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Abstract. Cisplatin is the first heavy metal compound that has been found to possess antineoplastic activity. It is effective 

in treating testicular, ovarian, head and neck, bladder, cervical, esophageal tumors, and small cell lung carcinoma. 

Approximately 1% of cisplatin that enters the cell interacts with DNA, forming DNA-cisplatin bonds. Both apoptosis 

and necrosis can be found in the same population of cells exposed to cisplatin, and the mode of cell death depends on 

the cisplatin concentration and metabolic state of the target cell. In the bloodstream, the platinum component of cisplatin 

binds to the blood's proteins (hemoglobin, albumin and transferrin), and other significant portion binds to the 

glutathione and other cysteine-rich biomolecules. Cisplatin impairs the mitochondrial and cell antioxidant defense 

system (decreases GSH, NADPH levels, GCH/GSSG ratio, and increases GSSG levels) leading to oxidative stress. There 

are three main mechanisms of cell resistance to cisplatin: (1) enhanced repair of cisplatin-induced DNA lesions, 

(2) decrease in uptake and/or increase in efflux and (3) inactivation of cisplatin intracellularly. The usage of cisplatin 

is limited due to its toxicity and side effects, which include neurotoxicity (numbness and tingling, paresthesia, reduced 

deep tendon reflexes), nephrotoxicity (renal insufficiency, hypomagnesemia), ototoxicity (tinnitus and bilateral high-

frequency hearing loss), cardiotoxicity (changes in electric heart activity, congestive heart failure), gastrotoxicity 

(nausea, vomiting, and dyspepsia), etc.  So far, there  has been no effective, clinically administered, therapy for cisplatin-

induced toxicity. 
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Introduction 

Cis-diamminedichloroplatinum (II) (cisplatin) is the first 
heavy metal compound that has been found to possess 
antineoplastic activity. It was discovered in 1965 by ac-
cident, when a group of scientists was experimenting 
with the effects of electric dipoles on cellular growth and 
division. During the experiments, it was noticed that the 
compound released from the electrodes was responsible 
for the inhibition of Escherichia coli division [1]. Fol-
lowing this finding, cisplatin was further tested on mice 
with solid sarcoma tumors and in those experiments cis-
platin completely inhibited further tumor growth and de-
velopment. Clinical testing started in 1971, and the ap-
proval from the United States Food and Drug administra-
tion (the FDA) was granted in 1978 [2]. 

Cisplatin is a compound with square planar configu-
ration with a central atom of platinum linked to two chlo-
ride, vital groups, and two NH3 groups [3]. At room tem-
perature, it appears as a white or dark yellow to yellow-
orange crystalline powder. Under normal temperature 
and pressure, cisplatin is found to be stable with a water 
solubility of 2.53 g/L at 25 °C. Cisplatin has a molecular 
weight of 301.1 g/mol, a density of 3.74 g/cm3, a melting 
point of 270 °C, a log Kow of 2.19 [4]. 
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Cisplatin as a Chemotherapeutic of Choice 

Cisplatin is the most effective in treating testicular, ovar-
ian, head and neck, bladder, cervical, and esophageal tu-
mors, as well as small cell lung carcinoma (SCLC) [5]. 
However, its usage is limited due to its toxicity and side 
effects, which include neurotoxicity, nephrotoxicity, oto-
toxicity, cardiotoxicity, hepatotoxicity and gastrotoxicity 
[6, 7].  

The mode of administration of cisplatin is intravenous 
as a short-term infusion with normal saline for the treat-
ment of solid malignancies [8]. Cisplatin is used for var-
ious types of cancer as a monotherapy or in a combina-
tion with other hemiotherapeutic drugs such as docetaxel, 
cetuximab, paclitaxel, 5-fluorouracil, doxorubicine, vin-
cristine, etoposide, citarabine, etc. As a monotherapy, 
cisplatin is used in the treatment of gynecological carci-
noma, ie. cervical carcinoma, ovarian tumors, and cancer 
of the vulva and vagina in a dose of 40 mg/m2, weekly in 
combination with irradiation therapy [9]. 

