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Abstract
Cisplatin causes renal fibrosis, but the development mechanism of interstitial fibrosis is not yet understood. We examined the effect of nano form antioxidant, N, N’-
diphenyl-1, 4-phenylenediamine (Nano-DPPD), on development of interstitial fibrosis induced by cisplatin. Cisplatin increased blood urea nitrogen (BUN), serum 
creatinine, serum magnesium and serum chemoattractant protein (MCP-1) on the other hand it decreased creatinine clearance levels. Also administration of cisplatin 
made many pathological abnormalities represented in increasing collagen deposition, α-smooth muscle actin, Ki67 and renal tubular injury. Administration of 
Nano-DPPD, which was started at 3 days after cisplatin treatment, significantly inhibited the increase in renal collagen contents and the expansion of the interstitial 
fibrosis area. These results indicate that anti-fibrotic action of Nano-DPPD is not secondary due to the inhibition of acute renal injury but is rather a direct effect 
on renal fibrogenesis. Nano-DPPD prevent the infiltration of macrophages by cisplatin, suggesting that anti-fibrotic action of Nano-DPPD was not mediated by 
the inhibition of inflammatory cellular influx. It is suggested that reactive oxygen species and collagen deposition are involved in cisplatin-induced renal interstitial 
fibrosis.
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Introduction
Cis-Diamminedichloroplatinum (II) (cisplatin) is antitumor agent 

for testis, bladder, head and neck, lung, and ovarian cancers. Cisplatin 
causes severe side effects such as renal impairment, gastrointestinal 
toxicity, and ototoxicity. In particular, its use is limited due to the 
induced renal fibrosis with tubular necrosis in the kidney [1,2]. The acute 
renal impairment induced by antitumor cisplatin has been described 
in animals and humans. Antioxidants that acts as radical scavengers 
prevented renal impairment induced by cisplatin administration in 
rats [3,4].also, cisplatin increased the lipid peroxidation and collagen 
deposition in rat renal tissues [5] and the synthesis of hydrogen 
peroxide in renal cells [6]. These findings suggest that reactive oxygen 
species (ROS) and collagen deposition play an important role in 
the pathogenesis of cisplatin-related renal fibrosis. It is known that 
cisplatin causes chronic interstitial nephritis with interstitial fibrosis in 
humans [7]. In experimental animals, cisplatin causes renal interstitial 
fibrosis in the long term [8]. Interstitial fibrosis is a common lesion 
in most chronic kidney diseases [9]. The development of interstitial 
fibrosis is thought to cause irreversible renal dysfunction [9]. However, 
a few reports have described the relationship between a renal function 
and development of fibrosis by cisplatin. Collagen deposition played 
an important role in renal fibrosis by cisplatin, we investigated the 
role of collagen in the development of fibrosis induced by cisplatin in 
kidney. We have reported that nano-antioxidant, N, N’-diphenyl-1,4-
phenylenediamine ( Nano-DPPD), prevented the increases in content 
of collagen and α-SMA and nephrotoxicity induced by cisplatin [10]. 
So, we determined the effect of Nano-DPPD on the development of 

fibrosis induced by cisplatin in rats. In this case, interstitial fibrosis may 
be suppressed merely due to the inhibition of cisplatin-induced renal 
injury by the antioxidant. To eliminate an effect of antioxidant on renal 
injury in the progression of fibrosis by cisplatin, we administered an 
antioxidant to the rats at a time that does not influence renal fibrosis 
induced by cisplatin. Administration of antioxidant as nano – form was 
useful as it increased the drug half life time in plasma so single dose of 
nano-DPPD was enough in renal fibrosis inhibition.

Aim of the work
This work aimed to study the effect of nano formulated N N’-

diphenyl-1, 4-phenylenediamine on amelioration of renal fibrosis and 
restoration of renal function in cisplatin induced nephrotoxicity in rat 
model.

Materials and methods
Experimental animals

The study was carried on 45 male Sprague–Dawley rats (body weight 
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170 – 220 g) Rats were bred and maintained in an air-conditioned 
animal house with specific pathogen free conditions, and were 
subjected to a 12:12-h daylight/darkness and allowed unlimited access 
to chow and water. All the ethical protocols for animal treatment were 
followed and supervised by the animal facilities, Medical Experimental 
Research Centre, Faculty of Medicine, Mansoura University. Rats were 
divided into 3 groups as follow:

(1) Control group, where 15 Rats were received intravenous saline 
instead of cisplatin and served as the control.

(2) Cisplatin group, where 15 Rats were received cisplatin (6 mg/
kg, i.p.) at the start of experiments.

(3) Nano-formulated DPPD group, where 10 Rats were received 
cisplatin (6 mg/kg, i.p.) at the start of experiments and Three days after 
cisplatin administration, rats were given Nano-formulated DPPD (0.5 
g/kg, i.p.) single dose.

At 14 days after cisplatin (or saline) administration, urine and 
blood samples were obtained and kidneys were removed.

