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Cem Yucel1 & Elcin Erdogan Yucel2 & Fatma Demet Arslan3
& Sumeyye Ekmekci4 & Erdem Kisa1 & Volkan Ulker1 &

Murat Ucar1 & Yusuf Ozlem Ilbey1 & Orcun Celik1 & Banu Isbilen Basok3 & Zafer Kozacioglu1

Received: 18 October 2018 /Accepted: 11 December 2018 /Published online: 4 January 2019
# Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
The aim of this study is to investigate the effects of all-trans retinoic acid (ATRA) use on cisplatin (CP)-induced nephrotoxicty.
Twenty-eight rats were randomly divided into four groups. The rats in the control group were injected a single dose of 1 ml/kg
saline intra-peritoneally (IP) during 10 days. The rats in the ATRA group were injected a single dose of ATRA during 10 days. The
rats in the ATRA+CP group were injected a single dose of CP on the fourth day of the 10 days of ATRA treatment. The rats in the
CP group were injected a single dose of CP on the fourth day of 10 days without administering a treatment. After treatment, the
groups were compared with regard to total antioxidant status (TAS), total oxidant status (TOS), and oxidative stress index (OSI)
levels in renal tissue and renal histopathology. The serum creatinine and urea values were statistically significantly higher in the CP
group compared to the other groups. The serum creatinine and urea values were statistically significantly lower in the ATRA+CP
group when compared to the CP group. Although the TOS and OSI levels were found to be lower in the ATRA+CP group
compared to the CP group, the difference was not statistically significant. Administration of ATRA together with CP was observed
to reduce the histopathologic destruction in the kidney and lead to mild tubular degeneration, vacuolization, and necrosis (57.1%
grade 1; 28.6% grade2, and 14.3% grade 3 necrosis). The results of the present study have revealed that ATRA administration
ameliorates CP-induced nephrotoxicity; however, further studies are required to identify this issue before clinical application.
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Introduction

Cisplatin (CP) is an alkylating antineoplastic agent used for
treatment of many solid organ cancers (Ezaki et al. 2017).
Although the use of less toxic and more biological molecules
has been investigated in the treatment of cancer, today, cisplat-
in still maintains its importance in the treatment of urological
malignancies. CP is used particularly for treatment of testicular
and urinary bladder cancer in the urology discipline. The side

effects restrict its use despite being an effective antineoplastic
agent. Nephrotoxicity is a significant side effect of CP. Cell
death occurring due to exposure of renal tubular cells to high
concentrations of toxic substances negatively affects the ab-
sorption and secretion functions of the kidney. (Nematbakhsh
et al. 2012). The cellular mechanism of CP-induced nephro-
toxicity is not clear yet. Free radicals and reactive oxygen
species (ROS)-related renal tissue injury have been accounted
for the molecular mechanism of CP-induced nephrotoxicity in
many studies (Saifi et al. 2018). ROS are usually formed dur-
ing drug metabolism and lead to apoptosis through causing
destructive effects, such as lipid peroxidation, enzyme inacti-
vation, and oxidative damage (Gómez-Sierra et al. 2018).
Therefore, experimental animal studies have been performed
with many antioxidant molecules in order to detect the useful
molecule for prevention of CP-induced nephrotoxicity
(Alibakhshi et al. 2018; Jung et al. 2017; Crona et al. 2017).

Retinoids have functions such as vision, growth, reproduc-
tion, epithelial cell endurance, glycoprotein synthesis, antican-
cer, and antioxidant effects in the body (Elsayed et al. 2016). 9-
cis retinoic acid and all-trans retinoic acid (ATRA), which are
the biological active metabolites of vitamin A, are produced via
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alcohol dehydrogenases and tissue-specific aldehyde dehydro-
genases (Elsayed et al. 2016; Penniston and Tanumihardjo
2006). ATRA is the most available retinoid form in nature.
ATRA may catch free radicals without interacting with biolog-
ical targets, may prevent free radical formation through chain-
breaking effects and may show antioxidant effect through hin-
dering lipid peroxidation in the cellular membrane (Oseto et al.
2003). ATRA was also shown to have antiproliferative, anti-
inflammatory, and anticancer effects (Gudas 2012).