Combination therapy regimens are used in the treatment 
of gastric carcinoma as PF regimen (cisplatin in the dose of 
100 mg/m2 and 5-fluorouracil in the dose of 1000 mg/m2 for 
21 days), pancreatic cancer and hepatobiliary carcinoma as 
GC regimen (cisplatin in the dose of 75 mg/m2 and 
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gemcitabin). In the treatment of testicular cancer cisplatin 
is applied in combination with etoposide (EP), etoposide 
and ifosfamide (VIP), and etoposide and bleomicine (BEP) 
[10]. Etoposide and cisplatin (CUP) regimen is also used in 
the treatment of neuroendocrine tumors, lung tumors, and 
carcinoma of unknown primary origin. Combination with 5-
fuorouracil and docetaxel regimens with cisplatin (PF and 
TPF) are used in the treatment of head and neck cancers 
[11]. All of these regimens must include rehydration 
and gastroprotective drugs applied together with the 
chemotherapeutics.  

Radiotherapy and CP are known to have synergistic 

effect. Firstly chemotherapy increases the sensitivity of 

the tumor to radiation. It has been shown that CP inhibits 

sublethal damage repair caused by previously adminis-

tered radiotherapy and furthermore, radiotherapy can be 

used to treat local disease while treating systemic disease 

with CP [12]. Radiotherapy can be used in combination 

with CP-protocols for the treatment of cervical cancers, 

and is mostly effective in Ib stage (before surgery) or Ia 

stage (after surgery) [13]. But research shows that com-

bination therapy is superior in treatment of locally ad-

vanced cervical cancer as opposed to CP alone [12]. 

Concomitant chemo-radiotherapy was proven to lead 

to complete response in up to 75% of patients with locally 

advanced head and neck carcinomas, and this was pre-

dominantly used in the case of nasopharyngeal carci-

noma [14]. It can be used as a treatment regimen for HPV 

positive laryngeal carcinoma, while it was shown that 

HPV positive cancer cells have a satisfactory response to 

chemo-radiotherapy. The preferred route is 3-weekly CP 

(100 mg/m2) given on days 1, 22, and 43 of concomitant 

RT (fractionated – 70Gy) [15, 16]. ESMO In the treatment 

of bladder cancer, Eapen and co-workers applied CP ar-

terially with the concomitant use of radiotherapy. Their 

strategy resulted in a high rate of tumor eradication and 

normal bladder function thus avoiding cystectomy [17].  

Mechanism of Action of Cisplatin 

In the bloodstream, where the chloride concentration is 

high (ranging from 96 to 106 mEq/L), the two chloride 

groups in the molecule are stable, and the platinum stays 

coordinated to its chloride ligands. However, after the 

diffusion of the drug into the intracellular compartment, 

in an environment with a reduced concentration of chlo-

rides, chloride groups of cisplatin are replaced by the wa-

ter of hydroxyl groups, thus creating a molecule that can 

interact with intracellular nucleophilic molecules [3,8]. 

The resulting aquated cisplatin can react with nucleic ma-

terial (DNA, RNA), proteins, thiol group-containing 

molecules such as cysteine, methionine, and glutathione, 

membrane phospholipids, etc [18]. 

Interaction with nucleic acids and cell death induction 

It has been shown that approximately 1 % of cisplatin that 

enters the cell interacts with DNA.,, Therefore less than 

1% of cisplatin-induced damage is caused by DNA-

cisplatin bonds [19]. The intrastrand cross-link between 

cisplatin and DNA is the most frequent damage of the 

DNA molecule (Figure 1). More prone to cisplatin 

 

Fig. 1 Formation of cisplatin – DNA adducts.  
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binding are sites containing purine bases, particularly two 

adjacent guanines (65%), and adenine and guanine (25%) 

or two guanines separated by any other base (10%) [18, 

20]. The most common cisplatin-DNA adduct formation 

is through the covalent binding of cisplatin to the N7 

positions of the imidazole ring (Figure 1) [21]. Cells 

arrested in the corresponding phase of the cell cycle 

initially attempt to repair the DNA damage, after failing 

to do so, aberrant mitosis of the cells carrying  damaged 

DNA follow the apoptosis/necrosis pathway. Both types 

of cell death were found in the same population of cells, 

depending on the concentration of cisplatin and the 

metabolic state of the cell [22].     

