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1. Introduction
Cisplatin, cis-dichlorodiammine platinum (II), is a 
widely used agent in the therapy of a broad spectrum of 
malignancies (1). Its therapeutic action is by its ability 
to inhibit replication and transcription and induce 
apoptosis (2). The efficacy of cisplatin is dose dependent 
but use of higher doses is limited because of the risk of 
nephrotoxicity (3). Acute cisplatin nephrotoxicity is 
manifested as injury to the S3 segment of the proximal 
tubules, causing renal tubular dysfunction and reduced 
glomerular filtration (4). The ability of cisplatin and its 
metabolites to induce increased production of reactive 
oxygen species and oxidative stress in the kidney have been 
implicated in the pathogenesis of cisplatin nephrotoxicity 
(5). Moreover, cisplatin treatment was shown to induce 
secondary dyslipidemia, causing significantly increased 
serum levels of total cholesterol, low density lipoprotein 
(LDL)-cholesterol, and triacyglycerol (TAG) in the rat. On 

the other hand, hypomagnesemia and disturbance of other 
electrolytes have been reported in cisplatin nephrotic rats 
and it has been reported to enhance nephrotoxicity. In the 
present study we aimed to investigate the changes in serum 
lipid profile and electrolyte levels as well as their contents 
in the renal cortical tissue and liver of rabbits exposed 
to graded doses of cisplatin. Moreover, the changes in 
serum and organ tissue contents of lipids and minerals 
were investigated in a recovery group 7 days after the drug 
treatment. 

2. Materials and methods
2.1. Animals
Twenty-eight healthy adult male New Zealand White 
rabbits weighing between 850 and 1200 g were used in the 
experiment. The rabbits were divided randomly into four 
equal groups and housed in stainless steel cages at room 
temperature (24 ± 2 °C) and 60% relative humidity with 

Background/aim: Cisplatin is an anticancer drug that can induce nephrotoxicity. Its toxicity is associated with dyslipidemia and 
disturbed electrolyte balance. In the present study we investigated the changes in serum lipid profile and electrolyte levels and their 
contents in kidney and liver tissues of rabbits treated with cisplatin. 
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12 h light/dark cycle. The animals had free access to a 
nutritionally adequate pelleted diet and tap water.
2.2. Protocol of the experiment
Animals of group 1 (C) were injected intraperitoneally 
(ip) with 2 mL of physiologic saline and served as controls. 
Animals of group 2 (P1) were injected ip with cisplatin 
(Farmitalia, Carlo Erba, Italy) given in a single dose (4.0 
mg/kg bw). Animals of group 3 (P2) were injected ip with 
cisplatin (6.5 mg/kg bw). Animals of group 4 (R) were 
injected ip with cisplatin (6.5 mg/kg bw) and served as the 
recovery group. All animals were weighed every alternate 
day during the course of the experiment. Animals of 
groups 1, 2 and 3 were sacrificed 3 days after the cisplatin or 
saline injections under light anesthesia after an overnight 
fast. Animals of the R group were killed 7 days after the 
cisplatin injection. Blood was collected from the heart in 
plain tubes and serum was separated by centrifugation 
at 2000 × g for 15 min at 5 °C. The whole liver and the 
two kidneys were removed quickly from each animal and 
rinsed in cold saline. The left kidney of each animal was 
preserved in 10% formal saline for histopathology. The 
rest of the tissues were stored at –70 °C awaiting analysis 
within 5 days.
2.3. Preparation of tissue homogenates
2.3.1. Homogenates for protein and enzyme assays 
Weighed portions of kidney cortex or liver tissues were 
homogenized in Tris-HCl buffer (0.15 mol/L, 5 mmol/L, 
pH 7.8) using a glass homogenizer (Polytron, Kinematica, 
Kriens, Switzerland), protected by an ice jacket, at speed 6 
for 30 s. The homogenates were centrifuged at 5000 × g for 
15 min at 2 °C and the clear supernatant was used for the 
biochemical analysis.
2.3.2. Extraction of tissue lipids
Weighed pieces of kidney cortex or liver tissues were 
homogenized in chloroform:methanol (2:1 v/v) and then 
centrifuged at 2000 × g for 15 min. The solvent of the 
supernatants was dried off under a stream of nitrogen and 
the extract was used for estimation of cholesterol, TG, and 
phospholipids.
2.4. Biochemical assays
Serum urea, creatinine, serum and liver cholesterol, 
triacylglycerol (TAG), alanine transaminase (ALT), 
aspartate transaminase (AST), calcium, and magnesium 
were estimated by a spectrophotometer system (Beckman 
Instruments, CA, USA) utilizing kits from BioMérieux 
(France). The sodium and potassium were assayed by 
Beckman’s (659500) system E2A Analyzer (Ireland) 
utilizing an E2A sodium/potassium reagent kit (Ireland). 
The high density lipoprotein cholesterol (HDL-c) was 
assayed after precipitation of the apo B lipoproteins using 
heparin and manganous chloride. The estimated values 
of very low density lipoprotein (VLDL) were calculated 

