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Abstract
Background: Worldwide, diabetes mellitus is a major health problem leading
to remarkable mortality and morbidity day by day. Adenosine deaminase
(ADA) catalyzes the irreversible deamination of adenosine to inosine is a
polymorphic enzyme which is considered to be related to type 2 diabetes
mellitus (T2DM). So, it may be useful in formulating proper guideline for
evaluating the glycemic status in T2DM. The aim of the study was to assess the
correlation of serum adenosine deaminase (ADA) with glycated heamoglobin
(HbA1c) in type 2 diabetics mellitus patients. Material & Methods: It was a
cross sectional study and conducted in the Department of Physiology, Dhaka
Medical College, Dhaka, Bangladesh from July 2014 to June 2015. A total
number of 150 participants of both sexes were included in this study as the
study population. The samples were divided into major two groups. The
control group (Group A) consisted of 50 age matched healthy subjects for
comparison and the study group (Group B) consisted of 100 type 2 diabetic
patients with the age ranging from 40-55 years. Again, depending on HbA1c
level, the study group was divided into two subgroups. Group B1 consisted of
50 participants with HbA1c<6.5% and Group B2 consisted of 50 participants
with HbA1c>6.5%. The study parameters were including serum ADA, FPG,
HbA1c. For statistical analyses one-way ANOVA test, unpaired Student’s test
and Pearson’s correlation coefficient (r) test were performed as applicable using
SPSS version 20.0. Results: type-2 DM as compared to healthy controls. Again,
serum ADA (P<0.001) levels were significantly higher in type2DM with HbA1c
≥6.5% than that of type2 DM with HbA1c <6.5%. There is a positive correlation
of serum ADA with FPG, HbA1c in type 2 diabetic patients. Conclusion: After
analyzing the results of the study, it is concluded that estimation of serum ADA
level might be used as a new marker for prediction of glycemic in type2
diabetes mellitus.
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INTRODUCTION
Diabetes mellitus is a major global health
problem. It is a metabolic disorder
characterized by chronic hyperglycemia with
derangement of carbohydrate, fat and protein
metabolism due to absolute or relative

deficiency of insulin secretion and action or
both.[1] By the year 2030, about 29.6 million
people will be diabetic in USA, 101.2 million in
India and 16.8 million in Bangladesh.[2]
Prevalence of diabetes in rural population in
Bangladesh was found to be about 7.2% in the
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year of 2011.[3] For the diabetic patients, insulin
resistance is a complex phenomenon where
several genetic defects combine with
environmental stresses, such as obesity or
infections.[4] Insulin sensitivity is influenced by
a number of factors including age, weight,
ethnicity, body fat (especially abdominal),
physical activity, dietary habits (excessive
carbohydrate diet), free fatty acid, vitamin D
deficiency, inflammation, genetic factors,
medications such as glucocorticoid and
adenosine molecule. Hyperglycemia and
hyperinsulinemia both of them can impair
insulin secretion and insulin sensitivity.
According to Verma et al.[5] HbA1c and insulin
levels significantly increase with the duration of
diabetes and showed a significant correlation
for age, sex and duration of diabetes. Adenosine
deaminase, an enzyme of purine metabolism
which is present in red cells and vessel wall. It
has two isoenzyme forms: ADA1 and ADA2
which are coded by two separate genes. It acts
on adenosine and other adenosine nucleoside
analogues and catalyzes the irreversible
hydrolytic deamination of adenosine to inosine
and 2’-deoxyadenosine to 2’-deoxyinosine. Both
inosine and 2’-deoxyinosine are converted to
hypoxanthine, xanthine and finally to uric
acid.[6,7] Adenosine deaminase is a cytosolic
enzyme, which has been the subject of
considerable interest in recent years. Literature
suggests that the levels of adenosine are
reduced by ADA. Adenosine mimics the action
of insulin on glucose and lipid metabolism in
adipose tissue and skeletal muscle and
responsible for increasing glucose uptake into
cells.[8] It has also an antilipolytic property by
which it reduces free fatty acid level. High ADA
level tends to decrease. glucose uptake into cells
and increase free fatty acid level.[9,10] Many

