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Abstract: Cisplatin an effective chemotherapeutic agent used in treating various malignancies. However,
its clinical use is limited by severe toxicities, notably nephrotoxicity, hepatotoxicity, neurotoxicity, and
ototoxicity. Over recent decades, medicinal plant extracts with antioxidant, anti-inflammatory, and anti-
apoptotic properties have shown promise in alleviating cisplatin-induced damage. This review synthesizes
mechanistic insights, experimental evidence, protective pathways, and future directions for
photoprotective strategies against cisplatin toxicity.
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I. INTRODUCTION
Cisplatin exerts anti-tumor effects by forming DNA adducts that interrupt replication and transcription, leading to
apoptosis in rapidly dividing cells. Despite its efficacy, dose-dependent toxicities constrain therapeutic outcomes and
patient quality of life.
Cisplatin is one of the most widely used platinum-based chemotherapeutic agents and remains a cornerstone in the
treatment of various solid tumors, including cancers of the lung, ovary, testis, bladder, head and neck, and cervix. Its
antineoplastic efficacy is primarily attributed to its ability to form covalent cross-links with DNA, leading to inhibition
of DNA replication and transcription, ultimately triggering apoptosis in rapidly dividing cancer cells (Dasari &
Tchounwou, 2014). Despite its proven clinical effectiveness, the therapeutic application of cisplatin is severely limited
by its dose-dependent and cumulative toxicities, which often necessitate dose reduction or discontinuation of treatment,
thereby compromising clinical outcomes.
Among the most significant adverse effects associated with cisplatin therapy are nephrotoxicity, hepatotoxicity,
neurotoxicity, ototoxicity, cardiotoxicity, and gastrointestinal toxicity. Nephrotoxicity is considered the most prominent
and clinically relevant complication, affecting approximately 20-30% of patients even after a single course of treatment
(Pabla & Dong, 2008). The kidneys are particularly vulnerable due to the preferential accumulation of cisplatin in renal
tubular epithelial cells, leading to cellular injury, inflammation, and impaired renal function. Similarly, cisplatin-induced
neurotoxicity and ototoxicity result in irreversible peripheral neuropathy and hearing loss, which significantly impact
patients’ quality of life (McDonald & Windebank, 2002).
The underlying mechanisms of cisplatin-induced toxicity are multifactorial and complex. A growing body of evidence
suggests that oxidative stress plays a central role in mediating tissue damage. Cisplatin enhances the generation of reactive
oxygen species such as superoxide anions, hydrogen peroxide, and hydroxyl radicals, overwhelming endogenous
antioxidant defense systems (Santos et al., 2007). Excessive ROS production leads to lipid peroxidation, protein
oxidation, DNA damage, mitochondrial dysfunction, and activation of apoptotic pathways. In addition to oxidative stress,
cisplatin stimulates inflammatory signaling cascades involving nuclear factor-kappa B (NF-xB), tumor necrosis factor-
alpha (TNF-a), and interleukins, further exacerbating cellular injury and tissue inflammation (EIl-Shitany et al., 2014).
Apoptosis is another key contributor to cisplatin-induced organ toxicity. Cisplatin activates both intrinsic and extrinsic
apoptotic pathways through mitochondrial membrane depolarization, cytochrome-c release, and caspase activation. The
imbalance between pro-apoptotic proteins such as Bax and anti-apoptotic proteins such as Bcl-2 accelerates programmed
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cell death in non-cancerous tissues (Ramesh & Reeves, 2002). These molecular events collectively contribute to
functional and structural damage in vital organs, highlighting the urgent need for effective protective strategies.

Current approaches to mitigate cisplatin toxicity include hydration protocols, dose fractionation, and the use of synthetic
cytoprotective agents such as amifostine. However, these interventions have limited efficacy and may introduce
additional side effects or interfere with the antitumor activity of cisplatin (Yao et al., 2007). Consequently, there has been
increasing interest in identifying safer, cost-effective, and biologically compatible agents that can selectively protect
normal tissues without reducing the chemotherapeutic potency of cisplatin.

In this context, medicinal plant extracts have gained considerable attention as potential protective agents against cisplatin-
induced toxicity. Traditional medicinal systems such as Ayurveda, Traditional Chinese Medicine, and Unani medicine
have long utilized plant-based remedies for the treatment of various ailments, including inflammatory and oxidative
stress-related disorders. Medicinal plants are rich sources of bioactive phytochemicals such as flavonoids, phenolic acids,
alkaloids, terpenoids, tannins, and saponins, many of which exhibit potent antioxidant, anti-inflammatory, and anti-
apoptotic properties (Pandey & Rizvi, 2009).

