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Abstract
Diabetes mellitus, a chronic metabolic disorder, has
assumed epidemic proportions and its long-term
complications can have devastating consequences.
The oxidative stress in diabetes was greatly increased
due to prolonged exposure to hyperglycemia and
impairment of oxidant/antioxidant equilibrium.
Syzygium cumini is being widely used to treat diabetes
by the traditional practitioners over many centuries.
Adenosine deaminase (ADA) and 5'-Nucleotidase
(5’NT) are enzymes of purine nucleoside metabolism
that play an important role in the regulation of
adenosine (Ado) levels. In this study, we investigated
the effect of Syzygium cumini aqueous leaves extract
(ASc) on ADA and 5’NT activities and on parameters
of oxidative stress under in vitro conditions, using
platelets of patients with Type 2 diabetes mellitus.
Platelet-Rich Plasma (PRP) was assayed by ADA,
5’NT, Catalase (CAT), Superoxide Dismutase (SOD)
activities and Thiobarbituric acid reactive substances

(TBARS) levels. We observed that ADA, 5’NT
activities and TBARS levels were significantly higher
when compared to the control group, and ASc (100
and 200 µg/mL) prevented these effects. Our study
demonstrates that ASc was able to remove oxidant
species generated in diabetic conditions and
modulates in the Ado levels. Then, ASc may promote
a compensatory response in platelet function,
improving the susceptibility-induced by the diabetes
mellitus.

Copyright © 2010 S. Karger AG, Basel

Introduction

Diabetes mellitus (DM) is a worldwide health
problem predisposing to markedly increased
cardiovascular mortality and morbidity [1, 2].The
prevalence of type 2 DM continues to increase globally
and brings a parallel increase in complications associated
with cardiovascular disease [3-5]. Indeed, individuals with
type 2 DM have a 2- to 4-fold higher risk of developing
atherosclerotic cardiovascular disease [6]. Given the
myriad perturbations of endothelial dysfunction,
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inflammation, thrombosis, oxidative stress, dyslipidaemia
associated with DM, platelet function plays an important
role in the long-term development of vascular disease in
these patients.

Platelets are responsible for maintaining vascular
integrity [7]. Vascular disease associated with altered
vascular reactivity is a major complication of DM [8].
Platelets from diabetic patients show greater adhesion
and aggregation [9]. Also, blood platelets generate
reactive oxygen/nitrogen species (ROS/RNS) that can
be involved in regulation and modulation of their function
[10-12]. Moreover, increased free radical activity is
suggested to play an important role in lipid peroxidation
and protein oxidation of cellular structures causing cell
injury and is implicated in the pathogenesis of vascular
disease in type 2 DM [13-15]. Platelets are also a very
good model for the study of oxidative stress. Oxidative
stress reflects an unfavorable imbalance between
potentially harmful oxidants and protective antioxidants
leading to altered cellular redox state [16]. ROS/RNS
have been reported to modulate and, as second
messengers, regulate the physiological response of blood
platelets (which are involved in hemostasis) to different
stimuli [17, 12]. Intracellular sources of ROS in activated
platelets are the arachidonic acid pathway (via
cyclooxygenase or 12-lipoxygenase) stimulated by
different agonists, the GSH cycle [18, 11], and metabolism
of phosphoinositides [12].

Platelets express several enzymes on their surface,
which constitute a highly organized enzymatic cascade.
These enzymes are able to regulate the extracellular
concentrations of adenine nucleotides and nucleosides and
play an important role in the maintenance of normal
hemostasis and thrombogenesis, mainly by regulating the
platelet aggregation status [19-21]. One of these enzymes
is Adenosine deaminase (Adenosine aminohydrolase, EC
3.5.4.4, ADA) that is one of the key enzymes of purine
nucleoside metabolism, participating in the conversion of
adenosine (Ado) to inosine and 2’-deoxyadenosine (dAdo)
[22]. Two different isoenzymes of ADA designated as
ADA1 and ADA2 have been found in mammals and in
lower vertebrates. The ADA1 isoenzyme is found in all
cells, with the highest activity in lymphocytes and
monocytes, whereas ADA2 is the predominant isoenzyme
in the serum of normal subjects [23]. ADA is suggested
to be an important enzyme for modulating the bioactivity
of insulin [24] and in the acute and protracted
inflammatory responses [25, 26].

