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Cisplatin (CP), an anticarcinogenic agent, is declared to have side effects including cardiotoxicity. Naringin (NA), a
flavonoid, was shown to have strong antioxidant structure and anti-inflammatory characteristics. Pupose of our study was to
investigate the protective effects of NA on Caisplatin-induced cardiotoxicity. Sprague-Dawley male rats in the range of 220-
250 g were exerted in this experimental studies. The rats used in experiment separated to 5 groups (10 in each one): Control,
CP, NA100+CP, NA200+CP and NA200. The groups received drugs for 14 days. The rats were decapitated on 15th day.
Cardiac tissue and blood samples was taken. When the cardiac tissue was assessed for oxidative stress, a prominent increase
was found in CP group than other groups (p<0.05). It was assigned that serum CK, CK-MB, LDH, AST and ALT activities
and levels of cytokines (TNF-alpha, IL-8, IL-1p and IL-6) in the cardiac tissue, a significant increase was found in CP group
than control group (p<0.05). In both control and NA200+CP groups, similar values obtained for comparative values.
Caspase 3 and iNOS activity were significantly raised for CP group, compared to NA100+CP and NA200+CP, control
groups. NA has a protective effect on CP-induced heart injury. It has been determined that NA prevents CP-induced

apoptosis in the heart.
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CP which is made of platinum agents, is
an efficacious member of chemotherapeutic drugs.
CP is used on oncological cases. It has a wide usage
in the treatment of various cancer types like ovarian,

pulmonary, cervical, stomach tissues and cranial'”.
And also side effects such as cardiovascular
complications, hepatotoxicity and nephrotoxicity

are observed when CP is used™*. Many studies have
reported cardiotoxicity due to the CP usage. Congestive
heart failure, arrhythmia, electrocardiographic changes
and cardiomyopathy characterize CP. Although CP, an
anticancer agent, has side effects, it is widely used
because of its effectiveness. Despite of having side
effects, CP remains a powerful, commonly used
anticancer agent’. Nowadays, there is interest in
medicinal plants having protective effects against
cardiotoxicity. Food products obtained from these
medicinal plants are of great interest. Flavonoids are
polyphenolic compounds and have a variety of
chemical structures. They are commonly found in
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plant-derived foods like fruits, vegetables, teas and
wines. Flavonoids are antioxidants that formed
inherently in biological membranes and prevent lipid
peroxidation. A flavonoid generally found in grapes
and other citrus species is NA®. B-glucosidase and
o-ramnosidase enzymes do the conversion to NA’.
Antioxidants or cardiomyocytes with antioxidant
enzymes are used in the pre-treatment stage. At
this stage, injury of ischemic reperfusion is prevented
with reduction of the free radicals formation®.
Several studies have shown that NA exhibits
antimutagenic,  antimicrobial,  anti-inflammatory,
anticancer, antioxidant pharmaceutical effects and free
radical scavenging’™".

In this study, the objective was analyse the
preventive effects of NA on cardiotoxicity, CP-induced,
apoptosis and inflamation by commentating the
biochemical results. When previous studies were
examined, it was found that this study is the first one
which investigates the protective effects of NA
against myocardial damage caused by CP-induced
in rats.
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Material and methods

Animals

Animal Experiments Local Ethics Committee
(HADYEK-No: 230/2018) of Atatiirk University
approved this study. Fifty Sprague Dawley rats which
are adult and male, weighing approximately 220-250 g,
were used in this study. The animals were kept at
appropriate light, room temperature and humidity
until the day of the experiment and fed with water and
feed.

Experimental protocol

Rats were separated into 5 groups as 4 experimental
groups and 1 control group.

Group I (Control) The control group received
solely intragastric (i.g.) saline during 14 days.

Group II (CP) The group received i.g. saline
during 14 days (placebo), but however, on the
12th" day of the study, this group was given only one
dose of intraperitoneal (i.p.) CP (15 mg/kg)"

Group III and IV (NA100+CP and NA200+CP)
The groups received 100 mg/kg and 200 mg/kg'® of
NA dissolved in saline, respectively. These groups
were applied i.g. during 14 days. On the 12th day
only, this group was given only one dose of
intraperitoneal (i.p.) CP (15 mg / kg).

Group V (NA200) The group received a
200 mg/kg dose of NA along with i.g. during 14 days.

