
Introduction

Diabetes Mellitus (DM), a common disorder of glucose
homeostasis affecting 5 % of the general population, is cha-
racterized by an absolute or relative deficiency of insulin
and insulin resistance. Insulin resistance is a primary risk
factor in type 2 DM (8,14).

Adenosine, a degradation product of adenine nucleoti-
des, has been proved to play an important role in modula-
tion of insulin action on glucose metabolism in different
tissues (30).

Adenosine deaminase (ADA) is a purine metabolic en-
zyme that specifically catalyzes the deamination of adeno-
sine to inosine contributing to the regulation of intracellular
and extracellular concentrations of adenosine (3,15), and
probably modulates energy metabolism (3).

Insulin acts on peripheral tissues to stimulate glucose
transport, glycogen storage, and glycolysis and as inhibitor
of net hepatic glucose output (NHGO) (11,17,24,25,27).
Adenosine acts directly to stimulate insulin activity via se-
veral processes such as glucose transport, lipid synthesis,
pyruvate dehydrogenase activitiy, leucine oxidation and
cyclic nucleotid phosphodiesterase activity (15,16,24,29,
30,32). There are also some data indicating altered

ADA activity of the various tissue of diabetic (16,34)
and streptozotocin treated rats (16,26). In this study we

have investigated the alteration of serum ADA activity in
type 2 diabetic patients.

Materials and Methods

We studied the ADA activity in type 2 diabetic patients
(n=42, 19 men and 23 women; 39–74 years, mean 56.6±8.8
years) who were hospitalized for metabolic control of DM.
All patients were using oral hypoglycemic agent. None of
the chronic complications of diabetes were detected in the
patients. Blood pressure was normal in all of them. Twenty
nine healthy donors (15 men and 14 women ; 47–68 years,
mean 56.1±6.8 years) served as control subjects. Body mass
index (BMI) was between 23 and 27 kg/m2. Diabetic pa-
tients were divided into two groups according to the hemo-
globin A1c (HbA1c) level, as patients whose HbA1c levels
were less than 7 % and higher 7 %. Serum ADA activity was
measured according using a spectrophotometer to the me-
thod of Giusti et al. (13). ADA activity is described as U/L.
One enzyme unit was the amount of enzyme necessary to
convert 1 µM of adenosine and ammonia per min at 37 °C.

Results were analyzed by using SAS pocket programme.
All data were presented as means ± SD. Student’s t-test was
used to evaluate the results statistically. Differences between
mean were considered significant when p<0.05. In addi-
tion, correlation analaysis was performed.
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Results

Results are given in Table 1. As seen in the Table, serum
levels of ADA were significantly (p<0.01) elevated in type
2 diabetic patients compared to those of healthy controls.
ADA leves were significantly correlated with both
HbA1c (r=0.45, p<0.01) and uric acid (r=0.31, p<0.05).
On the other hand, both serum triglyseride and uric acid
were significantly higher than that of C (p<0.05 and
p<0.01, respectively, Table 1).

Tab. 1: Comparison of parameters of patients with type 2
DM and controls (mean±SD).

Discussion

DM is a heterogeneous disease characterized by an ab-
solute or relative deficiency of insulin and insulin resistance.
Clinical manifestations include hyperglycemia, glycousuria,
altered protein, fat, and carbohydrate metabolism (8,14).

Insulin acts on peripheral tissues to stimulate glucose
transport, glycogen storage, and glycolysis (11,17,25,27)
and stimulates hepatic glucose oxidation and decreases
gluconeogenesis. Previous works have demonstrated that
ubiquitous purine nucleoside adenosine differentially mo-
dulates the action of insulin in various tissues, i.e., poten-
tiation in adipose tissue (18,31,33) and myocardium (23)
and inhibition in skeletal muscle (4,5,9,28). Some adenosine-
reseptor- mediated activity is required for insulin to stimu-
late myocardial glucose uptake (22). Adenosine modulates
hepatic responsiveness to insulin and may induce local in-
sulin resistance. Also, the modulatory effects of adenosine
on hepatic responsiveness to insulin are similar to that in
skeletal muscle, i.e., induce insulin resistance (24). In another

study, it is supported that adenosine exerts a post-receptor
insulin modulatory action in skeletal muscle (6).

Adenosine has been shown to increase gluconeogenesis
(22) and glycogenolysis (9,10,28). In vivo (5,9,28) and in
vitro studies have shown that adenosine can stimulate glu-
cose formation (10,22). In contrast, adenosine has been
shown to decrease (12,21) or have no effect on (5) gluco-
neogenesis, and have no effect on glycogenolysis (2). The
reasons for these disparities are not clear, although some
studies have suggested that methodological differences
might account for a part of the disparities (7,12).

