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Abstract
Background/Aims: The aim of the present study was to investigate the effect of combination 
of aliskiren with paricalcitol on experimental diabetic nephropathy (DN) model in rats. 
Methods: Forty male Sprague Dawley rats were divided into 5 groups of 8 rats each, namely 
the control (Group C), diabetes (Group D), aliskiren (Group A), paricalcitol (Group P), and 
aliskiren plus paricalcitol (Group A+P) groups. Aliskiren was given by oral-gavage at a dose 
of 50 mg/kg/day once daily for 12 weeks. Paricalcitol was given by intraperitoneally at a dose 
of 0,4 µg/kg/three day of week for 12 weeks. Renal function parameters, oxidative stress 
biomarkers, mRNA expression of renin-angiotensin system parameters and kidney histology 
were determined. Results: Group A+P had lower mean albümin-to-creatinine ratio (ACR) 
(p=0.004) as well as higher creatinine clearance (CCr) (p<0.005) than the diabetic rats (Group 
D). Combination therapy significantly increased CCr (Group A+P vs Group A, p<0.005;  Group 
A+P vs Group P, p=0.022) and reduced ACR (Group A+P vs Group A, p=0.018;  Group A+P 
vs Group P, p<0.005) when compared to monotherapy. Serum malondialdehyde levels were 
significantly lower (p=0.004); glutathion levels (p=0.003), glutathion peroxidase (p=0.004) 
and superoxide dismutase (p<0.005) activities were significantly higher in group A+P than in 
group D. The mean scores of mRNA expression of renin (p<0.005), angiotensin II (p=0.012) 
and angiotensin type 1 receptor (p=0.018) in group A+P were significantly lower. Although 
combination therapy showed no additional effect on oxidative system, renin-angiotensin 
system and renal histology, aliskiren plus paricalcitol significantly decreased interstitial fibrosis 
volume when compared to monotherapy (Group A+P vs Group A, p<0.005;  Group A+P vs 
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Group P, p=0.002). Conclusion: Our data seem to suggest a potential role of aliskiren plus 
paricalcitol acting synergystically for reducing the progression of diabetic nephropathy in an 
experimental rat model.

 Copyright © 2014 S. Karger AG, Basel

Introduction

Diabetic nephropathy (DN), a severe microvascular complication frequently associated 
with both type 1 and type 2 diabetes mellitus, is a leading cause of renal failure [1]. 
The condition can also lead to accelerated cardiovascular disease and macrovascular 
complications. Currently available therapies have not been fully efficacious in the treatment 
of DN, suggesting that further understanding of the molecular mechanisms underlying the 
pathogenesis of DN is necessary for the improved management of this disease [2]. 

The renin-angiotensin-aldosterone system (RAAS) plays an essential role in the 
development of diabetic nephropathy, and blockage of the RAAS is currently used for 
treatment [3, 4]. The major problem of RAAS blockage, including both angiotensin-converting 
enzyme inhibitors (ACEs) and angiotensin receptor blockers (ARBs), is the disruption of the 
negative feedback inhibition of renin production lead into compensatory renin increase. 

Aliskiren – 2(S),4(S),5(S),7(S)-N-(2-carbamoyl-2-methylpropyl)-5-amino-4-hydroxy-
2,7-diisopropyl-8-[4-methoxy-3-(3-methoxypropoxy)phenyl]-octanamide hemifumarate – 
is a direct renin inhibitor that has been approved for lowering arterial blood pressure [5, 6]. 
Inhibition of renin, a rate-limiting step in Angiotensin II production, represents the target for 
inhibition of the RAAS and may be a new option for reducing the progression of DN.

Paricalcitol (19-nor-1,25-dihydroxyvitamin D2) is an active, non-hypercalcemic vitamin 
D analogue that shows biological activity similar to vitamin D, but has fewer adverse effects 
[7]. In addition to its primary role in calcium metabolism and bone mineralization, vitamin D 
and its non-hypercalcemic analogue paricalcitol have pleiotropic and antioxidant effects on 
cellular homeostasis [8]. Studies in experimental nephropathy models have demonstrated 
that paricalcitol improves glomerular damage and tubular toxicity [9, 10]. VITAL study 
reported that addition of paricalcitol to RAAS inhibition lowers albuminuria in patients 
with DN [11]. Recently it has been shown that paricalcitol has antioxidant effects on the 
myocardium [12] and supresses the RAAS in the kidney [13].