Apoptosis is induced in cells exposed to lower concen-

trations of cisplatin (<100 µM) [23]. Cisplatin-induced 

apoptosis depends on cell type and it mainly involves the 

activation of tumor protein 53 (p53) and phosphorylation 

of activator protein (AP-1) leading to cell cycle arrest by 

down regulating cyclins and cyclin-dependent kinases 

(p38 mitogen-activated protein kinase, c-jun N-terminal 

kinases, protein kinase C) [21, 24]. It has been shown that 

cisplatin activates both intrinsic and extrinsic apoptotic 

pathways (Figure 2). In reaction to proapoptotic stimuli, 

first, the initiator caspases such as caspase-2, -8, -9, or -10 

are activated, and they further activate the executioner 

caspases (caspase-3 or -7). The intrinsic pathway includes 

the alteration of the mitochondrial membrane potential, re-

lease of cytochrome C (cyt C) and mitochondria-derived ac-

tivator of caspases such as second mitochondria-derived 

activator of caspase (Smac/DIABLO) [25, 26].  In the 

presence of adenosine triphosphate (ATP) and cyt C, the 

apoptotic protease-activating factor-1 binds to  caspase-

9, activating it, further leading to the activation of 

caspase-3 (Figure 2) [27]. The extrinsic pathway is acti-

vated through the cisplatin interaction with phospholip-

ids in the cell membrane, thus causing cell membrane de-

stabilization, an increase in its permeability, a reduction 

in the activity of some ion channels and an alteration in 

cholesterol metabolism [28, 19]. 

At higher concentrations of cisplatin, apoptosis is 

activated, but arrested at the level of effector caspases 

(blocked by cisplatin), when the cell transfers to a 

different mode of cell death ie. necrosis. Necrosis in this 

case occurs due to NAD+/ATP depletion when the levels 

of ATP reach lethal points. This is explained by the 

damage that cisplatin causes to the molecules involved in 

cellular energy supply and also to proteins involved in the 

apoptotic process (p53, Bax, Bcl-2 and caspases) [29].  

To date, we  have had no complete comprehension of 

the effects that cisplatin has on RNA. Melnikov and co-

workers [30] showed cisplatin-RNA binding when 

highly distorted folds of an RNA molecule are formed. 

They have identified nine cisplatin modification sites, 

specifically on non-Watson-Crick segments of the 

 

Fig. 2 Effects of cisplatin on mitochondria and DNA. Cell death induction by cisplatin. CTR1 – coper transporter 1; 

OCT 1 – organic cation transporter 1; MRP - Multidrug-resistance-associated proteins. 



28 M. Djordjević, J. Ilić, N. M. Stojanović 

ribosomal RNA. They also showed that cisplatin does not 

affect the binding of ribosomal substrates, but stimulates 

the formation of non-productive ribosomal structures, 

thus leading to reduced protein production [30, 31]. 

Cisplatin and protein interaction 

In the bloodstream, the platinum component of cisplatin 

binds to the proteins of the blood (hemoglobin, albumin 

and transferrin), and another significant portion binds to 

the glutathione and other cysteine-rich biomolecules 

[32]. Also, cisplatin interacts with transport molecules, 

responsible for copper transportation, Copper TRansport 

(Ctr) protein family, like Ctr1 and possibly its homologue 

Ctr2 [33]. 

In recent years a good amount of research has been 

dedicated to the determination of the structure of cispla-

tin-protein adducts and the exact sites this binding oc-

curs, using mass spectrometry, nuclear magnetic reso-

nance spectrometry, X ray crystallography, and also gel 

electrophoresis followed by Coomassie blue staining. 

Using the above-mentioned technics several more cispla-

tin-binding proteins have been identified, including my-

osin II A, heat shock protein 90, ribosomal protein L5, 

and explained the interactions with insulin, cyt C, cal-

modulin, hemoglobin and myoglobin, ubiquitin, α2-mac-

roglobulin, α1-anti-trypsin, apolipoprotein A1 and A2 

[34-36]. Recently it has been found that cisplatin-protein 

adducts are removed by glutathione (GSH) via the crea-

tion of protein-cisplatin-GSH intermediates [37]. 

