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Background: Cisplatin (CP) therapy as the most common potent chemotherapeutic process is accompanied by nephrotoxicity. 
The diabetic state may protect rat kidney against this toxicity, and magnesium (Mg) on the other hand may reduce the glucose 
level in diabetic animals.
Objectives: Current study was planned to investigate the effect of oral administration of magnesium supplementation on CP-induced 
nephrotoxicity in normal and Streptozocin (STZ)-induced diabetic rats.
Materials and Methods: Male Wistar rats were divided into seven groups and underwent two experiment protocols. As protocol 
1, group 1 was considered as the sham group. Group 2 (CP group) received CP (2 mg/kg/d) for five consecutive days. Group 3 (CP + 
Mg group) received magnesium sulphate (MgSO4, 10 g/L added to the drinking water) for 10 days and then treated with CP from 
sixth day. As protocol 2, animals received a single dose of STZ (65 mg/kg i.p.). Three days after diabetes induction, animals were 
divided into four groups; Groups 4 (D group), 5 (D + CP group), and 7 (D + Mg + CP group) followed the same manner as groups 1 to 
3, respectively; and group 6 (D + Mg group) was treated with MgSO4 alone for 10 days. Finally, blood samples were obtained, and all 
animals were killed for kidney tissue investigation.
Results: CP administration in normoglycemic rats significantly elevated the serum levels of blood urea nitrogen (BUN) and 
creatinine (Cr) (P < 0.05). However, coadministration of CP and Mg statistically increased the serum levels of BUN and Cr in both 
normoglycemic and diabetic animals when compared to the rats treated with CP alone (P < 0.05), while the serum level of Mg 
was significantly increased in nondiabetic groups (P < 0.05). No significant changes were observed in serum and kidney levels of 
nitrite; as well as the testis weight between all normoglycemic groups, whereas Mg decreased kidney levels of nitrite in diabetic 
groups when accompanied by CP (P < 0.05). The kidney and serum levels of malondialdehyde (MDA) enhanced significantly in 
nondiabetic rats treated with Mg and CP (P < 0.05). Kidney tissue damage score (KTDS), kidney weight, and body weight loss were 
significantly different among normoglycemic groups (P < 0.05), and Mg promoted the KTDS in diabetic animals treated with CP.
Conclusions: Oral Mg supplementation did not protect the CP induced nephrotoxicity in diabetic rats.

Keywords: Cisplatin; Streptozocin; Diabetes Mellitus; Magnesium; Dietary Supplements

Implication for health policy/practice/research/medical education:
To investigate the application of Mg in prevention of nephrotoxicity after Cisplatin therapy.
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Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, pro-
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1. Background

Cis-Diamminedichloroplatinum (II) (cisplatin; CP) as 
the most common potent chemotherapeutic drug is 
used in treatment of various solid tumors in clinic. The 
major side effect of CP is nephrotoxicity which is charac-
terized by diminished renal blood flow and glomerular 
filtration rate, and is accompanied by increased blood 
urea nitrogen (BUN) and creatinine (Cr) (1-7) and decline 
in magnesium (Mg) levels (8, 9).

On the other hand, hypomagnesaemia is one of the 
complications of diabetes pathogenesis (10). Recent stud-
ies have shown that in diabetic rats, Mg deficiency is in-
duced by Streptozocin (STZ) (11-15). Mg as an essential ion 
plays important roles in physiological processes. Admin-
istration of Mg supplementations improves endothe-
lial function (16) and restores hemodynamic and tubular 
function in postischemic rats (17). Mg is also involved in 
glucose metabolism and insulin action (10). Administra-
tion of Mg supplementation reduces the oxidative stress 
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in Alloxan-induced diabetic rats (18). Recent studies have 
shown that oral administration of Mg compounds may 
be able to attenuate hypomagnesaemia (11, 13, 15), hyper-
glycemia (13, 14), and thermal hyperalgesia (15) in diabetic 
rats; and also prevent vascular complication induced by 
the diabetic state (11). Studies have indicated that uncon-
trolled STZ-induced diabetes in rats could protect renal 
tissue against CP-induced damage (19-22). The effect of Mg 
supplementations on animal models of nephrotoxicity 
induced by nephrotoxins was also reported in others stud-
ies (23, 24). No protective effect was reported against CP-
induced nephrotoxicity by Mg administration in rats (23).

