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Abstract. Aluminum is a widespread environmental contaminant associated with
numerous physiological and biochemical disorders, particularly affecting
hematological parameters, organ function, and oxidative balance. Objective: This
study aimed to investigate the protective effects of Cucurbita pepo and
Ganoderma lucidum against aluminum chloride (AICI3)-induced toxicity in male
rats. Methods: Thirty adult male rats were randomly assigned to six groups (n =
5): control, AICIz (40 mg/kg body weight), C. pepo, G. lucidum, C. pepo + AlCl3,
and G. lucidum + AlCl3. Treatments were administered orally for 28 consecutive
days. At the end of the experiment, body and organ weights, hematological
indices, liver and kidney function biomarkers, and oxidative stress parameters
were evaluated. Results: AICIz exposure significantly (P < 0.05) reduced red
blood cell count, hemoglobin concentration, hematocrit, mean corpuscular volume,
mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration,
granulocyte count, platelet count, and glutathione levels, while significantly
increasing body, liver, and kidney weights, white blood cell and monocyte counts,
serum uric acid, urea, creatinine, alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase, and malondialdehyde levels. No
significant changes were observed in lymphocyte count or spleen weight. Co-
administration of C. pepo or G. lucidum significantly ameliorated AICIz-induced
alterations by improving hematological and antioxidant status and reducing
hepatic, renal, inflammatory, and oxidative stress markers. However, spleen
weight and lymphocyte count remained unaffected. Conclusion: Cucurbita pepo
and Ganoderma lucidum exhibit significant protective effects against AlCIz-induced
toxicity in male rats through enhancement of antioxidant defenses, attenuation of
oxidative stress, and improvement of hematological, hepatic, and renal functions,
suggesting their potential therapeutic value as natural protective agents against
aluminum toxicity.
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INTRODUCTION

