THE EFFECTS OF CHRONIC ADMINISTRATION OF CISPLATIN
ON OXIDATIVE STRESS IN THE ISOLATED RAT HEART
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ABSTRACT

Taken into consideration that molecular and cellular
mechanisms involved in cardiotoxicity are still not clear the
aim of this study was to compare the production of oxidative
stress parameters in the isolated rat heart between animals
chronically treated with cisplatin and saline. The hearts of
male Wistar albino rats (n = 24, 12 per group, age 8 weeks,
body mass 250+50 g) were excised and perfused according to
the Langendorff technique at gradually increased coronary
perfusion pressures (40-120 cmH,0). We followed the produc-
tion of superoxide anion radicals, hydrogen peroxide, and ni-
trites and also index of lipid peroxidation during the changes
of coronary perfusion pressure (CPP) (from 40 to 120 cm H,0)
in coronary venous effluent. Modifications CPP were per-
formed in order to determined if oxidative stress is involved in
coronary endothelium response in conditions of hypoxia (low-
er than 60 cm H,0) and hyperoxia (higher than 80 cm H,0).

Based on the results of this research we can conclude that
with enhancement of CPP the values of oxidative stress sta-
tistically increased. However, this increment is more promi-
nent in control group as a result of preserved endothelium
and its more powerful response to hyperoxia. On the other
hand, damaged endothelium of cisplatin-treated animals
had weaker response to hyperoxia, and also lower antioxi-
dant capacity.

Keywords: cisplatin, change of coronary perfusion pres-
sure, isolated rat heart, oxidative stress
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SAZETAK

Uzimajudi u obzir injenicu da molekulski i Celijski me-
hanizmi nastanka kardiotoksicnosti nisu u potpunosti po-
znati cilj ovog istraZivanja bio je da se uporedi nastajanje i
oslobadanje parametara oksidacionog stresa kod izolovanog
srca pacova izmedu grupa tretiranih cisplatinom i fiziolos-
kim rastvorom. Srca Wistar albino pacova (n = 24, 12 po
grupi, starosti 8 nedelja, telesne mase 250+50 g) su izolo-
vana i perfundovana po Langendorff tehnici pri rastucem
koronarnom perfuzionom pritisku. Pracena je produkcija
superoksid anjon radikala, vodonik-peroksida, nitrita i in-
deksa lipidne peroksidacije pri promeni koronarnog perfuzi-
onog pritiska (CPP) (od 40 do 120 cm H,0). Promena CPP je
sprovedena sa ciljem da se utvrdi da li je oksidacioni stress
ukljucen u odgovor koronarnog endotela u uslovima hipok-
sije (pritisci nizi od 60 cm H,0) i hiperoksije (pritisci visi od
80 cm H,0).

Na osnovu rezultata ove studije mozemo zakljuditi da sa
porastom vrednosti CPP vrednosti oksidacionog stresa sta-
tisticki znacajno rastu. Medutim ovo povelanje je izraZenije
u kontrolnoj grupi usled bolje ocuvanosti endotela i njegovog
jaceg odgovora na hiperoksiju. Sa druge strane endotel kod
Zivotinja tretiranih cisplatinom je osteéen i ima losiju spo-
sobnost da odgovori na hiperoksiju kao i smanjen antioksi-
dacioni kapacitet.

Kljucne reci: cisplatina, promena koronarnog perfuzio-
nog pritiska, izolovano srce pacova, oksidacioni stress

ABBREVIATIONS

CK - creatine kinaze

CPP - coronary perfusion pressure

cTnl - Cardiac Troponin I

GSH - glutathione

H,0, - hydrogen peroxide

NADPH - nicotinamide adenine dinucleotide
phosphate hydrogen
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NO - nitric oxide

NO, - nitrites

Nrf2 - nuclear factor erythroid 2-related factor 2
O, - superoxide anion radical

ROS - Reactive oxygen species

SOD - superoxide dismutase

TBARS - thiobarbituric acid reactive substances
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INTRODUCTION