Cisplatin and oxidative stress 

Previous scientific convictions that the main mechanism 

of cisplatin cytotoxicity is DNA damage, have now been 

shown to be secondary to the oxidative damage of cell 

membrane components and the depletion of energy 

within the cells. Cisplatin impairs the mitochondrial an-

tioxidant defense system (decreased GSH, NADPH lev-

els, GCH/GSSG ratio, and increased glutathione- disul-

fide (GSSG) levels). Decreased levels of GSH and the 

accumulation of GSSG can be secondary to lower levels 

of glutathione reductase activity. This GSH depletion is 

a critical event in cisplatin-induced lipo-peroxidation and 

subsequent toxicity. The oxidation of cardiolipin (CL), 

an anionic phospholipid in the inner mitochondrial mem-

brane (IMM) responsible for its fluidity and stability, is a 

key molecule associated with mitochondrial damage. 

Cardiolipin is an integral part of the mitochondrial bio-

energetics process, making contact with membrane trans-

porters, respiratory chain complexes and proteins in-

volved in energy transport, but is also involved in the mi-

tochondrial apoptotic process. Decreased levels of CL 

lead to rigidity of IMM which can suppress the function 

of proteins and enzymes in the respiratory chain. The 

ADP/ATP carrier activity is also dependent on CL. Both 

of these mechanisms lead to the depletion of ATP [38]. 

Oxidation of CL also leads to the release of cyt C into the 

cytosol, which is deemed as an early event the mitochon-

dria-mediated apoptotic cell death [39]. 

Mechanisms of Resistance to Cisplatin 

Most authors suggest three main mechanisms of 

resistance to cisplatin action: (1) enhanced repair of 

cisplatin-induced DNA lesions, (2) decrease in uptake 

and/or increase in efflux and (3) inactivation of cisplatin 

intracellularly [40]. Mechanisms of resistance were 

primarily studied in human ovarian cancer cells and 

L1210 mouse leukemia cells [41]. It has been shown that 

all three molecular mechanisms contribute, to a different 

extent, to the development of resistance, and that in every 

cell type more than one mechanism is in action.  

Enhanced DNA repair 

Nucleotides affected by cisplatin are excised from DNA 

during the process of DNA synthesis, which is mostly 

done by the nucleotide excision repair (NER) system 

[42]. This system consists of more than 20 proteins, of 

which for cisplatin-induced damage, the most important 

ones are excision repair cross-complementing rodent re-

pair deficiency complementation group 1 (ERCC1), a 

single-strand DNA endonuclease [43]. Overexpression 

of ERCC1 is liked to poor survival rates and responsive-

ness to cisplatin [44]. This correlation has been observed 

in clinical studies for several human neoplasms including 

colorectal cancer, head and neck squamous carcinoma, 

mesothelioma, bladder, esophageal and ovarian cancers 

and NSLC [45-49]. Since higher levels of ERCC1 have 

been found in tumors clinically resistant to cisplatin and 

the fact that we can measure ERCC1 expression, either 

on mRNA level or protein level, ERCC1 is a valid marker 

of tumor responsiveness to cisplatin based regimens of 

treatment [50]. 

Cisplatin-induced lesions of DNA, such as insertions, 

deletions, and mismatches, can be detected by mismatch 

repair (MMR) system (mutL homolog 1 and 2 (MLH 1 

and MLH 2)) [51]. These proteins can also detect inter-

strand adducts. The mechanism is as follows – MMR rec-

ognizes the mistake, attempts to repair it; fails in that at-

tempt, thus sending pro-apoptotic signals [52]. Therefore 

tumor cells under express MMR system proteins to ac-

quire resistance to cisplatin [53, 54]. Methylated MLH1 

component is a negative predictor of survival in ovarian 

cancer patients, and low levels of MSH2 are a negative 

predictor  of the efficiency of cisplatin therapy in patients 

with resected lung cancer [55].  