Preparation of DPPD-loaded Poly(lactide-co-glycolic acid) 
(PLGA) nanoparticles 

The DPPD-loaded PLGA nanoparticles was prepared using “single 
emulsion-solvent evaporation method” through a modified procedure. 
Briefly, 500 mg of PLGA was dissolved in 10 ml of suitable solvent. A 
solution of 100 mg DPPD was added with stirring to the PLGA solution. 
Afterward, the PLGA/DPPD mixture was added dropwise with high 
vortexing to a surfactant solution. Once all of the PLGA/DPPD mixture 
was added, the contents was sonicated at 60% amplitude with a probe 
type sonicator (Misonix ultrasonic processor, S-4000, MisonixInc, 
CT, USA) to create an oil-in-water emulsion. Sonication process was 
carried out in an ice-water bath with using pulse function to prevent 
the heat built-up of the PLGA/DPPD solution during the sonication. 
After sonication, the emulsion was immediately poured into 100 ml 
of diluted surfactant solution under rapid stirring. The resulting nano-
sized PLGA emulsion was then stirred to allow for solvents evaporation. 
The produced PLGA nanoparticles suspension was diluted to 150 ml 
volume with de-ionized water and used for further investigations. The 
plain PLGA nanoparticles was synthesized using the same procedure 
but without the DPPD [11]. 

Measurement of biochemical parameters 

•	 Blood samples were used for determination of serum 
creatinine, BUN, serum magnesium levels   by standard laboratory 
methods and monocyte chemoattractant protein 1 (MCP-1) by ELISA 
according to the commericial kits Rat MCP-1 Quantikine, respectively 
(R&D systems, Minneapolis,MN,USA). 

•	 Urine samples were used for determination of urinary 
creatinine in order to calculate creatinine clearance by standard 
laboratory methods.

•	 Tissue samples were used for determination of total collagen [12].

•	  These parameters were measured using : 

	 An automated spectrophotometer (Slim Plus, Italy).

	 Microplate Reader (Stat Fax 3200, Awareness).

Histopathological examination  

Renal morphology: Kidneys were perfused in a retrograde fashion 

through the abdominal aorta using saline 0.9% till complete clearance 
of the perfusion fluid, and then 10% neutral buffered formalin for in situ 
fixation. Both kidneys in all groups were harvested, cut longitudinally, 
and send for pathological evaluation in 10% neutral buffered formalin. 
Samples were processed and embedded in paraffin wax and sections (4 
μm thick) were evaluated for the following:

Tubular injury score: sections were stained with hematoxylin and 
eosin (H & E) for light microscopic examination.

Total collagen and detection of interstitial fibrosis: renal tissue 
samples of the experiment were stained with Masson trichrome. This 
stain is used as routine connective tissue stain. It stains collagen blue 
while nuclei are stained red to blue

Immunohistochemical staining for α-SMA and Ki-67:

·	Detection of alpha smooth muscle actin (α-SMA): The degree 
of α-SMA in all groups was assessed in renal tissue samples of the 
experiment using a specific kit that detect α-SMA protein in rat cells 
(DakoCytomation, Glostrup, Denmark). 

·	Detection of  proliferation marker Ki-67 antigen: The degree of 
cellular proliferation in all groups was assessed in renal tissue samples 
of the experiment using a specific kit that detect Ki-67 antigen in rat 
cells (DakoCytomation, Glostrup, Denmark).

Statistical analysis

Data were tabulated, coded then analyzed using the computer 
program SPSS (Statistical package for social science) version 17.0 to 
obtain descriptive data. Descriptive statistics were calculated in the 
form of mean ± standard deviation (SD) and median, minimum and 
maximum. In the statistical comparison between the different groups, 
the significance of difference was tested using one of the following 
tests:  ANOVA (analysis of variance): Used to compare between more 
than two groups of numerical (parametric) data followed by post-hoc 
tukey, Kruskal Wallis test: Used to compare between more than two 
groups of numerical (non-parametric) data followed by mann-whitney 
for pairwise comparisons or Repeated measures ANOVA (analysis of 
variance): Used to compare between more than two related groups 
of numerical (parametric) data followed by post-hoc LSD. A P value 
<0.05 was considered statistically significant.

Results 
At day 14	

Cisplatin group showed significant increase in serum creatinine, 
BUN and magnesium compared to control group (p < 0.001)  but 
Nano-DPPD group showed significant decrease in serum creatinine, 
BUN and magnesium compared to cisplatin group (p < 0.05) as shown 
in Figures 1-3.

Also, cisplatin group showed significant decrease in creatinine 
clearance compared to control group (p<0.001) but Nano-DPPD 
group showed significant increase in creatinine clearance compared to 
cisplatin group (p<0.001) as shown in Figure 4.

On the other hand, hydroxyproline content and MCP-1 were 
significantly increase in cisplatin group compared to control group (p 
≤ 0.001). But significantly decreased in Nano-DPPD group compared 
to cisplatin group (p ≤ 0.001) as shown in Figures 5-6. 

In case of Histopathological examination we found that at day 
14, tubular injury score and fibrosis score were significantly increase 
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in cisplatin group compared to control group (p ≤ 0.001). But Nano-
DPPD group showed significant decrease in tubular injury score 
and fibrosis score compared to positive group (p < 0.05) as shown in 
Figures 7-9.

