
RESEARCH ARTICLE

Modifications by Olmesartan medoxomil treatment of
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Olmesartan medoxomil is a new angiotensin II receptor blockers (ARB) which exhibits pleio-
tropic effects that are not fully understood. Our aims were: i) to determine the effect of Olme-
sartan medoxomil on blood pressure, lipid profile and renal functionality in moderately hyper-
tensive patients with non-controlled blood pressure, ii) to determine if Olmesartan medoxomil
may exert anti-inflammatory effects and modify the expression profile of platelet proteins. Thir-
teen moderate hypertensive patients with non-controlled systolic blood pressure (SBP) and renal
function classified as Kidney Disease Outcome Quality Initiative stage 2–3 were included.
Patients were treated with Olmesartan medoxomil (20 mg/day) for 6 months. SBP, proteinuria
and the plasma levels of cholesterol and low density lipoprotein (LDL)-cholesterol were reduced
after the treatment. Olmesartan medoxomil did not modify the circulating plasma levels of a
number of proteins associated with inflammation, but reduced the expression level of different
platelet proteins including tropomyosin-b chain isotypes 3 and 4, serotransferrin isotypes 1 to 5,
the leukocyte elastase inhibitor and the chloride intracellular channel-protein isotype 1. The
expression of the gelsolin precursor isotype 4 was increased in the platelets after the treatment.
In summary, Olmesartan medoxomil reduced SBP, total and LDL-cholesterol plasma levels and
urinary protein excretion and induced changes in the expression of platelet proteins which may
be related to some action of the drug at the megakaryocyte level.
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1 Introduction

Angiotensin II receptor blockers (ARBs) are a class of anti-
hypertensive agents that inhibit the AT-1 subpopulation of
angiotensin II receptors. In hypertensive patients, several
randomized trials have documented beneficial effects of
ARBs on cardiovascular disease morbidity and mortality [1–
3]. These trials have also raised the possibility that ARBs may
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offer additional advantages over other antihypertensive
drugs while achieving a similar decrease in blood pressure,
for reviews see [4, 5]. A persistent improvement in renal
functionality particularly in patients with type 2 diabetes and
nephropathy has also been demonstrated for ARBs in com-
parison with other antihypertensive strategies, despite
equivalent blood pressure reduction [6, 7]. In this regard, in-
dependently of their antihypertensive effects, ARBs seem to
act through several other molecular mechanisms that have
been termed pleiotropic effects. In fact, there is evidence that
ARBs elicit pleiotropic effects developing anti-aggregatory,
anti-inflammatory and anti-mitogenic effects independent
from their actions at the AT-1 receptor [8–10].

Olmesartan medoxomil is a highly potent and selective
angiotensin II AT1-type receptor antagonist with no agonist
activity [11]. Olmesartan medoxomil is a pro-drug that fol-
lowing oral administration is rapidly de-esterified into its
active metabolite, Olmesartan [11]. Administration of Olme-
sartan to Zucker diabetic fatty rats and to spontaneously
hypertensive rats reduced urinary protein excretion in a
dose-dependent fashion [12, 13]. In patients in stages 3 and 4
of chronic kidney disease and insulin resistance, olmesartan
resulted in a significant decrease of blood pressure, urinary
protein excretion, HOMA index and glycated hemoglobin
and improved insulin resistance and inflammation [14].
Experimental data have also suggested that Olmesartan may
also exert pleiotropic effects although it has not been fully
investigated in patients [15].

Many of the clinical events associated with hypertension
are related to thrombosis and inflammation. Experimental
data and results from cross-sectional human studies have
reported associations between blood pressure and markers of
inflammation [16]. In fact, high levels of various inflamma-
tory-associated plasma proteins including high-sensitive
C-reactive protein (hsCRP) and interleukin-6 (IL-6) have
been associated with increased incidence of myocardial
infarction and stroke, two clinical events associated with
hypertension [17].

Increased platelet activation is also a risk factor for car-
diovascular events. Platelets from hypertensive patients have
an increased tendency to aggregate and the activation of
platelets may contribute to the progression of the vascular
damage associated with hypertension [18, 19]. In this regard,
some ARBs have demonstrated in vitro to inhibit human
platelet activation, an effect that is independent of angio-
tensin II involvement [10, 20].

Until now it has been difficult to monitor changes in
several proteins in plasma and also in platelets that could be
associated with the pleiotropic effects of ARBs in humans. A
new technology based on the use of 2-DE has emerged and
helped us to quantify changes in the expression of multiple
proteins and protein isotypes in a single sample [21, 22]. The
protein profile can then be analyzed both qualitatively and
quantitatively by imaging software. Moreover, proteins of
interest can be identified by using internet databases and by
MS. Taken together, aims of the present study were: firstly to

determine the effect of Olmesartan medoxomil treatment on
blood pressure, lipid profile and parameters of renal func-
tionality and second, to determine whether Olmsartan
medoxomil may exert anti-inflammatory systemic effects
and modify the protein platelet expression in moderate
essential hypertensive patients with non-controlled blood
pressure in whom the pleiotropic effects of Olmesartan
medoxomil could be more evident.

2 Material and methods

All patients gave written informed consent before entering
the study and the protocol was approved by the Ethics Com-
mittee of Hospital Clínico San Carlos and conducted in
accordance with the Declaration of Helsinki.

2.1 Patients

The study was performed in 13 adult patients (Table 1) with
moderate essential hypertension and inadequate blood pres-
sure control. Mean sitting systolic blood pressure (SBP) of
the patients was �135 mmHg and their renal function was
classified according to the clinical practice guideline Kidney
Disease Outcome Quality Initiative as stage 2-3. None of
them had proteinuria in a nephrotic range. Essential hyper-
tension was diagnosed by exclusion of secondary causes of
hypertension using conventional clinical criteria. Patients
with the following conditions were excluded: malignant
hypertension, secondary forms of hypertension, hyperten-
sion due to oral contraceptives, evidence of myocardial
infarction or heart failure, clinically relevant cardiac arrhyth-
mias, stroke or transient ischemic attacks in the previous
90 days, angina pectoris being treated with nitrates, drug or
alcohol dependency. Patients with clinically significant labo-
ratory abnormalities, pregnant women and women of child-
bearing age, breastfeeding, or who were not using an
approved contraceptive method were also excluded. All
patients have previously been treated with antihypertensive

Table 1. Clinical features of the patients.

