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Abstract

Background: 5-Fluorouracil (5-FU) is one of the commonly used anti-cancer drugs. However, it ranks as the second
most common drug that causes cardiotoxicity. Ganoderma lucidum (G.L.) is a mushroom used for centuries for its
different therapeutic properties. The aim of the study is to investigate the potential cardioprotective effect of G.L.
against 5-FU cardiotoxicity, anti-inflammatory, and antioxidant properties. Material and methods: Thirty male Albino
rats were divided into five groups. The control group was given normal saline orally for 14 days. The second group
was treated as the control for 13 days and then 100 mg/kg 5-FU was administered intraperitoneally on day 14. The
third group received G.L. 100 mg/kg orally for 13 days followed by a single 100 mg/kg 5-FU intraperitoneally on day
14. The fourth group was treated with 2 mg/kg enalapril orally for 13 days followed by a single 100 mg/kg 5-FU
intraperitoneally on day 14. The last group received G.L. 100 mg/kg orally for 14 days. On day 15 the animals were
euthanized, and blood was collected for biochemical analysis of cardiac biomarkers (troponin (TNNI3) and heart-
type fatty acid binding protein (H-FABP)), oxidative stress markers (total antioxidant capacity (TAC) and
malondialdehyde (MDA)), and the pro-inflammatory marker (tumor necrosis factor-alpha (TNF-alpha)). The heart
tissue was isolated for the histopathological investigation of cyclooxygenase-2 (COX-2) expression. Results: 5-FU
administration has led to an increase in the level of H-FABP, TNNI3, MDA, TNF-alpha, and COX-2 expression while
it has significantly reduced the level of TAC. G.L. could prevent the 5-FU-induced cardiotoxicity via its effect on all
the measured parameters. Conclusion: G.L. can potentially offers cardioprotection against 5-FU-induced cardiotoxi-
city through its antioxidant and anti-inflammatory effects.
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The Cardiac Review and Evaluation Commit-
tee proposed that the diagnosis of cardiotoxicity
requires the presence of at least one of the fol-
lowing criteria: cardiomyopathy, which is distin-
guished by a reduction in left ventricular ejection
fraction (LVEF), symptoms of congestive heart
failure (CHF), tachycardia, or signs of CHF ac-
companied by tachycardia [3]. It has been sug-
gested that there are several clinical risk factors
associated with the occurrence of drug-induced
cardiotoxicity. These factors consist of cumulative
dose, pre-existing cardiac disease, age exceed-
ing 65 years, female gender, hypertension, ge-
netic variations, hyperlipidemia, undergoing ra-
diation therapy simultaneously, diabetes, and
obesity [4-7].

The most common mechanisms of drugs-
induced cardiotoxicity are iron complexes for-
mation, increases in the synthesis of reactive
oxygen and reactive nitrogen species, peroxida-
tion of the lipids, inflammation-induced cardiac
cells apoptosis, interstitial fibrosis, and atypical
signaling of epidermal growth factor as well as
beta-Arestin inhibition of nuclear topoisomerase I
beta [8-11]. These consequences eventually will
lead to an increase in oxidative stress, which is
thought to be the main cause of cardiotoxicity,
hence the cardiac muscle lacks adequate antiox-
idant mechanisms [12].

5-Fluorouracil (5-FU) is a fluoropyrimidine
medication, its chemical formula is Cs4H3FN202
[13]. 5-FU is the third most frequently employed
chemotherapeutic agent for treating solid malig-
nancies [14]. Approximately two million patients
are treated with fluoropyrimidines each year [15].
Heidelberger et al. predicted that 5-FU would be
integrated into RNA and prevent the biosynthesis
of DNA in vivo [16]. Treatment with 5-FU may
cause several adverse effects, such as myelo-
suppression, cardiotoxicity, dermatitis, and par-
ticularly gastrointestinal disturbances, which can
lead to oral mucositis, nausea, vomiting, and diar-
rhea [17-20]. 5-FU is the second most common
cardiotoxic drug following anthracyclines [21]. Un-
common chest discomfort is a typical symptom of
fluoropyrimidine-induced cardiac toxicity, par-
ticularly in 5-FU. This discomfort is often diag-
nosed as angina during periods of stress or rest
tolerance, as well as acute coronary syndrome
[22].