Although the concurrent use of ATRA and CPwas reported
to have a synergistic effect for treatment of cancer cells, the
number of studies on this subject investigating the influences
of ATRA administration on CP-induced nephrotoxicity is in-
sufficient (Moreb et al. 2017; Tang and Gudas 2011). The aim
of the present study was to investigate the influences of ATRA
administration on CP-induced nephrotoxicity in an experi-
mental animal model.

Materials and methods

Animal model

Twenty-eight Wistar albino rats were purchased from the animal
laboratory of Dokuz Eylul University. The animals were kept in
quarantine for 7 days before the study. The rats were kept in a
room at 23–24 °C temperature and 50–55%humidity. Theywere
kept in clean 40 × 60 cm standard plastic cages with water and
food ad libitum, 12-h dark and 12-h light period. The animals
were fed with 8 mm of pellet food and daily fresh tap water. All
animal procedureswere conducted in accordancewith TheGuide
for The Care and Use of Laboratory Animals of the Research
Council after approval from the local ethics committee of animal
tests had been obtained from the Dokuz Eylul University.
Cisplatin was purchased from Kocak Pharma, Istanbul, Turkey,
and ATRAwas purchased from Roche, Istanbul, Turkey.

Twenty-eight rats were randomly divided to four groups.
The rats in the control group were injected a single dose of
1 ml/kg saline intraperitoneally (IP) during 10 days. Saline was
applied to the control group because it is an inert molecule. The
rats in the ATRA group were injected a single dose of
(7.5 mg/kg IP) ATRA for 10 days. The aim for formation of
the ATRA-given group without platinum was to evaluate the
oxidant and antioxidant capacity ofATRA itself. The rats in the
ATRA+CP group were injected a single dose of CP (7 mg/kg
IP) on the fourth day of 10-day ATRA treatment (7.5 mg/kg
IP). The rats in the CP group were injected a single dose of CP
(7 mg/kg IP) on the fourth day of 10 days without administer-
ing a treatment. The dose and duration of drug administration
were determined based on similar studies in the literature
(Elsayed et al. 2016; Ewees et al. 2015; Aburto et al. 2014).

All animals were sacrificed with high dose ether on the
11th day after completing 10 days of the study period.

Creatinine measurement was carried out once and blood sam-
ple was obtained on the 11th day of the study by cardiac
puncture. The abdomen was opened with a midline incision
and bilateral nephrectomy was performed immediately. The
kidney that would undergo biochemical analysis was washed
with cold saline twice and stored at − 80 °C until the day of the
analysis. The other kidney was placed in formol solution and
stored for histopathology analysis.

Biochemical analysis

Renal tissues were tenfold diluted with 50 mM phosphate
buffer saline (PBS) and homogenized with mechanic homog-
enizer (TissueLyser LT, Qiagen, Dublin, Ireland). The homog-
enate was centrifuged at 10,000 rpm for 15 min at 4 °C. The
total antioxidant status (TAS) and total oxidant status (TOS)
levels in renal tissue were measured in the autoanalyzer
(AU5800, Beckman Coulter Inc., CA, USA) using the Rel
Assay brand of commercial kits (Rel Assay Diagnostics,
Gaziantep, Turkey) as defined by Erel et al. (2004, 2005).
The water-soluble analogue of vitamin E, Trolox, was used
as calibrator for TAS, and the results were expressed as μmol
H2O2 equivalent/g. Hydrogen peroxide was used as calibrator
for TOS, and the results were expressed as μmol H2O2 equiv-
alent/g. Oxidative stress index (OSI) is defined as the TOS/
TAS ratio. OSI was calculated using the following formula:
OSI = [(TOS, μmol H2O2 equiv./g)/(TAS, μmol Trolox
equiv./g) × 100] (Erel 2005). The results were expressed as
arbitrary unit (AU).

Histopathological examination

The renal tissues were embedded into paraffin blocks follow-
ing tissue follow-up procedure after having been fixed in 10%
formalin solution and 4 μm of sections were obtained, stained
with hematoxylin-eosin, and examined under × 200 micro-
scope (Olympus CX31, Tokyo, Japan). The changes in tubular
epithelium such as tubular vacuolization, degeneration, cell
desquamation, and necrosis were examined in detail. At least
50 proximal tubules and glomeruli were examined. Renal tis-
sue was examined semiquantitatively in accordance with the
previous studies in the literature and the degree of tubular
change was scored. The lesion severity was scored between
0 and 4 as follows: 0: normal, 1: < 25% injury in tubular
epithelium (mild), 2: 25–50% injury in tubular epithelium
(moderate), 3: 50–75% injury in tubular epithelium (severe),
4: complete necrosis (very severe) (Ilbey et al. 2009).

