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Summary 

We have previously shown that chronic renal failure in rats induces changes in motor activity 

and behavior. Similar work on the possible effects of acute renal failure (ARF) induced by 

cisplatin (CP) is lacking. This is the subject matter of the current work. CP was injected 

intraperitoneally (i.p) at a single dose of 20 mg/kg to induce a state of ARF, and three days 

later, its effects on motor activity, thermal and chemical nociceptive tests, neuromuscular 

coordination, pentobarbitone-sleeping time, exploration activity and two depression models 

were investigated. The platinum concentration in the kidneys and brains of mice was also 

measured. The occurrence of CP-induced ARF was ascertained by standard physiological, 

biochemical and histo-pathological methods. CP induced all the classical biochemical, 

physiological and histopathological signs of ARF. The average renal platinum concentration 

of CP-treated mice was 5.16 ppm, but there was no measurable concentration of platinum in 

the whole brains. CP treatment significantly decreased motor and exploration activities, and 

increased immobility time in depression models, suggesting a possible depression-like state. 

There was also a significant decrease in neuromuscular coordination in CP-treated mice. CP, 

given at a nephrotoxic dose, induced several adverse motor and behavioral alterations in mice. 

Further behavioral tests and molecular and biochemical investigations in the brains of mice 

with CP-induced ARF are warranted. 
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Introduction 

Cisplatin [cis-DDP cis Diammine Dichloro Platinum (II)] (CP) is a commonly used 

chemotherapeutic agent in the treatment of solid tumors in various organs (Sanchez-Gonzalez 

et al. 2011). However, its dose-dependent nephrotoxicity is considered to be one of its major 

limitations (dos Santos et al. 2012, Leu and Baribeault 2010). The drug causes apoptosis (Kong 

et al. 2013) and DNA damage (Li and Schluesener 2006) and induces oxidative stress and 

inflammation (Chirino and Pedraza-Chaverri 2009, Kang et al. 2009), affecting the proximal 

straight and distal convoluted tubules of kidney, resulting in acute renal injury (Ali and Al 

Moundhri 2006, Mitazaki et al. 2013). At the molecular level, it has been found that the S3 

segment of the proximal tubules is damaged due to the high expressions of copper transporter 

receptor1 (Ctr 1) and inorganic cation receptor2 (Oct 2), which transport CP to the kidney 

tubules making the renal tissues high in platinum compared with other organs (Pabla et al. 

2009, Pabla and Dong 2012). Studies also proved that CP causes neurotoxicity and 

hepatotoxicity by damaging the mitochondria causing increases in mitochondrial lipid 

peroxidation and protein carbonyl contents in brain tissues (Waseem and Parvez 2013).  

Acute renal failure (ARF) is defined as a state of rapid loss of kidney function which increases 

concentrations of serum creatinine and urea resulting in the inability of the kidney to regulate 

acid-electrolyte balance, and failure to excrete fluids and waste products (Akcay et al. 2010). 

Acute kidney injury (also called ARF) is a serious condition that is commonly encountered in 

many categories of patients, including those that are critically ill (Andreoli 2009). 

Several studies have reported on the changes in the central nervous system (CNS) that are 

ascribed to uremic toxins and inflammation caused by the alterations in the hormonal activities 

within brain in patients with chronic kidney disease (CKD) (Zalai et al. 2012, Hedayati et al. 
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2012) We have previously shown that rats with experimental CKD exhibit impaired motor 

activity and behavior (Ali et al. 2011). However, similar studies on the effect of either clinical 

or experimental ARF are, as far as we are aware, lacking. 

As far as we are aware, there are no reports on the effect of CP-induced ARF on the central 

nervous system (CNS) in experimental animals resulting in motor or behavioral changes, 

although there are few studies reporting some cognitive complaints in cancer patients on CP 

(Pedersen et al. 2009). Therefore, the aim of our current study was to investigate the possible 

effects of CP-induced ARF on the motor activity and some selected behavioral parameters in 

mice. 

