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Abstract

Objective: The involvement of vascular inflammation is shown in the initiation and development of
hypertension. P-selectin plays an important role in the inflammatory response through the initiation of
leukocyte adhesion in platelets and endothelial cells. The purpose of this research was to determine the
relationship between blood pressure and P-selectin in Indonesian hypertensive patients. Methods: The
cross-sectional design study was conducted in 56 patients with hypertension, aged 40 to 60 years, blood
pressure and serum P-selectin (sP-selectin) concentration measured. sP-selectin was determined by a
colorimetric ELISA sandwich. Interpretation of the relationship between blood pressure components and
sP-selectin concentration was carried out by statistical analysis. Results: It was found that sP-selectin
level did not correlate significantly with systolic blood pressure (r = 0.078; P = 0.568), diastolic blood
pressure (r = -0.014; P = 0.921), mean arterial pressure (r = 0.062; P = 0.648), and pulse pressure (r =
0.062; P = 0.648). Conclusion: Our results concluded that the increase in blood pressure components was
not significantly associated with an increase in circulating sP-selectin concentration in hypertensive
patients. Thus, there was no significant correlation between blood pressure and P-selectin in
hypertensive patients. The tendency of positive results indicated an inflammatory involvement in
hypertension.
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Introduction

Hypertension or high blood pressure is a
medical condition where constricted arteries
increase resistance to blood flow and cause
an increase in blood pressure against the
vessel wall [1, 2]. In industrialized countries,
hypertension is one of the main health
problems. In Indonesia, hypertension is also
a health problem that needs to be considered
in primary health services because the
incidence rate is high and the long-term
consequences are caused [3].

Hypertension is a major risk factor for
cardiovascular disease, kidney failure and
stroke [4, 5].The relationship between blood
pressure and the risk of cardiovascular
disease 1s continuous, consistent and
independent of other risk factors. The higher
the blood pressure, the greater the likelihood
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of myocardial infarction, stroke and kidney
failure [6, 7]. Various studies have shown
evidence of the involvement of wvascular
inflammation in the initiation and
development of hypertension. Hypertension
is thought to be the result of arterial
pathology similar to atherosclerosis where
inflammation in  atherosclerosis  and
hypertension is initiated by the same agent
of injury [5, 8, 9].

Platelets prove to play a role in the
development of atherosclerosis in humans. In
addition to 1its role in hemostasis and
thrombosis, platelets regulate various
inflammatory responses and are the key to
atherothrombosis. The inflammatory
response in the vascular is very dependent on
cell adhesion molecules [10, 11, 12].
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P-selectin plays an important role in the
initiation of leukocyte adhesion in platelets
and endothelial cells. After activation of
platelets and endothelial cells, P-selectin
stored in a-platelet granules and Weibel-
Palade bodies endothelial cells are
translocated rapidly to the cell surface. P-
Selectin regulates tissue factors in monocytes
and produces leukocyte accumulation in the
area of vascular injury along with thrombosis
and inflammation [13].

Materials and Methods
Sample

Serum from 56 patients as samples, with
with the following inclusion criteria:
Hypertension patients according to JNC VII
2003 criteria who have not received
antihypertensive drug therapy or have
stopped antihypertensive drug therapy for at
least 1 month; Age 40-60 years; Willing to
take part in the study by signing informed
consent. Subjects who were suffering from
acute inflammation (indicated by hs-CRP
concentration> 10 mg/L) or were taking anti-
inflammatory drugs, people with diabetes
mellitus, impaired renal function were
excluded from the study.

Reagent

The reagent used to determine P-selectin
levels is the Quantikine reagent produced by
R & D Systems, Inc. in Minneapolis, Cat No
BBE 6 Lot 242437.

Table 1: Characteristics of research subjects

Research Methods

The research was carried out as an
observational study with a cross-sectional
design. Blood pressure was measured by
mercury sphygmomanometer. Measurements
were made twice on different days or on the
same day with an interval of 15 minutes and
the value of blood pressure was the average
of the two measurements. The criteria for
hypertension refer to JNC VII 2003, namely
if the systolic blood pressure is 40140 mmHg
and/or diastolic blood pressure is >90 mmHg
[14].

Measurement of P-selectin concentration in
serum using quantitative sandwich
immunoassay technique with a 530 reader.
The results were expressed in units of ng /
mL. The data obtained were then analyzed
by standard statistical analysis using the
SPSS for Windows version 13.0 program. The
level of significance (significance) used is 5%
[15].

