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Abstract: The present study investigated the genotoxicity effects of three types of crude extracts, which
include two aqueous extracts (hot aqueous extract, cold aqueous extract) and ethanolic extract of
Ganodermalucidum(G. lucidum) powder from DXN Company (Malaysia) on albino mice bone marrow
cells in vivo using comet assay. The extracts were subjected to analysis using GC-MS technology. The
analysis revealed that G. lucidumpredominantly contains organic compounds like alcohols, aldehydes,
esters, and ketones. Each type of extract (alcoholic, cold aqueous, and hot aqueous) was administered to
three mice at low, moderate, and high concentrations (1000, 2000, and 4000) mg/kg (three replicate for
each dose) at this study and injected with 0.3 ml in each mouse intraperitoneally. The control group
received an injection of 0.3 ml of normal saline using the same method for 24 hours. The results showed
that the extracts' genotoxic effect on the genetic material of bone marrow cells depends on the type of
extract and dose. Furthermore, DNA damage increased significantly (P<0.05) and proportionally to
higher extracts doses as demonstrated by the increased values of comet length (hot aqueous
extract=62.50, cold aqueous extract= 81.00, ethanolic extract=89.50), head diameter (hot aqueous
extract= 88.30, cold aqueous extract= 78.53, ethanolic extract= 72.17), and tail length (hot aqueous
extract= 19.86, cold aqueous extract= 20.32, ethanolic extract= 23.80) at the concentration 4000 mg/kg.
The identification and assessment of bioactive compounds in the three G. lucidumextracts suggest these
extracts have slight DNA damage effect in bone marrow cells.
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blood clot formation, and exhibits
antibacterial properties, among other
health benefits. In addition, the

Introduction:
Ganodermalucidum, commonly
known as "Lingzhi or Reishi," is a

mushroom believed to have longevity
and health-promoting properties. It has
been used for over 2000 vyears in
Traditional Chinese medicine due to its
various therapeutic activities, including
its ability to combat tumors, allergies,
viruses, liver damage, oxidative stress,
high blood pressure, and inflammation.
It also acts as an immunomodulator,
lowers blood sugar levels, prevents

therapeutic mechanism of G. lucidum
involves preventing and treating various
diseases, including chronic bronchitis,
hypertension, hyperlipidemia, diabetes,
hepatitis, tumor, and aging, through its
antioxidative  and  free radical
scavenging effects (1).

The Ganoderma species also
contains a diverse range of 400
important bioactive chemical
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constituents, such as polysaccharides,
triterpenoids,  polysaccharide-peptide
complex, pB-glucans, lectins, natural
germanium, adenosine, phenols,
steroids, amino acids, lignin, vitamins,
nucleotides, and nucleosides. These

constituents possess distinct healing
properties and are utilized to create
various useful products derived from
Ganoderma fruiting bodies, mycelia,
and spores(2).

Figure (1): Ganodermalucidum(3)

This study aimed to compare the
genotoxic effects of three different
types of extracts from G. lucidum (hot
aqueous, cold aqueous, and ethanolic)
on bone marrow cells of albino mice, to
provide a genotoxic evaluation of G.
lucidum extracts, especially the activity
of bioactive compounds and their
relevance to damage the genetic

material. This may enable the

development of more efficient and less

toxic  alternatives  to  synthetic

therapeutic agents.

Materials and method

Mushroom collection
Ganodermalucidum (Reishi

mushroom powder) were purchased

from DXN Company (Malaysia).

Figure (2): Reishi mushroom powder

Preparation of ethanolic extract
Ethanolic extract was prepared by
dissolving 25 gm of G. lucidum fine
powder in 250 ml of 80% ethanol at a
ratio of 1:10 w/v between the powder
and the solvent. The maceration process
was conducted on a magnetic stirrer at
room temperature for 48 hours. The
flask was securely sealed using
aluminum foil and parafilm during

extraction. The extraction solution
underwent centrifugation at 3000 rpm
and filtration through the Whatman No.
1 filter paper. The resulting supernatant
was then dispensed into glass Petri
dishes and dried in an incubator at 40°C
until complete desiccation. The dried
extract was dissolved in a small
quantity of DMSO solvent, and then the
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volume was completed to the mark with
D.W. before utilization (4, 5).