from the serum TAG concentration by the formula given 
by Friedewald et al. (6), and the low density lipoprotein-
cholesterol (LDL-c) was calculated by subtraction 
from total cholesterol. The activity of kidney cortical 
alkaline phosphatase (ALP) was assayed by kits from 
Boehringer (Mannheim, Germany). The total lipids were 
extracted from the tissues of liver and kidney cortex with 
chloroform:methanol (2:1 v/v). The total phospholipids 
were estimated by the colorimetric method described by 
Barlett (7). The protein concentrations in serum or tissue 
homogenates were determined by the method reported by 
Lowry et al. (8).
2.5.  Histopathological study
Portions of the kidney were removed from the formalin 
solution and embedded in paraffin wax, cut into 5-µm 
slices, and stained with hematoxylin and eosin. Five slides 
were randomly selected from each group and examined 
under a light microscope by a histopathologist unaware of 
the treatments. Intensity of the tubular injury was assessed 
as described by Clark et al. (9) as follows: 0: (normal) 
no cell necrosis; I (mild): usually a single cell necrosis in 
sparse tubules; II (moderate): more than one cell necrosis 
in sparse tubules; III (marked): tubules exhibiting total 
necrosis in almost every power field.
2.6. Statistical analysis
The presented data are means ± SD. The differences 
between the means of the experimental groups were 
computed using one-way analysis of variance. Comparison 
between the means was carried out using Duncan’s 
multiple comparison procedure. P values less than 0.05 
were considered significant.

3. Results
The body weight of control animals increased by 11.5% 
on day 3 before killing, whereas the body weights of the 
P1 group increased by only 1.5%. On the other hand, the 
weights of P2 animals decreased by 4.2% on day 3. However, 
the weights of the recovery group dropped by 6.4% on day 
4, and then started increasing until they gained 1.7% of 
their initial weights by day 7 (data not shown).
3.1. Kidney function 
As shown in Figure 1, the serum creatinine concentration 
did not show a significant increase in the P1 group, 
whereas it showed a highly significant (P < 0.001) twofold 
increase in the P2 animals. However, the serum creatinine 
concentration of the recovery group dropped back to the 
normal level on day 7 after the drug injection. Similarly, 
the serum urea level increased by 90% in the P2 group, 
whereas in the recovery animals it was not significantly 
different from that of the control group. 

As shown in Figure 2, the kidney cortical protein 
content was not altered in the P1 or P2 groups. However, 
the cortical protein of the recovery animals exhibited a 
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Figure 1. Serum creatinine and urea concentrations in rabbits treated intraperitoneally with cisplatin (4.0 mg/kg bw) - (P1), or with 
cisplatin (6.5 mg/kg bw) - (P2), or injected with similar volume of saline as controls (C) in single doses and killed 3 days after the 
injections, or given 6.5 mg/kg bw cisplatin and killed 7 days after the injections (R group). Columns and vertical bars are means ± SD. ‡ 
P < 0.001. a significantly different from C; b significantly different from P1; c significantly different from P2.