Aluminum is one of the most abundant metals in the environment, atmosphere,
water, and soil. It is an abundant constituent in the Earth's crust, but rarely occurs
in the elemental state. It is, however, typically found with oxygen, silicon, fluoride,
and metals, as oxides and aluminosilicate compounds that are commonly found in
sedimentary rocks, clay deposits, and soil matrices (Bassam and Shakhashiri,
2007). Aluminum is one of the most abundant elements in the environment, but is
now recognized as a potentially harmful environmental contaminant and toxic
heavy metal. Aluminium may be bioaccumulated when exposed to continual levels,
resulting in detrimental effects on various organs including the nervous system,
liver, kidneys and respiratory tract (DeVoto and Yokel, 1994; Bekhedda et al.,
2020). Many studies have shown that aluminum toxicity is linked with a variety of
pathological changes. They include oxidative stress, immunological disturbance,
genotoxicity, inflammation, protein denaturation, enzyme dysfunction, metabolic
disturbances, amyloid deposits, membrane damage, disturbance of the iron
metabolism, apoptosis, necrosis and cellular dysplasia. In addition, chronic
exposure to high levels of aluminium has been associated with the onset of a
number of disorders and pathological conditions such as anaemia, Alzheimer's
disease, dementia, multiple sclerosis, autism spectrum disorders, macrophagic
myofasciitis, osteomalacia, oligospermia, infertility, hepatorenal dysfunction,
breast abnormalities, pancreatitis, pancreatic necrosis and diabetes mellitus
(Ikechukwu et al., 2019). The toxicological effects of aluminum are mostly blamed
on its role in stimulating the production of reactive oxygen species (ROS) that
causes oxidative damage to vital cell macromolecules including lipids, proteins and
nucleic acids. In addition, aluminum exposure has been reported to impair
antioxidant defence mechanisms, affect gene expression and initiate apoptosis
which leads to cell damage and tissue dysfunction (Exley, 2004; Mailloux et al.,
2011). One of the natural products of great scientific interest with regard to their
therapeutic and protective potential is pumpkin or Cucurbita pepo. The crop
belongs to the Cucurbitaceae family and it is a very nutritious crop with various
health promoting properties and economically important crop (Caili et al., 2006).
Pumpkin and its products are becoming more and more popular in agriculture,
pharmaceutical and food industries because of their rich bioactive constituents
(Saeleaw and Schleining, 2011). In the traditional medicine of different cultures, a
number of species of pumpkin have been utilized. In Traditional Chinese Medicine,
pumpkin is beneficial for health and disease prevention and been regarded as a
good dietary and medicinal resource (Zhou et al., 2007). Proteins, carbohydrates,
monounsaturated and polyunsaturated fatty acids, carotenoids, tocopherols, and
A7-sterols are among the many phytochemicals with biological activity of the
pumpkin fruit (Batool et al 2022). Pumpkin is enriched with the phytochemical
composition which gives it antioxidant, antiviral, anti-inflammatory, anti-fatigue,
antidiabetic, and anticancer properties (Ratnam et al., 2017; Ayyildiz et al., 2019).
The other natural product of great medicinal value is a saprophytic mushroom,
Ganoderma lucidum, a highly edible basidiomycota mushroom, which is widely
used in traditional Chinese medicine used in Asia. Therefore, mushroom has
attracted attention due to its wide spectrum of pharmacologic effects such as
tumor static, antiviral, immunomodulatory and antihypertensive effects (Wang et
al, 2012). G. lucidum has more than 400 secondary metabolites of which more
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than 200 have been proved to be biologically active and therefore are responsible
for its therapeutic properties including polysaccharides, triterpenoids, phenolics,
flavonoids, and peptides (Chen et al., 2012; Landi et al., 2022). The antioxidant
activity of G. lucidum is widely researched for prevention and treatment of
different chronic ailments like cardiovascular diseases, renal dysfunction, and
cancer (Dabdoub et al, 2020). In addition, it has been shown to possess
protective effects against hepatic and renal tissues and its beneficial effects in
diabetes management are thought to be associated with its antioxidant and
cytoprotective properties (Huang et al, 2020). The mushroom is rich in
biologically active compounds, such as vitamins, proteins, carbohydrates,
minerals, dietary fibers, terpenoids, saccharides, sterols, and fatty acids, which
play an important part in the mushroom's pharmacological activity (Babu and
Subhasree, 2008). Due to the well documented biologic activities of C. pepo and
G. lucidum, the present study has been carried out to study the toxicologic effects
of Al on hematological parameters, liver and kidney function tests and antioxidant
status in male rats. Furthermore, in this study, the protective effects of C. pepo
and G. /lucidum against aluminum induced toxicity were investigated.

MATERIALS AND METHODS

Preparation of plant Materials: C pepo L. fresh fruits. The fruiting bodies and
(pumpkin) of G. /lucidum were picked up from the local market and identified by
specilists for plant clasicification. The pumpkin fruits were washed, peeled and
manually deseeded. The edible parts were shredded small using a mechanical
shredder, and then, dried in a forced air oven at 40°C until they were completely
dry. The dried material was then finely ground by using a laboratory blender. The
powders were then closed in the proper conditions inside of Metallocene
Polyethylene (MPE) bags until they were employed in the experimental work.

Ethical Approval: All experimental procedures have been done in compliance
with international guidelines for animal experimentation in laboratories and
national regulations. This study is an ethical study which has been approved by
the Research Ethics Committee of Tikrit University, Iraq (Approval No. TU-SC-
0001, 10 MARCH 2025).

The study comprised animals used for the experiments and the experimental
design. Experimental animals and experimental design were included. The study
included experimental animals and study design. In the present study, thirty
Sprague—-Dawley strain albino rats, weighing 250-255 g were used. Animals were
kept in the Animal House with standard laboratory conditions, and were fed a
basal diet and drinking water ad libitum during the experimental period (Reeves et
al., 1993; NRC, 1995). The temperature was kept at 22-24 + 2°C and the
photoperiod at 12 h light: 12 h dark. After an acclimatization period the animals
were randomly distributed among the experimental groups as per the study
protocol.