Preparation of aqueous extracts

In the case of hot aqueous extract, 25
gm of powdered sample was dissolved
in 250 ml of sterilized distilled water at
a ratio of 1:10 w/v on a hot plate at
80°C for the first 6 hours; then, the
extraction continued for 48 hours
without heating. Meanwhile, the cold
aqueous extract was subjected to
continuous agitated for period of 48
hours at room temperature. To prevent
contamination and ensure airtight
conditions, the flask was securelysealed
using aluminum foil and parafilm
during the maceration process. The
aqueous phase underwent centrifugation
at 3000 rpm,and the resulting
supernatant  was  filtered,  dried,
dissolved in a proper solvent, and
subsequently preserved at 4°C in a
refrigerator (6, 7).
Gas chromatography-mass spectrum
analysis

The bioactive compounds in G.
lucidum  extracts (ethanolic, hot
aqueous, and cold aqueous) were
analyzed using an Agilent 6890 GC-
mass system (Agilent, USA) connected
to an Agilent 5973N MSD. The ion
source temperature was set to be 200°C,
and the injection volume was 1.0 pl
with a split ratio of 50:1. The capillary
column used was HP-5MS (30 m x 0.25
mm ID x 0.25 pm film) from Agilent J
and W, USA. The oven temperature
was initially set at 100°C and then
increased at a rate of 10°C/min until it
reached a final temperature of 275°C
after 20 minutes. The transfer line
temperature was set at 220°C. Helium
gas was used as the carrier at a constant
1 ml/min of flow rate. Data was
acquired using the Agilent GC/MSD
Chem-Station Version D.02.00. This

test was assessed inMinistry of Science
and Technology (8).
Genotoxic effects of
Ganodermalucidum extracts on DNA
damage in bone marrow cells

The comet assay (single-cell gel
electrophoresis) is highly sensitive and
cost-effective for measuring DNA
damage and repair. The standard
procedure involves performing the
alkaline comet assay with slight
modifications (9).
Samples and slides preparation

The complete bone marrow was
drained from the femur bone with warm
PBS (37 °C) after the injection and
sacrifice of albino mice. The cell
suspension in the final concentration
was 1x10° cellssml.LM Agarose was
prepared then mixed with the cell
suspension at 37°C in a ratio of 1:10
(v/v). The resulting mixture was
immobilized onto a Comet slide in a
volume of 50 ul.The slide was
submerged in a dark container with the
lysis buffer (25 ml/slide), at 4°C for 30
to 60 minutes. To increase sensitivity, it
could be incubated overnight. Gently
remove slides from the lysis buffer and
immerse in alkaline solution (pH>13)
for 20 minutes inside the dark container
at 4°C to allow DNA unwinding.The
slide was then held horizontally
electrophoresis chamber filled with
alkaline electrophoresis buffer while a
21 volts was applied for 30
min.Subsequently, the slides were
transferred from the electrophoresis
chamber into a neutralization buffer (25
ml/ slide) for 5 min, which was repeated
twice. The slides were stained with
ethidium bromide for 5 min then
washed with distilled water and
examined immediately using 40X
objective lense in a fluorescent
microscope  (10).The  method of
quantification using the Comet score
image analysis program. For each
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comet, the analysis software will
determine a fresh set of parameters.
Three parameters, comet length, head
diameter, and tail lengthwere estimated
(11, 12, 13).
Results
GC- MS analysis

GC-MS chromatograms of the Reishi
mushroom crude extracts exhibited
different active compounds. G. lucidum
is composed mainly of organic
compounds such as alcohols, aldehydes,
esters, and ketones. Some ketones are
cyclohexanone, 3-hydroxy,
cyclohexanone, 4h-pyran-4-one, 2,3-
dihydro-3,5-dihydroxy-6-methyl-, and

ethanone, 1-(2-methylcyclopropyl)-.
Alcohols are abundant in edible
mushrooms and found in different

forms, such as 2-furan methanol as
furfural alcohol, 3-hexanol,
cyclopentanol as a primary alcohol, and
2-methyl-2-nonanol as a fatty alcohol.
The main volatile aroma compounds
identified were aldehydes, such as 2-
ethyl-trans-2-butenal.

