
 
 
PHYSIOLOGICAL RESEARCH • ISSN 0862-8408 (print) • ISSN 1802-9973 (online)                
© 2010 Institute of Physiology v.v.i., Academy of Sciences of the Czech Republic, Prague, Czech Republic 
Fax +420 241 062 164, e-mail: physres@biomed.cas.cz, www.biomed.cas.cz/physiolres 
 

Physiol. Res. 59: 871-880, 2010 
 
 
Microalbuminuria versus Brain Natriuretic Peptide in Cardiac 
Hypertrophy of Hypertensive Rats  
 
 
Y. SALIBA1, E. CHOUERY2, A. MÉGARBANÉ2, H. JABBOUR3, N. FARÈS1 
 

1Laboratoire de Physiologie et Physiopathologie, Faculté de Médecine, Université Saint Joseph, 
Beyrouth, Liban, 2Unité de Génétique Médicale, Faculté de Médecine, Université Saint Joseph, 
Beyrouth, Liban,3Département d'Anesthésie et de Réanimation, Hôtel-Dieu-de-France, Beyrouth, 
Liban 
 

Received June 1, 2009 
Accepted March 26, 2010 
On-line June 9, 2010 
 
 
Summary 

The objective of this study was to assess a possible link between 

microalbuminuria (MA), a major risk factor of the cardiorenal 

syndrome and the brain natriuretic peptide (BNP), a marker of 

cardiac hypertrophy. Two kidney-one clip (2K-1C) renovascular 

hypertension was induced in 24 male Wistar rats (weighing 220-

250 g). Rats were randomized into four groups for 8 weeks: 

Sham, not treated; Bos, treated with bosentan; Cap, treated with 

captopril; Bos/Cap, treated with both drugs. Blood pressure, 

plasma BNP and transforming growth factor β1 (TGF-β1) 

concentrations, microalbuminuria and creatininemia as well as 

cardiac mass, BNP, α- and β-myosin heavy chain (MHC) gene 

expression and kidney histology were determined. Following 

stenosis, Sham rats developed hypertension (p<0.001), an 

increase in BNP (p<0.05) and TGF-β1 (p<0.005) concentrations, 

creatinine levels (p<0.001), and urinary albumin (p<0.001). 

Under drug treatment, decreases in blood pressure (p<0.001), 

creatinine levels (p<0.05), plasma TGF-β1 (p<0.005) and BNP 

(p<0.05) concentrations, were concomitant with the absence of 

MA which was significantly correlated with reductions in cardiac 

mass (p<0.05) and hypertrophy markers (BNP and β-MHC gene 

expression) (p<0.005) as well as in renal fibrosis. These findings 

suggest a potential link between microalbuminuria evolution and 

BNP as well as a possible effect of microalbuminuria-lowering 

therapy on halting the progression, or even inducing the 

regression of cardiac hypertrophy. 
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Introduction 
 

Cardiovascular diseases (CVD) related factors 
are responsible for the death of more than 50 % of 
patients with chronic kidney disease (CKD) (USRDS 
2008) or end-stage renal disease (ESRD) (Keith et al. 
2004). Therefore, it is not surprising that 30 to 50 % of 
patients with congestive heart failure (CHF) exhibit a 
disruption of the glomerular filtration (McAlister et al. 
2004). The term cardiorenal syndrome (CRS) has been 
increasingly used without a consistent well-accepted 
definition; it is manifested by renal failure, 
microalbuminuria (MA), resistance to diuretics, anemia, 
and tendency towards hyperkalemia and low systolic 
blood pressure (SBP). Renal failure leads to a diverse 
pathophysiologic array including: changes in the process 
of coagulation and fibrinolysis, endothelial dysfunction, 
anemia, disorders of the phospho-calcium balance, 
dysfunction of the renin-angiotensin-aldosterone system 
(RAAS), abnormal lipid metabolism, left ventricular 
hypertrophy (LVH) and arrhythmias (McCullough 2002).  

