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Article Info Abstract
Article history: Hydrogen Sulfide (HzS) prevents and treats a variety of disorders via its cytoprotective
effects. However, the effects of HzS on rats with cisplatin (CP) nephrotoxicity are unclear. The
Received: 29 January 2013 aim was to study the effects of H2S on rats with CP nephrotoxicity. Thirty male Sprague-Dawley
Accepted: 06 May 2013 rats were divided into three groups: control group, nephrotoxic group received single dose of
Available online: 15 June 2014 CP (6 mg kg1) and nephrotoxic groups that received single dose 100 pmol kg NaHS. On fifth
day after injection, urine of each rat was collected over a 24-hr period. Animals were sacrificed
Key words: 6 days after CP (or vehicle) treatment, and blood, urine, and kidneys were obtained, prepared
for light microscopy evaluation, lipid peroxidation content and laboratory analysis. The results
Apoptosis showed that plasma urea (226%), creatinine (271%), renal lipid peroxidation content (151%),
Cisplatin Na and K fractional excretion, urine protein, volume and kidney weight in CP nephrotoxic rats
Hydrogen sulfide were significantly higher and urine osmolarity and creatinine clearance lower than in controls.
Nephrotoxicity Increases of the proximal tubular cells apoptosis and mesangial matrix in CP nephrotoxicity

group rats were observed. Hydrogen sulfide reversed the CP-induced changes in the
experimental rats HzS prevented the progression of CP nephrotoxicity in rats possibly through
its cytoprotective effects such as antioxidant properties.

© 2014 Urmia University. All rights reserved.

ALY (0 D 9ug) x My 3 (9 S9AlST Cap g 33 1 4l (B T 9 (53 hos LA 35950 il g
oS>

Ll e amial (3N e 3 (S (6 0I5 o 2 0500n el g 15 55 m o3litel (635 YD Dl ys 5 (6,5 i 53 (s Shablonn S 03 1yl bl 4 05508 Al s
(S 208 o #) 5y o b 55T o yonn (S 2557105 8 i ol s gm0 talllan a5 el (3 e (5557 o pmnin 53 OT S g allas ke S
36097 oo S 3l (s g0 5 0 (58500 el VP 1000 (56 905 0l 55 plonil 31 o S5 gy ik oo (oSS 08 oa V00D 5t g b 0 Dloys (658 S g
S35 Cangan 05 5 53 6313 mn 55 4 oadS 035 5 513 e 3l x5 S o D enS ]y (6l by 5 a3 STl S o) 0l O gl Nk g
O3sokn Al (oins b Olys 39 S8 05,5 5 2y (A5 s SIS Snsmn 03 ST 39 IS 058 ) Sl S ST 5 ol s Y el 5 VL (S e
M s (63T s gan iy 51 ST ST ol s 5l s ke Clibloes 3L Vlazml 05550 o) gor a5 ..,Ul.s)f}:tg)bdbu g 4y Ol cpl Sl
S gr 555 S

S5l o same My o 053500 L s G5 T I ST (S 0519

*Correspondence:

Amin Abdollahzade Fard. MSc, PhD Candidate
Department of Physiology and Physiology Research Center, School of Medicine, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran.
E-mail: af.amin@yahoo.com


vrf.iranjournals.ir

122 A. Ahangarpour et al. Veterinary Research Forum. 2014; 5 (2) 121 - 127

Introduction

Cisplatin (cis-diamminedichloroplatinum II, CP) is a
potent anticancer drug commonly used against cancers,
including testicular, cervical, head and neck malignancies.
The drug is also known to produce a number of toxicities
in kidney, gastrointestinal tract and nervous system.1-3 The
drug is bio-activated to a nephrotoxicant,* and it damages
cell mitochondria altering the cellular transport system
and eventually causes apoptosis, inflammation, necrosis
and death in cells3¢ The limiting factor of CP is its
progressive irreversible nephrotoxicity” This has been
ascribed to several mechanisms such as oxidative stress,?
modulation of nitric oxide,'°and modulation of adenosine.t