PATIENTS (n=13)

Agea) 64.9 6 3.5
Sex M/F 8/5
Smokers 0/13

PREVIOUS TREATMENT

ACE-I 4/13
Calcium antagonist 2/13
�-blockers 4/13
Statins 8/13
Diuretics 7/13

a) Age is represented as mean 6 SEM.
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drugs other than ARBs (see Table 1). Patients were not taking
antinflammatory and antithrombotic drugs other than
aspirin (100 mg/day) from at least 15 days before inclusion
and during the follow up.

The included patients were treated with Olmesartan
medoxomil for 6 months. Olmesartan medoxomil was
administered at dose of 20 mg/day p.o. in the morning.
When creatinine clearance was ,50 mL/min, Olmesartan
medoxomil dosage was initiated at 10 mg/day p.o. and, in
the absence of side effects, a week later the dose was
increased to 20 mg/day. After inclusion, previous medication
was maintained at the same dosage without modifications
during the study. The participants were told by their physi-
cians to adhere to their usual diet and lifestyle during the
study.

Blood pressure was recorded at inclusion and 1 and
6 months after Olmesartan medoxomil treatment using a
calibrated standard mercury sphygmomanometer and cuff
of an appropriate size at the same time of day by the same
staff member. The arm cuff was inflated automatically by a
pump and the blood pressure was digitally recorded. After
the patient had rested in the supine position for at least
5 min, blood pressure was measured three times at about
2 min intervals at the disappearance of Korotkoff sounds
(phase V). The mean of all three blood pressure measure-
ments was used for qualification purposes.

Blood samples were taken after an overnight fast at
baseline and after 6 months of the treatment (24 h after the
last dose of Olmesartan medoxomil). At these times, 12 h
urine collection was also obtained and urinary creatinine and
urinary proteins were measured. All samples were labelled
with an internal code and the analysts were not aware of the
status of the samples.

2.2 Laboratory parameters

The extracted blood samples were immediately cooled on ice
and centrifuged at 15006g and 47C for 10 min and the
supernatants were stored in 1 mL aliquots at -807C until fur-
ther analysis. Measurements of routine chemistry were
immediately performed in a central laboratory using stand-
ard equipment and certified methods. Plasma concentration
of hsCRP was measured with a clinically validated high-sen-
sitivity nephelometric assay (Dade Behring). Plasma con-
centration of IL-6 was measured with an ELISA according to
manufacturer’s instructions (Bender Medsystems). The
intra-assay coefficient of variation for this test was 5.2%. To
eliminate inter-assay variability all samples from one patient
were tested in the same assay.

2.3 Platelet isolation

Whole blood samples were obtained in 10% v/v acid-citrate
dextrose and centrifugated at 8006g for 15 min at 207C. As
reported [23], platelet rich plasma was then collected and
centrifugated at 18006g for 15 min. The pellet contained

the isolated platelets was recovered and the platelets lyzed in
a lysis buffer containing 8 mol/L urea, 2% CHAPS w/v and
40 mmol/L DTT, and stored at -807C until the 2-DE analysis.

2.4 2-DE

For 2-DE, 500 mg of plasma or 500 mg of platelet lysate were
diluted in 350 mL of 8 mol/L urea, 2% CHAPS w/v,
40 mmol/L DTT, 0.2% Bio-Lyte™ ampholyte (Bio-Rad) and
0.01% w/v bromophenol blue. The samples were loaded on
immobilized gradient IPG strips (pH 3–10 or pH 4–7) and
IEF was performed using a Protean IEF cell system (Bio-
Rad). As reported, the gels were actively rehydrated at 50 V
for 60 h, then rapid and linear voltage ramping steps, lim-
ited by a maximum current of 50 mA per gel [24, 25]. In the
second dimension, the proteins from the strips were
resolved on 10% SDS-PAGE gels using a Protean II XL
system (Bio-Rad). Afterwards, the gels were fixed and silver
stained.

2.5 Silver staining

As reported, the gels were fixed in a solution containing a
Fixative Enhance Concentrate solution (Bio-Rad), methanol
and acetic acid in distilled water for 20 min [24, 25]. After two
10 min washings in distilled water, gels were stained using a
Silver Stain Plus™ Kit. Development was performed for ap-
proximately 25 min and stopped with 5% acetic acid. The
stained gels were then washed twice in distilled water for
5 min each time.

2.6 Image acquisition and analysis

The stained gels were scanned in a UMAX POWERLOOK
III Scanner operated by the software Magic Scan V 4.5.
Intensity calibration was carried out using an intensity
stepwedge prior to gel image capture. The different spots
were quantified by densitometry using the Quantity One
4.2.3 (Biorad) software. For the plasma proteome, we quan-
tified spots that we and others have been previously identi-
fied by MS [25–27].

To analyze the platelet proteome, and according with the
PD-Quest software procedure, an artificial gel for each
experimental condition was created. The artificial gel con-
tained the spots expressed in each of the individual gels for
each experimental condition. The two platelet artificial gels
were then compared.

The spots of interest were densitometrically determined
in each individual gel using the Quantity One 4.2.3 software.
The identity of each spot was initially performed by compar-
ison with a data base containing a virtual human platelet
proteome map (http://www.expasy.ch.).