2. Objectives
There is no evidence for the protective role of Mg in CP-

induced nephrotoxicity in diabetic state. Accordingly, 
we attempted to investigate the effect of oral Mg supple-
mentations in CP-induced nephrotoxicity in diabetic and 
normal rats.

3. Materials and Methods

3.1. Drugs
CP was purchased from EBEWE Pharma Ges.m.b.H (Aus-

tria), STZ and Mg sulfate (MgSo4) were purchased from 
Sigma-Aldrich (St. Louis MO, USA).

3.2. Animals
Fifty three male Wistar rats (weighting 164 ± 2.1 g) 

were used in this study. Animals were housed at a room 
temperature of 23-25 ºC and 12h light/12h dark cycle and 
free access to water and rat chow. All procedures of this 
research were approved by the criteria outlined in the 
guide for care and use of laboratory animals (NIH US pub-
lication 86-23 revised 1985).

3.3. Experimental Protocol
The animals were divided into seven experimental 

groups to undergo two experiment protocols.
Protocol 1: Effect of Mg on CP-induced nephrotoxicity.
Three groups of animal were served in protocol 1 as fol-

lows:
Group 1; sham group: No treatment was applied to this 

group during the experiment.
Group 2; CP group: The group received CP (2 mg/kg/d) 

for 5 days.
Group 3; Mg + CP group: The group was treated with 

MgSo4 (10 g/L) added to drinking water for 10 days, and 
from sixth day, the animals were treated with CP as group 2.

Protocol 2: Effect of Mg and STZ induced diabetes on CP-
induced nephrotoxicity.

In this protocol, diabetes was induced in rats with a 

single intraperitoneal injection of STZ (65 mg/kg). Three 
days after STZ administration, nonfasting blood glucose 
level was determined using glucometer (AscensiaElite 
XL) and the rats with blood glucose levels above 250 mg/
dL were considered diabetic and were selected for the ex-
periment. The diabetic rats were randomly divided into 
four groups as follows:

Group 4; D group: No treatment was applied to this dia-
betic group during the experiment.

Group 5: D + CP group: Similar to group 2, this group re-
ceived CP (2 mg/kg/d) for 5 days.

Group 6: D + Mg group: The group was treated with 
MgSo4 added to drinking water for 10 days.

Group 7: D + Mg + CP group: The group was treated with 
MgSo4 similar to group 6, but from sixth day, the animals 
were treated with CP similar to group 5.

All animals were killed after blood sampling. The serum 
samples were collected and stored at -20 ºC until measure-
ment. The kidney and testis were immediately removed 
and weighed. The kidney and testis weights (KW and TS) 
were normalized to the body weight, and reported as tis-
sue weight (g)/100 g of body weight. The right kidney was 
fixed in 10% formalin for pathological investigations, and 
the left kidney was homogenated in 2 mL of saline, cen-
trifuged at 15000 rpm for 2 min, and the supernatant was 
collected for measurements.

3.4. Measurements
The serum levels of Cr, BUN, and Mg were measured us-

ing diagnostic kits (Pars Azmoon Co., Tehran, Iran). The 
serum and renal levels of nitrite (NO stable metabolite) 
were determined by a commercial kit (Promega Corpora-
tion, Madison, WI, The USA). The renal and serum levels 
of malondialdehyde (MDA) were measured by manual 
method. Briefly, 0.5 mL of the sample was mixed with 1 
mL of 10% Trichloroacetic acid (TCA). The mixture was 
centrifuged at 2000 g for 10 min. Then, 500 µL of the su-
pernatant was added to 500 µL of 0.67% Thiobarbituric 
acid (TBA) and was incubated in boiling water for 10 min. 
After cooling down, the absorbance was read at the wave-
length of 532 nm.