Hydrogen sulfide (HzS) is an endogenously produced
gaseous signaling molecule with diverse physiological effects.
Its production in mammalian systems has been attributed
to two key enzymes in cysteine biosynthesis pathway,
cystathionine B-synthase (CBS) and cystathionine y-lyase.
The rate of HzS production in tissue is in the range of 1 to
10 pmol sec! per mg protein, resulting in low micromolar
extracellular concentrations.!213 It is at these physiological
concentrations that HzS is cytoprotective in various models
of cellular injury.1415 The cytoprotective effects of HzS are
partially related to its ability to neutralize reactive oxygen
species (ROS),promoting vascular smooth muscle relaxation,
reducing apoptotic signaling, and reversibly modulating
mitochondrial respiration.!® Many studies suggest exogenous
and endogenous HzS is protective against renal ischemia-
reperfusion injury. Topical administration of NaHS onkidneys
plays a key role in protecting against renal ischemia and
renal function can be improved.17.1® During ischemia, H2S
levels drop along with kidney function.'® Main enzyme
responsible for HzS production in kidney is CBS that its
inhibition leads to accumulation of homocysteine and
worsening renal ischemia-reperfusion injury® Another
study has showed inhibition of generation of endogenous
H2S with DL-propargylglycine an inhibitor of endogenous
HzS formation, has improved CP-induced renal damage?!
But the generation of endogenous H2S may either limit or
contribute to the degree of tissue injury caused by ischemia-
reperfusion and chronic kidney disease.1822 To clear up these
controversies, we aimed to investigate the role of H2S and
its potential beneficiary effects in relation to physiological,
biochemical,and histological changesinduced by CP inrats.

Materials and Methods

Animals. Thirty male Sprague-Dawley rats weighing
180 to 220 g were purchased from animal house center of
Ahvaz Jundishapur University of Medical Science, Ahvaz,
Iran. All animals were housed in cages with 12/12 hr
light/dark cycle at22 + 2°C. All experimental procedures were
performed according to Ahvaz University Ethical Committee
for care and use of laboratory animals.

Chemicals. Cisplatin,other chemicals and reagents were
obtained from Sigma Aldrich chemical Co. (St. Louis, USA).

Experimental design. Thirty rats were divided into
three groups of 10 rats per each group. The groups were
divided as follows; control group, untreated CP nephro-
toxicity group (6 mg kg?, intraperitoneally), and CP
nephrotoxicity group treated with intraperitoneal NaHS
(100 pmol kg2, 1 hr before CP injection). The doses of NaHS
were selected based on the findings from previous study
that examine renal ischemia-reperfusion injury in the rat.18
At the 5% day, rats were kept individually in metabolic
cage with access to drinking water for measurement of
24 hr urinary protein and urine volume. At the end of the
experimental, 10 rats from each group were sacrificed by
intraperitoneal overdose of xylazine (30 mg kg, Alfasan,
Woerden, The Netherlands) and ketamine (120 mg kg4,
Alfasan, Woerden, The Netherlands). The right kidneys were
harvested stored in 10% neutral formalin and was fixed
separately for light microscopy evaluation. In addition, the
left kidney was dissected and rinsed with isotonic saline
and then blotted dry and weighed. Then, the kidney tissue
was minced and homogenized with 5% (w/v) potassium
phosphate buffer (0.1 M, pH 7.4) using a homogenizer
(Heidolph Silent crusher-M, Donau, Germany). Homogenate
was then centrifuged at 10000 g for 5 min to remove
nuclei and cell debris. This supernatant was used for the
measurement of lipid peroxidation.

Biochemical Analysis. One day before the rats were
killed, urine of each rat was collected over a 24 hr period
and the volume was measured. All rats were killed 6 days
after CP administration. Blood was collected from heart
in tubes and immediately centrifuged at 3000 g at 5 °C for
10 min to separate plasma. The plasma obtained was
stored frozen at -20 °C to await biochemical analyses.
Kidneys were removed from the rats, washed with ice-
cold saline, blotted with a piece of filter paper and
weighed. The cortex of left kidney was excised from the
medulla, and rapidly homogenized in ice-cold potassium
phosphate buffer to produce 1:10 (w/v) tissue homogenate.
Urine osmolality was measured by the freezing point
depression method (-70 °C) using an osmometer
(Hermann Roebling, Berlin, Germany), urine protein
concentration was measured by a trichloroacetic acid
(TCA) precipitation method. Trichloroacetic acid method
measures the turbidity at 420 nm when a 50 pL sample is
mixed with 150 pL of 30 g L'* TCA at 25 °C.23 Urinary
BUN, creatinine, Na and K were measured by auto
analyzer (Model BT3000; Biotechnica, Rome, Italy).