Results and Discussion

The study was conducted by determining the
P-selectin concentration in 56 serum samples
that met the criteria. Patients consisted of 17
men (30.36%) and 39 women (59.64%). The
data  obtained were then analyzed
statistically using the SPSS for Windows
version 13.0 program. Data on the
characteristics of the research subjects can be
seen in Table 1.

Parameter Mean + SD Unit
Age 51.75 £ 5.27 years
GOT 23.64 +10.35 U/L
GPT 25.46 + 14.18 U/L

Glucose 88.36 + 10.33 mg/dL

Cholesterol 218.40 + 39.82 mg/dL
HDL 52.0 = 11.46 mg/dL

Triglicerides 156.07 £ 92.93 mg/dL

Creatinine 0.76 + 0.19 mg/dL
Clearance 96.23 + 21.65 ml./menit
TDS 146.16 + 14.65 mmHg
TDD 93.48 + 7.44 mmHg
LP 91.05 £ 9.07 cm
TB 154.04 + 7.86 cm
BB 63.24 + 10.001 kg
P-selektin 107.11 £ 29.14 ng/mL

Description: GOT = Glutamate Oxaloacetate Transaminase; GPT = Glutamate Pyruvat Transaminase; HDL = High Density
Lipoprotein; TDS = Systolic Blood Pressure; TDD = Diastolic Blood Pressure; LP = Stomach Circles; TB = Height; BB = Weight

Data from the measurement of P-selectin
levels and blood pressure can be seen in
descriptive statistics in Table 2. Data
processing began with a test of the
distribution (normality) of the data using the
Kolmogorov-Smirnov test statistic [16].
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The results of the data distribution test are
shown in Table 3. The results obtained
indicated that the P-selectin data was
normally distributed because it had a
significant probability value> 0.05.
Meanwhile, the variable data of TDS and
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TDD were not normally distributed with a
significance value of <0.05. Because the TDS
and TDD variable data were not normally
distributed, the data analysis was continued
by the non-parametric statistical method to

test the relationship using Spearman rank
correlation. The results of Spearman's rank
correlation analysis between TDS and TDD
with P-selectin are summarized in Table 4.

Table 2: Descriptive blood pressure and P-selectin statistics

Variable N Minimum value Maximum value Mean Standard deviation
TDS 56 110 180 146.16 14.65
TDD 56 80 120 93.48 7.44
P-selektin 56 53 176 107.11 29.14
Table 3: Kolmogorov-Smirnov TDS, TDD, and P-selectin test results
TDS TDD P-selektin
Kolmogorov-Smirnov Z value 1.364 2.550 0.553
Asymp significance 0.048 0.000 0.920
Table 4: Correlation of TDS and TDD with P-selectin
Parameter Correlation coefficient Significance level
TDS - P-selektin 0.078 0.568
TDD - P-selektin -0.014 0.921

Correlation coefficient results of the analysis
were tested with statistical hypotheses and
obtained the level of meaningfulness as
shown in Table 4. The correlation between
TDS and P-selectin was 0.078 and the
correlation was 0.61% with a significance
level of 0.568. The correlation between TDD
and P-selectin was -0.014 and the correlation
was 0.02% with a significance level of 0.921.
This value was stated to be not significant at
a 0.05 in two directions and it was concluded
that there was no significant relationship
between TDS and P-selectin and between

Table 5: Descriptive statistics of MAP, PP, and P-selectin

TDD and P-selectin so that the correlation
coefficient value was 0.078 and -0.014 was
not significant. Data on Mean Arterial
Pressure (MAP) and Pulse Pressure (PP)
were processed as TDS and TDD to see the
relationship with P-selectin in hypertensive
patients. MAP was obtained by calculation
(TDS + 2TDD) /3 [17]. PP was calculated by
subtracting TDS by TDD. Data from the
calculation of MAP and PP with P-selectin
concentration can be seen in descriptive
statistics in Table 5.

Variable N Minimum value Maximum value Mean Standard deviation
MAP 56 96.67 138.33 111.04 8.0
PP 56 20 90 52.68 12.13
P-selektin 56 53 176 107.11 29.14

Using the same statistics as in TDS and
TDP, it was obtained that the correlation
between MAP and P-selectin and between
TDD and P-selectin was 0.062 and the
correlation of 0.38% had a significance level
of 0.648. This value was stated to be
insignificant at a 0.05 in two directions and it
was concluded that there was no significant
relationship between MAP and P-selectin and

between PP and P-selectin so that the
correlation coefficient value of 0.062 was not

significant. Based on the large data of
systolic and diastolic blood pressure
measured, the average P-selectin

concentration data classified in level I and II
hypertension groups according to criteria in
JNC VII 2003 were presented in Tables 6 and
7.