3.5. Histopathological Procedures
For histopathological investigations, the excised right 

kidney was embedded in paraffin. Then, Hematoxylin 
and Eosin stain was used to assay the tubular damage. 
The tubular damage was evaluated by an expert patholo-
gist who was blinded to the study regarding tubular di-
lation and simplification, tubular cell swelling and ne-
crosis, tubular casts and intra luminal cell debris with 
inflammatory cells infiltration. According to intensity of 
tubular injuries, the kidney tissue damage score (KTDS) 
was assigned in the range of 1 to 4; while zero score was 
assigned to normal tissue without any damage.
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3.6. Statistical Analysis
Data was expressed as mean ± SEM. The comparison 

of body weights between the groups was performed us-
ing repeated measure analysis. The levels of BUN, Cr, 
Mg, MDA, nitrite, KW, and TS were analyzed by one-way 
ANOVA followed by the least significant difference (LSD) 
test. The groups were compared regarding KTDS using 
Kruskal-Wallis or Mann-Whitney tests.

4. Results

4.1. Effect of Mg on CP-Induced Nephrotoxicity
Administration of CP was accompanied with significant 

increase in serum levels of BUN and Cr, and increase of 
KW and KTDS, which revealed induced nephrotoxicity (P 
< 0.05) (Figure 1). A significant weight loss was also ob

Figure 1. The Measured Biochemistry Parameters in Serum and Kidney, and Kidney Damage, Kidney Weight, Testis Weight and Body Weight in Four 
Experimental Groups.

The data is reported as mean ± SEM. * and † indicate significant difference from the Sham and CP groups, respectively (P < 0.05). BUN: blood urea nitrogen, 
Cr: creatinine, SMDA: serum malondialdehyde, Mg: magnesium, SN: serum nitrite, KMDA: kidney MDA, KN: kidney nitrite, KTDS: kidney tissue damage 
score, KW: kidney weight per 100 g body weight, TS: testis weight per 100 g body weight, ∆Weight: body weight change, D: diabetic rats, D + CP: diabetic 
rats treated with cisplatin (CP), D + Mg: diabetic rats treated with  magnesium (Mg), and D + Mg + CP: diabetic rats treated with the combination of Mg 
and CP.
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Table 1. The M
easured Biochem

istry Param
eters in Serum

 and Kidney, and Kidney Dam
age, Kidney W

eight, Testis W
eight and Body W

eight in Four Experim
ental Groups. The data is 

reported as m
ean ± SEM

.

Group
BU

N
a 

(m
g/dL)

Cr a

(m
g/dL)

SM
D

A
a 

(µm
ole/L)

KM
D

A
a (n

m
ole/g 

tissue)
M

g a

(m
g/dL)

SN
a 

(µm
ole/L)

KN
a

(n
m

ole/g tissue)
KTD

S a
KW

a 
(g/100gBW

)
TS a 
(g/100gBW

)
∆

W
eigh

t a 
(g)