Each spot intensity volume was processed by background
subtraction and the total spot volume was normalized by the
corresponding spot volume of albumin, for plasma samples,
and b-actin for platelet samples (Fig. 1, area Q).
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Figure 1. a) Representative 2-DE of platelet proteins. The 2-DE gel
shown includes different areas that contain the proteins and
proteins isotypes identified. Beta-actin was identified in area N
and was used to normalize total spot volume in each of the other
areas. b) Representative examples of the expression of platelet
proteins in which statistical significance differences were found.

2.7 MS

The spots were manually excised from the gels using biopsy
bunches, as previously reported [25, 28]. Spots from three
different gels were obtained and analyzed. The silver stain-

ing was then solubilized and removed, and the spots were
washed three times with milliQ water. The samples were
shrunk with 100% ACN, dried in a SpeedVac and digested
overnight at 377C with 15 ng/mL sequencing grade trypsin
(Promega) in 25 mmol/L ammonium bicarbonate (pH 8.5).
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After digestion, the peptides were extracted with 100 mmol/L
ammonium bicarbonate and then, the extracts were lyo-
philized and resuspended in 0.1% TFA. The peptides were
purified by use of a C-18 Zip tips (Millipore). For MS analy-
sis, 1 mL of purified extracts was mixed with a 1 mL of a-cyano
4-hydroxy-transcinnamic matrix (Sigma) in 50% ACN and
1 mL of this mixture was spotted on to a Maldi plate and
allowed to air-dry at room temperature. MS analyses were
performed in a 4700 Proteomic Analyzer (Applied Biosys-
tem) and operated in a reflector positive mode. All mass
spectra were calibrated using a standard peptide mixture
(Applied Biosystem). The analysis in a MS mode produced
peptide mass fingerprints, and some peptides observed were
further analyzed in a MS/MS mode. Peptides with a S/N
greater than 20 were considered in the MASCOT Database
for protein identification. For protein identification, MAS-
COT database 1.9 (http://www.matrixscience.com) was used
as algorithm to match the peptides obtained by MS.

2.8 Statistical methods

Results are expressed as means 6 SEM. To determine the
statistical significance, the Wilcoxon’s test was used. A
p-value ,0.05 was considered statistically significant. Pear-
son’s correlation analysis was used to determine associations
between systolic blood pressure and other variables.

3 Results

3.1 Blood pressure and renal function

Olmesartan medoxomil treatment significatively decreased
SBP in non-controlled moderate hypertensive patients while
there was not a significant modification on diastolic blood
pressure (DBP) (Table 2). Nearly maximal SBP reduction was
apparent by week 4 and was maintained or slightly increased
through week 12. As it is shown in Table 1, there were four
patients taking an angiotensin converting enzyme inhibitor
(ACE-I) together with Olmesartan medoxomil. These
patients were separately analyzed with respect to those
patients taking Olmesartan medoxomil alone and we
observed that the reduction in SBP was significatively lower
in the patients taking the dual therapy than that observed in
the patients taking Olmesartan medoxomil alone (SBP
reduction in mmHg was -ACE-I: 29.8 6 4.5, 1ACEI-I:
6.7 6 8.8; p,0.05).

With respect to renal parameters, both serum creatinine
and creatine clearance were not significantly modified after
6 months of treatment with Olmesartan medoxomil (Table
2). However, the urinary proteins to urinary creatinine ratio
was significatively decreased after Olmesartan medoxomil
treatment (Table 2).

We further analyzed if the changes observed in urinary
protein to urinary creatinine ratio was associated with the
SBP lowering effect of Olmesartan medoxomil treatment. As

Table 2. Hemodynamics, biochemical and pro-inflammatory
parametersa).

PRE-TREAT-
MENT

POST-TREAT-
MENT

p-value

DBP (mmHg) 85.5 6 3.42 80.8 6 4.24 0.213
SBP (mmHg) 153.8 6 5.16 136.1 6 5.26b) 0.036
Serum Creatinine

(mg/dL)

1.63 6 0.15 1.63 6 0.16 0.673

CrCl (mL/min) 63.08 6 5.42 62.79 6 8 0.674
uP/uC 0.63 6 0.33 0.12 6 0.05b) 0.022

Total Cholesterol

(mg/dL)

232.00 6 22.26 196.45 6 10.89b) 0.041

LDL-C (mg/dL) 139.50 6 16.36 113.8 6 9.34b) 0.050
HDL-C (mg/dL) 65.16 6 8.17 59.5 6 3.09 0.270
Triglycerides

(mg/dL)

136.00 6 11.53 114.18 6 14.67 0.441

Uric acid (mg/dL) 7.00 6 0.44 6.26 6 0.49 0.182
hsCRP (mg/dL) 0.37 6 0.09 0.44 6 0.11 0.317
IL-6 (pg/mL) 0.9 6 0.4 1.1 6 0.5 0.695

a) Values are represented as mean 6 SEM
b) p,0.05 with respect to pre-treatment
c) Abbreviations: CrCl: creatinine clearance; uP/uC: urinary pro-

teins to urinary creatinine ratio

shown in Table 3, Pearson’s analysis demonstrated a positive
correlation between urinary proteins to urinary creatine ratio
and SBP values.

3.2 Circulating cardiovascular risk biomarkers

Table 2 shows that there were no differences in uric acid
excretion or in the plasma levels of both HDL-cholesterol and
triglycerides before and after Olmesartan medoxomil treat-
ment. However, Olmesartan medoxomil significantly
reduced total plasma cholesterol and LDL-cholesterol levels
(Table 2). The changes of total cholesterol and LDL-choles-
terol observed after Olmesartan medoxomil treatment were
not associated with the SBP lowering effect. As shown in
Table 3, Pearson’s analysis failed to demonstrate correlation
between both total plasma cholesterol and LDL-cholesterol
with SBP values.

Table 3. Pearson’s correlation analysis between biochemical pa-
rameters and SBP.

