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Summary
The aim of our study was to evaluate a possible association
between microalbuminuria (MA), several low-grade inflammation
factors and left ventricular hypertrophy (LVH) by using a
pharmacological approach. This may provide new insights into
the pathophysiologic mechanisms of the cardiorenal syndrome
(CRS) linking early renal impairment with elevated cardiovascular
risk. Two kidney-one clip (2K-1C) renovascular hypertension was
induced in 24 male Wistar rats (220-250 g). After the
development of hypertension, rats were divided into four groups:
2K-1C (untreated), calcium channel blocker (amlodipine-treated),
angiotensin receptor blocker (losartan-treated) and peripheral
vasodilator (hydralazine-treated), which were treated for
in the 2K-1C group had all

hypertension, a significant increase in plasma levels of tumor

10 weeks. Rats developed
necrosis factor alpha (TNF-a), interleukin 6 (IL-6), brain
natriuretic peptide (BNP) and C-reactive protein (CRP). Moreover
MA and creatininaemia underwent a significant increase. Under
treatment decreases were observed in systolic blood pressure
(SBP), TNF-a, CRP, IL-6, BNP concentrations and creatininaemia.
These results were related to the absence of MA which was
significantly associated with reductions in cardiac mass and
hypertrophy markers (BNP and B-MHC gene expression) as well
as renal interstitial inflammation. In conclusion, our results
suggest that the reduction of MA is correlated with the decrease
of the inflammatory components and seems to play an important
role in protecting against cardiac hypertrophy and renal injury.
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Introduction

The interdependent relationship between cardiac
and renal function is known as the cardiorenal syndrome
(CRS), where the dysfunction of one leads to the
2004).
Microalbuminuria (MA) and low-grade inflammation

alteration of the second (Heywood
seem to be important key risk factors contributing to the
development of left ventricular hypertrophy (LVH) and
renal function loss within the CRS. LVH is a target organ
damage, a common manifestation of hypertension, and an
independent predictor of adverse cardiovascular outcome
(Vakili ez al. 2001).

The involvement of low-grade inflammation in
the development and pathophysiology of hypertension
has been already highlighted (Bautista et al. 2005).
C-reactive protein (CRP) level, an important serum
marker of inflammation, has emerged as one of the most
powerful

independent  predictors of risk for

cardiovascular disease (CVD) in the adult population
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(Blake and Ridker 2003, Kaptoge et al. 2010). Also, its
levels are generally elevated in patients with hypertension
and in general populations, and high CRP may even
precede and predict the development of arterial
hypertension (Pedrinelli et al. 2004, Sesso et al. 2003,
Yuyun et al. 2004). Other inflammatory components such
as tumor necrosis factor o (TNF-a), interleukin 13 and 6
(IL-1pB and IL-6) may also have important implications in
CVD (Navarro-Gonzalez et al. 2008, Peeters et al. 2001,
Tzoulaki et al. 2005).

MA, a marker of systemic inflammation and
early kidney damage, has also been shown to predict
CVD in patients with diabetes, hypertension as well as in
seemingly healthy individuals (Arnlov et al. 2005,
De Zeeuw et al. 2006, Parving et al. 2006). Moreover,
increased urinary albumin excretion (UAE) is associated
with heart failure onset in various community populations
(Bahrami et al. 2008, Carr et al. 2005, Ingelsson et al.
2007, Kistorp et al. 2005, Okin et al. 2008).

Epidemiological studies have shown that CRP is
associated with MA in diabetic, non-diabetic (Festa et al.
2000, Marcovecchio et al. 2008) and hypertensive
persons (Assadi 2008, Salles et al. 2007, Stuveling et al.
2004, Tsioufis et al. 2006). The association between MA
and the cardiovascular risk also suggests that the link
between MA and elevated blood pressure may be
mediated by inflammation (Wang et al. 2005). Therefore,
one would expect MA to be not only a predictor of
cardiovascular risk but also a target for treatment (Ibsen
2005). with
aldosterone system (RAAS) inhibitors has a well-known

et al. Treatment renin-angiotensin
anti-proteinuric effect besides lowering blood pressure
(Mancia et al. 2007).