Table 6: Average P-selectin concentration at the level of hypertension based on TDS size

Level I hypertension
(TDS 140-159 mmHg)

Level II hypertension
(TDS > 160 mmHg)

P-selectin mean (ng/mL)

108.36+27.61

105.00+£29.08

Table 7: Average P-selectin concentration at the level of hypertension based on the amount of TDD

Level I hypertension
(TDD 90-99 mmHg)

Level II hypertension
(TDD > 100 mmHg)

P-selectin mean (ng/mL)

105.67+27.44

108.94+33.41
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To find out whether there were significant
differences in the average P-selectin
concentration between level I and II

Table 8: Results of the Mann-Whitney test

hypertension, two similarities were tested
(Mann-Whitney test). The Mann-Whitney
test results can be seen in Table 8.

P-selectin in hypertension of TDS

P-selectin in hypertension TDD

levels I and II levels I and IT
7 values -0.273 -0.256
Asim tot significance 0.798

The results of the Mann-Whitney statistical test showed that there were no significant differences between the average P-selectin
concentrations in level I and IT hypertensive subjects both based on TDS and TDD

The following discussion will be very helpful
to clearer above results. The sample used
was serum 56 patients with hypertension
who had previously ascertained its feasibility
in attending this study through blood
pressure measurements, interviews, and
laboratory examinations. Blood pressure was
measured by mercury sphygmomanometer.
Measurements were made on the patient in a
sitting position with the arms placed at the
position of the heart. Korotkoff 1 and 5
sounds were used for determination,
sequentially, systolic blood pressure (TDS)
and diastolic blood pressure (TDD).
Measurements were made twice on different
days or on the same day with an interval of
15 minutes and the value of blood pressure
was the average of the two measurements.

TDS measurement results of sebesarl40
mmHg and/or TDD of sebesar90 mmHg were
expressed as hypertension, according to JNC
VII 2003 criteria. Interviews were conducted
to obtain data that supported the study, such
as age, sex, height and weight, disease
history, drug consumption, smoking habits
and alcohol consumption, and so on. Patients
aged 40-60 years, not undergoing
antihypertensive therapy and willing to sign
informed consent were considered to meet the
inclusion criteria. Patients who are
interviewed were known to be taking anti-
inflammatory drugs and suffer/have suffered
from diabetes mellitus, kidney failure or
acute inflammation excluded from the study.

The patient's blood was then taken and
stored in serum to undergo a laboratory
examination. Laboratory tests were carried
out to determine the condition of the patient's
clinical parameters which included fasting
blood glucose, creatinine clearance, HDL
cholesterol, and triglycerides, GOT / GPT and
hs-CRP. Through these parameters, patients
suspected of suffering from diabetes mellitus
(GDP), impaired kidney function (Creatinine
clearance), liver function disorders (GOT,
GPT), dyslipidemia (TG, HDL) and acute
inflammation (hs-CRP >10 mg / dL) excluded
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from the study. This exclusion criterion was
enforced because it could interfere with the
interpretation of the relationship of P-

selectin  concentration 1in hypertension.
According to JNC VII 2003, major
cardiovascular risk factors were
hypertension, smoking, obesity, lack of
physical activity, dyslipidemia,

microalbuminuria or estimated glomerular
filtration rate <60mL / minute, age (> 55
years in men and> 65 years in women) and
disease history cardiovascular. Obesity
factors could be identified through abdominal
circumference and body mass index (BMI),
dyslipidemia through total cholesterol, HDL
cholesterol, and triglycerides, while
microalbuminuria or glomerular filtration
rate (LFG) through creatinine clearance.

Smoking risk factors, alcohol intake, physical
activity and family history were known
through interviews with patients. The age
range used in this study was 40-60 years
because according to Cotran the incidence of
hypertension increases with age [18]. Age
limitation at 60 years is done because older
age was a cardiovascular risk factor, namely>
55 years in men and> 65 years in women.
Research by Woollard et al. in 2006, however,
stated that there was no significant
correlation between age and concentration of
sP-selectin (soluble P-selectin) so that the age
factor had no effect on the measurement of P-
selectin concentration [19].