The CRS can be classified into five subtypes 
including a vast array of interrelated derangements and 
reflecting the bidirectional nature of heart-kidney 
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interaction (Ronco et al. 2008). In fact, this interaction is 
a two-way process: renal dysfunction causes heart 
problems, and vice versa. Van Dokkum et al. (2004) 
examined the effects of myocardial infarction on the loss 
of renal function in unilaterally nephrectomized rats and 
suggested that heart failure (HF) worsens renal 
dysfunction, possibly via neurohumoral signals. This 
mutual interaction justifies the concept of the CRS 
(Schrier 2006).  

Microalbuminuria appears to be a major risk 
factor of this syndrome. In fact, it is currently considered 
as a marker of endothelial dysfunction and vascular 
permeability (McCullough 2007). It is associated with 
LVH and hypertension; subjects with MA are highly 
vulnerable to CVD with a high mortality rate (Wachtell et 
al. 2002).  

Although a recent study found a correlation 
between blood pressure control, MA and BNP (Uno et al. 
2008), cardiac hypertrophy was not evaluated, and thus 
the relationship between MA and cardiac hypertrophy 
remains not very clear. There are no current studies at the 
cellular or molecular level which prove the existence of a 
clear direct relationship between these two entities. It is 
well established that treatment with angiotensin 
converting enzyme inhibitors (ACEI) or angiotensin II 
receptor blockers (ARBs) in CKD, improves renal 
function and decreases hospitalization risk for a CHF 
(Brenner et al. 2001). In addition, in vitro studies in rats 
have shown that treatment with endothelin receptor 
blockers (ERBs), especially endothelin type A (ET-A) 
receptor blockers, modulates the natriuretic peptides gene 
expression in renovascular hypertension (Bianciotti and 
De Bold 2001) and prevents left ventricular hypertrophy 
and the re-expression of the β-MHC and atrial natriuretic 
peptide genes on day 2 in the same 2K-1C model, 
independently of blood pressure effects (Ehmke et al. 
1999).  

Based on these facts, we used a non-selective 
ERB and an ACEI as pharmacological tools to treat  
2K-1C adult hypertensive rats, in order to assess a 
possible link between microalbuminuria evolution, a 
major risk factor of the CRS, and BNP, a marker of 
cardiac hypertrophy.  
 
Materials and Methods 
 

The protocols of the present study were designed 
according to the Guiding Principles in the Care and Use 
of Animals approved by the Council of the American 

Physiological Society and were in adherence to the Guide 
for the Care and Use of Laboratory Animals published by 
the US National Institutes of Health (NIH Publication no. 
85-23, revised 1996). 

 
Animals 

Thirty male Wistar rats (weighing 220-250 g) 
were obtained from the “Centre d’Elevage R. Janvier” 
(Le Genest-Saint Isle, France). The animals were housed 
in individual metal wire metabolic cages with constant 
temperature (25 °C). A specific air ventilation system 
assured an efficient flow within the room to keep the 
level of humidity within the animals' immediate 
environment at an acceptable level; thus, the relative 
humidity was within the range of 50±5 %. The rats were 
exposed to a 12: 12-h light-dark cycle, were fed ordinary 
rat chow, had free access to tap water and were 
acclimatized for at least one week under these conditions 
before the start of the study. 

 
Induction of 2K-1C hypertension 

During ketamine (Interchemie, Holland) and 
xylazine (Rotex Medica, Germany) anesthesia (75 and 
10 mg/kg, respectively), the right kidney was exposed 
through a flank incision. The right renal artery was 
clipped by placing of a rigid U-shaped silver clip (SLS-
clips, Vitalitec, France) with an internal opening of 
0.25 mm. The left kidney was left intact. 

 
Experimental groups 

The operated rats were randomly assigned into 
four groups of 6 animals: the Bos group treated with the 
non-selective ERB, bosentan (Actelion, Allschwil, 
Switzerland); the Cap group treated with the ACEI 
captopril (Novartis, Switzerland); the Bos/Cap group 
treated with both drugs and the Sham group which was 
not subjected to any pharmacological treatment. 
Treatment began after the establishment of hypertension 
two weeks after the stenosis. Every morning drugs were 
given with a small amount of the drinking water (5 ml) to 
achieve a final consumption of 10 mg.kg-1.day-1; then 
each rat was switched back to the tap water as soon as the 
five milliliters were consumed. The rats were all housed 
under the same conditions, and since their body weights 
were comparable throughout the study, the necessary 
time for the 5 ml consumption was approximately the 
same for all the rats within the same group. The animals 
were sacrificed after 8 weeks following the stenosis. The 
development of cardiac hypertrophy in the Sham group 



2010 MA vs BNP in Cardiac Hypertrophy    873  
   
was evaluated by comparing the animals’ hearts weights 
to those of the fifth group containing six un-operated 
untreated control rats; these control animals were also 
kept in metabolic cages under the same conditions 
throughout the study, and were eventually sacrificed for 
the purpose of weighing their hearts to obtain the normal 
baseline values, and therefore assessing the development 
of cardiac hypertrophy in the other groups. 