Several experimental studies have demonstrated that plant extracts and their isolated compounds can attenuate cisplatin-
induced organ damage by modulating oxidative stress markers, enhancing endogenous antioxidant defenses, suppressing
inflammatory mediators, and regulating apoptotic signaling pathways. For example, curcumin from Curcuma longa,
silymarin from Silybum marianum, withanolides from Withania somnifera, and flavonoids from Ginkgo biloba have
shown promising protective effects in preclinical models of cisplatin toxicity (Khan et al., 2012; Pratibha et al., 2006).
These phytochemicals not only scavenge free radicals but also upregulate antioxidant enzymes such as superoxide
dismutase, catalase, and glutathione peroxidase, thereby restoring redox balance.

An important advantage of medicinal plant extracts is their multi-targeted mode of action. Unlike synthetic drugs that
typically act on a single molecular target, phytochemicals interact with multiple signaling pathways simultaneously,
providing comprehensive cellular protection. This pleiotropic nature is particularly beneficial in addressing the complex
and interconnected mechanisms of cisplatin-induced toxicity (Kooti et al., 2017). Moreover, plant-based agents are
generally associated with lower toxicity, better tolerability, and greater patient acceptance, making them attractive
candidates for adjunct therapy in cancer treatment.

Despite encouraging preclinical evidence, the clinical translation of medicinal plant extracts faces several challenges,
including variability in phytochemical composition, lack of standardization, limited bioavailability, and insufficient
large-scale clinical trials. Additionally, potential herb—drug interactions must be carefully evaluated to ensure that
protective agents do not compromise the anticancer efficacy of cisplatin. Nonetheless, advances in phytochemistry,
pharmacology, and drug delivery systems, such as nanoparticle-based formulations, offer new opportunities to overcome
these limitations and enhance therapeutic potential.

This review aims to provide a comprehensive overview of the protective role of medicinal plant extracts against cisplatin-
induced toxicity. It focuses on the mechanistic basis of cisplatin toxicity, the antioxidative and anti-inflammatory
properties of selected medicinal plants, and the molecular pathways involved in cytoprotection. By synthesizing available
experimental evidence, this review highlights the potential of plant-derived compounds as safe and effective adjuncts in
cisplatin-based chemotherapy and underscores the need for further translational and clinical research.

KEY TOXICITY PATHWAYS:

Oxidative Stress: Increased reactive oxygen species — lipid peroxidation, DNA damage.

Inflammation: Upregulation of TNF-a, IL-18, IL-6.

Apoptosis: Activation of caspases, Bax/Bcl-2 imbalance.

Mitochondrial Dysfunction: Loss of membrane potential, cytochrome-c release.

Medicinal plants rich in polyphenols, flavonoids, terpenoids, and alkaloids have shown ameliorative effects against these

pathways.
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MECHANISMS OF CISPLATIN-INDUCED TOXICITY

Cisplatin is a platinum-based chemotherapeutic agent extensively used in the management of solid tumors. While highly
effective against cancer cells, cisplatin exerts significant toxic effects on normal tissues, primarily due to its lack of
selectivity. The mechanisms underlying cisplatin-induced toxicity involve a complex interplay of oxidative stress,
inflammation, mitochondrial dysfunction, DNA damage, and apoptosis, which collectively contribute to organ injury,
particularly in the kidneys, liver, nervous system, and auditory tissues (Dasari & Tchounwou, 2014).

One of the central mechanisms of cisplatin-induced toxicity is the excessive generation of reactive oxygen species.
Cisplatin disrupts mitochondrial electron transport chains, leading to the overproduction of superoxide anions, hydrogen
peroxide, and hydroxyl radicals. These ROS overwhelm endogenous antioxidant defenses such as superoxide dismutase,
catalase, and glutathione peroxidase, resulting in oxidative stress (Santos et al., 2007).

Elevated ROS levels initiate lipid peroxidation, protein oxidation, and DNA damage, compromising cellular integrity
and function. Lipid peroxidation of cellular membranes is particularly detrimental, as it alters membrane permeability
and enzyme activity, ultimately leading to cell death.

