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ABSTRACT

Objectives: Cisplatin (CP) is used as the commonest drug to treat
solid tumors. It is accompanied by a nephrotoxicity side effect. The
main objective of this study is to investigate the protective role of
magnesium (Mg) supplementation in CP-induced nephrotoxicity

in a rat model.

Methods: Twenty-nine Wistar rats were randomly assigned to
four groups (1-4). Groups 1-3 received 20, 80, and 200 mg/kg
magnesium sulfate respectively, for 10 days, but on day 3, a single
dose of CP (7 mg/kg, i.p.) was also injected. Group 4 (positive
control group) received the same regimen of Groups 1-3 except
saline instead magnesium sulfate. One week after CP administration,
blood samples were obtained and all animals were killed for kidney

histopathological investigations.

Results: All CP-treated animals lost weight, and the percentage
of weight loss in Group 1 (low dose Mg sulfate treated) was
significantly higher compared with the positive control group
(Group 4, P < 0.05). The increase in blood utrea nitrogen (BUN)
and creatinine (Cr) levels in serum in Group 1 were more than
those in other groups (P < 0.05). No statistical differences were
observed in serum magnesium, nitrite, and total protein levels
among the groups. The kidney tissue damage in Groups 1-3 was
not significantly different when compared with Group 4. Moreover,
the kidney and testis weights in Group 1 were significantly greater
than those in the positive control group (P < 0.05).

Conclusion: Regarding the BUN and Cr levels in the serum,
kidneys weight, and the histopathological study, the low dose of Mg
supplementation intensifies kidney toxicity and renal dysfunction
in CP-induced nephrotoxicity in the rat model. However, the
protective role of Mg with moderate and high doses is not certain.
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INTRODUCTION

Cisplatin (CP) is recognized as an antitumor drug,!'?! which
is widely used in oncology clinics. While nephrotoxicity is
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the commonest side effect of CP in clinical and
experimental models,??® this drug has become the
target of many research studies to determine or
to compare its advantages in cancer therapy.’!
Nephrotoxicity is manifested by increased serum
levels of blood urea nitrogen (BUN) and creatinine
(Cr), and various histological aspects of renal
tissue. CP-induced nephrotoxicity disturbs tubular
reabsorption of magnesium (Mg), and depletion of
Mg enhances nephrotoxicity.['*!°l The prevention
of CP-induced nephrotoxicity in patients remains
a great challenge, because there are no specific
nephroprotective therapies.

Although Mg therapy is associated with
gastrointestinal ~ (GI)  symptoms,!®2 Mg
supplementation is suggested in patients to
prevent the induced hypomagnesemia after CP
administration.'81%2 The other reports indicated
that CP-induced hypomagnesemia is not related
to the total dose of CP,?? and in animal models,
hypomagnesemia develops from the third week
after CP administration.”?! On the other hand, an
increase in the serum Mg level after supplemental
treatment is not expected.'**! Therefore, it can be
summarized that CP-induced hypomagnesemia is
controversial, although hypomagnesemia occurs
only in 50% of patients treated with CP, and low
magnesium diet in a rat enhanced CP-induced
nephrotoxicity.'¥ However, to prevent the CP-
induced hypomagnesemia, Mg supplementation is
suggested.!'®] However, it is not clear completely
whether Mg supplementation attenuates CP-
induced nephrotoxicity. Hence, to find the
nephroprotectant role of Mg supplementation
against CP, this study was designed and three
different doses of Mg supplementation in CP-
induced nephrotoxicity in the rat model was
studied.

METHODS

Animals

Twenty-nine adult male (181.8 + 4.8 g) Wistar
rats (Animal Centre, Jundishapur University of
Medical Sciences, Ahvaz, Iran) were used. The
rats were housed at a temperature of 23-25°C.
Rats had free access to water and rat chow. The
experimental procedures were approved in advance
by the Ethics Committee of Isfahan University of
Medical Sciences.

Experimental protocol

The animals were randomly assigned to the four
groups of experiment. Groups 1-3, respectively,
received 20, 80, and 200 mg/kg i.p. magnesium
sulfate for 10 days. Moreover, at day 3, a single dose
of CP (7 mg/kg body wt, i.p.) was injected. CP
(cis-diammineplatinum(II) dichloride, code P4394)
was purchased from Sigma (Germany). Group
4 (positive control) received the same regimen
except saline instead of magnesium sulfate. All
animals were killed at day 10 (1 week after CP
administration). Blood samples were obtained
from each animal before and 1 week after the CP
injection. Serum was collected and stored at -20°C
until measurement. The animals’ body weight
was recorded daily. At the end of experiment, the
kidneys and testes were removed and weighed
rapidly, and then histopathological studies were
applied on left kidney.