Renal histology. After fixation of the kidneys with
10% formalin, renal tissues were sectioned and stained
with periodic acid-Schiff (PAS) reagents for histological
examination. Tubular damage in PAS-stained sections
was examined under the microscope (x200 magnification)
and scored based on the percentage of cortical tubules
showing epithelial necrosis: 0 = normal; 1 =10%; 2 = 10
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to 25%; 3 = 26 to 75%; and 4 = 75%. Tubular necrosis was
defined as the loss of the proximal tubular brush border,
blobbing of apical membranes, tubular epithelial cell
detachment from the basement membrane, or intra-
luminal aggregation of cells and proteins.

TUNEL staining. DNA fragmentation was labeled in
situ using an in situ cell death detection kit (Roche
Diagnostics, Mannheim, Germany). Paraffin-embedded
tissues were cut into 5 um thick sections, and after
deparaffinization and dehydration were digested with
proteinase K and treated according to the protocol
provided with the kit. According to TUNEL-reaction
bases, labeled nucleotides were catalytically added to
3’-OH ends of DNA by terminal deoxynucleotidyl trans-
ferase in a template-independent manner. Sections
were then reacted with anti-fluorescein antibody
conjugated with horse radish peroxidase as a reporter
enzyme. In situ cell death detection kit provides
diaminobenzidine to produce a brown reaction product
that marks the nuclei of apoptotic cells. Sections were
counterstained with hematoxylin. Apoptosis positive
cells were evaluated by light microscope. The number
of apoptotic cells in each section was calculated by
counting the number of TUNEL positive apoptotic cells
in 10 x 400 fields per slide.

Estimation of lipid peroxidation. Lipid peroxidation
in kidney tissue homogenate of all the experimental
animals was determined for thiobarbituric acid reactive
substances (TBARS) formation.2* Amount of 500 pL of
supernatant was mixed with 1.5 mL of 10% trichloroacetic
acid. After centrifugation (3000 g for 15 min), 1.5 mL of
supernatant was added to 2 mL of 0.67% thiobarbituric
acid and heated for 30 min at 100 °C. After cooling, the
sample was extracted with 2 mL of n-butanol. After
centrifugation at 3000 g for 15 min the organic phase was
collected and the absorbance was read spectrophoto-
metrically at 535 nm using a blank containing all the
reagents except the tissue homogenate. Values were
expressed as nmol g kidney tissue. As 99% of TBARS is
malondialdehyde (MDA), TBARS concentrations of the
samples were calculated from a standard curve using 1, 1,
3, and 3- tetramethoxypropane.

Statistical analysis. Data were analyzed using one-
way ANOVA and followed by Tukey’s test in SPSS (Version
16; SPSS Inc., Chicago, USA). Data are expressed as mean
+ SEM. A p value less than 0.05 was considered as
statistically significant differences.

Results

Effects of NaHS on kidney weight percentage.
Rats given CP lost their initial body weight, while NaHS-
treated rats gained their initial body weight. In the CP
nephrotoxic group, kidneys’ weight increased significantly
compared to control rats (p <0.01). After administration
of NaHS, a significant decrease of kidney weight was
found in treated CP nephrotoxic group in comparison to
CP nephrotoxic group (p < 0.05), (Table 1).

Effects of NaHS on plasma and urine biochemical
analysis. Tables 2 and 3 show the effects of treatment
with saline, CP, and NaHS on concentrations of plasma
urea, creatinine, Na, K and Urinalysis. Cisplatin significantly
increased the concentrations of plasma urea and
creatinine (p < 0.01). Compared with saline-treated rats,
CP increased daily urine volume, while, NaHS treatments
decreased urine volume (p < 0.01). Urine osmolality in CP-
treated rats decreased compared with saline-treated
controls (p < 0.01). In NaHS-treated rats, urine osmolality
increased significantly in comparison with CP treated rats
(p < 0.05). Urine protein excretion increased in CP-treated
rats and NaHS treatment significantly decreased urine
protein excretion (p < 0.01).

Table 2. Plasma creatinine, urea, and sodium and potassium
concentrations of each group, (n = 10).