Studies have shown that the level of ADA is
higher in patients with type-2 DM than that in
non-diabetics.[11,12]
Adenosine
deaminase
distributed in human tissues was considered as
good marker of cell mediated immunity.[13]
Chronic hyperglycemia leads to increased
oxidative stress by forming enediol radicals and
superoxide ions by NADPH oxidase system and
increases ADA levels, both leading to insulin
resistance. GLUT4 receptors are downregulated
in the absence of adenosine.[14] Gowda et al.[15]
performed a cross sectional study on type2
diabetic patient to evaluate the role of serum
ADA as a marker. They found that serum ADA
activity was increased in the diabetic patients.
Several studies suggested that, increased serum
ADA level in type2 DM and its positive
correlation with HbA1c.[16,17] On the contrary;
Shantaram, Anusha and Chethana conducted a
study on 20 normal healthy individuals and 20
patients with type 2DM.[18] Serum ADA level
was estimated in all subjects under study. They
observed that serum ADA levels were
significantly decreased in the patients of type 2
DM and also reported the association of low
serum ADA level in type2 DM.[19] From the
above studies, it has been revealed that
increased serum ADA level in patients with
type2 DM may be associated with HbA1c. So,
the present study is intended to assess the
serum ADA level and its relationship with
glycated hemoglobin (HbA1c), in Bangladeshi
patients with type2 DM.
Objectives
General objective
To assess the relationship of serum adenosine
deaminase (ADA) with glycated heamoglobin
(HbA1c) in T2DM patients.
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Specific objectives
• To estimate glycated hemoglobin (HbA1c)
level in T2DM patients to assess their
glycemic status.
• To estimate serum adenosine deaminase
(ADA) level in T2DM patients to assess their
enzyme status.
MATERIAL AND METHODS
It was a cross sectional study followed
purposive sampling method. It was conducted
at the Department of Physiology, Dhaka
Medical College, Dhaka, Bangladesh during the
period from July 2014 to June 2015. A total
number of 150 participants of both sexes were
included in this study as the study population.
The samples were divided into major two
groups. The control group (group A) consisted
of 50 age matched healthy participants for
comparison and the study group (group B)
consisted of 100 type 2 diabetic patients with the
age ranging from 40-55 years. Again, depending
on HbA1c level, the study group was divided
into two subgroups. Group B1 consisted of 50
subjects with HbA1c<6.5% and group B2
consisted of 50 participants with HbA1c>6.5%.
The study subjects (group B) were selected from
outpatient Department of Dhaka Medical
College Hospital and BIRDEM General
Hospital, Dhaka, Bangladesh. The control
(group A) were selected by personal contact
from different areas of Dhaka city. Group B1
patient’s diagnosis was done by HbA1c (<6.5%).
And group B2 patients were also diagnosed
HbA1c (> 6.5%). Informed written consent was
taken from the participants. Detailed family and
medical history were taken before taking blood.
Anthropometric
measurement
of
the
participants was done and blood pressure was