Methods 

Animals  

Male Albino mice (n = 212) weighing between 32-38 g were obtained from the Small Animal 

House of Sultan Qaboos University (SQU). They were housed, three to a cage to reduce stress, 

in polypropylene cages, and given standard nutritionally adequate-laboratory chow diet (Oman 

Flour mills, Muscat, Oman) and normal tap water ad libitum, at ambient temperature of 

22±2
o
C, humidity (60%) and 12 hour light: dark cycle (light on at 6.00 AM). The mice were 

acclimated to their housing for seven days before the start of the study, which was approved by 

SQU Animal Ethical Committee, and conducted according to International laws and policies 

(EEC Council directives 86/609, OJL 358, 1 December 1987; NIH Guide for care and Use of 

Laboratory Animals, NIH Publication No. 85-23, 1985).  

 

 

 



 5 

Treatments 

The animals were randomly selected and divided into control (given 0.9% NaCl), and CP 

treated (injected with the drug intraperitoneally (i.p.) at a single dose of 20 mg/kg, and 

sacrificed three days later. Initial and final body weights of the animals were recorded before 

the treatments and just before sacrifice. Mice were placed in metabolic cages 24 hours prior to 

sacrifice in order to collect urine, and were then anaesthetized by ketamine (7.5 mg/kg i.p.) and 

xylazine (10 mg/kg i.p.) for collection of blood, kidneys and whole brain. The blood (about 1.5 

ml) was collected from the abdominal aorta in heparinized tubes and was centrifuged at 900 g 

for 15 minutes at 4
o
C to obtain plasma. The plasma obtained was stored at -80

o
C for a week or 

less pending analyses. The kidneys and whole brain were quickly removed and either frozen 

immediately in liquid nitrogen or fixed with 10% buffered formalin. At the end, animals were 

killed by overdose of anesthesia. 

Biochemical Analyses 

The concentrations of plasma creatinine and urea, and creatinine clearance, as well as NAG 

activity in urine were measured spectrophotometrically, as described before, (Ali et al. 2010). 

Platinum concentration was measured in the kidneys and whole brain from both controls and 

CP-treated mice as detailed elsewhere (Al-Kharusi et al. 2013). Briefly, the tissues were 

dissolved in 15.7 M nitric acid and 11.5 M hydrochloric acid. The samples were then kept in a 

water bath at 100
o
C for 2 hours. The platinum concentration was finally measured using an 

inductively coupled plasma (ICP) machine. 

Motor and behavioral experiments 
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The animals were subjected to the following tests on the fourth day after injection of either CP or 

saline prior to their sacrifice. In all experiments, and within each behavioral test, each mouse was 

used once. 

Thermal and chemical nociceptive tests 

a) Hot plate test: The animals (n=24) were gently placed into a glass cylinder on a hot plate 

analgesia meter (Ugo Basile, Comerio VA, Italy), maintained at a temperature of 55 ± 0.2
o
C. 

The time taken by the animal to either lick its paw or jump off the plate is considered as its 

response (Eddy and Leimbach 1953). In order to prevent tissue damage in mice, the cut off time 

was fixed at 15 seconds. 

b) Warm-water tail flick test: The tail of every mouse (n=24) was immersed 2-3 cm in a beaker 

containing warm water maintained at a temperature of 54-55
o
C. The time between the moment 

the tail was immersed and its removal from the water was calculated using a stop watch (Wild et 

al. 1993) and 15 seconds was considered as minimum cut off time. 

c) Abdominal constriction (Writhing test): Both groups of mice (n=12, each) were injected with 

acetic acid (0.6 % v/v) in a volume of 20 ml/kg i.p.(Collier et al. 1968). Contraction of 

abdominal muscle and stretching of hind limbs caused by abdominal constrictions induced were 

observed for 15 min after the administration of the acid, and the number of contractions was 

counted. 

Motor activity 

 Motor activity of the animals was measured using a digitalized activity meter (Ugo Basile, 

Comerio VA, Italy). The vertical and horizontal movements of the animals (n=20) within a 

period of 15 min were recorded, but the values were excluded for the first 5 minutes from zero 

time after the animals had been placed within the activity cage (Ali et al. 1999, Ali et al. 2011). 
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Neuro-muscular co-ordination tests 

a) Rota rod treadmill test: Animals (n=20) were gently placed on the Rota rod treadmill (Ugo 

Basile, Comerio VA, Italy) to study the muscular activity in control and treated mice. The 

apparatus used was subdivided into 5 segments by discs with a diameter of 24 cm, and the rod 

was 30 cm long and 3 cm in diameter. The rod was rotated at a fixed speed of 25 revolutions / 

minute and the time taken by the animal to fall from the rotating rod was automatically recorded. 

b) Grip strength test: A simple manual apparatus was devised with two wooden poles of 30 cm 

length, connected with a smooth wire of 15 cm length, where the animals (n=20) were made to 

hang using their fore limbs. The time taken by the animal to drop from the wire was recorded 

using a stop watch. In some experiments a grip strength apparatus (Ugo Basile, Comerio VA, 

Italy) was also used. 