At day 14, ASMA-positive cells and Ki-67 proliferation marker 
were significantly increase in cisplatin group compared to control 
group (p ≤ 0.001). But significantly decreased in Nano-DPPD group 
compared to positive group (p ≤ 0.001) as shown in Figures 10-12.

Discussion 
The present study indicated that Nano-DPPD dramatically 

protected the cisplatin-induced in vivo nephrotoxicity in rat. However, 
the mechanisms underlying the cisplatin-induced acute renal failure 
have not been fully understood, several investigators have shown that 
the ROS or free radicals and collagen deposition are closely related to 
renal fibrosis induced by cisplatin [13].

Several studies have reported that the alterations induced by 
cisplatin in the kidney functions were characterized by signs of injury, 
such as increase in products of lipid peroxidation and changes in 
total collagen concentration in kidney tissue as well glucose, protein, 
creatinine and urea levels, in urine and plasma samples [14]. In the 
present study, it has been shown that administration of cisplatin to rat 
caused an elevation in total tissue collagen  and serum chemoattractant 
protein MCP-1, which correlated with increase in plasma creatinine,  
urea and magnesium levels. And also, correlated with decline in 
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Figure 1. Effect of Nano-DPPD therapy on serum creatinine (mg/dl) in rat fibrosis model 
induced by cisplatin.

Figure 2. Effect of Nano-DPPD therapy on BUN (mg/dl) in rat fibrosis model induced by 
cisplatin.

Figure 3. Effect of Nano-DPPD therapy on serum magnesium (mg/dl) in rat fibrosis model 
induced by cisplatin.

Figure 4. Effect of Nano-DPPD therapy on oncreatinine clearance (ml/min./100g body 
weight) in rat fibrosis model induced by cisplatin.

Figure 5. Effect of Nano-DPPD therapy on serum MCP-1 (pg/ml) in rat fibrosis model 
induced by cisplatin.

Figure 6. Effect of Nano-DPPD therapy on onhyroxyproline content (ug / mg kidney 
tissue) in rat fibrosis model induced by cisplatin.

  Figure 7. Effect of Nano-DPPD therapy on tubular injury in rat fibrosis model induced by 
cisplatin.	
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creatinine clearance level Also, cisplatin-induced nephrotoxicity was 
accompanied by an increase in KI-67 proliferation marker, α–smooth 
muscle actin in kidney tissue. These histopathological results were well 
correlated with the renal biochemical parameters. The current study 
demonstrates that Nano-DPPD provides protection against cisplatin-
induced acute renal failure in rat. Treatment with Nano-DPPD 
resulted in a lower level of creatinine, magnesium and urea in plasma 
and total tissue collagen  and serum chemoattractant protein MCP-1 
and increasing creatinine clearance level than cisplatin received group, 
indicating improvement in the renal function. The histopathological 
evaluation of the kidney preparations in Nano-DPPD - treated groups 

also revealed a decrease in cisplatin-induced renal injury and fibrosis 
score. Although the exact mechanism of cisplatininduced renal 
fibrosis is not well understood, several investigators have shown that 
cisplatin renal fibrosis is associated with increase the infilteration and 
proliferation of the myofibroblast, a specialized fibroblast characterized 
by cytoplasmic stress fibres with alpha smooth muscle actin (α-SMA) 
in renal tissue [14]. It has been suggested that binding of cisplatin to 
the renal base transport system and the following infiltration process 
is the main cause of renal fibrosis. There is evidence suggesting that 
cisplatin exerts its nephrotoxic effects by the generation of free radicals 
and increasing collagen deposition that results from infiltration 
of myofibroblast to interstitium [15]. In the present investigation, 
treatment with Nano-DPPD inhibited the increase alpha smooth 
muscle actin (α-SMA) induced by cisplatin in renal tissue and also, 
inhibited increasing in KI-67 proliferation marker. Nano-DPPD has 
reversed the enhancement of α SMA and KI-67 level to a considerable 
extent, thereby confirming its antioxidant role in cisplatin acute renal 
failure [16].

In conclusion, Nano-DPPD is able to protect the kidneys against 
cisplatin-induced fibrosis. But, before a conclusive statement on 
potential usefulness of Nano-DPPD as adjunct to the cisplatin therapy, 
there is a need for further studies including human trials. 
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Figure 8. Effect of Nano-DPPD therapy on fibrosis score in rat fibrosis model induced by 
cisplatin.

 

Figure 9. Histopathological examination (Tubular injury score - Total collagen and 
detection of interstitial fibrosis ) in all studied groups.

Figure 10. Effect of antioxidant and mesenchymal stem cell therapy on Ki-67 positive 
cells/HPF in rat fibrosis model induced by cisplatin.

Figure 11. Effect of antioxidant and mesenchymal stem cell therapy on ASMA-positive 
cells/HPF in rat fibrosis model induced by cisplatin.

 

Figure 12. Immunohistochemical staining for α-SMA and Ki-67in all studied groups.
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