Statistical analysis

Categorical variables were expressed as numbers (n) and per-
centages (%), and the numerical variables were expressed as
mean and standard deviation if they met the parametric test
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assumptions, and as median (minimum-maximum) if they did
not meet the parametric test assumptions. The normality dis-
tribution of the numerical variables was tested with the
Shapiro-Wilk test. The intergroup differences were evaluated
with the one-way variance analysis and the Tukey test as post
hoc test if they met the parametric test assumptions, and the
Kruskal-Wallis test and the Dunn-Bonferroni test as the post
hoc test if they did not meet the parametric test assumptions.

The correlation between the categorical variables in the
group was tested with the Fisher-Freeman-Halton exact test.
The data analysis was performed using the Statistical Package
for the Social Science (SPSS Inc., Chicago, Illinois, USA)
version 22.0, and a p value of < 0.05 was considered
significant.

Results

The finding of cisplatin-induced significant external toxicity
or rat death was not observed during the trial. Serum creatinine
and urea values were statistically significantly higher in the
CP group compared to the other groups. Serum creatinine and
urea values were statistically significantly lower in the
ATRA+CP group when compared to the CP group only. The
TOS and OSI levels were statistically significantly higher in
the CP group compared to the control and the ATRA groups.
Although the TOS and OSI levels were found lower in the
ATRA+CP group compared to the CP group, the difference
was not statistically significant. No significant difference was
observed between the groups with regard to the TAS levels.
Box plots, which represent the creatinine and biochemistry
findings of the groups, have been presented in Fig. 1. Renal
parenchyma and glomerular structure were found to be normal
in the control and the ATRA groups (Fig. 2a). Mild tubular
degeneration, vacuolization, and necrosis were observed in
the ATRA+CP group (Fig. 2b). Severe histopathological dam-
age was observed in rats undergoing administration of CP. In
this group, light microscopy revealed severe necrosis and cys-
tic dilation in the renal tubule (Fig. 2c). Comparison of the
groups with regard to biochemical and histopathologic find-
ings has been presented in Table 1.

Discussion

The present study has revealed that CP-induced nephrotoxici-
ty can be reduced with ATRA administration, which is an anti-
inflammatory and antioxidant molecule.When comparedwith
other organs, some biochemical and physiological features of
the kidney make it more susceptible to ischemic and toxic
injury. High concentration of toxic molecule extraction from
renal tissue may lead to renal damage. Cisplatin is an effective
chemotherapeutic agent, which is widely used in the treatment Fig. 1 Comparison of biochemical findings among groups
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of many solid organ tumors. Nephrotoxicity is the most im-
portant side effect of CP, which restricts the use of the drug
(Kim et al. 2015). The only molecule that is approved by the
Food and Drug Administration (FDA) for prevention of this
toxic effect is amifostine, which is used in treatment of ovarian
cancer. Amifostine shows a scavenger effect through binding

to free radicals that are produced by CP (Bouhadjari et al.
2016). In the literature, experimental studies have been con-
ductedwithmany antioxidant molecules for prevention of CP-
induced nephrotoxicity (Alibakhshi et al. 2018; Jung et al.
2017).

Consistent with the literature, the serum urea and creatinine
levels were found to be statistically significantly elevated in
the CP group compared to the control group. This elevation
indicates CP-induced acute renal damage. ATRA+CP admin-
istration was found to have positive effects on preservation of
renal functions through leading to significant reduction in urea
and creatinine levels compared to the CP group.