Although studies

association between MA, inflammation and LVH, the

some have shown an
link between several inflammatory components altogether
with MA and LVH, as well as their behavior and effect
on cardiac and renal functions following MA-lowering
therapy in hypertension, remain vague. We previously
found a correlation between the development of MA and
brain natriuretic peptide (BNP), a marker of LVH, within
the CRS (Saliba ef al. 2010). We ought to study on the
same two kidney-one clip (2K-1C) rat model, the link
between MA, LVH,

inflammatory constituents by a pharmacological approach

renal function and different
using losartan, an angiotensin receptor blocker (ARB),
and other blood pressure-lowering drugs with less anti-
albuminuric effects: amlodipine, a channel blocker

(CCB), and hydralazine, a peripheral direct vasodilator.

The possible associations between MA, several
low-grade inflammation factors and LVH may provide a
new insight into the pathophysiologic mechanisms of the
CRS linking early renal impairment with elevated
cardiovascular risk.

Materials and Methods

The protocols in 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).

Animal model

The rats (male, 220-250 g) were obtained from
the “Centre d’Elevage R. Janvier” (Le Genest-Saint Isle,
France) and were housed in individual metabolic cages.
The 2K-1C model and parameters collection used in this
study were previously described (Saliba et al. 2010).
Briefly, 2K-1C animals were the untreated animals that
underwent the two kidney-one clip surgery to induce
hypertension, while control rats were the un-operated
un-treated animals. Drugs were administered to the three
2K-1C operated groups daily by gavage to assure a
10 mg/kg/day consumption of amlodipine (Amlor: Pfizer,
USA) a calcium channel blocker (CCB), and losartan
(Cozaar: Merck, Netherlands) an angiotensin receptor
blocker (ARB), and a 1 mg/kg/day consumption of
Hydralazine  hydrochloride  (Apresolin:  Novartis,
Switzerland), a direct peripheral vasodilator. Systolic
blood pressure (SBP) was measured once every two days,
using the non-invasive tail-cuff method (Kubota et al.
20006).

One blood sample was weekly taken from the
jugular vein of each rat, till the sacrifice. All plasma
parameters measurements were done by the ELISA
technique: TNF-o (Rat) kit (RayBiotech, USA), IL-6
(Rat) kit (RayBiotech, USA) and BNP-32 (Rat) kit
(Peninsula Laboratories, Bachem Group, USA), TnT
indirect ELISA was performed according to the protocol
(Abcam, UK) using the monoclonal anti-TnT (Mouse) as
primary antibody and polyclonal anti-Mouse IgG as
secondary antibody. CRP-Slidex (bioMérieux, France)
was used to detect the CRP semi quantitatively. Plasma
creatinine measurement was based on the reaction of
creatinine with alkaline picrate as described by Jaffé (Kit:
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Biolabo, Maizy, France). One 24 hour urine sample was
weekly collected through the metabolic cages and the
NycoCard U-ALBUMIN kit (Axis-Shield, Norway) was
used to evaluate MA.

After 10 weeks, the rats were sacrificed, hearts
were then excised and the ventricular cardiomyocytes
were isolated, by the Langerdoff apparatus as previously
described (Fares ef al. 1996) and RNA was extracted
from cells wusing Trizol reagent (Invitrogen life
technologies, Carlsbad, CA, USA). The Real time PCR
was performed using the SybrGreen PCR Master Mix
(Applied Biosystems, Foster City, CA, USA) with the
TATA binding protein (TBP) and Beta actin (ACTB) as
housekeeping genes, to evaluate brain natriuretic pepide
(BNP), alpha and beta myosin heavy chain (o and -
MHC) mRNA levels.

Right kidneys were also taken from all groups
(n=24), fixed in formalin, then sectioned through their
long axis into 2 slices, and embedded in paraffin. Fifteen
sections of 3 pum thick each were cut and stained with
Hematoxylin-Eosin and examined by light microscopy.
Gross examination and histological sections were
analyzed by two independent pathologists in a blinded
fashion, without knowledge as to how the animals were
treated. A semi-quantitative scoring system was used to
assess interstitial inflammation and tubular dilatation.
Interstitial inflammation refers to the presence of
aggregates of lymphocytes and neutrophils in the
interstitium. Tubular dilatation was defined as a
significant increase in luminal diameter (more than two

folds), associated with flattening of the epithelial lining.

