
Background: Calcium homeostasis is considered to be 
important in antineoplastic as well as in neurotoxic ad-
verse effects of cisplatin.  
Aims: This study aimed to investigate the role of Ca2+ in 
cisplatin neurotoxicity in cultured rat dorsal root ganglia 
(DRG) cells.  
Study Design: Cell culture study.
Methods: DRG cells prepared from 1-day old Sprague-
Dawley rats were used to determine the role of Ca2+ in 
the cisplatin (10-600 μM) neurotoxicity. The cells were 
incubated with cisplatin plus nimodipine (1-3 μM), 

dizocilpine (MK-801) (1-3 μM) or thapsigargin (100-
300 nM). Toxicity of cisplatinon DRG cells was deter-
mined by the MTT assay.   
Results: The neurotoxicity of cisplatin was significant 
when used in high concentrations (100-600 μM). Ni-
modipine (1 μM) but not MK-801 or thapsigargin pre-
vented the neurotoxic effects of 200 μM of cisplatin.   
Conclusion: Voltage-dependent calcium channels may 
play a role in cisplatin neurotoxicity.  
Keywords: Calcium, cisplatin, dorsal root ganglia, pri-
mary cell culture
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Platinum drugs are used in the treatment of various types 
of cancers including ovarian, testicular, prostate, and colon 
cancer. Their well-known dose limiting adverse effect is pe-
ripheral neuropathy, which occurs in about 30-40% of patients 
(1,2) and usually forces patients to discontinue the treatment. 
After the discontinuation of treatment, the neurological dys-
function may gradually improve, but sometimes it may persist 
for a certain period, or be permanent (3). Cisplatin therapy and 
cytotoxicity are known to include interstrand and intrastrand 
adducts formation in DNA (4), which has been suggested to be 
a major mechanism in cisplatin-induced neuropathy (5). Al-
though the mechanism of neuropathy is largely unclear, it has 
been reported that platinum compounds induce sensory dete-
rioration and damage in large myelinated sensory fiber sec-
ondary to their accumulation in the dorsal root ganglia (DRG) 
(5,6). Cisplatin is not capable of crossing the blood-brain bar-
rier. Thus, no direct exposure to toxic levels of the drug occurs 
in central nervous system neurons. However, it is expected 

that sensory neurons are exposed to high levels of the drug 
during chemotherapy due to the supply of dorsal root ganglia 
by fenestrated capillaries (7). Although glutation (8) and other 
thiol compounds (9), ACTH-like peptides (10), neurotrophic 
agents (11), paclitaxel, which is a microtubule stabilizer (12), 
and calcium channel antagonists (13) have been tested in vivo 
and in vitro to prevent cisplatin-induced neurotoxicity, none 
of them have been found to be effective. Screnci and McK-
eage (13) have previously reviewed nimodipine and some 
other agents for use against platinum toxicity and found no 
significant preventive effect. However, there are few studies 
on cisplatin toxicity investigating the effect of the inhibition of 
different systems such as channels or pumps, binding to sulf-
hydryl groups of enzymes, second messengers and signaling 
systems involved in calcium homeostasis (14,15). 

Calcium homeostasis is considered to be important in both 
antineoplastic as well as neurotoxic adverse effects of cis-
platin. Voltage-activating calcium channels are thought to 
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be responsible for these neurotoxic side effects of cisplatin. 
There are several studies revealing that voltage-activating 
calcium channels are responsible from these neurotoxic 
effects (16-18). It has been reported that calcium channel 
blockers, in combination with the absence of normal extra-
cellular calcium, increase the toxicity of cisplatin (19). All 
of these data suggest that calcium channels may be respon-
sible for the neurotoxicity of the drug. 

This study aimed to investigate the role of calcium in cispla-
tin neurotoxicity by using nimodipine (an L voltage-sensitive 
calcium channel antagonist), MK-801 (an NMDA channel an-
tagonist) and thapsigargin (an inhibitor of efflux of calcium 
from intracellular stores) and also Ca2+ and Mg2+ in cultured 
rat dorsal root ganglion (DRG) neurons in order to assess the 
role of different systems involved in calcium homeostasis.