Fortunately, there are many drugs and natu-
rally occurring agents that can ameliorate cardio-
toxicity. The most important naturally occurring
cardioprotective agents are Ganoderma lucidum
(G.L.) [23] and Silymarin which have a hepato-
protective properties also [24]. The woody Basid-
iomycetes mushroom, Ganoderma lucidum, is
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known as Reishi or Lingzhi in Japanese or Chi-
nese, respectively. G.L. comprises a variety of
biologically active substances that include triter-
pene, polysaccharides, amino acids, enzymes,
proteins, vitamins, minerals, flavonoids, steroids,
and alkaloids [25]. Multiple studies have demon-
strated the wide range of pharmacological effects
of G.L including its ability to fight against tumors,
modulate the immune system, provide antioxidant
and antimicrobial benefits, regulate diabetes, pro-
tect the heart, reduce inflammation, and act as an
anti-androgenic and neuroprotective agent [23,24]

Researchers are highly interested in the poly-
saccharides and triterpenoids of G.L. due to their
significant pharmacological properties, like anti-
tumor [26], anti-microbial [27], anti-inflammatory,
antihyperlipidemic, antidiabetic, anti-oxidant, as
well as anti-aging effects [28]. So, this study aims
to evaluate the potential cardioprotective effects of
G.L. against 5-FU-induced cardiotoxicity in albino
rats, hence, the study's novelty by highlighting the
lack of research on G.L.'s protective effect specifi-
cally against 5-FU-induced cardiotoxicity.

2. MATERIALS AND METHODS

A randomized experimental study of 30 male al-
bino rats, aged 10-12 weeks and weighing 180 to
225 g, were brought from Jehan University in
Iraq. They have been kept in the Animal House of
the College of Veterinary Medicine at the Univer-
sity of Mosul. The animals were kept in clean
metallic cages with a photoperiod of 12 hours:
light/dark cycle, a temperature of 25°C, and rela-
tive humidity of 45-50%. The animals were al-
lowed unrestricted access to their feed and tap
water [29]. The following medications have been
used in this study: 5-FU from (Accord: United
Kingdom), enalapril from (JOSWE: Jordan), and
G.L. from (Reishi Mushroom extract capsule 400
mg, Puritans: USA). The study has been made
according to the approval of the Veterinary Medi-
cine Department's Institutional Animal Care and
Use Committee at the University of Mosul Col-
lege of Veterinary Medicine (lraq) (Ref:
UM.VET.2023.012).

After two weeks of accommodation periods,
animals were divided into five groups each group
containing six rats (n=6) as follows: The control
group received orally distilled water (D.W.) for 14
days [30]. The 5-FU group received D.W. orally
for 13 days and a 5-FU single intraperitoneal (I.P)
dose of 100 mg/kg at day 14 of the study [31].
The G.L. + 5-FU group received G.L. aqueous
solution orally 100 mg/kg [32] for 13 days fol-
lowed by a single I.P dose of 5-FU 100 mg/kg at
day 14. The Ena + 5-FU group received enalapril
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2 mg/kg orally [33] for 13 days, which serves as a
standard cardioprotective agent, followed by a
single |.P. dose of 5-FU at day 14 of the study.
The G.L. group received G.L. aqueous solution
orally at 100 mg/kg for 14 days.

On the last day of the experiment (15th day),
blood was obtained from all animals by puncturing
the retro-orbital plexus of each rat immediately
using a capillary tube. Blood samples were col-
lected into sterile anticoagulant-free tubes and
blood was allowed to clot for 1 hour and centri-
fuged at 3000 rpm for 15 min for serum separation.
The clear sera were transferred and divided into
aliquots and stored at -20°C for subsequent meas-
urements of biochemical parameters including
cardiac biomarkers (troponin (TNNI3) and heart-
type free fatty acid binding protein (H-FABP)), oxi-
dative status parameters (malondialdehyde (MDA)
and total antioxidant capacity (TAC)) and inflam-
matory marker (tumor necrosis factor-alpha). The
cardiac markers and TNF-alpha have been meas-
ured using the ELISA technique while the oxidative
status markers have been measured using spec-
trophotometric techniques.