Creatinine Urea Na K
Groups  (mgdL1)  (mgdl1)  (mEqL1) (mEqLY)
Controls 046+003 3210+200 14500+ 140 4.54+0.12
CP 125+0.09% 72.82+3.40*% 143.00+1.40 557 +0.13*

CP + NaHS 0.59+0.05t 51.30 +1.80*f 144.00 + 0.90 5.23 +0.10*

Values are significantly different (*compared to control, and *
compared to cisplatin group; p < 0.01) within the same column.

Effects of NaHS on kidney and tubular functions.
Table 4 shows the effects of CP and NaHS on the
creatinine clearance, Na and K fractional excretion. In CP
treated rats creatinine clearance decreased (p < 0.01)
and fractional excretion of Na and K was increased
(p < 0.01). Effects of CP on kidney and tubular functions
were reversed by NaHS treatment.

Effects of NaHS on renal lipid peroxidation content.
The renal lipid peroxidation content in CP nephrotoxic rats
was significantly higher compared to control rats (Fig. 1).
NaHS administration resulted in a significantly lower renal
lipid peroxidase content compared to the untreated CP
nephrotoxic rats.

Table 1. Effect of CP and treatment with NaHS on weight of body and kidneys of rats, (n = 10).

Groups Initial weight (g) Final weight (g) Change (%) Kidneys’ weight (g) Kidneys’ weight (%)
Controls 221.50 +4.80 22740+5.10 5.90 + 0.30 1.82£0.10 0.80 £ 0.02

cp 201.30 +6.20 196.30 £ 5.80 -5.00 £ 0.50* 1.83+£0.10 0.93 £ 0.06*

CP + NaHS 216.70 + 3.80 218.60 + 3.80 1.90 £ 0.20*t 1.81£0.20 0.82 +0.07t

Values are significantly different (*compared to control, and t compared to cisplatin group; p < 0.01).
Either Cisplatin (6 mg kg-1) or NaHS (100 pg kg1) was given first day. Rats were weighed before any injection and in the 5th day,

then sacrificed.
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Table 3. Effect of CP and NaHS on urinalyses, (n = 10).

G Urine output  Urine protein Urine Osmolality
roups (mL24hr)  (g100mL1) (osmole)
Controls 8.00 £ 0.40 5.50+0.20 2053.40 +78.00
cP 10.95 + 0.30* 890 +0.30* 1381.70 £ 76.00*
CP+NaHS 8.75+0.50t 8.75+0.50t  1691.20 £ 60.00**

Values are significantly different (*compared to control, and t
compared to cisplatin group; p < 0.01) within the same column.

Effects of NaHS on renal histology and apoptosis
in CP nephrotoxic rats. A moderate increase of
mesangial matrix in the glomeruli of most CP
nephrotoxic rats in comparison to the control rats has
been shown in Fig. 2. This was evident by an increase in
PAS-positive mesangial matrix area. Treatment with
NaHS reversed the mesangial matrix accumulation
caused CP. Figure 3 shows the apoptosis in the tubular
epithelial cells in CP group. Apoptotic cells were not
observed in tubular cells in the control rats. The
apoptotic cells decreased in NaHS-treated CP group
when compared to untreated CP rats.

60 4 *

50

1.
40 -
30 |
20
10
0 - !

Control CcP

Malondialdehyde
(nmol g1 of Kidney tissue)

CP + NaHS

Fig. 1. Malondialdehyde concentration as a marker for renal level
of lipid peroxidation. (* indicates significant difference compared
to control, and t compared to cisplatin group; p < 0.01), (n=10).

Discussion

Cisplatin is an effective chemotherapeutic agent for
treating various solid tumors. The main limitation of this
drug is nephrotoxicity.252¢ The reduction in body weight
following CP treatment may possibly be due to the injured
renal tubules, and the subsequent loss of the tubular cells
to reabsorb water leading to dehydration and loss of body
weight. The increased urine volume might also be the
reason behind the loss of body weight. Treatment with
NaHS antagonized this eventsignificantly, but not completely.
This improvement of the CP-induced body weight
reduction is an evidence of the general palliative effect of
NaHS on the nephrotoxicity. Further support for the
salutatory action on the renal function was obtained from
the improvement of the increase in plasma concentrations
of creatinine and urea. The urine analysis in this work
confirmed that CP caused a polyuric acute renal failure, as
judged by significant increases in the volume of urine, and
urine protein excretion concomitant with a significant
decrease in osmolality. Treatment with NaHS reversed
significantly effects induced by CP, albeit not completely.
Therefore this cytoprotective and antioxidant agent could
ameliorate CP nephrotoxicity. The extensive necrosis and
apoptosis of the renal tissues seen in the slides of kidneys
in rats treated with CP were reduced by pretreatment with
NaHS. This is in line with the biochemical changes
observed in serum and urine. Although the nephro-
protective mechanism of NaHS is not well understood,
there is evidence that NaHS has a strong antioxidant effect
in several organs.?’28 Formation of reactive oxygen species
in kidney plays an important role in CP-induced nephro-
toxicity,2%30 and several antioxidants and thiol compounds
have been shown to protect against CP nephrotoxicity.2931