Recent studies have shown that ADA activity was
higher in the brains of young rats, when compared to the

60-day-old adult rats [27]. Furthermore, observed an
increase in the activity of ADA in the cerebral cortex of
rats eight days after neonatal Hypoxia Ischemia [28] and
the administration of Metothrexate (MTX) induced a
significant decreased in the ADA activity in the cerebral
cortex, kidney and liver tissues of young rats [29].
Besides, ADA activity is decreased in plasma of rats
exposed to aged and diluted sidestream smoke [30], and
in lymphocytes and platelets of patients with multiple
sclerosis [31, 32].

The enzyme ecto-5’-Nucleotidase (E.C. 3.1.3.5,
CD73, 5’NT) is located in the platelet membrane and
promotes the hydrolysis of AMP to its nucleoside,
adenosine, in the extracellular medium [33, 34]. Recent
studies report that 5’NT is altered in type 2 DM and
hypertensive patients probably related with the
thromboregulation process [35, 36]. The product of 5’NT,
adenosine, is an important modulator of vascular tone,
and it is a well-known inhibitor of platelet aggregation
[37, 38].

Plant infusions and decoctions have been used as
popular medicines in several underdeveloped and
developing countries as an alternative treatment for various
conditions, including DM [39]. Among these medicinal
plants, Syzygium cumini (L.) Skeels (sin.: Eugenia
jambolana Lam., Syzygium jambolanum DC) of family
Myrtaceae has been intensively studied as an antidiabetic
agent and is often recommended as an adjuvant for
treatment of type 2 DM. Most of the people prepared an
infusion or decoction of dry leaves in an average dilution
of 2.5 g/L (0.2–6.9) for Syzygium cumini [40]. In other
studies, each patient received 2.0 g/day of dry leaf to
prepare 1 L of tea [41]. It has been demonstrated that
the bark, fruits, seeds or leaves of this plant collected
from various regions of the world and administered in
different pharmaceutical preparations (e.g. tinctures and
aqueous extracts) decrease blood glucose levels in
diabetic animals [42] and that polyphenolic compounds,
including flavonoids and phenolic acids have various
physiological functions, such as antioxidant,
antihyperglycemic and antihypertensive properties [43].

Previous findings have reported alterations in 5’NT
and ADA activity in platelets from Streptozotocin-induced
diabetic rats [21]. Recently, we demonstrated that ADA
activities were higher in serum and erythrocytes of
hyperglycemic subjects than in control subjects [44]. Both
enzymes modulate the concentration of adenosine that
can affect the platelets function and contribute for the
pathogenesis of the vascular complications. Also, we
observed that Syzygium cumini leaves extract (ASc)
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inhibited ADA activity and reduced glucose levels in
hyperglycemic patients [44]. In this regard, due to the
significant properties in the hyperglycemic conditions and
the meaning of enzymes that hydrolyzes adenine
nucleotides in the mechanism of thromboregulation, the
present study was undertaken to evaluate the effect of
ASc on ADA and 5’NT activities and oxidative stress
parameters in platelets from type 2 diabetics under in
vitro conditions. Finally, we to aim to identify the isoforms
of ADA present in these platelets, using the Erythro-9-
(2-hydroxy-3-nonyl)adenine (EHNA), the well-
establishment inhibitor of ADA 1.

Materials and Methods

Chemicals
Adenosine was obtained from Merck (Darmstadt,

Germany). The substrate AMP was obtained from Sigma
Chemical Co (St. Louis, MO, USA) and bovine serum albumin
from Reagen (Paraná, Brazil). All other chemicals were of
analytical grade and were obtained from standard commercial
suppliers.

Plant material and aqueous leaves extract of Sygyzium
cumini (L.) Skeels (ASc) preparation
Leaves of Syzygium cumini were freshly locally collected,

cleaned, dried, and powdered. They were identified by the
Laboratory of Botanic and Pharmacognosy of the Franciscan
University Center – UNIFRA - Santa Maria, RS, Brazil. The
leaves were dried in a greenhouse / (renewal of air) at 40°C for
approximately 48 h. Then, they were smashed in the knife mill.
The products were submitted to extraction with ethanol 80% in
a Soxhlet apparatus until exaustion. After extraction, the solvent
was evaporated by a rotavapor, supplying the crude extract.
The mother solution 1% was made from the crude extract
dissolving 1g of this extract in 100ml of 0.9% NaCl solution
[45].

