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Abstract: This study characterizes the doxorubicin (DXR)-
induced nephrotoxicity model in Wistar rats in terms of 
biochemical, histological, and immunohistochemical assessments, 
to provide a methodological reference model to investigate 
potential nephroprotective therapeutics. The experiments were 
carried out using four groups of healthy male Wistar rats (six 
rats per group) administered with a single intraperitoneal dose of 
normal saline (vehicle group) and DXR at 17, 20, and 23 mg/kg 
doses, respectively. The rats were sacrificed under anaesthesia on 
the seventh day after DXR administration and blood, urine, and 
kidney tissues were collected for investigations. The DXR dose 
of 17 mg/kg showed mild changes in biochemical parameters, 
whereas 23 mg/kg resulted in increased mortality (33%). Serum 
concentrations of creatinine, urea nitrogen, β2-microglobulin, 
urine concentrations of total protein, creatinine, and urea increased 
with the increased dose of DXR while serum concentrations of 
total protein and albumin decreased (p<0.05). Assessment of 
histopathology revealed the features of acute tubular injury and 
immunohistochemical studies revealed increased apoptosis and 
inflammatory changes. Based on the findings, the DXR dose of 20 
mg/kg was selected as the optimal dose for the establishment of 
an acute nephrotoxicity model in Wistar rats to explore potential 
nephroprotective drug leads.

Keywords: Doxorubicin-induced acute tubular injury, apoptosis, 
histopathology, immunohistochemistry, inflammation.  

INTRODUCTION

Doxorubicin (DXR) is an antineoplastic drug of the 
anthracycline family, with a wide variety of applications 
in the treatment of human cancers (Lee and Harris, 2011). 
Despite the pronounced anticancer efficacy, the organ 
toxicity associated with the drug has become a major 
limitation to its effective use in cancer chemotherapy 
(Horie et al., 2018). Therefore, potential strategies to 
attenuate the toxic effects of the drug without affecting its 
anticancer efficacy are a major research field of interest in 
the present era. 

The potential involvement of the kidneys in xenobiotic 
metabolism as a major elimination pathway for DXR and 
its metabolites causes kidneys more prone to develop 
functional impairments during DXR chemotherapy. A 

series of redox reactions that generate some free radical 
species and toxic reactive intermediates leading to 
oxidative damage, apoptosis, and inflammation have been 
identified as major pathways of causing and amplifying 
nephrotoxicity by DXR (Mohammadi and Ahmadizadeh, 
2018; Ibrahim et al., 2020; Li et al., 2020). Therefore, 
among the various approaches pursued to ensure safe and 
effective DXR chemotherapy, approaches made through 
a combination of drug delivery together with potential 
therapeutics that attenuate DXR-induced oxidative stress, 
inflammation, and apoptosis offered the most promising 
results (Quiles et al., 2002). Accordingly, numerous studies 
have been conducted using various drug therapeutics at 
different doses in different experimental models of DXR 
nephrotoxicity (Heravi et al., 2018; Khan et al., 2020; 
Molehin, 2020).

The DXR-induced experimental nephrotoxicity model 
in rodents is a classical pharmacological animal model that 
simulates the early pathophysiological characteristics of 
kidney damage (Li et al., 2019; He et al., 2020). Clinical 
manifestations are similar to human kidney disease, 
including elevated serum creatinine and serum urea 
nitrogen concentrations, reduced creatinine clearance, 
hypoproteinemia, hypoalbuminemia, proteinuria, and 
morphological changes in kidney damage (Lee and 
Harris, 2011; Khajavi-Rad et al., 2017; Li et al., 2019). 
Histopathological changes of nephrotoxicity appear as 
early as one to two weeks after DXR administration and 
progress to a severe stage by four weeks (Wang et al., 
2000; Lee and Harris, 2011). Although the features of acute 
tubular necrosis could be observed with many nephrotoxic 
drugs, DXR also results in chronic effects on the kidney, 
based on published reports (Okuda et al., 1986).