The cellular mechanism of CP-induced nephrotoxicity is
still not entirely clear. ROS-producing pro-oxidants and
ROS-scavenger antioxidant molecules are in balance in nor-
mal cells. CP was shown to lead to toxic effects through lead-
ing to free radical and ROS production in renal tissue in many
studies in the literature (Cekmen et al. 2009; Ozbek et al.
2010). Cellular damage, which develops due to toxic sub-
stances such as CP leads to impairment of this balance toward
the oxidative side. Several studies have shown that formation
of lipid peroxidation in the nephron cell membrane due to
ROS production by CP administration is associated with
CP-induced nephrotoxicity. In vivo studies have shown that
CP increases the apoptosis, and as a result induces the inflam-
mation and fibrogenesis (Oseto et al. 2003). ATRA is known
to have a free radical scavenger effect. In our study, the TOS
and OSI levels, which indicate oxidative stress, were found to
be statistically significantly higher in the CP group compared
to the control group. ATRA administration together with CP
was observed to lead to a reduction in TOS and OSI levels.
The reduction in oxidative stress not being statistically signif-
icant may be related to the insufficient dose of ATRA. Not
observing a significant difference between the groups with
regard to TAS levels, which is the indicator of antioxidant
activity, may result from elevated antioxidant molecules in
renal tissues for balancing the increased oxidative stress due
to CP administration.

It was shown that renal aplasia, ureter anomalies, and horse
shoe kidney could develop during fetal development in rats with
severe vitamin A deficiency (Lelievre-Pegorier et al. 1998). On
the contrary, there are studies showing that high dose vitamin A
could lead to renal damage (Kavukcu et al. 2001). Kim et al.
(2015) reported that 10 mg/kg ATRA administered per orally for
16 weeks reduced diabetic nephropathy. Similarly, Han et al.
(2004) reported that ATRA treatment had renoprotective effects
through reducing the inflammatory process in rats developing
diabetic nephropathy. Moulder et al. (2002) observed that
ATRA administration accelerated the radiation-induced nephrop-
athy in rats. In the abovementioned studies, ATRA seems to be
protective against diabetic nephropathy and increases radiation-
induced nephrotoxicity, and this may be related to the difference
in the mechanisms of formation of diabetic nephropathy and

Fig. 2 Kidney morpholology in a control group, b ATRA+CP group, c
CP group
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radiation-induced nephrotoxicity. In diabetes, which is a chronic
process, the sensitivity of retinoic acid receptors to the ATRA
molecule may be different to radiation-induced toxicity. In the
literature, only one study is available investigating the effects of
ATRA treatment on CP-induced nephrotoxicity conducted by
Elsayed et al. (2016). The authors reported that 7.5 mg/kg/day
ATRA administered via the IP route for 10 consecutive days
potentiated CP-induced nephrotoxicity. On the contrary to that
study,ATRAwas found to ameliorate CP-induced nephrotoxicity
despite the fact that it was administered at the same dose and
same duration in our study. This difference may be related to the
different sensitivities of rats to ATRA due to the utilization of
different rat types in two studies. Further studies are needed to
better understand this issue.

Consistent with the literature, CP administration was ob-
served to lead to characteristic histopathologic changes in the
renal structure. While CP administration may affect different
regions in the kidney, the most evident histopathologic change
is acute tubular necrosis in CP-induced nephrotoxicity (Arany
and Safirstein 2003). In particular, distal and collecting tu-
bules are affected. In many studies, oxidative molecules were
accused for CP-induced histopathologic damage (Alibakhshi
et al. 2018; Jung et al. 2017; Cekmen et al. 2009). The inflam-
matory response, which develops against these molecules,
contributes to histopathologic damage. In our study, ATRA
administration together with CP was observed to reduce renal
destruction and lead to mid tubular degeneration,
vacuolization, and necrosis. We consider that this improve-
ment results from the anti-inflammatory and antioxidant ef-
fects of ATRA.

The model used in our study may pioneer further rat studies
due to it being easy to apply, using TAS and TOS instead of
analyzing many oxidant and antioxidant molecules separately,
and being more economic. The issue investigated in this study
may be investigated in more detail through administering dif-
ferent ATRA doses or creating an experimental tumor model.
Further experimental animal studies should be conducted to
investigate the pathway of reducing the CP-induced nephro-
toxicity by ATRA administration. A limitation of this study is
that it did not support the results of the study with immune
histochemical and electromicroscopic findings.

Conclusions

The present study has confirmed that CP treatment has de-
structive effects on renal tissue. The results of the study have
revealed that ATRA administration ameliorates CP-induced
nephrotoxicity. These beneficial effects of ATRA administra-
tion may be related to its antioxidant and anti-inflammatory
effects. We consider that further studies are required before
clinical use of ATRA for preserving renal histopathology and
functions in patients receiving CP treatment.

