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ABSTRACT

The presence of elevated levels of asymmetric dimethylarginine
(ADMA) is concerned with the development of endothelial dysfunction.
Free ADMA, which is produced during proteolysis, is actively degraded
by the intracellular enzyme dimethylarginine dimethylaminohydrolase
(DDAH) which catalyzes the conversion of ADMA to citrulline and
dimethylamine. It has been found that more than 70% of ADMA is
metabolized by DDAHI. Decreased DDAH expression/activity is
evident in disease states related with endothelial dysfunction and is
believed to be the mechanism responsible for increased methylarginines
which subsequently leads to ADMA mediated eNOS impairment.
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However, recent studies propose that DDAH may regulate eNOS activity and endothelial function through both
ADMA dependent and independent mechanisms. Therefore, elevated plasma ADMA may serve as a marker of
impaired methylarginine metabolism and the pathology previously attributed to elevated ADMA may be manifested,
atleast in part, through altered activity of the enzymes involved in ADMA regulation, specifically DDAH and PRMT.
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INTRODUCTION

Endothelium derived Nitric Oxide (NO) is a potent
vasodilator that plays a significant role in maintaining
vascular homeostasis through its anti-atherogenic and
anti-proliferative effects on the wvascular wall (1).
Altered NO biosynthesis has been associated with the
pathogenesis of cardiovascular disease and evidence
from animal models and clinical studies suggest that
accumulation of the endogenous nitric oxide synthase
(NOS) inhibitors, asymmetric dimethylarginine
(ADMA) and NG-monomethylarginine (NMMA)
contribute to the reduced NO generation and disease
pathogenesis (2). ADMA and L-NMMA are produced
from the proteolysis of methylated arginine residues on
various proteins. The methylation is carried out by a
group of enzymes which are known as protein-arginine
methyl transferase's (PRMT's) (3). Protein arginine
methylation has been identified as an significant post-
translational modification involved in the regulation of
DNA transcription, protein function and cell signaling
(4). Upon proteolysis of methylated proteins, free
methylarginines are formed which can then be
metabolized to citrulline through the activity of
Dimethylarginine Dimethylamino Hydrolase (DDAH).
Decreased DDAH expression/activity is found in

disease states related with endothelial dysfunction and
is believed to be the mechanism responsible for
increased methylarginines and subsequent ADMA
mediated eNOS impairment. Currently there are two
known isoforms of DDAH each having different tissue
specificity (3). DDAH-1 is thought to be associated
with tissues that express high levels of Neuronal Nitric
Oxide (nNOS), while DDAH-2 is thought to be
associated with tissues that express eNOS (5).
However, the biochemical properties and the
contribution of each enzyme to the regulation of
endothelial NO production has yet to be elucidated (6).

Intact healthy endothelium plays an important role in
vascular homeostasis which releases number of
regulatory substances to maintain the vascular tone.
Damaged endothelium cannot perform this crucial task
and it becomes dysfunctional which is the initial event on
the long path towards atherosclerosis (7). Among these
regulatory substances Nitric Oxide (NO) is most
important vasodilator substance produced by the
endothelium (3-7) which also inhibits the adhesion and
aggregation of platelets, adhesion of monocytes and
leukocytes to the endothelium, vascular smooth muscle
cell proliferation and low density lipoprotein (LDL)
oxidation (8). A bridged NO bioavailability affects all
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these functions which leads to initiation and progression
of atherosclerosis (9). Nitric oxide, an 'endogenous anti-
atherogenic molecule', is produced from L-arginine by
endothelial Nitric Oxide synthase (eNOS) which
requires molecular oxygen and various cofactors. Any
disease state which decreases endothelial NO production
possibly will consequently promote atherosclerosis (10).
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Fig 1: Production of NO by endothelial cells (11)

ADMA, being structural analogue of L-arginine
functions as an endogenous competitive inhibitor of
eNOS and it contributes to endothelial dysfunction
(12). A number of studies have revealed that high level
of baseline ADMA is independently prognostic of
adverse outcomes in a variety of populations including
stable angina, unstable angina and established coronary
artery disease (13). However, very less is known about
the relationship of serum ADMA and percentage of the
atherosclerotic block in Coronary Artery Disease
(CAD) patients. Considering the promising role of
ADMA & NO in cardiovascular diseases it is found that
serum ADMA/NO ratio in CAD patients can assess the
severity (percentage) of atherosclerotic block (14).