226

The total sum of fatty acids was
relatively high in G. lucidum. The
primary fatty acid identified in G.
lucidum extracts was palmitic acid,
including forms like hexadecanoic acid,
2,3-dihydroxypropyl ester, and n-
hexadecanoic acid. Other significant
fatty acids included oleic acid and fatty
acid esters such as 3-methylpentanoic
acid and 2-hydroxy-, methyl ester.
Additionally, organic compounds like
pyridines were present, including 2-
picoline and 6-nitro-.

Other organic compounds found in
the form of Epoxides cyclic ether such
as Oxirane, 3-butenyl-, in the form of
Aldoxime such as Pentanal, oxime, in
the form of polyether such as oxirane,
ethoxymethyl-, in the form of nitrile
such as Pentanenitrile, 4-methyl-, and
flavonoid organic compound such as
4H-Pyran-4-one, 2,3-dihydro-3,5-
dihydroxy-6-methyl- (Figure 3 a, b, c).
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Figure (3): Gas chromatogram of Ganodermalucidum extracts. (a): Cold aqueous extract, (b): Hot
aqueous extract, (c): Ethanolic extract

Genotoxicity effect on DNA damage
Comet Length

The results in Figure 4 showed
significant  differences at (P<0.05)
where the values of the effect of G.
lucidum extracts on the Comet length
were recorded (65.00 +2.31, 63.00
+4.35, 62.50 *£2.93) of hot aqueous
extract, (65.60 +7.79, 69.50 =0.86,
81.00 £1.73) of cold aqueous extract,
(64.00 £2.31, 75.50 +3.75, 89.50 +0.86)
of erhanolic extract at the doses (1000,

100

00
s}

N
o O

Comet Length (px)

1000

i

2000 and 4000) mg/kg when compared
with the control group (65.67 £2.18). At
the same time, there are no significant
differences (P>0.05) when comparing
the control value with the values of hot
aqueous extract at the doses 1000, 2000,
and 4000 mg/kg and with the values of
cold aqueous extract and ethanolic
extract at the concentration 1000 mg/kg.
There are significant  differences
between the three extracts at the three
doses.

2000 4000

Dose mg/kg

m Hot aqueous Extract ~ mCold aqueous Extract Ethanolic Extract

Figure (4): Effect of Ganodermalucidum extracts on DNA damage (comet length) in mice bone
marrow cells

Head Diameter

The results of the statistical analysis
of the effect of G. lucidum three extracts
show a significant decrease at (P<0.05)
in the head diameter values from the
control value (94.40 +0.95) reaching
88.30 +1.56, 78.53 +0.28, and 72.17
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+0.55 of hot aqueous, cold aqueous, and
ethanolic extract with the doses (1000,
2000, and 4000) mg/kg. Also, there is a
significant difference (P<0.05) between
the values of the three extracts at the
three concentrations (horizontal
comparison), as shown in Figure 5.