Sleeping time test 

Sodium pentobarbitone at an i.p dose of 30 mg/kg was injected into mice (n=16), and the time 

taken to induce sleep, and the duration of sleep for each animal was recorded. Sleeping time was 

taken as the interval between the loss and regaining of the righting reflex (Fujimori 1965). 

Exploration activity test 

An automated hole board apparatus (Ugo Basile, Comerio VA, Italy) was used to carry out this 

test based on the design and principle that has been reported earlier (File 1973). The animals 

(n=16) were gently placed on the centre of the board and the time taken by each animal for the 

first dip, the number of holes dipped and the total number of dips was digitally recorded for 10 

min. 

Depression-like behavior 
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Forced swimming test (FST): The animals (n=16) were forced to swim in a cylinder of height 25 

cm and diameter 19 cm, containing water up to an height of 17 cm, maintained at a temperature 

of 25 ± 1
o
C, for a total duration of 6 min, out of which the first two minutes were considered as a 

trial and the total immobility time was calculated during the final 4 min of swimming (Castagne 

et al. 2011). Immobility time was considered when the animal stops struggling and remains 

motionless in the water.  

Tail suspension test (TST): A computerized apparatus (purchased from Med associates, Inc, St. 

Albans, Vermont, USA) was used to perform the technique of TST based on the report of (Steru 

et al. 1985). The animals (n=16) were suspended using an adhesive tape on the tip of the rod. 

This rod, attached to the chamber, has a sensor which detects the mobility of the animal for a 

period of 6 min. The immobility time was calculated during the last 4 min of the experiment, 

excluding the initial two minutes trial.  

Effect of Naloxone on CP- induced anti-nociception 

Animals (n=16) were given the opioid receptor antagonist naloxone, at an i.p. dose of 1.5 mg/kg, 

15 min before subjecting them to the anti-nociceptive tests as described before (Ali et al. 1995). 

To study the effect of naloxone, the same animals were first placed on the hot plate before giving 

the injection, and the time taken by them to stay on the hotplate was calculated. Later, the 

difference between the results recorded before and after giving naloxone was compared. 

 Histopathological assessment 

Both kidneys were removed and their weights recorded. A small piece of the left kidney was 

fixed in 10% formalin. The tissue was dehydrated with increasing concentrations of ethanol, 

cleared with xylene, and embedded in paraffin. Structural studies were made on paraffin 

embedded kidney sections (3 μm) stained with hematoxylin and eosin (H&E), using a light 
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microscope. Histopathological evaluation was carried out by an observer unaware of the 

treatments, and assigned a score, which represents the approximate extent of necrotic area in the 

cortical tubules on a scale of 0-4 (0-no necrosis; 1- a few local necrotic spots; 2- necrotic area 

was about one half; 3- tubular necrosis > 60%; 4- nearly the entire area was necrotic).  

Drugs and Chemicals 

Cisplatin used was obtained from PCH Pharmacheme (Haarlem, Netherlands); sodium 

pentobarbital from Sigma (St. Louis, MO, USA); naloxone from Mylan S.A.S (St. Priest, 

France); acetic acid from British Drug House (Dorset, U.K); creatinine and urea kits from 

Human GmbH (Mannheim, Germany);  N-acetyl-β-D-glucosaminidase (NAG) assay kit from 

diazyme Laboratories (Poway, CA, USA). 

The rest of the chemicals were Analytical Reagent grade. 

Statistical analysis 

Statistical analyses and comparisons were carried out by the t test, using a commercial statistical 

software package (Graph pad, San Diego, CA, U.S.A). Data are given as mean ± SEM. A P 

value less than 0.05 were considered significant. 