Fig. 2. Photomicrographs of renal tissues by in situ cell death detection kit. NaHS attenuates the cisplatin-induced histopathological
damage. (A) Control group; (B) cisplatin nephrotoxic group; (C) cisplatin nephrotoxic group treated with NaHS. Arrows show TUNEL

positive cells, (TUNEL staining, 400x).

Table 4. Effect of CP and NaHS on kidney and tubular functions, (n = 10).

Groups Creatinine clearance creatinine clearance Fractional excretion Fractional excretion
(mL min1) (mL min1 per gram of kidney tissue) of sodium of potassium

Controls 0.89 £ 0.06 0.48 £0.03 0.86 £0.03 10.32 £0.30

CP 0.47 £ 0.06* 0.25 +£0.02* 2.69 £ 0.20* 23.92 £ 1.90*

CP + NaHS 0.77 £ 0.051 0.43 £ 0.04f 1.15 +0.09t 12.56 + 1.10t

Values are significantly different (*compared to control, and t compared to cisplatin group; p < 0.01) within the same column.
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Fig. 3. Photomicrographs of renal tissues. NaHS attenuates the cisplatin-induced histopathological damage. (A) Control group; (B)
cisplatin nephrotoxic group; (C) cisplatin nephrotoxic group treated with NaHS, (PAS staining, 400x).

The present work confirms that CP raise the lipid
peroxidation leaving the renal tissues vulnerable to damage
by oxygen radicals responsible for tubular epithelial cell
death. The present data show that pre-treatment of rats
with the antioxidant agent NaHS decreased MDA as a
marKker for lipid peroxidation. These actions may have led
to the amelioration of the histological, serum and urine
biochemical indices of renal damage. Several studies have
suggested that ROS may be second messengers in nuclear
factor (NF-kB) activation and that antioxidants suppress
NF-kB activation.3132 NaHS has recently been reported to
indirectly suppress NF-kB activation induced by ROS, and
subsequently inhibits the transcription of a variety of
inflammatory genes in renal ischemia-reperfusion Injury.!8

The HzS-donor, NaHS reduces the renal injury and
dysfunction caused by CP in rats. This study investigates
the effects of HzS-donor NaHS on injury, renal function,
glomerular function, and tubular function. High sodium
and potassium fractional excretion indicates impaired
reabsorptive function in CP-induced nephrotoxicity. In
addition to the amelioration of renal dysfunction (plasma
BUN and creatinine), administration of NaHS (1 hr before
CP administration) has mitigated renal injury (histology),
glomerular dysfunction (creatinine clearance), and tubular
dysfunction (fractional excretion of sodium and potassium)
caused by CP. At least two pathophysiological mechanisms
lead to tubular cell death in CP nephro-toxicity.3334
Necrosis is characterized by loss of membrane integrity,
cellular fragmentation, and an inflammatory response.
Apoptosis is characterized by cytoplasmic and nuclear
shrinkage, DNA fragmentation, and breakdown of the cell
into apoptotic bodies. Apoptosis is the major mechanism
of early tubular cell death in acute kidney injury.1834 It has
been reported that HzS exhibit pro-inflammatory activities
in endotoxic shock endotoxemia3537 H,S also has potent
anti-inflammatory effects. For instance, the H2S donor (S-
diclofenac) down-regulates the expression of inducible
nitric oxide synthase, cyclooxygenase type II, cystathionine
gamma-lyase (CGL), and nuclear factor kB in a rat model of
endotoxic shock.3® Another HzS donor (NaHS) has been
reported to exhibit gastro-protective effect against mucosal
lesions induced by ischemia-reperfusion injury®It is known

that ROS and lipid peroxidation play a role in CP induced
cellular damage in kidney’s tubular epithelium*® Various
treatments have been evaluated to reduce nephrotoxicity
caused by CP.*142 Histopathological examination of rat
kidney was carried out to determine the number of
apoptotic cells and cortical proximal tubular necrosis
score. The number of apoptotic cells and proximal
tubular necrosis score were statistically low in the CP +
NaHS group which showed that NaHS treatment
significantly reduced histopathological damage caused by
CP in the kidneys.