The aim of the present study was to investigate the effect of combination of aliskiren with 
paricalcitol on experimental DN model in rats. The finding that vitamin D is a potent negative 
endocrine regulator of the RAAS, we hypothesised that combination therapy could reduce 
the progression more than individual effect of aliskiren and paricalcitol. We evaluated renal 
function parameters, serum levels and activities of oxidative stress biomarkers, expression 
of RAAS components on renal tissue, and renal histology after treatment with aliskiren and 
paricalcitol in combination. 

Materials and Methods

Animals
All animal procedures adhered to the guidelines of European Council for animal care and the Animal 

Ethics Review Committee of Yeditepe University (Istanbul, Turkey) approved the experimental protocol. 
Male Sprague Dawley rats, weighing ~240-260 g, reared at the Yeditepe University Animal Research Center 
were used in the study. The rats were housed at the Experimental Animal Center in a controlled environment 
at a temperature of 22±1 °C with a 12-hour light/dark cycle. The animals were fed distilled water ad libitum 
and standart chow diet. Individual metabolic cages were used for the collection of 24 h urine. 

http://dx.doi.org/10.1159%2F000368471


 Kidney Blood Press Res 2014;39:581-590
DOI: 10.1159/000368471
Published online: December 15, 2014

© 2014 S. Karger AG, Basel
www.karger.com/kbr 583

Eren et al.: Aliskiren and Paricalcitol on Experimental Diabetic Nephropathy Model

Experimental design
Diabetes was induced after an over night fast by a single intraperitoneal injection (ip) of 65mg/kg 

streptozotocin (STZ) (SigmaAldrichCo.,St Louis, MO,USA) freshly dissolved in 10mM citrate buffer (pH 4.2). 
Blood glucose levels were measured 48 h after STZ with Optium Exceed test strip glucometer  (Abbott, 
IL, USA) using one drop of tail blood.  Rats with a blood glucose level over 300 mg/dl were considered as 
diabetic. Diabetic rats received daily 1 to 8 IU Insulin Detemir (Levemir, NovoNordisc, Bagsvaerd, Denmark) 
to prevent weight loss and ketotic state. Blood glucose levels were monitoring weekly to determine insulin 
dosage. Three weeks after induction of diabetes, rats were randomly assigned to one of the following five 
groups: 

(1) Diabetic nephropathy group  (Group D) (n=8): Rats treated only with Insulin to maintain blood 
glucose levels approximately 300 mg/dl, 

(2) Aliskiren group (Group A) (n=8): Rats recieved Aliskiren (Raziles, Novartis, Switzerland) 10 mg/
kg/day dosage by oral gavage and insülin to maintain blood glucose levels app. 300 mg/dl, 

(3) Paricalcitol group (Group P) (n=8): Rats treated with intraperitoneal (ip) paricalcitol (Zemplar, 
Abbott Laboratories, IL, USA) 0,4 µg/kg/ three day of week and insulin,  

(4) Aliskiren + Paricalcitol group (Group A+P) (n=8): Rats treated with ip paricalcitol 0,4 µg/kg/ three 
day of week and aliskiren 10 mg/kg/day by oral gavage, and insulin, 

(5) Control group (Group C) (n=8): Non diabetic rats without STZ treatment
All rats were killed by decapitation at 12 weeks after randomisation. Kidney, blood and urine samples 

were taken, serum was separated and aliquots were stored at at –80 ° C until analysis.

Evaluation of renal functions
Serum and urinary creatinine were measured using commercially available clinical assay kits with 

an autoanalyzer (COBAS Integra 400 Plus, Roche Diagnostic, Rotkreuz, Switzerland) according to the 
manufacturers’ instructions. The Creatinine clearance (CCr) was calculated using the following equation:

CCr (millilitersperminute per kilogram of body weight) = [urinary Cr (milligrams per deciliter) X 
urinary volume (milliliters)/serum Cr (milligrams per deciliter)] X[1000/body weight (grams)]X[1/1440 
(minutes)] [14]. 