D
b

49.6 ± 4.3
0.87 ± 0.11

7.4 ± 1.4
4.7 ± 0.8

4.4 ± 0.5
16.4 ± 5.3

70.4 ± 9.8
0.2 ± 0.1

1.00 ± 0.03
1.10 ± 0.05

-8.1 ± 1.78

D
 + CP c

50.5 ± 8.5
0.93 ± 0.17

6.3 ± 1.6
5.6 ± 1.4

3.6 ± 0.5
10.7 ± 2.4

79.4 ± 11.4
0.3 ± 0.2

1.04 ± 0.05
1.17 ± 0.12

-18.1 ± 3.15 h,i

D
 + M

g d
42.4 ± 3.1

1.01 ± 0.18
7.2 ± 2.1

5.5 ± 1.4
3.2 ± 0.4

17.2 ± 7.3
42.4± 3.1 g,h

0.2 ± 0.2
0.96 ± 0.03

1.22 ± 0.11
-1.0 ± 4.81

D
 + M

g + CP e
99.3 ± 11.1 f

1.20 ± 0.42
5.4 ± 1.4

6.0 ± 1.5
4.8 ± 0.8

23.1 ± 7.7
51.4 ± 8.3 h

0.7 ± 0.2 f
0.98 ± 0.04

1.07 ± 0.09
-19.6 ± 2.14 h,i

a Abbreviations: BUN
; blood urea nitrogen, Cr; creatinine, KM

DA; kidney M
DA, KN

; kidney nitrite, KTDS; kidney tissue dam
age score, KW

; kidney w
eight, M

g; m
agnesium

, SN
; serum

 nitrite, SM
DA; serum

 
m

alondialdehyde, TS; testis w
eight, ∆

W
eight; body w

eight change
b D; diabetic rats
c D + CP: diabetic rats treated w

ith Cisplatin (CP)
d D + M

g: diabetic rats treated w
ith m

agnesium
 (M

g)
e D + M

g + CP: diabetic rats treated w
ith the com

bination of M
g and CP

f Indicates significant difference from
 others groups (P < 0.05).

g Indicate significant difference from
 D + CP group

h Indicate significant difference from
 D group

i Indicate significant difference from
 D + M

g group (P < 0.05).

Figure 2. The Images of Kidney Tissues (Magnification x 100) in Sham, Cis-
platin (CP) Alone Treated, Magnesium Plus CP (Mg + CP) Treated, Diabetic 
rats (D), Diabetic rats Treated With CP (D + CP), Diabetic Rats Treated With 
Mg (D + Mg), and Diabetic Rats Treated With the Combination of Mg and 
CP (D + Mg + CP). More Kidney Tissue Damage Was Observed in Mg + CP 
and D + Mg + CP Groups, While no Damage Was Detected in the Sham and 
D Groups.

served with CP (P < 0.05). No significant changes were 
found by CP alone in the serum and kidney tissue levels 
of MDA and nitrite, and TS. Administration of Mg accom-
panied with CP changed the serum levels of BUN, Cr, Mg, 
and MDA, and kidney tissue MDA, KW, KTDS, and weight 
loss toward a significant larger value (Figure 1), which re-
vealed no-protective role of oral administration of Mg on 
CP-induced nephrotoxicity.

4.2. Effect of Mg and STZ-Induced Diabetes on CP-
Induced Nephrotoxicity

CP did not increase the serum levels of BUN and Cr in dia-
betic rats when compared to the diabetic group not treat-
ed with CP. In diabetic rats, when Mg was accompanied 
with CP, the serum levels of BUN (significantly, P < 0.05) 
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and Cr (non-significantly) increased. The KTDS in diabetic 
rats treated with the combination of CP and Mg (group 7) 
increased significantly when compared to other groups (P 
< 0.05). However, no significant differences in the serum 
levels of MDA, Mg, and nitrite were detected between the 
groups. No difference was also obtained in kidney tissue 
level of MDA between the groups. However, Mg significant-
ly decreased the kidney tissue level of nitrite (P < 0.05). The 
weight loss in CP treated groups (groups 5 and 7) was sig-
nificantly greater than those in other groups not treated 
with CP (P < 0.05) (Table 1). The images of kidney tissue are 
demonstrated in Figure 2. 