Unravelling the mechanistic pathways of DXR 
nephrotoxicity remains quite challenging due to different 
clinical presentations of the model, such as acute kidney 
injury, acute tubular necrosis, nephrotic syndrome, chronic 
kidney injury, and other types of nephropathies (Okuda et 
al., 1986; Li et al., 2019; Molehin, 2020). The rationale 
behind the variability in clinical response might be the 
narrow therapeutic index of the drug leading to a significant 
variation in disease severity with a small difference in the 
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dose administered. The possibility of individual variability 
in response, even within the same strain of rodents, the 
potential differences in study duration, and the differences 
in biochemical and morphological parameters evaluated 
remain other concerns in the establishment of a consistent 
experimental model of DXR nephrotoxicity (Lee and Harris, 
2011; Heravi et al., 2018; Khan et al., 2020; Molehin, 
2020). Therefore, the establishment of an experimental 
model with high fidelity, that suits a particular research 
setting, is worth ascertaining a fertile animal model for the 
assessment of therapeutic targets. In this context, proper 
characterization of the DXR-induced nephrotoxicity model 
in terms of the pathophysiological features of kidney 
impairment and the potential mechanisms of nephrotoxicity 
are crucial. Therefore, the present work was carried out as 
the first study conducted in a Sri Lankan research setting, 
on the characterization of the experimental nephrotoxicity 
model induced by DXR in terms of biochemical, 
histological, and immunohistochemical assessments to 
provide a methodological reference to study potential drug 
therapeutics with nephroprotective effects against DXR 
nephrotoxicity. 

MATERIAL AND METHODS

Experimental animals and ethical aspects

Male Wistar rats weighing 200±25 g and 10-12 weeks old 
were obtained from the Animal Care Facility of the Medical 
Research Institute (Colombo, Sri Lanka). The animals were 
kept under pathogen-free conditions with alternating light 
and dark cycles. The animals were fed with a standard 
pelleted rodent diet and provided water ad libitum. The 
experiments were carried out following the International 
Ethical Guidelines on the Care and Use of Laboratory 
Animals (Council NR, 2010). The experimental protocols 
were approved by the Faculty of Medicine, University 
of Ruhuna, Institutional Ethical Review Committee, Sri 
Lanka (No. 14.12.2015:3.1).

Experimental design

Healthy male Wistar rats fasted for 8 h and were divided 
into four groups with six rats per  group. Doxorubicin 
hydrochloride (DXR, United Biotech Pvt Ltd, India) was 
injected once intraperitoneally into each experimental rat at 
three selected doses; 17, 20, and 23 mg/kg body weight. Six 
male Wistar rats of the same age and weight were injected 
with an equivalent volume of isotonic saline (vehicle). All 
rats in the vehicle and experimental groups were housed 

individually in metabolic cages and a 24-hour collection of 
spontaneously voided urine was performed on the sixth day 
after DXR administration (Figure 1). 

Rats were sacrificed under CO2 anaesthesia (EUTH 2A 
CO2 euthanasia chamber, Orchid Scientific, India) on the 
seventh day of the study. Blood samples were collected by 
cardiac puncture using a 21 G needle mounted on a 3 cc 
syringe.  The samples were left at room temperature (27 
℃) for one hour for coagulation before centrifugation at 
3000 rpm for 15 min for serum separation. Serum and urine 
samples were stored at -70 °C to be used in biochemical 
assays. Kidney tissues were excised and fixed in 10% 
formalin for the preparation of Hematoxylin and eosin (H 
and E) sections for the assessment of histopathology and 
immunohistochemistry.

Measurement of body weight, consumption of food and 
intake of water

The body weight of rats in all groups was measured using 
an animal scale (Shinano, Japan), before and daily, after 
DXR administration. The average percentage change in 
weights per group was calculated. Consumption of food 
and intake of water were measured daily during the period 
of intervention.

