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ABSTRACT— Adenosine deaminase (ADA) activity increases during antigenic and mitogenic responses of
lymphocytes; therefore it is considered as an important immunoenzyme marker for assessing cell mediated immunity
in diseases characterized by T lymphocyte proliferation and maturation. Myocardial Infarction (MI) is a term used to
describe acute necrotic changes in the myocardium due to sudden deprivation of coronary blood supply. Since a
relationship exists between adenosine deaminase and cell mediated immunity we have undertaken a preliminary study
to determine its activity and highlight its importance in the immunopathogenesis of MI, also searching for a new
biochemical marker.

METHODS: 25 cases all diagnosed with MI at admission to AL-Yarmook Hospital /Irag. The control group consisted
of 25 age and sex matched normal healthy individuals. Serum biochemical parameters were estimated by
spectrometric methods such as: ADA activity, Aspartate aminotransferase (AST), lipid profile, and total protein.
Statistical analysis was made by SPSS version 15 and student T- Test was used. P< 0.05 was considered significant.
RESULTS: There were significant differences (p< 0.05) in ADA levels (43.14 + 10.8U/L) in patients than controls
(20.71 + 3.54U/L). Significant increase (p<0.05) were found in AST activity, total cholesterol, TG, and LDL-C, while
level HDL-C show a significant decrease (p<0.05).

CONCLUSIONS: ADA levels may be increased to compensate the increase in adenosine levels due to MI. Also the
observations of the study provide evidence for T lymphocyte activation and proliferation in MI.

GENERAL SIGNIFICANCE: We suggest that ADA may be one of the markers to elucidate the pathogenesis of Ml,
and may be used as drugs target.

Keywords— Adenosine deaminase, Aspartate aminotransferase, Lipid profile, Myocardial Infarction, Biochemical
marker.

1. INTRODUCTION

Myocardial infarction is a common presentation of ischemic heart disease/coronary artery disease. The World
Health Organization estimated in 2004, that 12.2% of worldwide deaths were from ischemic heart disease; with it
being the leading cause of death in high or middle income countries and second only to lower respiratory infections
in lower income countries [1].

In Myocardial Infarction there is ischemic necrosis of a variable amount of myo- cardial tissue as a result of an
abrupt acute decrease in coronary flow or an equivalent abrupt increase in myocardial demand for oxygen, which
cannot be supplied by an obstructed coronary artery. Coronary flow may be impaired by a thrombus in one of the
coronary arteries or hemorrhage within or beneath an atherosclerotic plaque [2].

The role of immunological mechanisms in the progression of atherosclerosis and its thrombotic complications has
been an active area of research during the last two decades. The presence of both lymphocytes and macrophages in
human atheroma suggests the contribution of immununological process in the pathogenesis of atherosclerotic
lesions. Adenosine deaminase (E.C. 3.5.4.4) (ADA) is a polymorphic enzyme that is involved in purine metabolism
through the salvage pathway. ADA catalyzes the irreversible deamination of adenosine and deoxy adenosine to
produce inosine and deoxyinosine, respectively [3]. It is widely distributed in human tissues and shows highest
activity in lymphoid tissues. It is necessary for the proliferation, maturation and function of lymphocytes,
specifically for T lymphocytes [4].
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The use of biomarkers can undoubtedly assist in several different clinical specialties, as well as add prognostic
information regarding acute short-term or chronic long-term risk and severity. Biomarker, such as troponin, is highly
sensitive but has decrease specificity for myocardial infarction [5, 6].

In the present study we have measured the activity of adenosine deaminase in Ml patients and compared
with that of healthy subjects serving as control to understand a possible role of the enzyme in myocardial infraction.

2. METHOD

25 Iragi male patients, admitted to the cardiology unit of AL-Yarmook Hospital, Iraq, from September 2012 to
April 2013. The diagnosis of AMI was established according to clinical criteria: chest pain, which lasted for up to 3
hours, ECG changes (ST elevation of 2 mm or more in at least two leads).
Incluiion criteria: The inclusion criteria were male patients with MI, (mean age 45.8+10.3 years), with BMI < 25
kg/m*.

Exclusion criteria: The following criteria were used to exclude patients from the study: hepatic or renal disorder;
other ailments, like tuberculosis, rheumatoid arthritis, and gout, pregnancy, alcoholic, and smoker subjects.
Control group consisted of 25 age and sex matched healthy individuals (mean age 47.6+9.0 years) with no known
history of any disease. All patients and control subjects were volunteers for the study. An informed consent was
obtained from all subjects and an ethical approval was also obtained.

All the subjects were examined clinically and information pertaining to age, sex, Body mass index BMI, habits
and health status were recorded in special case Performa.