Figure 2. Renal cortical protein content and renal cortical alkaline phosphatase (ALP) activity in rabbits treated intraperitoneally with 
cisplatin (4.0 mg/kg bw) - (P1), or with cisplatin (6.5 mg/kg bw) - (P2), or injected with similar volume of saline as controls (C) in single 
doses and killed 3 days after the injections, or given 6.5 mg/kg bw cisplatin and killed 7 days after the injections (R group). Columns and 
vertical bars are means ± SD. ‡ P < 0.001. a significantly different from C; b significantly different from P1; c significantly different from P2.



1022

ABDEL-GAYOUM and AHMIDA / Turk J Med Sci

significant increase of 45.87% over the controls. On the 
other hand, the kidney cortical ALP decreased in the 
P1 and P2 groups by 30.37% and 58.92%, respectively, 
whereas in the recovery group it was not different from 
that of the control group. The drug treatment caused a 
slight depression in the serum albumin concentration in 
the P2 group by 13.86%, and returned to the normal level 
in the recovery group (Table 1). However, the serum AST 
and ALT levels did not show any significant changes in any 
of the experimental groups.
3.2. The kidney histopathology
As shown in Figure 3, sections of the kidney from the 
control animals showed normal histology (Grade 0), 

whereas the P1 sections showed mild injury in sparse 
tubules (Grade 1). However, kidney sections from the P2 
animals exhibited marked tubular necrosis with lumens 
filled with cast (Grade 3). On the other hand, sections 
from the R group still showed mild injury in sparse areas 
(Grade 1).
3.3. Serum and tissue lipids
Table 2 summarizes the changes in serum lipid 
concentrations in the cisplatin-treated groups. The 
serum total cholesterol was not significantly different in 
the P1 group, but exhibited a significant increase in the 
P2 animals of 27.56%, and returned to the control level 
in the recovery group. Similarly, the serum triglyceride 

Table 1. Serum albumin, AST, and ALT levels in rabbits treated intraperitoneally with cisplatin (4.0 mg/kg bw) - (P1), or with cisplatin 
(6.5 mg/kg bw) - (P2), or injected with similar volume of saline as controls (C) in single doses and killed 3 days after the injections, or 
given 6.5 mg/kg bw cisplatin and killed 7 days after the injections (R group). Presented data are means ± SD. * P < 0.05. a significantly 
different from C.

C P1 P2 R

Serum albumin (g/dL) 03.03 ± 0.24 02.83 ± 0.24 02.61 ± 0.63a* 02.76 ± 0.23 

Serum AST (U/L) 35.63 ± 5.55 33.74 ± 6.95 34.02 ± 5.59 38.06 ± 3.17

Serum ALT (U/L) 42.49 ± 7.88 36.24 ± 8.59 37.29 ± 7.27 45.84 ± 6.23

Figure 3. The light microscopic histology of kidney cortices of rabbits treated intraperitoneally with cisplatin (4.0 mg/kg bw) - (P1), or 
with cisplatin (6.5 mg/kg bw) - (P2), or injected with similar volume of saline as control (C) in single doses and killed 3 days after the 
injections, or given 6.5 mg/kg bw cisplatin and killed 7 days after the injections (R group). Arrows indicate dilated tubules and tubular 
lumina containing necrotic cast material in P2 and at a lower extent in P1 and R slides. (Hematoxylin & eosin ×40).
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concentration showed a significant (P < 0.01) increase in 
the P2 group of 25.30% and returned to the normal level in 
the recovery group. On the other hand, the concentration 
of serum phospholipids showed significant elevations in 
the P1 and P2 groups of 61.53- and by 4.3-fold, respectively, 
and remained significantly elevated in the recovery group: 
1.69-fold compared to the control group.

The HDL-cholesterol was not significantly different in 
the P1, P2, or recovery groups compared to the control 
group; however, its ratio to total cholesterol was significantly 
(P < 0.05) depressed in the P2 animals compared to the 
P1 and control groups. On the other hand, the estimated 
LDL-cholesterol was significantly elevated in the P2 by 
50.0% compared to the control group, and dropped back 
in the recovery group. However, the VLDL-c in the P2 
group was elevated by 25% compared to the control group.