In conclusion, we have shown that the pretreatment
with NaHS could mitigate some signs of CP nephrotoxicity
in rats. Further pharmacological and toxicological studies
are needed to confirm NaHS safety and its efficacy against
CP nephrotoxicity. It can be concluded that NaHS is a
potentially nephroprotectant both in animals and humans.

Acknowledgments

This article is a part of PhD thesis and was supported
by Ahvaz Jundishapur University of Medical Sciences
(Grant No. PRC-105). The authors thank the personnel of
physiology research center and animal house of Jundi-
shapur University of Medical Sciences of Ahvaz.

References

1. Markman M. Toxicities of the platinum anti-neoplastic
agents. Expert Opin Drug Saf 2003; 2(6):597-607.

2. Taguchi T, Nazneen A, Abid MR, et al. Cisplatin
associated nephrotoxicity and pathological events.
Contrib Nephrol. 2005; 148:107-121.

3. Kawai Y, Taniuchi S,Okahara S et al. Relationship between
cisplatin or nedaplatin-induced nephrotoxicity and renal
accumulation. Biol Pharm Bull 2005; 28(8):1385-1388.

4. Zhang L, Cooper AJL, Krasnikov BF, et al. Cisplatin-
induced toxicity is associated with platinum deposition
in mouse kidney mitochondria in vivo and with
selective inactivation of the alpha-ketoglutarate
dehydrogenase complex in LLC-PK1 cells. Biochemistry
2006; 45(29):8959-8971.



126 A. Ahangarpour et al. Veterinary Research Forum. 2014; 5 (2) 121 - 127

5. Boulikas T, Vougiouka M. Cisplatin and platinum
drugs at the molecular level. Oncol Rep 2003;
10(6):663-682.

6. Taguchi T, Nazneen A, Abid MR, et al. Cisplatin
associated nephrotoxicity and pathological events.
Contrib Nephrol 2005; 148:107-121.

7. Hartmann JT, Lipp HP. Toxicity of platinum compounds.
Expert Opin Pharmacother. 2003; 4(6):889-901.

8. Matsushima H, Yonemura K, Ohishi K, et al. The role of
oxygen free radicals in cisplatin-induced acute renal
failure in rats. ] Lab Clin Med 1998; 131(6):518-526.

9. Sogut S, Kotuk M, Yilmaz HR, et al. In vivo evidence
suggesting a role for purine-catabolizing enzymes in
the pathogenesis of cisplatin-induced nephrotoxicity in
rats and effect of erdosteine against this toxicity. Cell
Biochem Funct 2004; 22(3):157-162.

10. Saleh S, El-Demerdash E. Protective effects of L-arginine
against cisplatin-induced renal oxidative stress and
toxicity: Role of nitric oxide. Basic Clin Pharmacol
Toxicol 2005; 97(2):91-97.

11.Bhat SG, Mishra S, Mei Y, et al. Cisplatin up-regulates
the adenosine A (1) receptor in the rat kidney Eur |
Pharmacol 2002; 442(3):251-264.

12. Doeller JE, Isbell TS, Benavides G, et al. Polarographic
measurement of hydrogen sulfide production and
consumption by mammalian tissues. Anal Biochem
2005; 341(1):40-51.

13.Szabo C. Hydrogen sulphide and its therapeutic
potential. Nat Rev Drug Discov 2007; 6(11):917-935.

14.]ha S, Calvert JW, Duranski MR, et al. Hydrogen sulfide
attenuates hepatic ischemia-reperfusion injury: role of
antioxidant and anti-apoptotic signaling. Am ] Physiol
Heart Circ Physiol 2008; 295(2):801-806.