Inflammation is another key contributor to cisplatin-induced toxicity. Cisplatin activates pro-inflammatory signaling
pathways, including nuclear factor-kappa B (NF-xB), which promotes the transcription of inflammatory cytokines such
as tumor necrosis factor-alpha (TNF-a), interleukin-1p (IL-1), and interleukin-6 (IL-6). These cytokines amplify tissue
injury by recruiting immune cells and promoting sustained inflammatory responses (Ramesh & Reeves, 2002). In renal
tissues, inflammation exacerbates tubular damage and impairs glomerular function, contributing significantly to cisplatin-
induced nephrotoxicity.

Mitochondrial dysfunction plays a pivotal role in the cytotoxic effects of cisplatin. Cisplatin accumulates within
mitochondria, where it disrupts mitochondrial DNA and impairs oxidative phosphorylation. This leads to reduced
adenosine triphosphate production and loss of mitochondrial membrane potential. As a result, cytochrome-c is released
into the cytosol, triggering the intrinsic apoptotic pathway (Kruidering & Evan, 2000). Mitochondrial damage further
enhances ROS production, creating a vicious cycle that accelerates cellular injury.

Apoptosis is a major outcome of cisplatin-induced cellular stress. Cisplatin activates both intrinsic and extrinsic apoptotic
pathways through modulation of Bcl-2 family proteins. An increase in pro-apoptotic proteins such as Bax and a decrease
in anti-apoptotic proteins such as Bcl-2 promote mitochondrial outer membrane permeabilization. This event leads to the
activation of caspases, particularly caspase-3, which executes programmed cell death (Pabla & Dong, 2008). Apoptosis
of renal tubular epithelial cells is a hallmark of cisplatin nephrotoxicity and contributes to irreversible kidney damage.
In addition to oxidative stress and apoptosis, cisplatin causes direct DNA damage in non-cancerous cells. The formation
of platinum-DNA adducts interferes with DNA repair mechanisms and cell cycle regulation, leading to cell cycle arrest
and death. This DNA damage response, while beneficial in eliminating cancer cells, is detrimental to healthy tissues and
further compounds cisplatin-induced toxicity (McDonald & Windebank, 2002).

Cisplatin-induced toxicity arises from interconnected mechanisms involving oxidative stress, inflammation,
mitochondrial dysfunction, DNA damage, and apoptosis. Understanding these pathways is crucial for the development
of effective protective strategies, including the use of antioxidant and anti-inflammatory agents, to reduce adverse effects
while preserving the anticancer efficacy of cisplatin.

OXIDATIVE STRESS
Cisplatin increases ROS production:

Cisplatin —7 ROS — Lipid peroxidation + Protein/DNA damage

ROS biomarkers: malondialdehyde, protein carbonyls; antioxidant enzymes: superoxide dismutase, catalase, glutathione

peroxidase.
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INFLAMMATION
Proinflammatory cytokines (TNF-a, IL-1B) are elevated, activating NF-«kB signaling.
APOPTOSIS

Intrinsic apoptosis cascade:

Mitochondrial damage — Bax T, Bel-2 | — Caspase-3 activation — Cell death

ROLES OF MEDICINAL PLANT EXTRACTS

Medicinal plant extracts play a significant role in protecting biological systems against drug-induced toxicities, including
those caused by cisplatin chemotherapy. Their protective efficacy is largely attributed to the presence of diverse bioactive
compounds such as flavonoids, phenolic acids, alkaloids, terpenoids, and glycosides. These phytochemicals act through
multiple biochemical and molecular mechanisms, offering a holistic and multi-targeted approach to cytoprotection.
Unlike synthetic agents that often target a single pathway, medicinal plant extracts modulate oxidative stress,
inflammation, and apoptosis simultaneously, making them particularly effective in mitigating complex toxic responses
(Pandey & Rizvi, 2009).

One of the primary roles of medicinal plant extracts is their antioxidant activity. Cisplatin induces excessive production
of reactive oxygen species, leading to oxidative damage of lipids, proteins, and nucleic acids. Plant-derived antioxidants
scavenge free radicals and enhance endogenous antioxidant defenses such as superoxide dismutase, catalase, and
glutathione peroxidase. For instance, polyphenols and flavonoids neutralize reactive oxygen species by donating
hydrogen atoms or electrons, thereby interrupting oxidative chain reactions and restoring cellular redox balance (Khan
et al., 2012). This antioxidant action is critical in preventing lipid peroxidation and mitochondrial dysfunction associated
with cisplatin toxicity.