On the 15th day, all rats were anesthetized. All the
animals were killed after samples of intracardiac
blood obtained. The collected cardiac tissue and blood
samples were used for biochemical examination of
cytokine levels, oxidative stress, iNOS and Caspase-3
activity.

Analysis of cardiac function markers

The blood samples which were collected, were
centrifuged at 1500 g for 10 min within 1 h to obtain
sera samples. The sera were stored in the freezer
at —80°C before analyzing. The CK, CK-MB, LDH,
AST and ALT in the serum samples were measured.

Analysis of lipid peroxidation and antioxidant
enzyme activities

The weight of cardiac tissues was measured.
Phosphate buffered saline pH 7.4 homogenized this
measured tissue. The homogenates were centrifuged
at 10,000 g at 4°C during 20 min.

Then, supernatants were obtained and the
superoxide dismutase (SOD) activity as well as level
of nitric oxide (NO), thiobarbituric acid reactive

substances (TBARS) and the glutathione (GSH) were
identified as described previously'” .

Analysis of cytokines levels and iNOS activity

The rat-specific cytokines levels were identified for
interleukin-6 (IL-6), tumor necrosis factor-alpha
(TNF-alpha), interleukin-1§ (IL-1B) concentrations
and interleukin-8 (IL-8). The iNOS activity was
identified using immunoassay kits (Cayman, USA),
which were conducted based the protocols of
manufacturer. The resulted outcomes are expressed as
the meantSD of the concentration of each factor in
the tissue.

Analysis of cardiac apoptosis

The rat-specific caspase-3 activity was identified
using immunoassay ELISA kits (Elabnscience, USA),
which were conducted based on the protocols of
manufacturer. Outcomes were expressed as the
meantSD of the activity of each factor in the tissue.

Statistical analysis

All data was analyzed by SPSS 20.00. One-way
ANOVA was used. Duncan post hoc test was
evaluated statistically. p<0.05 taken into account
statistically significant and data was indicated as
mean+SD.

Results

Naringin effects on the cardiac function tests in
CP-treated rats

Some of the experimental group animals’ 15th-day
cardiac parameters (CK, CK-MB, LDH, AST and ALT)
are shown in Table 1. The CP-treated rats’ serum CK,
CK-MB, LDH, AST and ALT activities demonstrated a
prominent rise when other groups are considered
(p<0.05), but statistically considerable variety was not
detected amongst the other groups (p>0.05).

Naringin effects on oxidative stress in CP-treated
rats

Activity levels of SOD in cardiac homogenates from
rats which treated by CP were considerably lower than
in the control group (p<0.05). Additionally, in the
group treated with 200 mg NA, the SOD activity levels
were elevated than in the CP group (p<0.05). Fig. 1
presents the activities of SOD in the -cardiac
homogenates of rat.

The GSH levels of the animals which were treated
by CP were considerably lower than the control group
(p<0.05). Otherwise, the 100200 mg NA-treated



GELEN & SENGUL: EFFECTS OF NARINGIN ON CARDIAC DAMAGE INDUCED BY CISPLATIN

461

Table 1 Serum cardiac parameters for all groups. The letters indicate the statistical differences among groups (p<0.05, n=10), the results
were expressed as mean+SD.

Groups CK +SD CK-MB + SD
Control 369 +27° 249 + 34°
CP 671 % 5° 536 +77°
NA100+CP 643 + 80° 329 + 24°
NA200+CP 426 + 49 216 + 20°
NA200 371+ 63° 247 +31°

LDH + SD AST + SD ALT + SD
488 + 62° 253 + 56° 62+ 11°
722 £27° 487 +22° 94 + 18
689 + 88° 223 £25° 58+ 7
502 = 69° 200 + 15° 64+9°
452 + 54° 231 +33° 69 + 13°

Note: The letters were indicate the statistical differences among groups, p value was considered as 0.05 (n=10).
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Fig. 1 — Illustration of levels of oxidative parameters (SOD, GSH, NO and TBARS) for all groups in the cardiac tissues. A; SOD
activity, B; GSH level, C; NO Level and D; TBARS levels, the letters indicate the statistical differences among groups (p<0.05, n=10),

the results were expressed as mean+SD

groups’ levels of GSH were considerably elevated
than the CP group (p<0.05). Fig. 1 presents statistics
and levels of GSH for all groups.

