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1. INTRODUCTION 

Cyclophosphamide (CYP), first synthesized in 1958, is an oxazaphosphorine alkylating agent widely 
employed in cancer therapy (Dabbish et al., 2023). It has demonstrated efficacy against a broad spectrum of 
malignancies, including leukemia, lymphoma, and cancers of the breast, lung, prostate, and ovary (Olayinka 
et al., 2015). The therapeutic and toxic effects of CYP are largely dependent on its metabolic activation by 
hepatic cytochrome P450 enzymes. This biotransformation yields phosphoramide mustard, the active 
metabolite responsible for CYP’s antineoplastic and immunosuppressive properties, and acrolein, a 
byproduct associated with its toxic side effects (Alam et al., 2023). CYP’s cytotoxicity is non-selective, 
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Abstract 

 Cyclophosphamide (CYP), a widely used chemotherapeutic agent, is known 

to induce neurotoxicity primarily through oxidative stress, inflammation, 

and apoptosis. This research aimed to evaluate the neuroprotective 

potential of ellagic acid (EA), against CYP-induced cerebellar injury in rats. 

Thirty-two male rats were grouped into: Control, EA, CYP, and EA + CYP. EA 

was administered intraperitoneally at 10 mg/kg for five consecutive days, 

while CYP take a single intraperitoneal dose of 200 mg/kg on day five. 

Biochemical, histopathological, and immunological assessments were 

conducted on cerebellar tissues. CYP administration significantly elevated 

malondialdehyde (MDA) levels and reduced antioxidant enzyme activities 

(SOD and CAT), indicating oxidative stress. It also upregulated the 

TLR4/MyD88/NF-κB pathway and increased (TNF-α, IL-6, IL-1β), along with 

apoptotic markers (caspase-3, Bax) and reduced anti-apoptotic Bcl-2 

expression. In contrast, EA pretreatment markedly attenuated these effects 

by restoring antioxidant defenses, suppressing inflammatory signaling, and 

reducing apoptotic activity. Histological analysis further confirmed the 

protective role of EA in preserving cerebellar architecture and Purkinje cell 

integrity. These findings suggest that EA offers significant protection against 

CYP-induced cerebellar damage, supporting its potential as a 

neuroprotective agent in chemotherapy-associated neurotoxicity. 
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affecting both malignant and healthy proliferating cells (Olowe et al., 2024). This systemic toxicity can 
impact multiple organs, including the brain, liver, testes, bladder, heart, kidneys, and immune system 
(Famurewa et al., 2023). Emerging evidence highlights CYP’s neurotoxic potential, manifesting as peripheral 
neuropathy, central nervous system disturbances (such as cognitive impairment or “chemo-brain”), enteric 
neuropathy, nausea, and emesis (Was et al., 2022). CYP induces neurotoxicity through mechanisms 
involving oxidative stress, inflammation, and apoptosis. Studies in animal models have shown that CPA 
impairs antioxidant defenses in the brain and cerebellum, leading to increased ROS production and 
oxidative insult (Singh and Kumar, 2019). This oxidative stress acts as a precursor to neuroinflammation and 
apoptotic signaling, contributing to neuronal damage (Fesharaki-Zadeh, 2022; Hassan et al., 2022).  
Ellagic acid (EA) is a naturally occurring polyphenolic compound abundantly found in berries such as 
raspberries, blueberries, blackberries, and strawberries as well as in walnuts and other nuts. Many 
researches explored EA biological activities, including antioxidant, anti-inflammatory, antidepressant, 
(Aslan, 2015; Aslan et al., 2016; Dhingra and Jangra, 2014; Firdaus et al., 2018). EA has shown protective 
effects against cognitive impairments induced by agents such as scopolamine and diazepam, and it may also 
offer neuroprotection in stroke-related brain injury (Baluchnejadmojarad et al., 2017; Mansouri et al., 
2016). Given the well-established neurotoxic potential of cyclophosphamide (CYP) and the documented 
neuroprotective and antioxidant properties of EA, this study aims to examine the potential shielding effects 
of EA against CYP-induced cerebellar degeneration in rats and to elucidate the underlying mechanisms 
involved. 