Medicinal plant extracts also exhibit strong anti-inflammatory properties, which contribute significantly to their
protective role. Cisplatin activates inflammatory signaling pathways, including nuclear factor-kappa B (NF-«xB), leading
to increased production of pro-inflammatory cytokines such as tumor necrosis factor-alpha and interleukins.
Phytochemicals suppress these inflammatory mediators by inhibiting cytokine expression and downregulating
inflammatory enzymes such as cyclooxygenase and inducible nitric oxide synthase. This reduction in inflammatory
signaling helps limit tissue injury and preserves organ function (Ramesh & Reeves, 2002).

Another crucial role of medicinal plant extracts is the regulation of apoptosis. Cisplatin-induced toxicity is closely
associated with programmed cell death in non-cancerous tissues. Several plant extracts modulate apoptotic pathways by
restoring the balance between pro-apoptotic and anti-apoptotic proteins. By decreasing the expression of Bax and
caspase-3 while enhancing Bcl-2 levels, phytochemicals help prevent excessive apoptosis in normal cells. This anti-
apoptotic effect contributes to cellular survival and tissue regeneration following chemotherapeutic insult (Pratibha et al.,
2000).

In addition to antioxidant, anti-inflammatory, and anti-apoptotic effects, medicinal plant extracts play a role in
maintaining mitochondrial integrity and improving cellular energy metabolism. Mitochondria are primary targets of
cisplatin-induced damage, leading to ATP depletion and cell death. Certain phytochemicals stabilize mitochondrial
membranes, prevent cytochrome-c release, and preserve mitochondrial membrane potential, thereby supporting normal
cellular function (Santos et al., 2007).

Overall, the multifunctional roles of medicinal plant extracts make them promising adjuncts in cisplatin-based
chemotherapy. Their ability to protect vital organs without compromising anticancer efficacy highlights their therapeutic
potential. However, further experimental validation, standardization, and clinical trials are necessary to translate these
protective effects into routine clinical practice.
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REPRESENTATIVE MEDICINAL PLANTS AND PROTECTIVE EVIDENCE

Curcuma longa (Turmeric)

Active Component: Curcumin

Mechanism: 7 Antioxidant enzymes (SOD, CAT), | TNF-a, | MDA

Evidence: Curcumin reduced cisplatin-induced nephrotoxicity by attenuating oxidative stress and cytokine expression
in rodent models.

Ginkgo biloba

Active Components: Flavonoids, Terpenoids

Mechanism: Free radical scavenging, anti-inflammatory

Evidence: Extract reduced oxidative cellular markers and preserved tissue histology in cisplatin nephrotoxicity.
Silybum marianum (Milk Thistle)

Active Component: Silymarin

Mechanism: Stabilizes cell membranes, inhibits lipid peroxidation

Evidence: Silymarin restored antioxidant enzyme activities and reduced serum markers of liver injury in cisplatin
models.

Withania somnifera (Ashwagandha)

Active Components: Withanolides

Mechanism: Inhibits apoptosis via Bcl-2 modulation; antioxidant

Evidence: Reduced renal tubular apoptosis and oxidative damage.

Zingiber officinale (Ginger)

Active Components: Gingerols, Shogaols

Mechanism: Anti-inflammatory and antioxidant

Evidence: Lowered TNF-o and ROS in renal tissues in experimental settings.

MOLECULAR PATHWAYS MODULATED BY PHYTOCHEMICALS

Phytochemicals derived from medicinal plants exert protective effects against drug-induced and oxidative stress—
mediated toxicity by modulating multiple molecular pathways simultaneously. Unlike synthetic agents that often target
a single signaling cascade, phytochemicals act on interconnected cellular networks involved in oxidative stress regulation,
inflammation, apoptosis, and mitochondrial homeostasis. This multi-targeted action makes them particularly effective in
mitigating cisplatin-induced toxicity, which arises from complex molecular disruptions in normal tissues (Pandey &
Rizvi, 2009).