Biochemical measurements

Serum concentrations of creatinine, urea nitrogen, and 
urine concentrations of total protein, creatinine, and urea 
were measured with commercially available test kits by 
spectrophotometric methods. The concentration of β2-
microglobulin in serum was estimated using the enzyme-
linked immunosorbent assay (ELISA) method. 

Histology

Stained kidney sections of the experimental animals were 
prepared according to the standard procedures. Tissue 
sections were examined under the light microscope for the 
presence of indicators of cellular damage by two independent 
study investigators, including a consultant histopathologist. 
The investigators were blind to the respective groups of 
experimental rats during the histopathological assessment.

Immunohistochemistry studies

Immunohistochemical staining was performed on paraffin-
embedded kidney sections on microscopic slides coated 
with 0.01% (w/v) of poly-l-lysine (Sigma- Aldrich, USA). 
The primary markers used were anti-Bax (ab216494, 

Figure 1: Experimental design for the development of doxorubicin-induced nephrotoxicity model in Wistar rats
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Abcam, Cambridge, UK), anti- BCL-2 (M0887, Dako, 
Denmark), and anti- COX-2 (M3617, Dako, Denmark). 
The secondary antibody was the HRP- conjugated 
REAL EnVision detection system from Dako, Denmark 
(K4061).  Brown staining of cells was considered positive 
immunoreactivity. 

Statistical analysis

Biochemical data were evaluated by one-way analysis 
of variance (ANOVA) and least significant difference 
(LSD) post hoc test. Quantitative data were expressed 
as mean±SEM and the differences were considered 
statistically significant at values of p<0.05. 

RESULTS AND DISCUSSION 

Drug-induced nephrotoxicity is a serious health issue 
that requires attention due to the increased risk of acute 
kidney injury and subsequent progression to chronic 
kidney disease, end-stage renal disease, and mortality 
(Chinnappan et al., 2019; Li et al, 2020). Nephrotoxicity 
induced by various chemical agents in xenobiotics has 
become a frequent entity in clinical medicine due to 
the involvement of the kidneys in the metabolism and 
elimination of xenobiotics and their active metabolites 
(Iahtisham‐Ul‐Haq et al., 2019). Despite the numerous 
efforts made to discover potential therapeutic candidates, 
the management of nephrotoxicity remains a key area of 
research. Therefore, the present study was a foundation for 
exploring potential nephroprotective therapeutics for better 
management of nephrotoxicity, using the DXR-induced 
experimental model of nephrotoxicity. 

The present study was conducted using three selected 
doses of DXR, including 17, 20, and 23 mg/kg. During the 
experiments, Wistar rats from all the experimental groups 
were sacrificed seven days after DXR administration due 
to the moribund status of the animals administered with 
higher doses of DXR. All the rats administered with 17, and 
20 mg/kg doses survived until day seven of the intervention 
whereas, the 23 mg/kg dose increased mortality of rats 
(33%). 

Effect of DXR on body weight, consumption of food 
and intake of water

Administration of a single intraperitoneal dose of DXR at 
the three selected doses inhibited weight gain in Wistar rats. 

Animals treated with DXR showed a significant decrease 
in body weight compared to the control rats, as shown in 
Table 1 (p<0.05). However, the percentage change in body 
weight did not deviate in a dose-dependent manner and the 
lowest dose of DXR (17 mg/kg) caused the highest change 
in body weight (21%) in experimental rats. The DXR doses 
at 20 and 23 mg/kg resulted in a 9% and 15% reduction in 
body weight respectively.

Similarly, a significant reduction in the percentage 
change in average consumption of food and intake of water 
was associated with the induction of nephrotoxicity with 
DXR. The average consumption of food decreased (97%, 
100%, and 100% change from the initial consumption). 
In contrast, the average intake of water increased (85%, 
79%, and 73% change from the initial intake) with the 
increased dose of DXR in test groups (p<0.05). However, 
the percentage change in the average consumption of food 
and water intake in the vehicle group was 5% and 7%, 
respectively.