High-performance liquid chromatography (HPLC)
characterization of the extract
Chromatographic analyses were carried out in isocratic

conditions using RP-C18 column (4.6 mm x 250 mm) packed with
5 µm diameter particles. The mobile phase was methanol-
acetonitrile-water (40:15:45, v/v/v) containing 1.0% acetic acid.
The flow rate was 0.8 mL/min, injection volume 20 µl and the
wavelength 257 nm. The mobile phase was filtered through a
membrane filter 0.45 µm and then degassed by an ultrasonic
sound before use. The solutions of standards (rutin, kaempferol,
chlorogenic acid and caffeic acid) were prepared in the same
mobile phase of HPLC to the standard curve in the
concentration range of 0.0125 to 0.200 mg/ml. The
chromatographic peaks were confirmed by comparing its
retention time with those of reference standards and
quantification was performed by peak integration using the

external standard method. The calibration curve for chlorogenic
acid was: Y = 30153x – 214576 (r = 0.9998), the curve of gallic
acid was: Y = 16324x – 661582 (r = 0.9967), and the curve of rutin
was: Y= 19217x – 16949 (r = 1). All chromatographic operations
were performed at room temperature and in triplicate [46].

Sample collection and preparation
The study was in accordance with the guidelines of the

Ethics Committee of the Federal University of Santa Maria
which approved the experimental protocol (23081.004068-76).
Blood samples were taken from 30 patients (19 men and 11
women) with type 2 DM who have done routine tests at the
Center of Diagnosis and Secondary Support (Centro de
Diagnóstico e Apoio Secundário - CEDAS – Santa Maria – RS/
Brazil). The mean (± SE) age of the patients was 56.83 ± 2.13
years old and fasting glucose levels were 169.9 (±10.26) mg/dL.
Data such as age, medication use, presence of malignancy or
other status were obtained through the requirements brought
by patients at the time of the blood collection. These patients
did not use Non steroidal anti inflammatory drug (NSAID) and
antiplatelet drugs. Alcoholic subjects, pregnant women, and
people with cancer were excluded from the study. The control
group consisted of 17 healthy subjects (11 men and 6 women).

Platelet-Rich Plasma (PRP) was prepared by the method
of Pilla [31] with the following minor modifications. Total blood
was collected with 0.120 M sodium citrate as anticoagulant.
The total blood–citrate system was centrifuged at 160 xg during
15 min. Next, the PRP was centrifuged at 1400 xg for 30 min and
washed twice with 3.5 mM HEPES buffer, pH 7.0, containing
142 mM NaCl, 2.5 mM KCl and 5.5 mM glucose. Platelet pellets
were resuspended in HEPES buffer and used to determine
enzymatic activities. Biochemical and hematological parameters
were determined using routine clinical chemical assays.

5'-NT from platelet assay
The ASc was added to the incubation medium at the

following concentrations 100 and 200 µg/mL. Enzymatic assay
was carried out in a reaction medium containing 10 mM MgCl2,
100 mM NaCl, 5 mM KCl, 6 mM glucose and 50 mM Tris–HCl
buffer, pH 7.4, at a final volume of 200 µl as described by Lunkes
[35]. Twenty microliters of the enzyme preparation (8–10 µg of
protein) was added to the reaction mixture and the pre-
incubation proceeded for 10 min at 37°C. The reaction was
initiated by the addition of AMP at a final concentration of 2.0
mM, and the time of incubation was 60 min. The reaction was
stopped by the addition of 200 µl of 10% trichloroacetic acid
(TCA) to provide a final concentration of 5%. After this, the
inorganic phosphate released by AMP hydrolysis was
determined in triplicate by the method of Chan [47] using KH2PO4
as standard. The same process was carried out on the control
tubes to exclude non enzymatic hydrolysis, by adding twenty
microliters of protein to the reaction medium after TCA. The
results were expressed as nmol inorganic phosphate released/
minute/ milligram of protein (nmol Pi released/ min/ mg protein).

ADA activity
ADA activities were measured spectrophotometrically in

platelets using the method of Giusti and Gakis [48]. ASc was
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added to the incubation medium at the concentrations cited
above during the experimental procedure for 60 min. The
activities of total ADA in the presence and absence of EHNA
were measured. Platelets were treated with 100 µM EHNA, a
potent ADA1 inhibitor. ADA1 activities were calculated by
subtracting the activity of ADA2 (measured in the presence of
EHNA) from that of total ADA. The combinations of EHNA
plus ASc (100 and 200 µg/mL) were tested in platelets to better
evaluate the inhibition of EHNA alone and EHNA plus ASc on
ADA activities. The protein content used for the platelet
experiment was adjusted to between 0.7 and 0.9 mg/mL. Results
were expressed in units per liter (U/L).