The CP group NO level was considerably higher than
the control, NA200+CP, and NA200 groups (p<0.05).
Treatment with the 200 mg dose of NA considerably
prevented an increase in rats’ NO levels (p<0.05).

The study also assessed the TBARS levels to
identify oxidative stress. The CP group’s TBARS
level was considerably higher than the other groups.
But, treatment with a 200 mg dose of NA
significantly prevented an increase in the rats’
TBARS level (p<0.05).

Effects of naringin on levels of cardiac cytokines
(IL-6, TNF-alpha, IL-1p and IL-8) in CP-treated
rats

The cytokines revealed that the IL-8, IL-6, and
IL-1PB levels were considerably high in the CP group

comparison to other groups (p<0.05). In addition, the
CP and NA100+CP groups’ TNF alpha levels were
considerably high comparison the other groups (p<0.05).
NA treatment group had significantly ameliorated
cytokine levels (p<005). Fig. 2 presents the levels of
cytokines in the cardiac homogenates of rat.

Effects of naringin on iNOS activity in CP-treated
rats

The iNOS activities were considerably high in the
CP group comparison to other groups (p<0.05). NA
administration, especially at high doses, prevented
increases in the iNOS activity by CP induced. Fig. 3
presents the activity of iNOS in the cardiac
homogenates of rat.

Effects of naringin on apoptosis in CP-treated rats
The caspase 3 activity was considerably high in the
CP group comparison to other groups (p<0.05). Both
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Fig. 2 — Biochemical cytokines levels in the cardiac tissues for all groups. A;IL-6, B; TNF-a, C; IL-1pB, D; IL-8, the letters indicate the
statistical differences among groups (p<0.05, n=10), the results were expressed as mean+SD
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Fig. 3 — iNOS activity (ng/g tissue) in the cardiac tissues for all
groups. The letters indicate the statistical differences among
groups (p<0.05, n=10), the results were expressed as mean+SD

doses (100 mg/kg and 200 mg/kg) of NA prevented
apoptosis caused by CP. Fig. 4 presents the activity of
caspase 3 in the cardiac homogenates of rat.

Discussion

CP therapy has been reported to conduce to varied
arrhythmias like heart failure and ischemic heart
disease®'. The cardiac side effects of CP alone and
with other chemotherapeutic agents are associated
with CP-induced oxidative damage®. The objective
of our study was to analyze protective effects of
NA CP-induced cardiotoxicity on apoptosis in rats.
CP which leads to myocardial cells' destruction and
myocardial endothelial damage, is a cardiotoxic
agent. Consequently, CK, CK-MB, LDH, AST and
ALT are given into bloodstream and wused as
diagnostic markers for myocardial tissue damage®.
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Fig. 4 — Caspase-3 activity in the ardiac tissues for all groups.
The letters indicate the statistical differences among groups
(p<0.05, n=10), the results were expressed as mean+SD

High levels of the enzymes listed are related with
some heart damages like heart failure, myocardial
infarction and myocarditis. When NA was
administered, a dose-dependent decrease in high
biomarkers caused by CP-induced heart damage was
observed. This kind of effect demonstrates that NA is
liable for limiting the leakage of biochemical markers
because of membrane stabilizing properties.

In the studies, an increased lipid peroxidation, a
reduced antioxidant capacity in cardiac tissue and a
significant oxidative stress have reported following
CP treatment®*. CP may cause transient cardiotoxicity,
contribute to a variety of permanent -cardiac
complications, and even cause congestive heart
failure®. For these reasons, it is important to note
drug reactions to CP in the clinic. It is also very
important to investigate the cardioprotective agent in
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CP-induced cardiotoxicity. The body has endogenous
enzymatic antioxidants, like glutathione peroxidase
(GSH-Px), SOD and catalase (CAT) which supply
cellular defense against reactive oxygen species
(ROS)*®. In this study, it was observed that levels
of NO in the heart increased considerably after
CP administration. Excessive NO production is
associated with direct cardiac damage in
cardiotoxicity models linked to other
chemotherapeutic agents such as CP?’. Myocardial
performance impairment and a negative inotropic
effect resulting in myocardial injury induction® were
referred to the overproduction of NO. In addition, NO
was reported to cause cellular damage as the end
result of reducing intracellular GSH levels. NO causes
oxidative stress-induced cell damage by the
peroxynitrite anions creation, a cytotoxic intermediate
which lead to tissue damage and protein
degradation®. In this study, an increase for NO levels
and TBARS and a reduction for GSH level and SOD
activities were observed. NA treatment avoided
oxidative stress-mediated cellular damage in CP-
induced cardiac damages.