In addition, COX-2 expression has been in-
vestigated using immunohistochemistry (IHC)
which performed using the avidin-biotin tech-
nique. Cardiac tissue sections were deparaf-
finized, rehydrated, and deactivated. Endogenous
peroxidase was suppressed for 10 minutes using
a 3% hydrogen peroxide-methanol solution, fol-
lowed by a wash in phosphate buffer saline
(PBS) pH 7.4. Slides were blocked for nonspecif-
ic binding by incubating them with 0.5% rat serum
for 30 minutes at room temperature. Primary an-
tibodies (Elabscience, USA) were then applied at a
dilution of 1:100 (E-AB-68287) and incubated over-
night at 4°C. After washing with PBS three times
for three minutes each, slides were incubated with
poly-HRP goat anti-rabbit IgG as a secondary an-
tibody (Wuhan Fine Biotech, China) at a dilution of
1:400 for 30 minutes at 37°C. Following a PBS
wash, the Dab method was used to stain the
slides. The slides were then rinsed with distilled
water, dehydrated, and counterstained with hema-
toxylin before being covered. The staining was
evaluated using the TopView application.

Data coding and tabulation were performed
via Microsoft Excel 2010. Descriptive and analytic
statistics were performed using GraphPad prism
software statistical program. The descriptive sta-
tistics include mean + Standard Error (SE) for
quantitive variables. One-way ANOVA-test was
used for comparing the markers among five study
sampled rats’ groups. Then Tukey's test were
done for pair-wise comparison between inde-
pendent groups. An unpaired t-test of the two

means was used for comparison between young
and old rats’ groups. To overcome the challenge
of small sample size, non-parametric tests; the
Kruskal-Wallis test and Mann-Whitney test; were
performed too. P-values < 0.05 were considered
statistically significant.

3. RESULTS

3.1. The effect of 5-FU and G.L. on cardiac
biomarkers

Heart-Type Fatty Acid Binding Protein (H-FABP):
Compared to the control group, 5-FU significantly
increased H-FABP serum concentration in the 5-
FU group. In addition, both G.L. and ENA could
significantly reduce the elevation of 5FU-induced
H-FABP. There is no significant difference in H-
FABP between Ena + 5-FU and G. L + 5-FU
groups as illustrated in Figure 1.
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Figure 1. The prophylactic effect of Ganoderma Ilucidum
(G.L.) against 5-FU by modulating serum Heart-type Fatty
Acid Binding Protein (H-FABP). Serum H-FABP levels are
evaluated following a single intraperitoneal 5- FU dose of
100 mg/kg either in the absence or presence of pre-
treatment of oral 100 mg/kg G.L. or 2 mg/kg enalapril
(ENA). The data are presented as mean + SEM. * indicates
p<0.05. One-way ANOVA with the Tukey-post hoc test
against the control value was used.

Cardiac Troponin I3 (TNNI3): It can be ob-
served that there was a rise (but non-significant)
in serum concentration of TNNI3 in rats treated
with 5-FU compared to the control group. In addi-
tion, the other treatment groups (GL+5-FU,
Ena+5-FU, and GL) exhibited a decrease (but
non-significant) in serum concentration of TNNI3
compared to the 5-FU group, but this decrease
was also statistically insignificant. Finally, there
was no significant difference between the ENA +
5-FU and G.L + 5-FU group (Figure 2).
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Figure 2. The prophylactic effect of Ganoderma lucidum
(G.L.) against 5-FU by modulating serum Troponin I3
(TNNI3). Serum TNNI3 levels are evaluated following a
single intraperitoneal 5- FU dose of 100 mg/kg either in the
absence or presence of pre-treatment of oral 100 mg/kg
G.L. or 2 mg/kg enalapril (ENA). The data are presented as
mean + SEM. One-way ANOVA with Tukey -post hoc test
against control value was used.