Results  

Body, kidney and brain weights 

These results are summarized in Table1. After the administration of CP, the body weights of the 

animals decreased significantly (P <0.0001) by about -6.8 %, when compared with the controls, 

whose body weights had increased by about 4.4 %. The relative kidney weight (as a per cent of 

final body weight) of CP-treated mice showed significant increase (P< 0.05), whereas that of the 

whole brain showed significant decrease when compared with that of the controls (Table 1). 

Biochemical and histological indices of ARF 
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The plasma creatinine and urea concentrations were significantly higher in CP-treated animals 

than in controls (Fig 1A, 1B), and creatinine clearance was insignificantly lower in the treated 

group than in the controls (Fig 1C). The urinary activity of NAG was also significantly 

elevated in the treated group (Fig 1D). The average (± SEM) platinum concentration in the 

kidneys of CP-treated mice was 5.16 ± 0.724 ppm (n=8), and no measurable concentration was 

found in the kidneys of control mice. Also, no measurable concentration of platinum was found 

in the whole brains of control and CP-treated mice. ARF was also confirmed histologically. In 

the CP -treated group, the mean percentage of tubular necrosis was about 85.8 % (given a score 

of 4), whereas in the saline –treated (control) group, there was no tubular necrosis, and was 

given a score of zero. 

Motor and behavioral studies 

Thermal and chemical nociceptive tests 

The time taken by CP-treated mice on the hot plate was significantly longer than that of the 

control group (Fig 2A). In the tail flick test, the time required to withdraw the tail was 

significantly longer in the CP –treated mice than in the controls (Fig 2B). The CP-treated 

animals had fewer abdominal constrictions in response to the acetic acid injection than the 

control (Fig 2C). 

Motor activity and neuro-muscular co-ordination tests 

The locomotor activity in CP treated animals was significantly lower (P<0.01) than that of 

controls (Fig 3A; 3B). Compared with the controls, CP treatment in mice significantly reduced 

the neuro-muscular co-ordination (Fig 3C) and grip strength (Fig 3C). 

Exploration ability test 
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There was a significant difference between the number of dips in the control and CP- treated 

mice (Fig 4A). However, there were no significant differences for the time taken for the first dip 

and the number of holes dipped by mice in the two groups (Fig 4B; 4C). 

Depression models 

In both depression models of FST and TST (Fig 4D; 4E), there was significant increase in the 

immobility time in CP-treated animals when compared with that of the controls.  

Effect of naloxone on anti-nociception 

There was no significant difference between the control and CP-treated groups with respect to 

the effect of naloxone on the anti-nociceptive action of CP. 

Sleeping time test 

There was no significant difference between the control and CP-treated mice with respect to 

pentobarbitone-induced sleeping time, or time of onset of sleep. 

Discussion 

ARF (or acute kidney injury) is increasingly prevalent in both developing and developed 

countries resulting in severe morbidity and mortality (Li et al. 2013), and about 20% of ARF 

cases among hospitalized patients are due to CP nephrotoxicity and more than a third of the 

patients develop renal injury within 10 days after a single dose of CP  (de Jonge and Verweij 

2006). Therefore we studied the possible effects of CP-induced ARF on behavioral and motor 

activities in mice. As far as we are aware, such an attempt has not been made before. However, 

in a previous study, we have reported that experimental CKD due to adenine feeding resulted in 

significant motor and behavioral alterations in rats (Ali et al. 2011). An established set of 

behavioral tests were conducted here in order to quantify the motor and behavioral changes 
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induced by ARF. Different aspects of validity of these tests have been well studied and their 

relevance to clinical situations confirmed (Castagne et al. 2011, Vervliet and Raes 2012). 

It is known that housing conditions have significant physiological and psychological effects in 

mice (Balcombe 2006). In this study, particular care was paid to the housing conditions of both 

control and CP-treated mice, in order to avoid or minimize any possible adverse effects of the 

housing on their behavior (Balcombe 2006). 

Significant loss of body weight was observed in mice treated with CP. This could be due to the 

alteration in their eating behavior, as a results of the cytotoxic effect of CP (Vera et al. 2006), or 

to renal tubular injury affecting re-absorption of water leading to dehydration (Ali et al. 2008) 

and /or inflammation (Pabla et al, 2012). Kidney damage was also marked by elevated relative 

kidney weight due to the increase in glomerular volume and other cellular changes (Saad et al. 