Platinum chemotherapeutic agents are the princi-
pal therapeutics in the treatment of various cancers,
including ovarian, testicular, and bladder cancer. Cis-
diamminedichloroplatinum(II) (cisplatin), as the parent
compound, is one of the most-used and the most effective
platinum-derived agents in treatment of malignancies. Cis-
platin binds to DNA, forming inter and intra-strand cross-
links, resulting in defective DNA templates, arrest of DNA
synthesis in rapidly dividing cancer cells (1). However, its
therapeutic use is limited by cellular resistance and severe
side-effects in normal tissues (2-4). In the literature the
most commonly mentioned side-effects are nephrotoxic-
ity, ototoxicity and peripheral neuropathy (5-7). Although
not often cardiotoxicity is very serious and difficult side
effect associated with cisplatin use. Acute vascular events
were recorded during the drug administration, and may be
associated with an increased long-term cardiovascular risk
(8, 9). According to literature data cardiovascular events
associated with cisplatin treatment are electrocardio-
graphic changes, arrhythmias, myocarditis, cardiomyopa-
thy and congestive heart failure (10). Toxic effects of cis-
platin may be due to inhibition of protein synthesis, DNA
damage, peroxidation of the cell membrane, mitochondrial
dysfunction (11).

The mechanism of antitumor effects of cisplatin is al-
most fully known, but molecular and cellular mechanisms
involved in cardiotoxicity are still not clear. Some experi-
mental and clinical studies support the opinion that an
increase of biomarkers of oxidative stress is involved in
cisplatin’s cardiotoxicity (12). It’s well known that toxic-
ity in numerous tissues and organ system such as liver,
kidney, ear, and cardiovascular and nervous systems, in-
duced by drugs is mediated with oxidative stress. There
are a lot of evidences that oxidative stress had important
role in acute kidney injury induced by cisplatin usage.
Reactive oxygen species (ROS) directly act on cell com-
ponents, including lipids, proteins and DNA, destroying
their structure (13, 14).

The aim of this study was to compare the production
of oxidative stress parameters in the isolated rat heart in
animals chronically treated with cisplatin. On this way, we
wanted to assess the influence of this antitumor drug on
ROS generation and potential oxidative damages. Modifi-
cations of coronary perfusion pressure were performed in
order to determined if oxidative stress is involved in coro-
nary endothelium response in conditions of hypoxia (lower
than 60 cm H,0) and hyperoxia (higher than 80 cm H,0).

MATERIAL AND METHODS

Experimental protocol

This was chronic experimental study, conducted on
male Wistar albino rats, (body weight 250+50g) aged 8
weeks. The animals were divided into two groups (12 ani-

mals per group): experimental and control. Experimental
group was treated with cisplatin for 4 weeks (4mg/kg body
weight, once a week, intra-peritonealy). Control group was
treated with saline for 4 weeks, once week, intra-perito-
nealy. After the four weeks of experimental protocol, the
animals were anasthetized with ketamine (10mg/kg) and
xylazine (5mg/kg) and then euthanized via cervical dislo-
cation (Schedule 1 of the Animals/Scientific Procedures,
Act 1986, UK).

All research procedures were carried out in accordance
with European Directive for welfare of Laboratory animals
N°86/609 EEC and principles of Good Laboratory Practice
(GLP), and approved by Ethical committee of the Faculty
of Medical Science.

Isolated rat heart preparation

Following a quick thoracotomy and rapid cardiac ar-
rest by superfusion with ice-cold isotonic saline, the hearts
were promptly excised and attached to the Langendorff ap-
paratus via aortic cannulation and then were retrogradely
perfused under a constant perfusion pressure of 70 cmH,O
with complex Krebs-Henseleit solution. The composition
of the Krebs-Henseleit buffer (perfusion medium) was as
follows (in mmol/I): NaCl (118); KCl (4.7); CaCl, x 2H,0
(2.5); MgSO,x7H,O (1.7); NaHCO, (25); KH,PO, (1.2);
glucose (5.5). It was equilibrated with gas mixture (5%
CO,-95% O,) at 37°C, (pH 7.4).