2000 4000

Dose mg/kg

mHot aqueous Extract ~ ®Cold aqueous Extract Ethanolic Extract

Figure (5): Effect of Ganodermalucidum extracts on DNA damage (head diameter) in mice bone
marrow cells

Tail Length
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In Figure 6, the results revealed that
there are no significant differences (P
>0.05) from comparing the tail length
values of (16.76 +0.83, 17.00 £0.44) of
hot aqueous extract at the doses (1000,
2000) mg/kg and a significant
difference (P<0.05) in the value (19.86

w
o

+0.54) at the dose 4000 mg/kg
comparing with the control value (16.00
+1.15). Also, the comparison between
all doses of tail length value of the three
extracts showed significant differences
with the control value.
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Figure (6): Effect of Ganodermalucidum extracts on DNA damage (Tail length) in mice bone
marrow cells

Discussion:

In this study, a genotoxic evaluation
using non-tumorous cells (bone marrow
cells) to determine the potential toxic
effects of G. lucidum on immune cells
and its impact on genetic material. It
was found that G. lucidum caused slight
changes in the three parameters in a
dose-dependent manner (Figure 7).

A studydemonstrated that GLE had
genotoxic effects on the two tumour cell
lines by inducing oxidative stress inside
these cells. High concentrations of GLE
were the only ones that had a harmful
effect on lymphocytes, decreasing their
viability. Conversely, low
concentrations of GLE increased the
vitality of lymphocytes. Furthermore,
GLE only caused primary DNA damage
at the highest concentration by the
formation of H202(14).

Ganodermalucidum has been found
to possess a genoprotective function at
low concentrations while causing DNA
damage at high ones. It can reverse the
harmful effects on genetic material by
repairing DNA damage in tissues (15).

In this study, the cold aqueous
extract contains organic compounds like

aldehydes, which exhibit cytotoxic
effects by inducing gene expression
changes and causing cell damage at
certain concentrations (16). Another
organic compound, epoxide, has
potential cytotoxic effects by alkylating
DNA and proteins, leading to cellular
damage or death, making it a candidate
for development as a chemotherapeutic
agent (17). On the other hand, the hot
aqueous extract contains fatty acids
such as palmitic acid, which acts as an
antioxidant (18). Additionally, the
ethanolic extract contains fatty acids
like oleic acid and palmitic acid, as well
as organic compounds like ketones and
alcohols, all of which function as
antioxidants (19, 20, 21).

A study, using in vitro and in vivo
experiments, shows that G. lucidum is
highly effective in protecting against
DNA damage. This protection is
achieved through radical scavenging,
interaction with apurinic/ apyrimidinic
endonucleases, and restoration of
enzymatic antioxidant activity. The
effectiveness is attributed to its
abundant triterpenes, polyphenols, and
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other active ingredients, similar to its

free radical scavenging activity (22).

Figure (7): DNA damage in bone marrow cells in albino mice, A: Normal cells, B: Cells treated with
Ganodermalucidum extracts appear DNA damage (comet shape).

Conclusion

Three experimental results have
revealed that the three extracts (cold
aqueous, hot agueous, ethanolic) of G.
lucidum cause slight damage to DNA in
high concentrations, so there is no cause
for concern over the safety of
Ganoderma extract. Some bioactive
components may show antioxidant
properties, but we cannot rule out the
potential benefits of larger doses and
longer durations of supplementation.
Recommendation

Reducing oxidation-induced damage
to nuclear DNA suggests that G.
lucidum extracts could be recommended
as a nutraceutical. It is recommended to
detect the cytotoxic activity of G.
lucidum extracts on different cancer cell
lines (23, 24, 25). Finally, it could be
detected in potential effect on
bacteriocins (26).
Experimental animals and ethics
statement

A total of 48 mice included male
Albino mice aged 6-8 weeks and
weighing 20-25 grams. The animals
were treated following the "Research
Guidelines for Evaluating the Safety
and Efficacy of Herbal Medicines"
guidelines. The mice were housed in
plastic cages with unrestricted access to
water and a pellet diet, and the
temperature was maintained at 23 *
2-C. The mice were given anaesthesia
and rested overnight for a 12-hour light

cycle, ensuring minimal stress effects.

They were provided with water and a

pellet diet (27). Approval number: (Ref.

CSEC/1221/0082).

Conflict of interest

The authors have no conflicts of
interest to declare.

Acknowledgments and Funding
No grant or financial support was

received from any governmental or

private sector for this study.