Five ml of blood sample were collected from each subject by vein puncture from both control and patients. The
blood samples were centrifuged at 3000 rpm for 10 minutes after allowing the blood to clot at room temperature. The
serum was assayed immediately for ADA activity as described by Guisti and Galanti [7], based on the Bertholet
reaction, that is, the formation of colored indophenol complexes from ammonia liberated from adenosine and
quantitated spectrophotometrically at 630 nm in a Shimadzu UV-240 spectrophotometer. Measurement of serum
AST activity level was performed by using colorimetric techniques with kit assay systems (Randox, Japan) in
Olympus AO 600 auto-analyzer system (Olympus, Japan), and performed as described by manufacturers. Results
were expressed as international unit (1U) of enzyme activity of serum. Lipid profile levels: triglycerides (TG), total
cholesterol (TC), HDL cholesterol (HDL-C) were measured by spectrophotometeric methods using (Randox, Japan)
Kits. Protein was estimated by the method of Lowry et al. [8] using Folin phenol reagent. Bovine serum albumin was
used as the standard.

3. STATISTICAL ANALYSIS
Statistical analysis was performed using SPSS version 15.0 for Windows (Statistical Package for Social Science
Inc., Chicago, IL, USA). Descriptive analysis was used to show the mean and standard deviation between variables.
The significance of difference between mean values was estimated by student T- Test. The probability P< 0.05=
significant, P >0.05= non significant.

4, RESULTS

The base line characteristics of the patients and control group are shown in Table I. The mean age of both the
controls and patients were 47.6+£9.0 and 45.8+10.3 years respectively. BMI was also almost similar in the both
groups with the values not greater than 25.

Mean ADA levels estimated in patients with Ml and controls are presented in (Table 2).The mean + SD of ADA
levels in serum of MI patients was 43.14 + 10.8 U/L and that of controls was found to be 20.71 + 3.54 U/L. The
difference in the mean values was statistically significant at 0.05.

All other biochemical parameters of Ml patients like cholesterol, LDL-cholesterol, triglycerides, and AST activity
show significant increase (p < 0.05) when compared with control. Levels of HDL- cholesterol of MI patients show a
significant decrease (p < 0.05) than control, while total protein shows no significant difference (Table 2).

5. DISCUSSION

The major mechanisms by which T cells contribute to the pathogenesis of inflammatory disease are via the release
of specific patterns of cytokines. Evidence is indicated for an LDL- induced pathway of type 1 cytokine activation in
atherosclerosis, which is regulated by the local production of IL-12 and IL-10. Thus the degree of T-cell and
macrophage infiltration in atherosclerotic plaques has been shown to correlate with the occurrence of plaque rupture
[9].

It was reported that the ADA levels are elevated whenever cell mediated immunity is stimulated and thus reflects
the activity of stimulated T-lymphocytes and reflect the changes in the immune response. Cytokines produced by T —
helperl and T-helper 2 cells also regulate membrane adenosine deaminase on human lymphocytes. Interferon-
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gamma producing cells IFN-g activates the monocyte -macrophage cell system, which may also contribute to the
regulation of plasma ADA activity [10].

In the present study we observed a significant elevation in the adenosine deaminase levels in M1 when compared
to controls. Serum Adenosine deaminase activity was also found to be high in myocardial infarction [11], and
unstable angina [12] suggesting the contribution of immunological and inflammatory process in the pathogenesis of
coronary heart disease. Also ADA was considered as an inflammatory molecule in acute Ml [13].

Elevated levels of ADA have also been reported in other diseased conditions like tuberculosis [14], acute
nephrotic syndrome[15], leukemia, Behcet's Disease[16],and in typhoid[17].

Shiva Prakash et.al [18] concluded that the use of adenosine deaminase is a cost-effective process and the
elevated adenosine deaminase activity may be an important indicator in the immuno-pathogenesis of type 2 diabetes
mellitus. The high adenosine deaminase activity might be due to abnormal T-lymphocyte responses or proliferation
[19]; may point towards a mechanism that involves its release into circulation as suggested by Hovi et al. [20].

Previously, Chang and Shaio [20] , have demonstrated that impaired cell mediated immunity was associated with
abnormal lymphocyte proliferation, and as adenosine deaminase is associated with T- lymphocyte activity [18], its
altered blood levels may help in predicting immunological dysfunction in type 2 diabetic individuals and might be
one of the important biomarkers in predicting the disease.

Ml is a term used to describe necrotic changes in the myocardium due to sudden deprivation of coronary blood
supply (i.e., acute coronary occlusion or hemorrhage), which causes hypoxia or anoxia, forcing the cardiomyocyte
metabolism to change from aerobic to anaerobic. During this process, oxygen free radicals and cellular acidosis are
generated and high-energy phosphates are rapidly consumed [21].

Elevation of ADA activity in IM may be explained to be due to the damage of cells resulting in the release of
intracellular components into the blood, hence elevation its level in the blood [22].

Adenosine is a purine nucleoside that, once released from cells or being formed extra-cellularly, diffuses to the
surface of surrounding cells, where it binds specific membrane receptors [23]. Although adenosine is present at low
concentrations in the extracellular space stressful conditions, such as inflammation, can markedly increase its
extracellular levels [24]. Recent evidence indicates that adenosine helps to maintain tissue integrity by reducing
energy demand, increasing nutrient availability, and modulating the immune system [25]. Accordingly, adenosine
can play a beneficial role as immunomodulator in tissues subjected to injurious stimuli, including ischemia and
inflammation [26].