The proinflammatory cytokines role in the
cardiotoxicity pathogenesis according to cellular
signaling pathways is currently under investigation.
Secretion of cytokine is the inflammation mediator
and conduces to pathogenesis of tissue injury’*.
After CP treatment in rats, a significant connected
increase have been reported between the
proinflammatory cytokines and serum IL-6 and
TNF-a levels™.

The flavonoids inhibitory effects in the chemical
mediators release, includinglL-6, IL-1a, and TNF-a
have been reported”. Rectrictive effects of NA on
IL-6, IL-la. and TNF-o** were declared in the
previous studies. In this study, it was detected that CP
treatment considerably increased IL-6, IL-1B, IL-8
and TNF-a levels®*. Inversely, NA treatment led toa
prominent reduce in levels of TNF-a, IL-8, IL-1 and
IL-6 in CP-induced experimental rats. This is
probably due to its anti-inflammatory features. With
these findings, it can be concluded that NA cardiac
inflammation is caused by CP.

The excessive production of nitric oxide due to
superoxide anion causes peroxynitrite, which is a
strong oxidant that causes oxidative damage in the
cell. Studies show that the cardiomyocytes in mice

due to the formation of peroxinitrite iNOS resulted in
heart block and sudden death®. In addition, the nitric
oxide produced by iNOS induced cardiotoxicity,
suppressed myocardial contractility and caused
apoptosis in myocytes™. This study found a
prominent rise in the nitric oxide level and iNOS
activities in the cardiac tissue of CP-induced cardio
toxic rats. But, NA administration had a cardio
protective effect as it brought the NO and iNOS closer
to their normal levels.

A free radical is a production of the body’s
metabolism that affects cell metabolism and leads to
apoptosis. ROS which is an important cause of
secondary heart lesions caused by chemotherapeutic
drugs, is a product of CP metabolism. ROS
production can cause cardiomyocyte apoptosis by
causing lipid peroxidation and cardiomyocyte
membrane  damage''. CP treatment induced
significant accumulation of ROS and superoxide
anion in cardiac tissue, suggesting that oxidative
stress and CP toxicity have close relation which is
supported by previous studies*”. This study shows the
therapeutic benefit of NA treatment on cardiac
apoptosis in the CP-induced group. Cardiac caspase-3
activity, which was increased in CP group, decreased
after NA treatment.

Conclusion

NA treatment can mitigate cardiac damage and
apoptosis caused by CP-induced cardiotoxicity in rats.
Since NA also has anti-inflammatory, antioxidant and
anti-apoptotic  properties, restoration increases
oxidative stress. Much more studies are needed to
research its future clinical applications.

References

1 Koizumi W, Narahara H, Hara T, Takagane A, Akiya T,
et al. S-1 plus cisplatin versus S-1 alone for first-line
treatment of advanced gastric cancer (SPIRITS trial): a phase
III trial. Lancet Oncol, 9 (3) (2008) 215-21.

2 Tiseo M, Martelli O, Mancuso A, Sormani MP, Bruzzi P,
et al. Short hydration regimen and nephrotoxicity of
intermediate to high-dose cisplatin based chemotherapy for
outpatient treatment in lung cancer and mesothelioma,
Tumori, 93 (2) (2007) 138-44.

3 Pai VB & Nahata MC, Cardiotoxicity of chemotherapeutic
agents: incidence, treatment and prevention, Drug Saf,
22 (4) (2000) 263-302.

4 Santabarbara G, Maione P, Rossi AE & Gridelli C, Pharmaco
therapeutic options for treating adverse effects of
Cisplatin  chemotherapy, Expert Opin Pharmacother,
17 (4) (2016) 561-70.



464

10

11

12

13

14

15

16

17

18

19

20

INDIAN J TRADIT KNOW, APRIL 2020

Yousef MI, Saad AA & El-Shennawy LK, Protective effect
of grape seed proanthocyanidin extract against oxidative
stress induced by cisplatin in rats, Food Chem Toxicol,
47 (6) (2009) 1176-83.