BIOSYNTHESIS OF ADMA, IT'S
METABOLISMAND EXCRETION

ADMA Biosynthesis

Degradation of methylated proteins leads to the
formation of Dimethylarginines (15). With the
participation of the enzymes protein arginine methyl
transferase type 1 and 2 (PRMT1, PRMT2), the methyl
groups are obtained from S-adenosylmethionine (16).
PRMT-1 catalyses the production of NGmonomethyl-
L-arginine (LNMMA) and NG, NG-dimethyl-L-
arginine (ADMA), whereas the release of NG, NG-

dimethyl-L-arginine (symmetric dimethylarginine;
SDMA) and L-NMMA is through methylation of
proteins by PRMT-2 (17). The asymmetrically
methylated arginine residues (L-NMMA and ADMA),
are competitive inhibitors of the nitric oxide synthases
and symmetrically methylated arginine (SDMA) do
not inhibit it. The formation of ADMA from
endothelial cells is raised in the presence of native or
oxidized LDL, possibly mediated by up-regulation of
S-adenosylmethionine dependent methyl transferases
(18) (Fig. 2). Furthermore, it has been obsereved in
recent data that the lung appears to contain increased
amounts of protein bound ADMA, due to the high
expression levels of various PRMTs in lung tissue (19).

Metabolism of ADMA

Hydrolytic degradation to citrulline and dimethylamine
catalysed by the enzyme called NG dimethylarginine
dimethylaminohydrolase (DDAH) (20) is the specific
mechanism involved in metabolism of ADMA but not
SDMA. DDAH activity is found in kidney, pancreas,
liver, brain and aorta with immunoexpression also in
neutrophils and macrophages (21). DDAH inhibition
leads to gradual vasoconstriction which is reversed by
L-arginine (22). There are two isoforms of DDAH,
DDAH-1 and DDAH-2. DDAH-1 is commonly found
in tissues expressing neuronal NOS while DDAH-2 is
predominantly present in tissues containing the
endothelial isoform of NOS (23). Raised plasma levels
of glucose, oxidized LDL and homocysteine are related
with reduced levels of DDAH. Moreover, a few
conventional cardiovascular risk factors may decrease
DDAH activity by increasing oxidative stress (24-25).
Pharmacological inhibition of DDAH leads to increase
in ADMA concentrations and decreases NO production
(26). Conversely, transgenic DDAH over expression
decreases ADMA levels and increases NO levels (27).
In animal studies over expression of DDAH has been
shown to promote endothelial repair after vascular
injury, to suppress myocardial reperfusion injury and to
inhibit ADMA induced endothelial dysfunction in the
cerebral circulation (28). Moreover interestingly, over-
expression of DDAH-1 and DDAH-2 causes very
similar phenotypic changes, whereas selective silencing
of individual DDAH isoforms leads to greatly different
biological effects (29). Thus, silencing of DDAH-1
resulted in raised circulating ADMA levels but no
change in endothelium-mediated vasodilation, whereas
silencing of DDAH-2 resulted in significantly decreased
endothelium-mediated vasodilatation with no
concomitant change in plasma ADMA concentration.
These findings suggests that DDAH-2 is the most
abundant isoform in endothelium, whereas DDAH-1 is
found at high expression levels in kidneys and liver (30).
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Fig 2: Overview of Pathways of Synthesis and Metabolism of ADMA (31)

Exretion of ADMA

Elimination of endogenous ADMA and SDMA mostly
occurs through renal. Urinary excretion of SDMA in
rabbits has been shown to be 30 times greater than that
of either L-NMMA or ADMA (32). A number of
studies have reported raised levels of ADMA and
SDMA in people with renal failure (33). Interestingly,
haemodialysis causes a lower clearance of ADMA
than predicted, suggesting there are alternative non-
renal route(s) of removal of circulating ADMA (34).

ENDOTHELIALDYSFUNCTIONAND ADMA

The excretion of methylated arginines occurs in urine
and it has since been demonstrated that ADMA
antagonizes endothelium-dependent vasodilation, a
phenomenon first observed in chronic renal failure
(35). ADMA is now acknowledged to be a mediator
molecule of the adverse vascular effects of many other
factors and markers of cardiovascular risk. ADMA is
characterized as an amino acid of intracellular origin
naturally found circulating through the plasma, urine,
tissues, and cells (36). Its synthesis occurs when
arginine residues in the nuclear proteins are
methylated through the action of the protein arginine
methyltransferases (PRMTs), which are largely