Several reports have demonstrated the ability of adenosine to exert anti-inflammatory actions in a variety of
experimental models. In particular, this nucleoside can interfere with the biosynthesis of proinflammatory cytokines
[27], and it down-regulates neutrophil functions, decreasing their adhesion, degranulation, and oxidant activity [26,
28].

Under conditions of tissue damage, endogenous adenosine concentration rapidly raises; furthermore, the
activation of G protein-coupled adenosine receptors is responsible for changes such as vasodilatation, inhibition of
inflammation, modulation of the sympathetic nervous system activity, and protection against the deleterious
consequences of ischemia-reperfusion [29]. Adenosine levels are regulated by the activity of the enzyme adenosine
deaminase (ADA), the physiological role of ADA is not entirely clear; however, various studies indicate that ADA
activity in plasma of patients with chronic hypoxia is higher as compared with healthy patients, indicating that
induction of ADA activity represents a physiological adaptation to high levels of adenosine during hypoxia [30].
This lead Riksen [29] and his colleagues to propose that intensity of cellular hypoxia correlated with elevated serum
ADA activity during AMI. Adenosine, as is reported, is an endogenous activator of cellular antioxidants [29]. The
depletion of adenosine by adenosine deaminase may lead to enhanced production of free radicals which are
implicated in the pathogenesis of myocardial ischemic injury. The significance of adenosine deaminase in ischemic
myocardial syndromes were shown earlier [31,32].

Adenosine has been suggested to be critical regulator of inflammation and increased adenosine release could be
utilized to diminish inflammation [33]. The ADA catalyzes the deamination of adenosine to inosine contributing to
the regulation of intracellular and extracellular concentrations of adenosine, and probably modulates energy
metabolism. Systemic administration of an ADA inhibitor produce clear anti-inflammatory effects [34, 35].

It is noteworthy that inosine, the metabolite produced by adenosine deaminase, is also effective in reducing the
severity of inflammation [36] and protecting against endotoxin-induced shock [37]. Therefore, the blockade of
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adenosine deaminase could hamper the anti-inflammatory potential resulting from inosine production, but at the
same time this deficiency seems to be overcome by the concomitant adenosine accumulation that ensures a
significant and more effective anti-inflammatory activity, as shown in the previous studies [25].

Kuddusi et al. [38] suggested that there is a correlation between pro-oxidative stress and antioxidative defence
with ADA activity, as an indicator of T-cell activation, and it can be considered as significant supportive diagnostic
indicators, especially in active disease.

Another study suggested that ADA could be considered a prognostic marker only in those patients with no
ST segment elevation EKG and receiving no thrombolytic therapy. The elevation of serum ADA activity in patients
receiving thrombolytic treatment could reflect the ADA release from its endothelium attachment by the action of
thrombolytic enzymes[39].

Although traditional treatments have focused on nonspecific suppression of inflammation, advances in the
knowledge of the immunopathogenesis of inflammation have paved the way to targeted therapies, allowing a
selective blockade of the inflammatory cascade and modulation of key cytokines. The adenosine system represents
an attractive target for novel therapies against inflammatory diseases. According to the present results, the blockade
of adenosine deaminase allows an effective control of experimental inflammation, and adenosine deaminase
inhibitor can provide a basis for development of anti-inflammatory drugs suitable for treatment of inflammatory
disorders. Further studies on ADA activity in lymphocytes is required to consider ADA as an effective prognostic
and pathological marker.

6. CONCLUSIONS

ADA levels may be increased to compensate for the increase in adenosine levels due to MI and its product
(inosine) effect in reducing the severity of inflammation. Also the observations of the present study provide
evidence for T lymphocyte activation and proliferation in MI patients and suggest ADA as one of the markers to
elucidate the pathogenesis of MI. We support the suggestion that ADA act as an inflammatory molecule in acute
M.

The study suggests the inclusion of another easily measurable and cost effective marker ADA along with other
biomarkers for better management and for the development of new treatment strategies.
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Table 1: Baseline characteristics of the both groups.

Mean + SD Patients Controls
Number of samples 25 25
Age 45.8+10.3 47.6£9.0
BMI 24.29+ 0.45 24.55+0.21
Blood pressure
a. Systolic 118 +2 119+ 3
b. Diastolic 80+3 79 £5
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Table 1: Biochemical parameters of the both groups.

Parameters Patients Controls P value
ADA (U/L) 43.14 +10.8 20.71+3.54 0.047
AST (U/L) 15.98 + 4.88 17.81+3.29 0.044
Cholesterol (mg/dl) 430.73+9.6 165.53+7.17 0.001
LDL- C (mg/dl) 231.95+ 7.8 134 +9.3 0.001
Triglyceride (mg/dl) 245.34% 7.95 08.42 +18.588 0.0001
HDL- C (mg/dl) 56 19+ 6.61 185.62 + 11.05 0.005
Total protein (g/dl) 6.75 + 0.62 7.15+0.72 non
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