MATERIALS AND METHODS

The experiments were carried out according to the guide-
lines for the care and use of laboratory animals and con-
sent was obtained from the local ethics committee (date, 
24/05/2012 and protocol number, 273-A). Dorsal root ganglia 
(DRG) cells were used for the determination of cisplatin (at 
the concentrations of 10-600 μM) (Sigma Aldrich, St. Louis, 
Missouri, USA) neurotoxicity. Primary cultures of DRG were 
prepared from 1-day old Sprague-Dawley rats by using Dul-
becco’s Modified-Eagle Medium (DMEM) (Sigma Aldrich, 
St. Louis, Missouri, USA). The toxic effects of cisplatin were 
evaluated by incubating the cells with cisplatin alone and with 
cisplatin plus nimodipine (1-3 µM), MK-801 (1-3 μM) (Sig-
ma Aldrich, St. Louis, Missouri, USA) or thapsigargin (100-
300 nM) (Sigma Aldrich, St. Louis, Missouri, USA) and Ca2+ 
and Mg2+ (1-100 µM). The MTT assay, which detects only the 
living but not dead cells, was used to detect the toxicity of 
DRG cells. This is a colorimetric assay for assessing cell vi-
ability and the signal generated in this assay is dependent on 
the degree of activation of the cells. 

Primary cultures of DRG were prepared from 1-day old 
Sprague Dawley rats by modifying the methods used by Jong 
et al. (20) and Ulupinar et al. (21). Briefly, rats were decapi-
tated and DRG were collected by microdissection into sterile 
calcium- and magnesium-free modified Hank’s balanced salt 
solution (HBSS) (Sigma Aldrich; Lonza, Belgium) (7,20,22). 
The dorsal root ganglia from each rat were digested with tryp-
sin (0.25% trypsin-0.02% EDTA) (Gibco; OK, US) at 37°C 
for 10 min. Cells were dissociated by triturating with a Pasteur 
pipette and plated in culture plates coated with poly-D-lysine 
(Sigma Aldrich, St. Louis, Missouri, USA). Bases of the 25 cm3 

polypropylene tissue culture flasks were covered with poly-D-

lysine. For this procedure, 30000-70000 MW, 0.1 mg/mL po-
ly-D-lysine was dissolved in phosphate buffered saline (PBS) 
(Hyclone; Logan, Utah, USA) and the flask bases were filled 
with the same solution. After incubation for 5 min at room 
temperature, the solution was removed and the flasks were 
washed with bidistilled water and then dried (23). The cells 
were incubated with DMEM solution supplemented with 10% 
fetal bovine serum, 2 mM glutamine, 50 μg/mL penicillin and 
streptomycin (Sigma Aldrich; St. Louis, Missouri, USA). The 
cultures were maintained at 37°C in an atmosphere of 5% CO2 
for 1-2 days. Then, 10 μM of cytosine arabinoside (Cayman 
Chemicals, Ann Arbor; MI, USA) was added to the culture 
medium to prevent the replication of non-neuronal cells. Cul-
ture media was changed with DMEM solution twice a week 
and the neurons were used for neurotoxicity experiments fol-
lowing in vitro incubation for 8-10 days. 

Cytotoxicity assay
The DRG cells were used for the determination of cisplatin 

neurotoxicity. Cells (5×103 cells/well) were incubated over-
night in 96-well culture plates in drug-free DMEM medium 
and cisplatin was added to the wells with gradually increasing 
concentrations (10-600 μM) and incubated for 24 h. The toxic 
effects of cisplatin were evaluated by incubating the cells with 
the drug alone or in combination with nimodipine, MK-801 
(1-3 μM) or thapsigargin (100-300 μM) (24) as well as with 
Ca2+ and Mg2+ (1-100 mM) for 24 hours. MTT assay was used 
for detection of the toxicity. Briefly, at the end of the incuba-
tion period, cells were further incubated with MTT solution (1 
mg/ml) for 4 h at 37°C. After removing the incubation solu-
tion, cells were lysed with 150 μL of dimethylsulfoxide and 
optical density was measured at 540 nm as reference on an 
ELISA test system Multiscan EX; Franklin, Massachusetts, 
USA) (25,26). Each experimental group was tested at least 
three times. Inhibition of living cells (%) values were calcu-
lated by using the absorbance values on the formula of % inhi-
bition=100 x (mean control-sample)/mean control. In this for-
mula, mean (%) viability of the control group was accepted as 
100% and cytotoxic effects of the different doses of cisplatin 
were determined to be statistically different in (%) inhibition 
values. On the other hand, because 10 µM of cisplatin did not 
result in a significant difference in (%) inhibition values, only 
the results for higher doses (50-600 µM) were included in the 
statistical analysis. 

