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Background: Hydrogen sulfide (H2S) has been shown to have a protective role in various
kidney disorders.

Objectives: This study investigated the molecular mechanism of NaHS (a H2S donor) in
treating on the renal damage induced by cisplatin (CP).

Materials and Methods: Thirty-two male rats were randomly divided into 4 groups:
Notrmal control group (group A), NaHS group (group B) which received 200 pg/
kg/d (intrapetitoneal injection; i.p.) for 15 days, CP group (group C) which rats wete
injected with CP (5 mg/kg, single dose, i.p.), and CP + NaHS group (group D) (5 mg/
kg and 200 pg/kg, respectively, i.p.). Samples of urine and serum, tissue of kidney wete
collected for analysis after treatments for 15 days. Morphological changes were elevated
under light microscope, protein expression of desmin and nephrin were determined by
immunohistochemistry and western blotting and also malondialdehyde (MDA) level was
determined by spectrophotometer.

Results: Compared to the CP group, NaHS treatment mitigated histological damages,
decreased 24-hour urine protein excretion, serum urea and creatinine as well as MDA
level. NaHS treatment increased protein levels of nephrin. Moreover, NaHS treatment
decreased protein levels of desmin.

Conclusions: NaHS can ameliorate CP -induced renal damage in rats which is associated
with the increase in nephrin protein expression, and the decrease in MDA level and
desmin protein expression.

Implication for health policy/ practice/ research/ medical edncation:

The anticancer drug cisplatin is known to have toxic side-effects on kidney. From the findings of the present study, we can
conclude that, NaHS has an ameliorative effect against CP-induced

oxidative stress and renal damage through reduction of oxidative stress and alteration in expression of desmin and nephrin

proteins.
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1. Background

Cisplatin (CP) is a well-known antineoplastic drug
extensively used for treatment of different solid
tumors, such as cervical, ovarian cancer and testicular
cancer (1,2). However, it has been observed that CP

accumulates in the kidney with a greater degree than
other organs and so renal damage is the major dose-
limiting side effect of this drug (2,3). The mechanism
for this CP-induced renal injury has been intensively
studied for years, and the results of the latest researches
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suggest that part of this renal cell injury is likely
explained by inflammation, oxidative stress injury, and
apoptosis (2). Oxidative stress will be induced through
the imbalance between production of reactive oxygen
species (ROS) and antioxidant systems for scavenging
the reactive intermediates (4,5). As a result, podocyte
injury such as DNA damage and apoptosis occurs and,
proteinuria is developed after injuring podocytes. The
specific structure of podocytes mainly depends on the
expression of cytoskeletal system components and a
number of specific proteins. These special protein
molecules and the slit diaphragm (SD) proteins that
regulate normal renal function are main portions of
the podocyte barrier (4,6). One of the main filtration
SD components produced by podocytes is nephrin
protein. A mutation in gene this protein can lead to
the loss of its expression, causing destruction of SD
and significant proteinuria. Nephrin can be utilized
as a key biomarker for early detection of acute
glomerular podocyte injury as the decrease in its
protein expression occurs earlier than ultrastructural
changes in podocytes (6,7). Desmin protein is an
intermediate filament of the cytoskeleton, which
is secreted by podocytes during injury, whose its
expression is remarkably correlated with podocyte
injury (8,9). Two main interventional strategies for
renal injury are prevention and treatment of podocyte
injury and amelioration of proteinuria (9). Hydrogen
sulfide (H,S) known as;the third gas transmitter after
nitric oxide (NO) and carbon monoxide (CO), is
generated at very levels in nearly all tissues or organs,
such as brain, pancreas, liver and kidney (10). In
mammalian systems, the production of this gas has
been attributed to cystathionine 3-synthase (CBS) and
cystathionine y-lyase, two main enzymes in cysteine
biosynthesis pathway (11). In different cellular injury
models, cytoprotective effects are observed for H,S
at physiological concentrations (12). These effects
are in part associated with the ability of H.S in
neutralizing ROS, promoting relaxation of vascular
smooth muscle, decreasing of apoptotic signaling,
and reversibly modulating mitochondrial respiration
(11,13). Topical administration of NaHS on kidneys
can improve renal function and plays an important
role in protection against renal ischemia (12,14). H S
because of its cytoprotective and vasodilating activity
is an attractive therapeutic candidate to decrease the
destructive effects of proteinuria and hypertension

(15).
2. Objectives

The study presented here attempted to evaluate the
nephroprotective effects of the NaHS (an H2S-
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NaHS and cisplatin-induced podocyte injury

releasing molecule) on CP-induced renal injury.

