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(PART I). EXTRACELLULAR-PURINE LEVEL IN BLOOD

OF PATIENTS WITH ABDOMINAL AORTIC ANEURYSM
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� Adenosine and adenosine derivatives are the main regulators of purinoceptors (P1 and P2)
mediated hemostasis and blood pressure. Since impaired hemostasis and high blood pressure lead
to atherosclerosis and to the development of aneurysm, in this study we tested and compared the
concentration of extracellular purines (e-purines) in the blood in of patients having abdominal
aortic aneurysm with that from healthy volunteers. Whereas adenine nucleosides and nucleotides
level in human blood plasma was analysed using reverse phase high performance liquid chromatog-
raphy (HPLC), cholesterol concentration was estimated by an enzymatic assay. We did not find
any correlation between e-purines concentration and the age of healthy volunteers. Furthermore, the
sum level of e-purines (ATP, ADP, AMP, adenosine, and inosine) in the control group did not ex-
ceed 70 µM, while it was nearly two-fold higher in the blood of patients having abdominal aortic
aneurysm, (123 µM). In a special case of people with Leriche Syndrome, a disease characterized by
deep atherosclerotic changes, the e-purines level had further increased. Additionally, we also report
typical atherosclerotic changes in the aorta using histological assays as well as total cholesterol rise.
The significant rise in cholesterol concentration in the blood of the patients with abdominal aortas
aneurysm, compared with the control groups, was not unique since 23% of the healthy people also
exceeded the normal level of cholesterol. Therefore, our results strongly indicate that the estimation of
e-purines concentration in the blood may serve as another indicator of atherosclerosis and warrant
further consideration as a futuristic diagnostic tool.
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INTRODUCTION

Mechanical weakening of the aortic wall caused by degenerative ischemic
changes in atherosclerosis may induce aortic aneurysm. Although there is
no clear evidence of association between aneurysm and atherosclerosis, how-
ever, the inflammation and abdominal aortic aneurysm (AAA) following the
development and buildup of fatty plaques on interior walls of blood vessels
have been reported.[1,2] Leriche Syndrome (LS), besides being marked by
partial occlusion or complete occlusion as in case of the infrarenal aorta, is
also characterized by development of thrombus or changes in blood pres-
sure,[5,6] similar to artherosclerosis. We hypothesized that since high blood
pressure, thrombus development, and accompanying changes in hemostasis
that are common in atherosclerosis, AAA, and LS, these pathologies may
also have been driven by similar biochemical and molecular events.

At the molecular level both blood pressure and hemostasis are regulated
by extracellular purines (e-purines) such as e-ATP, e-ADP, and e-adenosine
in the blood via their receptors expressed on endothelial cells and platelets
in the blood vessels in cell specific manner.[3,4] E-adenosine activated P1
receptors present on platelets inhibit hemostasis, while endothelium born
P1 receptors decrease blood pressure.[5–7] On the other hand e-ATP acti-
vated P2 receptors at the neuromuscular junction mediate a high blood
pressure,[8] while activated endothelial cells P2 receptors relax blood ves-
sels.[5,9–12] In a nonpathological homeostasis state, the concentration of
e-ADP and e-adenosine is upregulated by the e-ATP degradation[13] and
platelet degranulation (α-granules) that are rich sources of ATP and ADP
(together 1M).[14,15] Adenosine, ADP and ATP released by exocytosis or
by the injured blood and endothelial cells may also add to the repertoire of
these e-purines.[16–18] Serum obtained from both pregnant women with high
or normal blood pressure also showed higher concentration of some oxy-
purines or e-adenosine respectively.[19,20] On the other hand, some animal
studies have demonstrated that chronic blockage of P1 receptors (activated
by adenosine) may also cause high blood pressure.[21] The e-ADP, an ago-
nist of P2 (P2Y1 and P2Y12) receptors expressed on the surface of platelets,
initiates and amplifies the hemostasis[22,23] On the contrary, hemostasis is
inhibited by e-ATP, an antagonist of P2Y1 and P2Y12 receptors and by e-
adenosine via A2a receptors.[24–26] There is much evidence in recent liter-
ature of involvement of P2Y1 and P2Y2 receptors in atherosclerosis.[27,28]

Furthermore, although e-ATP induces high blood pressure and in recipro-
cation e-edenosine leads to its relaxation, there is no unambiguous evidence
showing a link between artherosclerotic changes and altered levels of ex-
tracellular purines. Therefore, we hypothesized that there is a correlation
between nucleotide signalling pathway and etiology of atherosclerosis and
in this work we show unequivocal changes in the level of e-purines in the
blood of the patients with AAA caused by atherosclerosis.
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MATERIAL AND METHODS