TBARS levels
The samples of platelet suspensions were incubated with

ASc at 100 µg/mL and 200 µg/mL concentrations for 15 min.
Then, they were mixed with an equal volume of 15% (w/v) cold
trichloroacetic acid in 0.25 M HCl and with an equal volume of
0.37% (w/v) thiobarbituric acid in 0.25 M HCl. Next, the samples
were immersed in a boiling water bath for 10 min. After cooling
and centrifugation, absorbance at 535 nm was measured, and
results were expressed as nanomoles of MDA/mg protein [16].

CAT assay
CAT activity was measured by the method of Aebi [49].

20 µL of platelets sample was added to a cuvette and the
reaction was started by the addition of freshly prepared 0,5 M
H2O2 in phosphate buffer (50mM, pH 7.0). The rate of hydrogen
peroxide (H2O2) decomposition was measured spectro-
photometrically at 240nm during 120 seconds. The activity of
catalase was expressed as µmol H2O2/min/ ml platelets.

SOD assay
SOD (E.C.1.15.1.1) activity in tests was assayed

spectrophotometrically as described by McCord and Fridowich
[50]. This method is based on the capacity of SOD to inhibit

A

B

Fig. 1. A. HPLC fingerprint of the Syzygium cumini aqueous
leaves extract ; A) showing typical patterns of gallic acid (1),
kaempferol(2), chlorogenic acid (3) and rutin (4) in the 257 nm.
B. Molecular structures of compounds found in the ASc.

Table 1. Biochemical and hematological parameters of the
experimental groups: Data are presented as mean ± SEM.
HbA1c= glycosylated hemoglobin; HDL-C=high density
lipoprotein cholesterol. Statistically significant differences from
controls, as determined by Student’s t-test (**p < 0.01;
***p < 0.001).

autoxidation of adrenaline to adrenochrome. The color reaction
was measured at 480nm. One unit of enzyme was defined as the
amount of enzyme required to inhibit the rate of epinephrine
autoxidation by 50% at 26°C.

Protein determination
Protein content was determined according to Bradford

[51], using bovine serum albumin as standard.

Statistical analysis
Statistical differences among groups were analyzed by

Student’s t-test and one-way analysis of variance, followed by
Tukey’s multiple range test, when appropriate. The correlations
were assessed by Pearson rank correlation coefficient.
Differences were considered statistically significant when
p<0.05.
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Results

Biochemical and hematological characteristics
of experimental groups
Biochemical and hematological parameters of the

study subjects, type 2 DM and healthy controls are
depicted in Table 1. Plasma glucose, serum triglyceride
levels, and HbA1C levels in the group of diabetic patients
were higher than in the healthy group (85.00%, 97.2%,
and 34.78% respectively). Total cholesterol, HDL-C,
creatinine, hemoglobin, hematocrit and platelets count of
type 2 DM patients did not differ significantly from values
in healthy subjects.

Chemical characterization of the extract
HPLC fingerprinting of the aqueous leaf extract

showed an elution diagram when the peaks were grouped
into three regions based on the UV absorption profile.
These regions showed typical patterns of UV absorption,
supporting the presence of gallic acid (1), kaempferol (2),
chlorogenic acid (3) and rutin (4) in ASc (Fig. 1A), in the
concentrations of 0,729% (1), 0,0093%(3) and
0,0304%(4), respectively. Molecular structures are shown
in Fig. 1B. Therefore, HPLC analysis revealed that
hydrolyzable tannins (galic), flavonoids (rutin) and phenolic
are the major components of the extract. The results are
similar to other studies [52-57].

Effect of ASc on 5’NT activity in platelets of type
2 DM subjects and healthy controls
5’NT activity in platelets of type 2 DM subjects were

significantly higher than [mean 4.7 (±0.52)] that observed

Fig. 2. In vitro exposure of platelets obtained from diabetics
and control patients to ASc on 5’NT activity. All samples were
run in triplicate. Data are reported as mean ± SEM and expressed
as nmol Pi/min/mg protein. Statistically significant differences
from controls and type 2 DM group as determined by ANOVA
followed by Tukey multiple comparison test (*p<0.05 compared
with control group; *p<0.05; **p<0.01 compared with type 2
DM group).