SBP

Pearson’s
Coefficient

Statistical
Significance

uP/uCa) 0.449 0.036b)

Total Cholesterol 0.044 0.843
LDL-Cholesterol 0.005 0.982

a) uP/uC: urinary proteins to urinary creatinine ratio
b) p,0.05
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Olmesartan medoxomil treatment did not change the
circulatory levels of the pro-inflammatory biomarkes hsCRP
and IL-6 (Table 2). Using 2-DE other inflammatory-related
proteins were further analyzed. In this regard, it was deter-
mined in the proteomic plasma map the expression of the
spots identified as: five isotypes of a1-antitrypsin, five hap-
toglobin isotypes, three vitamin D binding protein isotypes
and four serotransferrin isotypes. The spots were densito-
metrically measured and normalized by the corresponding
spot volume of albumin. These spots were identified by
comparison with those shown in the Swiss 2-DE database
plasma map (http://www.expasy.ch/ch2d/). In previous
works, we and others have identified by MS most of the here-
reported proteins [25–27]. As shown in Table 4, the expres-
sion in plasma of none of the above mentioned inflamma-
tory-associated proteins and protein isotypes was modified
when the corresponding densitometry values were compared
before and after Olmesartan medoxomil treatment.

Table 4. Results of the inflammatory-associated plasma protein
isotypes analyzed using proteomicsa).

ANALYZED
PROTEINS

PRE-TREAT-
MENT (A.U.)b)

POST-TREAT-
MENT (A.U.)b)

p-VALUE

ATT-1c)

Isotype 1 4.21 6 0.92 4.56 6 1.38 0.965
Isotype 2 8.29 6 1.89 8.11 6 2.25 0.424
Isotype 3 19.47 6 3.64 13.86 6 4.21 0.131
Isotype 4 14.22 6 3.26 13.89 6 3.6 0.929
Isotype 5 6.77 6 1.15 6.4 6 1.31 0.401
Isotype 6 5.61 6 1.8 4.16 6 1.03 0.600

DBPd)

Isotype 1 3.16 6 1.65 2.92 6 1.88 0.674
Isotype 2 4.16 6 1.35 3.05 6 1.39 0.236
Isotype 3 1.83 6 0.4 1.38 6 0.36 0.859

HPTe)

Isotype 1 8.03 6 1.28 8.7 6 1.76 0.445
Isotype 2 11.27 6 1.58 9.4 6 1.67 0.878
Isotype 3 12.73 6 3.4 8.64 6 1.84 0.445
Isotype 4 9.98 6 3.34 6.94 6 1.48 0.646
Isotype 5 4.93 6 1.96 2.24 6 0.53 0.646

SERf)

Isotype 1 1.84 6 0.62 1.69 6 0.52 0.735
Isotype 2 4.78 6 1.47 4.86 6 1.02 0.499
Isotype 3 3.86 6 0.65 6.39 6 1.36 0.575
Isotype 4 2.31 6 0.43 3.89 6 0.97 0.161

PRE-ALBg)

Isotype 1 0.84 6 0.21 0.66 6 0.29 0.214
Isotype 2 2.73 6 0.56 1.75 6 0.36 0.093
Isotype 3 0.95 6 0.25 0.90 6 017 0.327

a) Densitometric results are represented as mean 6 SEM
b) A.U.: arbitrary units
c) ATT-1: a1- antitrypsin
d) DBP: vitamin D-binding Protein
e) HPT: haptoglobin
f) SER: serotransferrin
g) PRE-ALB: pre-albumin precursor

3.3 Platelet proteomic map

As mentioned in the Section 2, an artificial gel containing
all the spots expressed in the platelets of each artificial gel
for each experimental condition was made. The total num-
ber of spots contained in each artificial gel was 1019 spots
in the platelets before Olmesartan medoxomil and 1093
spots in the platelets after the treatment. However, the
average number of spots in each individual gel within each
experimental condition was 229.2 6 22.1 spots in platelet
proteomes before Olmesartan medoxomil and 300.5 6 57.0
spots after the hypotensive treatment. The present study
was focused on the changes in proteins associated with
either platelet cytoskeleton and platelet-cell interaction, and
proteins associated with energetic metabolism and oxidative
stress.

All the here identified spots were at least expressed in
60% of the 2-DE gels within each experimental condition.
Spots were identified by using the SWISS-2-D database of
the platelet map (http://www.expasy.ch/ch2d/). Moreover,
the identity of some of these spots was confirmed by MS and
MS/MS (see Table 5).

Among the proteins associated with platelet cytoskeleton
and platelet-cell interaction no statistical differences were
observed in the platelet expression of a-tubulin and vinculin
between the platelets obtained before and after Olmesartan
medoxomil treatment (Fig. 1, areas A and B respectively).
Four tropomyosin b-chain isotypes (Fig. 1, area C) and four
isotypes of the gelsolin precursor (Fig. 1, area D) were also
detected in the platelet proteome. The platelet expression of
tropomyosin b-chain isotypes 3 and 4 was significatively
reduced while the expression of the gelsolin precursor iso-
type 4 was significatively increased in the platelets after
Olmesartan medoxomil (Table 6).

As shown in Table 6, a significative reduction in the
expression of the leukocyte elastase inhibitor was found in
the platelets obtained after Olmesartan medoxomil treat-
ment (Fig. 1, area E).

There were no differences in the protein expression of
the four isotypes identified as the endothelial binding pro-
tein, five isotypes of the fibrinogen gamma chain, the fibrin-
ogen beta chain and the integrin IIb precursor when the
platelet proteomes were compared before and after Olme-
sartan medoxomil treatment (Fig. 1, areas F, G, H and I
respectively and Table 6).