 
Measurements of systolic blood pressure SBP 

SBP was measured, in all the 24 conscious 
resting rats before clipping, twice daily for one week for 
the normal baseline values, and once daily during the 
development of high SBP, using the tail-cuff method 
(Swislocki et al. 1999, Kubota et al. 2006) with an 
electrosphygmograph (Model 29 amplifier and sensors, 
IITC, Woodland Hills, CA). Our measurement system 
was calibrated weekly using an aneroid 
sphygmomanometer. Just before blood pressure 
measurements, rats were placed in acrylic holders (Model 
82, IITC). At each time point, two SBP measurements 
were taken on each animal and averaged. To avoid 
variations in SBP due to day cycle, all measurements 
were carried out between 10 and 12 a.m. Preliminary 
training sessions were performed during one week before 
starting the experiment. 

 
Measurements of plasma BNP, TGF-β1 and creatinine 

During the week before clipping, three blood 
samples were taken from each of the 24 rats, one each 
two days, for normal baseline values. After the stenosis, 
one blood sample was weekly taken from the jugular vein 
of each rat, till the sacrifice. All blood samples were 
directly centrifuged at 6000 r.p.m and plasma was kept at 
–80 °C for later measurements. ELISA technique was 
used for BNP and TGF-β1 measurements: BNP-32 (Rat) 
kit (Peninsula Laboratories, Bachem Group, USA) was 
used to measure plasma BNP, and Quantikine 
Mouse/Rat/Porcine/Canine TGF-β1 kit (R&D Systems, 
USA) for TGF-β1 measurement. Moreover, plasma 
creatinine measurement was based on the reaction of 
creatinine with alkaline picrate as described by Jaffé (Kit: 
Biolabo, Maizy, France). 

 
Measurement of urinary albumin 

During the week preceding the clipping, three 
24-hour urine samples were collected (once each two 
days) from each of the 24 rats to obtain normal baseline 
values. 

Then after the stenosis, one weekly sample was 
collected till the sacrifice on the eighth week. All urine 
samples were conserved at –80 °C for later 
measurements. The NycoCard U-ALBUMIN kit (Axis-
Shield, Norway) was used to evaluate MA. 

 
Cell dissociation for RNA isolation 

Following the sacrifice, rat hearts were cut off 
and weighed. Ventricular myocytes were dissociated 
from the isolated hearts of sham and treated rats by 
enzymatic digestion as previously described (Farès et al. 
1996). Briefly, the rats were injected with 1000 i.u. 
heparin i.p. (Choay; Sanofi, Gentilly, France) and 
anaesthetized with the ketamine/xylazine mixture; hearts 
were quickly removed via thoracotomy and transferred to 
an ice-cold Tyrode solution. The aorta was cannulated 
and the heart mounted on a Langendorff apparatus and 
successively perfused (at 37 °C) with the following 
oxygenated solutions: 5 min with Tyrode solution; 4 min 
with a nominally Ca2+-free Tyrode solution, and about 
20 min with the same solution supplemented with 0.05 % 
collagenase (type II, Worthington), 0.06 mM CaCl2 and 
0.1 % bovine serum albumin (BSA). When the heart was 
flaccid, it was rinsed with Kraft-Brühe (KB) medium 
(Isenberg and Klöckner 1982) for 2 min. The ventricles 
were cut off, chopped into small pieces and gently stirred 
in KB medium. Isolated cells were filtered on a 200 µm 
filter, and then instantly homogenized in Trizol 
(Invitrogen Life Technologies, Carlsbad, CA, USA) to 
prevent loss of cells and RNA degradation, and finally 
kept at –80 °C for later remaining steps of RNA isolation. 