Measurement

The percentage (%) weight change was
calculated using the following formula:

% weight change = (weight at the first day of CP
injection — weight at one week after CP injection)
*100/ weight at the first day of CP injection.

The levels of serum creatinine (Cr), blood urea
nitrogen (BUN), total protein (TP), and Mg were
determined using quantitative diagnostic kits (Pars
Azmoon, Iran). The serum level of nitrite (stable
NO metabolite) was measured using a colorimetric
assay kit (Promega Corporation, USA) that
involves the Griess reaction. Briefly, after adding
sulfanilamide solution and incubation, N-1-
naphtyl ethylenediamine dihydrochloride solution
was added. Then, absorbance was measured at the
wavelength of 540 nm. The nitrite concentration of
samples was determined from the nitrite standard
reference curve.

Histopathological procedures

The removed kidney was fixed in 10% neutral
formalin solution, embedded in paraffin for
histopathological staining. The samples were
stained by hematoxylin and eosin, and then were
evaluated for tubular damage by two independent
nephropathologists. This study was totally blind
for the pathologists. The presence of hyaline cast,
debris, vacuolization, flattening of tubular cells,
degeneration of tubular cells, and dilatation of
tubular lumen of kidney tissue were considered.
On the basis of the intensity of tubular lesions as
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mentioned above, the lesion intensity was scored
from 1 to 4; while the score zero was assigned to
normal tubules without damage.

Statistical analysis

Data are expressed as mean = SEM. One-way
ANOVA was applied to compare the parameters
between the groups. Due to the qualitative nature
of scoring, Kruskal-Wallis tests were applied to
compare the pathology damage score between
the groups. We also used the Spearman test to
determine the correlation between the pathological
damage score and the kidney or testis weight.
Values of P<0.05 were considered statistically
significant.

RESULTS

Effect of CP on serum BUN and Cr levels

Before CP administration, the levels of BUN
and Cr were within the normal range values with no
significant differences between the groups (BUN:
229+27,21.1+£1.0,18.1£2.6,19.9+ 1.5, and
Cr: 0.64£0.10, 0.81+£0.14, 0.80+0.13, and
1.0 £ 0.23 mg/dl for Groups 1-4, respectively).
The CP-induced nephrotoxicity was approved by
increasing of BUN and Cr concentrations at the
end of the experiment. However, the BUN and Cr
levels in Group 1 (low dose of Mg supplementation)
were significantly higher than those in other groups
(P<0.05, Figure 1). Furthermore, Groups 2, 3,
and 4 were not statistically different with regard
to BUN and Cr levels. These results indicate that
coadministration of low doses of Mg and CP
increased the levels of BUN and Cr when compared
with isolated CP administration.

Effect of CP on Mg, TP, and nitrite levels

CP may disturb protein excretion or Mg
concentration, ormay lead to endothelial dysfunction.
To investigate the effect of Mg supplementation
on serum levels of Mg, TP, and nitrite, the serum
concentration difference (after - before, A) of these
parameters were determined [Table 1]. An increasing
in Mg level and a decrease in TP and nitrite levels
were observed, but no significant difference was
detected between the groups.

Effect of CP on body, kidney, and testis weight
Before CP administration, the animals’ weight
was recorded. No significant differences were
detected between the groups (weight: 184.5 £ 10.5,
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Figure 1: Serum levels of BUN (above) and Cr (below) in
the four experimental groups 1 week after CP administration.
Significant difference was observed between Group 1 and
others groups (P < 0.05). Groups 14, respectively, received
20, 80, 200 mg/kg magnesium sulfate, and saline for 10 days
plus a single dose of CP (7 mg/kg, i.p.) in day 3. One-way
ANOVA was applied to compare the parameters between the
groups

Table 1: The serum concentration difference
(after - before, A) of Mg, TP, and nitrite levels

Group AMg (mg/dl) ATP (g/dl) ANitrite (umole/l)
1 04+0.3 -1.9+0.3 -84+6.6

2 0.8+0.2 -1.0+0.9 -8.1+3.9

3 0.3£0.1 -1.5+0.6 -93+42

4 02+0.2 -1.1+£0.3 -59+47

P value 0.46 0.65 0.97

' e
Groups 14, respectively, received 20, 80, 200 mg/ kg
magnesium sulfate, and saline for 10 days plus a single
dose of CP (7 mg/kg, ip) in day 3. No significant
differences for these parameters were observed between
the groups