After acclimatization, animals were split into 6 experimental groups and each
group consisted of 5 animals as follows:

e Ingroup I :( Control) animals were fed the basal diet without any treatment.

e Group II: (AICI3): Basal diet was fed to animals and gavage with 40mg/kg b.w.
of aluminum chloride.

e As can be seen, the basal diet and C. pepo were given to Group III (C. pepo)
at 400mg/kg of body weight of the animals.
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e Group IV: (G. lucidum): Animals were put on the basal diet containing 300
mg/kg body weight of G. lucidum.

e Group V :(C. pepo + AICI3): The animals were gavage with C. pepo (400
mg/kg body weight) along with AIClz (40 mg/kg body weight)

e Group VI :(Gavage with G. lucidum, 300 mg/kg body weight) and group VII
(Gavage with AlCl3, 40 mg/kg body weight) were the gavage animals

Avoid any delays while collecting blood and preparing the serum: All the
animals were subjected to a 12-hour fasting period before the collection of blood
at the end of the experimental period. Samples of blood were taken and divided
into two. The first sample was put in tubes with ethylenediaminetetraacetic acid
(EDTA) and used for hematological testing. The second was contained in clean,
dry tubes, and became clotted at room temperature. These were then centrifuged
at 3000 rpm for 10 minutes and the serum carefully removed and stored at minus
20 till further biochemical analysis was carried out.

Hematological Analysis: Hematological examination was performed on the
automated hematology analyzer, using the following method: Complete blood
count (CBC) parameters, and other hematological parameters were determined as
previously described (Haen, 1995). A modified reference method as reported from
previous study (WHO, 1989), was also checked to ensure that the results obtained
were reliable and accurate.

Biochemical Analysis: Commercial diagnostic kits obtained from BIOLABO SA
(France) were used to measure the serum biochemical parameters. Alanine
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALP), uric acid, urea and creatinine were the parameters analyzed. All
measurements were taken with a Japanese spectrophotometric system, and were
conducted following the manufacturer's instructions.

Serum malondialdehyde (MDA) levels were used as an indicator of oxidative stress
as measured by lipid peroxidation and measured by the method described by
(Guidet et al, 1989). To measure the antioxidant capacity, the concentration of
reduced glutathione (GSH) was also measured as per reports (Tietz, 1999; Sedlak
and Lindsay, 2001).

Statistical Analysis: The software Statistical Package for the Social Sciences
(SPSS) was used to analyze the statistical data. The data are given as mean + SE.
Analysis of the differences among the experimental groups was done by Duncan's
multiple range test and it was considered statistically significant at the 95% (P <
0.05) level.

RESULTS

Tables 1, 2 and 3 summarized the effect of Aluminum chloride (AC) and protective
potential of Cucurbita pepo and Ganoderma lucidum in the body weight, organs
weight and hematological parameters in male albino rats, respectively.
Administration of aluminum chloride had a significant effect on these variables.
Specifically, treatment group was significantly different from the control group in
RBCs, HGB, HCT, MCV, MCH, MCHC, GRAN and PLT (P<0.05).But, aluminum
chloride caused significant elevation of a white blood cell count (WBC) (P < 0.05),
monocyte count (MON) (P < 0.05), body weight, liver weight and kidney weight.
There did not appear to be any significant difference between the numbers of
lymphocytes (LYM) or the weight of the spleen and the controls. These values
were similar in the Groups III and IV (treated with C pepo and G. lucidum
respectively) rats. There were no significant differences in liver weight, kidney
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weight, spleen weight, RBCs, HGB, MCV, MCH, MCHC, LYM or MON. The
physiological and hematological parameters were, however, unaffected by these
natural products as their values increased significantly in the case of body weight,
HCT, WBC, GRAN, and PLT. Moreover, combined treatment of C. pepo or G.
lucidum with aluminum chloride (Groups V and VI) was able to significantly
ameliorate all the hematological abnormalities induced by aluminum
administration. The weight gain, increase in RBCs, HGB, HCT, MCV, MCH, MCHC
and GRAN and decrease in WBC and MON in both the treatments were significant
as compared to the aluminum chloride treated group. Furthermore, there were no
difference between the animals and the ones fed with Aluminum chloride alone for
spleen weight or number of lymphocytes (LYM). From the above results, it can be
inferred that the C. pepo and G. /ucidum possess protective properties and can
reduce the negative effects of toxicity of aluminum chloride particularly about
body weight and hematological parameters.