Decrease in uptake and/or increase in efflux  

Until recently it was believed that cisplatin enters the cells 

via passive diffusion [56], while the uptake is not concentra-

tion or time saturated, and also the uptake of cisplatin is 

slower than of similar compounds that are actively trans-

ported through the cell membrane [57]. However, it was ob-

served that cell membrane transporters, primarily copper 

transporters, CTR1 and CTR2 are important for the uptake 

of cisplatin. This discovery was first proved in yeast culture, 

where knocking down CTR1 lowered the levels of trans-

ported cisplatin [58]. In the later studies on patients with 
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ovarian cancer and NSCL on cisplatin–regime therapy, au-

thors state that higher levels of CTR1 mRNA expression 

had a positive correlation with responsiveness and overall 

survival [59]. Opposite has been seen with CTR2, where 

lower levels of CTR2 expression are linked to an increased 

uptake and sensitivity to cisplatin [60]. The expression of 

these transporters can also be used as a biomarker of tumor 

sensitivity to cisplatin [61]. In line with this, pre-treatment 

with copper, protects the cells from cisplatin cytotoxicity, 

most likely by competitive binding to the transporters thus 

saturating them completely [62]. In contrast to that, copper 

chelators facilitate cisplatin intake and cytotoxicity [59]. Its 

important to note that cisplatin downregulates CTR1 by in-

ternalizing the membrane molecule.  

Less important cisplatin- transporting molecules are 

some members of the organic cation transporter family 

(OCT), most notably OCT1 and OCT2. OCT1 also trans-

ports oxaliplatin and carboplatin. There is insufficient data 

regarding the importance of these transporters in relation to 

cisplatin resistance [60]. Efflux of cisplatin from the cell 

is also believed to be occurring via membrane transport-

ers. The authors describe two transporters: P-type 

ATPase transporters and ATP-binding cassette transport-

ers (ATP7A and ATP7B). Multidrug-resistance-associ-

ated proteins (MRPs), part of the ATP binding cassette 

transporters, are responsible for the efflux of glutathione-

platinum conjugates [63]. 

Cytosolic inactivation of cisplatin 

There are two main pathways of cytosolic inactivation of 

cisplatin: conjugation with GSH and binding with metal-

lothionein proteins.  

In the case of GSH, it is known that GSH can aid in 

lowering the cytotoxicity by extinguishing DNA-plati-

num adducts before their transformation to cytotoxic 

cross-links, or by forming complexes with cisplatin, thus 

reducing the available intracellular cisplatin [64]. Also, 

GSH as an antioxidant maintains the redox potential. The 

formation of these chelate complexes between cisplatin 

and GSH leads to faster elimination of cisplatin. A study 

by Godwin et al. [65] has shown that cisplatin-resistant 

cell lines of ovarian cancer show higher expression of γ-

glutamylcysteine synthetase and y-glutamyl transferase, 

thereby showing the importance of GSH metabolism in 

cisplatin resistance. Thus, lower levels of GSH in cancer 

cells lead to higher cytotoxicity of cisplatin [66].  

Metallothionein proteins are cysteine-rich proteins 

that bind metals such as copper, zinc, cadmium, and mer-

cury. Their function is in the regulation of cellular metal 

homeostasis and as detoxifiers of heavy metals. The sec-

ond role is their involvement in cisplatin resistance. 

Overexpression of these proteins leads to cisplatin re-

sistance [67-69]. 

Side Effects and Toxicity of Cisplatin 

Nephrotoxicity 

Cisplatin is eliminated by the kidneys via glomerular fil-

tration and tubular secretion [70]. The process of cispla-

tin elimination begins with the formation of glutathione 

conjugates. These conjugates transform into cysteine gly-

cine conjugates by glutamyl-transpeptidase (GGT), 

found on the brush border of proximal tubule cells. They 

are further metabolized into cysteine conjugates by cys-

teine-S-conjugate beta lyase, also found on the surface of 

proximal tubule cells. In the proximal tubule cells they 

are metabolized to highly reactive thiols (Figure 3) [71-

73], which react with macromolecules finally leading to 

the cell death. Hannigan and co-authors have shown that 

mice deficient in GGT were resistant to nephrotoxicity 

induced by cisplatin, and that inhibition of GGT by aciv-

icin protects against cisplatin nephrotoxicity [74]. The in-

hibition of cysteine-S-conjugate beta lyase with ami-

nooxyacetic acid is also found to protect mice exposed to 

cisplatin in a dose of 15 mg/kg [73]. Also, the concentra-

tion of cisplatin in the tubule cells is greater than the con-

centration in the blood, which suggests an accumulation 

of the drug in the renal tubule cells. 