A

B

Fig. 3. A. Effect of ASc on ADA activity in platelets obtained
from diabetics and control patients in vitro. All samples were
run in triplicate. Data are reported as mean ± SEM and expressed
as U/L. Statistically significant differences from controls and
type 2 DM group, as determined by ANOVA followed by Tukey
multiple comparison test (*p<0.05 compared with control group;
***p<0.001 compared with type 2 DM group). B. Effect of in
vitro exposure of platelets obtained from type 2 DM patients
to ASc and 100 µM EHNA on ADA activity. All samples were
run in triplicate. Data are reported as mean ± SEM and expressed
as U/L. Statistically significant differences from controls and
type 2 DM group, as determined by ANOVA followed by Tukey
multiple comparison test (* p<0.05 compared with ASc 100 µg/
mL and 200 µg/mL; ** p<0.01 compared with ASc 100 µg/
mL;***p<0.001 compared with type 2 DM group).

in the control group [mean 2.77 (±0.37), p< 0.05]. When
platelets of diabetic patients were incubated with ASc
(100 and 200 µg/mL) we observed 51.28% and 41.91%
of 5’NT activity, respectively (Fig. 2). In the control
group, however, no significant difference was found. We
also observed a significant positive correlation between
5’NT activity and triglycerides levels of diabetic patients,
as shown in Fig. 5A.

Effect of ASc on ADA activity in platelets of type
2 DM subjects and healthy controls
As illustrated in Fig. 3A, ADA activity in platelets of

diabetic subjects were significantly higher than [mean 5.00
U/L (±0.4)] observed in controls [mean 3.18 (±0.4) U/L,
p< 0.05]. Also, we evaluated the effects of ASc on the
ADA activity. Experimental data demonstrated that ADA
activity in platelets of diabetic subjects in the presence of
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100 and 200 µg/mL of ASc was 57.7% and 52.03%,
respectively. However, in the control group ASc did not
present any effect. When ASc (100 and 200 µg/mL) was
incubated with EHNA we observed 15.03 % and
26.015% of ADA2 activity. These findings indicate that
in the presence of ASc (100 and 200 µg/mL), ADA1
activity was 42.66 % and 26.015 % in platelets of type 2
DM subjects (Fig. 3B). We also observed a significant
positive correlation between ADA activities and blood
glucose levels, as shown in Fig. 5B.

TBARS levels and antioxidant enzymes
We observed that there was a significant increase

in TBARS levels in platelets of type 2 DM subjects (1.18
± 0.12) when compared to the control group [(0.7 ± 0.04),
p<0.05] (Fig. 4). However, after the samples were
incubated with ASc, we verified a significant reduction in
TBARS levels to 0.74 (±0.10) and 0.62 (±0.07) at 100
µg/mL and 200 µg/mL, respectively, in diabetic subjects.
As shown in Table 2, no significant difference was found
between the SOD and CAT activities in the subjects
studied.

Discussion

Many pathological alterations, such as vascular
disease, increased platelet reactivity, and altered platelet
morphology have been reported in patients with DM [58-
60]. Platelets are an important source of purine signaling
molecules for blood, such as ATP and ADP, which are
related to several physiological events. Of particular

Table 2. Levels of antioxidants enzymes in platelets of different
study groups: SOD and CAT activities in the platelets of type
2 DM subjects and control group (data are expressed as mean
± SEM).There were no significant differences, as determined
by Student’s t-test.

Fig. 5. A. Association between platelets 5’NT activities and
triglycerides levels. There was observed a significant positive
correlation (r = 0,4255, p<0.05). 5’NT activities are expressed in
nmol Pi/min/mg protein, and triglycerides levels are expressed
in mg/dL. B. Association between platelets ADA activities and
glucose levels. There was observed a significant positive
correlation (r = 0,4175, p< 0.05). ADA activities are expressed in
U/L, and glucose levels are expressed in mg/dL.

Fig. 4. Effect of in vitro exposure of platelets obtained from
type 2 DM and control patients to ASc on TBARS levels. Data
are reported as mean ± SEM. Statistically significant differences
from controls and type 2 DM group as determined by ANOVA
followed by Tukey multiple comparison test (* p<0.05 compared
with control group; * p<0.05; **p< 0.01 compared with type 2
DM group).

A

B

interest, the metabolism of extracellular nucleotides plays
an important regulatory role in the control of adequate
hemostasis, mainly by regulating platelet coagulant status
[61]. In the present study, we observed an increase of
5’NT activity in diabetic platelets (Fig. 2) would lead to
an increase in the level of Ado. In fact, Ado, is an
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important modulator of vascular tone, and it is a well-
known inhibitor of platelet aggregation both in vitro and
in vivo [62-64]. Recent studies have indicated a significant
increase in 5’NT activities in platelets from diabetic type
2, hypertensive and diabetic type 2/hypertensive patients
[35] and in platelets of Alloxan-treated rats [65].