Data were analyzed by using SPSS 15.0 statistical pack-
age program (IBM SPSS Inc.; Chicago, IL, USA). The results 
were expressed as mean±SEM. Toxicity results for the drugs 
used were compared by unpaired Student’s t test. Concentra-
tion-dependent study of cisplatin was analyzed by one-way 
ANOVA test followed by post-hoc Dunnett test.



RESULTS

Cisplatin neurotoxicity on dorsal root ganglion neurons was 
concentration-dependent (Figure 1). We only included the 
results for 50-600 µM of cisplatin in the statistical analysis 
as submaximal concentrations to determine the effects of the 
agents involved in calcium homeostasis. 

Nimodipine (1 µM) alone had an inhibitory effect similar to 
that observed with 50 µM of cisplatin, whereas the inhibitory 
effects of MK-801 (1 µM) and thapsigargin (100 nM) were 
higher than nimodipine (p<0.001) (Figure 2). When nimodip-
ine was used with 50 µM of cisplatin, the inhibitory effect 
increased significantly (p<0.05). However, there were no sig-
nificant changes when MK-801 or thapsigargin was used with 
or without cisplatin (p>0.05).

While the inhibitory effect of 1 µM of nimodipine±cisplatin 
was not significantly different from that of 100 µM of cispla-
tin, MK-801 and thapsigargin used in combination with 100 
µM of cisplatin had significantly higher inhibitory effect com-
pared to cisplatin alone (for both, p<0.05). On the other hand, 
the inhibitory effects of 3 µM of nimodipine (p<0.01) and 
MK-801 and thapsigargin used with 100 µM of cisplatin (for 
both; p<0.001) were significantly higher than that of 100 µM 
cisplatin alone. Although nimodipine alone at a concentration 
of 1 µM had an inhibitory effect similar to that of 100 µM of 
cisplatin alone (p>0.05), the inhibitory effects of MK-801 and 
thapsigargin were significantly higher compared to that of 100 
µM of cisplatin (for both; p<0.001) (Figure 3).

The inhibitory effect of nimodipine (1 µM) when used alone 
or with 200 µM of cisplatin was significantly lower than that 
of 200 µM of cisplatin alone (for both; p<0.05). On the other 
hand, MK-801 and thapsigargin used with 200 µM of cispla-
tin resulted in significantly higher inhibitory effects compared 
to 200 µM of cisplatin used alone (for both; p<0.001). When 
used alone, MK-801 and thapsigargin had a significantly high-
er inhibitory effect than nimodipine alone (for both; p<0.001), 
but not than cisplatin alone (p>0.05) (Figure 4).

While the inhibitory effects of nimodipine (1 µM) were sig-
nificantly lower (p<0.001) compared to the 300 µM of cisplatin 
group, the inhibitory effects of nimodipine (1 µM), MK-801 (1 
µM) and thapsigargin (100 nM) used in combination with 300 
µM of cisplatin resulted in no significant difference compared 
to the group treated only with 300 µM of cisplatin (Figure 5). 

Nimodipine (1 µM), MK-801 (1 µM) and thapsigargin (100 
nM) alone had a significantly lower inhibitory effect com-
pared to cisplatin alone at a concentration of 600 µM (for all; 
p<0.001). However, the inhibitory effects were not signifi-
cantly different from that of 600 µM of cisplatin alone when 
all three agents were used in combination with 600 µM of 
cisplatin (for all; p>0.05). However, when the concentration 
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FIG. 1. The concentration-dependent inhibitory effects of cisplatin (50-
600 µM) on dorsal root ganglia 
(*: p<0.05 compared with the C50 group; ***: p<0.001 compared with the C50 
group; ++: p<0.01 compared with the C200 group; xxx: p<0.001 compared with 
the C300 group)

FIG. 2. The inhibitory effects of 50 µM cisplatin and/or nimodipine, MK–
801 (1 μM) and thapsigargin (100 nM) on DRG  
(*: p<0.05 compared with the C50 group; +++: p<0.001 compared with the 
nimodipine group)