3. Materials and Methods

3.1. Animals

Thirty-two male healthy Sprague-Dawley rats (180
+ 20) were obtained from animal house of Ahvaz
Jundishapur University of Medical Science (Ahvaz,
Iran). Rats were maintained under standard conditions
of temperature (21 * 2) and exposed to a 12-hour
dark-light cycle and allowed free access to a standard
pellet diet and water.

3.2. Reagents and antibodies

Cisplatin, NaHS and other chemicals and reagents
were obtained from Sigma Aldrich chemical Co. (St.
Louis, USA). Antibodies against nephrin and desmin
were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA).

3.3. Experimental design

All rats were randomly divided into 4 groups (each n=
8): normal control group (A group) was injected with
saline, NaHS group (B group) was injected with 200
pg/kg/d (intraperitoneal injection;i.p.) for 15 days, CP
group (C group) was given one doses of 5mg/kg i.p.,
and CP + NaHS group (D group) were injected with
one doses of CP (5 mg/kg i.p) and then NaHS (200
pg/kg/dip.) for 15 days. A pilot study was performed
to determine effective doses of NaHS at 50, 100 and
200 pg/kg/d dosages. On the 15 day, to determination
of 24-hour urine protein (UP) excretion, urine samples
were collected one day prior to sacrifice, the animals
were sacrificed under ketamine anesthesia then,
blood samples were obtained to detection of blood
urea nitrogen (BUN) and creatinine (Cr) levels. Also,
their right kidneys were rapidly removed and were
fixed in formalin (10%) and left kidneys were frozen
immediately in liquid nitrogen.

3.4. Biochemical analysis

Biochemical parameters in serum and urine were
determined by auto analyzer (Vita lab Selectra E,
Netherland) by commercially available kits (Pars
Azmon, Iran).

3.5. Histopathology

After fixation, Specimens were processed for paraffin
embedding and three um sections were prepared.
Sections were stained with periodic acid—Schiff (PAS)
and were observed under light microscope for any
histopathological changes.

3.6. Estimation of malondialdebyde in kidney tissne
The kidneys were homogenized in potassium
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phosphate buffer (10 mM, pH 7.4) at a concentration
of 5% (w/v) using a homogenizer (Model silent
crusher-M;Heidolph Instruments, Donau, Germany).
The homogenates were centrifuged at 16 000X gat 4°C
for 20 minutes. Levels of malondialdehyde (MDA),
was determined colorimetrically by thiobarbituric acid
reactive substances (TBARS) as described in previous
study (16).

3.7. Immunobistochemistry analysis
Immunohistochemistry was carried out as explained
previously (17). Briefly, kidney sections (5 um
in thickness) were deparaffinized by xylene and
dehydrated in graded concentrations of ethanol
and for antigen retrieval, sections were pretreated
into 10 mM citrate buffer (pH 6.0) and heated with
a microwave for 15 minutes. After that, sections
were incubated with 1% H,O, for 20 minutes to
inactivate endogenous peroxidase and were washed
twice in PBS and then blocked with 1.5% blocking
serum in PBS for 1 hour. They were then incubated
with primary antibody (goat polyclonal anti-desmin
at the dilution 1:200), overnight at 4°C, washed with
PBS, incubated for 60 minutes with the secondary
biotinylated antibody (biotinylated anti-goat IgG).
After washing twice in PBS, antibody location
was revealed using diaminobenzidin as peroxidase
substrate. Color development was stopped by washing
in water. Sections were counterstained with Meyer’s
hematoxylin, dehydrated and mounted. Negative
controls were performed using normal serum instead
of primary antibody.