15.Pan TT, Feng ZN, Lee SW, et al. Endogenous hydrogen
sulfide contributes to the cardioprotection by metabolic
inhibition preconditioning in the rat ventricular
myocytes. ] Mol Cell Cardiol 2006; 40(1):119-130.

16. Lefer D]. A new gaseous signaling molecule emerges:
cardioprotective role of hydrogen sulfide. Proc Natl
Acad Sci 2007; 104(46):17907-17908.

17.Bian JS, Yong QC, Pan TT, et al. Role of hydrogen sulfide
in the cardioprotection caused by ischemic pre-
conditioning in the rat heart and cardiac myocytes. ]
Pharmacol Exp Ther. 2006; 316(2):670-678.

18. Tripatara P, Patel NS, Collino M, et al. Generation of
endogenous hydrogen sulfide by cystathionine gamma-
lyase limits renal ischemia/reperfusion injury and
dysfunction. Lab Invest 2008; 88(10):1038-1048.

19.Xu Z, Prathapasinghe GWu N, et al. Ischemia-
reperfusion reduces cystathionine-beta-synthase-
mediated hydrogen sulfide generation in the kidney.
Am ] Physiol Renal Physiol 2009; 297(1):27-35.

20. Prathapasinghe GA, Siow YL, O K. Detrimental role of
homocysteine in renal ischemia-reperfusion injury. Am
] Physiol Renal Physiol 2007; 292(5):1354-1363.

21.Della Coletta Francescato H, Cunha FQ, Costa RS, et al.
Inhibition of hydrogen sulphide formation reduces
cisplatin-induced renal damage. Nephrol Dial
Transplant 2011; 26(2):479-88.

22. Aminzadeh MA, Vaziri ND. Downregulation of the renal
and hepatichydrogen sulfide (H2S)-producing enzymes
and capacity in chronic kidney disease. Nephrol Dial
Transplant. 2012; 27(2):498-504.

23.Cheung CK, Mak YT, Swaminathan R. Automated tri-
chloroacetic acid precipitation method for urine total
protein. Ann Clin Biochem 1987; 24(2):140-144.

24.Satoh K. Serum lipid peroxidation in cerebrovascular
disorders determined by a new colorimetric method.
Clin Chim Acta 1978; 90(1):37-43.

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

26.Yao X, Panichpisal K, Kurtzman N, et al. Cisplatin
Nephrotoxicity: A review. Am ] Med Sci 2007;
334(2):115-124.

27.7Zhu YZ, Wang ZJ], Ho P, et al. Hydrogen sulfide and its
possible roles in myocardial ischemia in experimental
rats. ] Appl Physiol 2007; 102(1):261-268.

28.Chad KN, John WC. Hydrogen sulfide and ischemia-
reperfusion injury. Pharmacol Res 2010; 62(4):289-
297.

29.Ali BH, Al Moundhri MS. Agents ameliorating or
augmenting the nephrotoxicity of cisplatin and other
platinum compounds: A review of some recent
research. Food Chem Toxicol 2006; 44(8):173-183.

30. Nishikawa M, Nagatomi H, Nishijima M, et al. Targeting
superoxide dismutase to renal proximal tubule cells
inhibits nephrotoxicity of cisplatin and increases the
survival of cancer-bearing mice. Cancer Lett 2001;
171(2):133-138.

31.Lee S, Moon SO, Kim W, et al. Protective role of L-2-
oxothiazolidine-4-carboxylic acid in cisplatin-induced
renal injury. Nephrol Dial Transplant 2006;
21(8):2085-2095.

32.Henderson WR]J, Chi EY, Teo JL, et al. A small molecule
inhibitor of redox-regulated NF-kappa B and activator
protein-1 transcription blocks allergic airway
inflammation in a mouse asthma model. ] Immunol
2002; 169(9):5294-5299.

33.Santos NA, Catao CS, Martins, et al. Cisplatin-induced
nephrotoxicity is associated with oxidative stress,
redox state unbalance, impairment of energetic
metabolism and apoptosis in rat kidney mitochondria.
Arch Toxicol 2007; 81(7):495-504.

34. Pabla N, Dong Z. Cisplatin nephrotoxicity: Mechanisms
and renoprotective strategies. Kidney Int 2008;
73(9):994-1007.