The expression of platelet proteins associated with the
energetic metabolism and oxidative stress was also ana-
lyzed. Pyruvate kinase was identified (Fig. 1, area J) and
there was no statistical differences in its platelet expression
between before and after Olmesartan medoxomil treatment
(Table 6). The platelet expression of the glyceraldehyde-3-
phosphate dehydrogenase was also determined (Fig.1, area
K) and it was not significantly modified after Olmesartan
medoxomil treatment (Table 6). The protein expression of
the ubiquitin-conjugated enzyme (Fig.1, area L) and the
three isotypes of the protein disulphide isomerase A3 pre-
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Table 5. Proteins and protein isotypes identified by MS or MS/MS

Protein Theoretical
Mass
(kDa/pI)

Experimen-
tal Mass
(kDa/pI)

DATABASE
accession
number

Peptides Matched Confirma-
tion
Method

Sequence
Coverage
(MS)

Pyruvate kinase 58.3/7.95 58.6/7.28 P14618 5
NTGIICTIGPASR/LNFSHGTHEYHAETIK/
FGVEQDVDMVFASFIR/IENHEGVR/GDYPLEAVRMQHLIAR

MS 13%

Actin 42.1/5.31 42.8/5.2 P63261 4
AVFPSIVGRPR/IWHHTFYNELR/
SYELPDGQVITIG/DLYANTVLSGGTT

MS 15%

Tropomyosin
beta chain
isotype 2

32.9/4.66 30.0/4.78 P07951 4
QLEEEQQALQK/IQLVEEELDRAQER/KLVILEGELER/
YSTKEDK/AEFAERS

MS 17%

Fibrinogen
gamma chain,
isotype 3

52.1/5.37 51.6/5.32 P02679 4
YEASILTHDSSIR/IHLISTQSAIPYALRVELEDWNGRTSTADYAMFK/
WYSMKK/IIPFNR

MS 13%

Fibrinogen
beta chain

56.6/8.54 54.5/6.73 P02675 6
HQLYIDETVNSNIPTNLR/SILENLR/KGGETSEMYLIQPDSSVKPYR/
EDGGGWWYNR/YYWGGQYTWDMAK/IRPFFPQQ

MS 15%

Tubulin-a 50.8/4.94 36.0/5.97 P68363 5
AVFVDLEPTVIDEVR/
NLDIERPTYTNLNRLISQIVSSITASLRFDGALNVDLTEFQTNLVPYPR/
YMACCLLYR/AVCMLSNTTAIAEAWAR/AFVHWYVGEGMEEGEFSEAR

MS 24%

Ubiquitin-
conjugating
enzyme E2

20.7/4.55 27.9/5.16 P62256 3
LIESKHEVTILGG/IKEYIQK/EYIQKYATEEALK

MS 19%

Chloride intra-
cellular
channel
protein1,
isotype 1

27.1/5.09 31.4/5.14 O00299 1
GFTIPEAFR

MS 3%

Chloride intra-
cellular
channel
protein 1,
isotype 2

27.1/5.09 31.3/5.2 O00299 4
IGNCPFSQR/YPKLAALNPESNTAGLDIFAK/GFTIPEAFR/YLSNAYAR

MS/
MSMS

19%

Protein disulfide-
isomerase A3
precursor,
isotype 1

57.1/5.98 57.3/5.43 P30101 1
TFSHELSDFGLESTAGEIPVVAIR

MS/
MSMS

4%

Glyceraldehyde-
3-phosphate
dehydrogenase

36.1/8.58 35.6/8.49 P04406 1
LISWYDNEFGYSNR

MS/
MSMS

4%

Integrin alpha-IIb
precursor

114.5/5.21 118.6/5.07 P08514 7
VAIVVGAPR/AEGGQCPSLLFDLR/IYVENDFSWDKR/
VYLFLQPRG-
YGRFGSAIAPLGDLDRDGYNDIAVAAPYGGPSGRGQVLVFLGQSEGLR/
LSLNAELQLDR/ALSNVEGFER/IVLLDVPVR

MS 13%

Gelsolin
precursor,
isotype 2

86.1/5.90 94.0/5.46 P06396 8
AGKEPGLQIWR/EVQGFESATFLGYFK/HVVPNEVVVQR/SEDCFILDHGK/
VPVDPATYGQFYGGDSYIILYNYR/AGALNSNDAFVLKTPSAAYLWVGT-
GASEAEK/
LFACSNK/YIETDPANR

MS/
MSMS

15%

Vinculin 124.2/5.51 125/5.6 P18206 4
AIPDLTAPVAAVQAAVSNLVR/GILSGTSDLLLTFDEAEVR/VGELCAGK/
EAFQPQEPDFPPPPPLEQLR

MS/
MSMS

6%
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Table 6. Expression of the platelet protein isotypesa).

ANALYZED
PROTEINS

PRE-
TREATMENT
(A.U.)b)

POST-
TREATMENT
(A.U.)b)

p-VALUE

CYTOSKELETON AND PLATELET-CELL

INTERACTION-RELATED PROTEINS

ALPHA TUBULIN 4.86 6 1.15 2.38 6 0.87 0.225
VINCULIN 21.80 6 5.82 24.13 6 5.52 0.767
TROPOMYOSIN

BETA CHAIN

Isotype 1 2.54 6 0.86 4.45 6 1.79 0.612
Isotype 2 22.49 6 5.19 12.54 6 3.33 0.138
Isotype 3 4.03 6 1.05 1.39 6 0.25c) 0.028
Isotype 4 5.34 6 1.43 2.05 6 0.54c) 0.038
GELSOLIN

PRECURSOR

Isotype 1 0.98 6 0.32 0.76 6 0.16 0.735
Isotype 2 3.29 6 1.07 2.53 6 0.43 0.735
Isotype 3 2.12 60.45 1.50 6 0.33 0.463
Isotype 4 0.35 6 0.22 1.07 6 0.37c) 0.050
LEUK ELAST INHd) 5.54 6 0.85 3.28 6 0.61c) 0.005
END BIND PROTe)