3.8. Western blotting

Western blotting was carried out as explained in our
previous study (18). The renal cortex was homogenized
in lysis buffer (150 mM NaCl, 0.25% wt/vol sodium
deoxycholate, 50 mM Tris-HCl [pH 7.5], 1% Triton
X-100, 0.1% SDS, 1mM EDTA, 1% protease
inhibitor cocktail [Roche, Mannheim, Germany])
using an ultrasonic homogenizer on ice. Homogenates
were centrifuged at 13000 X g at 4°C for 20 minutes
and the supernatants were collected and the protein
concentration of them were determined using the
Bradford method. Then 150 pg of total protein were
separated by 10% SDS-PAGE and electro transferred
to PVDF membrane. Nonspecific binding was
blocked with 5% bovine serum albumin in TBS for
1h at room temperature. Following washing with
0.02% Tween-20/TBS (TBST), the membranes wete
incubated overnight at 4°C with the primary antibody:
nephrin, and B-actin, (1:200 dilution). The membranes
were washed with TBST and incubated for 1 hour at
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room temperature with HRP conjugated secondary
antibodies (nephrin was donkey anti-goat 1gG and
B-actin was goat anti-rabbit IgG). Visualization was
performed using ECL kit (Najm Biotech ECL, Iran).

3.9. Ethical issues

The research followed the tenets of the Declaration
of Helsinki. This project were approved by Ethics
Committee of Ahvaz Jundishapur University of
Medical Sciences. Prior to the experiment, the
protocols were confirmed to be in accordance with
the guidelines of Animal FEthics Committee of
Jundishapur University of Medical Sciences.

3.10. Statistical analysis

SPSS version 15.0 for Windows was used for all
analyses. Data were expressed as means * SD.
Differences between groups were tested with the use
of one-way analysis of variance (ANOVA) with post
hoc Tukey’s test. Significance was accepted at P < 0.05.

4. Results

4.1. Body and kidney weight and urine volume

The body weight of rats in C group was significantly
less that of rats in A and B groups (P<0.001). But,
the kidney weight and urine volume of rats in C group
was significantly more than rats of A and B groups
(P<0.01) whereas administration of NaHS in D
group significantly improved this reduction of body
weight (P<0.01) and also, increased kidney weight
and urine volume (P< 0.05) when compared with rats

in C group (Table 1).

4.2. Serunm and nrine biochemical analysis

As shown in Table 2, serum Cr and BUN as well as 24-
hour UP in C group significantly increased (P<0.01)
following CP injection. Treatment with NaHS reduced
levels of Cr, BUN and 24-hour UP in D group when
compared with C group (P<0.01).

Table 1. Effect of cisplatin and NaHS on body weight, kidney
weight and urine volume

ine vol
Group Body weight (g) Kidney weight (g) o o1

(mL/24 h)
A 177.00 £21.83  0.82£0.13 0.85£0.14
B 190.50 £ 28.85  0.89 + 0.08 1.25 + 0.27
C 144.83 = 16.70*  1.00 * 0.16* 4.50 £ 1.04*
D 169.80 = 17.08*  0.81 % 0.10* 2.24 * 0.15%

Data are expressed as mean = SD; Normal control group (A),
NaHS group (B), Cisplatin group (C), CP + NaHS group (D), P
< 0.01 compared with A and B groups, *P<0.01 compared with
the CP-treated group (C).
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Table 2. Effect of NaHS and Cisplatin on biochemical indicators.

A 0.57£0.09  15.25 £ 3.01 0.60 + 0.12
B 0.56 £ 0.08  20.00 £ 3.20 0.71 £ 0.16
C 0.80 £0.11* 28.00 £ 6.60* 5.50 £ 1.54*
D 0.60 = 0.1%  15.80 % 2.60% 2.81 +1.10%

Data are expressed as mean * SD; Normal control group (A),
NaHS group (B), Cisplatin group (C), CP + NaHS group (D), 'P
< 0.01 compared with A and B groups, *P<0.01 compared with
the CP-treated group (C).

4.3. Histopathological findings

As indicated in Figure 1, under the light microscopic
evaluation, no obvious pathological changes were
found in the kidney of A and B groups whereas
treated group with CP (C group) showed degenerative
changes in kidney include increase of mesangial matrix
and proliferation of glomerular mesangial cells. In D
group these pathological damages were very lighter
than those of C group.

4.4. Renal MDA level

The levels of MDA in renal tissue were higher in C
group than the A and B groups (P<0.001), treatment
with NaHS in D group could reverse (P<0.001) this
increase (Figure 2).

In all the above parameters there was no significant
difference between groups of A and B (P>0.05).

4.5, Immunobistochemistry for desmin protein

The renal cortex of rats in A and B groups
demonstrated a negative desmin immunostaining in
the renal glomerulus, indicating which no podocyte

Figure 1. Effect of NaHS on cisplatin (CP)-induced
histopathological alterations in renal tissues of different groups.
Normal control group (A), NaHS group (B), cisplatin group (C),
CP + NaHS group (D), (PAS staining X400).