2.   MATERIALS AND METHODS 

2.1. Animals and study design 

A total of thirty-two (n = 32) 8-week-old male Wistar albino rats were used in this study. The animals were 
housed under standard laboratory conditions (temperature: 20–25°C; relative humidity: 50–60%) with a 12-
hour light/dark cycle and had ad libitum access to food and water. After a one-week acclimatization period, 
the rats were randomly divided into four experimental groups (n = 8 per group). The Control Group received 
normal saline (2 mL/kg body weight) for five consecutive days. The EA Group received i.p. injections of 
ellagic acid (EA; 10 mg/kg body weight) for five consecutive days (Aslan et al., 2020). The CYP Group 
received a single i.p. injection of cyclophosphamide (CYP; 200 mg/kg body weight) on day 5 only (Temel et 
al., 2020). The EA + CYP Group received i.p. injections of EA (10 mg/kg body weight) for five consecutive 
days, along with a single i.p. injection of CYP (200 mg/kg body weight) on day 5. On day 6, all rats were 
anesthetized using diethyl ether and sacrificed via decapitation. The skulls were carefully opened, and the 
cerebellum, the target organ for injury assessment, was rapidly excised. Each cerebellar sample was divided 
for biochemical and histopathological analysis. For biochemical analysis, samples were homogenized in ice-
cold 0.1 M phosphate-buffered saline (PBS, pH 7.4) at a 1:10 (w/v) ratio. The homogenates were 
centrifuged at 3500 × g for 20 minutes at 4°C, and the resulting supernatant was aliquoted into clean tubes 
and stored at -20°C until analysis. For histopathological analysis, samples were immediately fixed in 10% 
neutral buffered formalin solution for at least 24 hours. The study was conducted in accordance with the 
National Institutes of Health guidelines for the care and use of laboratory animals (NIH Publication No. 
8023, revised 1996). 
2.2. Biochemical Examinations 
Oxidative stress was evaluated by measuring malondialdehyde (MDA) levels and the activities of the 
antioxidant enzymes superoxide dismutase (SOD) and catalase (CAT). MDA concentrations were expressed 
in nanomoles per milliliter (nmol/mL), while SOD and CAT activities were reported as units per milligram of 
protein (U/mg protein). 
Additionally, levels of Toll-like receptor 4 (TLR4), myeloid differentiation primary response 88 (MyD88), 
nuclear factor kappa B (NF-κB), and the inflammatory cytokines tumor necrosis factor-alpha (TNF-α), 
interleukin-6 (IL-6), and interleukin-1 beta (IL-1β), as well as apoptotic markers caspase-3, Bax, and Bcl-2, 
were quantified using enzyme-linked immunosorbent assay (ELISA) kits (Cat# E-EL-R0990, EKN47172-96T, 
MBS453975, KRC3011, BMS625, BMS630, ELK1528, OKCD07340, MBS2515143, respectively).  
2.3. Histopathological examination 
Following sacrifice, cerebellar tissues were excised, rinsed with ice-cold saline, and fixed in 10% neutral 
buffered formalin for at least 24 hours. The samples were then dehydrated through a graded series of 



Mohammad Ahmad Alobaidy 2025 

13 
Published by Abasyn University 

Research Article 

alcohols, cleared in xylene, and embedded in paraffin wax. Tissue sections of 5 µm thickness were prepared 
using a rotary microtome and stained with hematoxylin and eosin (H&E) for microscopic evaluation. The 
stained slides were examined under a light microscope by an observer blinded to the treatment groups. 
Histopathological changes in the cerebellum were assessed semi-quantitatively using a grading scale from 0 
to 3, where 0 indicated no damage, 1 indicated mild damage, 2 indicated moderate damage, and 3 
indicated severe damage (Aslankoc et al., 2022). 
2.4. Statistical analysis 
All data were expressed as mean ± standard deviation (SD) for each group (n = 8). Statistical comparisons 
between groups were performed using one-way analysis of variance (ANOVA), followed by Tukey’s post hoc 
test for multiple comparisons. Analyses were conducted using GraphPad Prism software (version 8.2; San 
Diego, CA, USA). A p-value less than 0.05 was considered statistically significant. 
 

3. RESULTS 

3.1. Protective Effect of EA against CYP-Induced Cerebellar Injury 
As shown in Figure 1, the control group displayed normal cerebellar architecture with well-organized layers 

and intact, healthy Purkinje cells (Fig. 1A, B). In contrast, administration of a single dose of 

cyclophosphamide (CYP) at 200 mg/kg body weight induced significant degeneration of Purkinje cells, 

evident by cellular shrinkage and disrupted morphology (Fig. 1C). Remarkably, pretreatment with ellagic 

acid (EA) markedly improved the histological appearance of Purkinje cells in CYP-treated rats (Fig. 1D). 

These observations, supported by histopathological scoring, highlight the neuroprotective effect of EA 

against CYP-induced cerebellar damage. 