As shown in Table 3, the hepatic cholesterol contents 
in the P2 and R groups were significantly decreased by 
26.93% and 44.13%, respectively, whereas the hepatic 
phospholipid was increased in the P2 and R groups by 
14.94% and 37.5%, respectively. However, the hepatic TAG 
was not altered in any of the experimental groups.

On the other hand, the kidney cortical cholesterol 
and TAG contents were increased in the P2 group by 
40.60% and 2.7-fold, respectively. However, both cortical 
cholesterol and TAG stayed elevated in the recovery group 
by 22.12% and 3.2-fold, respectively, whereas the cortical 
phospholipid was not altered by the drug treatments.
3.4. Serum and tissue minerals
Table 4 depicts the changes in serum electrolytes. The 
serum potassium, calcium, and magnesium levels showed 
significant reductions of 20.12%, 6.83%, and 18.75%, 

Table 2. Serum lipids and lipoproteins in rabbits treated intraperitoneally with cisplatin (4.0 mg/kg bw) - (P1), or with cisplatin (6.5 mg/
kg bw) - (P2), or injected with similar volume of saline as controls (C) in single doses and killed 3 days after the injections, or given 6.5 
mg/kg bw cisplatin and killed 7 days after the injections (R group). 

C P1 P2 R

1 Serum total cholesterol (mmol/L) 4.39 ± 0.64 4.35 ± 0.66 5.60 ± 1.11a**b** 3.99 ± 0.24c**

2 Serum TG (mmol/L) 1.62 ± 0.20 1.22 ± 0.13 2.03 ± 0.63 a** 1.51 ± 0.13c*

3 Serum phospholipids (mmol/L) 0.52 ± 0.11 0.84 ± 0.26a** 02.80 ± 0.76 a‡b‡ 1.40 ± 0.12 a‡b‡ c‡

4 HDL-c (mmol/L) 2.04 ± 0.30 2.38 ± 0.76 2.32 ± 1.10 1.90 ± 0.10

5 VLDL-c (TG/5) (mmol/L) 0.32 ± 0.03 0.24 ± 0.01 0.40 ± 0.03 a*b* 0.30 ± 0.01 c*

6 LDL-c (mmol/L) 1.92 ± 0.22 1.73 ± 0.30 2.88 ± 0.26 a‡b‡ 1.79 ± 0.09

7 HDL/Total cholesterol 0.51 ± 0.08 0.54 ± 0.13 0.41 ± 0.12 a*b* 0.48 ± 0.03

8 LDL/Total cholesterol 0.43 ± 0.06 0.39 ± 0.04 0.51 ± 0.10 a*b* 0.44 ± 0.07

Presented data are means ± SD. * P < 0.05, ** P < 0.01, ‡ P < 0.001. a significantly different from C; b significantly different from P1; c 
significantly different from P2.

Table 3. Liver and kidney cortical lipids in rabbits treated intraperitoneally with cisplatin (4.0 mg/kg bw) - (P1), or with cisplatin (6.5 
mg/kg bw) - (P2), or injected with similar volume of saline as controls (C) in single doses and killed 3 days after the injections, or given 
6.5 mg/kg bw cisplatin and killed 7 days after the injections (R group). Presented data are means ± SD. * P < 0.05, ** P < 0.01, ‡ P < 0.001. 
a: significantly different from C; b: significantly different from P1; c: significantly different from P2.

C P1 P2 R

Li
ve

r

Cholesterol (µmol/g tissue) 20.12 ± 1.35 16.39 ± 4.79a* 14.70 ± 3.58 a** 11.24 ± 0.82 a‡b*

TAG (µmol/g tissue) 29.53 ± 2.86 32.39 ± 2.76 33.04 ± 3.58 33.53 ± 2.89 

Phospholipid (mmol/g tissue) 0.087 ± 0.01 0.084 ± 0.01 0.10 ± 0.01 a**b** 0.11 ± 0.02 a*b* 

K
id

ne
y 

co
rt

ex

Cholesterol (µmol/g tissue) 19.16 ± 1.35 18.56 ± 2.91 26.94 ± 4.50 a‡b‡ 23.40 ± 3.40 a**b*

TAG (µmol/g tissue) 7.88 ± 1.73 18.28 ± 1.78 a‡ 29.75 ± 2.92 a‡b‡ 33.80 ± 2.80 a‡b‡ c*

Phospholipid (mmol/g tissue) 0.05 ± 0.01 0.05 ± 0.01 0.06 ± 0.01 0.06 ± 0.01 
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respectively. The three electrolytes returned to the control 
levels in the recovery group. However, the serum sodium 
levels were not altered in any of the experimental groups.

