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channels, reducing tumor cell invasion, and inducing apoptosis in
various cancer types. Hydantoin derivatives, structurally related to
phenytoin, also demonstrate enhanced cytotoxicity and better molecular
targeting. This review provides an overview of current insights into the
potential role of phenytoin and its derivatives in managing ovarian
cancer, highlighting their mechanisms of action, preclinical evidence,
limitations, and future therapeutic opportunities.

Introduction

Ovarian cancer is the eighth most common malignancy among women worldwide and remains a leading
cause of gynecological cancer-related mortality due to late diagnosis and nonspecific early symptoms (1). More
than 70% of patients are diagnosed at an advanced stage, where metastatic spread and disease recurrence are
common, resulting in poor clinical outcomes (2). Although platinum-based chemotherapy initially produces
favorable responses, the majority of patients eventually develop chemoresistance, which significantly limits
long-term treatment success (3).
Drug repurposing has emerged as an effective strategy for identifying new therapeutic applications for existing
approved drugs, thereby reducing development time, cost, and early-phase toxicity risks (4). This approach is
particularly valuable in ovarian cancer, where rapid and effective therapeutic alternatives are urgently required
(5). Phenytoin, a well-established antiepileptic drug, has attracted increasing attention due to its ability to block
voltage-gated sodium channels, which are aberrantly expressed in several cancer types, including ovarian
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cancer (6). Inhibition of these channels suppresses cancer cell motility, proliferation, and metastatic potential
(7).

Hydantoin derivatives, including phenytoin, have demonstrated significant anticancer activity in multiple
experimental models (8). Structural modification of the hydantoin scaffold has led to the development of
compounds with enhanced cytotoxicity and the ability to target multiple oncogenic pathways simultaneously
(9). Given the biological complexity of ovarian cancer, phenytoin-based compounds represent promising
candidates for anticancer drug repurposing and development (10).

Chemical Structure and Pharmacological Basis

Phenytoin belongs to the hydantoin class of heterocyclic compounds, characterized by a five-membered
imidazolidine-2,4-dione ring containing two carbonyl groups that contribute to its chemical stability and
biological activity (11). The presence of two phenyl groups at the C-5 position enhances lipophilicity,
facilitating efficient membrane permeability and intracellular accumulation (12). These physicochemical
properties enable phenytoin to interact with intracellular signaling pathways involved in cancer growth and
metastasis (11). The hydantoin nucleus is highly amenable to structural modification, and substitutions at the
N-1, N-3, or C-5 positions can significantly improve binding affinity, cytotoxicity, and selectivity toward
cancer cells (13). Medicinal chemistry studies have shown that the incorporation of electron-withdrawing
groups, halogens, or aromatic moieties enhances anticancer potency in hydantoin analogues (14). These
features establish phenytoin as a versatile scaffold for the development of novel anticancer agents targeting
ovarian cancer (10).

Mechanism of Anticancer Action of Phenytoin

One of the primary anticancer mechanisms of phenytoin involves inhibition of voltage-gated sodium
channels, particularly Nav1.5, which is frequently overexpressed in ovarian, breast, and colon cancers (6).
While these channels regulate electrical signaling in excitable tissues, their aberrant activation in cancer cells
promotes migration, invasion, and metastatic progression (15). By blocking sodium influx, phenytoin reduces
membrane depolarization and suppresses cancer cell motility, thereby limiting metastatic dissemination (6).
In addition to sodium-channel blockade, phenytoin interferes with key intracellular signaling pathways
associated with cancer cell survival and chemoresistance. Specifically, it inhibits the PI3K/AKT and MAPK
pathways, which play central roles in ovarian cancer proliferation and resistance to chemotherapy (16).
Suppression of these pathways induces growth arrest and sensitizes cancer cells to apoptosis (17). Furthermore,
phenytoin increases reactive oxygen species production, disrupts mitochondrial integrity, and activates
caspase-dependent apoptotic cascades, collectively contributing to cancer cell death (18).
Phenytoin also suppresses epithelial-mesenchymal transition (EMT), a process that enables cancer cells to
acquire invasive and stem-like properties (19). Sodium-channel inhibition downregulates mesenchymal
markers such as vimentin and N-cadherin while restoring epithelial markers including E-cadherin (20). As a
result, cancer cell migration is reduced and metastatic spread is limited (21).

Mechanisms of Anticancer Action of Phenytoin
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Figure 1: Mechanism of Anticancer Action of Phenytoin
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Evidence of Phenytoin Activity in Cancer Models

In vitro studies demonstrate that phenytoin significantly reduces cancer cell proliferation, migration,
and invasion across multiple malignancies, including breast, colon, lung, prostate, and ovarian cancers (22). In
ovarian cancer cell lines such as SKOV3 and OVCAR3, phenytoin induces dose-dependent reductions in cell
viability, promotes apoptosis, and suppresses migratory behavior (23). These findings support the hypothesis
that sodium-channel inhibition weakens ovarian cancer progression (24).
In mouse xenograft models, phenytoin-treated tumors exhibit reduced tumor volume, diminished angiogenesis,
and fewer metastatic nodules compared with untreated controls (25). Importantly, phenytoin administration
was not associated with significant systemic toxicity, highlighting its favorable safety profile (26).
Epidemiological observations further suggest that epileptic patients receiving sodium channel-blocking
antiepileptic drugs may show reduced cancer incidence, supporting further clinical investigation (27,28).