 

 

 

 

Fig. 1. Microscopic pictures of H&E-stained cerebellar sections showing normal flask shaped Purkinje 

neurons (P) in grey matter of control and EA groups (A, B). Cerebellar sections from CYP group show 
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marked shrinkage &apoptosis of Purkinje neurons (arrowheads) with more eosinophilia (C). Cerebellar 

sections from CYP+EA group showing retained normal appearance of flask shaped Purkinje neurons (P) (D). 

Histopathological scoring (E). X: 400 bar 50.  

3.2. Antioxidant Effect of EA against CYP-Induced Cerebellar Oxidative Stress 

As illustrated in Figure 2, cyclophosphamide (CYP) administration significantly (p < 0.05) induced oxidative 

stress in the cerebellum, evidenced by a marked increase in the lipid peroxidation marker malondialdehyde 

(MDA), along with a significant reduction in SOD and CAT, compared to the control group. Conversely, the 

group pretreated with ellagic acid (EA) demonstrated a notable antioxidant response, as indicated by a 

significant decrease in MDA levels and a restoration of SOD and CAT activities relative to the CYP-treated 

group. These results highlight the antioxidant potential of EA in mitigating CYP-induced oxidative damage in 

cerebellar tissue. 

 

Fig. 2. Effect of CYP and EA on (A) MDA, (B) SOD, and (C) CAT in different groups. n p < 0.05 against control 

animals; m p < 0.05 against CYP treated animals. 

3.3. Impact of EA on the TLR4/MyD88/NF-κB Inflammatory Pathway 

As shown in Figure 3, a single dose of cyclophosphamide (CYP) significantly (p < 0.05) upregulated the 

TLR4/NF-κB pathway, as proved by uprise in the levels of TLR4, MyD88, and NF-κB in the cerebellar 
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supernatant. This activation was accompanied by elevated concentrations of pro-inflammatory cytokines, 

including TNF-α, IL-6, and IL-1β. However, pretreatment with ellagic acid (EA) demonstrated a potent anti-

inflammatory effect against CYP-induced neuroinflammation. EA effectively downregulated the expression 

of TLR4, MyD88, and NF-κB, inhibited pathway activation, and reduced the release of inflammatory 

mediators. 

 

 

 

 

 

Fig. 3. Impact of CYP and EA on cerebellar supernatants of (A) TLR4, (B) MyD88, (C) NF-κB, (D) TNF-α, (E) Il-

6, and (F) IL-1β. n p < 0.05 vs control groups; m p < 0.05 vs CYP group. 

3.4. Anti-apoptotic effect of EA against CYP-induced neuronal apoptosis  

As shown in Figure 4, CYP administration resulted in a significant increase in cerebellar protein levels of the 

caspase-3 and Bax, along with a marked decline in the anti-apoptotic protein Bcl-2. Notably, co-

administration of ellagic acid (EA) with CYP significantly reduced caspase-3 and Bax, while markedly 

elevating Bcl-2 levels relative to the CYP group. These findings suggest that EA mitigates CYP-induced 

apoptosis and supports the preservation of Purkinje cell integrity, as evidenced by improved histological 

features and reduced apoptotic cell death. 
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Fig. 4. ELISA level of (A) caspase-3, (B) Bax, and (C) Bcl-2 in different groups. n p < 0.05 means significant to 

normal groups; m p < 0.05 means significant to CYP group. 

4. DISCUSSION 

The repurposing of non-cancer clinical drugs for treating toxicity and various pathologies is an expanding 

area of global research (Famurewa et al., 2022). This study highlights the neuroprotective effects of ellagic 

acid (EA) against cyclophosphamide (CYP)-induced neurotoxicity, demonstrating its ability to mitigate 

cerebellar oxidative stress, neuroinflammation, and neuronal apoptosis through its antioxidant properties.  

Research consistently identifies redox imbalance as a key mechanism underlying cyclophosphamide 

(CYP) toxicity, primarily through the induction of oxidative stress (Al-Amarat et al., 2022). When oxidants 

overwhelm antioxidant defenses, this stress leads to the oxidation of cellular components DNA, proteins, 

and lipids and activates metabolic pathways that generate excessive reactive oxygen species (ROS). In line 

with this, our study revealed that a single intraperitoneal injection of CYP significantly increased 

malondialdehyde (MDA) levels and reduced antioxidant defenses in cerebellar supernatant compared to 

the control group. Conversely, co-administration of ellagic acid (EA) with CYP markedly attenuated 

oxidative stress by reducing lipid peroxidation and enhancing antioxidant enzyme activity. These findings 

align with previous research by Goudarzi et al. (2018), who reported the protective effect of EA against 
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sodium arsenate-induced cerebral toxicity. Their study demonstrated that EA reduced oxidative stress by 

lowering MDA and nitric oxide (NO) levels while increasing GSH, GPx, and TAC in cerebral tissues. The 

antioxidant effect of EA can be attributed to its potent ability to directly scavenge ROS, inhibit lipid 

peroxidation, and enhance the endogenous antioxidant defense system. 