Table (1): demonstrates the effects of C. pepo and G. lucidum on the body and
organ weight of male albino rats that were poisoned with aluminum chloride.

Groups Measured Standards (g)
Initial body final body Increase in Spleen Kidneys
weight weight weight
control 254.00 a 284.33 b 30.33b 1.60a 2.14c
+2.30 +5.18 5.33 +0.34 +0.08
G. lucidum + 250.00 a 280.20 b 30.20 b 1.66a 2.03c
AICI3 +1.73 +1.05 0.95 +0.19 +0.01
C. pepo + 253.03 a 284.06 b 31.06 b 1.64a 2.84b
AICI3 +1.01 +1.03 0.03 +£0.14  £0.16
G. lucidum 254.20 a 298.54 a 44.34 a 1.62a 2.31bc
+1.21 +1.87 0.77 +0.35 +0.18
C. pepo 254.44 a 296.00 a 41.22 a 1.60a 2.30 bc
+5.52 +1.73 3.76 +0.21 +0.17
AICI3 254.10 a 263.40 c 9.29 ¢ 1.89a 3.39a
+0.93 +0.83 0.28 +0.16 +0.22

Distinct differences at the probability level (p<0.05) are denoted by distinct letters
within the same column.

Table (2): Impact of G. lucidum and C. pepo on the hematopoietic components in male
albino rats poisoned with aluminum chloride.

Parameters
Groups MCHpg MCHC HCB HCT RBCs MCV
g/Dl g/l % 1012/L fl
Control 19.23a 4230a 1450a 41.30b 8.70a 45.10a

+0.14 +0.17 +0.30 +0.17 +0.17  +0.23
G. lucidum + AICI3 1640c 38.20c 10.73b 38.70c 6.37b 41.16b
+0.23 +0.28 +0.08 +0.37 +0.14  +0.08

C. pepo + AICI3 16.60c 40.60b 11.21b 39.30c 6.10b 41.67b
+0.17 +0.23 +0.19 +0.11 +0.21 +0.61
G. lucidum 19.32a 42.10ab 14.60a 42.23a 840a 44.52a
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+0.11 +0.05 +0.20 +0.23 +0.15 +0.40

C. pepo 1860b 4230a 1450a 41.83ab 8.50a 44.32a
+0.17 +0.17 +0.11 +0.08 +0.23  +0.51
AICI3 1430d 35.00d 6.83c 33.10d 450c 39.30c

+0.20 +1.15 +0.34 +0.34 +0.11  +0.17

Distinct differences at the probability level (p<0.05) are denoted by distinct letters
within the same column. Hemoglobin concentration (HGB), hematocrit (Hct),
cellular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concertation (MCHC), and red blood cell count (RBCs).

Table (3): Demonstrates how the amount and composition of blood cell
structures in male albino rats subjected to aluminum chloride poisoning were
impacted by C. pepo and G. lucidum.