The concentrations of hepatic and kidney cortical 
calcium and magnesium are summarized in Table 
5. The liver calcium and magnesium contents were 
not significantly affected by the cisplatin treatments. 
However, the renal cortical calcium and magnesium were 
significantly diminished in the P2 group by 40.05% and 
24.00%, respectively. On the other hand, the hepatic tissue 
of the recovery group showed a significant elevation in the 
calcium content, whereas it was significantly depleted in 
the kidney cortex.

4. Discussion
The single dose of cisplatin (6.5 mg/kg bw) caused severe 
nephrotoxicity in the rabbit, evidenced by the deranged 
biochemical kidney function parameters and the kidney 
cortical histology accompanied by reductions in body 
weight. A similar dose of cisplatin was also capable of 
inducing nephrotoxicity in other species as well (10). 
Cisplatin  treatment is known to induce expression of 
proinflammatory cytokines and caspases in the renal 

tissue that activate the cellular inflammatory response, 
which mediates the process of nephrotoxicity (11). Our 
data indicated that the dose of cisplatin that induced 
nephrotoxicity had no deleterious effects on the liver. This 
indicates that the observed drop in serum albumin level 
was due to renal albumin wasting rather than depression 
in its synthesis. An interesting observation was the 
significant accumulation of kidney cortical protein in 
the recovery group, which paralleled the increase in the 
cortical ALP activity. This increase in cortical protein 
content coincided with the peak of body weight gain in 
these recovery animals. This protein expression seems to 
be a rehabilitation process of the proximal tubules. Many 
authors have indicated that several transport proteins for 
the efflux of cisplatin-GSH conjugates are expressed in the 
renal tubules following cisplatin exposure (12,13). 

 On the other hand, several studies have demonstrated 
that cisplatin and gentamicin but not amikacin can induce 
secondary dyslipidemia in the rat (14–16). In the present 
study we observed similar hypercholesterolemia and 
hypertriglyceridemia in the cisplatin-treated rabbits. The 
results indicated that more than half of the total circulating 
cholesterol was associated with the LDL particles. It is 

Table 4. Serum minerals in rabbits treated intraperitoneally with cisplatin (4.0 mg/kg bw) - (P1), or with cisplatin (6.5 mg/kg bw) - (P2), 
or injected with similar volume of saline as controls (C) in single doses and killed 3 days after the injections, or given 6.5 mg/kg bw 
cisplatin and killed 7 days after the injections (R group). 

C P1 P2 R

1 Serum Na (mmol/L) 140.09 ± 1.78 138.76 ± 6.20 138.56 ± 5.59 137.58 ± 4.59

2 Serum K (mmol/L) 6.51 ± 0.43 5.10 ± 0.68 a‡ 5.20 ± 0.15 a‡ 6.18 ± 0.93 b*c*

3 Serum Ca (mmol/L) 3.51 ± 0.44 3.32 ± 0.78 a‡ 3.27 ± 0.16 a‡ 4.96 ± 0.86 a‡b‡ c‡

4 Serum Mg (mmol/L) 0.96 ± 0.18 0.83 ± 0.25 0.78 ± 0.30 a‡ 1.16 ± 0.18 b*c*

Presented data are means ± SD. *P <0.05, ‡ P < 0.001. a: significantly different from C; b: significantly different from P1; c: significantly 
different from P2.