Urinary albumin were measured with Immunoperoxidase assay (GenWayBiotech, San Diego, CA, ABD).

Evaluation of lipid peroxidation/antioxidans in kidney
Kidney tissue was homogenized in ice-cold 0.15M KCl (10%, w/v). Endogenous lipid peroxidation 

was assessed by measuring the levels of malondialdehyde (MDA) in tissue homogenates [15]. Tissue 
homogenates were mixed with sodium dodecyl sulfate, acetate buffer (Ph 3.5) and aqueous solution 
of thio barbituric acid (TBA). After heating at 95°C for 60 min, thered pigment produced was extracted 
with n-butanol–pyridine mixture and estimated by measuring the absorbance at 532 nm. The break down 
product of 1,1,3,3-tetra ethoxy propane was used as a standard. Samples and standards were treated with 
butylated hydroxy toluene (0.02% final concentration) to protect from further oxidation. The MDA levels 
were measured in nmol/g tissue.

Glutathion (GSH) levels were measured as described by Beutleret et al. [16]. This method is based 
upon the development of a relatively stable yellow color when 5,5-dithiobis-(2- nitrobenzoate) is added to 
sulfhydryl compounds. GSH levels were expressed as µmol/g tissue.

Superoxide dismutase (SOD) and glutathion peroxidase (GSH-Px) activities were determined in 
post mitochondrial fraction of kidney tissues, which were separated by sequential centrifugation. Tissue 
homogenates were centrifuged at 600×g for 10 min at 4 ◦C to remove crude fractions. Then, supernatants 
were centrifuged at 10,000×g for 20 min to obtain the postmitochondrial fraction.

SOD activity was assayed by its ability to increase the effect of riboflavin-sensitized photooxidation 
of odianisidine [17]. GSH-Px activity was measured using the method of Lawrence and Burk with cumene 
hydroperoxide as substrate [18]. In this method, GSH-Px activity was coupled to the oxidation of NADPH 
by glutathione reductase and the oxidation of NADPH was followed spectrophotometrically at 340 nm at 
37 ◦C. GSH activity was assayed by the spectrophotometric method using 1-chloro-2,4-dinitro benzene as 
the substrate [19]. Protein levels were determined in post mitochondrial fractions using bicinchoninic acid 
[20]. The SOD activity was measured and expressed as units per mg protein (u/mg protein) and GSH-Px was 
expressed as nmol/min/mg.
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Real Time PCR for Renin, Renin receptor, Angiotensin and Angiotensin Type 1 receptor
25 mg of kidney tissue containing both cortex and medulla sections were put into RNA later RNA 

preserving reagent (QIAGEN, Germany). Total RNA was isolated by using Roche High Pure RNA Isolation 
kit (Roche Diagnostics, Switzerland). Isolations were performed according to manufacturer’s instructions. 
Tissues were homogenized by using Magnetic Pellet Motor Pestle (Sigma, USA). Supernatants containing 
nucleic acids were taken into 1.5 ml microcentrifuge tubes containing 200µl of 100% ethanol. Samples then 
were moved into the spin columns and centrifuged at 13000 x g for 2 minutes. After washing, they were 
quantified in NanoDrop spectrophotometer (ThermoScientific, USA) before cDNA synthesis.

For single strand cDNA synthesis, Transcriptor High Fidelity cDNA Synthesis Kit (Roche, Switzerland) 
was used according to manufacturer’s instructions. Quality of samples were evaluated in NanoDrop 
Spectrophotometer (ThermoScientific, USA).

Realtime PCR was done by using TaqMan Master Kit (Roche, Switzerland). Primers used in Real Time 
PCR were Angiotensin, Angiotensin Receptor 1a, Renin, Renin Receptor and β-Actin as internal control 
and were acquired from Roche as Realtime Ready Primers with an optimized annealing temperature of 
60ºC. Roche Light Cycler 480 was used to acquire results with PCR conditions  10 minutes at 95ºC, 95ºC for 
10s-60ºC for 30s-72ºC for 1s for 45 cycles and 40ºC for 30s. All samples were done in triplets and results 
were analyzed on Light Cycler 480 Analysis Program v5.0 by 2-ddCP relative quantification.