FIG. 3. The inhibitory effects of 100 µM of cisplatin and/or NIM (nimodipin, 1 
μM) & 3NIM (nimodipine, 3 μM), MK–801 (1 μM) & 3MK-801 (MK–801, 3 μM) 
and TH (thapsigargin, 100 nM) & 3TH (thapsigargin, 300 nM) on DRG   
(*: p<0.05 compared with the C100 group; **: p<0.01 compared with the C100 
group; ***: p<0.001 compared with the C100 group; +++: p<0.001 compared with 
the nimodipine group)



of nimodipine was increased by three times, cisplatin toxicity 
increased significantly (p<0.001), whereas when thapsigargin 
concentration was increased three times, the neurotoxicity of 
cisplatin decreased significantly (p<0.05) (Figure 6).

As seen in Figure 7, although the absorbance values at 450 nm 
were significantly lower in the groups treated with 200 µM of cis-
platin alone and 1 µM of Ca2+ alone compared to the control values 
(for both; p<0.05), no significant differences were obtained when 
Ca2+ was used alone at the concentrations of 10 and 100 µM or 200 
µM of cisplatin was used with Ca2+ (1, 10 and 100 µM). 

With regard to the effects of magnesium ion, 200 µM of cis-
platin alone or with Mg2+ (1, 10 and 100 µM) resulted in sig-
nificantly lower absorbance values compared to the controls 
(for all; p<0.05). Although the absorbance value for 1 µM of 
Mg2+ was not significantly different to that of controls, 10 µM 
of Mg2+ resulted in significantly higher absorbance values than 
200 µM of cisplatin (p<0.01) and 100 µM of Mg2+ had an ab-
sorbance value that was significantly higher to both controls 
(p<0.01) and 200 µM of cisplatin (p<0.001) (Figure 8).

Balkan Med J, Vol. 33, No. 2, 2016

147Erol et al. Cisplatin Neurotoxicity and Calcium Accumulation

FIG. 7. The absorbance values for 200 µM of cisplatin and/or Ca2+ (1-100 
μM) on DRG      
(*: p<0.05 compared with the control group)

FIG. 8. The absorbance values for 200 µM cisplatin and/or Mg2+ (1-100 
μM) on DRG       
(*: p<0.05 and **: p<0.01 compared with the control group; ++: p<0.01 and +++: 
p<0.001 compared with the C200 group)

FIG. 4. The inhibitory effects of 200 µM cisplatin and/or nimodipine, MK–
801 (1 μM) and thapsigargin (100 nM) on DRG    
(*: p<0.05 compared with the C200 group; ***: p<0.001 compared with the C200 
group; +++: p<0.001 compared with the nimodipine group)

(NIM: nimodipine; MK-801: dizocilpine; DRG: dorsal root ganglia; TH: thapsigargin)
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FIG. 5. The inhibitory effects of 300 µM cisplatin and/or NIM (nimodipin, 1 μM) 
& 3NIM (nimodipine, 3 μM), MK–801 (1 μM) & 3MK-801 (MK–801, 3 μM) and 
TH (thapsigargin, 100 nM) & 3TH (thapsigargin 300 nM) on DRG    
(***: p<0.001 compared with the C300 group; +++: p<0.001 compared with the 
nimodipine group)
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FIG. 6. The inhibitory effects of 600 µM cisplatin and/or NIM (nimodipin, 1 μM) 
& 3NIM (nimodipine, 3 μM), MK–801 (1 μM) & 3MK-801 (MK–801, 3 μM) and 
TH (thapsigargin, 100 nM) & 3TH (thapsigargin 300 nM) on DRG     
(***: p<0.001 and *: p<0.05 compared with the C600 group; +++ p<0.001 com-
pared with the nimodipine group; x: p<0.05 compared with the C600+TH group)
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DISCUSSION

The present study demonstrates that calcium homoeostasis 
is one of the important factors in cisplatin-induced neurotoxic-
ity. The neurotoxicity of cisplatin was significant when used 
at high concentrations (200-600 μM), because there is no dif-
ference between 50 and 100 µM of cisplatin Due to its ac-
cumulation in DRG, we used high concentrations of cisplatin 
up to 600 μM. Nimodipine (1 μM) prevented the neurotoxic 
effects of cisplatin only at 200 μM, whereas a beneficial ef-
fect was not observed with MK-801 or thapsigargin. However, 
the neurotoxicity of high concentration of cisplatin (600 μM) 
was only decreased by high concentration of thapsigargin 
(300 nM). These results suggest that calcium ions may have a 
modulating role in cisplatin neurotoxicity.