 
Real-time quantitative RT-PCR 

Total RNA was extracted from the previously 
isolated ventricular myocytes by the use of Trizol, and then 
purified with ethanol 75 % (Sigma, St. Louis, USA). The 
concentration and purity of RNA was determined by 
measuring the absorbance at 260 nm with the NanoDrop 
Spectrophotometer ND-1000 (NanoDrop Technologies 
Inc, Wilmington, DE, USA). cDNA was synthesized using 
random primers (250 ng/µl), dNTP (10 mmol/l) and the 
SuperScript II Reverse Transcriptase kit (Invitrogen). Real-
time PCR was conducted using the 7500 Real Time PCR 
System and the Sybr Green PCR Master Mix (Applied 
Biosystems, Foster City, CA, USA). To confirm the 
specificity of the amplified products, melting curves were 
performed at the end of the amplification. The amount of 
PCR products, calculated in reference to the individual 
calibration curves, were then normalized to that of either 
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TATA Binding Protein (TBP) or β-actin (ACTB), 
determined in the same mRNA sample. In addition, ‘no 
RT’ control reactions were performed omitting the reverse 
transcriptase to confirm the absence of contaminating 
genomic DNA. The following primers were used:  
BNP sense 5'-AAGTCCTAGCCAGTCTCCAGAACA-3' 
and antisense 5'-AGCTCCAGCAGCTTCTGCAT-3'; 
α-MHC sense 5'-CTTCTGCTGATACCGGTGACAG-3' 
and antisense 5'-TGAGCCTTTCTTCTTGCCTCC-3'; 
β-MHC sense 5'-CCTCGCAATATCAAGGGAAA-3' and 
antisense 5'-TACAGGTGCATCAGCTCCAG-3'; ACTB 
sense 5'-CGTGAAAAGATGACCCAGATCA-3' and 
antisense 5'-TGGATGGCTACGTACATGGC-3'; TBP 
sense 5'-CCACACCAGCCTCTGAGAGC-3' and antisense 
5'-ATACAATATTTTGGAGCTGTGGTACAA-3'. 

 
Renal tissue preparation for histopathology 

Following the sacrifice, the right kidneys were 
also excised: the renal veins were cut, and kidneys were 
perfused with ice-cold Tyrode solution until all blood was 
removed, then decapsulated, cut into half through a mid-
sagittal plane and fixed with 10 % formalin solution. The 
formalin-fixed tissue was embedded in paraffin, and 
sections of 4 μm thickness were cut. Paraffin-embedded 
sections of the kidneys were stained with either 
hematoxylin and eosin or Sirius red for histopathological 
evaluation. After staining, the sections were rinsed in 
distilled water, dehydrated in ethanol/water baths with 
decreasing water content, and finally rinsed in xylene 
before being mounted with a permanent mounting 
medium. Gross examination and histological sections 
were interpreted by two independent pathologists in a 
blinded fashion, without knowledge as to how the 
animals were treated. Eight sections were analyzed for 
each rat in the four operated groups. 

Statistical analysis 
Statistical analysis was performed by means of 

the one-way ANOVA for repeated measurements. The 
Mauchly’s sphericity test was used to evaluate if the 
assumption of sphericity has been violated, then 
correction was performed by the Greenhouse-Geisser test. 
To explain the exact difference between group means, the 
post hoc Bonferroni test was applied. 

The relationships among the changes in MA, 
cardiac mass, plasma BNP and β-MHC and BNP mRNA 
levels, before and after treatments were assessed by 
Spearman’s correlation coefficient. p<0.05 values were 
considered to be statistically significant. All values are 
means ± S.E.M.  
 
Results 
 
Systolic blood pressure, plasma BNP and TGF-ß1 levels  

SBP was significantly increased in Sham group 
as compared to that measured in these same rats before 
applying the stenosis (181.8±7.5 vs. 115.2±2.4 mm Hg, 
p<0.001) (Table 1). SBP values obtained in the Bos 
(132.1±5.5 mm Hg), Cap (124.1±8.8 mm Hg) and 
Bos/Cap (116.1±6.7 mm Hg) groups were significantly 
lower (p<0.001) than in the Sham group (Table 1), with 
no significant differences with the normal values before 
stenosis. 