Groups Parameters
MON WBC PLT GRAN LYM
(%) 109/L U/L (%) (%)
Control 12.70 bc 6.20 d 530.66 b 5.30c 82.03
+0.40 +0.11 +2.60 +0.23 abc
+0.57
G. lucidum + AICI3 12.80 bc 7.60 b 42047 c 590bc 85.20a
+0.34 +0.17 +5.54 +0.17 +0.17
C. pepo + AICI3 12.20 bc 7.00 c 412.81c 6.10 b 84.66
+0.28 +0.05 +3.32 +0.23 ab
+2.60
G. lucidum 13.00 b 6.90 c 544.77 a 7.80 a 79.20 c
+0.46 +0.28 +2.78 +0.11 +0.28
C. pepo 11.80 c 6.50c 535.00ab 7.80a 80.26 bc
+0.11 +0.23 +2.88 +0.17 +0.25
AICI3 14.16 a 8.63 a 341.63 d 3.90d 83.00
+0.34 +0.18 +5.79 +0.28 abc
+1.73

Distinct differences at the probability level (p<0.05) are denoted by distinct letters
within the same column. Count of white blood cells (WBCs), lymphocytes (LYM),
monocytes (MON), granulocytes (GRAN), and platelets (PLT).

The effect of C. pepo and G. lucidum on the kidney function, liver function and
oxidative stress biomarkers in aluminum chloride induced toxic rats are shown in
Table 4. The Table shows the results of the Kidney function test, Liver function
test and oxidative stress biomarkers in Male albino rat subjected to aluminum
chloride induced toxicity.

The biochemical changes in serum as indicated by the significant increases in uric
acid and urea, creatinine, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP) and malondialdehyde (MDA)
levels were seen in the rats subjected to the administration of AICI3 when
compared with the levels of the control rats (P<0.05). However, marked reduction
(P < 0.05) was observed in the level of serum glutathione (GSH) which indicates

Vol 3 | Issue 3 | 2026 | Journal of Kyzylorda Scholarly Review 130



the development of oxidative stress and dysfunction of antioxidant defense
mechanisms.

Treatment with C. pepo or G. lucidum alone resulted in beneficial influences on
some biochemical parameters. Both treatments were able to decrease the level of
urea and creatinine and increase the level of glutathione significantly compared to
controls. However, in physiological conditions, the natural products did not show
statistically significant differences in uric acid, ALT, AST, ALP, and MDA, which is
an indicator of the possible negative effects of these natural products on the liver
and kidneys, respectively. In the group which received both C. pepo + G. lucidum
and aluminum chloride the biochemical and antioxidant parameters had significant
improvement.

Compared with aluminum chloride-treated group, the co-treatment group had a
significant decrease in serum uric acid, urea, creatinine, ALT, AST, ALP, and MDA
levels. Furthermore, the antioxidant activity was restored, and the oxidative stress
was inhibited as glutathione level was significantly increased. These findings
suggest that both C. pepo and G. lucidum have protective effect against AICI3-
induced hepatic and renal dysfunction and this is due to their antioxidant and
cytoprotective activity.

Table (4). Effects of oral C. pepo and G. lucidum feeding on the kidneys, liver,
and antioxidants of male albino rats poisoned with aluminum chloride.

Measured Standards
Transacti Urea uric Creatini ALT AST ALP GSH MDA

on (mg/ acid ne (u/ U/ @U/L) Mmol Mmol
category  dlI) (l:ls)J/ (mg/dl) L) L) /L /L
control 4295 334c 0.670b 19.5 50.6 217.01 477.00 1.82d
C +0.03 +0.04 Oc 0d de C  0.01
+0.02 +0.0 +0.1 +0.57 +1.73
6 1
G. lucidum 45.13b 3.80b 0.830b 24.6 64.2 248.53 447.00 3.01b
+ AICI3 C +0.11 +0.02 0b 3c C d +0.04
+3.11 +0.3 #0.1 +0.80 +6.35
0 7
C.pepo + 47.50a 3.88b 0.790b 252 68.1 250.70 403.00 2.99b
AICI3 b +0.01 +0.06 3b 3D b e +0.03
+0.03 +0.2 +0.1 +0.69 +2.88
8 2
G. lucidum 38.41 3.42c 0.360c 19.0 50.9 218.06 537.00 2.04c
d +0.07 +0.01 Oc 0d d a +0.02
+0.03 +0.1 +0.3 +0.61 +1.73
5 5
C. pepo 36.94 3.43c 0.400c 19.9 51.9 21586 503.00 1.85d
d +0.03 +0.17 3c 0d e b +0.02
+0.03 +0.3 +1.6 +0.58 +1.73
4 0
AICI3 4998 4.99a 1.226a 29.5 90.5 31026 32741 4.29a
a +0.05 +0.02 Oa Oa a f +0.08
+0.06 +0.2 +1.0 +0.37 +1.48
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6 4

Distinct differences at the probability level (p<0.05) are denoted by distinct letters
within the same column.