measured. With aseptic precaution, 10 ml of
venous blood was collected from ante-cubital
vein by a disposable plastic syringe from each
subject for estimation of biochemical tests.
HbA1c, serum ADA, were estimated in the
laboratory of the Department of Biochemistry,
Department of Microbiology & Immunology of
BSMMU and Department of Laboratory
Services of National Institute of ENT, Dhaka.
With all aseptic precautions 10 ml blood from
each study population was collected from antecubital vein by disposable plastic syringe. From
that sample 3 ml whole blood was taken in an
EDTA containing tube for estimation of HbA1c.
About 2.2 ml blood was taken (1:9 ratio) in one
test tube containing 3.8% trisodium citrate.
Then the blood sample was centrifuged at
1500rpm for 15 minutes at room temperature.
The remaining blood was transferred in a deionized glass test tube and kept in slanted
position till formation of clot. Then blood
sample was centrifuged at a rate of 3000 rpm for
5 minutes. After that, supernatant serum was
collected in labeled Eppendorf tube and
preserved in a refrigerator until analytical
measurement of serum ADA level were done.
Percentage of HbA1c was measured in whole
blood by a variant hemoglobin testing system
(Bio-Rad model) using a modified HPLC
method. All the parameters were expressed as
mean ± SD and range. Comparison among the
groups was done by one-way ANOVA test and
unpaired Student’s test. Pearson’s correlation
coefficient (r) test was performed to explore the
association
between
study
parameters.
Statistical analyses were performed by using a
computer based statistical program SPSS
version 20.0.
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RESULTS
In this study, the mean (± SD) age in groups A,
B1 and B2 were 45.00±5.17, 45.96±5.26 and
45.94±5.29 years respectively. No statistical
differences were observed among these three
groups. Therefore, all the groups were matched
for age. The mean (±SD) BMI in groups A, B1
and B2 were 22.01±1.66, 23.35±2.29 and
25.35±1.77 kg/m2 respectively and the mean
(±SD) systolic blood pressure in groups A, B1
and B2 were 120.80±7.98, 130.40±8.32and
136.50±9.60 mm of Hg respectively. The mean
(±SD) diastolic blood pressure in groups A, B1
and B2 were 77.40±5.17, 82.60±4.43and
85.90±4.25 mm Hg respectively. The differences
of the mean value among the three groups were
statistically significant (p<0.001). Again, the
mean fasting plasma glucose was significantly
(p<0.001) higher in group B2 than that of group
B1. The mean (±SD) HbA1c level in groups A,
B1 and B2 was 4.70±0.46, 6.08±0.33 and
9.71±2.41 respectively. The differences of the
mean value among the three groups were
statistically significant (p<0.001). In this study,
the mean HbA1c level was significantly higher
in group B1 (P<0.001) and B2 (P<0.001) as
compared to group A. Again, the mean HbA1c
was significantly (p<0.001) higher in group B2
than that of group B1. The mean (±SD) serum
ADA level was 10.48±2.22, 17.75±2.25and
30.58±6.73 U/L in groups A, B1 and B2

respectively. The differences of the mean value
among the three groups were statistically
significant (p<0.001). In this study, the mean
(±SD) ADA level was significantly higher in
group B1 (p<0.001) and B2 (p<0.001) in
comparison to that of group A. Again, the mean
(±SD) ADA level was significantly (p<0.001)
higher in group B2 than that of group B1. The
differences of the mean value among the three
groups were statistically significant (p<0.001).
In this study, in group B1 (n=50), ADA level
≤15.0 was found in 7(14.0%) participantsand >
15.0 U/L was found in 43(86.0%) participants.
Again, in group B2 (n=50), ADA level ≤15.0 U/L
was found in 0% participants and > 15 U/L was
found in 50(100%) participants. In group B1,
serum ADA level showed positive correlation
(r=+0.346) which was statistically significant.
Again, in group B2, serum ADA level showed
positive correlation (r=+0.303). which was
statistically significant association. In group B1,
serum ADA level showed positive correlation
(r=+0.460) with HbA1c, which was statistically
significant. Again, in group B2, serum ADA
level showed positive correlation (r=+0.452)
with HbA1c, which was statistically significant
association. In group B1, serum ADA level
showed positive correlation (r=+0.344). which
was statistically significant. Again, in group B2,
serum ADA level showed positive correlation
(r=+0.302), which was statistically significant
association.

Table 1: General characteristics of the participants in different groups (N=150)
Parameters
Group-A (n=50)
Group-B1 (n=50)
Healthy People
(HbA1c <6.5%)
n(%)/ Mean ±SD
n(%)/ Mean ±SD
Age (Years)
45.00±5.17
45.96±5.26
Gender
Male
23(46.0)
24(48.0)
Female
27(54.0)
26(52.0)

Group-B2 (n=50)
(HbA1c≥6.5%)
n(%)/ Mean ±SD
45.94±5.29
27(54.0)
23(46.0)
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BMI (kg/m2)
SBP
DBP

Value
Range
Value
Range
Value
Range

22.01±1.66
(19.0-25.0)
120.80±7.98
(100.0-140.0)
77.40±5.17
(70.00-90.0)

Table 2: Mean age of different group (N=150)
Parameters Group-A (n=50)
Group-B1 (n=50)
Age I years
Healthy People
(HbA1c <6.5%)
n(%)
n(%)/
Mean ±SD
Mean ±SD
45.00±5.17

45.96±5.26

23.35±2.29
(19.0-29.30)
130.40±8.32
(110.0-150.0)
82.60±4.43
(70.0-90.0)

Group-B2 (n=50)
(HbA1c≥6.5%)
n(%)
Mean ±SD

25.35±1.77
(22.80-29.30)
136.50±9.60
(120.0-150.0)
85.90±4.25
(75.0-95.0)