Statistical analysis

Statistical analysis was performed by the use of
the one-way ANOVA for repeated measurements. The
Mauchly’s sphericity test was used to tell if the
then
correction was performed by the Greenhouse-Geisser test.

assumption of sphericity has been violated,
To explain the exact difference between group means, the
post hoc Bonferroni test was applied. The relationships
among the changes in MA, cardiac hypertrophy, plasma
TNF-a, plasma 11-6, B-MHC and BNP mRNA levels,
before and after treatments were assessed by Spearman’s
correlation coefficient (r;). Results with p<0.05 were
considered statistically significant. All values are means
+ SEM.

Results

SBP, plasma TNF-o, IL-6, CRP and BNP levels

SBP significantly increased in the 2K-1C group
as compared to the control one (172.5£3.4 vs 110.7+£2.9
mmHg, p<0.001). SPB decreased in all 3 treated groups
CCB (133.5+4.0 mmHg), ARB (109.8+1.4 mmHg) and
hydralazine (124.3+1.9 mmHg) as compared to 2K-1C
rats (p<0.001) (Figure 1-a).

As shown in Figure 1-b and 1-c respectively,
plasma TNF-a and IL-6 levels increased significantly in
the 2K-1C group as compared to the control one (TNF-a:
2.1540.16 vs 1.25+0.15 ng/ml, p<0.01; IL-6: 1.475+0.22
vs 1.095+0.17 ng/ml, p<0.001). Significant decreases
were noted in TNF-o under CCB (1.79+0.21ng/ml), ARB
(1.27£0.28 ng/ml) and hydralazine (0.85+0.35 ng/ml)
treatments (»p<0.001). Similar improvements were
observed in IL-6 under CCB, ARB and hydralazine
(1.40+0.01, 1.22+0.1 and 0.88+0.1 ng/ml respectively,
p<0.001).

The semi quantitative CRP test showed an
increase in CRP level in the 2K-1C group with a value
range of 7 to 20 mg/l (according to the kit datasheet);
while normal values (<7 mg/l) were obtained under the
different treatments and in the control group.

Furthermore, plasma BNP  concentration
increased in the 2K-1C untreated rats (2K-1C: 1.96+0.02
ng/ml vs control 0.33£0.09 ng/ml, p<0.001), with
diminished values under different treatments (0.43+0.11,
0.33+0.1 and 0.54+£0.26 ng/ml for CCB, ARB and
hydralazine respectively, p<0.001) (Figure 1-d).

Urinary albumin and plasma creatinine levels

2K-1C rats presented a MA with increased
urinary albumin levels as compared to the control rats
(18+£0.2 wvs 0.36+0.01 mg/l; p<0.001). Low urinary
albumin levels were observed for all treated groups
(0.07+0.01 mg/l, p<0.001) (Figure 1-e). Moreover, an
increased plasma creatinine was also observed in the 2K-
1C group versus control (0.8+0.11 mg/dl vs 0.7+0.01
mg/dl; p<0.001). Decreases in creatinine were observed
in the three treated groups (CCB: 0.74+0.01 mg/dl, ARB:
0.69£0.01 mg/dl and hydralazine: 0.75+0.1, p<0.05)
(Figure 1-1).