3.2. The effect of 5-FU and G.L. on oxidative
status markers

Total Antioxidants Capacity (TAC: Although it is
not significant, 5-FU treatment caused a de-
crease in TAC level in comparison with control.

TAC
pumol/mi

Figure 3. The prophylactic effect of Ganoderma lucidum
(G.L.) against 5-FU by modulating serum Total Antioxidants
Capacity (TAC). Serum TAC levels are evaluated following
a single intraperitoneal 5- FU dose of 100 mg/kg either in
the absence or presence of pre-treatment of oral 100 mg/kg
G.L. or 2 mg/kg enalapril (ENA). The data are presented as
mean + SEM. * indicates p<0.05. One-way ANOVA with
Tukey -post hoc test against control value was used.

However, a significant increase in the serum level
of TAC was observed in the 5-FU + GL and GL
groups when compared to the 5-FU group as
shown in Figure 3. Finally, no significant differ-
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ence was observed between the ENA+5-FU and
G.L +5-FU groups.
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Figure 4. The prophylactic effect of Ganoderma lucidum
(G.L.) against 5-FU by modulating serum malondialdehyde
(MDA). Serum MDA levels are evaluated following a single
intraperitoneal 5- FU dose of 100 mg/kg either in the ab-
sence or presence of pre-treatment of oral 100 mg/kg G.L.
or 2 mg/kg enalapril (ENA). The data are presented as
mean + SEM. * indicates p<0,05, ** indicates p<0.01, ***
indicates p<0,001. A One-way ANOVA with Tukey-post hoc
test against control value was used.

3.3. The effect of 5-FU and G.L. on inflam-
matory markers

Tumor necrosis factor- a (TNF-a): Compared to
the control group, 5-FU produced a significant
elevation in serum concentration of TNF-alpha as
shown in Figure 5.
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Figure 5. The prophylactic effect of Ganoderma Ilucidum
(G.L.) against 5-FU by modulating serum tumor necrosis
factor-alpha (TNF-alpha). Serum TNF-alpha levels are
evaluated following a single intraperitoneal 5- FU dose of
100 mg/kg either in the absence or presence of pre-
treatment of oral 100 mg/kg G.L. or 2 mg/kg enalapril
(ENA). The data are presented as mean + SEM. * indicates
p<0.05. One-way ANOVA with Tukey-post hoc test against
control value was used.

There was a statistically not significant decrease
in serum concentration of TNF-alpha in the



THE POTENTIAL CARDIOPROTECTIVE EFFECT OF GANODERMA LUCIDUM... 215

treatment groups (GL + 5-FU, ENA + 5-FU, and
GL) compared to the 5-FU group. Also, no
significant difference was observed between the
ENA+ 5-FU and the G.L + 5-FU groups.

3.4. Histopathological analysis of COX-2

In the histopathological analysis of COX-2, it was
observed that the control group exhibited a nega-

tive expression of COX-2 (score of 0) (Figure 6A).
Conversely, the 5-FU group showed a strong
positive expression of COX-2 (score of 4+) (Fig-
ure 6B). However, G.L. administration showed a
complete protection against COX-2 expression in
both GL + 5-FU group, and GL group (score of 0)
(Figures 6C, 6E). In the ENA + 5-FU group, the
expression of COX-2 was weakly positive with a
score of 1+ (Figure 6D).