Verses

P-value

A vs B1 vs B2
A vs B1
A vs B2
B1 vs B2

0.579ns
0.359ns
0.371ns
0.985ns

Verses

P-value

A vs B1 vs B2
A vs B1
A vs B2
B1 vs B2
A vs B1 vs B2
A vs B1
A vs B2
B1 vs B2
A vs B1 vs B2
A vs B1
A vs B2
B1 vs B2

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

45.94±5.29

Table 3: Study parameters of different groups (N=150)
Parameters Group-A (n=50)
Group-B1 (n=50) Group-B2 (n=50)
Healthy People
(HbA1c <6.5%)
(HbA1c≥6.5%)
n(%)
n(%)/
n(%)
Mean ±SD
Mean ±SD
Mean ±SD
Fasting
4.31±0.52
6.06±0.98
10.45±3.74
Plasma
Glucose
(mmol/L)
HbA1c (%)

4.70±0.46

6.08±0.33

9.71±2.41

ADA (U/L)

10.48±2.22

17.75±2.25

30.58±6.73
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Figure 1: Mean fasting plasma glucose level of
the participants (N=150)

Figure 3: Mean Serum Adenosine deaminase
(ADA) level of the participants (N=150)

Figure 2: Mean HbA1c level of the participants
(N=150)

Figure 4: Correlation of serum ADA Level with
Fasting plasma glucose

255
Copyright: ©The author(s), published in Annals of International Medical and Dental Research, Vol-8, Issue-5. This is an open access article under
the Attribution-Non Commercial 2.0 Generic (CC BY-NC 2.0) license. (https://creativecommons.org/licenses/by-nc/2.0/)

Annals of International Medical and Dental Research
E-ISSN: 2395-2822 | P-ISSN: 2395-2814
Vol-8, Issue-5 | September-October 2022
DOI: 10.53339/aimdr.2022.8.5.30
Page no- 250-258 | Section- Research Article (Physiology)

Figure 4: Correlation of serum ADA Level with
HbA1c
DISCUSSION
The aim of this study was to observe serum
adenosine deaminase (ADA), fasting plasma
glucose (FPG) level, HbA1c level. For this study,
a total number of 100 type 2 diabetic patients (50
T2DM with HbA1c <6.5% and50 T2DM with
HbA1c%≥6.5%) of both sex with age ranging
from 40 to 55 years were considered as study
group. Again, 50 apparently healthy subjects of
both sexes with same age range were included
in control group for comparison.[18] In this
study, among total 150 participants, male 24
and female 26 diabetic patients with
HbA1c<6.5% and male 27 and female 23
diabetic patients with HbA1c≥6.5% were
selected for study group. Again, male 23 and
female 27 were selected for control group.[19]
The mean fasting plasma glucose (FPG) were
significantly (p<0.001) higher in control and
uncontrolled type-2 diabetes in comparison to
that of control group. Again, these values were
significantly (p<0.001) higher in patients with