Perfusion of the isolated rat heart

After 30 minutes period of stabilization at constant
CPP of 70 cm H,O experimental protocol was conducted.
The experimental protocol implied changing of perfu-
sion pressure from 40 cm to 120 cm. The isolated hearts
were stabilized at each perfusion pressure and then the
samples of coronary venous effluent were collected for
biochemical analyses. The recorded values during the
first measure at each perfusion pressure (40, 60, 80, 100
and 120 cm H,0) were marked as values of control con-
ditions, while the second measure of parameters at each
coronary perfusion pressure were marked as experimen-
tal conditions.

Biochemical assays

Index of lipid peroxidation (Thiobarbituric Acid Reac-
tive Substances — TBARS)

The degree of lipid peroxidation in coronary venous
effluent was estimated by measuring of thiobarbituric
acid reactive substances (TBARS) using 1 % thiobarbitu-
ric acid (TBA) in 0.05 sodium hydroxide (NaOH) incu-
bated with coronary effluent at 100 °C for 15 minutes and
read at 530 nm. Krebs-Hensenleit solution was used as a
blank probe (15).

Nitrite determination

Nitric oxide was assessed as nitrite and quantified by
the spectrophometric method using the Griess-reagent.
0.5 ml of perfusate was precipitated with 200 pl of 30%
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Figure 1 The effects of chronic adiministration of cisplatin and saline
on index of lipid peroxidation in coronary venous effluent throughout
changing the coronary perfusion pressure

All values are expressed as mean + SD. Wilcoxon signed rank test were
used in statistical analysis, p values less than 0.05 (marked with * or #
depending on groups) were considered to be statistically significant and
p values less than 0.01 (marked with ** or ## depending on groups) were
considered to be statistically high significant.

sulfosalicylic acid, vortexed for 30 min and centrifuged at
3000 x g. Equal volumes of the supernatant and Griess’s
reagent, containing 1% sulfanilamide in 5% phosphoric
acid/0.1% napthalene ethylenediamine-dihydrochloride
was added and incubated for 10 min in the dark and read
at 543 nmol/l. The nitrite levels were calculated by using
sodium nitrite as a standard (16).

Superoxide determination

The level of superoxide anion radical (O,~) was mea-
sured using Nitro Blue Tetrazolium (NBT) reaction in
TRIS-buffer with coronary venous effluent and read at
530 nm. Krebs-Hensenleit solution was used as a blank
probe (17).

Hydrogen peroxide determination

The level of hydrogen peroxide (H,0,) was measured
using phenol red oxidation with H,O, from coronary ve-
nous effluent in the presence of horse-radish peroxidase
and read at 610 nm (18).

Substances

All substances necessary for the preparation of Krebs-
Henseleit buffer as well as Cisplatin were purchased from
the company Sigma-Aldrich GmbH, Germany. For treat-
ment of control group and dissolution of cisplatin was used
saline (0.9% NaCl, Hemofarhospital Logica) comercially
purchased.

Statistical Analysis

All values are expressed as mean + SD. Wilcoxon signed
rank test and Mann Whitney test were used in statistical
analysis, p values less than 0.05 were considered to be sta-
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Figure 2 The effects of chronic adiministration of cisplatin and saline on
production of nitrites in coronary venous effluent throughout changing
the coronary perfusion pressure

All values are expressed as mean + SD. Wilcoxon signed rank test were
used in statistical analysis, p values less than 0.05 (marked with * or #
depending on groups) were considered to be statistically significant and
p values less than 0.01 (marked with ** or ## depending on groups) were
considered to be statistically high significant.

tistically significant and p values less than 0.01 were con-
sidered to be statistically high significant. Wilcoxon signed
rank test (for difference between related samples) was used
for analyzed the difference between biochemical param-
eter at different coronary perfusion pressure. The Mann
Whitney test was used for analyzed the difference between
biochemical parameter in different groups at same coro-
nary perfusion pressure. The statistical analysis was per-
formed using SPSS 19.0 for Windows.

RESULTS

The effects of chronic adiministration of cisplatin
and saline on TBARS values in coronary venous effluent
throughout changing the coronary perfusion pressure

In a group treated with cisplatin with increase of CPP
TBARS values increased, but that changes were statistical-
ly significant between 60 cm and 80 ¢cm and also between
100 cm and 120 cm. On the other hand, in control group
that increase was greater and statistically high significant
(Figure 1). Comparing the effects between the groups it
can be observed statistically high significant difference at
higher CPP (from 80 to 120 cm, Table 1).