Jagetia GC & Reddy TK, The grapefruit flavanone naringin
protects against the radiation-induced genomic instability in
the mice bone marrow: a micronucleus study, Mutat Res,
519 (1-2) (2002) 37-48.

Kim DH, Jung EA, Sohng IS, Han JA, Kim TH,
et al. Intestinal bacterial metabolism of flavonoids and its
relation to some biological activities, Arch Pharm Res,
21 (1) (1998)17-23.

Das DK & Maulik N, Protection against free radical injury in
the heart and cardiac performance, Exercise and Oxygen
Toxicity, (1994) 359-388.

Alam MA, Subhan N, Rahman MM, Uddin SJ & Reza HM,
Effect of citrus flavonoids, naringin and naringenin, on
metabolic syndrome and their mechanisms of action,
Advances in Nutrition, 5 (4) (2014) 404-417.

Gelen V, Sengiil E, Yildinm S, & Atila G, The protective
effects of naringin against 5-fluorouracil-induced
hepatotoxicity and nephrotoxicity in rats, Iran J Basic Med
Sci, 21 (4) (2018) 1-7.

Jeon SM, Bok SH, Jang MK, Kim YH, Nam KT,
et al. Comparison of antioxidant effects of naringin and
probucal in cholesterol fed rabbits, Clin Chim Acta, 317 (1-2)
(2002) 181-190.

Kandemir FM, Kucukler S, Caglayan C, Gur C, Batil AA,
et al. Therapeutic effects of silymarin and naringin on
methotrexate-induced nephrotoxicity in rats: Biochemical
evaluation of anti-inflammatory, antiapoptotic, and
antiautophagic properties, Journaol of Food Biochemistry,
41 (5) (2017) 12398.

Sengul E & Gelen V, Protective effects of naringin in
indomethacin-induced gastric ulcer in rats, GSC Biological
and Pharmaceutical Sciences, 8 (2) (2019) 6-14.

Eryilmaz U, Aksun S & Demirci B, Protective Effect
of Pycnogenol [R] on Cisplatin Induced-Cardiotoxicity
in Rats, Meandros Medical and Dental Journal, 19 (3)
(2018) p 192.

Fahri A, Yucel G, Kocak A, Yuksel Y, Ozkececi G,
et al. Effects of thymoquinone against cisplatin-induced
cardiac injury in rats, Acta Cir. Bras, 31 (4) (2016) 271-277.
Qi Z, Xu Y, Liang Z, Li S, Wang J, et al. Naringin
ameliorates cognitive deficits via oxidative stress,
proinflammatory factors and the PPARy signaling pathway
in a type 2 diabetic rat model, Molecular Medicine Reports,
12 (5) (2015) 7093-7101.

Sun Y, Oberley LW & Li Y, A simple method for clinical
assay of superoxide dis-mutase, Clin. Chem, 34 (3) (1988)
497-500.

Sedlak J & Lindsay RH, Estimation of total, protein-bound,
and nonprotein sulf-hydryl groups in tissue with Ellman’s
reagent, Anal. Biochem, 25 (1) (1968) 192-205.

Yagi K, Simple assay for the level of total lipid
peroxides in serum or plasma, Methods Mol Biol, 108 (1988)
101-106.

Miranda KM, Espey MG & Wink DA, A rapid,
simple  spectrophotometric method for simultaneous
detection of nitrate and nitrite, Nitric Oxide Biol Chem,
5(1) (2001) 62-71.

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Ewer MS & Yeh ETH, Cancer and the Heart
(Second ed.). People’s Medical Publishing House.
USA. 2013.

Demkow U, Biatas Chromiec B, Stelmaszczyk Emmel A,
Radzikowska E, Wiatr E, et al. The cardiac markers and
oxidative stress parameters in advanced non-small cell lung
cancer patients cisplatin-based chemotherapy, EJIFCC,
22 (1) (2011) 6-15.

Shanmugarajan, TS, Arunsunder M, Somasundaram I,
Krishnakumar E, Sivaraman D, et al. Protective effect
of Ficus hispida Linn.  on cyclophosphamide provoked
oxidative myocardial injury in rat mode, Int J Pharmacol,
14 (2) (2008) 1-10.

El-Awady SE, Moustafa YM, Abo-Elmatty DM & Radwan
A, Cisplatin-induced cardiotoxicity: Mechanisms and
cardioprotective strategies, Eur J Pharmacol, 650 (1) (2011)
335-341.