There was no gender limitation in this study
because differences based on larger sex were
limited to older age and it was found that
there was no difference in sP-selectin
concentration between men and women [19,
20]. However, according to FJ Schoen, gender
was the main factor that determinesdblood
pressure variation and, according to AD
Blann, P-selectin concentration was higher in
men. Gender differences in research subjects
could cause deviations in the interpretation
of results. Therefore, gender restrictions
could be done in future research to reduce
mixed results [21].
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Various studies
reported an

summarized by Blann
increase 1n  sP-selectin
concentration in people with diabetes
mellitus,  smokers, hypertension and
hypercholesterolemia [22]. A study of 266
healthy subjects reported an increase in
concentration in smokers compared with
nonsmokers, but there was no increase in
male smokers compared with nonsmokers,
higher concentrations in men, no effect of
age, and positively correlated with
cholesterol concentration. Tailor A et.al
stated that the state of hypercholesterolemia
causes P-selectin-dependent platelet-
endothelial adhesion [23]. Hypertension was
known as a complex disease with
multifactorial character.

Factors related to essential hypertension
were a family history of hypertension,
increase in age, sex, black race, high sodium
intake, glucose intolerance  (diabetes
mellitus), smoking, obesity, alcohol intake,
and lack of potassium, calcium, and
magnesium intake [24]. Harrison et.al
published provided evidence from various
studies on the relationship between
inflammation and hypertension, although the
contribution of the inflammatory process to
the etiology of hypertension remains unclear
[25]. Pedrinelli et al. confirmed this through
an increase in the concentration of C-reactive
Protein, a marker of low-level inflammation,
in hypertension. CRP levels <1, 1-3, and 3-10
mg / L were used as reliable evidence in the
interpretation of the risk of cardiovascular
disease in a low, average, and high order.

However, if the CRP level was> 10 mg / L,
CRP coul not be wused to estimate
cardiovascular risk and other active
inflammatory processes (such as trauma,
infection, etc.) ought to be excluded [26]. CRP
measurements in estimating cardiovascular
risk for primary prevention use the hs-CRP
test (high sensitivity) and patients ought to
be free of acute inflammation for at least two
weeks [27, 29]. Inflammation of hypertension
occured through increased expression of
several mediators, including leukocyte
adhesion molecules [5]. P-selectin facilitates
the adhesion of platelets and neutrophils to
the endothelium, had procoagulant activity
and also increased monocyte phagocytosis.
The soluble form of P-selectin could be used
as a predictor of cardiovascular events
because its concentration in the blood was
parallel to the amount expressed on the cell
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surface.  Increased plasma  P-selectin
concentration was evident in various
cardiovascular disorders, including

hypertension [21, 29]. If hypertension was
the result of an inflammatory response and
hypertension also caused proinflammatory
conditions, whereas inflammation occured
through leukocyte adhesion initiated by P-
selectin, hypertension would have a positive
correlation with P-selectin. Based on this
thinking, this study was conducted to
determine the relationship between
hypertension represented by systolic blood
pressure and diastolic with P-selectin in
hypertensive patients.

The results of the correlation test statistical
analysis showed that TDS was not
significantly correlated with P-selectin (r =
0.078; P = 0.568) and TDD also did not show
a significant correlation with P-selectin (r = -
0.014; P = 0.921). These results indicated
that there was no significant relationship
between blood pressure and P-selectin in
hypertensive patients. The correlation
between TDS and P-selectin 0.61% was
positive indicating that the higher the TDS
the higher the concentration of P-selectin.
Increased TDS meant increased pressure on
the walls of blood vessels when the heart
contracts. High internal pressure would
damage the blood vessels and cause a
proinflammatory state that triggers the P-
selectin expression. McCance et.al, however,
in his book stated that inflammation
contributes to increased blood volume which
would increase cardiac output.

The insignificant negative correlation
between TDD and P-selectin might be due to
the involvement of other adhesion molecules
(for example, vascular cell adhesion
molecule) and chemokines (for example,
monocyte chemoattractant protein) in the
recruitment of leukocytes and platelets [30].
The effect of P-selectin on neutrophil to
platelet adhesion was shear-dependent,
where maximum neutrophil adhesion occured
at low shear rates [19, 31]. Blood flow
abnormalities were common in hypertension
[32].Statistical analysis was also performed
on other blood pressure components, namely
MAP (mean arterial pressure) and PP (pulse
pressure), to determine the correlation with
P-selectin. Both gave results (r = 0.062; P =
0.648) which showed that MAP and PP did
not have a significant relationship with P-
selectin in hypertensive patients.
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The correlation between MAP and PP with P-
selectin was 0.38%. The correlations were
positive, although this value was not
significant, indicating that the mean arterial
pressure (MAP) and pulse pressure (PP)
increased together with the increased in P-
selectin concentration. MAP and PP were
characteristic conditions of arteries. The
increase 1n mean pressure and pulse
pressure experienced by the arteries would
cause vascular damage followed by the
expression of P-selectin as an inflammatory
response. The insignificant relationship
between blood pressure and P-selectin might
be caused by P-selectin itself and its function
in the body. The p-selectin expression on the
surface was short, reaches a peak after 10
minutes and decreases to baseline after 3
hours [21].