NaHS and cisplatin-induced podocyte injury

cytoskeleton injury (Figure 3A and 3B). C group
following administration of CP indicated positive
desmin immunostaining in the renal glomerulus
indicating that a notable podocyte injury (Figure
3C) while D group after administration of NaHS
indicated decline of desmin immunostaining in the
renal glomerulus (Figure 3D).

4.6. Western blotting for nephrin protein

As shown in Figure 4, protein level of nephrin was
significantly decreased in CP-treated group (C group)
compared with the A and B groups (P<0.05). In
contrast, NaHS treatment increased the protein levels

of nephrin in D group (P<0.05).
#
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Figure 2. Effects of NaHS on CP- induced on MDA level
alterations in renal tissue of different groups. Data are expressed
as mean * SD, *P<0.001 compared to A and B groups, #
P<0.001 compared to CP-treated group (C).

.!
C

Figure 3. Immunostainings for desmin protein are shown on
tissue sections. Desmin was detected only in glomeruli of different
groups; Normal control group (A), NaHS group (B), cisplatin
group(C), CP + NaHS group (D) (x400).
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CP + NaHS

Control NaHS cp
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Control ~ NaHS P
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Figure 4. Effects of NaHS on nephrin protein expressions in
different groups. Western blot assay showed that the CP group had
lower expressions. In addition, compared with CP group, nephrin
expression was up-regulated after NaHS treatment. Data were
expressed as means £ SD, "P<0.05 compared with the normal
control and NaHS groups, *P< 0.05 compared with the CP group.

5. Discussion

In the present study, NaHS (a bioactive compound
releasing H,S) showed protective effects on CP-
induced renal lesions in rats. In this study, single
injection of CP (5 mg/kg i.p) showed a significant
reduction in the body weight and a remarkable
increase in the weight of the kidneys as well as urine
volume. Previous studies are in agreement with our
results (19). The body weight loss in rats treated with
CP was possibly because CP has a direct toxic effect
on renal tubules that resulted reduced reabsorption
of water and excretion of excessive sodium with
subsequent polyuria, dehydration and body weight
reduction;or might be because of gastrointestinal
toxic effects including reduction in appetite, ingestion
and assimilation of food (20,21). Moreover, increase
in kidney weight might be due to the edema of renal
parenchyma since CP was known to cause renal
inflammation (22,23). The body and kidney weight
and also, urine volume is returned by NaHS treatment
close to the control group. This effect approved that
NaHS is possibly effective for protecting against the
toxic effects of CP on renal. The present research has
shown that CP enhanced concentrations of serum
creatinine and BUN as well as 24-hour UP. The
possible reasons of this increase in biomarkers of renal
in serum and urine were the impaired functions of
renal, obstruction of tubulat, and/or the back-leakage
of the renal tubules (23). Such functional disturbance
in rats treated with CP could indicate the CP ability in
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protein synthesis inhibition in the tubular cells or lipid
peroxidation initiation and free radicals generation
in renal tubules (22,24). These results were obtained
in several previous studies (25,26). However, the
concentrations of serum BUN and creatinine as well
as 24-hour UP showed marked progress in rats treated
with the NaHS + CP (D group). These outcomes
proved the NaHS ability for improving or normalizing
the function of renal. H,S contributes in controlling
the function of renal and enhances excretion of
urinary sodium through both renal vascular and tubular
actions (10,27). Protective activity of H.S is related to
the inhibition of ROS production through inhibiting
NADH oxidase, inducting anti-oxidative molecules
such as, thioredoxin, and also increasing production of
glutathione (GSH) (28). Moreover, anti-inflammatory
effects of NaHS is probably reason of urinary protein
reduction, thereby preserving the endothelial barrier
in the glomeruli (29). The results of current study are
in accordance with the results of eatlier research (21).
In the current study, the main histopathological results
of renal tissues treated with CP were the extension of
mesangial matrix, the tubular epithelium degeneration
and the interstitial inflammatory cell infiltration.
These observations agreed with those of the earlier
research (30,31). Though, the evaluation of renal
histopathological in groups treated with NaHS also
showed a reduction in structural changes induced by
CP. However, no clear nephro-protective mechanism
has been understood for NaHS, there is evidence
on strong antioxidant activity of NaHS in some
organs (32,33). ROS formation in kidney has a key
role in renal injury induced by CP, and different thiol
compounds and antioxidants have been presented for
protecting against CP-induced renal damage (11,33).
As mentioned, CP-induced renal injury is associated
with the generation of ROS, MDA and a decrease in
antioxidant systems in kidney and NaHS because of
its antioxidant properties can reduce oxidative stress
(28,30). Thus, these confirm our result about MDA.
In addition, our results demonstrated that CP caused
an increase in the desmin expression and a reduction
in the expression of nephrin. It has been proposed
that CP could enhance the production of free radical
and the stress of oxidative (33,34). In many models
of podocyte injury, enhanced production of ROS has
been observed (4). An increase in proteinuria is caused
by podocyte injury. Furthermore, the podocyte injury
confirmed reduced nephrin expression (glomerular
SD protein) and enhanced desmin expression (an
intermediate filament protein of the cytoskeleton
and podocyte injury marker) (35). The structure and
the function of podocytes are affected by proteins
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of cytoskeletal and SD. In the current research,
NaHS enhanced the nephrin expression and reduced
expression of desmin in rats with CP-induced renal
injury. In general, the current research proposes that
protection of NaHS against renal injury was possibly
accomplished via changing foot process cytoskeleton
and expression of SD protein component, causing
alliterating structure in podocytes and consequently
restoring normal morphology and repairing the
filtration batrier of glomerular. Although in this study,
we have showed that the alternative expressions of
nephrin and desmin proteins are associated with the
podocyte injury, but their roles in the occurrence and
development proteinuria has been not known cleatly.
Further studies are needed for other mechanisms
underlying the NaHS therapeutic influence on
podocytes in renal damage.