distributed throughout the human body, through a
posttranslational change that adds one or two methyl
groups to the nitrogens of the guanidine incorporated
into the proteins (37). Two types of PRMTs are found,
with several isoforms: type 1 catalyzes the formation
of ADMA, and type 2 catalyzes the formation of the
symmetric dimethylarginine (SDMA); but both
enzymes can transfer the methyl radical, producing the
NGmonomethyl-L-arginine (L-NMMA). Of these,
only the asymmetrically methylated species (ADMA
and L-NMMA) inhibits NOS; SDMA do not (38). The
three isoforms of NOS are inhibited by ADMA which
is equipotent with L-NMMA. It can also uncouple the
enzyme, produce superoxides, and it interfaces with
other targets in the cell. The administration of ADMA
in rats causes an increase in the renal vascular
resistance and blood pressure, confirming its
biological action in vivo. Its levels are much greater
intracellularly than extracellularly, sufficient in some
cases to inhibit NOS, as demonstrated with cultivated
endothelial cells (39). However, an independent
additional action modality was demonstrated in vivo,
in which the chronic infusion induced vascular injuries
in eNOS knockout mice. Additionally, the three
methylarginines interfere with the transport of L-
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arginine as mediated by the cationic amino acid carrier
within the plasma membrane (y+ channels),
explaining the SDMA inhibitor effect in the context of
NO generation. Renal excretion is partly responsible
for the elimination of methylarginines - SDMA is
mainly involved, but ADMA and L-NMMA are also
extensively metabolized and produce citrulline and
dimethylamine by the action of the dimethylarginine
dimethylaminohydrolases (DDAHs). This enzymatic
group presents in superior organisms two isoforms
codified by genes on chromosomes 1 (DDAH-1) and 6
(DDAH-2), with distinct tissue-relevant distributions
but seemingly similar activities. The regulation of
gene expression and DDAH activity remains highly
largely unclear. Incubating endothelial cells with
tumor necrosis factor—alpha (TNF-alpha) or oxidized
low density lipoprotein (LDL-ox) decreases the
activity of this enzyme. Other factors, such as the
oxidative stress associated with S-nitrosylation and
high levels of glucose and homocysteine, contribute to
decreasing DDAH activity, leading to an elevation of
ADMA levels (40). Elevated ADMA in the context of
renal insufficiency occurs in a variety of ways,
probably because the DDAH activity can vary under
different situations. This molecule is dialyzable, but it
reaches pathological concentrations after dialysis
process. In the disease state of chronic renal
insufficiency, it fulfills the criteria of an uremic toxin
because it increases in inverse proportion to
diminishing renal function. It is a guanidine
compound, and a product of protein metabolism.
Various biological functions can be impacted by
inhibiting NOS, including the cardiovascular, osseous,
and immune systems. Subsequent research has also
suggested the involvement of the liver in the
metabolism of dimethylarginines. Various research
workers have demonstrated that hepatocytes
abundantly express y+ channels in their membranes
and contain high concentrations of DDAH (41).
Moreover a recent study carried out in patients who
underwent hepatic surgery confirmed the entrance of
ADMA in the liver. These and other metabolic studies
have demonstrated that the liver is essential in
regulating plasma concentrations of dimethylarginine.

ADMAASAMEDIATOR OF CAD

Plasma levels of ADMA have been shown to be raised
in diseases associated with endothelial dysfunction
including hyperlipidemia, hypertension, diabetes
mellitus, and others (42). Furthermore, it has been
found that ADMA predicts cardiovascular mortality in
patients with coronary heart disease (CHD). Study
published recently from the multicenter Coronary
Artery Risk Determination investigating the influence
of ADMA Concentration (CARDIAC) has indicated

that increased plasma levels of ADMA is an
independent risk factor for CAD (43). Moreover,
whether the increased risk related with raised ADMA
levels is a direct result of NOS impairment is an area of
debate. Therefore, considerable research about the
contribution of ADMA to the regulation of NOS-
dependent NO production has been started.

Studies involving DDAH gene silencing techniques
and DDAH transgenic mice present a strong evidence
for involvement of ADMA in endothelial dysfunction.
Tanaka et. al. have demonstrated that DDAH-1
transgenic mice gets protection against cardiac
transplant vasculopathy (44). Wang et. al. used in-vivo
siRNA techniques and demonstrated that DDAH-1
gene silencing raised plasma levels of ADMA by 50%
but this elevation had no effect on endothelial
dependent relaxation. In contrast, in-vivo DDAH-2
gene silencing had no effect on plasma levels of
ADMA but reduced endothelial dependent relaxation
by 40% (45). Therefore, these findings present a
higher significance and demonstrate that raised
plasma ADMA is not associated with impaired
endothelial dependent relaxation while loss of DDAH-
2 activity is related with impaired endothelial
dependent relaxation, despite the fact the plasma
ADMA levels are not elevated.