As shown in Table 1, mean plasma BNP and 
TGF-β1 levels increased in Sham group as compared to 
the normal values before stenosis (BNP: 1.96±0.05 vs 
0.675±0.11 ng/ml, p<0.05; TGF-β1: 93.22±10.74 vs 
22.82±4.26 ng/ml, p<0.005). Significant decrease of BNP 
were noted under bosentan (1.47±0.02 ng/ml), captopril 
(1.35±0.03 ng/ml) or bosentan/captopril (1.19±0.04 
ng/ml) treatments (p<0.05). Furthermore, treatment with 

Table 1. SBP as well as plasma BNP and TGF-β1 levels in the treated and untreated 2K-1C male adult rats. 
 

 
Before stenosis 

(n=24) 
Sham  
(n=6) 

Bos  
(n=6) 

Cap  
(n=6) 

Bos/Cap  
(n=6) 

SBP  
(mm Hg) 

115.2 ± 2.4 181.8 ± 7.5* 132.1 ± 5.5+ 124.1 ± 8.8+ 116.1 ± 6.7+ 

Plasma BNP 
(ng/ml) 

0.675 ± 0.11 1.96 ± 0.05** 1.47 ± 0.02++ 1.35 ± 0.03++ 1.19 ± 0.04++ 

Plasma TGF-β1 
(ng/ml) 

22.82 ± 4.26 93.22 ± 10.74 *** 27.74 ± 0.02+++ 24.27 ± 3.37 +++ 23.22 ± 3.82 +++ 

 
SBP: systolic blood pressure, BNP: brain natriuretic peptide, TGF-β1: transforming growth factor beta 1. Bos: bosentan, Cap: captopril, 
Bos/Cap: bosentan and captopril. *p<0.001, **p<0.05 and ***p<0.005 Sham vs Before stenosis; +p<0.001, ++p<0.05 and +++p<0.005 
Treated vs Sham. Data are presented as mean ± S.E.M. n: number of animals. 
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bosentan, captopril and their combination significantly 
decreased plasma TGF-β1 levels (27.74±0.02; 
24.27±3.37 and 23.22±3.82 ng/ml respectively, p<0.005) 
and there were no significant differences with the normal 
baseline before stenosis. 

 
Urinary albumin and plasma creatinine levels  

As shown in Figure 1, rats developed MA after 
banding the right renal artery (17.99±0.2 vs 0.36±0.01 
mg/l, p<0.001), while the low urinary albumin levels 
observed among groups under treatment with bosentan 
(<0.07±0.01 mg/l), captopril (0.67±0.02 mg/l) and the 
combination of both drugs (<0.07±0.01 mg/l), indicate 
the absence of MA. 

A concomitant elevation of plasma creatinine 
was observed after applying the stenosis (0.8±0.11 vs 
0.49±0.04 mg/dl, p<0.001; Fig. 1). Creatinine levels 
obtained under the treatments with bosentan (0.5±0.03 
mg/dl), captopril (0.59±0.003 mg/dl) or bosentan/ 
captopril (0.53±0.009 mg/dl) were significantly lower 
(p<0.05) than in the Sham group (0.49±0.04 mg/dl) 

(Fig. 1). The administration of captopril alone caused a 
predictable elevation of plasma creatinine compared to 
the normal value (p<0.05). 

 
BNP, a-MHC, ß-MHC gene expression and cardiac mass  

As shown in Figure 2, the administration of 
bosentan, captopril and their combination resulted in a 
significant decrease of BNP expression as compared to 
untreated rats (219±7, 194±17 and 187±14 vs. 347±31 %, 
p<0.005). This decrease in BNP gene expression under 
ERB and/or ACEI treatments was accompanied by an 
increase in α-MHC gene expression. In fact, α-MHC 
expression increased under bosentan, captopril and the 
combination of both (187±6, 201±11 and 219±18 vs. 
68±3 %, p<0.005). On the other hand, a significant 
decrease in β-MHC expression occurred under treatments 
(191±16, 180±5 and 141±13 vs. 364±8 %, p<0.005). A 
significant increase in cardiac mass was noted in the 
sham group compared to control rats (1258.65±103.1 vs. 
860.25±49.12 mg, p<0.05) (Table 2). Treatment with the 
non-selective ERB and/or ACEI decreased cardiac mass 

 
 
 

Fig. 1. Urinary albumin level and 
creatinine levels in the 2K-1C male adult 
rats, under or without treatment. Bos: 
bosentan, Cap: captopril, Bos/Cap: 
bosentan and captopril. a) *p<0.001 vs
Before stenosis; b) **p<0.05 vs Sham, 
+p<0.05 vs Before stenosis. Data are 
presented as mean ± S.E.M. n: number 
of animals. 
 