uncontrolled type-2 DM than that of control
DM. This finding was in agreement with the
studies of many researchers of different
countries.[20,21] In this study, the mean HbA1c
level was also significantly higher in patients
with control and uncontrolled type-2 DM as
compared to healthy control (p<0.001). Again,
the mean HbA1c level was significantly
(p<0.001) higher in patients with uncontrolled
type-2 DM than that of control type2DM.
Almost similar types of results were found by
different researchers of different countries.[22] In
our study, the mean serum ADA level was
higher in patients with control and uncontrolled
type-2 DM as compared to healthy people and
the result was statistically significant (p<0.001).
The mean ADA level was also significantly
(p<0.001) higher in patients with uncontrolled
type-2 DM than that of control DM. Almost
similar to the findings were observed by the
various
investigators
from
different
[15]
countries.
This finding was in agreement
with the study of many researchers of different
countries.[23] In the present study, among the 50
control diabetes patients, 7(14.0%) patient have
serum ADA level ≤15.0U/L and rest 43(86.0%)
patients have >15.0 U/L. Again, in patients with
uncontrolled (n=50), serum ADA level>15.0
U/L were found in 50(100%) patient. In the
present study, among the 50 control diabetes
patients, but no published data are available in
our countries as well as different countries to
compare these findings. In the present study,
Pearson’s correlation coefficient (r) test was
done to observe the relationship of serum
Adenosine deaminase (ADA) in study groups.
In patients with control and uncontrolled DM,
ADA and the relationship was statistically
significant. Similarly, serum ADA level showed
positive correlation with HbA1c in patients
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with control and uncontrolled diabetes and the
relationship was statistically significant. Kaur et
al.[16] Patel et al.[20] also found highly significant
positive correlation of serum ADA HbA1c level.
In this study, Pearson’s correlation coefficient
(r) test was done to observe the relationship of
serum ADA in study group. Sahema et al.[21]
also found highly significant positive
correlation of serum ADA level in T2DM.
CONCLUSIONS
As per the findings of this study we can
conclude that, serum ADA level is significantly
higher in patients with T2DM which was more
in uncontrolled DM than control DM. Increased
serum ADA level is positively correlated with
glycemic status. Therefore, estimation of serum
ADA level might be used as a new parameter
REFERENCES
1. Yadav S, Kapoor S, Mehta DK. A study of
inflammatory markers of type 2 diabetes mellitus. Int
J Sci Stud. 2014;2(8):75-78.
2. Wang X, Bao W, Liu J, Ouyang YY, Wang D, Rong S,
et al. Inflammatory markers and risk of type 2
diabetes: a systematic review and meta-analysis.
Diabetes Care. 201336(1):166-75. doi: 10.2337/dc120702.
3. Talukder A, Hossain MZ. Prevalence of Diabetes
Mellitus and Its Associated Factors in Bangladesh:
Application of Two-level Logistic Regression Model.
Sci Rep. 2020;10(1):10237. doi: 10.1038/s41598-02066084-9.
4. Pessin JE, Saltiel AR. Signaling pathways in insulin
action: molecular targets of insulin resistance. J Clin
Invest. 2000;106(2):165-9. doi: 10.1172/JCI10582.
5. Verma M, Paneri S, Badi P, Raman PG. Effect of
increasing duration of diabetes mellitus type 2 on
glycated hemoglobin and insulin sensitivity. Indian J
Clin
Biochem.
2006;21(1):142-6.
doi:
10.1007/BF02913083.

for prediction of glycemic status in type 2
diabetes mellitus.
Limitations of the Study
Although optimal care had been tried by the
researcher in every step of the study but there
were some limitations.
Though it was small sample size study, it might
not represent the whole country. Though
purposive sampling method were followed, so
there may be chance of bias which can influence
the results. Because of time limitations, in spite
of maximum effort by the researcher, the study
was conducted with small sample size. So, it
may not be adequate represent the total
population and a large sample size would have
given a better result.

6. Jadhav AA, Jain A. Elevated adenosine deaminase
activity in overweight and obese Indian subjects. Arch
Physiol
Biochem.
2012;118(1):1-5.
doi:
10.3109/13813455.2011.603341.
7. Kurtul N, Pence S, Akarsu E, Kocoglu H, Aksoy Y,
Aksoy H. Adenosine deaminase activity in the serum
of type 2 diabetic patients. Acta Medica (Hradec
Kralove). 2004;47(1):33-5.
8. Vergauwen L, Hespel P, Richter EA. Adenosine
receptors mediate synergistic stimulation of glucose
uptake and transport by insulin and by contractions in
rat skeletal muscle. J Clin Invest. 1994;93(3):974-81.
doi: 10.1172/JCI117104.
9. Hajer GR, van Haeften TW, Visseren FL. Adipose
tissue dysfunction in obesity, diabetes, and vascular
diseases. Eur Heart J. 2008;29(24):2959-71. doi:
10.1093/eurheartj/ehn387.
10. Khemka VK, Bagchi D, Ghosh A, Sen O, Bir A,
Chakrabarti S, et al. Raised serum adenosine
deaminase level in nonobese type 2 diabetes mellitus.
ScientificWorldJournal.
2013;2013:404320.
doi:
10.1155/2013/404320.
11. Larijani B, Heshmat R, Ebrahimi-Rad M, Khatami S,
Valadbeigi S, Saghiri R. Diagnostic Value of

257
Copyright: ©The author(s), published in Annals of International Medical and Dental Research, Vol-8, Issue-5. This is an open access article under
the Attribution-Non Commercial 2.0 Generic (CC BY-NC 2.0) license. (https://creativecommons.org/licenses/by-nc/2.0/)

