administration of the promising extract of
wall-broken G. lucidum spores (20 mg/kg) and the
reference drug Silymarin (100 mg/kg), respectively,
for 7 consecutive days. On 7" day, 1 h after the last
gavage of G. lucidum extract and Silymarin, mice
were given a single i. p. injection of cyclophosphamide
at the dose of 175mg/kg. On the 8" day (24 h after
cyclophosphamide administration), mice were
sacrificed by CO, dry ice. Blood was then removed
by cardiac puncture into the non-heparinized bottles
for determination of serum enzyme activity (ALT and
AST) by enzymatic kinetic method at 340 nm. The
liver of mice was rapidly excised, separately washed
3 times in ice-cold 0.09% NaCl solution, blotted, and
weighed. Each organ was then homogenized in ice-
cold 1.15% KCI solution at 0-4 C using a warring
blender. The resulting homogenate was used for
qualification of different hepatic oxidative stress
markers (MDA and GSH)

Statistical analysis

All data were presented as the mean * standard
error of mean. Statistical analysis was processed using
Minitab 16.0, version 3.5. Mean values were assessed
for significance by Student’s t-test at p < 0.05. One-way
ANOVA and Dunnett's method were used for multiple
comparisons of data.

Results

Triterpenoid composition of ethanolic
extracts

Ganoderic acid Aand ganoderic acid D reached
the highest proportion of content in all three ethanol
extracts (Table 4). The content of ganoderic acid A was
much higher in the 70% and 50% ethanol extracts while

Table 4: The triterpenoid compounds and total triterpenoid contents of the ethanolic extracts

Samples Content in triterpenoid compounds (ug/g) Total triterpenoid content (ug/g)
1) 2 3) “4) ®) (6) ) (8) ©) (10)

90% ethanol extract 0.55 0.78 - 1.84 6.69 11.03 0.45 32.68 1.62 55.64

70% ethanol extract 4.93 6.52 - 4.27 17.29 45.77 2.14 47.33 1.47 129.72

50% ethanol extract 9.21 9.81 - 4.71 16.70 45.31 1.96 43.93 2.19 133.82

(1): ganoderenic acid C; (2): Ganoderic acid C,; (3): Ganoderic acid G; (4): Ganoderenic acid B; (5): Ganoderic acid B; (6): Ganoderic acid A; (7): Ganoderic acid H; (8): Ganoderenic acid D; (9): Ganoderic acid D; (10): Ganoderic

acid F.
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Table 5: Linear equations and IC, values of G. Jucidum extracts
and ascorbic acid

Samples Equations IC,, (ppm)
90% ethanol extract y =0.014x + 0.064 R = 0.996 3,493.8
70% ethanol extract y =0.048x + 14.878 R = 0.993 737.8
50% ethanol extract y =0.029x + 2.144 R* = 0.993 1,728.2
Ascorbic acid y = 2.805x + 2.438 R? = 0.998 16.96

G. lucidum: Ganoderma lucidum.

there was a slight difference of the content of ganoderic
acid D between 3 extracts (Table 5). Ganoderic acid A
is a marker compound when controlling the quality of G.
lucidum according to USP43-NF38 [7].

Oral acute toxicity of 70% ethanol extract

The maximum concentration of the total
70% ethanol extract was of 200 mg/mL in distilled
water. Therefore, the maximum dose of this total
extract in the acute toxicity testing was 2000 mg/kg.
No significant toxic signs and no death was reported
during the 14-day observation period. The general
behavior of mice was normal with no diarrhea and no
urine discoloration. Mice gained weight steadily during
14 days of follow-up. Thus, the 70% ethanol extract at
the dose of 2,000 mg/kg body weight is regarded as
practically non-toxic.

Hepatoprotective effects of 70% ethanol
extract

Activities of Hepatic Marker Enzymes

The effects of pretreatment with the total 70%
ethanol extract and silymarin on elevation of the serum
ALT and AST activities following cyclophosphamide
injection are shown in Table 6. Serum ALT and AST
activities were significantly increased in untreated
mice relative to the physiological control animals
(p < 0.05). Pre-treatment with the total extract
and Silymarin for 7 consecutive days mitigated
cyclophosphamide toxicity and was associated with
decreasing serum ALT and AST activities. The serum
ALT and AST activities of the cyclophosphamide
group were 71.87 + 2.40 and 245.76 + 24.82 U/L,
respectively, while the pretreated groups had
significantly lower serum ALT and AST activities.
Indeed, the serum ALT and AST activities in the total
extract group declined to 51.74 + 4.75 and 148.30 +
46.75 IU/L, respectively, and comparable to those of
silymarin pretreated group. The results indicate that
pre-treatment of mice with the 70% ethanol extract of
wall-broken G. lucidum spores prevented serum ALT
and AST activities elevation following administration
of cyclophosphamide.

Table 6: ALT and AST activities

Group (n =7) ALT (IUL) AST (IUIL)
Control 4376+ 1.83 76.73 £ 3.46
Untreated 71.87 + 2.40 245.76 + 24.82*
Total extract 51.74 + 475" 148.30 + 46.75"
Silymarin 59.66 + 3.03" 104.57 + 9.01*

*p<0.05 relative to Control group, #p<0.05 relative to Untreated group. ALT: Alanine aminotransferase,
AST: Aspartate aminotransferase.