Table 2. Cardiac mass in the treated and untreated 2K-1C male adult rats. 
  

 
Control 
(n=24) 

Sham  
(n=6) 

Bos  
(n=6) 

Cap  
(n=6) 

Bos/Cap  
(n=6) 

Body weight  
(g) 

234.4 ± 17.2 240.2 ± 15.1 251.5 ± 20.3 237.8 ± 19.8 245.3 ± 16.4 

Heart weight  
(mg) 

860.25 ± 49.12 1258.65 ± 103.1+ 1094.03 ± 98.73* 1001.14 ± 90.24* 986.11 ± 78.46* 

Heart weight/ 
body weight ratio 
(mg/g) 

3.67 ± 0.06 5.24 ± 0.17++ 4.35 ± 0.15* 4.21 ± 0.09* 4.02 ± 0.04* 

 
Bos: bosentan, Cap: captopril, Bos/Cap: bosentan and captorpil. *p<0.05 Treated vs Sham, +p<0.05 and ++p<0.005 Sham vs Control. 
Data are presented as mean ± S.E.M. n: number of animals. 
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(1094.03±98.73, 1001.14±90.24 and 986.11±78.46 vs. 
1258.65±103.1 mg, p<0.05) (Table 2). 

 
Correlation of changes in MA with changes in 
hypertrophy markers  

After 8 weeks, there was no significant 
difference in body weight between the different groups 
(Control unoperated rats: 234.4±17.2, Sham: 240.2±15.1, 
Bos: 251.5±20.3, Cap: 237.8±19.8 and Bos/Cap: 
245.3±16.4 g) (Table 2). However, the heart weight/body 
weight ratio was significantly higher in the Sham group 
as compared to the baseline values of the control 
unoperated rats (5.24±0.17 vs 3.67±0.06 mg/g, p<0.005), 
suggesting the development of cardiac hypertrophy in 
2K-1C rats of the sham group. Significant decreases, as 
compared to Sham rats, in heart weight/body weight ratio 
were noted under treatments (4.35±0.15, 4.21±0.09 and 
4.02±0.04 mg/g, p<0.05). 

The mean value of all MA data of each rat, 
correlated with the values of BNP, β-MHC mRNA levels 
or heart weight/body weight ratio. Table 3 shows that 
there was a significant positive correlation between MA 
and cardiac mass, BNP and β-MHC mRNA levels. 
 
Histological analysis 

Following renal artery stenosis the kidney 
sections from sham rats showed acute tubular necrosis in 
all cases and tubule cells had detached from basement 
membrane. Exfoliated tubular cells formed cylinders 
within the dilated tubular lumens (Fig. 3e) and interstitial 
inflammatory cells (mononuclear cells) also appeared 

(Fig. 3f). Staining with Sirius red also showed elevated 
levels of interstitial collagen deposition in all examined 
sections (Fig. 4e). Rats treated with ACEI, ERB or their 
combination showed a normal parenchyma in 75 %, 
62.5 % and 87.5 % of kidney sections (Figs 3b-d). 
Glomerulotubular sections were clear with no signs of 
tubular cell vacuolization or necrosis. The interstitial 
space was very little visible with no inflammatory 
infiltration. Marked reductions of interstitial collagen 
were noticed with Sirius red staining in 75 %, 75 % and 
87.5 % of the kidney histological sections of the rats 
under ACEI, ERB and ACEI/ERB treatment, 
respectively, indicating the regression of fibrosis (Figs 
4b-d).  
 
Discussion 
 

In this study, we were able to demonstrate the 
existence of a possible link between MA evolution, a 
major risk factor of the cardiorenal syndrome (CRS), and 
BNP, a marker of cardiac hypertrophy. 