Study Group

The study was approved by the Ethics Committee of the Medical
Academy, Bydgoszcz, Poland. All subjects were duly informed about the
purpose of project and their consent to collect blood samples was obtained
prior to the investigation. The analyzed material (4 mL of blood for every
investigated case) was obtained from patients with AAA who qualified for
surgery at the Department of Vascular Surgery, Medical Academy, Bydgoszcz
and were free from diabetes. All subjects, patients, and volunteers forming
a control group, comprising 90% men, were administered a routine med-
ical interview while measuring their blood pressure (group characteristics
are presented in the Table 1). There was no increase in platelet activation
time in any analyzed blood sample. Patients prepared for surgery were asked
to observe overnight fast and were taken to the hospital laboratory. Blood
samples from subjects were obtained in heparinazed and precooled tubes
on the day of medical examination preceding their surgery. Blood samples
were also collected in the laboratory from healthy volunteers under similar
conditions and following matching modalities (overnight fasting).

Study Protocol

For the analysis of e-purines in blood, the subjects were segregated in
three groups; groups 1 and 2 constituted control groups. Group I (n =
33), included the cases with the lowest risk of atherosclerosis and ranged
between newborn to 20-year-old persons. The second group (II; n = 28) was
created with blood samples from healthy people between 40 and 70 years
of age. The third group (III; n = 37) represented the patients whose age
matched with that of Group II and were prepared for the surgical removal
of aortic aneurysms. Additionally we analyzed the e-purine level in the blood
of patients with the Leriche Syndrome (n = 2).

Adenine Nucleosides and Nucleotides in Human Blood Plasma

Each collected blood sample, containing heparin and 100 µM dipiri-
damol, was immediately centrifuged at 4◦C to collect the plasma. The protein

TABLE 1 Physical group characterization (all the data presented in percentage)

High blood High total Anti-hypertensive and
pressure cholesterol level decreasing cholesterol

(above 140/90 mmHg) Smoking (above 200 mg/dL) drug intake

Groups [%]

Control volunteers 29 14 23 0
AAA patients 30 10 61 60
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were removed from the plasma with ice-cold 1 M HClO4 and centrifuged.
The supernatant was neutralized with 1 M KOH and centrifuged. Lipids
were removed by extraction with n-heptane (5:1 v/v). During these prepara-
tory steps the temperature was maintained at 4◦C. The concentration of
e-purines in the supernatant was assayed by using high performance liquid
chromatography (HPLC) method. Briefly, 20 µL samples were injected on
a SuperPack ODS × 250 mm (LKB Sweden) column and products were
separated by isocratic elution with: 0.1 M KH2PO4/K2HPO4 buffer pH 7.0,
5 mM EDTA, 2.5% MeOH and 25mM tetra-n-butyl ammonium hydrogen
sulfate (TBA).

Samples of plasma having low e-purines concentration (less than 1 µM)
were lyophilized and dissolved in 1/10 initial volume of running buffer
preceding their HPLC analyses. Identification of e-purines was carried out by
HPLC (both under lyophilized and nonlyophilized conditions). The internal
standards were used to quantify these compounds. The e-ATP concentration
measured via Luciferase Assay using spectrofluorophotometer RF-5001PC
SHIMADZU served as a positive control.

Cholesterol Level

Total cholesterol levels were estimated by using ANALCO-GBG spec-
trophotometer. The presence of 200 mg/dl (5.2 mM) of cholesterol defined
the upper limit of its concentration in healthy human blood samples.

Cross-Sections of Human Abdominal Aortas

Paraffin-embedded sections of human abdominal aortas were fixed in
10% formalin. Tissues were stained with haematoxyline/eosine.[31]

Statistics

Means and standard deviations of extracellular purines concentration
were calculated. Comparison between groups was done using one-way anal-
ysis of variation (ANOVA) test with Bonferroni posttest. A value of P < 0.05
was considered significant.