The effects of chronic adiministration of cisplatin and
saline on production of nitrites in coronary venous effluent
throughout changing the coronary perfusion pressure

In the both tested groups comparing the effects of chang-
ing CPP at production of nitrites there are statistically high
significant differences (Figure 2). Also there were statisti-
cally high significant differences in production of nitrites at
all examined CPP except at 40 cm between groups (Table 1).
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Figure 3 The effects of chronic adiministration of cisplatin and saline
on production of superoxide anion radical in coronary venous effluent
throughout changing the coronary perfusion pressure

All values are expressed as mean + SD.

The effects of chronic adiministration of cisplatin and
saline on production of superoxide anion radical in coro-
nary venous effluent throughout changing the coronary per-
fusion pressure

There were no statistically significant changes in pro-
duction of superoxide anion radical during the CPP chang-
es in both groups (Figure 3). Also there was no statistically
significant difference in production of superoxide anion
radical between groups at same CPP values (Table 1).

The effects of chronic adiministration of cisplatin and
saline on production of hydrogen peroxide in coronary ve-
nous effluent throughout changing the coronary perfusion
pressure

In a group chronically treated with cisplatin statisti-
cally significant changes in production of hydrogen perox-
ide were existed. With an increase of CPP the production
of hydrogen peroxide rised. On the other hand, in control
group, statistically high significant changes in production
of hydrogen peroxide were recorded with increase of CPP
(Figure 4). Comparing the effects of changing of coronary
perfusion pressure in these groups, we can notice that
there were statistically high significant differences in pro-
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Figure 4 The effects of chronic adiministration of cisplatin and saline on
production of hydrogen peroxide in coronary venous effluent throughout
changing the coronary perfusion pressure

All values are expressed as mean + SD. Wilcoxon signed rank test were
used in statistical analysis, p values less than 0.05 (marked with * or #
depending on groups) were considered to be statistically significant and
p values less than 0.01 (marked with ** or ## depending on groups) were
considered to be statistically high significant.

duction of hydrogen peroxide at higher CPP (from 80 to
120 cm, Table 1).

DISCUSSION

Previously was mentioned that cisplatin usage is asso-
ciated with a numerous side effects, whereby one of the
most commonly and detail characterized is nephrotoxicity.
Cisplatin activates glucose-6-phosphate dehydrogenase
and hemoxinase, which increase free radical production
and decrease the production of antioxidative enzymes. It
increases concentrations of calcium into cells, which leads
to activation of nicotinamide adenine dinucleotide phos-
phate hydrogen (NADPH) oxidase and stimulating of ROS
production. There are evidence that cisplatin-treated ani-
mals have increased levels of superoxide anion radical (O,"),
hydrogen peroxide (H,0,) (19). Free radicals, formed in
this way, induced the damaging of lipid components in cell
membrane by peroxidation and mitochondrial dysfunc-
tion (20, 21). Beside the increment of ROS production, the
achievement of reactive nitrogen species was observed in

Table 1. Comparison of oxidative stress between cisplatin and control groups at different coronary perfusion pressure

40 CPP 60 CPP 80 CPP 100 CPP 120 CPP
Index of lipid peroxidation >0.05 0.020 0.004 0.001 0.000
Nitric oxide > 0.05 0.000 0.000 0.000 0.000
Superoxide anion radical > 0.05 > 0.05 > 0.05 > 0.05 > 0.05
Hydrogen peroxide > 0.05 > 0.05 0.001 0.000 0.000

Mann Whitney test were used in statistical analysis, p values less than 0.05 were considered to be statistically significant and p values less than 0.01

were considered to be statistically high significant.
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cisplatin-induced nephrotoxicity. Concentration of nitric
oxide and peroxynitrite in kidney were increased in ani-
mals treated with cisplatin. Peroxynitrite, which is gener-
ated by the reaction of nitric oxide (NO) with superoxide,
is a strong oxidant that can damage subcellular organelles,
membranes. Peroxynitrite induced changing of protein
structure and function, lipid peroxidation, chemical cleav-
age of DNA and reduction in cellular defenses by oxidation
of thiol pools. Aforementioned claims can serve as evi-
dence that peroxynitrites are involved in cisplatin-induced
nephrotoxicity. On the other hand it is still controversial if
nitric oxide had toxic role in kidney injury (22, 23).