Histological and morphometric evaluation
Dissected kidneys were fixed overnight with 4% formaldehyde in PBS (pH 7.2), processed, embedded 

in paraffin according to standard protocols, and sectioned at 4 μm. Slides were stained with hematoxylin 
and eosin (H&E) and Massone trichrome using standard histologic procedures. Glomerular sclerosis, 
interstitial fibrosis and tubulointerstitial damage were evaluated in a blinded fashion by an experienced 
pathologist.  Glomerular sclerosis were graded semiquantitative in four grades: 0 = normal glomerulus, 
1+ = sclerosis involving less than 25% of glomerular surface area, 2+ = sclerosis involving 25 to 50%, 3+ = 
sclerosis involving more than 50% of glomerular surface area. Tubulointerstitial damage (tubulointerstitial 
inflammation, tubular injury, and interstitial fibrosis) was also scored semiquantitative as described 
previously : 0 = normal interstitium and tubules; 1+ = minimal injury (< 25% of tissue section affected); 
2+ = mild injury (25 to < 50% of tissue section affected); 3+ = moderate injury (50 to 75% of tissue section 
affected); and 4+ = severe injury (> 75% of tissue section involved).

Histomorphometric analysis was performed on a Masson's Trichrome stained slide at 100× 
magnification.  For each case ten microscopic fields were randomly selected. interstitial fibrosis volume 
was quantified using an Olympus BX 51 with a DP2-BSW Soft Imaging System (Olympus Co., Hamburg,  
Germany) and expressed at µm2.

Statistical analysis
Data are presented as mean ± SD. ANOVA and Bonferroni’s tests were used to compare the means 

of continuous variables that were normally distributed and had equal variances. Welch and Games-Howel 
tests were used to compare the means of continuous variables that were normally distributed and did not 
have equal variances. The Kruskal-Wallis and Mann Whitney-U tests were used to compare the medians 
of non-normally distributed continuous variables. Two-tailed p-values <0.05 were considered statistically 
significant. Statistical analyses were performed using SPSS version 19.0 (SPSS Inc., Chicago, Ill., USA) 

Results

Renal function parameters
Table 1 shows the renal function parameters in the 5 treatment groups. Twenty-four 

hour CCr did not differ in the C, A, P, and A+P groups. As expected, CCr decreased significantly 
in group D when compared to control animals (p<0.005). CCr was significantly higher in 
group A+P than in group D (p=0.026), but no differences were seen in group A+P when 
compared to control rats (p>0.05). The mean albümin-to-creatinine ratio (ACR) did not 
differ in the C, A, P, and A+P groups. ACR was significantly higher in group D than in controls 
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(p<0.005). On the other hand, this parameter was significantly lower in group A+P than in 
group D (p=0.004). Furthermore, combination therapy significantly increased CCr (Group 
A+P vs Group A, p<0.005;  Group A+P vs Group P, p=0.022) and reduced ACR (Group A+P vs 
Group A, p=0.018;  Group A+P vs Group P, p<0.005) when compared to monotherapy.

Oxidative stress parameters
Levels of the kidney MDA did not differ in the C, A, P, and A+P groups. Kidney MDA levels 

were significantly increased in Group D when compared to controls (p<0.005) indicating an 
excess lipid peroxidation in DN. This parameter was significantly lower in group A+P than 
in group D (p=0.004), but no differences were seen in group A+P when compared to control 
rats (p>0.05). Similarly, tissue level of GSH (p<0.005), GSH-Px (p<0.005) and SOD (p<0.005) 
kidney tissue activities were decreased in Group D when compared to control group. Level 
of GSH (p=0.003), GSH-Px (p=0.004) and SOD (p<0.005) activities were significantly higher 
in group A+P than in group D. There were no significant differences of these parameters in 
Group A+P when compared to controls (p>0.05) (figure 1). 