6. Conclusions

The present study highlights the potential role of NaHS
in alleviating CP-induced renal injury via reducing
histological damages, desmin protein expression, 24-h
UP, urine volume, Serum Cr, BUN and MDA and also,
via increasing nephrin protein expression.

Acknowledgments

This work was a part of MSc student thesis that
supported by the Ahvaz Jundishpur University of
Medical Sciences (Grant # CMRC-9421).

Conflicts of interest
The authors declare that they have no competing
financial interests in relation to the work described.

Authors’ contribution
AKjparticipated in the performance of the
research. FA;contributed to all aspect of the study.
LKH;achieved statics and data analysis. AV;collected
the data. EM;participated in research design and the
writing of the paper.

Funding/Support

This study was supported by Deputy of Research
and Technology Development Ahvaz Jundishpur
University of Medical Sciences.

References

1. Wang H, Kong L, Zhang ], Yu G, Lv G, Zhang [, et
al. The pseudoginsenoside F11 ameliorates cisplatin-
induced nephrotoxicity without compromising its
anti-tumor activity in vivo. Sci Rep. 2014;4:4986. doi:
10.1038/srep04986.

2. Arany I, Safirstein RL. Cisplatin nephrotoxicity.

www.nephropathol.com

10.

11.

12.

13.

14.

NaHS and cisplatin-induced podocyte injury

Seminar in Nephrology. 2003;23:460-4. doi:10.1016/
S0270-9295(03)00089-5

Basnakian AG, Apostolov EO, Yin X, Napirei M,
Mannherz HG, Shah SV. Cisplatin nephrotoxicity is
mediated by deoxyribonuclease 1. ] Am Soc Nephrol.
2005;16(3):697-702. doi: 10.1681/ASN.2004060494.
Chen S, Meng X-I Zhang C. Role of NADPH
oxidase-mediated  reactive oxygen species in
podocyte injury. Biomed Res Int. 2013;2013:839761.
doi:10.1155/2013/839761.

Altenhofer S, Kleikers PW, Radermacher KA, Scheurer
P, Hermans JR, Schiffers P, et al. The NOX toolbox:
validating the role of NADPH oxidases in physiology
and disease. Cell Mol Life Sci. 2012;69(14):2327-43.
doi: 10.1007/s00018-012-1010-9.

Oka Y, Tsuboi A, Fujiki I Shirakata T, Nishida S,
Hosen N, et al. “Cancer antigen WT'1 protein-derived
peptide”-based treatment of cancer-toward the further
development. Curr Med Chem. 2008;15(29):3052-61.
doi: 10.2174/092986708786848631.