Hydantoin Derivatives and Their Anticancer Potential

Hydantoin derivatives often display enhanced anticancer activity compared with phenytoin itself (29).
Structural modifications such as halogenation, aromatic substitution, or heterocycle incorporation significantly
improve cytotoxic potency and selectivity (30,31). Several hydantoin derivatives induce oxidative stress,
mitochondrial dysfunction, and caspase-mediated apoptosis (32).
Other derivatives disrupt DNA synthesis and cell-cycle progression, leading to arrest at the GO/G1 or G2/M
phases (33). Certain analogues inhibit tubulin polymerization, resulting in mitotic arrest and cell death (34).
Metal-based hydantoin derivatives, particularly platinum—hydantoin complexes, demonstrate enhanced DNA
binding and pro-apoptotic activity, offering promise against platinum-resistant ovarian cancer (35,36). Hybrid
compounds such as B-carboline—hydantoin conjugates further suppress EMT and cancer cell invasion (37).

Table 1: Anticancer Activities of Hydantoin Derivatives

Type of Hydantoin | Structural Primar Anticancer
yp. . y . . y Effects on Cancer Cells
Derivative Modification Mechanism
Basic hydantoin | Small substitutions on | Increased oxidative stress; | T ROS, 1 apoptosis, |
derivatives hydantoin ring mitochondrial disruption proliferation
) ) .. Selectivity, cell
Halogenated / aromatic | Halogens, aromatic | Enhanced receptor binding f : vity, - 1
. . .. penetration, |  tumor
hydantoins rings, heterocycles and cytotoxicity

growth

Cell-cycle inhibitory | Modifications at N-1 / | Inhibition of DNA | GO/G1 or G2/M arrest, |
hydantoins N-3/C-5 synthesis; cell-cycle arrest | mitosis

Failed chromosome
separation; mitotic arrest;
apoptosis

Tubulin-inhibiting
hydantoins

Disrupti f  tubuli
Bulky aromatic ligands 1STup 19n . © -
polymerization

Strong  apoptosis  in
Metal-based hydantoin | Platinum (Pt) and other | DNA binding and enhanced | resistant tumors; useful in
complexes metal conjugation DNA damage platinum-resistant
ovarian cancer

Combination Therapy Potential with Chemotherapeutic Agents

Combination therapy remains a cornerstone of cancer treatment due to its ability to target multiple
pathways simultaneously (38). Phenytoin may enhance the efficacy of standard chemotherapy by destabilizing
cancer cell homeostasis through sodium-channel blockade (39,40). Synergistic effects with cisplatin have been
observed, resulting in increased DNA damage and improved cytotoxicity at lower drug doses (41,42).
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Phenytoin also enhances paclitaxel-induced mitotic arrest and apoptosis, particularly when combined with
microtubule-disrupting hydantoin derivatives (43,44). Additionally, phenytoin may improve responses to
PARP inhibitors, especially in BRCA-mutated ovarian cancer, by impairing DNA repair capacity (45). These
findings support its role as a potential chemosensitizer (46).

Nanoformulation and Targeted Delivery Approaches

Nanotechnology-based delivery systems enhance drug stability, bioavailability, and tumor-specific
accumulation. Nano-carriers protect phenytoin from rapid metabolism and enable controlled drug release (47).
Liposomal and polymeric nanoparticles improve circulation time, tumor uptake, and cellular internalization
(48,49). Targeted nanoparticles incorporating folate or peptide ligands selectively bind receptors overexpressed
on ovarian cancer cells, enhancing cytotoxicity while minimizing systemic toxicity (50—52). Hydantoin-loaded
nanocarriers further promote ROS-mediated apoptosis in chemoresistant tumors (53). Overall, nanotechnology
significantly improves the therapeutic performance of phenytoin (54).

Clinical Challenges and Limitations

Phenytoin has a narrow therapeutic index, making dose optimization challenging in cancer patients. It
is metabolized primarily by CYP2C9 and CYP2C19, increasing the risk of drug—drug interactions with
chemotherapeutic agents (55,56). Current evidence is largely preclinical, emphasizing the need for controlled
clinical trials (57).
Ovarian cancer heterogeneity and therapeutic resistance further complicate treatment outcomes (58). Since
phenytoin primarily targets sodium channels, its efficacy may depend on channel expression and tumor
microenvironment (59). Biomarkers such as Nav1.5 may aid patient selection (60).

Future Perspectives

Future studies should focus on designing novel hydantoin derivatives with improved potency and safety
profiles (61). Computational modeling and molecular docking can accelerate rational drug design (62).
Advanced nanoformulations and combination strategies involving immunotherapy or PARP inhibitors may
further improve outcomes in resistant ovarian cancer (63). Clinical translation will require Phase I/II trials to
establish safety and efficacy (64).

Conclusion

Phenytoin and its hydantoin derivatives represent promising candidates for drug repurposing in ovarian
cancer management (65). Their ability to inhibit sodium channels, induce apoptosis, suppress metastasis, and
enhance chemotherapy responses underscores their therapeutic potential (66). With continued advances in
medicinal chemistry and drug delivery, phenytoin-based strategies may offer cost-effective and innovative
solutions for ovarian cancer treatment.
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