DISCUSSION

Aluminum can be found in the environment all around and because of its
extensive use in industrial and consumer applications, concerns about its potential
toxicity are growing. The present study results show that Aluminum chloride
(AICI3) may have a severe oral toxicity as evidenced by the negative effects on the
hematological, biochemical and antioxidant parameters of the experimental
animals.

The decrease in the RBC parameters (RBC count, Hgb, Hct etc.), may be due to
bone marrow anti-erythropoietic activity of Al and its effect on shortening the
survival time of RBCs in the circulation when Al is present. Furthermore, oxidative
damage to the erythrocyte membrane can increase the fragility and susceptibility
of the erythrocyte membrane to hemolysis thereby further decreasing the
hematological parameters (Al-Hashem et al, 2009). Reduced hemoglobin
concentration also may be associated with increased destruction of the red blood
cells. The other possible mechanism is inhibition of the important enzymatic
pathways involved in heme biosynthesis and incorporation and utilization of iron in
the hemoglobin molecules during the onset of anemia (Ganchev et al., 1998; Han
and Dunn, 2000).

The present results also showed that after aluminum chloride treatment there
were notable changes in the parameters related to liver and kidney function. The
result of the present study shows the same trend to the previous observation
regarding biochemical and biochemical damage of liver and kidney (among
important organs) induced by AICIs. There is a link between inflammatory
responses with increased pro-inflammatory mediators like interleukin-1f and other
cytokines and Aluminum-associated nephrotoxicity (Othman et a/, 2020). The
higher levels of serum ALT, AST and ALP activities observed in the present study
could be attributed to the hepatocyte damage and leakage of these enzymes into
the blood stream because of increased membrane permeability. This could be
because of alterations in the production of enzymes and in liver function (Cheraghi
and Roshanaei, 2019).

This is true as well of the urea, creatinine and uric acid which are elevated if the
kidneys are not functioning well. Excessive exposure may overload the normal
clearance from the body and may result in nephrotoxicity since aluminum is
primarily excreted from the body through urine (Stoehr et al., 2006). Increased
kidney biomarkers are indicative of a decrease in general GFR and damage to the
parts of the nephrons (Salazar, 2014).

The oxidative stress caused by Al exposure seems to be crucial in the pathological
changes observed. Although the role of the aluminum is to act as a pro-oxidant, it
also decreases the amount of a/cs in the cells. As a result, several studies have
reported that endogenous antioxidant mechanisms of tissues that were exposed to
aluminum (antioxidant enzymes and glutathione) declined (Mahieu et a/., 2009).
The presence of aluminum also activates the production of Reactive Oxygen
Species (ROS) which cause lipid, protein, and nucleic acid oxidative damages, alter
gene expression, and activate apoptotic pathways (Exley, 2004; Mailloux et al.,
2011).
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The nutritionally rich and phytochemically content of the plant Cucurbita pepo
might be responsible for the protective effects seen after administration. Pumpkin
has been reported to be a good source of iron, phytosterols, omega-3 fatty acids,
omega-6 fatty acids, vitamins, carotenoids, tocopherols, and various bioactive
compounds (Fiona and Latunde-Dada, 2011). In the past, it has been noted that
pumpkin extract might have application in preserving the hematological
parameters and might be beneficial in anemia control by improving blood
parameters (Fiona and Latunde-Dada, 2011). In addition, Pumpkin has been
found to be a strong antioxidant and a free radical scavenger, which is able to
prevent oxidative damage to biological tissue (Chan, 2010).