The fact that production of ROS is fundamental mech-
anism in nephrotoxicity, were rised attention of scientists
to correlate production of ROS with occurrence of car-
diotoxicity. There are a few papers which describe that
concomitant use of antioxidants with cisplatin can reduce
cardiotoxicity (24-26). Rosic and colleagues assessed the
protective effects of N-acetylcysteine (NAC) on cisplat-
in-induced changes in myocardium (27). Results of their
study showed that NAC coadministration with cisplatin
mitigated cisplatin-induced disturbances of cardiodynam-
ic and oxidative stress parameters, as well as morphologi-
cal changes in myocardium and coronary blood vessels, by
reduction of oxidative stress. As a results of increase pro-
duction of ROS transcription and translocation of nuclear
factor erythroid 2-related factor 2 (Nrf2) into the nucleus
occurred. Activation of this factor induces the expression
of many genes involved in synthesis of different antioxida-
tive enzymes and heme oxygenase-1, which are important
to protect the cells against oxidative stress and inflamma-
tion. Increased production of ROS can lead to increment
in the expression of nuclear factor kappa B and production
of pro-inflammatory cytokines such as tumor necrosis fac-
tor-alpha, chemokines such as monocyte chemoattractant
protein-1. All these factors induce apoptosis and conse-
quently myocardial injury (28, 29).

Results of our study showed that in both groups incre-
ment of coronary perfusion pressure values causes increase
in production of oxidative stress biomarkers (Figure 1-4).
The values of superoxide anion radical enhanced with in-
crease of CPP, but that changes between two different CPP
were not statistically significant (Figure 3). Also when we
compare the values of superoxide anion radical between
control and cisplatin group we didn’t get any statistically sig-
nificant difference (Table 1). On the other hand, the values
of all other examined biomarkers of oxidative stress have
statistically significant increased with enhancement of CPP
(Figure 1, 2, 4) in both groups. Likewise, there was statis-
tically significant difference in these parameters between
groups. Based on the results of this study (Table 1) we can
observe that there is no difference in production of oxidative
stress biomarkers in conditions of hypoxia between groups.

Two groups of authors showed that animals treated
with saline had greater levels of reduced glutathione and
superoxide dismutase in heart tissue, than animals treated
with cisplatin. These results demonstrated that animals

treated with cisplatin had lower antioxidant capacity than
animals treated with saline. In accordance to this we can
assume that in our study animals treated for 4 weeks with
cisplatin had relieved capacity for struggle with free radi-
cals. So despite the fact that in coronary effluent of con-
trol group levels of free radical were higher, antioxidant
capacity of these isolated hearts is preserved, and damages
induced by changes of CPP will be lower than in cispla-
tin group. Also these authors confirm that administration
of single dose of cisplatin induced increase of markers of
heart injury, such as: levels of LDH and creatine kinaze
(CK), cardiac troponin I (cTnl) in serum, as well as cardiac
CK-MB index and CK-MB activities (24, 30). El-Sawalhi
and coworkers also compare the effects of administration
of cisplatin and saline on antioxidant capacity. These re-
searchers found that administration of cisplatin induced a
significant decrease of catalase and gluthatione peroxidase
activity in postmitochondrial and mitochondrial fractions
of heart tissue (25). Cardiac tissue generally had very low
level of antioxidant enzymes such as superoxide dismutase
(SOD) and catalase. Additional decreased of SOD activ-
ity in cisplatin-treated group can be explained by losing of
copper and zinc which are essential for activity of this en-
zyme (31). On the other hand cisplatin had a great affinity
to sulfur contained into glutathione (GSH), so conjucation
of GSH by cisplatin caused depletion of GSH and decrease
of redox state. Also the reduction of GSH may be explained
by decrease activity of glutathione reductase induced by
direct attack of cisplatin (32, 33). El-Sawalhi with cowork-
ers in their research also showed that treatment with cis-
platin induced increase of NADPH oxidase activity (25).
NADPH oxidase is a major source of endoplasmic reticu-
lum stress, and it be reported that plays an essential role
in cisplatin-mediated ROS generation. So NADPH could
initiate oxidative stress at early stages of cardiotoxicity and
together with other enzymes acts synergistically to aug-
ment of oxidative stress (34).