Kerjaschki D. Caught flat-footed: podocyte damage
and the molecular bases of focal glomerulosclerosis.
J Clin Invest. 2001;108(11):1583-7. doi: 10.1172/
JCI14629.

Aoyama T, Kamata K, Yamanaka N, Takeuchi Y,
Higashihara M, Kato S. Characteristics of polyclonal
anti-human nephrin antibodies induced by genetic
immunization using nephrin ¢cDNA. Nephrol Dial
Transplant. 2006;21(4):1073-81. doi: 10.1093/ndt/
ofk101.

Wang Z, Liu J, Sun Wi Effects of asiaticoside on levels of
podocyte cytoskeletal proteins and renal slit diaphragm
proteins in adriamycin-induced rat nephropathy. Life
Sci. 2013;93(8):352-8. doi: 10.1016/].1f5.2013.07.010.
Yuan P, Xue H, Zhou L, Qu L, Li C, Wang Z, et al.
Rescue of mesangial cells from high glucose-induced
over-proliferation and extracellular matrix secretion
by hydrogen sulfide. Nephrol Dial Transplant.
2011;26(7):2119-26.  doi:  10.1093/ndt/gfq749.
Ahangarpour A, Fard AA, Gharibnaseri MK, Jalali
T, Rashidi 1.
kidney dysfunction and damage in cisplatin-induced
nephrotoxicity in rat. Vet Res Forum. 2014;5(2):121-7.
Jha S, Calvert JW, Duranski MR, Ramachandran
A, Lefer DJ. Hydrogen sulfide attenuates hepatic
antioxidant

Hydrogen sulfide ameliorates the

ischemia-reperfusion injury: role of
and antiapoptotic signaling. Am ] Physiol Heart
Citc Physiol. 2008;295(2):H801-6. doi: 10.1152/
ajpheart.00377.2008.

Lefer DJ. A new gaseous signaling molecule emerges:
cardioprotective role of hydrogen sulfide. Proc Natl
Acad Sci U S A. 2007;104(46):17907-8. doi:10.1073/
pnas.0709010104.

Tripatara P, Patel NS, Collino M, Gallicchio M, Kieswich
J, Castiglia S, et al. Generation of endogenous hydrogen
sulfide by cystathionine y-lyase limits renal ischemia/
reperfusion injury and dysfunction. ILab Invest.

Journal of Nephropathology, Vol 6, No 3, July 2017 155



Karimi A et al

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

2008;88(10):1038-48. doi: 10.1038/labinvest.2008.73.
Wang Z, Tang I, Zhu Q, Yi F Zhang F, Li P-L, et
al. Hypoxia-inducible factor-loe contributes to the
profibrotic action of angiotensin II in renal medullary
interstitial cells. Kidney Int. 2011;79(3):300-10. doi:
10.1038/ki.2010.326.

Mansouri E, Khorsandi L, Moaiedi MZ. Grape
seed proanthocyanidin extract improved some of
biochemical parameters and antioxidant disturbances
of red blood cells in diabetic rats. Iran | Pharm Res.
2015;14(1):329-34.

Mansouri E, Panahi M, Ghaffari MA, Ghorbani A.
Grape seed proanthocyanidin extract ameliorates
albuminuria and renal sclerosis in experimental diabetic
nephropathy rats. Asian Biomed. 2012;6(2):195-202.
doi: 10.5372/1905-7415.0602.046.

Kooti W, Mansouri E, Assarchzadegan MA, Nejad—
Dehbashi F Effect of pravastatin on levels of
filtration slit diaphragm protein and oxidative stress
in doxorubicin- induced nephrotoxicity. Indian ]
Pharm Educ Res. 2017;51(1):77-82. doi:  10.5530/
ijper.51.1.11.

Nasr AY. Effect of misoprostol on ultrastructural
changes of renal tissues in cisplatin-treated adult
rats. ] Cytol Histol. 2013;4:3. doi: 10.4172/2157-
7099.1000175.

Yao X, Panichpisal K, Kurtzman N, Nugent K:Cisplatin
nephrotoxicity: a review. Am ] Med Sci. 2007;334(2):115—
24.doi: 10.1097/MAJ.0b013¢31812dfele

Zhou X, Feng Y, Zhan Z, Chen J. Hydrogen
sulfide diabetic
streptozotocin-induced diabetic rat model. | Biol
Chem. 2014;289(42):28827-34. doi: 10.1074/ibc.
M114.596593.