5. Discussion
The main objective of this study was to investigate the 

effect of Mg supplementation on CP-induced nephro-
toxicity in normal and diabetic rats. Our results showed 
that administration of CP to normoglycemic rats in-
duces an increase in the level of markers of renal func-
tion such as BUN and Cr. This was confirmed by data of 
pathology and KW. In contrast, administration of CP to 
diabetic rats had no effect on serum levels of BUN and Cr, 
and also no change was observed in KW and KTDS. It is 
documented that CP increases the serum levels of BUN 
and Cr in normal rats (1, 25) by oxidative and inflamma-
tory processes (7, 26-28). Frequent evidence has indicated 
that diabetic rat kidney resists CP-induced nephrotoxic-
ity (19-22) which may not be related to polyuria induced 
by diabetic state (22). Experimental data showed that re-
nal CP accumulation in diabetic rats decreased after CP 
administration and also urinary CP excretion increased 
(19, 21). Valentovic et al. suggested that impairment in 
cellular uptake process can be associated with transport 
of CP (21). CP is carried into the proximal tubular cells by 
the organic cation transporter (OCT2) at the basolateral 
membrane (29, 30). This system is damaged in kidney 
of STZ-diabetic rats (31). Therefore, inefficacy of cellular 
transporter system in diabetic rats would lead to reduc-
tion of CP accumulation as well as increased excretion of 
CP. Mg accompanied with CP had no positive effects on 
CP-induced nephrotoxicity in both protocols; specified 
by an elevation in markers of renal function. Our results 
were in agreement with our recent study (23). CP-induced 
body weight loss may be associated with gastrointestinal 
disturbances (32, 33). Administration of Mg intensified 
weight loss induced by CP. Mg itself participates in gas-
trointestinal disorders (24, 34-36). Unfavorable effect of  
Mg and a nephrotoxin coadministration on weight loss 
was observed in previous investigations (23, 24). Another 
study demonstrated that gastrointestinal symptoms are 
common side effects of Mg supplementation in diabetic 
patients (37). On the other hand, hypomagnesaemia is 
one of the side effects of CP (38) which may happen two 
weeks after the administration of CP (39). Mg deficiency 
after administration of CP did not occur in normoglyce-

mic CP-treated group owing to the duration of our exper-
iment. Although, in previous studies (11-13) we observed 
plasma Mg depletion after diabetes induction, in the 
present study serum Mg level did not change in STZ-in-
duced diabetic animals due to the duration of study. Also, 
serum level of Mg did not change in all Mg-treated diabet-
ic groups. This finding is in agreement with our previous 
studies (11, 12) and intracellular magnesium shift may ex-
plain this finding (13). Mg accompanied by CP treatment 
in nondiabetic state increased kidney and serum levels 
of MDA in the present study. MDA as the final product of 
lipid peroxidation is one of the biomarkers of oxidative 
stress (40). In our study, administration of Mg accompa-
nied by CP enhanced lipid peroxidation, which resulted 
in elevated values of MDA in the nondiabetic group, al-
though the diabetic groups were not significantly differ-
ent in this regard. In the present study, we showed that 
oral Mg administration in diabetic groups decreased re-
nal level of NO consistently, Nagaei et al. demonstrated 
that administration of water containing Mg ion prevents 
side effects of Loxoprofen in adjuvant-induced arthritis 
rats by decreasing iNOS and NO levels in gastric mucosa 
(41). In another investigation, Mg treatment elevated re-
nal content of NO in nephrotoxicity model induced by cy-
closporine (24). Evidence has shown that NO agent acts in 
various manners against CP-induced nephrotoxicity (42, 
43). Thus, the mechanism involved is not well elucidated. 
Here, a problem about unfavorable effect of Mg admin-
istration on CP-induced nephrotoxicity in both normal 
and diabetic rats is proposed. There is a correlation be-
tween Mg and CP. The evidence available demonstrated 
that OCT2 system is up-regulated in hypomagnesaemia 
state, which raises CP accumulation in renal tissue (44, 
45). In our recent study, low dose Mg supplementation 
exacerbated side effects of CP administration (23) due to 
possible above mentioned reason, which is in agreement 
with the results obtained in the current study.

Conclusion: It is concluded that diabetic state protects 
renal tissue against nephrotoxicity induced by CP. Mag-
nesium supplementation intensifies CP-induced injury 
in normal and diabetes animal models.