Isotype 1 0.36 6 0.24 1.26 6 0.49 0.147
Isotype 2 2.69 6 0.68 1.16 6 0.19 0.141
Isotype 3 2.07 6 0.4 1.06 6 0.21 0.327
Isotype 4 1.42 6 0.46 0.99 6 0.22 0.735
FIBRINOGEN

GAMMA CHAIN

Isotype 1 2.01 6 0.72 1.54 6 0.49 0.515
Isotype 2 13.12 6 4.05 10.34 6 2.26 0.646
Isotype 3 12.94 6 3.59 11.88 6 3.34 0.182
Isotype 4 3.83 6 0.72 4.74 6 1.54 0.959
Isotype 5 4.16 6 1.09 3.89 6 0.64 0.933
FIBRINOGEN

BETA CHAIN

128.45 6 25.73 127.86 6 27.74 0.878

INTEGRIN IIb

PRECURSOR

73.87 6 17.76 35.61 6 6.47 0.093

ENERGETIC METABOLISM AND

OXIDATIVE STRESS-RELATED PROTEINS

PYRUVATE

KINASE

28.41 6 5.60 26.88 6 4.51 0.953

GLYCERALDE-

HYDE-3-PHOS-

PHATE DEHY-

DROGENASE

72.75 6 13.18 46.5 6 8.28 0.173

UBIQUITIN

CONJUGATED

ENZYME

5.86 6 1.87 2.52 6 0.92 0.465

PDI-A3f)

Isotype 1 0.9 6 0.36 0.76 6 0.25 0.889
Isotype 2 4.02 6 1.1 2.38 6 0.55 0.508
Isotype 3 0.83 6 0.27 0.41 6 0.15 0.208
SEROTRANS-

FERRIN

Isotype 1 4.13 6 0.87 1.25 6 0.35c) 0.028
Isotype 2 7.09 6 1.32 2.42 6 0.62c) 0.028
Isotype 3 10.31 6 2.38 3.33 6 0.92c) 0.025
Isotype 4 5.79 6 1.30 2.66 6 0.73c) 0.050
Isotype 5 5.33 6 1.21 1.99 6 0.40c) 0.036

Table 6. Continued

ANALYZED
PROTEINS

PRE-
TREATMENT
(A.U.)b)

POST-
TREATMENT
(A.U.)b)

p-VALUE

Isotype 6 2.01 6 0.59 1.07 6 0.18 0.063
THIOREDOXIN 4.38 6 2.54 1.23 6 0.33 0.593
CICPg)

Isotype 1 5.60 6 0.82 1.50 6 0.59c) 0.050
Isotype 2 1.67 6 0.43 0.31 6 0.15 0.144

a) Densitometric results are presented as mean 6 SEM;
b) A.U.: arbitrary units
c) p,0.05 with respect to pre-treatment.
d) LEUK ELAST INHIB: leukocyte elastase inhibitor
e) END BIND PROT: endothelial binding protein
f) PDI-A3: Protein disulfide-isomerase A3 precursor
g) CICP: Chloride intracellular channel protein 1

cursor were also identified (Fig. 1, area M) and their expres-
sion being similar before and after Olmesartan medoxomil
treatment (Table 6).

Six serotransferrin isotypes were also identified in plate-
lets (Fig.1, area N). The protein expression of five out of the
six identified serotransferrin isotypes was significatively
reduced after Olmesartan medoxomil treatment (Table 6).
Thioredoxin, a protein also associated with the oxidative
stress, was identified (Fig. 1, area O). There were no differ-
ences in the platelet expression of thioredoxin before and
after Olmesartan medoxomil treatment (Table 6).

Two isotypes of the chloride intracellular channel protein
were identified in the platelet proteome (Fig. 1, area P). Only
the protein expression of chloride intracellular channel pro-
tein isotype 1 was significatively reduced in the platelets after
Olmesartan medoxomil treatment (Table 6).

4 Discussion

In the present study we have demonstrated that the treat-
ment with the ARB Olmesartan medoxomil for 6 months
significantly reduced SBP, total cholesterol and LDL-choles-
terol plasma levels and proteinuria in moderate essential
hypertensive patients with non-controlled blood pressure.
Moreover, Olmesartan medoxomil treatment failed to modify
the circulating levels of different pro-inflammatory proteins
but changed the expression of proteins contained in plate-
lets, a novel effect that at present has not yet been reported
with other ARBs.

In the present study, Olmesartan medoxomil signifi-
cantly reduced SBP but not DBP. Nevertheless, in a previous
comparative study Olmesartan medoxomil (10–20 mg o.d.)
was as efficacious as atenolol (50–100 mg o.d.) in reducing
both DBP and SBP in patients with mild-to-moderate hyper-
tension and when given together with hydroclorothiazide in
patients with moderate to severe hypertension [29]. However,
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in this study the patients presented a sitting DBP after
3 weeks placebo run-in phase of 95–114 mmHg, a value
higher than in the present study which may explain our
observed main effect of Olmesartan medoxomil on SBP
reduction.

Elevations in SBP have been consistently associated with
increased risk of coronary heart disease, stroke, myocardial
infarction, occlusive peripheral arterial disease, renal failure
and congestive heart failure [30, 31]. Moreover, several stud-
ies have quantified the benefits of SBP reduction on the risk
of adverse cardiovascular outcomes [32, 33]. Taken together,
these observations may suggest that the reduction of SBP
elicited by Olmesartan medoxomil observed in the present
study may result in clinical significance.

At present, ARB either singly or in combination with
ACE-I are being compared. Four patients being treated with
an ACE-I were included in the study. After Olmesartan
medoxomil treatment, the patients taking ACE-I shown a
lower SBP reduction than that observed patients taking
Olmesartan medoxomil alone. The number of patients
included in our study taking the dual hypotensive therapy is
too small to reach clinical conclusions. At present, contra-
dictory results has been published regarding the usefulness
of such dual hypotensive therapy. A recently published meta-
analysis investigating the combination therapy in diabetic
nephropathy showed only a small effect on SBP compared
with ACE-I alone [34]. Moreover, this analysis also shown
that ACE-I plus ARB was associated with a worse effect on
renal function than ACE-I alone [34]. Probably, genetic poly-
morphisms affecting either the ability of ACE-I inhibit ACE,
the angiotensin II AT-1 receptor expression and drug meta-
bolizing enzymes may influence the variety responses to this
combined hypotensive therapy [35, 36].