Annals of International Medical and Dental Research
E-ISSN: 2395-2822 | P-ISSN: 2395-2814
Vol-8, Issue-5 | September-October 2022
DOI: 10.53339/aimdr.2022.8.5.30
Page no- 250-258 | Section- Research Article (Physiology)
Adenosine Deaminase and Its Isoforms in Type II
Diabetes Mellitus. Enzyme Res. 2016;2016:9526593.
doi: 10.1155/2016/9526593.
12. Ghaemi Oskouie F, Shameli A, Yang A, Desrosiers
MD, Mucsi AD, Blackburn MR, et al. High levels of
adenosine deaminase on dendritic cells promote
autoreactive T cell activation and diabetes in nonobese
diabetic mice. J Immunol. 2011;186(12):6798-806. doi:
10.4049/jimmunol.1004222.
13. Sapkota LB, Thapa S, Subedi N. Correlation study of
adenosine deaminase and its isoenzymes in type 2
diabetes mellitus. BMJ Open Diabetes Res Care.
2017;5(1):e000357. doi: 10.1136/bmjdrc-2016-000357.
14. Niraula A, Thapa S, Kunwar S, Lamsal M, Baral N,
Maskey R. Adenosine deaminase activity in type 2
diabetes mellitus: does it have any role? BMC Endocr
Disord. 2018;18(1):58. doi: 10.1186/s12902-018-0284-9.
15. Kurtul N, Pence S, Akarsu E, Kocoglu H, Aksoy Y,
Aksoy H. Adenosine deaminase activity in the serum
of type 2 diabetic patients. Acta Medica (Hradec
Kralove). 2004;47(1):33-5.
16. R A. To Study the Correlation of Serum Adenosine
Deaminase Levels with Hba1c in Patients of Type 2
Diabetes Mellitus. J Assoc Physicians India.
2022;70(4):11-12.
17. Niraula A, Thapa S, Kunwar S, Lamsal M, Baral N,
Maskey R. Adenosine deaminase activity in type 2
diabetes mellitus: does it have any role? BMC Endocr
Disord. 2018;18(1):58. doi: 10.1186/s12902-018-0284-9.
18. He X, Ying L, Ma X, Shen Y, Su H, Peng J, et al. An
additional measurement of glycated albumin can help
prevent missed diagnosis of diabetes in Chinese

population. Clin Chim Acta. 2017;475:188-192. doi:
10.1016/j.cca.2017.10.018.
19. Tuomilehto J, Zimmet P, Wolf E, Taylor R, Ram P,
King H. Plasma uric acid level and its association with
diabetes mellitus and some biologic parameters in a
biracial population of Fiji. Am J Epidemiol.
1988;127(2):321-36.
doi:
10.1093/oxfordjournals.aje.a114807.
20. Patel B, Taviad D, Malapati B. Serum adenosine
deaminase in patients with type2diabetes mellitus and
its relation blood glucose and glycated heamoglobin
levels. IJBR. 2014;5(9) 556-58.
21. Domingos AC, Iacida EC, de Oliveira RM, BoniniDomingos CR, de Mattos Cde C, de Mattos LC. Type2 diabetes mellitus and the frequency of the G22A
polymorphism of the adenosine deaminase gene in a
mixed population in Brazil. Trans R Soc Trop Med
Hyg. 2014;108(7):439-43. doi: 10.1093/trstmh/tru076.
22. Ramani NSC, Krishnamurthy N, Raghavendra Prasad
BN, Ashakiran S, Sumathi ME, Harish R. Role of
adenosine deaminase to predict glycemic status in
type2 diabetes mellitus. J clin Biomed Sci. 2012;2:1232.
23. Kramer CK, von Mühlen D, Jassal SK, Barrett-Connor
E. Serum uric acid levels improve prediction of
incident type 2 diabetes in individuals with impaired
fasting glucose: the Rancho Bernardo Study. Diabetes
Care. 2009;32(7):1272-3. doi: 10.2337/dc09-0275.

Source of Support: Nil, Conﬂict of Interest: None
declared

258
Copyright: ©The author(s), published in Annals of International Medical and Dental Research, Vol-8, Issue-5. This is an open access article under
the Attribution-Non Commercial 2.0 Generic (CC BY-NC 2.0) license. (https://creativecommons.org/licenses/by-nc/2.0/)