Acknowledgements
This research was supported by Hormozgan University 

of Medical Sciences.

Authors’ Contribution
NS conducted experimental procedures, study design 

and article preparation; MN planned and conducted the 
experimental procedures and data analysis, wrote and 
finalized it; FEJ assisted experimental procedures; AT con-
ducted pathological diagnosis; FA assisted in planning 
and consulted in final results.

Financial Disclosure



Soltani N et al.

889Nephro Urol Mon. 2013;5(4)

The authors do not have any direct financial relation-
ship with the commercial identities mentioned in this 
article. So, the authors have no conflict of interests.

Funding/Support
This research was supported by Hormozgan University 

of Medical Sciences.

References
1.       Ward JM, Fauvie KA. The nephrotoxic effects of cis-diamminedi-

chloroplatinum (NSC-119875) in male F344 rats. Toxicol Appl Phar-
macol. 1976;38:535.

2.       Lippman AJ, Helson C, Helson L, Krakoff IH. Clinical trials of cis-
diamminedichloroplatinum (NSC-119875). Cancer Chemother Rep. 
1973;57(2):191-200.

3.       Madias NE, Harrington JT. Platinum nephrotoxicity. Am J Med. 
1978;65(2):307-14.

4.       Dentino M, Luft FC, Yum MN, Williams SD, Einhorn LH. Long term 
effect of cis-diamminedichloride platinum (CDDP) on renal 
function and structure in man. Cancer. 1978;41(4):1274-81.

5.       Arany I, Safirstein RL. Cisplatin nephrotoxicity. Semin Nephrol. 
2003;23(5):460-4.

6.       Gonzales-Vitale JC, Hayes DM, Cvitkovic E, Sternberg SS. The renal 
pathology in clinical trials of cis-platinum (II) diamminedichlo-
ride. Cancer. 1977;39(4):1362-71.

7.       Yao X, Panichpisal K, Kurtzman N, Nugent K. Cisplatin nephro-
toxicity: a review. Am J Med Sci. 2007;334(2):115-24.

8.       Daugaard G, Strandgaard S, Holstein-Rathlou NH, Frederiksen 
PL, Svendsen UG, Munck O, et al. The renal handling of sodium 
and water is not affected by the standard-dose cisplatin treat-
ment for testicular cancer. Scand J Clin Lab Invest. 1987;47(5):455-9.

9.       Gomez Campdera FJ, Gonzalez P, Carrillo A, Estelles MC, Rengel 
M. Cisplatin nephrotoxicity: symptomatic hypomagnesemia 
and renal failure. Int J Pediatr Nephrol. 1986;7(3):151-2.

10.       Hans CP, Sialy R, BansalT DD. Magnesium deficiency and diabetes 
mellitus. Current Sci. 2002;83(12):1456-63.

11.       Soltani N, Keshavarz M, Sohanaki H, Dehpour AR, Zahedi Asl S. 
Oral magnesium administration prevents vascular complica-
tions in STZ-diabetic rats. Life Sci. 2005;76(13):1455-64.

12.       Soltani N, Keshavarz M, Sohanaki H, Zahedi Asl S, Dehpour AR. 
Relaxatory effect of magnesium on mesenteric vascular beds dif-
fers from normal and streptozotocin induced diabetic rats. Eur J 
Pharmacol. 2005;508(1-3):177-81.

13.       Soltani N, Keshavarz M, Minaii B, Mirershadi F, Zahedi Asl S, 
Dehpour AR. Effects of administration of oral magnesium on plas-
ma glucose and pathological changes in the aorta and pancreas of 
diabetic rats. Clin Exp Pharmacol Physiol. 2005;32(8):604-10.

14.       Soltani N, Keshavarz M, Dehpour AR. Effect of oral magnesium 
sulfate administration on blood pressure and lipid profile in 
streptozocin diabetic rat. Eur J Pharmacol. 2007;560(2-3):201-5.