Substantial evidence indicates that oxidative stress is 

involved in cisplatin-induced nephrotoxicity. Production 

of reactive oxygen species (ROS), depletion of antioxi-

dant systems and stimulation of accumulation of lipid pe-

roxidation products in the kidney are listed as the main 

mechanisms associated with cisplatin-nephrotoxicity. 

Oxidative metabolism is stimulated by cisplatin and the 

production of ROS in the damaged mitochondria, includ-

ing superoxide anions (O2
-.), hydrogen peroxide (H2O2) 

and hydroxyl radicals (OH.), increases (figure 4). The 

produced ROS can impair antioxidant defense mecha-

nisms such as GSH and SOD [75]. It is assumed that ni-

trosative stress is also involved in cisplatin-nephrotoxi-

city. Studies have shown that the cellular effects of ROS 

are enhanced by the production of nitric-oxide (NO), 

most likely as a consequence of the induced production 

by the inducible form of NOS, which leads to the contin-

uous formation of peroxynitrite (ONOO), which further 

reacts with O2
-. contributing to kidney damage by cispla-

tin (Figure 4) [75]. One of the mechanisms of cisplatin 

toxicity and cell death involves the activation of p53 in 

renal cells, which has been proven to occur both in in vivo 

and in vitro conditions [76, 77].  

There is also some evidence that inflammatory cas-

cades could contribute to cisplatin-induced nephrotoxi-

city. The expression of numerous inflammatory cyto-

kines and chemokines increases in the kidney tissue after 

the application of cisplatin 78]. However, evidence for a 

functional role for many of these cytokines is missing. 

For example, some studies have determined that the ex-

pression of IL-1β, IL-18, CX3CL1 and IL-6 increases in 

cisplatin nephrotoxicity [79, 80].  
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Fig. 3 Cisplatin effects on proximal tubule cells of the kidney. Metabolism and elimination of cisplatin.  

 

Fig. 4 Schematic overview of oxidative stress and nitrosative stress in proximal tubule cells induced by cisplatin. 

Cisplatin induces elevation of ROS in mitochondria, which are released into the cytosol resulting in depletion in 

levels of GSH and SOD. ROS increases the production of NO, thus leading to increased production of ONOO, 

that damages the cell membrane, which leads to increased levels of MDA. SOD – superoxide dismutase; GSH – 

glutathione; ROS – reactive oxygen species; MDA - malondialdhyde; ONOO – peroxynitrite. 
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Cisplatin causes tubule damage that leads to acute re-

nal failure, vascular damage of small and medium arter-

ies resulting in decreased blood flow, glomerular damage 

and long term use leads to chronic renal failure [81]. 

Part of the nephrotoxicity of cisplatin is due to vascu-

lar damage and vasoconstriction, which arise mainly 

from endothelial dysfunction and disorders of vascular 

autoregulation. Cisplatin may have direct toxic effects on 

the vascular endothelium and microangiopathy can cause 

a decrease in blood flow through the kidney, which can 

further lead to a decrease in glomerular filtration (GF) 

and hypoxic tubule damage [82]. Prolonged exposure to 

cisplatin lead to glomeruli damage. Cisplatin causes dam-

age to the cells of glomerulus directly thus leading to 

morphological changes of the glomeruli and impaired 

permeability of the glomerular membrane causing pro-

teinuria. Cisplatin alters glomerular filtration rate, mainly 

by decreasing permeability of the filtration membrane, 

which occurs as a result of the contraction of mesangial 

cells [83]. Cisplatin damages the proximal tubules, spe-

cifically the S3 segment of the outer medullary stripe. In-

tracellularly, we can detect the changes in the mitochon-

dria and nuclear pallor in the distal nephron. On the glo-

meruli, there  are no obvious morphological changes 

[70]. Electron microscopic studies show changes in the 

pars recta including profound thinning or focal loss of 

brush border, cellular swelling, condensation of nuclear 

chromatin, vacuolization of the cytoplasm, rounding of 

mitochondria with swollen cristae, increased number of 

pinocytotic vesicles and lysosomal bodies in the apical 

region bordering the lumen [84]. 