Effect of DXR on biochemical measurements

The diagnosis of nephrotoxicity in rodent models was 
mainly based on the determination of serum concentration 
of creatinine and urea in previous studies. Those are the 
key factors that determine the glomerular filtration rate 
(Abouzeinab, 2015). Both are nitrogenous end products of 
metabolism that are cleared from the bloodstream by the 
kidney (Safhi, 2018). The groups of rats administered with 
the 17, 20, and 23 mg/kg doses of DXR showed a significant 
increase in serum creatinine concentration (117%, 158%, 
and 259%) compared to the rats administered with saline 
(p<0.05). Similarly, a significant increase in the level of 
serum urea nitrogen was observed in nephrotoxic rats 
administered with a single dose of DXR at 20 mg/kg (26%), 
and 23 mg/kg (41%), when compared to the experimental rats 
of vehicle group (p<0.05). These elevated concentrations 
of serum urea nitrogen and creatinine, especially at 20 and 
23 mg/kg doses of DXR substantiate the fact that more 
than 50% of the nephrons are functionally damaged, which 
denotes severe nephrotoxicity (Perše and Veceric-Haler, 
2018; Aygun and Gul, 2019). The findings are consistent 
with those of the previous reports on DXR-induced 
nephrotoxicity model (Yilmaz et al., 2006). Yet, there are 
few reports on the same animal model which show deviated 
results in selected biomarkers (Heeba and Mahmoud, 2016; 

Table 1: Change in body weight, consumption of food and intake of water in DXR-induced nephrotoxicity in Wistar rats.

Group
Body weight (g) Average consumption of 

food (g)
Average intake of water 
(mL)Initial 

weight
Weight on 7th day

Vehicle 183±8 215±8 129.40±3.26 269±8.43

DXR  (17 mg/kg) 210±6 165±8 14.10±6.71c 79.00±30.92b

DXR (20 mg/kg) 158±8 140±8 4.60±3.88 c 128.00±43.52a

DXR (23 mg/kg) 264±4 225±5 5.00±2.24 c 153.00±53.47a

Data were presented as mean±SEM and a p<0.05, b p<0.01 and c p<0.001 were considered to be statistically significant against the 
vehicle. DXR; Doxorubicin
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Khan et al., 2020) further corroborating the requirement of 
their protocols for each laboratory to develop experimental 
models of DXR-induced nephrotoxicity for the evaluation 
of protective therapeutics.

The latest research on biomarkers has revealed that 
traditional markers of nephrotoxicity, including serum 
creatinine and serum urea nitrogen, are specific with low 
sensitivity in the detection of early kidney damage (Al-
Naimi et al., 2019). Therefore, the use of novel biomarkers 
with sensitivity and high specificity is encouraged for the 
discovery of initial kidney injury with information on the 
site of the underlying kidney damage. Urine protein is a 
potential biomarker of acute and chronic kidney damage 
induced by nephrotoxic drugs. Normally, glomeruli 
restrict the transport and migration of high-molecular-
weight proteins from the bloodstream to the lumen of the 
nephron. However, under pathological conditions, high 
molecular weight proteins can be detected in urine due to 
nephron dysfunction (Al-Naimi et al., 2019). Therefore, 
high‑molecular‑weight proteins such as albumin are 
regarded as more sensitive proteins in the early detection 
of glomerular filtration dysfunction. Hence, several studies 
have focused on the improvement of proteinuria under 
several therapies (Qi et al., 2012; Zhao et al., 2015). 
The loss of urinary protein in 24-hour urine samples was 
significantly increased in rats treated with 20 (110%), and 
23 mg/kg (138%) of DXR in the present study (p<0.05). 
These findings were further supported by the results of 
the urine concentration of creatinine and urea. Although 
both parameters showed a dose-dependent increase with 
DXR administration, a statistically significant increase 
was observed only with creatinine concentration in urine in 
rats induced with the highest dose of DXR (195%). These 
discrepancies could be due to the associated limitations 
in the collection of urine samples and the management of 
water intake. Since animals with severe kidney damage 
may develop oliguria, the collection of urine samples is 
difficult. Furthermore, urinary biomarker concentrations 
such as urea are altered by fluid intake that cannot be easily 
controlled in animal experiments (Mohamed et al., 2015). 