Author’s contribution
Study conception and  design,

Acquisition of data analysis, drafting of

manuscript: (Hala M. Mahmud).

Interpretation of data, critical revision:

(Hind H. Obaid).

References:

1. Lin, Z. and Deng, A. (2019). Antioxidative
and free radical scavenging activity of
Ganoderma (Lingzhi). Ganoderma and
health: Pharmacology  and  clinical
application, pp.271-297.

2. Kumar, A.R.U.N. (2021).
GanodermalLucidum: A traditional chinese
medicine used for curing tumors. Int. J.
Pharm. Pharm. Sci, 13, pp.1-13.

3. Zeng, P.; Chen, Y.; Zhang, L. and Xing, M.
(2019). Ganodermalucidum polysaccharide
used for treating physical frailty in China.
Progress in  molecular biology and
translational science, 163, pp.179-219.

4. Zheng, S.; Zhang, W. and Liu, S. (2020).
Optimization of ultrasonic-assisted
extraction of  polysaccharides  and
triterpenoids from the medicinal mushroom
Ganodermalucidum and evaluation of their
in vitro antioxidant capacities. PLoS One,
15(12), p.e0244749.



10.

11.

12.

13.

14.

Iragi Journal of Biotechnology 230

Shamran, D.J.; Al-Jumaili, E.F.A. and
Tawfeeq, A.T.(2020). Cytotoxicity effect of
glucokinin isolated from Bauhinia variegata
against several cancer cell lines. Iraqi
journal of biotechnology, 19(1).

Mishra, J.; Rajput, R.; Singh, K.; Puri, S;
Goyal, M.; Bansal, A. and Misra, K. (2018).
Antibacterial natural peptide fractions from
Indian  Ganodermalucidum. International
Journal of Peptide Research and
Therapeutics, 24, pp.543-554.

Al-Easawi, N.A.F. and Rusol, M. (2016).
Vehicle Indoor Air pollution with fungi
generated by Air Conditioning systems (AC)
and treatment by using Aqueous Extracts
Mushroom  (Ganodermalucidum). Iraqi
Journal of Science, pp.1096-1102.
Tokusoglu, 0.;Unal, MX. and Yildirim, Z.
(2003). HPLC-UV and GC-MS
characterization of the
flavonolaglyconsquercetin, kaempferol, and
myricetin in tomato pastes and other tomato-
based products. ActaChromatogr, 13(13),
pp.196-207.

Azqueta, A. and Collins, A.R. (2013). The
essential comet assay: a comprehensive
guide to measuring DNA damage and repair.
Archives of toxicology, 87, pp.949-968.

Lu, Y.; Liu, Y. and Yang, C. (2017).
Evaluating in vitro DNA damage using
comet assay. Journal of visualized
experiments: JOVE, (128).

Singh, N.P.; McCoy, M.T.; Tice, R.R. and
Schneider, E.L. (1988). A simple technique
for quantitation of low levels of DNA
damage in individual cells. Experimental
cell research, 175(1), pp.184-191.

Gontijo, A.M.D.M.; Elias, F.N.; Salvadori,
D.M.; de Oliveira, M.L.C.; Correa, L.A;
Goldberg, J.; Trindade, J.C.D.S. and de
Camargo, J.L.V. (2001). Single-cell gel
(comet) assay detects primary DNA damage
in nonneoplasticurothelial cells of smokers
and ex-smokers. Cancer Epidemiology
Biomarkers and Prevention, 10(9), pp.987-
993.

Kadhum, R. A.; Al-Daraghi, W. A. H.; and
Sabbah, M. A. (2019). Detection the Effect
of Smoking and Age on Total Anti-Oxidant
Capacity Level and DNA Damage of
Individuals Exposure to Low Dose lonizing
Radiation. Iragi journal of biotechnology,
18(1).

De Mendonca, D.E.A.; De Godoy, M.A.F,;
Lucredi, N.C.; Comar, J.F.; Almeida, I.V.
and Vicentini, V.E.P. (2023). Toxicogenic
effects of the mushroom Ganodermalucidum
on human liver and kidney tumor cells and

15.