Cisplatin nephrotoxicity presents itself as renal insuf-

ficiency, several days after the dose administration, and 

can be found in 20-30% of patients. Renal insufficiency 

is manifested with high levels of creatinine, urea and uric 

acid in serum, and with lower serum creatinine clearance. 

More common kidney manifestations are hypomagne-

siemia, ie. Falconi like syndrome [81]. The primary line 

in reducing nephrotoxicity is volume expansion with so-

dium chloride. In animal models many anti-inflammatory 

agents have been found to reduce nephrotoxicity, pre-

venting inflammation and cell damage, like caffeic acid 

phenethyl ester and melatonin that prevent the overpro-

duction of ROS and also alter GSH metabolism [85, 86]. 

There is some evidence that anti-TNF-α agents could re-

duce cisplatin nephrotoxicity [87].  

Cardiotoxicity  

Cisplatin cardiotoxicity is primarily associated with the 

changes in electric heart activity and are most commonly 

in  the form of ventricular arrhythmias, supraventricular 

tachycardia, occasional sinus bradycardia, and atrial fi-

brillation [88]. Some authors have reported acute myo-

cardial infarction, myocarditis, and pericarditis, as a man-

ifestation of cisplatin toxicity. They concluded that the 

possible mechanism of cisplatin induces cardiac arrhyth-

mias is due to the drugs effect on sodium ion channels 

[89]. Cisplatin also induces coronary vasospasm (a step 

into the development of coronary artery disease) and in-

creases von Willebrand factor which leads to endothelial 

injury. All of the above-mentioned changes due to cispla-

tin toxicity ultimately result in congestive heart failure 

and sudden cardiac death. 

The underlying mechanism of cisplatin-induced car-

diotoxicity is most likely oxidative stress. In cells, cispla-

tin shifts the redox balance by conjugation and depletion 

of glutathione, and induces damage to the mitochondria, 

therefore increasing ROS production [90]. Experimental 

studies on rat hearts treated with cisplatin showed in-

creased levels of ROS and lipid peroxidation and de-

creased GSH levels and SOD activity [91].  

Cisplatin also induces a destabilization and depolari-

zation of mitochondrial membranes in cardiomyocites 

with visible mitochondrial ultrastructural abnormalities. 

As previously stated, cisplatin damages DNA in the nu-

cleus, but cisplatin can also damage DNA in mitochon-

dria. This damage to the mitochondria DNA, due to the 

sheer number and essential role in energy production 

causes damage in cardiomyocytes [92]. Cardiomyocytes 

of mice hearts treated with cisplatin showed signs of en-

doplasmatic reticulum stress and increased caspase-3 ac-

tivity, with early apoptotic events happening at the level 

of mitochondrial transmembrane potential [93]. Cisplatin 

accumulates in the mitochondria where it causes an in-

crease in ROS production. This leads to the development 

of mitochondrial dysfunction and damage, as well as the 

activation of pro-apoptotic molecules [94]. Energy deple-

tion that happens due to mitochondrial dysfunction is 

also, a key component that leads to the death of cardio-

myocytes. It has been shown that cisplatin inhibits fatty 

acid oxidation, a major energy source, and also inhibits 

cytochrome C oxidase, an important enzyme in mito-

chondrial respiratory function. 

A small amount of research has been devoted to ex-

plaining the role of myocardial inflammation induced by 

cisplatin, but from the literature review, we can state that 

cisplatin activates pro-inflammatory factors that promote 

inflammation and cell injury in cisplatin-induced cardiac 

toxicity. Cisplatin induces the production of myocardial 

TNF-α and increases myocardial myeloperoxidase activ-

ity. Formed TNF-α then binds to its receptors and induces 

the recruitment of immune cells, mainly neutrophils and 

macrophages. Immune cells produce various cytokines 

and chemokines, as well as ROS, in total contributing to 

the cytotoxic effects of cisplatin [94, 95].  