35.Li L, Bhatia M, Zhu YZ, et al. Hydrogen sulfide is a
novel mediator of lipopolysaccharide-induced
inflammation in the mouse. FASEB ] 2005; 19(9):
1196-1198.


http://www.ncbi.nlm.nih.gov/pubmed?term=Della%2520Coletta%2520Francescato%2520H%255BAuthor%255D&cauthor=true&cauthor_uid=20656754
http://www.ncbi.nlm.nih.gov/pubmed?term=Cunha%2520FQ%255BAuthor%255D&cauthor=true&cauthor_uid=20656754
http://www.ncbi.nlm.nih.gov/pubmed?term=Costa%2520RS%255BAuthor%255D&cauthor=true&cauthor_uid=20656754
http://www.ncbi.nlm.nih.gov/pubmed?term=Inhibition%2520of%2520hydrogen%2520sulphide%2520formation%2520reduces%2520cisplatin
http://www.ncbi.nlm.nih.gov/pubmed?term=Inhibition%2520of%2520hydrogen%2520sulphide%2520formation%2520reduces%2520cisplatin
http://www.ncbi.nlm.nih.gov/pubmed?term=Aminzadeh%2520MA%255BAuthor%255D&cauthor=true&cauthor_uid=22036943
http://www.ncbi.nlm.nih.gov/pubmed?term=Vaziri%2520ND%255BAuthor%255D&cauthor=true&cauthor_uid=22036943
http://www.ncbi.nlm.nih.gov/pubmed/22036943
http://www.ncbi.nlm.nih.gov/pubmed/22036943
http://www.ncbi.nlm.nih.gov/pubmed?term=Cheung%2520CK%255BAuthor%255D&cauthor=true&cauthor_uid=3592563
http://www.ncbi.nlm.nih.gov/pubmed?term=Mak%2520YT%255BAuthor%255D&cauthor=true&cauthor_uid=3592563
http://www.ncbi.nlm.nih.gov/pubmed?term=Swaminathan%2520R%255BAuthor%255D&cauthor=true&cauthor_uid=3592563
http://www.ncbi.nlm.nih.gov/pubmed/3592563
http://www.ncbi.nlm.nih.gov/pubmed/3592563

A. Ahangarpour et al. Veterinary Research Forum. 2014; 5 (2) 121 - 127 127

36.Sivarajah A, McDonald MC, Thiemermann C. The
production of hydrogen sulfide limits myocardial
ischemia and reperfusion injury and contributes to the
cardioprotective effects of preconditioning with
endotoxin, but not ischemia in the rat. Shock 2006;
26(2):154-161.

37. Aslami H, Beurskens CJ, de Beer FM, et al. A short course
of infusion of ahydrogen sulfide-donor attenuates endo-
toxemia induced organ injury via stimulation of anti-
inflammatory pathways, with no additional protection
from prolonged infusion. Cytokine 2013;61(2): 614-621.

38.Li L, Rossoni G, Sparatore A, et al. Anti-inflammatory
and gastrointestinal effects of a novel diclofenac
derivative. Free Radic Biol Med 2007; 42(5):706-719.

39.Mard SA, Neisi N, Solgi G, et al. Gastroprotective effect

of NaHS against mucosal lesions induced by
ischemia-reperfusion injury in rat. Dig Dis Sci 2012;
57(6):1496-1503.

40. Abdollahzade Fard A, Ahangarpour A, Gharib-naseri
MK, Jalali T, Rashidi I, Ahmadzadeh M. Effects of
hydrogen sulfide on oxidative stress, tnf-a level and
kidney histological changes in cisplatin nephro-toxicity
in rat. ] Phys Pharm Adv 2013, 3: 57-65.

41.Ulubas B, Cimen MY, Apa DD, et al. The protective
effects of acetyl salicylic acid on free radical production
in cisplatin induced nephrotoxicity: An experimental
rat model. Drug Chem Toxicol 2003; 26(4):259-270.

42. Appenroth D, Frob S, Kertsen L, et al. Protective effects
of vitamin E and C on cisplatin nephrotoxicity in
developing rats. Arch Toxicol 1997; 71(11):677-683.


http://www.ncbi.nlm.nih.gov/pubmed?term=Aslami%2520H%255BAuthor%255D&cauthor=true&cauthor_uid=23267760
http://www.ncbi.nlm.nih.gov/pubmed/23267760
http://www.ncbi.nlm.nih.gov/pubmed/23267760