MDA and GSH levels

The in vivo antioxidant effect was assessed
through the production of MDA and the total amount of
GSH in the liver. MDA is a product of cell membrane
peroxidation caused by free radicals; the higher the
hepatic MDA level, the more severe the liver damage
is. GSH is a free glutathione in a reduced form
with a -SH group that protects the body against the
oxidation of free radicals; the higher the hepatic GSH
level, the more antioxidant, and liver-protective effects
the sample has.

As shown in Table 7, the single intraperitoneal
injection of cyclophosphamide caused serious oxidative
stress by significantly increasing MDA and reducing
GSH levels in the untreated group as compared to the
physiological control group. The pre-treatment with the
70% ethanol extract as well as silymarin attenuated
cyclophosphamide-induced MDA elevation (p < 0.05)
and GSH depletion with respect to untreated group
(Table 7). These findings support the in vivo antioxidant
of 70% ethanol extract of wall-broken G. lucidum
spores.

Table 7: Hepatic levels of MDA and GSH (nmol/g)

Groups MDA (nmol/g) GSH (nmol/g)
Control 73.85+7.05 7.177.55 + 196.69
Untreated 84.83 + 7.94* 6.024.98 + 371.45*
Silymarin 51.62 + 5.32** 10.385.88 + 1453.62**"
Total Extract 58.69 + 3.58** 10.370.81 + 2.267.96*"
*p<0.05 and ** P<0.01 relative to Control group, “p<0.05 relative to Untreated group.
Discussion

G. lucidum spores were proved to contain
genes inherited from the fungus and contain

active components with biological effects similar
to those of the fruiting body, the most important
of which are ftriterpenoid compounds and
polysaccharides [9], [10], [11]. Various biological
activity of G. lucidum spores was also elucidated,
such as antioxidant activity [12], [13], anticancer
activity [14], [15], and liver protection from damage
caused by CCI, [16], [17] or cyclophosphamide [18].
Moreover, many ftriterpenoid compounds from
the spores of G. lucidum have been isolated and
determined [9], [19].

In this study, eight triterpenoid compounds in
three ethanolic extracts from wall-broken G. lucidum
spores were identified by HPLC analysis. Ganoderic
A and D and the total triterpenoid content in 70% and
50% ethanol extracts were higher. The 50% ethanol
extract was an effective solvent for the extraction of
triterpenoid compounds. However, there were many
other ingredients not having biological effect in this
extraction such as polysaccharides. There were not
only difficulties in the granulation process but also
affecting the peak separation ability in HPLC analysis.
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Moreover, in DPPH test, the 70% ethanol extracts
showed the highest in vitro antioxidant activity.
Therefore, the 70% ethanol extract was selected
to investigate the safety and hepatoprotective
efficacy in mice. The results of the acute toxicity
test showed that this extract did not cause death in
mice at the maximum dose of 2000 mg of extract/kg
body weight (corresponding to 26.7 g of G. lucidum
spore powder/kg body weight). This proves that the
70% ethanol extract from G. lucidum spore is safe in
animals. Moreover, this extract also protects the liver
from acute damage caused by cyclophosphamide.
Indeed, liver injury was the most common regimen —
related organ toxicity of cyclophosphamide in human
and experimental animal [20]. Cyclophosphamide
requires hepatic activation by microsomal cytochrome
P450 system for its therapeutic action. However, the
resulting metabolites themselves caused damage to
liver tissues indicated by the increased liver enzymes
(AST and ALT) in serum. These marker enzymes
were significantly restored in animals intoxicated
with cyclophosphamide and pretreated with the
70% ethanol extract suggest the hepatoprotective
activity of G. lucidum spores. In addition, this extract
also exhibited antioxidant effects in vivo through a
decrease in MDA content and an increase in GSH
content in hepatocytes. Recent studies have reported
the formation of reactive oxygen species such as
superoxide anion, hydroxyl radical, and hydrogen
peroxide which cause lipid peroxidation of cellular
membrane in mice intoxicated by cyclophosphamide
[21]. During their oxidative metabolism, they depress
the antioxidant defense mechanisms by the enhanced
formation of MDA and the increased depletion of
endogenous hepatic GSH [22].

These in vitro and in vivo results demonstrated
that 70% ethanol extract from wall-broken spores
of G. lucidum could be a promising candidate to
use concomitantly as a supplement agent against
hepatotoxicity of cyclophosphamide. Further study
focused on the formulation of potential extract from
wall-broken G. lucidum spores should be carried out,
thereby performing clinical trials to evaluate the safety
and effectiveness of the product in the treatment of
acute liver injuries, especially in patients undergoing
chemotherapy for cancer.

Conclusion

The results demonstrated the highest content
of total triterpenoid in 50 % and 70% ethanol extracts,
of which 70% ethanol extract exhibited the strongest
in vitro antioxidant activity. This extract was also safe
and protected the liver from acute damage caused by
cyclophosphamide in experimental mice.
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