The presence of proteinuria is a well-known risk factor
for both the progression of chronic renal disease and cardio-
vascular morbidity and mortality and decreases in urine
protein excretion level are associated with a slower decrease
in renal function and a decrease in the risk of cardiovascular
events [37–39]. Previous studies have demonstrated that
Olmesartan medoxomil reduced protein excretion in
patients with chronic kidney disease [40]. In the present
study, the ratio of urinary proteins to urinary creatinine was
reduced 6 months after Olmesartan medoxomil treatment.
In our study patients were allowed to continue their pre-
viously prescribed ACE-I therapy during the study period.
Combination therapy with ACE-I and ARBs has been sug-
gested to exert stronger reduction of protein excretion than
monotherapy with either agent [41]. In our study a small
number of our patients were treated with ACE-I and, there-
fore, a specific study should be designed to evaluate it.

Some studies have postulated that the inhibition of the
AT1 receptors has a direct effect on podocytes and amelio-
rates podocyte function suggesting that ARBs slow or reverse
the progression of urinary protein excretion to mono-
albumina independently of their blood pressure-lowering
effect [42, 43]. Olmesartan medoxomil inhibited the accel-

eration of phenotypic changes of podocytes, proteinuria, and
subsequent glomerulosclerosis produced by hemine-
phrectomy in a mouse model [44]. Moreover, an experi-
mental study performed with type-2 diabetic rats has sug-
gested that the reduction of urinary protein excretion by
Olmesartan medoxomil was partially unrelated to blood
pressure reduction [45]. Similarly, in a DOCA-salt hyperten-
sive rat model, Olmesartan medoxomil did not affect blood
pressure but reduced urinary protein excretion when com-
pared with control hypertensive animals [46]. However, in
our study there was a significant correlation between the
urinary protein excretions to urinary creatinine ratio with the
degree of SBP. Accordingly, other authors have suggested a
relationship between the control of SBP and reduction of
urinary protein excretion in hypertensive patients [47, 48].

Hypercholesterolemia is one of the major risk factor
associated with cardiovascular mortality and morbidity. In
our moderately hypertensive patients, Olmesartan medox-
omil treatment significantly reduced both total plasma cho-
lesterol and LDL-cholesterol, effects which were not corre-
lated with the SBP values. To our knowledge, this is the first
evidence showing that Olmesartan medoxomil may exhibit
hypolipemic properties in humans. Moreover, there is a
study in humans suggesting that 12 months treatment with
Telmisartan, another ARB, but not Nifedipine reduced total
cholesterol plasma levels in type-2 diabetic mild-hyperten-
sive patients although both of them induced a similar blood
pressure reduction suggesting that, as occurred in our study
with Olmesartan, the hypolipemic effect of Telmisartan was
a non blood pressure-dependent effect [49]. Experimental
data have suggested that stimulation by angiotensin II of
angiotensin AT-2 type receptors, when AT-1 type receptors
are blocked, may reduce plasma cholesterol [50]. Moreover, it
has been recently reported that Telmisartan and Irbesartan
stimulated peroxisome proliferator-activated receptor-
gamma activity, which may improve plasma lipid profiles
[51, 52]. However, apparently Olmesartan does not exhibit
such agonist effect [53]. Therefore, the mechanism by which
Olmesartan medoxomil improved the lipid profile in this
study remains to be elucidated.

In hypertensive patients, systemic inflammation has
been associated with increased risk of cardiovascular events.
Our results showed that Olmesartan medoxomil treatment
for 6 months failed to modify the systemic levels of the pro-
inflammatory biomarkers hsCRP and IL-6 in moderate
essential hypertensive patients with non-controlled blood
pressure. On the contrary, in the EUTOPIA (EUropean Trial
on Olmesartan and Pravastatin in Inflammation and Ather-
osclerosis) trial, Olmesartan medoxomil treatment signifi-
cantly reduced serum levels of these proinflammatory bio-
markers [54]. Therefore, we determined in plasma, using
proteomics, a number of additional pro-inflammatory-rela-
ted proteins. The plasma proteomic analysis also failed to
demonstrate that Olmesartan medoxomil changed the sys-
temic circulating levels of pro-inflammatory associated pro-
teins or protein isotypes. The apparent contradictory results
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between the present results and those from the EUTOPIA
study may be related to the type of hypertensive patients
included in both studies. While the present study was per-
formed in moderate hypertensive patients the EUTOPIA
study was performed in high risk hypertensive patients with
essential hypertension and vascular microinflammations, a
greater baseline inflammatory state, treated with the combi-
nation of Olmesartan medoxomil and Pravastatin [15].

4.1 Effect of Olmesartan medoxomil on platelet

proteins

Many of the clinical events associated with hypertension are
related to thrombotic processes including stroke. In this
regard, there is evidence showing, that in hypertensive
patients, the sensitivity of platelets to become aggregatory
agents are increased, an effect that is accompanied by basal
platelet pre-activation [18]. Angiotensin II could participate
in the thrombotic process since platelets express angiotensin
II AT1-type receptor on their surface [55]. However, experi-
mental studies have demonstrated that some ARBs, but not
all ARBs, may inhibit human platelet activation suggesting a
non-class effect of ARBs on platelet activity [10]. To our
knowledge, however, the effects of Olmesartan medoxomil
on platelets from hypertensive patients are presently
unknown. Because platelets are anucleated, the analysis of
the proteome is the best way to approach their biochemistry.