Disruption of cell membranes caused by cisplatin ad-

ministration leads to a release of intracellular proteins 

such as cardiac troponin, lactate dehydrogenase, and cre-

atine kinase.These  biomarkers are used to detect myo-

cardial damage caused by cisplatin. Some authors have 

reported a significant increase in serum levels of these 

biomarkers after only one dose was administered [96].  

Neurotoxicity 

Cisplatin predominantly affects the neurons of the dorsal 

root ganglia leading to symptoms such as numbness and 

tingling, paresthesia, reduced deep tendon reflexes, and 

leg weakness. Cisplatin accumulates in the dorsal root 
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ganglia, thus causing abnormalities in the nucleoli of spi-

nal root ganglion cells. After chronic application of cis-

platin, spinal root neurons and peripheral neurons 

showed significant damage in relation to the reduction in 

cell size. The first onset appears after a cumulative dose 

of 300-600 mg/m2 is administered. The most severe form 

of cisplatin neurotoxicity is expected 1-4 months after the 

end of weekly cisplatin administration. In most patients, 

the resolution of symptoms happens over the next 12 

months [97]. Because nerve damage can only partially be 

reversed, effective neuroprotective therapies have been 

studied. Most effective have been GSH, N-acetylcisteine, 

vitamin E, oxcarbazepine and some chelators such as cal-

cium and magnesium infusions. Pace and co-workers 

have reported that vitamin E as an antioxidant can pre-

vent neurotoxicity [98]. Also, N-acetylcisteine can in-

crease the concentration of GSH, which prevents the ac-

cumulation of cisplatin [99].  

Ototoxicity 

Ototoxicity is usually seen in younger patients, where a 

cisplatin administration in dose of 50 mg/m2 affects 

around 31% of patients after the initial dose, leading to tin-

nitus and bilateral high-frequency hearing loss. Higher 

doses (150 mg/m2) given over a shorter period of time, and 

higher cumulative doses, lead to bilateral, progressive, and 

irreversible hearing disorders [100]. Risk factors include 

previous cranial irradiation, renal dysfunction or inner ear 

damage, or concomitant exposure to other ototoxic agents, 

such as aminoglycosides, loop diuretics. Cisplatin-induced 

ototoxicity is thought to be due to the damage to the inner 

ear, via increased concentration of ROS and depleting the 

concentration of GSH. So far, there has been no effective 

treatment for this cisplatin side effect. Although the preven-

tive use of antioxidants has been studied, their clinical use 

has not been fully accomplished.  [101].  

Gastrointestinal and hepatotoxicity 

Gastrointestinal toxicity caused by cisplatin includes 

emetic effects, i.e. chemotherapy nausea and vomiting 

(CINV) and dyspepsia. Some patients can develop ano-

rexia which can lead to cachexia [102]. The co-admin-

istration of radiotherapy can increase the incidence of 

CINV. Treatment is based on the combination of antie-

metic drugs such as ondasetron, dexamethasone, and 

olanzapine [103].  
Cisplatin and other platinum- based drugs can cause  

damage to sinusoid vessels of the liver. This damage to 
the sinusoids can result in nodular hyperplasia and benign 
tumors of the liver [104, 105]. Patients develop symp-
toms that include abdominal pain and edemas. The nder-
lying mechanism is the overproduction of ROS and dam-
age to mitochondria of the epithelial cells lining the si-
nusoids. There is no known treatment to prevent cispla-
tin-induced hepatotoxicity [106, 107]. 

Conclusion 

Cisplatin is still a widely used chemotherapeutic agent, used 

alone and/or in combination with other drugs in a large 

number of tumors, despite proven toxicity. Today, a great 

effort is being made on the development of new types of 

platinum-based drugs, which have less side effects, but the 

fact is that more research is needed on the application of 

preventive drugs that could target ever-present side effects. 

We also see potential in examining specific factors in 

patients that would predispose them develop some of the 

toxic effects of cisplatin, i.e specific genetic marker.
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