2000). 

In this study, renal histopathology and biochemical markers such as plasma creatinine and urea 

and NAG activity in urine were measured so as to assess the magnitude of kidney injury and 

confirm the state of ARF. The platinum concentrations in kidney samples of CP-treated mice 

were significantly higher than in controls; however, no measurable platinum concentration was 

detected in the brain. This probably suggests that the metal does not cross the blood brain barrier, 

as was reported earlier (Bernocchi et al. 2011). 

In the current study, we showed that mice with CP-induced ARF are susceptible to motor and 

behavioral changes, although the exact mechanisms involved are not certain. CP impaired 

locomotion, neuromuscular coordination, and grip strength in treated mice compared to the 

controls. The decrease in the motor activity was indicative of the level of excitability of the CNS 

(Masur et al. 1971, Barbas et al. 2006), and demonstrates the central inhibitory effect of CP in 
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treated mice (Amos et al. 2001). Also, we recorded some signs of a depression-like state in 

treated mice when subjected to forced swimming and tail suspension tests. These alterations 

could be due to chemical alterations in the brain amines of treated mice. These were not 

measured in this work, but they warrant further studies. The ataxia observed may be due to 

neuro-muscular blockade (Perez et al. 1998) or to other unknown factors. The number of head-

dips in the hole board test showed significant decrease in the exploratory behavior induced by 

CP, indicating a decrease in the attraction of treated mice towards novelty (neophilia) (Brown 

and Nemes 2008).  

We studied the effects of CP in two animal models of depression, FST, based on the original 

work reported (Porsolt et al. 1977) and TST (Yan et al. 2010). To evaluate the depression in 

most cases of treated models, stress-precipitated behaviors are assessed. Immobility is a 

state/posture that reflects the condition of hopelessness and despair (Holmes 2003). Depression 

and immobility are assumed to go in line with each other and it has been already shown that 

drugs with anti-depressant activity decrease immobility (Gersner et al. 2009). In our results, 

there was a significant increase in immobility time in CP-treated mice, possibly suggesting a 

depression-like state. The decreased motor activity and the general weakness induced by CP 

treatment may have been involved in the increased immobility in the FST and TST. Assessment 

of the possible neurochemical alterations associated with the reported actions will be studied 

further for better understanding of the anti-depressant – like effect of CP. 

It has previously been shown that patients with cancer show some cognitive dysfunction 

following chemotherapy with agents such as CP (Pedersen et al. 2009). It would be of interest to 

study in detail some cognitive functions in mice with CP- induced CRF, and experimental agents 

that may mitigate these cognitive dysfunctions. 
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It was shown that oxidative stress and mitochondrial dysfunction were two major mechanisms 

involved in platinum induced neurotoxicity that triggered neuronal apoptosis (Cavaletti et al. 

2011). The chemical changes in brain with respect to CRF models have previously been reported 

(Smogorzewski 2001). Additionally, formation of platinum-DNA-protein crosslinks and 

polymorphisms in DNA repair genes were also found to be associated with CP-induced 

neurotoxicity (Gulec et al. 2013). It was also shown that a reduced level of tGSH characterized 

CP-induced cell death in brain and other tissues of treated animals (Altun et al. 2010). Activity 

of nitric oxide (NO), signal molecules of the CNS, also showed a significant decrease with CP 

(Azambuja et al. 2011). It is also known that CP causes marked organ damage that was 

characterized by elevated MDA level in tissues as a result of its direct peroxidative effect (Sener 

et al. 2012). CP nephrotoxicity raises the plasma concentration of the uremic toxin indoxyl 

sulphate (Ali and Al Moundhri, 2006), and this uremic toxin has been shown to be involved in 

the central toxicity of CP (Iwata et al. 2007). 

The present results indicated that administration of CP in mice prolonged the time taken in the 

hot plate and tail flick tests, and reduced the number of abdominal constrictions due to acetic 

acid injection. In a recent publication,  reported in detail the polyneuropathy induced by 

administration of CP (2.3 mg/kg/day) every other day 6 times over two weeks for a total dose of 

13.8 mg/kg. It was found that thermal escape latencies were not affected by CP, but hind paw 

tactile allodynia persisted for 46 days after treatment. These results are at variance with the 

present result, which seems to suggest a paradoxical finding of a CP- induced hypoalgeisa when 

given at a single nephrotoxic dose of 20 mg/kg. (Cata et al. 2008) has previously shown that high 

doses of CP produced hypoalgsia whereas lower doses produce hyperlagesia. This result, based 
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on chemical and thermal nociceptive tests (viz acetic acid-induced writhing test and hot plate and 

tail flick flick tests), needs to be verified and extended. 