Peripheral neuropathy is a common adverse effect of several 
antineoplastic drugs including cisplatin. This can be extremely 
painful and a treatment-limiting phenomenon occurring with 
this potentially beneficial drug. The occurrence and severity of 
neuropathy is dependent on many factors related to the usage 
of drug such as dose, duration of infusion, co-medications, 
alcohol abuse, and diabetes mellitus. Although the mechanism 
of neuropathy is unclear, cisplatin was shown to result in the 
formation of intrastrand and interstrand adducts in DNA (4,5). 
This effect of cisplatin has been suggested to be one of the 
major mechanisms responsible for neurotoxicity (5,27). Ad-
ditionally, the increased generation of reactive oxygen spe-
cies, nitric oxide, inflammation, mitochondrial dysfunction, 
protein kinase C, mitogen activated protein kinase (MAPK), 
calcium-activated proteases such as caspases, neuropeptides, 
NMDA receptors, calcium, potassium and sodium channels 
have all been suggested to have a role in cisplatin-induced pe-
ripheral neuropathy (28). To target these mechanisms, several 
neuroprotective approaches such as antioxidants (29), thiol 
compounds, neurotrophic factors, calcium channel antago-
nists (13), vitamin E, calcium and magnesium infusions, anti-
convulsants (30) glutamine and erythropoietin (29) have been 
tested in cisplatin-induced neurotoxicity in several experi-
mental models and clinical applications. Unfortunately, there 
has been no development regarding the use of these applica-
tions effectively yet in human treatment and their rationales to 
prevent toxicity may be only empiric.

It is well-known that cisplatin affects calcium homeostasis 
and its desired and undesired effects involve the change of 
calcium homeostasis (30). It has been reported that the clinical 
and side effects of cisplatin could be changed by altering the 
calcium homeostasis. It has been shown that there is a syner-
gistic effect between nifedipine and cisplatin in the antitumor 
effect of cisplatin on multidrug-resistant GB-1 cells lacking 

Ca2+-dependent endonuclease, and nifedipine subsequently 
induces apoptosis by interacting with an uncharacterized 
functional site other than the calcium channel on GB-1 cells 
(19). Supplemental treatments with calcium and ergocalcif-
erol plus elemental calcium have also been demonstrated to 
protect against severe gastrointestinal toxicity and nephrotox-
icity (31).

Interestingly, intracellular administration of bis-(o-
aminophenoxy)-N,N,N′,N’-tetraacetic acid (BAPTA), a che-
lator of calcium ions, could imitate the effect of oxaliplatin 
and the effects of this drug on voltage-gated sodium channels 
may partly cause the neuronal damage induced by oxaliplatin. 
Therefore, it has been suggested that oxaliplatin has the ca-
pacity to change the voltage-gated sodium channels through a 
pathway involving calcium ions (32). 