Generally, low-molecular-weight proteins are 
reabsorbed in the proximal renal tubules. However, the 
presence of an excessive amount of low‑molecular‑weight 
proteins leads to nephron overload exceeding the 

Table 2: The effect of DXR on serum and urine biomarkers of kidney function in experimental rats

Group
Biochemical parameters  in serum Biochemical parameters in urine

Creatinine 
(µmol/L)

SUN 

(mmol/L)

β2-
microglobulin 

(μg/ ml)

Total protein 
(mg/L)

Creatinine 
(mmol/L)

Urea 

(mmol/L)

Vehicle 30.15±2.79 6.86±0.55 4.50±0.18 452.27±13.24 0.93±0.20 5.80±1.14

DXR  (17 mg/kg) 65.52±2.75c 7.84±0.34 5.06±0.11 811.43±140.14 1.80±0.29 6.06±0.49

DXR (20 mg/kg) 77.93±2.93 c 8.63±0.46a 5.15±0.21 948.37±151.26a 2.13±0.34 6.37±0.77

DXR  (23 mg/kg) 108.18±10.95 c 9.65±1.31a 5.82±0.65a 1075.75±166.65a 2.74±0.75a 6.84±0.33

Data were presented as mean±SEM and a p<0.05, b p<0.01 and c p<0.001 were considered to be statistically significant against the 
vehicle. DXR; Doxorubicin, SUN; serum urea nitrogen

reabsorbing capacity of proximal renal tubules. Therefore, 
damage to the proximal renal tubules may result in 
low‑molecular‑weight proteinuria (Al-Naimi et al., 2019). 
Low-molecular weight proteins such as β2‑microglobulin 
reflect the underlying renal glomerular and/or tubular 
damage during nephrotoxicity. The concentrations of these 
low-molecular-weight proteins in serum would be directly 
proportional to the degree of nephrotoxicity (Izzedine 
and Perazella, 2017; Al-Naimi et al., 2019).  Although 
the concentration of β2-microglobulin was increased in 
a dose-dependent manner according to the dose of DXR 
(13%, 14%, and 29%), a significant increase was observed 
only in nephrotoxic rats administered the highest dose of 
DXR compared to the control group in the present study 
(p<0.05).  The findings on biomarkers in serum and urine 
are shown in Table 2.

These observed results on biochemical parameters 
and biomarkers of kidney function in the present study 
substantiate that DXR causes significant nephrotoxicity 
effects in Wistar rats. These findings corroborate the 
use of DXR as an inducer of kidney damage in rodents, 
as recognized in previous studies (Lee and Harris, 2011; 
Qi et al., 2012). However, in the present study, dose-
dependent changes with biochemical parameters such as 
serum concentration of total protein and albumin were not 
observed with the administration of DXR. These deviations 
in results could be attributed to some non-genetic 
factors which might affect the susceptibility to DXR 
nephrotoxicity. Such factors include dietary depletion and 
reduced absorption of magnesium, decreased dietary level 
of selenium, hydration status of animals, etc. (Perše and 
Veceric-Haler, 2018). Variation of these factors contributes 
to the deviations in results even within the same group 
due to uneven responses of experimental animals even 
though DXR induced nephrotoxicity model is reported as 
reproducible.