One of the primary pathways influenced by phytochemicals is the oxidative stress response pathway. Cisplatin exposure
leads to excessive generation of reactive oxygen species, overwhelming endogenous antioxidant defenses.
Phytochemicals such as flavonoids, phenolic acids, and terpenoids activate the nuclear factor erythroid 2-related factor 2
signaling pathway, a master regulator of cellular antioxidant defense. Activation of Nrf2 promotes the transcription of
antioxidant and cytoprotective genes, including superoxide dismutase, catalase, and glutathione peroxidase, and heme
oxygenase- 1, thereby restoring redox balance and reducing oxidative damage (Kensler et al., 2007). Compounds such as
curcumin, quercetin, and resveratrol have been shown to enhance Nrf2 nuclear translocation, leading to decreased lipid
peroxidation and DNA damage in experimental models.

Inflammatory signaling pathways are also significantly modulated by phytochemicals. Cisplatin-induced toxicity is
associated with activation of nuclear factor-kappa B (NF-«kB), which regulates the expression of pro-inflammatory
cytokines such as tumor necrosis factor-alpha, interleukin-1p, and interleukin-6. Persistent activation of NF-kB amplifies
tissue injury and promotes apoptosis. Several plant-derived compounds suppress NF-kB activation by inhibiting the
phosphorylation and degradation of inhibitor kB (IkB), thereby reducing inflammatory cytokine production (Aggarwal
& Harikumar, 2009). For instance, silymarin and gingerol have demonstrated anti-inflammatory effects by
downregulating NF-kB-dependent gene expression in cisplatin-treated tissues.
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Apoptotic signaling pathways constitute another critical target of phytochemical modulation. Cisplatin activates the
intrinsic mitochondrial apoptotic pathway, characterized by increased expression of pro-apoptotic proteins such as Bax
and decreased expression of anti-apoptotic proteins such as Bcl-2. This imbalance leads to mitochondrial membrane
permeabilization, cytochrome-c release, and caspase-3 activation. Phytochemicals counteract these effects by restoring
the Bax/Bcl-2 ratio and inhibiting caspase activation, thereby reducing programmed cell death in normal cells (Ramesh
& Reeves, 2002). Withanolides and flavonoids, in particular, have been shown to suppress apoptosis by stabilizing
mitochondrial membranes and maintaining cellular integrity.

Mitochondrial dysfunction is closely linked to oxidative stress and apoptosis, and phytochemicals play a vital role in
preserving mitochondrial function. Many plant-derived compounds enhance mitochondrial biogenesis, improve electron
transport chain efficiency, and prevent mitochondrial DNA damage. By maintaining mitochondrial membrane potential
and ATP production, phytochemicals help sustain cellular energy metabolism under toxic stress conditions (Wallace,
2012). This mitochondrial protection is crucial in organs with high metabolic demand, such as the kidneys and liver,
which are primary targets of cisplatin toxicity.

Phytochemicals modulate multiple molecular pathways involved in oxidative stress, inflammation, apoptosis, and
mitochondrial dysfunction. Their ability to orchestrate coordinated protective responses at the molecular level
underscores their therapeutic potential as adjunct agents in mitigating cisplatin-induced toxicity.

Pathway Cisplatin Effect Phytochemical Modulation
Oxidative stress 1 ROS, 1 MDA, | SOD, | GPx | 1 Antioxidant enzymes, | ROS
Inflammation 1 TNF-a, 1 IL-1B | Cytokine expression

Apoptosis 1 Bax, 1 Caspase-3, | Bel-2 | Bax, | Caspase activation, 1 Bcl-2
Mitochondrial dysfunction | Loss of membrane potential Stabilization of membrane potential

Representative Experimental Formulas and Measurements
Oxidative Stress Markers
Lipid Peroxidation (TBARS):

Absorbance at 532 nm

MDA =

€ - path length
SOD Activity:

Inhibition of nitroblue tetrazolium reduction

50%

SOD activity =

Apoptosis Index

koantadc Tl Number of TUNEL-positive cells i66
£ - i - — b
TR Total number of cells

CLINICAL RELEVANCE AND CHALLENGES

Despite strong preclinical evidence, clinical translation faces challenges:
Bioavailability of phytochemicals (e.g., curcumin’s low absorption)
Herb-drug interactions

Optimal dosing and standardization

Clinical studies are limited but emerging; rigorous randomized trials are needed.
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II. CONCLUSION

Medicinal plant extracts demonstrate significant potential in attenuating cisplatin-induced toxicity via antioxidative, anti-
inflammatory, and anti-apoptotic mechanisms. Continued research is necessary to optimize clinical translation and
therapeutic regimens.
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