Adejuwon A, Femi-Akinlosotu O, Omirinde J, Owolabi
O, Afodun A. Launaea taraxacifolia ameliorates

alleviates nephropathy in a

cisplatin-induced hepato-renal injury. Eur ] Med Plants.
2014;4(5):528-41. doi: 10.9734/EJMP/2014/7314.
Kawai Y, Nakao T, Kunimura N, Kohda Y, Gemba
M. Relationship of intracellular calcium and oxygen
radicals to cisplatin-related renal cell injury. ] Pharmacol
Sci. 2006;100(1):65-72. doi: 10.1254/jphs.FP0050661.
Nasr AY, Saleh HA. Aged gatlic extract protects
against oxidative stress and renal changes in cisplatin-
treated adult male rats. Cancer Cell Int. 2014;14(1):92.
doi: 10.1186/s12935-014-0092-x

Naghizadeh B, Boroushaki MT, Vahdati Mashhadian
N, Mansouri SMT. Protective effects of crocin against
cisplatin-induced acute renal failure and oxidative

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

stress in rats. Iran Biomed J. 2008;12(2):93-100. doi:
10.1016/j.toxlet.2008.06.034.

Razo-Rodriguez AC, Chirino YI, Sanchez-Gonzalez
DJ, Martinez-Martinez CM, Cruz C, Pedraza-Chaverri
J. Gatlic powder
nephrotoxicity and oxidative stress. ] Med Food.
2008;11(3):582-6.  doi:  10.1089/jmf.2008.0033.
Xia M, Chen L, Muh RW, Li P-L, Li N. Production and
actions of hydrogen sulfide, a novel gaseous bioactive
substance, in the kidneys. ] Pharmacol Exp Ther.
2009;329(3):1056-1062. doi: 10.1124/jpet.108.149963.
Kaur M, Sachdeva S, Bedi O, Kaur T, Kumar P.
Combined effect of hydrogen sulphide donor and

ameliorates  cisplatin-induced

losartan in experimental diabetic nephropathy in rats.
] Diabetes Metab Disord. 2015;14(1):63. doi: 10.1186/
s40200-015-0185-7.

Aslami H, Pulskens WP, Kuipers MT, Bos AP, van
Kuilenburg AB, Wanders R], et al. Hydrogen sulfide
donor NaHS reduces organ injury in a rat model of
pneumococcal pneumosepsis, associated with improved
bio-energetic status. PLoS One 2013;8(5):¢63497. doi:
10.1371/journal.pone.0063497.

Abdelmeguid NE, Chmaisse HN, Zeinab NA.
Protective effect of silymarin on cisplatin-induced
nephrotoxicity in rats. Pak ] Nutr. 2010;9(7):624-36.
doi:  10.3923/pjn.2010.624.636.

Lawal AO, Ellis EM. The chemopreventive effects of
aged garlic extract against cadmium-induced toxicity.
Environ Toxicol Pharmacol. 2011;32(2):266-74. doi:
10.1016/j.etap.2011.05.012.

Zhu YZ, Wang Z], Ho P, Loke YY, Zhu YC,
Huang SH, et al. Hydrogen sulfide and its possible
roles in myocardial ischemia in experimental rats.
J Appl Physiol. 2007;102(1):261-8. doi: 10.1152/
japplphysiol.00096.2006.

Nicholson CK, Calvert JW. Hydrogen sulfide
and ischemia—reperfusion injury. Pharmacol Res.
2010;62(4):289-97. doi: 10.1016/j.phts.2010.06.002.
Abdollahzade Fard A, Ahangarpour A, Gharib-
Naseri M, Jalali T, Rashidi I, Ahmadzadeh M. Effects
of hydrogen sulfide on oxidative stress, tnf-o level
and kidney histological changes in cisplatin nephro-
toxicity in rat. ] Phys Pharm Adv. 2013;3(3):57-65. doi:
10.5455/jppa.20130215073523.

Sen U, Basu P, Abe OA, Givvimani S, Tyagi N,
Metreveli N, et al. Hydrogen sulfide ameliorates
hyperhomocysteinemia-associated ~ chronic  renal
failure. Am J Physiol Renal Physiol. 2009;297(2):F410-
9. doi: 10.1152/ajprenal.00145.2009.

Copyright © 2017 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0),

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

156

Journal of Nephropathology, Vol 6, No 3, July 2017

www.nephropathol.com