After applying unilateral renal artery stenosis, 
the rats without any treatment developed hypertension 
(Table 1). In fact, renal artery stenosis causes 
a glomerular filtration rate (GFR) reduction and thus 
setting off the RAAS cascade in order to maintain a 
constant GFR by efferent renal artery constriction. 
Bosentan significantly decreased SBP which is consistent 
with previous findings of Krum et al. (1998). 
Nevertheless, several authors have reported no change in 
blood pressure using different selective and non-selective 
ET-1 antagonists in 2K-1C hypertension (Ehmke et al. 
1999, Hocher et al. 1999), but most of these studies were 
carried out during the early phase in the development of 
hypertension. Others found attenuation of the rise in 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. BNP, alpha- and beta-MHC mRNA levels in the ventricular
myocytes isolated from the hearts of the 2K-1C male adult rats.
Bos: bosentan, Cap: captopril, Bos/Cap: bosentan and captopril,
BNP: brain natriuretic peptide, MHC: myosin heavy chain.
*p<0.005 vs Sham. Data are presented as mean ± S.E.M.
n: number of animals. 
 

Table 3. Correlation of microalbuminuria with cardiac mass, BNP 
and β-MHC mRNA levels in 2K-1C rats before and after 
treatments.  
 

 MA (mg/dl) (n=24) 
 r P value 

Heart weight/body weight 
ratio (mg/g) (n=24) 

0.90 0.05 

BNP mRNA (n=24) 0.87 0.05 
Β-MHC mRNA (n=24) 0.93 0.05 

 
MA: microalbuminuria, BNP: brain natriuretic peptide, β-MHC: 
beta myosin heavy chain. p values were assessed by the 
Spearman’s correlation coefficient r. n – number of animals. 
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Fig. 3. Hematoxylin and eosin staining of the 
2K-1C male adult rats kidney sections, under or 
without treatment. a) control, b) bosentan, 
c) captopril, d) bosentan/captopril, e) sham. 
G: glomerule, T: tubule, L: lymphocytes. Arrows 
in f) show the interstitial inflammatory 
outbreaks. Magnification: x200 in (a-e) and x400 
in (f). Scale bars: 50 µm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 4. Sirius red collagen staining of the  
2K-1C male adult rats kidney sections, under or 
without treatment. a) control, b) bosentan, 
c) captopril, d) bosentan/captopril, e) sham. 
G: glomerule, T: tubule. Arrows in e) show the 
interstitial collagen deposite. Magnification: x200. 
Scale bars: 50 µm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

blood pressure following treatment with selective ET-A 
antagonists, even at 2 days after clipping (Schricker et al. 
1995). Captopril administration alone was more effective 
than the bosentan in reducing BP; in fact, ACEI remain 
the first line of renovascular hypertension treatment 
(Ruggenenti et al. 2006). Additive hemodynamic effects 
of combined non-selective ERB and ACEI therapy were 
noted in our Bos/Cap group as previously reported by 
Teerlink et al. (1994). 

BNP is the leading marker of ventricular 
hypertrophy (Scardovi 2004). MA, a marker of systemic 
inflammation and endothelial dysfunction (Stehouwer 
2004) is associated with a high CVD risk in patients with 
diabetes (Dries et al. 2001), and hypertension (Wachtell et 

al. 2003), as well as in seemingly healthy individuals 
(Hillege et al. 2002). The link between MA and 
hypertension is mediated by inflammation (Kalra et al. 
2005, Wang et al. 2005). Moreover, MA is also a risk 
factor contributing to the proximal renal tubule 
inflammation resulting in renal fibrosis (Shankland 2006). 
MA is considered not only a predictor of CVD, fibrosis 
and CKD, but also a therapeutic target (Ibsen et al. 2005). 