LVH and renal function assessment

An increase in the cardiac mass was observed in
the 2K-1C group in comparison with control rats, as
evaluated by heart weight over body weight (HW/BW)
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and heart weight over tibia length (HW/TL) ratios
(5.41£0.07 vs 3.6+0.08 mg/g, p<0.05 and 420.17+15.67
vs 290.26+8.23 mg/cm, p<0.05 respectively). Decreases
in cardiac mass were noted under treatments, as assessed
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by HW/BW (CCB: 5.12+0.09, ARB: 4.64+0.29 and
hydralazine: 4.6+0.27 mg/g, p<0.05) and HW/TL (CCB:
388.85+11.83, ARB: 297.4146.61 and hydralazine:
317.69420.83 mg/cm, p<0.05) (Figure 1g-h).
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Fig. 1. SBP, inflammatory markers, BNP, urinary albumin, creatininaemia and cardiac mass variations in the treated and untreated rats,
along with the gene expression variation of BNP, a-MHC and B-MHC and histological changes analysis. a) SBP: * p<0.001 vs Control,
# p<0.001 vs2K-1C; b) Plasma TNF-a: * p<0.01 vs Control, # p<0.001 vs 2K-1C; c) Plasma IL-6: * p<0.05 vs Control, ** p<0.001 vs
2K-1C, # p<0.05 vs 2K-1C; d) Plasma BNP: * p<0.01 vs Control, # p<0.001 vs 2K-1C; €) Urinary albumin: * p<0.001 vs Control,
** p<0.001 vs 2K-1C; f) Creatininaemia: * p<0.05 vs Control, ** p<0.05 vs 2K-1C; g) Heart weight/Body weight ratio: * p<0.001 vs
Control, ** p<0.05 vs 2K-1C; h) Heart weight/Tibia length ratio: * p<0.001 vs Control, ** p<0.05 vs 2K-1C; i) BNP, alpha- and beta-
MHC mRNA levels: * p<0.001 vs Control, ** p<0.05 vs 2K-1C. SBP: systolic blood pressure, TNF-a: tumor necrosis factor a, IL-6:
interleukin 6, BNP: brain natriuretic peptide, MHC: myosin heavy chain. Data are presented as mean + SEM; n: number of animals.
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Table 1. A semi-quantitative scoring system was used to assess interstitial inflammation and tubular dilation: — for no damage, + for
minimal damage with rare and small foci, + for mild damage with few and small foci and ++ for moderate damage with frequent and

moderately sized foci, R.K. for Right Kidney.

R.K. 2K-1C R.K. Amlodipine = R.K. Losartan R.K. Hydralazine
Tubule Dilation + + - -
Interstitium Inflammation ++ + + +

Cardiac Troponin T, a marker of myocardial
ischemia, showed no significant elevation in any of the
groups (data not shown).

BNP gene expression increased in the 2K-1C
group in comparison with control group (174+8 vs
345+24.5 %, p<0.001) while a decrease was observed in
all treated groups as compared (2K-1C: 3454+24.5 vs
CCB: 198+8.5, ARB: 182455
212+14 % respectively, p<0.05). Simultancous decrease
in B-MHC (2K-1C: 372417 % vs CCB: 186+24, ARB:
178+6 and hydralazine: 148+18 %, p<0.05) and increase
in a-MHC expression (2K-1C: 74+7.5 vs CCB: 19348,
ARB: 200+13 and hydralazine: 222+18 %, p<0.05) were
noted under the different treatments concurring with
normal B-MHC and a-MHC expression levels (153£11.5
and 186+14 % respectively; Figure 1-i).

and hydralazine:

Renal histological sections analysis showed the
reduction of tubular dilation and interstitial inflammation
after different treatments (Table 1).

Correlation of MA with inflammatory markers and LVH

A significant correlation was found between MA
and several inflammatory factor (TNF-o: r=0.95 and
IL-6: r=0.876) as well as LVH markers (BNP mRNA:
r=0.86 and -MHC: r&=0.92).

Discussion

CRP has emerged as one of the most powerful
independent predictors of risk for CVD. Plasma CRP
level is an independent risk factor for the development of
LVH among children with essential hypertension (Assadi
2008). While augmented CRP concentrations in subjects
with normal blood pressure are associated with
development of hypertension, they are also involved in
unfavorable adaptations of left ventricular geometry in
patients who already have hypertension without LVH
(Sesso et al. 2003, Tsioufis et al. 2005). A pathogenic
role of human CRP in pressure overload-induced cardiac

remodeling and in metabolic syndrome has been recently

shown (Nagai et al. 2011, Pravenec et al. 2011). In our
study, CRP was only present in the 2K-1C rats that
developed the most marked cardiac hypertrophy and
increased SBP, while the treatment with either RAAS
interfering or non-interfering blood pressure lowering
drugs eliminated the presence of CRP.