Based on the results of this research we can conclude
that with enhancement of coronary perfusion pressure the
values of oxidative stress statistically significant increase.
However, this increment is more present in control group
as a result of preserved endothelium and its more powerful
response to hyperoxia. On the other hand damaged endo-
thelium of cisplatin-treated animals had weaker response to
hyperoxia, and also lower antioxidant capacity. Finding of
present study help in understanding of connection between
oxidative stress and cisplatin usage, and thus elucidate mo-
lecular interactions involved in its mechanisms of action.

REFERENCES

1. Wang D, Lippard SJ. Cellular processing of platinum an-
ticancer drugs. Nat Rev Drug Discov. 2005; 4:307-20.

2. Rabik CA, Dolan ME. Molecular mechanisms of resis-
tance and toxicity associated with platinating agents.
Cancer Treat Rev. 2007; 9-23.

15

Unauthentifiziert | Heruntergeladen 06.03.20 11:55 UTC



16

%}

3. Giaccone G. Clinical perspectives on platinum resis-
tance. Drugs. 2000; 59: 9-38.

4. Kartalou M, Essigmann JM. Mechanisms of resistance
to cisplatin. Mutat Res 2001; 478(1-2):23-43.

5. Miller PR, Tadagavadi RK, Ramesh G, Reeves WB.
Mechanisms of Cisplatin Nephrotoxicty. Toxins. 2010;
2490-518.

6. Mc Whinney SR, Goldberg RM, Mc Leod HL. Platinum
neurotoxicity pharmacogenetics. Mol Cancer Ther
2009; 10-16.

7. Ding D, Allman BL, Salvi R. Review: Ototoxic Char-
acteristics of Platinum Antitumor Drugs. Anat Rec
(Hoboken) 2012; 1851-67.

8. Herrmann J, Yang EH, Iliescu CA et al. Vascular Tox-
icities of Cancer Therapies: The Old and the New-An
Evolving Avenue. Circulation. 2016; 133:1272-89.

9. Yeh ETH, Tong AT, Lenihan DJ et al. Cardiovascular
complications of cancer therapy: Diagnosis, pathogen-
esis, and management. Circulation. 2004; 109:3122-31.

10. Pai VB, Nahata MC. Cardiotoxicity of chemotherapeu-
tic agents: incidence, treatment and prevention. Drug
Saf. 2000; 22:263-302.

11. Chirino YI, Pedraza-Chaverri J. Role of oxidative and
nitrosative stress in cisplatin-induced nephrotoxicity.
Exp Toxicol Pathol. 2009; 61(3):223-42.

12. Ma H, Jones KR, Guo R, Xu P, Shan Y, Ran J. Cisplatin
compromises myocardial contractile function and mi-
tochondrial ultrastructure: role of endoplasmic reticu-
lum stress. Clin. Exp. Pharmacol. Physiol. 2010; 460-5.

13.Kawai Y, Nakao T, Kunimura N, Kohda Y, Gemba M.
Relationship of intracellular calcium and oxygen radi-
cals to Cisplatin-related renal cell injury. ] Pharmacol
Sci. 2006; 100(1):65-72.

14. Yao X, Panichpisal K, Kurtzman N, Nugent K. Cis-
platin nephrotoxicity: a review. Am ] Med Sci. 2007;
334(2):115-24.

15. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides
in animal tissues by thiobarbituric acid reaction. Anal
Biochem. 1979; 351-8.

16. Green LC, Wagner DA, Glogowski J, Skipper PL, Wishnok
JS, Tannenbaum SR. Analysis of nitrate, nitrite and [15N]
nitrate in biological fluids. Anal Biochem 1982; 131-8.

17.Auclair C, Voisin E. Nitroblue tetrazolium reduc-
tion. In: Greenvvald Ra Hadnbook of methods for
oxygen radical research. CRC Press Une, Boca Ra-
ton, 1985; 123-32.