15.       Hasanein P, Parviz M, Keshavarz M, Javanmardi K, Mansoori M, 
Soltani N. Oral magnesium administration prevents thermal 
hyperalgesia induced by diabetes in rats. Diabetes Res Clin Pract. 
2006;73(1):17-22.

16.       Shechter M, Sharir M, Labrador MJ, Forrester J, Silver B, Bairey 
Merz CN. Oral magnesium therapy improves endothelial 
function in patients with coronary artery disease. Circulation. 
2000;102(19):2353-8.

17.       de Araujo M, Andrade L, Coimbra TM, Rodrigues AC, Jr, Seguro 
AC. Magnesium supplementation combined with N-acetylcys-
teine protects against postischemic acute renal failure. J Am Soc 
Nephrol. 2005;16(11):3339-49.

18.       Hans CP, Chaudhary DP, Bansal DD. Effect of magnesium supple-
mentation on oxidative stress in alloxanic diabetic rats. Magnes 
Res. 2003;16(1):13-9.

19.       Sarangarajan R, Cacini W. Early onset of cisplatin-induced neph-
rotoxicity in streptozotocin-diabetic rats treated with insulin. 
Basic Clin Pharmacol Toxicol. 2004;95(2):66-71.

20.       Scott LA, Madan E, Valentovic MA. Attenuation of cisplatin neph-
rotoxicity by streptozotocin-induced diabetes. Fundam Appl Toxi-
col. 1989;12(3):530-9.

21.       Valentovic MA, Scott LA, Madan E, Yokel RA. Renal accumulation 
and urinary excretion of cisplatin in diabetic rats. Toxicology. 
1991;70(2):151-62.

22.       Scott LA, Madan E, Valentovic MA. Influence of streptozotocin (STZ)-
induced diabetes, dextrose diuresis and acetone on cisplatin neph-
rotoxicity in Fischer 344 (F344) rats. Toxicology. 1990;60(1-2):109-25.

23.       Ashrafi F, Haghshenas S, Nematbakhsh M, Nasri H, Talebi A, Es-
hraghi-Jazi F, et al. The Role of Magnesium Supplementation in 
Cisplatin-induced Nephrotoxicity in a Rat Model: No Nephropro-
tectant Effect. Int J Prev Med. 2012;3(9):637-43.

24.       Yuan J, Zhou J, Chen BC, Zhang X, Zhou HM, Du DF, et al,  editors.
Magnesium supplementation prevents chronic cyclosporine 
nephrotoxicity via adjusting nitric oxide synthase activity. Trans-
plant Proceed.2005;37(4):1892-5.

25.       Eshraghi-Jazi F, Nematbakhsh M, Nasri H, Talebi A, Haghighi M, 
Pezeshki Z, et al. The protective role of endogenous nitric oxide 
donor (L-arginine) in cisplatin-induced nephrotoxicity: Gender 
related differences in rat model. J Res Med Sci. 2011;16(11):1389-96.

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

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

28.       Miller RP, Tadagavadi RK, Ramesh G, Reeves WB. Mechanisms of 
Cisplatin nephrotoxicity. Toxins (Basel). 2010;2(11):2490-518.

29.       Pan BF, Sweet DH, Pritchard JB, Chen R, Nelson JA. A transfected 
cell model for the renal toxin transporter, rOCT2. Toxicol Sci. 
1999;47(2):181-6.

30.       Kolb RJ, Ghazi AM, Barfuss DW. Inhibition of basolateral trans-
port and cellular accumulation of cDDP and N-acetyl- L-cysteine-
cDDP by TEA and PAH in the renal proximal tubule. Cancer Che-
mother Pharmacol. 2003;51(2):132-8.

31.       Grover B, Auberger C, Sarangarajan R, Cacini W. Functional im-
pairment of renal organic cation transport in experimental dia-
betes. Pharmacol Toxicol. 2002;90(4):181-6.