Table 5. The hepatic and renal cortical calcium and magnesium contents in rabbits treated intraperitoneally with cisplatin (4.0 mg/kg 
bw) - (P1), or with cisplatin (6.5 mg/kg bw) - (P2), or injected with similar volume of saline as controls (C) in single doses and killed 3 
days after the injections, or given 6.5 mg/kg bw cisplatin and killed 7 days after the injections (R group). 

Mineral C P1 P2 R

Liver
Ca (mmol/g Tis) 2.44 ± 0.25 2.24 ± 0.44 2.28 ± 0.76 2.72 ± 0.42 a‡b‡ c‡

Mg (mmol/g Tis) 0.86 ± 0.17 0.79 ± 0.22 0.89 ± 0.28 0.92 ± 0.24 

Kidney
Ca (mmol/g Tis) 3.82 ± 0.37 03.04 ± 0.42 a‡ 2.29 ± 0.53 a‡b‡ 1.50 ± 0.22 a‡b‡ c‡

Mg (mmol/g Tis) 1.00 ± 0.14 0.81 ± 0.20a* 0.76 ± 0.29 a* 0.88 ± 0.11 

Presented data are means ± SD. * P < 0.05, ‡ P < 0.001. a: significantly different from C; b: significantly different from P1; c: significantly 
different from P2
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documented that the mechanism of cisplatin nephrotoxicity 
involves generation of free radicals and increased lipid 
peroxidation. One of the consequences of increased free 
radicals generation is oxidation of the circulating LDL 
particles. The oxidized LDL is not recognized by the LDL 
receptors and not taken up by the cells, which can lead to 
accumulation of the LDL in circulation. The oxidized LDL 
particles are associated with proinflammatory properties 
(17) and are involved in the initiation and progression of 
atherosclerosis (18). 

Another finding in the present study was the severe 
accumulation of serum phospholipids in the cisplatin-
treated animals, which paralleled the high levels of LDL 
and VLDL. Some reports have shown the existence of 
oxidized phospholipids in oxidized LDL particles. This 
phospholipid oxidation, which was demonstrated even in 
minimally oxidized LDL, was attributed to the oxidizable 
arachidonic acid of the surface phospholipids in the 
lipoprotein (19). These compounds are characterized by 
short polar fatty acyl chains in position 2 and a single 
hydrophobic fatty acid in position 1 of glycerol (20). As a 
consequence they are highly exchangeable between cells, 
tissues, and lipoproteins. These oxidized phospholipids 
have been detected in atheromas and are suggested to 
be responsible for endothelial cell phenomena including 
monocyte adhesion and integrin activation, leading to the 
progression of atherosclerosis (21,22). Our data indicated 
that secondary hyperlipidemia was accompanied by 
significant accumulations of the renal cortical cholesterol 
and TAG. This was in congruence with the report by 
Coimbra et al. (23) who found that cisplatin-induced 
hyperlipidemia was associated with early progressive 
macrophage infiltration in the rat kidney. This was 
suggested to cause the development of glomerulosclerosis 
and tubular damage. These findings support the 
assumption that cisplatin-induced dyslipidemia and 
its renal infiltration may play a role in the development 
and progression of cisplatin nephrotoxicity. However, 
the cisplatin treatment caused reductions in hepatic 
cholesterol with increased phospholipid content. This was 
in agreement with the results reported by Gevorgyn et al. 
(24), who found that the hepatic nuclear total cholesterol 
in the rat dropped by 12.38% when treated with cisplatin. 
This depressed hepatic cholesterol content is possibly 
due to the impaired hepatic receptor-mediated uptake 
of the LDL-cholesterol due to the oxidative modification 
of the lipoprotein. The modified LDL was less effectively 
recognized by the B/E receptor of the cell for its uptake 
(25). Instead, Kramer et al. (26) reported that the LDL 
and intermediate density lipoprotein particles were taken 
up by the glomerular cells. This explains the depletion of 
hepatic cholesterol and its accumulation in the kidney 
cortex. However, the recovery group had their hepatic 

cholesterol still significantly depressed. This indicates 
that although the tubular function was restored in the 
recovery period, the effect of renal platinum deposits on 
the cholesterol balance was not reversed. In a previous 
study we observed cisplatin-induced hyperlipidemia in the 
rat with significant TAG accumulation in the liver with no 
change in the cholesterol content (10). In contrast, in the 
present results no significant change was observed in the 
rabbit hepatic TAG content, which may be due to species 
variation. 