Likewise, ADA activity was increased in platelets
of diabetics (Fig. 3A). Corroborating with these results,
Rutkiewicz and Górski [24] also found a significant
elevation in ADA activity in tissues of diabetic rats induced
with Streptozotocin (STZ), leading reduction Ado levels.
Ado acts directly to stimulate or increase sensitivity to
insulin [66] and to induce vasodilatation. Studies have
suggested that the insulin is involved in the regulation of
ADA activity in diabetes, and insulin administration is
capable of decreasing the elevated activity of this enzyme
in these tissues [67, 68]. Consequently, these effects would
affect the development of vascular complications
observed in the diabetic state, since Ado has an important
role in preventing the thrombotic process. In fact, platelet
activation, shape change, alterations in platelet cell
membrane are implicated in different cellular signaling
pathways in diabetic state [9].

We observed that ASc decreased significantly the
5’NT and ADA activities (Fig. 2 and Fig. 3A) in the
platelets of subjects with type 2 DM. Based on our
findings, we may suggest that ASc is able to maintain a
level of Ado in the extracellular environment, which
promotes vasodilatation and has an important protective
role under pathophysiological conditions caused by the
hyperglycemic state. Furthermore, studies showed that
the thrombosis is inhibited by polyphenolic compounds
which are present in ASc. These compounds can act
through mechanisms like platelet activation associated to
signal transduction and attenuation of generation of
reactive oxygen species [69]. In addition, the inhibition of
ADA can have protective effects on the ischemic tissues
by preventing free radical-mediated injury and this is
related to the improvement of cardiovascular activity [70].
In this regard, we can suggest that ASc may help in
maintaining vascular integrity important in the
hyperglycemic state. Further studies in the understanding
of effect of ASc are currently under investigation by our
group.

The diabetic state increased the production of levels
of thiobarbituric acid in the circulation (Fig. 4). The
hyperglycaemia can generate oxidative stress which has
been suggested to play a primary role which may mediate
tissue injury in Diabetes [71, 72]. In DM free radical over-
production is not only specifically involved to the

development of the complications [73], but is also involved
in generating endothelial dysfunction and is linked to an
increased risk of cardiovascular disease [74]. Not only in
resting blood platelets but also during platelet activation
that different reactive oxygen species are generated [10,
12].

Similarly, ASc reduced significantly TBARS levels
(Fig. 4) in diabetic subjects. The main compounds present
in the ASc (gallic acid, chlorogenic acid and rutin) can be
responsible for these effects, since they have been known
by their antioxidant capacity. The protection effect of ASc
observed in the present study is consistent with the
beneficial results found by Stanley [75], Moresco [76]
and Bopp [44].

Controversies about activities of SOD and CAT have
been reported in diabetics [77-79]. However, no significant
difference was found in our study (Table 2). These
controversial results may be due to a compensation
mechanism of the body. Moreover, Hartnett [80] found a
strong association between reduced SOD activity and
diabetes, and considered their results to be unexpected in
a disease with elevated oxidative compounds. Interestingly,
we observed a moderate positive correlation between
ADA activity and glucose levels (Fig. 5B) in diabetic
subjects. Studies have been shown that a decrease in the
level of Ado in circulation may be associated with a
decrease in insulin-stimulated glucose uptake [81, 82].
Adenosine directly stimulates insulin activity via several
processes, such as glucose transport, lipid synthesis,
pyruvate dehydrogenase activity, leucine oxidation and
cyclic nucleotide phosphodiesterase activity [24, 83, 84].
Then, the increase in ADA activity may reflect the
decrease in adenosine circulation, leading the declining
of sensivity by insulin and consequently the increase of
glucose.

Also, we observed a positive correlation between
triglycerides levels and 5’NT activity (Fig 5A). The level
of serum lipids is usually raised in diabetes and seems to
be associated with an increase in the risk of vascular
disease. Significant disorders of lipid metabolism occur
in the course of diabetes, manifested by total cholesterol
level increase and changes in proportions and levels of
serum lipid fractions [85]. There is evidence that
adenosine can regulate several aspects of adipose tissue
function including lipolysis [86, 87]. It is also pertinent
that insulin administration in vivo decreases blood flow
in rat white adipose tissue, and it has been hypothesized
that this is achieved by decreased production of adenosine
[88]. Furthermore, ADA1 activity was higher in platelets
of type 2 DM subjects, corroborating with our previous
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