The present proteomics study was focussed in the analy-
sis of proteins involved in two main processes: i) cytoskele-
ton proteins and proteins involved in platelet interaction and
ii) proteins involved in energetic metabolism and oxidative
stress.

In the proteomic study, platelets obtained after Olme-
sartan medoxomil treatment showed a reduction in the
expression of: tropomyosin isotypes 3 and 4, serotransferrin
isotypes 1 to 5, the leukocyte elastase inhibitor and the chlo-
ride intracellular channel protein isotype 1. Moreover, an
increased expression of the gelsolin precursor isotype 4 was
observed in the platelets after Olmesartan medoxomil treat-
ment. At present time, it is difficult to determine the impor-
tance of the changes observed in the expression of the above
mentioned platelet proteins on platelet functionality. Platelet
cytoskeleton is responsible for the generation of forces
required for platelet shape change, granule release and plate-
let aggregation. In fact, elevated tropomyosin levels have been
demonstrated in platelets from untreated essential hyperten-
sive patients with left ventricular hypertrophy, and the
enhanced expression of tropomyosin in platelets has been
associated with the development of cardiac hypertrophy [56].

Gelsolin is a cytoskeleton protein involved in the control
of actin organization. In our study, the gelsolin precursor
isotype 4 was upregulated in the platelets after Olmesartan
medoxomil treatment. It has been demonstrated that gelso-
lin together with plasma vitamin D binding protein reduced
actin-induced platelet aggregation which may occur due to
actin released from injured tissues [57]. In our study, the cir-

culating plasma levels of vitamin D binding protein were not
modified by Olmesartan medoxomil, but the expression of
gelsolin precursor isotype 4 was increased, which may sug-
gest a reduction of platelet activation. Osborn et al. have
demonstrated that recombinant gelsolin reduced both lyso-
phospatidic acid- and platelet activating- factor induced P-
selectin upregulation by human platelets, a marker of
increased platelet activity [58].

Two isotypes of a chloride ion channels were also identi-
fied in the platelet proteome. The functions of this chloride
channel in the platelet remain unclear. A chloride con-
ductance has been implicated in cellular volume regulation
since exposure of platelets to hypotonic medium increases
chloride permeability from low resting levels [59]. The de-
pendence of chloride ion channels on intracellular free cal-
cium concentration suggests that they may became more
active after platelet stimulation [59, 60]. Therefore, it can be
speculated the decreased expression of the chloride ion
channel isotype 1 in the platelets from hypertensive patients
treated with Olmesartan medoxomil may reflect a reduction
in the intracellular free calcium levels. In this regard, intra-
cellular free calcium levels are increased in the platelets from
hypertensive patients, which was further associated with the
ease of activation of platelets in hypertension [61]. In plate-
lets, the predominant oxidant effect is platelet activation.
Intra-platelet iron has been associated with appearance of
cytosolic oxidizing species and GP IIb/IIIa receptor activa-
tion [62]. In our study, five serotransferrin isotypes were
downexpressed in the platelets after Olmesartan medoxomil
treatment. By binding iron, serotransferrin exerts anti-
oxidant properties. Therefore, we speculate that the reduc-
tion in the protein expression serotransferrin after Olme-
sartan may be related with a diminished requirement of this
antioxidative machinery. Accordingly, although it did not
reach statistical significative difference, the expression of
thioredoxin, another antioxidant protein that reduces di-
sulfides, also tended to be reduced after Olmesartan medox-
omil supporting such reduced antioxidative requirements.

It is noteworthy that the changes observed after Olme-
sartan medoxomil treatment in the expression of the above-
mentioned protein isotypes contained in the platelets seem
to be specific since the expression of most proteins in the
platelets was not modified after the hypotensive treatment.

It is feasible that a sustained improvement in blood
pressure can affect platelet protein composition in hyper-
tensive patients. However, at present it is important to know
the mechanisms underlying the modifications in the platelet
protein expression elicited by Olmesartan medoxomil treat-
ment. At this point, it is remarkable that numerous mRNAs
are present in resting platelets [63]. Although mRNA trans-
lation is almost undetectable in resting platelets, stimulated
platelets have showed an increased mRNA translation [64].
However, probably this is not the mechanism at work in the
changes observed in the protein platelet expression after
Olmesartan medoxomil. It is because mRNA translation can
only upregulate proteins, whereas in our study the protein
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expression in platelets show effects in both directions.
Therefore, the modifications induced by Olmesartan
medoxomil in the expression of proteins in platelets should
be mainly related to some action of the drug at the mega-
karyocyte level. Platelets are formed from mature polyploid
megakaryocytes after fragmentation of cytoplasmic protru-
sion (proplatelets). In this regard, a work from Pathansali
et al. demonstrated that Losartan reduces megakaryocyte
ploidy and size and changes the function of platelets that
they produce [65]. This finding opens the possibility that
megakaryocytes could be a novel therapeutic target for the
prevention of vascular and thrombotic events in hypertensive
patients.

In summary, treatment of non-controlled blood pressure
moderate hypertensive patients with Olmesartan medoxomil
reduced SBP, urinary protein to urinary creatinine ratio and
the total plasma cholesterol and LDL-cholesterol without
modifications in the circulating levels of inflammatory asso-
ciated proteins. Moreover, it also induced changes in the
expression of proteins in the platelets from these patients.
The present results, however, do not allow us to assess whe-
ther the above mentioned changes on the proteins contained
in the platelets may be associated with reduced platelet acti-
vation. In addition, several other proteins observed in the
platelet proteome should be identified and quantified to have
a more integral knowledge of the effects in platelets by
Olmesartan medoxomil treatment. Moreover, further studies
are also needed to analyze if the platelet protein modifica-
tions observed here is a class effect of the ARBs or is de-
pendent on specific chemical characteristics of Olmesartan
medoxomil, as has been reported for the antiplatelet proper-
ties of other ARBs [10].
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