175.1£7.4, 182.5+12.8, 1854%+10.5 g for
Groups 14, respectively). After the experiment, the
percentage of weight loss in Group 1 treated with
low dose of magnesium sulfate was significantly
greater than that in the positive control group
(P<0.05, Figure 2). However, the percentage of
weight loss in other groups was not significantly
different. Similarly, the normalized kidney and testis
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Figure 2: The percentage weight change, total kidney
weight/100 g of body weight, and total testis weight/100 g
of body weight of animals in the four groups 1 week after CP
administration. One-way ANOVA was applied to compare
groups with regard to the parameters. Significant difference
was observed between Groups 1 and 4 (P <0.05). Groups
1-4, respectively, received 20, 80, 200 mg/kg magnesium
sulfate, and saline for 10 days plus a single dose of CP
(7 mg/kg, i.p.) in day 3

weights (tissue weight per 100 g of body weight) of
group 1 were significantly different from those in the
positive control group (P < 0.05, Figure 2).

The kidney damage induced by CP was evaluated
and scored (pathology damage score: 1.7 = 0.3,
1.4+0.3, 1.3£0.3, 1.8£04 for Groups 1-4,
respectively). No significant difference was detected
between Mg-treated and positive control groups.
This pathological data indicated no preventive
effect for Mg against CP-induced nephrotoxicity
[Figure 3]. A statistically significant correlation
between the normalized kidney or testis weights and
the pathology damage score was detected (kidney,
r=0.534, P < 0.05; testis, » = 0.335, P < 0.05).

DISCUSSION

The main objective of this study was to
determine the role of Mg supplementation in

CP-induced nephrotoxicity. CP caused weight
loss, which may be related to GI disturbance.
This finding is in accordance with those reported
in previous studies.?>?! Mg itself affects the GI
system, and Mg therapy is associated with GI
disturbance symptoms.['*20:272%1 Similarly, weight
loss in our model may be related to both CP and
Mg supplementation.

The groups were not significantly different
in concentration differences (A) of Mg, TP, and
nitrite. Mg depletion is a side effect of CP.'d
In the rat model, this may occur 2 weeks after
CP administration.! We did not observed Mg
depletion in the positive control group because
of the duration of our study (1 week). The
serum AMg was not different between the Mg
supplementation groups and the positive control
group. This is in agreement with the findings
of other study, in which an increase in the Mg
serum level after supplementation treatment
is not expected.? NO is generally involved in
CP-induced nephrotoxicity,®” and NO blockade
aggravates the toxicity induced.BU In contrast
to this finding, Wink ef al. found that NO may
enhance the CP toxicity.?? It seems that it is not
easy to find the relationship between CP and
NO.*¥! There is also a relationship between Mg
and NO; such that Mg deficiency can result in
a rise in plasma NO in rats.*¥ In our study, CP
decreased the serum levels of NO in all groups
and no significant difference between groups
was seen. This reduction in NO level may be
related to endothelial damage induced by CP,!%
and Mg supplementation could not improve this
disturbance.

Now, one major question is whether Mg
supplementation is protective against CP-induced
nephrotoxicity or not? The levels of BUN and Cr,
tissue damage scores, testis and kidney weights, as
well as the significant correlation between kidney
or testis weight and kidney damage score all
together indicate that intensity of kidney toxicity
in group 1 (low dose of Mg) is higher than those
in other groups. At this time, we cannot interpret
any documented mechanism for this finding, but
the human organic cation transporter 2 (OCT2) is
responsible for the uptake of organic cations across
the basolateral membrane in kidneys."*®! Moreover,
OCT2 is Mg-dependent and hypomagnesemia
causes upregulation of OCT2, which increases the
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Figure 3: The images (100x) of kidney tissue. (a) Group 1; low dose of magnesium + cisplatin, (b) Group 2; moderate dose of
magnesium + cisplatin, (¢) Group 3; high dose of magnesium + cisplatin, (d) Group 4; saline + cisplatin. Although the higher
scores of damage were obtained in Groups 1 (a) and 4 (d), but no significant differences were detected between the groups

accumulation of CP in the kidney.?”*! Therefore,
low dose of Mg may act as a stimulator to promote
CP-induced nephrotoxicity. Moderate and high
doses of Mg supplementation did not provide a
significantly better result when compared with
the positive control group, although it may not be
confirmed by various clinical and experimental
data.l'®*44 In addition, the high dose of Mg
supplementation used in this study may be toxic.”
Nevertheless, our data (serum levels of BUN and Cr,
pathological data, and weight loss) did not confirm
such toxicity. Therefore, it could be concluded that
Mg supplementation is not nephroprotective against
CP-induced nephrotoxicity. However, under some
conditions, supplementation may promote kidney
toxicity, and therefore further studies are required
to determine the exact mechanisms.
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