Renal mRNA expression of RAS parameters 
Expression of Renin, Renin receptor, Angiotensin II and Angiotensin Type 1 receptor 

mRNA did not differ in the C, A, P, and A+P groups. Expression of renin (p<0.005), renin 
receptor (p<0.005), angiotensin II (p=0.001), and angiotensin II type 1 receptor (p=0.002) 
were significantly increased in group D when compared to controls. Expression of renin 
(p<0.005), angiotensin II (p=0.012), and angiotensin type 1 receptor (p=0.018) were 
significantly lower in group A+P than in group D. However, there were no significant 
differences of these parameters in Group A+P when compared to controls (p>0.05) (figure 
2).

Histological and morphometric evaluation
Histological analysis. The histological findings in the 5 treatment groups are reported in 

table 2. Tubulointerstitial inflammation (p<0.005), tubular injury (p<0.005) and interstitial 
fibrosis (p<0.005) parameters were significantly difference between control and diabetic 
groups. Tubulointerstitial inflammation (p=0.004), tubular injury (p=0.013) and interstitial 
fibrosis (p=0.003) parameters were significantly lower in group A+P than in group D. 
However, there were no significant differences of these parameters in Group A+P when 
compared to controls (p>0.05, respectively). Combination therapy did not improve renal 
histology (tubulointerstitial inflammation, tubular injury, interstitial fibrosis) (Group A+P vs 
Group A, p>0.05, respectively; Group A+P vs Group P, p>0.05, respectively) when compared 
to monotherapy. 

Histomorphometric analysis for interstitial fibrosis volume. Interstitial fibrosis volume 
was significantly increased in group D when compared to controls (p<0.005). Interstitial 
fibrosis volume was significantly lower in group A+P than in group D (p<0.005), but 

Table 1. Renal function parameters in 5 treatment groups
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no difference was seen in group A+P when compared to control rats (p>0.05) (figure 3). 
Furthermore, combination therapy significantly decreased interstitial fibrosis volume when 
compared to monotherapy (Group A+P vs Group A, p<0.005;  Group A+P vs Group P, p=0.002).

Discussion

The present experimental study demonstrated for the first time that aliskiren and 
paricalcitol combination treatment might reduce progression of diabetic nephropathy by 
improving renal interstitial fibrosis on DN model in rats. Combination therapy improved 
renal functions, intrarenal anti-oxidant enzyme activities, decreased intrarenal RAAS activity, 
and lowered interstitial fibrosis volume. 

Fig. 1. Changes in renal tissue MDA (A), SOD (B), GSH (C), GSH-Px (D) levels and activities in 5 treatment 
groups. MDA: malondialdehyde; SOD: superoxide dismutase; GSH: glutathion; GSH-Px: glutathion peroxida-
se. Group D: Diabetic nephropathy; Group A: Aliskiren; Group P: Paricalcitol; Group A+P:  Aliskiren + Pari-
calcitol; Group C: Control. *: p=0.004 (A), p<0.005 (B), p=0.003 (C), p=0.004 (D) (p: Group A+P vs Group D).

Table 2. Histology findings in the 5 treatment groups
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It is well known that the RAAS pathway is activated in the diabetic kidney. The 
renoprotective effects of the RAAS-inhibiting drugs have been shown to involve the 
normalization of glomerular hyperperfusion and hyperfiltration, restoration of glomerular 
barrier function, and a reduction of the non-hemodynamic effects of angiotensin II and 
aldosterone [21]. 

We demonstrated that aliskiren and paricalcitol combination treatment reduced renal 
mRNA expression of renin, angiotensin II and angiotensin II type 1 receptors in rats. We 
interpreted that optimal suppression of RAAS activity via combination treatment may 
inhibit compensatory increase in renin and angiotensin II levels. Feldman et al showed that 
aliskiren prevents the development of albuminuria, fibrosis and glomerulosclerosis on DN 
model in rats by suppression of intrarenal RAAS [22]. We also demonstrated that aliskiren or 

Fig. 3. Histomorphometric analysis for fibrosis volume in 5 treatment groups. Group D: Diabetic neph-
ropathy; Group A: Aliskiren; Group P: Paricalcitol; Group A+P:  Aliskiren + Paricalcitol; Group C: Control .  
* p<0.005 (Group A+P vs Group D). 