RESULTS

Blood Plasma Nucleotides/E-Purines Level

Some characteristic of the study groups (I–III) in regard to their blood
pressure, smoking habits and cholesterol level are presented in Table 1. In
order to estimate the changes in e-purines that might have led to the devel-
opment of AAA we measured concentrations of ATP, ADP, AMP, adenosine
and inosine in blood plasma of patients with aneurysm. We did not find
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TABLE 2 Concentration of some purines in human blood plasma

E-purines concentration [µM] ±SD

Groups n Inosine Adenosine AMP ADP ATP

I. Control group, age:0–20 33 57.89 ± 26.7 3.93 ± 4.13 2.40 ± 2.92 2.10 ± 2.40 1.16 ± 1.09
II. Control group, age: 40–70 28 58.36 ± 36.25 3.01 ± 2.19 3.77 ± 4.07 2.75 ± 3.23 0.88 ± 1.41
III. AAA group age: 40–70 37 97.53 ± 58.8 8.56 ± 7.38 7.61 ±7.38 4.97 ± 5.11 4.08 ± 7.90
Statistical differences I:III p = 0.0002 p = 0.001 p = 0.0002 p = 0.006 p = 0.015

II:III p = 0.001 p = 0.0001 p = 0.01 NS p = 0.015

any correlation between the purine levels obtained from healthy individuals
and their ages (Table 2), although most of neonates did measure traces of
e-ADP and e-ATP in their blood (data not shown). The total concentration
of the e-purines in control groups (I, II) was estimated to be 70 µM, while
in the investigated group III at 123 µM, that is almost double and statisti-
cally significant (p = 1·10−6). The concentration of inosine ranging between
58 and 97 µM was the highest in all the three investigated groups, while ATP
between 1 and 4 µM was the lowest (Table 2).

The comparison between two control groups and the group representing
AAA patients showed raised level of e-purines in their blood. The blood
samples from the AAA patients measured 4 times higher ATP, 2.5 times
higher adenosine and around 2 times higher concentration of each of ADP,
AMP, and inosine. The differences were statistically significantly except for
ADP second control group and third (patients) group (Table 2).

The differences in the level of e-ATP were further verified by luciferase
assay in 5 blindly chosen samples from each group and were found to be
similar (data not shown).

Total Cholesterol Concentration and Histological

Assays on Aorta Fragments

Since the presence of enhanced level of cholesterol is often a risk factor
in development of athrosclerosis, we sought to verify this dogma. We found
that the average value of cholesterol concentration in control groups were
152 ± 54 mg/dL and 170 ± 40 mg/dL for I (n = 14) and II (n = 14) group
respectively, while for the investigated AAA group (n = 26) it was 222 ±
53 mg/dL (Figure 1), which is statistically significantly higher compare with
the control groups. Furthermore, not only people with aneurysms (61%)
surpassed the upper normal limit of 200 mg/dL cholesterol but 23% healthy
persons also exceeded this accepted norm (Figure 1).

Additionally, the histological pictures of blood vessels from healthy and
AAA patients are different from the control groups (Figure 2A, 2B, and
2C). The endothelial cells in case of AAA patients (Figure 2C) are nearly
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652 J. Lecka et al.

FIGURE 1 Total cholesterol concentration in serum of healthy subjects (white bar = up to 20 years
old (n = 14), gray bar = above 40 years old (n = 14), and black bar = atherosclerotic (n = 26).
The horizontal dotted line indicates the concentration of cholesterol considered as “normal” for
homeostasis.

FIGURE 2 Cross-sections of human abdominal aortas. A) A 29-day-old child; B) A 29-year-old man died
in an accident (without any symptoms of atherosclerosis); C) A 49-year-old patient with aneurysm of
abdominal aorta. The arrows show: a) endothelial cells; b) muscle cells; c) red blood cells; d) white blood
cells; e) calluses in intima; f) lumen; g) inflammations.
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TABLE 3 Concentration of e-purines in blood vessels of people with
Leriche Syndrome (LS)

E-purines concentration [µM] ±SD
LS, n = 2

Inosine 276.6
Adenosine 20.4
AMP 33.6
ADP 22.2
ATP 11.1

completely destroyed as a likely consequence of exacerbated high blood
pressure.

E-Purine Concentrations in the Blood of Leriche

Syndrome (LS) Patients

Next we compared the levels of e-purines of both AAA and LS. We
showed that similar to a substantial increase in level of e-purines in the blood
samples of AAA patients, LS patients also measured enhanced e-purine levels
compared to the control groups (I and II),

Furthermore, concentrations of inosine and adenosine in LS group were
2.5 times higher than those found in AAA group and 5 times higher than that
in control groups (Tables 2 and 3). The concentrations of AMP and ADP
were 4 times higher in blood samples from LS patient than in the patient
representing AAA group and 10 times higher than what was observed in
control groups. And finally, the concentration of ATP was 3 times higher
in LS subjects than in AAA group and 10 times higher when compare with
control groups (Tables 2 and 3).