Our data also indicated that cisplatin treatment caused 
disturbance in the serum electrolyte balance. Significant 
reductions were observed in the serum levels of potassium, 
calcium, and magnesium due to the drug treatment. 
The cisplatin challenge is known to hinder tubular 
reabsorption, resulting in a concentration defect and 
disturbance of the renal handling of electrolytes. Several 
studies have indicated the association of cisplatin toxicity 
with the depletion of serum magnesium, and magnesium 
supplementation was adopted to prevent hypomagnesemia 
during drug treatment (27). Hypomagnesemia was 
observed in humans (28) and in experimental animals (29). 
It was reported that in cisplatin-treated mice the urinary 
magnesium waste almost doubled (30), and the magnesium 
depletion was shown to enhance cisplatin nephrotoxicity 
(31). Magnesium is known to be a critical cofactor in many 
cellular enzyme processes including membrane transport 
and cellular repair (32). In a study with isolated human 
proximal tubules the tubular organic cation transporter 
2 was implicated in cisplatin nephrotoxicity (33), and 
hypomagnesemia was shown to upregulate the cation 
transporter 2 and thereby increase the renal accumulation 
of cisplatin and exacerbate kidney injury (34). Our data 
indicated reduced serum potassium in the cisplatin-treated 
animals. Marklund et al. (35) suggested that the ability of 
cisplatin to induce apoptosis was influenced by its ability 
to enhance the efflux of potassium ions. This possibly 
indicates that the urinary potassium waste overwhelms 
the cellular potassium efflux, causing a negative balance. 
In line with our findings regarding cisplatin toxicity, 
the amphotericin B treatment in humans was shown 
to be associated with hypokalemia, hypomagnesemia, 
and increased renal potassium and magnesium wasting 
(36), and supplementation of cyclosporine-treated rats 
with magnesium and potassium was shown to attenuate 
nephrotoxicity (37). Our data also indicated significant 
reductions in serum calcium levels of the cisplatin-treated 
animals. This was in congruence with the findings reported 
by Maheshwari et al. (38), who stated that cisplatin 
nephrotoxicity was associated with hypocalcemia in the 
rat, and that a dose-dependent protective effect of calcium 
loading was observed in gentamicin nephrotoxicity (39). 
Calcium has been suggested to exert its nephroprotective 
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action by either alleviating functional hemodynamic 
alterations at the glomerular level or preventing structural 
cellular damage at the tubular level. In the present study 
we document significant depletion of the serum and 
kidney cortical tissues from the two protective minerals 
(calcium and magnesium), which may be a potentiating 
factor in the development of cisplatin toxicity. However, 
the contents of hepatic calcium and magnesium were 
not disturbed by the cisplatin challenge. This supports 
the idea that although the highest levels of platinum are 
found in the liver and kidney, the platinum accumulation 
in the liver is only transient (3). This transient existence of 
platinum in the hepatic tissue explains why the liver was 
not affected by the cisplatin treatment. 

In conclusion, nephrotoxicity was induced by a single 
dose of cisplatin (6.5 mg/kg b.w.) in the rabbit evidenced 
by the increased serum creatinine and urea levels with 

drop in the cortical ALP activity and the histology of the 
kidney cortex. The nephrotoxicity was accompanied by 
reductions in serum albumin concentration and depression 
in body weights. None of the cisplatin treatments had 
an effect on the liver function. The treatment induced 
hypercholesterolemia and hypertriglyceridemia with 
elevated LDL-cholesterol. There were significant 
accumulations of kidney cholesterol and TAG with no 
change in the phospholipid content, and a drop in hepatic 
cholesterol. Significant depressions in the serum levels of 
potassium, calcium, and magnesium were also observed. 
This was accompanied by reductions in the renal cortical 
calcium and magnesium contents as well as depressed 
liver calcium but not magnesium. Almost all perturbed 
parameters returned to the normal levels during the 
recovery period.
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