Effect of DXR on kidney histology

The evaluation of histopathology has become the most 
reliable method of determining the degree of nephrotoxicity 
accompanied by mild to moderate kidney damage in 
animal studies due to the drawbacks in routine biochemical 
parameters as mentioned above (Perše and Veceric-Haler, 
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Figure 2: Photomicrographs of normal renal histology (Vehicle) and the features of  acute tubular injury including cytoplasmic 
vacuolation, nuclear pyknosis, presence of dead cells, vascular congestion, hemorrhage and cast formation in DXR induced 
nephrotoxicity in Wistar rats (x400) seven days following intraperitoneal administration of the 17, 20, 23 mg/kg doses of DXR. DXR; 
Doxorubicin

2018). The findings of histopathological assessment 
corroborated the results of biochemical parameters in the 
present study. Figure 2 shows the photomicrographs of 
the H and E stained kidney sections of rats from different 
experimental groups. Histological examination revealed 
the presence of early features of acute tubular necrosis 
in experimental animals administered with DXR. The 
nephrotoxic rats suffered significant cortical damage with 
considerable glomerular and tubular damage following the 
administration of DXR. The severity of acute tubular injury 
increased with the increased dose of DXR as evident by 
the dose-dependent increase of tubular cell vacuolization, 
pyknosis of tubular epithelial cells, and the presence of 
dead cells. A similar increment was noticed with vascular 
congestion and hemorrhage as well. Tubular casts derived 
from sloughed cells and proteins could be observed with 

the highest dose of DXR. However, complete destruction 
of kidney morphology was not observed in either group of 
rats administered DXR. Furthermore, no features of chronic 
kidney injury were observed, including glomerulosclerosis, 
interstitial fibrosis, and tubulointerstitial inflammation. 
These findings are in line with the previous reports (Park et 
al., 2003; Yagmurca et al., 2015). 

Effect of DXR on apoptotic and anti-inflammatory 
markers

Several mechanisms have been suggested for the 
nephrotoxicity induced by DXR. The oxidative stress 
caused by the increased generation of reactive oxygen 
species which in turn, causes diverse oxidative damage to 
biological macromolecules, membrane lipid peroxidation, 
and oxidation of proteins is the mainstay in explaining 
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Figure 3(A): Photomicrographs of kidney tissues immune stained with anti-Bax (x400) seven days following intraperitoneal 
administration of the vehicle or DXR (17, 20, 23 mg/kg). A dose-dependent increase in the intensity of immunostaining (brown 
color) for anti-Bax was noted in experimental rats administered with 17, 20 and 23 mg/kg doses of DXR, respectively. In contrast, the 
experimental rats of vehicle group showed less staining for anti-Bax compared to the experimental rats administered with DXR. DXR; 
Doxorubicin.

Figure 3(B): Photomicrographs of kidney tissues immune stained with anti BCL-2 (x400) seven days following intraperitoneal 
administration of the vehicle or DXR (17, 20, and 23 mg/kg). A dose-dependent decrease in the intensity of immunostaining (brown 
color) for anti BCL-2 was noted in experimental rats administered with 17, 20, and 23 mg/kg doses of DXR respectively. In contrast 
the experimental rats of vehicle group showed better staining for anti BCL-2 compared to the experimental rats administered with 
DXR. DXR; Doxorubicin.
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Figure 3(C): Photomicrographs of kidney tissues immune stained with anti COX-2 (x400) seven days following intraperitoneal 
administration of the vehicle or DXR (17, 20, and 23 mg/kg). A dose-dependent increase in the intensity of immunostaining (brown 
color) for anti COX-2 was noted in experimental rats administered 17, 20, and 23 mg/kg doses of DXR respectively. In contrast the 
experimental rats of vehicle group showed less staining for anti COX-2 compared to the experimental rats administered with DXR. 
DXR; Doxorubicin.

the DXR nephrotoxicity (Ayla et al., 2011; El-Sheikh 
et al., 2012). Furthermore, the activation of apoptotic 
pathways mediated by DXR-induced oxidative stress and 
the generation of various pro-inflammatory mediators 
that stimulate inflammatory pathways play an important 
role in DXR-induced nephrotoxicity. DXR alone or in 
association with its biologically reactive intermediates 
induces mitochondrial lesion, switching the intrinsic 
apoptotic pathway, which is regulated mainly through 
a series of regulatory proteins of the B-cell lymphoma-2 
family, leading to caspase-dependent cell death (Lahoti 
et al., 2012; Ibrahim et al., 2020). In the present study, 