16.

17.

18.

19.

20.

21.

22.

23.

peripheral blood lymphocytes. Journal of
Ethnopharmacology, 307, p.116226.

Baran, M.; Bitgen, N.; Kalkan, K.T;
Goktepe, O.;Varol, S. and Yay, A. (2022).
Evaluation of Genotoxic and Cytotoxic
Activity of GanodermalLucidumIn Rat Bone
Marrow Induced By Lipopolysaccharide.
Dicle Tip Dergisi, 49(1), pp.36-44.

Surendar, P.; Pooventhiran, T.; Rajam, S.;
Bhattacharyya, U.; Bakht, M.A. and
Thomas, R. (2021). Quasi liquid Schiff
bases from trans-2-hexenal and cytosine and
I-leucine with potential antieczematic and
antiarthritic activities: Synthesis, structure
and quantum mechanical studies. Journal of
Molecular Liquids, 334, p.116448.

Jang, M.; Hong, E. and Kim, G.H.(2010).
Evaluation of antibacterial activity of
3-butenyl, 4-pentenyl, 2-phenylethyl, and
benzyl isothiocyanate in Brassica
vegetables. Journal of food science, 75(7),
pp.M412-M416.

Ganesan, T.; Subban, M.; Christopher
Leslee, D. B.; Kuppannan, S. B,
andSeedevi, P. (2022). Structural

characterization of n-hexadecanoic acid
from the leaves of Ipomoea eriocarpa and its
antioxidant and antibacterial activities.
Biomass Conversion and Biorefinery, 1-12.

Alabi, K.A.; Lajide, L. and Owolabi, B.J.
(2018). Biological activity of oleic acid and
its primary amide: Experimental and
Computational studies. Journal of Chemical
Society of Nigeria, 43(2).

Fratianni, F.; Amato, G.; Ombra, M.N.; De
Feo, V.;Nazzaro, F. and De Giulio, B.
(2024). Chemical Characterization and
Biological Properties of Leguminous Honey.
Antioxidants, 13(4), p.482.

Mazumder, K.; Nabila, A.; Aktar, A. and
Farahnaky, A. (2020). Bioactive variability
and in vitro and in vivo antioxidant activity
of unprocessed and processed flour of nine
cultivars of Australian lupin species: a
comprehensive substantiation. Antioxidants,
9(4), p.282.

Dong, Q.; Li, Y.; Liu, G.; Zhang, Z.; Zhou,
H. and Yang, H. (2019). High oxygen
treatments enhance the contents of phenolic
compound and ganoderic acid, and the
antioxidant and DNA damage protective
activities of Ganodermalingzhi fruiting
body. Frontiers in microbiology, 10, p.2363.
Mahmud, H.; M. and Obaid, H. H. (2025).
Potential cytotoxic activity of
Ganodermalucidum extracts on human skin
squamous carcinoma cell line. Iragi journal
of science. 66(9).Underprint.



Iragi Journal of Biotechnology

24.0baid, H.H.; Sagban, L.H, Mohammed,
L.Y. (2019). Cytotoxic Effect of Vincarosea
Aqueous Extracts on (L20B) Cell Line In
Vitro. Indian Journal of Public Health
Research and Development. 10(11).

25.0baid, H.H.; Barakat, N.T.; Abdul-Halim,
A.G.; Abood, Z.H.(2017). Cytotoxic effect
of saponins extracted from Yucca on human
breast cell line (HBL-100) in vitro. Iraqi
journal of biotechnology, 16(3).

26.0baid, H.; H. (2016). Brassica rapa
Detection  bacteriocin  production  and
induction by Brassica rapa extract. Ibn al-
Haitham Journal for Pure and Applied
Science. 29 (3), P 234-248.

27.World  Health  Organization.  (1993).
Research guidelines for evaluating the safety
and efficacy of herbal medicines. WHO
Regional Office for the Western Pacific.

231