The mechanism of the relation between CRP and
progressive CVD is assumed to be based on a low-grade
inflammatory state either originating in the vasculature or
a systemic effect on the vasculature due to inflammatory
mediators released elsewhere in the body, e.g. adipose
tissue, or due to external stimuli, e.g. smoking. This
inflammation results in endothelial dysfunction and
impaired vasoreactivity by inhibiting endothelial nitric
oxide synthase, increasing prostacyclin production,
activating RAAS and producing reactive oxygen species
(Basi and Lewis 2006, Guan et al. 2009, Verma et al.
2002b, Wang et al. 2003).

proinflammatory  cytokine

CRP also promotes
production leading to
mesangial cell proliferation, matrix overproduction and
increased vascular permeability resulting in MA (Pai et
al. 2004, Verma et al. 2002a).

Other inflammatory components such TNF-a,
IL-1B and IL-6 also have important implications in CVD
(Navarro-Gonzalez et al. 2008, Peeters et al. 2001,
Tzoulaki et al. 2005). Serum IL-6 is a powerful
independent predictor of future CV events with a
prognostic value superior to that of CRP (Nishida ez al.
2011). Several studies have shown that elevated levels of
IL-6 are associated with increased risk of the progression
of atherosclerotic lesions and future cardiovascular events
(Fisman et al. 2006, Tzoulaki et al. 2005, Welsh et al.
2008). While some found that in newly diagnosed
essentially hypertensive patients, UAE is independently
associated with urinary but not plasma TNF-a (Navarro-
Gonzalez et al. 2008), we found a correlation between the
presence of MA and plasma TNF-a in the hypertensive
rats with or without treatment. Our results are in
agreement with previous works where they demonstrated
that coronary endothelial dysfunction is associated with
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an elevation of plasma TNF-a in patients with essential
hypertension (Naya et al. 2007). These different results
could be explained by the differences between the
patients or animal models in question; thus, newly or
established
consideration, as well as the presence or not of LVH, in

hypertension must be taken into
the assessment of different inflammatory processes.
Similarly, MA is accompanied by increased levels of
CRP but not augmented interleukin 18 and soluble CD40
ligand concentrations in essential hypertensive patients
(Tsioufis et al. 2006); indeed, we have found that MA
IL-6 and TNF-a

concentrations, supporting the notion of the activation of

presence correlated with CRP,

different inflammatory pathways in the progression of
this renal and cardiovascular atherosclerotic disease, the
CRS.

MA appearance in the urine not only reflects
early vascular or glomerular disease in the kidney, but
also indicates early vascular or endothelial glycocalyx
damage in the vascular tree in general (Clausen et al.
2001, Haraldsson et al. 2008). On one hand, MA is
considered as a “biomarker” of adverse outcomes, even
among subjects with normal or nearly normal renal
function (Hallan ef al. 2009, Hemmelgarn et al. 2010,
James et al. 2010); on the other, several retrospective
studies have reported that the prevalence of CVD is
significantly higher among adult hypertensive patients
with MA than hypertensive patients without MA (Knight
et al. 2003). MA-lowering therapy can also halt the
progression of LVH or induce its regression in
hypertensive children and adolescents in a manner largely
independent of blood pressure control (Assadi 2007). Our
work showed that MA was accompanied by increased
cardiac stress plasma markers such as BNP levels, a
marked LVH as shown by HW/BW and HW/TL ratios as
well as the standard hypertrophy molecular markers
(BNP, o and B-MHC cardiomyocytes’ mRNA levels).
Renal function loss was also noted by the increase in
creatininaemia, tubular dilation and interstitial
inflammation.

MA may lead to heart failure via several
pathways, including direct myocardial pathology, as well
as development of insulin resistance/diabetes and
hypertension (Brantsma et al. 2006, Brantsma et al.
2005). MA increases the risk of heart failure despite
aggressive blood pressure lowering treatment in both
diabetic and non-diabetic individuals (De Zeeuw et al.
2004, Okinet al. 2008). MA is an independent marker of

morbidity and mortality in patients (both diabetic and

non-diabetic) who have experienced acute myocardial
infarction (Berton et al. 2008, Sukhija et al. 2006).