The predictive effect of albuminuria in CVD 
extends its limits to the general population where even low 
levels of urinary albumin, below the MA threshold, predict 
the development of a composite of cardiovascular events, 
including HF, as showed by Arnlov et al. (2005) in 
middle-aged nonhypertensive and nondiabetic individuals. 
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In our study, high BP in 2K-1C rats was 
accompanied by MA development and increased BNP 
levels (Fig. 1, Table 1). Bosentan and/or captopril 
administration eliminated MA and reduced plasma BNP 
which was accompanied by the regression of cardiac mass 
(Table 2) suggesting the regression of cardiac hypertrophy 
under the non-selective ERB and/or ACEI treatment. This 
parallel evolution of the two parameters evokes their strong 
positive correlation (Table 3) and suggests a 
cardioprotective role of MA-lowering. In a recent study 
(Uno et al. 2008), a correlation between blood pressure 
control, MA and BNP was found, but cardiac hypertrophy 
was not evaluated, and thus the relationship between MA 
and cardiac hypertrophy remains vague. 

The relationship between MA and hypertension 
leading to cardiac hypertrophy and HF is very complex. 
Previous cross-sectional studies indicate that MA may be a 
feature of hypertension and a marker of target-organ 
damage (Cirillo et al. 1998), whereas others showed that 
urinary albumin excretion predicts blood pressure 
progression in nondiabetic, nonhypertensive individuals 
incrementally over established risk factors and at levels 
well below the conventional threshold for MA (Wang et al. 
2005). Since the present findings focused on cardiac 
hypertrophy, in the initial stages leading to HF, 
cardioprotective antihypertensive treatments led to a 
decrease in SBP parallel to the decline in MA. However, 
other large-scale randomized clinical trials showed that 
albuminuria is a risk predictor of heart failure irrespective 
of antihypertensive treatment (Arnold et al. 2003), which 
validates our conclusion on the cardioprotective role of 
MA-lowering in the initial stages of the disease, with MA 
being the most important predictor of cardiac hypertrophy 
and eventually HF. 

Angiotensin II (AngII) and endothelin-1 (ET-1) 
stimulate TGF-β1 gene expression (Sung et al. 1994). 
AngII can activate collagen I gene in aorta and renal cortex 
in vivo by a mechanism requiring participation and/or 
cooperation of ET-1 and TGF-β1 (Fakhouri et al. 2001). 
ACE inhibition and endothelin receptor ET-A/B blockade 
result in a decline of cardiac and renal fibrosis (Kuwahara 
et al. 1999). Similarly, our study shows first an increase in 
TGF-β1 levels after clipping the renal artery parallel to the 
increase of interstitial fibrosis and tubular injury; after 

treatment with ACEI and/or non-selective ERB, TGF-β1 
level decreased with an improvement of renal histology 
(Table 1, Figs 3 and 4). Likewise, we were able to 
demonstrate a parallel evolution between TGF-β1, BNP, 
MA and high BP, as well as reno- and cardioprotective 
effects of MA-lowering, which were manifested by TGF-
β1 decrease, leading thus to a reduced fibrogenesis.  

A significant creatinine increase was noted after 
stenosis, showing a renal function disruption parallel to the 
changes in BNP and MA. Creatinine decrease occurred 
after treatment with bosentan and bosentan/captopril, 
justifying the renoprotective role of MA-lowering (Fig. 1). 
Creatinine elevation, as compared to controls, observed 
under ACEI treatment was already expected and 
demonstrated by several authors (Textor and Wilcox 
2001). 

The significant decrease in heart weight/body 
weight ratio, BNP and β-MHC gene expression under the 
non-selective ERB, through its ET-A receptor blockade 
(Bianciotti and De Bold 2001) and/or ACEI (Fig. 2) was 
correlated with MA lowering (r=0.90, r=0.87 and r=0.93, 
respectively, p<0.05). These results justify the 
cardioprotective role of MA-lowering, manifested by the 
decline of gene expression of BNP and β-MHC, markers of 
cardiac hypertrophy. Simultaneous increase in α-MHC 
expression supports the last obtained result for the 
cardioprotective role of MA-lowering; α-MHC being the 
myosin isoform with the more pronounced ATPase activity 
(Lowes et al. 1997). 

In conclusion, we found an existing link between 
MA evolution and ventricular hypertrophy in the CRS. 
Moreover, MA-lowering therapy has both renoprotective 
effect as evaluated by microalbuminuria and creatinine 
levels, and cardioprotective effect as evaluated by cardiac 
mass, plasma BNP and α-, β-MHC and BNP mRNA 
levels. 
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