CONCLUSION

Data from previous studies done on association of
ADMA in relation to CAD suggests that there is a
significant increase in serum ADMA levels and
concomitant decrease in NO levels in patients of CAD.
The mechanism involved is due to reduced expression
of DDAH activity which leads to desease states
associated with endothelial dysfunction and is therefore
suggested to be a mechanism which is responsible for
raised levels of methylarginines which subsequently
causes ADMA mediated eNOS impairment, which
further aggravates the atherosclerotic progression
increasing the severity of atherosclerotic block in CAD.
Therefore, ADMA can be used as a predictive marker
of CAD, and also ADMA/NO ratio can be used as a
marker to access the severity of CAD.

REFERENCES

1. Sukhovershin RA, Yepuri G, Ghebremariam YT.
Endothelium-Derived Nitric Oxide as an
Antiatherogenic Mechanism: Implications for
Therapy. Methodist Debakey Cardiovasc J. 2015;
11(3): 166-171.

2. PopeAl, Karuppiah K, Cardounel AJ. Role of the
PRMT-DDAH-ADMA axis in the regulation of
endothelial nitric oxide production. Pharmacol
Res.2009;60(6):461-465.

ERA’S JOURNAL OF MEDICAL RESEARCH, VOL.7 NO.1

Page: 89



Jan - Jun 2020

ERA’S JOURNAL OF MEDICAL RESEARCH

VOL.7NO.1

10.

11.

12.

13.

14.

15.

Fulton MD, Brown T, Zheng YG. The Biological
Axis of Protein Arginine Methylation and
Asymmetric Dimethylarginine. Int J Mol Sci.
2019;20(13):3322.

Guccione E., Richard S. The regulation, functions
and clinical relevance of arginine methylation.
Nat Rev Mol Cell Biol. 2019; 20: 642-657.

Lange C, Mowat F, Sayed H, et al. Dimethylarginine
dimethylaminohydrolase-2 deficiency promotes
vascular regeneration and attenuates pathological
angiogenesis. Experimental Eye Research. 2016;
147: 148-155.

Forstermann U, Sessa WC. Nitric oxide
synthases: regulation and function. Eur Heart J.
2012;33(7):829d-837d.

Shivkar RR and Abhang SA. Ratio Of Serum
Asymmetric Dimethyl Arginine (ADMA)/ Nitric
Oxide in Coronary Artery Disease patients.
Journal of Clinical and Diagnostic Research.
2014; 8(8): 4-6.

Ed Rainger G, Chimen M, Harrison MJ, etal. The
role of platelets in the recruitment of leukocytes
during vascular disease. Platelets. 2015;
26(6):507-520.

Maamoun H, Abdelsalam SS, Zeidan A, et al.
Endoplasmic Reticulum Stress: A Critical
Molecular Driver of Endothelial Dysfunction and
Cardiovascular Disturbances Associated with
Diabetes. IntJ Mol Sci. 2019;20(7): 1658.

Kawashima S and Yokoyama M. Dysfunction of
Endothelial Nitric Oxide Synthase and
Atherosclerosis. Arterioscler Thomb Vasc Biol.
2004;24:998-1005.

Landim MBP, Casella Filho A, Chagas ACP.
Asymmetric dimethylarginine (ADMA) and
endothelial dysfunction: implications for
atherogenesis. Clinics. 2009;64(5):471-478.

Assar ME, Angulo J, Santos-Ruiz M, et al.
Asymmetric dimethylarginine (ADMA)
elevation and arginase up-regulation contribute to
endothelial dysfunction related to insulin

resistance in rats and morbidly obese humans. J
Physiol. 2016; 594(11): 3045-3060.

Cassar A, Holmes DR Jr, Rihal CS, Gersh BJ.
Chronic coronary artery disease: diagnosis and
management. Mayo Clin Proc. 2009; 84(12):
1130-1146.

De Ferranti SD, Steinberger J, Ameduri R, et al.
Cardiovascular Risk Reduction in High-Risk
Pediatric Patients. Circulation. 2019; 139: e603-¢634.

McDermott JR. Studies on the catabolism of Ng-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

methylarginine, Ng, Ng-dimethylarginine and
Ng, Ng-dimethylarginine in the rabbit. Biochem
J.1976;154:179-84.