Acknowledgements We would like to thank to Pelin Teke Kisa, Serdar
Bayrak, and Ozgur Cakmak for their contribution to the statistical
analysis.

Author contributions CY and EEY conceived and designed research.
CY, FDA, and SE conducted experiments. EK, VU, and MU contributed
new reagents or analytical tools. CYand OC analyzed data. YOI, BB, and

Table 1 Biochemical and histopathological findings in the experimental groups

Variables Control ATRA ATRA+CP CP

Creatinine (mg/dL) 0.3 (0.3–0.4) 0.3 (0.3–0.3) 1 (0.9–3)a,b 3 (0.9–4.5)a,b,c

Median (min-max)

Urea (mg/dL) 49 (36–51) 47 (41–50) 22 (21–520)a,b 508 (19–659)a,b,c

Median (min-max)

TAS (μmol Trolox equiv./L) 13 (9.6–14) 12.7 (12–14.4) 14.2 (11.4–18.1) 14.4 (12.4–16)
Median (min-max)

TOS (μmol H2O2 equiv./L) 0.144 ± 0.215 0.127 ± 0.189 0.197 ± 0.109a,b 0.211 ± 0.091a,b

Mean ± SD

OSI mean ± SD 1.173 ± 0.223 0.96 ± 0.157 1.244 ± 0.557a,b 1.46 ± 0.601a,b

Grade of necrosis

Grade 0 (normal) 7 (100%) 6 (85.7%) 0 0

Grade 1 (< 25% injury in tubular epithelium) (mild) 0 1 (14.3) 4 (57.1%) 0

Grade 2 (25–50% injury in tubular epithelium) (moderate) 0 0 2 (28.6%) 3 (42.9%)

Grade 3 (50–75% injury in tubular epithelium) (severe) 0 0 1 (14.3%) 2 (28.6%)

Grade 4 (complete necrosis) (very severe) 0 0 0 2 (28.6%)

a p < 0.05 compared with control group
b p < 0.05 compared with ATRA group
c p < 0.05 compared with ATRA+CP group

Naunyn-Schmiedeberg's Arch Pharmacol (2019) 392:159–164 163



ZK made supervision. CY wrote the manuscript. All authors read and
approved the manuscript.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethics approval All procedures were performed in accordance with the
Guide for the Care and Use of Laboratory Animals of the Research
Council after approval had been obtained from the Dokuz Eylül
University local ethical committee of animal experiments.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

Aburto A, Barria A, Cardenas A, Carpio D, Figueroa CD, Burgos ME,
Ardiles L (2014) Pre-stimulation of the kallikrein system in
cisplatin-induced acute renal injury: an approach to renoprotection.
Toxicol Appl Pharmacol 280(2):216–223. https://doi.org/10.1016/j.
taap.2014.07.023

Alibakhshi T, Khodayar MJ, Khorsandi L, RashnoM, Zeidooni L (2018)
Protective effects of zingerone on oxidative stress and inflammation
in cisplatin-induced rat nephrotoxicity. Biomed Pharmacother 105:
225–232. https://doi.org/10.1016/j.biopha.2018.05.085

Arany I, Safirstein RL (2003) Cisplatin nephrotoxicity. Semin Nephrol
23(5):460–464

Bouhadjari N, Gabato W, Calabrese D, Msika S, Keita H (2016)
Hyperthermic intraperitoneal chemotherapy with cisplatin:
amifostine prevents acute severe renal impairment. Eur J Surg
Oncol 42(2):219–223. https://doi.org/10.1016/j.ejso.2015.07.016

Cekmen M, Ilbey YO, Ozbek E, Simsek A, Somay A, Ersoz C (2009)
Curcumin prevents oxidative renal damage induced by acetamino-
phen in rats. Food Chem Toxicol 47(7):1480–1484. https://doi.org/
10.1016/j.fct.2009.03.034

Crona DJ, Faso A, Nishijima TF, McGraw KA, Galsky MD, Milowsky
MI (2017) A systematic review of strategies to prevent cisplatin-
induced nephrotoxicity. Oncologist 22(5):609–619. https://doi.org/
10.1634/theoncologist.2016-0319