Figure 6. Histopathological expression of cyclooxygenase-2 (COX-2) following a single intraperitoneal 5- FU dose of 100
mg/kg either in the absence or presence of pre-treatment of oral 100 mg/kg G.L. or 2 mg/kg enalapril (ENA). (A: The control
group, B: 5-Fluorouracil group, C: Ganoderma + 5- Fluorouracil group, D: Enalapril + 5- Fluorouracil group, E: Ganoderma

lucidum group)

4. DISCUSSION

The cardiotoxic effects of 5-FU are well-
recognized [14]. However, there are still some
uncertainties about the specific mechanisms in-
volved in cardiotoxicity. The primary mechanism
of 5-FU toxicity is believed to involve the initiation
of reactive oxygen species (ROS), leading to
oxidative damage to cell membranes, inflamma-
tion, and vasospasm [34,35]. The disruption in

the balance between oxidative and anti-oxidative
processes results in structural irregularities in
heart tissue, such as hemorrhagic infarction and
myocyte edema [36]. As 5-FU is the second most
common cardiotoxic drug, there is a strong need
to establish different methods to prevent or treat
this crucial adverse effect. So, the study aimed at
investigating the potential cardioprotective prop-
erties of G.L. in 5-FU-induced cardiotoxicity which
may be resulted by different pathological mecha-
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nisms. In the present study, 5-FU induced a sig-
nificant increase in the concentration of H-FABP
in the 5-FU group compared to the control group
while in other treatment groups, the concentration
of H-FABP was approximately equal to its con-
centration in the control group. This indicated a
cardiac cell damage caused by 5-FU which led to
the release of this enzyme into the circulation.
This result is compatible with Yujun Guo et al,
who found a significant increase in H-FABP
caused by doxorubicin in the rats [37]. However,
G.L. showed a significant cardioprotective effect
as it counteracted the cardiotoxic effect of 5-FU
and significantly reduced H-FABP levels in the
groups pre-treated with G.L. In addition, G.L.
offered the same level of cardioprotection as the
well-known standard cardioprotective agent enal-
april did. To the best of our knowledge, this is the
first study that showed the G.L. cardioprotective
effect on H-FABP levels. However, the effect of
other natural products on H-FABP have been
tested like the Tripterygium wilfordii plant which
was used to alleviate the cardiotoxic effects of
doxorubicin in rats. The researchers found a sig-
nificant decrease in the level of H-FABP in the
Tripotenid (extracted from Tripterygium wilfordii
plant) treated rats [38]. Also, there was an in-
crease (but non-significant) in the concentration
of TNNI3 in the 5-FU group due to the potential
cardiotoxic effect of 5-FU. However, Refaie et al.,
and Arafah et al., found that 5-FU could cause a
significant increase in the concentrations of car-
diac markers including troponin in the albino rat
[34,36]. The difference in the findings of the pre-
sent study from these studies could be due to the
difference in the dose since Refaie et al., and
Arafah et al used 150 mg/kg of 5- FU while the
dose used in the present study was 100 mg/kg.
In the other treatment groups, there was also a
decline (non-significant) in TNNI3 concentration
compared to the 5-FU group due to the probable
cardioprotective effect of G.L. This result is in line
with the results from another study which showed
that G.L. could cause a down-regulation in the
TNNI level and ameliorate doxorubicin-induced
myocardial injury in G.L. treated rats [39]. The
differences in the extent of effect of G.L. could be
due to the cardiotoxic agent used, doxorubicin,
which is more cardiotoxic than 5- FU, as well as
these studies, used a triterpene extract of G.L.
rather than a whole mushroom used in the pre-
sent study.