This situation caused the interpretation of
results to only be carried out accurately if
hypertension was a manifestation of low-
grade chronic vascular inflammation. As was
known, inflammation could not be separated
from the occurrence of thrombosis.
Inflammation caused atherosclerosis and this
condition would worsen the inflammatory
state. Thrombosis was also involved and
caused atherothrombosis. Similarly,
inflammation causes hypertension which will
support the pro-inflammatory state to worsen
hypertension. Atherosclerosis itself could
cause hypertension and vice versa. These
events were interconnected and form an
endless circle. Therefore, it was difficult to
know which event initiated the next event, as
well as the role of P-selectin in each event.

Hypertension was classified into two levels
by JNC VII based on systolic and or diastolic
blood pressure levels. Statistical analysis
showed that there were no significant sP-
selectin differences between level I and level
IT hypertension in both TDS (P = 0.785) and
TDD (P = 0.798). Research by Spencer et al.
stated that there was no significant sP-
selectin difference between hypertension and
target organ damage (TOD) and without
TOD [21]. Various studies had reported an
increase in sP-selectin concentration in
hypertension compared with normotensive
control and were thought to occur in a stable
period without further improvement which
aggravates the state of hypertension.
Research on circulating concentration of
dissolved cell adhesion molecules, in this
case, sP-selectin, in wvarious studies was
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inconsistent because the increase in
molecular circulation concentration is caused
by a variety of cellular and molecular factors,
including increased gene transcription,
changes in mRNA stability, translation
changes, shape production other pieces and
increased proteolytic breakdown of the cell
surface [29]. This acquisition was not entirely
independent because it could be influenced by
several factors. Blood pressure levels were
complex and were determined by genetic,
environmental and demographic factors that
affected cardiac output and peripheral
resistance. The main hemodynamic
abnormality in essential hypertension was
peripheral resistance. Major factors that
determined variations in blood pressure
within and between populations include age,
sex, body mass index and diet [33].

Body mass index (BMI) could be known
through height and weight measurement
data. BMI was obtained by dividing body
weight (kg) by the square of height (m). The
56 research subjects gave an average BMI of
26.6 + 3.24, which was a fairly large index
number. The sample diet factor was a factor
that could not be controlled in the selection
process. Acquisition in this study might also
be influenced by the level of inflammation
that was not enough to cause endothelial
damage where P-selectin acts as an
inflammatory marker and caused
hypertension. Not knowing the onset of
hypertension in the sample and the limited
number of samples were thought to
contribute to the interpretation of results.

In addition, the physiological conditions of
each individual that was not the same could
also affect data. Poly et al. stated that cross-
sectional studies were always limited by the
presence of unknown confounding variables
[34]. Our overall results concluded that there
was no significant relationship between blood
pressure and P-selectin in Indonesian
hypertensive patients. Other researchers
mentioned the following. Turkoz et.al stated
that serum soluble P-selectin levels are
increased in BS (Behcet's syndrome) patients
when compared with control subjects,
suggesting a modulatory role for soluble P-
selectin during the course of platelet
activation and therefore,
atherothrombogenesis formation in BS,
especially in active disease [35]. Shalia et.al
mentioned that a significant negative
correlation was observed of sP-selectin
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(Spearman rank correlation coefficient (rs) =-
0.345, p=0.027) and sPECAM-1 (rs =-0.446,
p=0.003) with age in hypertension group.
Hypertension may increase expression of
certain CAMs while younger hypertensives,
in addition, are also at increased risk of
atherothrombosis [36]. Laskowska et.al
studied on elevated maternal serum sP-
selectin levels in preeclamptic pregnancies
with and without intrauterine fetal growth
restriction, but not 1in normotensive
pregnancies complicated by isolated TUGR
[37].

Nadar et.al, however, claimed that Patients
with hypertension had evidence of changes in
platelet physiology, as reflected by a higher
level of pP-see. Patients with TOD also had
larger platelets, with greater mass, and the
use of aspirin lowered pP-sel and sP-sel
levels. They mentioned that these changes
might have implications for the
pathophysiology of cardiovascular and
cerebrovascular disease in hypertension [38].
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