Elsayed AM, Abdelghany TM, Akool el S, Abdel-Aziz AA, Abdel-
Bakky MS (2016) All-trans retinoic acid potentiates cisplatin-
induced kidney injury in rats: impact of retinoic acid signaling path-
way. Naunyn Schmiedeberg’s Arch Pharmacol 389(3):327–337.
https://doi.org/10.1007/s00210-015-1193-3

Erel O (2004) A novel automated method to measure total antioxidant
response against potent free radical reactions. Clin Biochem 37(2):
112–119

Erel O (2005) A new automated colorimetric method for measuring total
oxidant status. Clin Biochem 38(12):1103–1111. https://doi.org/10.
1016/j.clinbiochem.2005.08.008

Ewees MG, Abdelghany TM, Abdel-Aziz AA, Abdel-Bakky MS (2015)
All-trans retinoic acid mitigates methotrexate-induced liver injury in
rats; relevance of retinoic acid signaling pathway. Naunyn
Schmiedeberg's Arch Pharmacol 388(9):931–938. https://doi.org/
10.1007/s00210-015-1130-5

Ezaki T, Nishiumi S, Azuma T, Yoshida M (2017) Metabolomics for the
early detection of cisplatin-induced nephrotoxicity. Toxicol Res
(Camb) 6(6):843–853. https://doi.org/10.1039/c7tx00171a

Gomez-Sierra T, Eugenio-Perez D, Sanchez-Chinchillas A, Pedraza-
Chaverri J (2018) Role of food-derived antioxidants against cisplatin
induced-nephrotoxicity. Food Chem Toxicol 120:230–242. https://
doi.org/10.1016/j.fct.2018.07.018

Gudas LJ (2012) Emerging roles for retinoids in regeneration and differ-
entiation in normal and disease states. Biochim Biophys Acta
1821(1):213–221. https://doi.org/10.1016/j.bbalip.2011.08.002

Han SY, So GA, Jee YH, Han KH, Kang YS, Kim HK, Kang SW, Han
DS, Han JY, Cha DR (2004) Effect of retinoic acid in experimental
diabetic nephropathy. Immunol Cell Biol 82(6):568–576. https://
doi.org/10.1111/j.1440-1711.2004.01287.x

Ilbey YO, Ozbek E, Cekmen M, Somay A, Ozcan L, Otunctemur A,
Simsek A, Mete F (2009) Melatonin prevents acetaminophen-
induced nephrotoxicity in rats. Int Urol Nephrol 41(3):695–702.
https://doi.org/10.1007/s11255-008-9503-z

Jung K, An JM, Eom DW, Kang KS, Kim SN (2017) Preventive effect of
fermented black ginseng against cisplatin-induced nephrotoxicity in
rats. J Ginseng Res 41(2):188–194. https://doi.org/10.1016/j.jgr.
2016.03.001

Kavukcu S, Turkmen MA, Soylu A (2001) Could the effective mecha-
nisms of retinoids on nephrogenesis be also operative on the ame-
lioration of injury in acquired renal lesions? Pediatr Nephrol 16(8):
689–690

Kim CS, Park JS, Ahn CW, Kim KR (2015) All-trans retinoic acid has a
potential therapeutic role for diabetic nephropathy. Yonsei Med J
56(6):1597–1603. https://doi.org/10.3349/ymj.2015.56.6.1597

Lelievre-Pegorier M, Vilar J, Ferrier ML, Moreau E, Freund N, Gilbert T,
Merlet-Benichou C (1998) Mild vitamin A deficiency leads to in-
born nephron deficit in the rat. Kidney Int 54(5):1455–1462. https://
doi.org/10.1046/j.1523-1755.1998.00151.x

Moreb JS, Ucar-BilyeuDA, Khan A (2017) Use of retinoic acid/aldehyde
dehydrogenase pathway as potential targeted therapy against cancer
stem cells. Cancer Chemother Pharmacol 79(2):295–301. https://
doi.org/10.1007/s00280-016-3213-5

Moulder JE, Fish BL, Regner KR, Cohen EP, Raife TJ (2002) Retinoic
acid exacerbates experimental radiation nephropathy. Radiat Res
157(2):199–203