Next, after confirming the cardiotoxic effect of
5-FU and the cardioprotective effect of G.L., the
present study tried to investigate the oxidative
status as a potential mechanism which can be
the reason of 5-FU cardiotoxicity and G.L. cardi-
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oprotection. Due to its ability to disrupt the antiox-
idant system in the myocytes, 5-FU in this study
has a trend of decreasing the TAC level com-
pared to the control. Furthermore, in the G.L.-
treated groups, there was a significant increase in
the level of TAC compared to the 5-FU group and
it is worth noticing that there was a significant
increase in the TAC level in all G.L. treated
groups. Interestingly, G.L. was superior to enal-
april by increasing the TAC level. These findings
could be due to the ability of G.L. to prevent the
depletion of glutathione peroxidase, while also
increasing the activity of superoxide dismutase.
Additionally, Ganoderma Iucidum‘s polysaccha-
rides can trigger the production of enzymes in-
volved in the prevention of free radicals, creating
a redox cycle that helps safeguard cells against
oxidative stress [40]. This result aligns with an-
other research finding which demonstrated that
G.L.-treated rats exhibited a significant increase
in TAC levels compared to other groups treated
with radiation [41]. Although it is not significant 5-
FU could increase the rate of lipid peroxidation,
leading to a higher level of MDA. However, Gui,
et al., research demonstrated a marked increase
in MDA levels in 5-FU-treated rats compared to
the control group [42]. Again, the difference in
doses of 5-FU (150 mg in Gui et al., study vs 100
mg in the present study) could be the reason of
the variation in the findings. In the present study,
a significant decrease in the level of MDA was
noticed in the G.L. treated groups compared to
the 5-FU group due to the antioxidant capacity of
the G.L. This is achieved through the combination
of hydrogen and electrons from GLPs or between
GLPs and radicals [40]. GLPs have the potential
to provide favorable antioxidant outcomes
through the reduction of malondialdehyde (MDA)
levels and lipid peroxidation [43]. The present
study is the first study to show the significant
prophylactic effect of G.L. against the raised level
of MDA due to 5-FU treatment. This result is con-
sistent with a study by Xu et al., which found that
the administration of G.L produced a decrease in
the level of MDA compared to doxorubicin-treated
animals [44].

Then, the inflammatory pathway was investi-
gated as another potential mechanism of 5-FU
cardiotoxicity and G.L. cardioprotection. Circulat-
ing serum level of TNF-alpha and expression of
COX-2 enzyme in the myocardium were meas-
ured. The level of the TNF-alpha was significantly
increased in the 5-FU-treated rats compared to
the control group. This up-regulation of TNF-
alpha resulted from the ability of 5-FU to induce
an inflammatory effect and this result is in the
same line as another study which found that 5-FU
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can significantly increase the level of TNF-alpha
in the 5-FU treated rats [45]. Although G.L. had
no significant effect in reducing the TNF-alpha the
histopathological analysis of COX-2 revealed that
5-FU could induce a significant increase in the
expression of COX-2 which may be related to its
ability to induce an inflammatory reaction in the
cardiac tissue. This is the first study to confirm an
anti-inflammatory effect of G.L. against 5-FU with
regard to inhibition of COX-2 expression. Another
study revealed COX-2 down-regulation as a car-
dioprotective impact of colchicine on 5-FU-
induced cardiotoxicity [46]. GL has an anti-
inflammatory mechanism which could be
achieved by reducing the expression of various
inflammatory elements, such as inducible nitrous
oxide (iNOS), COX-2, and TNF-alpha [44].
Limitations of the study: The limitation of this
study was the limited number of rats used in this
study. In addition, administering larger doses of
5-FU could lead to more significant results and
enhance our understanding of the mechanisms of
5-FU cardiotoxicity. Limitations include the focus
on prophylactic effects, lack of mechanistic in-
sights. The future direction recommended to use
both G. lucidum and 5-FU together to check the
validity of G. lucidum as a therapeutic agent.

5. CONCLUSION

5-FU can cause a critical cardiotoxicity through
various mechanisms, including direct cell dam-
age, generation of reactive oxygen species
(ROS), disruption of oxidative balance, and in-
flammation. This is evidenced by elevated cardi-
ac biomarkers, disturbance of oxidative status
markers, and upregulation of inflammatory mark-
ers. However, pretreatment with G.L. has been
shown to mitigate these adverse effects by
providing robust cardioprotection. It has the ca-
pacity to downregulate (H-FABP, MDA, COX-2)
while simultaneously upregulate (TAC), thus act-
ing as an effective antioxidant, anti-inflammatory,
and consequently, cardioprotective agent. It is
highly recommended to conduct additional re-
search to explore the optimum doses of 5-FU and
G.L. to prevent cardiotoxicity. Furthermore, there
is a pressing need for human studies to investi-
gate G.L.'s potential cardioprotective effect which
if proven, it would be evolutionary stimulus in the
treatment of drug-induced cardiotoxicity.
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