The inflammatory response is regulated by multiple interconnected signaling pathways. Among 

them, Toll-like receptors (TLRs) serve as critical sensors of inflammation and innate immunity (Zhou et al., 

2009). Upon activation, TLR4 stimulates the NF-κB pathway (Kawasaki and Kawai, 2014), leading to its 

nuclear translocation and the subsequent upregulation of proinflammatory cytokines. In the present study, 

a single dose of cyclophosphamide (CYP) markedly activated the inflammatory pathway, as evidenced by 

elevated protein levels of key components in the TLR4/NF-κB signaling cascade and increased levels of 

cytokines. These findings are consistent with those of Akram et al. (2024), who reported that CYP 

stimulates the TLR4/NF-κB/NLRP3 signaling in the pathogenesis of cardiotoxicity in an experimental model, 

as shown by increased immunoexpression of NF-κB and inflammatory mediators in cardiac tissues. 

Similarly, Famurewa et al. (2023) demonstrated that CYP upregulates the inflammatory pathway in a 

neurotoxicity model, with elevated protein levels of NF-κB, IL-6 and TNF-α in cerebral tissues compared to 

control animals. 

Notably, administration of ellagic acid (EA) prior to CYP exposure significantly downregulated the 

inflammatory signaling cascade, resulting in the inhibition of neuroinflammation. This is in line with findings 

by Wang et al. (2020), who reported the ameliorative effects of EA against sleep deprivation-induced 

anxiety through suppression of neuroinflammation and inhibition of TLR4 signaling. Their study showed 

decreased protein levels of TLR4, NF-κB, MyD88, and phosphorylated IκBα (p-IκBα) in cerebellar tissue. 

Similarly, Zhao et al. (2021) documented the hepatoprotective effects of EA against alcohol-induced liver 

inflammation in a mouse model, noting reduced gene expression of TLR4, MyD88, and NF-κB, along with 

decreased protein levels of inflammatory markers. In a diabetic nephropathy model, EA treatment also 

downregulated the level of TLR4 in renal tissues, further confirming its anti-inflammatory potential (Zhou et 

al., 2019). The inhibitory effect of EA on inflammatory pathways may be attributed to its ability to 

upregulate IκB levels and reduce phosphorylated IκB (p-IκB), thereby preventing NF-κB activation and 

nuclear translocation (Yumubek et al., 2024).  

The pathophysiology of CYP toxicity is predominantly driven by oxidative stress (Singh et al., 2019). 

Literature indicates that anticancer drug toxicities often induce oxidative apoptosis in cerebral tissues 

(Famurewa et al., 2021), and a growing body of evidence implicates the interplay between oxidative stress 

and apoptosis in CYP-mediated organ injury (Was et al., 2022). However, the specific contribution of 

apoptosis to CYP-induced neurotoxicity remains to be fully elucidated. Our findings revealed that CYP 

induces neuronal apoptosis, as indicated by elevated levels of caspase-3 and Bax, along with a reduction in 

the anti-apoptotic marker Bcl-2. These molecular changes were corroborated by histopathological scoring, 

which showed significant neuronal damage. In contrast, EA exhibited a protective effect against CYP-

induced Purkinje cell shrinkage by attenuating cellular apoptosis. This was evidenced by reduced expression 

of apoptotic markers and increased expression of anti-apoptotic indicators. These results are consistent 

with those of Liu et al. (2024), who reported that EA exerts anti-apoptotic effects against cadmium-induced 

apoptosis in HT22 cells by downregulating apoptotic marker expression. 

5. CONCLUSIONS AND RECOMMENDATIONS 

This study demonstrates that ellagic acid (EA) exerts significant neuroprotective effects against 
cyclophosphamide (CYP)-induced cerebellar toxicity in rats. EA effectively mitigated oxidative stress, 
suppressed TLR4/MyD88/NF-κB-mediated neuroinflammation, and reduced neuronal apoptosis. These 
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findings highlight EA’s therapeutic potential as a protective agent against chemotherapy-induced 
neurotoxicity. 
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