Various therapeutically efficient traditional and natural agents are subjected to studies to identify 

their effects on drug-induced neurotoxicity causing behavioral and motor alterations. In our 

previous study, we reported the effectiveness of curcumin against CP-induced behavioral 

changes (Al Moundhri et al. 2013). Green tea extract (polyphenols) has been proved to exhibit 

an anti depressant activity against chemical-induced autistic animals (Banji et al. 2011) and also 

showed a neuro-protective effect in oxaliplatin-induced neuropathy (Lee et al. 2012). In a recent 

study, it was showed that aqueous extract of Orbignya phalerata improved locomotion and 

motor activity in mice (Silva et al. 2012). We will test the possible effects of several natural 

products on the motor and behavioral changes seen after acute CP administration, and investigate 

further the possible mechanisms of these motor and behavioral changes in CP treated mice, 

including cognitive deficits.  
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Legends of figures 

Fig 1. Some renal function tests in control mice and mice treated with cisplatin. A) Plasma 

creatinine concentration B) Plasma urea concentration C) Creatinine clearance D) Activity of 

NAG in urine. Each column and vertical bar represent mean ± SEM (n=6-8). Differences 

between the groups were assessed by t-test and P<0.05 was considered significant. 

Fig 2. Effect of thermal and chemical nociceptive tests in control mice and mice treated with 

cisplatin. A) Time taken on hot plate B) Time taken for tail flick test C) Number of abdominal 

constrictions during writhing test. Each column and vertical bar represent mean ± SEM (n=12-

14). Differences between the groups were assessed by t-test and P<0.05 was considered 

significant. 

Fig 3. Locomotion and neuro-muscular coordination in control mice and mice treated with 

cisplatin. A) Number of horizontal movements B)number of vertical movements, C) Time taken 

on rotarod treadmill and D) Time taken on grip strength rod. Each column and vertical bar 

represent mean ± SEM (n=10-12). Differences between the groups were assessed by t-test and 

P<0.05 was considered significant. 

Fig 4. Exploration activity and depression-like behavioral tests in control mice and mice treated 

with cisplatin. A) Time taken for first dip B) Total number of dips in 10 min, C) Number of 

holes dipped, D) Immobility time during forced swimming  test (FST) and E) Immobility time 

during tail suspension test (TST). Each column and vertical bar represent mean ± SEM (n=6-8). 

Differences between the groups were assessed by t-test and P<0.05 was considered significant. 

Fig 5. Representative section of kidneyhistology using H&E staining, in control and cisplatin 

(CP) -treated mice. A) Control mice with normal kidney architecture and B) CP-treated mice 
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with acute tubular necrosis greater than 60% of the examined area showing cast formation 

(single arrow), vacuolization (double arrow), loss of epithelial cells (arrow head) and necrosis (*). 
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Table 1. Body weight changes and relative kidney and brain weights in control and CP-

treated mice. 

 

 

Group / Parameter 

 

Body weight 

change % 

 

Relative kidney 

weight % 

 

Relative brain 

weight % 

 

Control 

 

 

4.39 ± 0.91 

 

 

 

1.63 ±0.04 

 

 

 

1.69 ± 0.06 

 

 

CP-treated 

 

 

- 6.81 ±0.77
***

 

 

 

 

1.96 ± 0.13
*
 

 

 

 

1.38 ± 0.02
**

 

 

 

Values in the table are mean ± SEM (n=10-12). Body weight values were expressed as % of 

difference between the final and initial weights before the start of the treatment in each group. 

Relative kidney and brain weights were the percentage of the weights of the organs divided by 

the final body weight of the mice. 

Animals were injected with saline (0.9% NaCl) or cisplatin (CP), at a dose 20mg/kg and 

sacrificed after three days. 

 
*
P < 0.05, compared to Control group. 

**
P < 0.01, compared to Control group. 

***
P < 0.001, compared to Control group. 
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