32.       Ammer U, Natochin Yu, David C, Rumrich G, Ullrich KJ. Cisplatin 
nephrotoxicity: site of functional disturbance and correlation to 
loss of body weight. Ren Physiol Biochem. 1993;16(3):131-45.

33.       Ohno T, Kato S, Wakatsuki M, Noda SE, Murakami C, Nakamura 
M, et al. Incidence and temporal pattern of anorexia, diarrhea, 
weight loss, and leukopenia in patients with cervical cancer 
treated with concurrent radiation therapy and weekly cispla-
tin: comparison with radiation therapy alone. Gynecol Oncol. 
2006;103(1):94-9.

34.       Lajer H, Kristensen M, Hansen HH, Christensen S, Jonassen T, 
Daugaard G. Magnesium and potassium homeostasis during cis-
platin treatment. Cancer Chemother Pharmacol. 2005;55(3):231-6.

35.       Martin M, Diaz-Rubio E, Casado A, Lopez Vega JM, Sastre J, Almen-
arez J. Intravenous and oral magnesium supplementations in 
the prophylaxis of cisplatin-induced hypomagnesemia. Results 
of a controlled trial. Am J Clin Oncol. 1992;15(4):348-51.

36.       Ikarashi N, Ushiki T, Mochizuki T, Toda T, Kudo T, Baba K, et al. Ef-
fects of magnesium sulphate administration on aquaporin 3 in 
rat gastrointestinal tract. Biol Pharm Bull. 2011;34(2):238-42.

37.       Song Y, He K, Levitan EB, Manson JE, Liu S. Effects of oral magne-
sium supplementation on glycaemic control in Type 2 diabetes: 
a meta-analysis of randomized double-blind controlled trials. 
Diabet Med. 2006;23(10):1050-6.

38.       Lajer H, Kristensen M, Hansen HH, Nielsen S, Frokiaer J, Oster-
gaard LF, et al. Magnesium depletion enhances cisplatin-induced 
nephrotoxicity. Cancer Chemother Pharmacol. 2005;56(5):535-42.

39.       Mavichak V, Wong NL, Quamme GA, Magil AB, Sutton RA, Dirks JH. 
Studies on the pathogenesis of cisplatin-induced hypomagnese-
mia in rats. Kidney Int. 1985;28(6):914-21.

40.       Nielsen F, Mikkelsen BB, Nielsen JB, Andersen HR, Grandjean 
P. Plasma malondialdehyde as biomarker for oxidative stress: 
reference interval and effects of life-style factors. Clin Chem. 
1997;43(7):1209-14.



Soltani N et al.

Nephro Urol Mon. 2013;5(4)890

41.       Nagai N, Takeda A, Itanami Y, Ito Y. Co-administration of water 
containing magnesium ion prevents loxoprofen-induced le-
sions in gastric mucosa of adjuvant-induced arthritis rat. Biol 
Pharm Bull. 2012;35(12):2230-7.

42.       Saleh S, El-Demerdash E. Protective effects of L-arginine against 
cisplatin-induced renal oxidative stress and toxicity: role of ni-
tric oxide. Basic Clin Pharmacol Toxicol. 2005;97(2):91-7.

43.       Wink DA, Cook JA, Christodoulou D, Krishna MC, Pacelli R, Kim 
S, et al. Nitric oxide and some nitric oxide donor compounds 

enhance the cytotoxicity of cisplatin. Nitric Oxide. 1997;1(1):88-94.
44.       Filipski KK, Mathijssen RH, Mikkelsen TS, Schinkel AH, Sparre-

boom A. Contribution of organic cation transporter 2 (OCT2) 
to cisplatin-induced nephrotoxicity. Clin Pharmacol Ther. 
2009;86(4):396-402.

45.       Yokoo K, Murakami R, Matsuzaki T, Yoshitome K, Hamada A, Saito 
H. Enhanced renal accumulation of cisplatin via renal organic 
cation transporter deteriorates acute kidney injury in hypomag-
nesemic rats. Clin Exp Nephrol. 2009;13(6):578-84.