Adenosine production and utilization in mammalian
tissues are primarily dependent on the activity of produc-
ing enzyme 5’-nucleotidase (EC 3.1.3.5) and two utilizing
enzymes ADA (EC 3.5.4.4) and adenosine kinase (EC
2.7.1.20) (16). There are some data indicating that insulin
may effect metabolism of adenosine by changing activi-
ties of 5’-nucleotidase and ADA (30). On the other hand,
5’-nucleotidase and ADA activities were not changed in iso-
lated glomeruli of streptozotocin diabetic rats whereas ade-
nosine kinase activity was decreased by approximately 70 %
in diabetic rats (1). It is suggested that insulin may modu-
late its own action on glucose metabolism in the tissues by
changing ADA activity and hence local concentration adeno-
sine (30). However, contradictory to these results, our data
suggest that adenosine metabolism altered in DM. although
mechanisms involved in this phenomenon are unclear at
the present time.

ADA activity was increased in the lymph nodes and
splenocytes of diabetes-prone BB rats (34) and increased in
white adipocytes (16), duodenum (26), heart, and other tis-
sue (30) of streptozotocin diabetic rats. Morever, insulin
administration decreased the elevated ADA activity in these
tissues (30). In this context, elevated activity of ADA in our
patients may an alarming factor for insulin treatment.

We report in this study that ADA activity is elevated in
the serum of type 2 diabetic patients and confirm a previous
report (15). Morever, serum ADA activity was found to be
higher in poorly controlled diabetics (HbA1c (7) than in well
controlled diabetics (HbA1c<7). Also, ADA activity correlat-
ed with glycated hemoglobin level in diabetics, in our study.

ADA, by the localization on the external surface of the
cell membrane, can regulate adenosine concentration in
the extracellular space and modify adenosine action on its
membrane receptors (26). At present, four adenosine re-
ceptors have been identified (A1, A2a, A2b, and A3).
However, their relationship with cellular functions has not
been clarified, and it is probably complex (3).

Adenosine is postulated to act as an endogenous (feed-
back) inhibitor of hormone activated lipolysis. Its potent
antilipolytic and cyclic AMP (cAMP)-lowering effects are
well known and the processes mediating these events have
been defined (19). Koopmans et al (20) showed that ade-
nosine inhibited adenylate cyclase through A1 adenosine
receptors via the inhibitory G-protein (Gi) resulting in the
inhibition of lipolysis. Removal of endogenous adenosine
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Controls (C) Type 2 DM
(n=29) (n=42)

Diabetes duration (years) - 5.4±1,2
Fasting glucose (mg/dL) 91.7±7.04 ** 235.5±106.7
Age (years) 56.1±6.8 56.8±8.9
Triglyceride (TG; mg/dL) 173.9±38.8* 227.4±138.9
Total Cholesterol 182.1±15.1 193.95±60.7
(TC; mg/dL)
Creatinin (mg/dL) 0.7±0.2 0.8±0.1
Uric acid 3.7±1.2 ** 5.4±2.5
HbA1c (%) 5.3±0.9 ** 10.3±2.4
ADA (U/L) 13.04±3.3 22.2±4.3**

a: 17.3±2.04*
(n=16)
b: 23.1±4.03**
(n=26)

*P<0.05, **P<0.001
a: Well controlled diabetic patients (HbA1c<7),
b: Poorly controlled diabetic patients (HbA1c (≥7).



by ADA resulted in an immediate rise in lipolytic activity.
Consequently, elevated ADA levels in diabetic patients may
augment hyperlipidemia by increasing lipolysis (15). Also,
agonists for the A1 adenosine receptor decrease cAMP in
adipocytes, decreasing lipolysis and inhibiting glycerol re-
lease from adipose tissue (3). In our study, TG levels were
higher than those of C. However, there was no significant
correlation in our patients between the ADA and lipid levels.

ADA catalyzes the irreversible deamination of adeno-
sine to inosine and 2’-deoxyadenosine to 2’-deoxyinosine.
Inosine and 2’-deoxyinosine are converted to hypoxanthine,
xanthine and finally to uric acid. Therefore, increased ADA
activity may result in overproduction of uric acid (15). This
explains the higher uric acid levels in DM patients. Also,
there was signinificant correlation between the ADA levels
and uric acid in diabetics.

As a conclusion, the results of the present study indi-
cate a relation between the ADA activity and type 2 DM.
Elevated ADA activity, and increased triglyseride and uric
acid levels in our patients may associate with the insulin re-
sistance. On the other hand, increased activity of ADA in
type 2 DM might be a marker for insulin therapy indication.
Further investigations are necessary for the clarification of
pathogenic role of ADA in insulin resistance and DM.
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