Demkow U & Stelmaszczyk-Emmel A, Cardiotoxicity of
cisplatin-based chemotherapy in advanced non-small cell
lung cancer patients. Respir Physiol Neurobiol, 187 (1)
(2013) 64-67.

Balaban RS, Nemoto S & Finkel T, Mitochondria, Oxidants,
and Aging, Cell, 120 (4) (2005) 483-495.

Ghibu S, Delemasure S, Richard C, Guilland J C, Martin L,
et al. General oxidative stress during doxorubicin-induced
cardiotoxicity in rats: Absence of cardioprotection and low
antioxidant efficiency of alpha-lipoic acid, Biochimie,
94 (4) (2012) 932-939.

Massion PB, Feron O, Dessy C, & Balligand JL, Nitric oxide
and cardiac function: Ten years after, and continuing,
Circ Res, 93 (5) (2003) 388-398.

Gardner CR, Laskin JD, Dambach. DM, Sacco M, Durham
SK, et al. Reduced hepatotoxicity of acetaminophen in mice
lacking inducible nitric oxide synthae: Potential role of tumor
necrosis factor-alpha and interleukin-10, Toxicol Appl
Pharmacol, 184 (1) (2002) 27-36.

Laverty HG, Antoine DJ, Benson C, Chaponda M,
Williams D, et al. The potential of cytokines as safety
biomarkers for drug-induced liver injury, Europ J Clinic
Pharm, 66 (10) (2010) 961-976.

Lacour S, Gautier JC, Pallardy M & Roberts R, Cytokines as
potential biomarkers of liver toxicity, Cancer Biomarkers,
1 (1) (2005) 29-39.

Alhoshani AR, Hafez MM, Husain S, Al-Sheikh AM,
Alotaibi MR, et al. Protective effect of rutin supplementation
against cisplatin-induced Nephrotoxicity in rats, BMC
Nephrol, 18 (1) (2017) 194.

Peluso I, Raguzzini A & Serafini M. Effect of flavonoids on
circulating levels of TNF-a and IL-6 in humans: a systematic
review and meta-analysis, Mol Nutr Food, 57 (5) (2015)
784-801.

Pinho-Ribeiro FA, Zarpelon AC, Mizokami SS, Borghi SM,
Bordignon J, et al. The citrus flavonone naringin reduces
lipopolysaccharide-induced inflammatory pain and leukocyte
recruitment by inhibiting NF-«xB activation, J Nutr Biochem,
33 (8) (2016)8-14.

Topal 1, Ozbek Bilgin A & Keskin Cimen F, The effect of
rutin on cisplatin-induced oxidative cardiac damage in
rats, Anatol J Cardiol, 20 (3) (2018) 136-142.

White CM, Martin BK, Lee LF, Haskill JS & Ting JP,
Effects of paclitaxel on cytokine synthesis by unprimed



37

38

39

GELEN & SENGUL: EFFECTS OF NARINGIN ON CARDIAC DAMAGE INDUCED BY CISPLATIN

human monocytes, T lymphocytes, and breast cancer
cells, Cancer Immunol Immunother, 46 (2) (1998) 104-112.
Lee LF, Haskill JS, Mukaida N, Matsushima K & Ting JP,
Identification of tumor-specific paclitaxel (Taxol)-responsive
regulatory elements in the interleukin-8 promoter, Mol Cell
Biol, 17 (9) (1997) 5097-5105.

Pusztai L, Mendoza T R & Reuben JM, Changes in plasma
levels of inflammatory cytokines in response to paclitaxel
chemotherapy, Cytokine, 25 (3) (2004) 94-102.

Mungrue IN, Gros R, You X,Pirani A& Azad A.
Cardiomyocyte overexpression of iNOS in mice results in
peroxynitrite generation, heart block, and sudden death,
J Clin Invest, 109 (6) (2002) 735-743.

40

41

42

465

Doods H & Wu D, Sabiporide reduces ischemia-induced
arrhythmias and myocardial infarction and attenuates ERK
phosphorylation and iNOS induction in rats, BioMed Res
Int, (2013) 504320.

Ammar SM, Said SA, Suddek GM & El-Damarawy SL,
Amelioration of doxorubicin-induced cardiotoxicity by
deferiprone in rats, Can J Physiol Pharmacol, 89 (4) (2011)
269-276.

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,
207 (2014) 58-66.