Interestingly, 1 μM nimodipine showed biphasic effect on 
cisplatin-induced neurotoxicity (Figures 2-6) and its signifi-
cant protective activity was on 200 μM of cisplatin (Figure 
4). Although 1 μM of MK-801 and 100 nM thapsigargin in-
creased cisplatin neurotoxicity at lower concentrations of 
cisplatin (50-200 μM), there was no significant interaction 
at higher concentrations (300-600 μM). On the other hand, 
300 nM of thapsigargin significantly decreased but 3 μM ni-
modipine significantly increased the neurotoxicity of 600 μM 
of cisplatin (Figure 6). In addition, 1 μM MK-801 and 200 
μM cisplatin synergistically increased the neurotoxicity (Fig-
ure 4), but it was not observed with the other concentrations 
used. Thus, 200 μM cisplatin seems to be a critical concentra-
tion for calcium ions to be effective on neurotoxicity. Taken 
together, all of these results suggest that cisplatin (at lower 
concentrations) may activate L-type voltage-gated calcium 
channels and increase calcium accumulation in the cells, thus 
playing a role in cisplatin-induced neurotoxicity. On the other 
hand, at higher concentrations of cisplatin, the efflux of cal-
cium from internal stores seems to play a role in the toxicity 
of the drug. Nimodipine prevents the increase in cytosolic cal-
cium. This suggests that cisplatin initially increases the cyto-
solic calcium by L-type voltage-dependent calcium channels 
with the subsequent additional efflux from internal sources. 
In regard to these results and the use of calcium and magne-
sium infusion for preventing cisplatin neurotoxicity (2,29), we 
tested the effects of calcium and magnesium ions on cisplatin-
induced neurotoxicity. Calcium (1-100 μM) did not signifi-
cantly change cisplatin neurotoxicity and 1 μM concentration 
of calcium had inhibitory effects as much as that of 200 μM 
cisplatin (Figure 7). However, there was no significant change 
between control and the groups of calcium+cisplatin. Thus, 
increasing extracellular calcium concentration seems to have a 
neuroprotective effect. On the other hand, magnesium (1-100 
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μM) did not change cisplatin neurotoxicity, but when it was 
used alone at concentrations of 10 and 100 μM, cell growth 
was significantly increased (Figure 8). It has been previously 
demonstrated that increasing the concentration of extracellu-
lar calcium facilitates sodium channel closing (33). Thus, it 
has been suggested that this effect would decrease the periph-
eral neurotoxicity of platinum compounds without affecting 
the antitumor efficacy.

It is well-known that the induction of neurotoxicity by cis-
platin occurs through multiple actions, including aberrant re-
entry into the cell cycle, apoptosis through binding to mito-
chondrial DNA, inhibition of transcription and synthesis of 
mitochondrial proteins and loss of mitochondrial functions 
(5,7,27). It is also known that cisplatin causes both apoptotic 
cell death and axonal damage by inducing early mitochondrial 
dysfunction with a loss of membrane potential (34). This sug-
gests that mitochondria may play a crucial role in neurodegen-
erative processes such as diabetic neuropathy (35). Frataxin 
is a fundamental mitochondrial protein with antioxidant and 
chaperone features and increases mitochondrial membrane 
potential (36). Overexpression of this protein induces anti-
oxidant cellular effects by activating the glutathione peroxi-
dase, provides contribution to cell resistance against oxidative 
stress and supports the cell survival (19). It has been demon-
strated that cisplatin decreases the expression of frataxin and 
it is suggested that frataxin may play a key role in neuropro-
tective mechanisms to cisplatin toxicity (34). Recently, it has 
been indicated that cisplatin forms adducts with mitochondrial 
DNA similarly as nuclear DNA and that these adducts inhibit 
mitochondrial DNA replication and transcription and evoke 
morphological alterations within mitochondria (37). Thus, 
this leads to energy failure and provides a different pathway 
for neuronal dysfunction.

The certain mechanism of cisplatin-induced neurotoxicity 
is still not fully understood. Modulation of the intracellular 
calcium concentration plays an important role in cell prolif-
eration. It has been reported that cisplatin causes a time- and 
concentration-dependent apoptotic effect, which could be one 
reason for the results of increased calcium concentration (16). 
Mitochondria play an essential role in sustaining the homeo-
stasis of intracellular calcium with their extensive buffering 
capability. Impairment of mitochondrial calcium homeostasis 
may also be responsible for cisplatin-induced neuropathy. Be-
sides, oxaliplatin has been demonstrated to increase the Na+ 
current (38) and mexiletine, the sodium channel blocker, has 
been showed to relieve the oxaliplatin-induced neuropathic 
pain (39). Moreover, it has been reported that oxaliplatin 
causes the reduced expression of TREK1, TRAAK type of 
potassium channels and enhanced expression of hyperpolar-

ization-activated channels, leading to over-excitability of the 
nerve fibers.

In conclusion, the outcomes of this study suggest that cal-
cium homeostasis is likely to play a role in cisplatin neurotox-
icity. It seems that calcium is an important ion for cell growth, 
because the three agents involved in calcium homeostasis had 
significant inhibitory effects on DRG. Further research is re-
quired to explore the role of ion channels on cisplatin-induced 
neurotoxicity.
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