immunohistochemical studies revealed a dose-dependent 
increase in immunostaining for anti-Bax in experimental 
rats administered DXR. On the contrary, a dose-
dependent reduction in the immunostaining was observed 
with reference to anti- BCL-2. Photomicrographs are 
shown in Figure 3. This increased expression of Bax 
and decreased expression of BCL-2 with the increased 
dose of DXR further substantiate the up-regulation of 
apoptosis pathways in the course of DXR administration. 
Furthermore, DXR stimulates the production and release 
of various pro-inflammatory cytokines causing subsequent 
up-regulation of the inducible enzyme; cyclooxygenase-2 
(COX-2), which triggers inflammatory pathways leading 
to nephrotoxicity (Yu et al., 2017). This was further 
evidenced by the increased expression of COX-2 with 
an increase in DXR dose in the present study (Figure 3). 
Following up-regulation of COX-2, the subsequent release 
of the potent inflammatory modulator prostaglandin E-2, 
which is actively involved in the change of glomerular 
hemodynamics and glomerular filtration might result in 
increased serum concentrations of urea and creatinine in 

the nephrotoxicity of DXR in the present study (Ibrahim et 
al., 2018; Safhi,  2018).

  However, it is difficult to develop a perfect animal model 
to comply with human disease. Animal models are used in 
hundreds of experiments to develop effective therapeutics 
for kidney diseases, but most have failed in clinical studies 
(EL-Arabey and Salama, 2015). Differences in species, 
low incidence of subjects, and artificial induction of the 
disease are considered predisposing factors for misleading 
results in animal studies (Van der Worp et al., 2010). No 
animal model can exactly simulate or predict the response 
to kidney disease in humans. Therefore, developing animal 
models to represent human kidney disease is a challenge. 

An ideal animal model of nephrotoxicity is dose-
dependent and reflects the effect of the nephrotoxic 
agents morphologically. Volume depletion is the major 
predisposing factor for nephrotoxicity since; it may result 
in intense tubular uptake as well as retention of the toxin 
(Heyman et al., 2009). However, the selection of an 
appropriate dose of a nephrotoxic agent is important in 
scientific studies. Lower doses than recommended may 
be insufficient to cause kidney injury, while higher doses 
may become lethal, resulting in extensive tubular damage. 
According to the present findings, 20 and 23 mg/kg doses 
showed significant nephrotoxicity, particularly the features 
of acute kidney injury, in experimental animals. The dose 
of 17 mg/kg in rats showed mild changes in biochemical 
parameters which is not sufficient to demonstrate 
significant changes with a nephroprotective agent. 
However, a dose of 23 mg/kg was found to be a lethal 
dose, as the administration of the particular dose resulted 
in mortality in the study. Since animal experiments should 
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be conducted following procedures that minimize potential 
pain, suffering, or distress to the experimental animals, 
DXR at the dose of 23 mg/kg may not be suitable for the 
induction of nephrotoxicity (Festing and Wilkinson, 2007; 
Perše and Veceric-Haler, 2018).  Further, a positive control 
group was not used in the establishment of the model which 
could be a drawback in the present study. 

CONCLUSIONS 

The findings revealed a dose-dependent increase in 
nephrotoxicity with the increased dose of DXR, in which 
inflammatory and apoptotic pathways play a substantial 
role. The DXR dose of 23 mg/kg was found to be lethal 
whereas, the dose of 17 mg/kg resulted in mild changes 
in biochemical parameters. The Wistar rats administered 
with a single intraperitoneal dose of DXR at 20 mg/
kg produced a reliable animal model of acute kidney 
injury, which simulates the biochemical changes and 
morphological characteristics of the respective human 
disease. These findings would open new vistas to explore 
new nephroprotective drug leads/ therapeutics for to be 
used in the management of acute kidney injury, being the 
first report on   characterization of dose-dependent changes 
of DXR nephrotoxicity. 
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