In addition, observations in the Framingham
Heart Study cohort have nicely shown that a subtle
increase in UAE antedates the clinical outset of arterial
hypertension in healthy individuals in the general
population (Wang et al. 2005). A positive association
between MA, LV mass thickness in
normotensive and hypertensive adults has been found
(Djousse et al. 2008). MA may also be associated with
early structural changes in myocardium that have not yet

and wall

affected left ventricular function (Arnlov et al. 2005).
Incremental increase in MA, even within the normal
range is associated with an increased rate of
cardiovascular events in adults (Forman et al. 2008,
Matsushita et al. 2010). Therefore, the progression of
to frank

hypertension can be delayed by drug therapy (Julius et al.

blood pressure from “pre-hypertension”
2006), and screening for MA may identify a subgroup of
patients who are at high risk for developing CVD and
could benefit from early therapy and closer follow-up.
Treatment with RAAS inhibitors lowers MA and lowers
heart failure onset, as well as cardiovascular risk in
general (Ibsen ef al. 2005, Ibsen et al. 2006). In our 2K-
1C rat model, treatments with an ARB as well as CCB
and hydralazine led to the absence of MA parallel to a
decrease in SBP, cardiac stress and hypertrophy markers,
as well as a regain in renal function as assessed by lower
plasma creatinine, and improved kidney histology.

Studies have shown that CRP is associated with
MA in the general population (Kshirsagar et al. 2008,
Nakamura et al. 2004). Elevated CRP levels are
associated with MA of diabetes,
hypertension  and confounders

independent
other  potential
(Sabanayagam et al. 2010). Hypertensive children and
adolescents with LVH have higher MA and CRP levels
compared with those of children without LVH (Assadi
2008). An association between CRP and LVH was
observed only in the subgroup with normal UAE,
suggesting that systemic low-grade inflammation might
precede endothelial dysfunction/damage (Salles er al.
2007). This lack of association of MA and CRP has been
reported by some (Palmieri et al. 2003, Perticone et al.
2007) but not by other investigators (Tsioufis et al.
2005), and has also been suggested that their association
may be influenced by blood pressure levels, being
positive only in hypertensive subjects (Stuveling et al.
2004). In our 2K-1C model, LVH was within an initial
compensated stage following an acute rise of RAAS
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where CRP and MA could be present and acting at the
same time promoting LVH.

The influence of antihypertensive medication on
inflammation is an interesting, yet not well known aspect
of blood pressure-lowering medication. Different drugs
exert anti-inflammatory effects in addition to their
with
outcome by

antihypertensive properties, improvement of

cardiovascular reducing  vascular
inflammation and remodeling (Savoia and Schiffrin
2007). Treatment with ARBs is as

angiotensin converting enzyme inhibitors (ACEi) in

effective as

reducing proteinuria, and the combination of both was
more effective than either drug alone (Kunz et al. 2008).
Both ACEi and ARBs are recommended, either as mono-
therapy or in combination with other agents (Mancia et
al. 2007). Several studies tried to answer the question of
whether treatment with an ACEi or an ARB can prevent
the development of MA in normo-albuminuric patients.
Though the Diabetic Retinopathy Candesartan Trials 1
and 2, and Renin Angiotensin System Study (RASS)
showed no benefit in MA prevention (Bilous ef al. 2009,
Mauer et al. 2009), the Randomized Olmesartan And
Diabetes MicroAlbuminuria Prevention study
(ROADMAP trial) showed that the ARB olmesartan was
associated with a delayed onset of MA in type 2 diabetes
patients (Haller et al. 2011). One could suggest that
with
pleiotropic effects beyond decreasing blood pressure (i.e.
ACEi, ARBs and so forth) could be of clinical
importance not only in the setting of complicated

administration of antihypertensive therapy

hypertension but also in the early stages of the CRS
disease.

It also should be noted that other unconventional
treatments with anti-inflammatory actions are being
studied for their effects on the cardiovascular system. In
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