DISCUSSION

In this article, we show that e-purines level increases in AAA and LS
patients’ blood. Aside from atherosclerosis, patients with AAA infliction,
LS and some pregnant women are also characterized by high blood pressure
and a higher risk of platelet aggregation.[19,20] Both high blood pressure
and tendency to blood clot formation can disrupt the normal hemostasis in
these physiological or pathological states. Among other variables e-purines
in the blood are also known to play a role in maintaining hemostasis and reg-
ulate blood pressure. The concentration of e-purines is modulated by vessel
stage (e.g., the level/size of pathological changes leading to cells damage
and releasing the components to the blood stream) and controlled by the
activity of several ecto-enzymes that we described in a separate article.[42]

With the realization that perturbations in the hemostasis contributes to the
evolution of atherosclerosis, we had hypothesized that the levels of e-purines
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may in part be responsible for this etiology. Our results strongly suggest that
there is direct correlation between high level of e-purines and development
of both AAA and LS.

Several recent studies clearly show strong associations between total
cholesterol level, the traditional risk factor, the risk of incident abdomi-
nal aortic aneurysms and development of atherosclerosis.[32–34] Here, we for
the first time suggest that the alterations in e-purine levels also lead to devel-
opment of atherosclerosis. Even though total cholesterol level in the blood
of patients with AAA is statistically significantly higher but the fact that as
many as 39% of the patients have a normal level of blood cholesterol in their
blood while 20% healthy people may have elevated total cholesterol level
argues against the total blood cholesterol level as a pertinent indicator of
development of athrosclerosis. However, the raised e-purine levels seem to
reflect disease initiation and progression better.

To our knowledge till date there are no reports on the analysis of
purines levels in human blood of atherosclerotic patients. A concentration
of 1.5–2 µM e-ADP is required to activate P2Y12 purinoceptors and initiat-
ing hemostasis.[25,29–33] Again a very low concentration of this nucleotide in
the blood of children (up to 14 years) and young people (up to 20) sug-
gests that under physiological conditions initiation of platelet aggregation is
present only as a defense mechanism (Table 2). The presence of P2Y12 lig-
and, e-ADP at concentrations higher than 2 µM in the blood of AAA patients
suggests that the hemostasis process is always active. However, the existence
of e-ATP and e-adenosine, the antagonists of ADP, may delay or inhibit this
process.[5,29,30,32,33] Hall et al.[34] previously had shown that as much as 10-
fold higher concentration of ATP than ADP was needed to inhibit platelet
aggregation.

E-ATP, a natural ligand of P2X receptors, may contribute to the high
blood pressure[12,30,35,36] that in turn may damage endothelial cells,[5,37] re-
sulting in increased levels of ATP and ADP. The raised level of these nu-
cleotides inhibit ecto-5′-nucleotidase activity[38,39] that leads to decreased
production of adenosine (relaxation factor) in relation to ATP implying still
higher blood pressure in the patients. Some recent studies suggest that AMP
does not have a direct influence on homeostasis in the circulatory system,
however, it may modulate the amount of e-adenosine.[30,35,40,41] Here, we
show that the level of AMP in the blood of AAA patients increases (Table 2).

As a result of exacerbated high blood pressure, the endothelial cells of
aneurystic vessels are nearly completely destroyed (Figure 2C) allowing e-
adenosine and e-ATP to trigger their respective receptors chaotically and
destroying the ectonucleotidase composition that may further lead to al-
teration in e-purines level. Therefore, our data demonstrating the raised
level of e-purines in AAA patient’s blood may inform about the impair-
ment of both blood pressure and platelet aggregation found in AAA, LS and
atherosclerosis development.[30,35,36,40] This is in agreement with the fact that

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1
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people with AAA have consistently high blood pressure. Analyses of blood
plasma of patients with very chronic changes as in LS, strongly confirmed the
conclusion that e-purine concentrations in the blood signify the physiologi-
cal condition of blood vessels that precede development of atherosclerosis.

Altogether we have shown that blood concentrations above 4 µM of ATP
and ADP may indicate pro AAA and LS changes in the blood vessels. Alter-
ation in e-purine levels in the AAA patients are another, beside cholesterol,
clear indicator of disease progression than cholesterol. Finally, e-purine lev-
els may additionally inform about physiological status/conditions of the
blood vessels. Therefore, it is tempting to suggest that plasma e-purine levels
play significant role in the etiology of atherosclerotic diseases including AAA
and LS and in the least may serve as diagnostic tool and therapeutic targets.
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