The other possible reason for its beneficial effects is its high content of vitamin E,
which is a well-known lipid-soluble antioxidant, and is responsible for protecting
the cell membrane from oxidative damage (Tarhan et al., 2007). Pumpkin fruits
contain fatty oils, proteins, carotenoids, tocopherols, phytosterols, phytoestrogens,
amino acids, polysaccharides, and polyphenolic compounds. These constituents
have been shown to have immunomodulatory, antioxidant and cytoprotective
properties (Xu, 2002). The hepatoprotective activity of medicinal plants is
attributed to the presence of flavonoids, alkaloids and phyto Chemical compounds
which have the property to neutralize the Reactive Oxygen species and thereby
reducing the oxidative stress (Adeneye et al, 2008). The phenolic compounds
particularly, can possess antioxidant properties through many mechanisms
including by free radical scavenging and metal ion chelation, and by absorbing
oxygen radicals (Halliwell et al., 1995; Reddy et al., 2005). Antioxidant vitamins
like vitamin C have also been shown to normalize liver enzyme activities, decrease
lipid peroxidation, improve the endogenous antioxidant defense system, and
prevent liver damage and fibrosis (Adikwu and Deo, 2013).

The present study also revealed that the hematological and biochemical
parameters have significant beneficial effect of Ganoderma lucidum. The increase
in hemoglobin level and other erythrocyte-related parameters could be due to the
potent antioxidant effect of G. /ucidum which does not allow the red blood cells to
be damaged by oxidative stress and maintains the integrity of the red blood cells
(Halliwell, 1996; Nwinuka et a/, 2008). Its hematopoietic activity may also be
because of enhancing antioxidant enzymes activity, which would help to prevent
oxidative damage to hematopoietic tissues.

This observed rise in platelet count may be explained by the fact that bioactive
phytochemicals such as tannins which have been seen to have hemostatic effects
and platelet plug formation (Tanko et al, 2015), may be present. These results
indicate that the G. /ucidum might have a promoting effect on platelet production
and prevent the occurrence of thrombocytopenia. Moreover, the polysaccharide
parts are known to possess immunostimulatory effects (Shi et al,, 2013), and the
raised level of leukocytes could be attributed to the immunostimulatory effect of
G. lucidum. The upregulation of leukocytes production indicates that G. /ucidum is
an immunomodulator which can strengthen the immune system responses.

The different bioactive constituents reported in G. /ucidum are polysaccharides,
triterpenoids, proteins, lipids, phenolics, vitamins, amino acids, and dietary fiber
which are believed to have medicinal properties. These constituents are
responsible for antioxidant, immunomodulatory, hepatoprotective,
nephroprotective and anticancer properties (John et al, 2012). In the past, it has
been shown that G. /ucidum can alleviate oxidative stress, enhance renal function
and prevent nephrotoxicity (Sliva, 2004; Essam EI-Din and El-Mowafy, 2014).
Furthermore, its use has been shown to reduce the oxidative damage of liver and
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kidneys, improve liver and kidney function markers and decrease malondialdehyde
(MDA) concentrations, thus confirming its protective effect against tissue damage
(EIKady et al, 2025). Hence, the ability of G. lucidum to exert beneficial effects
might be attributed to some synergistic interactions among its various bioactive
components (Ahmad et al., 2023).

CONCLUSION

Aluminum chloride exposure has a significant negative impact on hematological
parameters, liver and kidney functions and the antioxidant defense systems, which
were evident from the results of the present study, the main mechanisms being
oxidative stress and cell damage. Co-administration of Cucurbita pepo and
Ganoderma lucidum showed a remarkable protective effect in terms of
hematological indexes, liver and renal function, oxidative stress markers, and
endogenous antioxidant capacity. Therefore, C. pepo and G. /ucidum could be
considered as natural sources of protective agents against the toxicity of
aluminum chloride primarily for their antioxidant, free radical-scavenging, metal-
chelating and cytoprotective properties.
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