NematbakhshM, Ashrafi F, Pezeshki Z, Fatahi Z, Kianpoor F, Sanei MH,
Talebi A (2012) A histopathological study of nephrotoxicity,
hepatoxicity or testicular toxicity: which one is the first observation
as side effect of Cisplatin-induced toxicity in animal model? J
Nephropathol 1(3):190–193. https://doi.org/10.5812/nephropathol.
8122

Oseto S, Moriyama T, Kawada N, Nagatoya K, Takeji M, Ando A,
Yamamoto T, Imai E, Hori M (2003) Therapeutic effect of all-
trans retinoic acid on rats with anti-GBM antibody glomerulonephri-
tis. Kidney Int 64(4):1241–1252. https://doi.org/10.1046/j.1523-
1755.2003.00219.x

Ozbek E, Ilbey YO, Simsek A, Cekmen M, Mete F, Somay A (2010)
Rosiglitazone, peroxisome proliferator receptor-gamma agonist,
ameliorates gentamicin-induced nephrotoxicity in rats. Int Urol
Nephrol 42(3):579–587. https://doi.org/10.1007/s11255-009-9645-
7

Penniston KL, Tanumihardjo SA (2006) The acute and chronic toxic
effects of vitamin A. Am J Clin Nutr 83(2):191–201. https://doi.
org/10.1093/ajcn/83.2.191

Saifi MA, Sangomla S, Khurana A, Godugu C (2018) Protective effect of
nanoceria on cisplatin-induced nephrotoxicity by amelioration of
oxidative stress and pro-inflammatory mechanisms. Biol Trace
Elem Res 1:1–12

Tang XH, Gudas LJ (2011) Retinoids, retinoic acid receptors, and cancer.
Annu Rev Pathol 6:345–364. https://doi.org/10.1146/annurev-
pathol-011110-130303

164 Naunyn-Schmiedeberg's Arch Pharmacol (2019) 392:159–164

https://doi.org/10.1016/j.taap.2014.07.023
https://doi.org/10.1016/j.taap.2014.07.023
https://doi.org/10.1016/j.biopha.2018.05.085
https://doi.org/10.1016/j.ejso.2015.07.016
https://doi.org/10.1016/j.fct.2009.03.034
https://doi.org/10.1016/j.fct.2009.03.034
https://doi.org/10.1634/theoncologist.2016-0319
https://doi.org/10.1634/theoncologist.2016-0319
https://doi.org/10.1007/s00210-015-1193-3
https://doi.org/10.1016/j.clinbiochem.2005.08.008
https://doi.org/10.1016/j.clinbiochem.2005.08.008
https://doi.org/10.1007/s00210-015-1130-5
https://doi.org/10.1007/s00210-015-1130-5
https://doi.org/10.1039/c7tx00171a
https://doi.org/10.1016/j.fct.2018.07.018
https://doi.org/10.1016/j.fct.2018.07.018
https://doi.org/10.1016/j.bbalip.2011.08.002
https://doi.org/10.1111/j.1440-1711.2004.01287.x
https://doi.org/10.1111/j.1440-1711.2004.01287.x
https://doi.org/10.1007/s11255-008-9503-z
https://doi.org/10.1016/j.jgr.2016.03.001
https://doi.org/10.1016/j.jgr.2016.03.001
https://doi.org/10.3349/ymj.2015.56.6.1597
https://doi.org/10.1046/j.1523-1755.1998.00151.x
https://doi.org/10.1046/j.1523-1755.1998.00151.x
https://doi.org/10.1007/s00280-016-3213-5
https://doi.org/10.1007/s00280-016-3213-5
https://doi.org/10.5812/nephropathol.8122
https://doi.org/10.5812/nephropathol.8122
https://doi.org/10.1046/j.1523-1755.2003.00219.x
https://doi.org/10.1046/j.1523-1755.2003.00219.x
https://doi.org/10.1007/s11255-009-9645-7
https://doi.org/10.1007/s11255-009-9645-7
https://doi.org/10.1093/ajcn/83.2.191
https://doi.org/10.1093/ajcn/83.2.191
https://doi.org/10.1146/annurev-pathol-011110-130303
https://doi.org/10.1146/annurev-pathol-011110-130303

	All-trans retinoic acid prevents cisplatin-induced nephrotoxicity in rats
	Abstract
	Introduction
	Materials and methods
	Animal model
	Biochemical analysis
	Histopathological examination
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