Fig. 2. Renal mRNA expression of RAAS parameters in 5 treatment groups. Group D: Diabetic nephropathy; 
Group A: Aliskiren; Group P: Paricalcitol; Group A+P:  Aliskiren + Paricalcitol; Group C: Control. *: p<0.005 
(renin) (Group A+P vs Group D), p=0.012 (angiotensin II) (Group A+P vs Group D), p=0.018 (angiotensin II 
type I receptor) (Group A+P vs Group D).
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paricalcitol alone moderately reduced interstitial fibrosis in diabetic rats; interestingly, they 
appeared to act synergistically, and their combination completely blocked the development 
of interstitial fibrosis. We speculated that combination therapy may contribute to renal 
protection by reducing the deleterious effects of angiotensin II and aldosterone more 
effectively. 

However, our data is particularly different from the following literature. Fraune et al 
demonstrated that aliskiren plus losartan increased plasma and renal renin expression 
[23]. According to our results, aliskiren and combination treatment decreased renal renin 
expression. The finding that 1,25(OH)2D3 represses renin gene transcription [24, 25] 
provides a good basis to use paricalcitol for the suppression of the compensatory renin 
increase because vitamin D analogs directly inhibit renin biosynthesis. Furthermore, aliskiren 
has been shown to reduce the renal expression of the pro-renin receptor in an animal model 
of diabetes [22]. Based on these findings, it can be speculated that combination treatment 
could have exerted their beneficial effects in the prevention of interstitial fibrosis through 
RAAS at every step. We interpreted that aliskiren and renal renin and pro-renin expression 
is a potential pathophysiological dilemma in the setting of DN, future studies are needed to 
shed more light on this issue. 

As we all know, the structural/cellular basis is easily destroyed by the oxidative stress 
which has been verified to participate in the pathogenesis of DN [26]. Oxidative stress refers 
to the imbalance between the antioxidative defense system and the oxidative system [26, 
27]. Recently, it is documented that paricalcitol has not only renin inhibitor effects, but also 
antioxidant effects [12, 28-30]. Izquierdo et al. reported that paricalcitol decreases serum 
MDA levels and increases serum GSH, thioredoxin, catalase and SOD activities in hemodialysis 
patients [29]. Similarly, Husain et al reported that paricalcitol and enalapril combination 
treatment inhibits the increase in cardiac MDA levels and reduces cardiac SOD activity in 
uremic rats [12]. In the present study, the activity of SOD and level of GSH in glomeruli of 
diabetic rats were evidently inhibited along with a distinct increase in MDA level. By contrast, 
following aliskiren and paricalcitol combination treatment, the activity of all the enzymes 
displayed a significant increase accompanied with the obvious decrease in MDA level. These 
results demonstrate that combination treatment possesses antioxidant activity and could 
improve the antioxidative defense system of the diabetic kidney. 

This is the first demonstration that paricalcitol can be used to block the compensatory 
renin increase and intrarenal oxidative stress in a combination therapy with aliskiren. The 
results of the present study seem to suggest that combination treatment may have benefits 
in renal functions. However, histological parameters did not improve significantly. Therefore, 
it is likely that the observed effects of aliskiren and paricalcitol in the treatment of DN could 
mainly  exerted through anti-oxidant and anti-angiotensin mechanisms. 

Conclusion 

Several caveats of this report merit comment. The lack of hemodynamic measurement 
is an obvious limitation. Altough this is an experimental study of DN treatment in the rat, our 
report provides a proof of concept and could have implications for further clinical research 
in human. Another important limitation is that we did not attemp to measure renal pro-renin 
expression in the rats.

These limitations notwithstanding, we demonstrate for the first time that administration 
of aliskiren and paricalcitol improves renal function parameters, RAAS activity and anti-
oxidant enzymes in a rat model of DN. While aliskiren and paricalcitol combination treatment 
may have a role in DN, further animal and clinical studies are needed before any definite 
conclusion can be drawn. 
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