18. Pick E, Keisari Y. A simple colorimetric method for the
measurement of hydrogen peroxide produced by cells
in culture. ] immunol Methods 1980; 161-70.

19.Yilmaz HR, Iraz M, Sogut S, et al. The effects of erdos-
teine on the activities of some metabolic enzymes dur-
ing cisplatin-induced nephrotoxicity in rats. Pharmacol
Res. 2004; 50(3):287-90.

20. Davis CA, Nick HS, Agarwal A. Manganese superoxide
dismutase attenuates Cisplatin-induced renal injury:
importance of superoxide. ] Am Soc Nephrol. 2001;
12(12):2683-90.

21. Kadikoylu G, Bolaman Z, Demir S, Balkaya M, Akalin
N, Enli Y. The effects of desferrioxamine on cisplatin-
induced lipid peroxidation and the activities of antioxi-
dant enzymes in rat kidneys. Hum Exp Toxicol. 2004;
23(1):29-34.

22. Chirino YI, Herndndez-Pando R, Pedraza-Chaverri J.
Peroxynitrite decomposition catalyst ameliorates re-
nal damage and protein nitration in cisplatin-induced
nephrotoxicity in rats. BMC Pharmacol. 2004; 4:20-9.

23.Yildirim Z, Sogut S, Odaci E, et al. Oral erdosteine ad-
ministration attenuates cisplatin-induced renal tubular
damage in rats. Pharmacol Res. 2003; 47(2):149-56.

24.El-Awady el-SE, Moustafa YM, Abo-Elmatty DM,
Radwan A. Cisplatin-induced cardiotoxicity: Mecha-
nisms and cardioprotective strategies. Eur ] Pharma-
col. 2011; 650:335-41.

25. El-Sawalhi MM, Ahmed LA. Exploring the protective
role of apocynin, a specific NADPH oxidase inhibitor,
in cisplatin-induced cardiotoxicity in rats. Chem Biol
Interact. 2014; 207:58-66.

26. Chowdhury S, Sinha K, Banerjee S, Sil PC. Taurine
protects cisplatin induced cardiotoxicity by modulat-
ing inflammatory and endoplasmic reticulum stress
responses. Biofactors. 2016; 42(6):647-64.

27. Rosic G, Selakovic D, Joksimovic ], et al. The effects of N-
acetylcysteine on cisplatin-induced changes of cardiody-
namic parameters within coronary autoregulation range
in isolated rat hearts. Toxicol Lett. 2016; 242:34-46.

28. Francescato HD, Costa RS, Scavone C, Coimbra TM
Parthenolide reduces cisplatin-induced renal damage.
Toxicology. 2007; 230:64—75.

29. Wang R P, Yao Q, Xiao Y B, et al. Toll-like receptor 4/nu-
clear factor-kappa B pathway is involved in myocardial in-
jury in a rat chronic stress model. Stress. 2011; 14:567-75.

30. Hussein A, Ahmed AA, Shouman SA, Sharawy S. Ame-
liorating effect of DL-a-lipoic acid against cisplatin-in-
duced nephrotoxicity and cardiotoxicity in experimen-
tal animals. Drug Discov Ther. 2012; 6(3):147-56.

31.Badary OA, Abdel-Maksoud S, Ahmed WA, Owieda
GH. Naringenin attenuates cisplatin nephrotoxicity in
rats. Life Sci. 2005; 76(18):2125-35.

32. Olson RD, Boerth RC, Gerber JG, Nies AS. Mechanism
of adriamycin cardiotoxicity: evidence for oxidative
stress. Life Sci. 1981; 29(14):1393-401.

33.Hanigan MH, Devarajan P. Cisplatin nephrotoxicity:
molecular mechanisms. Cancer Ther. 2003; 1:47-61.

34. Kim HJ, Lee JH, Kim SJ, et al. Roles of NADPH oxidases
in cisplatin-induced reactive oxygen species generation
and ototoxicity. ] Neurosci. 2010; 30(11):3933-46.

Unauthentifiziert | Heruntergeladen 06.03.20 11:55 UTC