Ghosh SK, Paik WK, Kim S. Purification and
molecular identification of two protein
methylases 1 from calf brain. Myelin basic

protein-and histone-specific enzyme. J Biol
Chem. 1988;263:19024-19033.

Boger RH, Sydow K, Borlak J, et al. LDL
cholesterol upregulates synthesis of asymmetrical
dimethylarginine in human endothelial cells:
involvement of S-adenosylmethionine-dependent
methyltransferases. Circ Res. 2000; 87: 99-105.

Bulau P, Zakrzewicz D, Kitowska K, et al.
Analysis of methylarginine metabolism in the
cardiovascular system identifies the lung as a
major source of ADMA. Am J Physiol Lung Cell
Mol Physiol. 2007;292: L18-24.

Greenlee KJ, Werb Z and Kheradmand F. Matrix
metalloproteinases in lung: multiple,

multifarious, and multifaceted. Physiol Rev.
2007;87(1):69-98.

Burgstaller G, Oehrle B, Gerckens M, et al. The
instructive extracellular matrix of the lung: basic
composition and alterations in chronic lung
disease. EurRespirJ.2017;50: 1601805.

Tain YL, Hsu CN. Toxic Dimethylarginines:
Asymmetric Dimethylarginine (ADMA) and
Symmetric Dimethylarginine (SDMA). Toxins
(Basel).2017;9(3):92.

Scalera F, Kielstein JT, Martens-Lobenhoffer J, et
al. Erythropoietin Increases Asymmetric
Dimethylarginine in Endothelial Cells: Role of
Dimethylarginine Dimethylaminohydrolase. J
Am Soc Nephrol 2005; 16: 892-898.

Xuan C, Long-Qing Xu, Hui Li, et al.
Dimethylarginine Dimethylaminohydrolase 2
(DDAH 2) Gene Polymorphism, Asymmetric
Dimethylarginine (ADMA) Concentrations, and
Risk of Coronary Artery Disease: A Case-Control
Study. Sci. Rep.2016; 6: 33934,

Weis M, Kledal TN, Lin KY, et al.
Cytomegalovirus infection impairs the nitric
oxide synthase pathway: role of asymmetric
dimethylarginine in transplant arteriosclerosis.
Circulation. 2004;109:500-505.

Stuhlinger MC, Tsao PS, Her JH, et al.
Homocysteine impairs the nitric oxide synthase
pathway: role of asymmetric dimethylarginine.
Circulation. 2001; 104: 2569-2575.

Murphy RB, Tommasi S, Lewis BC, et al.

ERA’S JOURNAL OF MEDICAL RESEARCH, VOL.7 NO.1

Page: 90



PERSONALIZED MEDICINE: ROLE OF ASYMMETRIC DIMETHYLARGININE AS A PREDICTIVE MARKER OF CAD

27.

28.

29.

30.

31.

32.

33.

34.

35.

Inhibitors of the Hydrolytic Enzyme
Dimethylarginine Dimethylaminohydrolase
(DDAH): Discovery, Synthesis and
Development. Molecules. 2016;21(5):615.

Lai L, Ghebremariam YT. Modulating
DDAH/NOS Pathway to Discover
Vasoprotective Insulin Sensitizers. J Diabetes
Res.2016;2016: 1982096.

Dayoub H, Rodionov RN, Lynch C, et al.
Overexpression of dimethylarginine
dimethylaminohydrolase inhibits asymmetric
dimethylarginine-induced endothelial
dysfunction in the cerebral circulation. Stroke.
2008;39(1): 180-184.

Hulin JA, Tommasi S, Elliot D, et al. MiR-193b
regulates breast cancer cell migration and
vasculogenic mimicry by targeting
dimethylarginine dimethylaminohydrolase.

36.

37.

38.

39.

40.

John P Cooke. ADMA: its role in vascular
disease. Vascular Medicine. 2005; 10: S11-17.

Bedford MT, Clarke SG. Protein arginine
methylation in mammals: who, what, and why.
Mol Cell. 2009; 33(1): 1-13.

Caplin B, Leiper J. Endogenous Nitric Oxide
Synthase Inhibitors in the Biology of Disease,
Markers, Mediators, and Regulators? Arterioscler
Thromb Vasc Biol. 2012; 32: 1343-1353.

Majzunova M., Pakanova Z., Kvasnicka P. et al.
Age-dependent redox status in the brain stem of
NO-deficient hypertensive rats. J Biomed Sci.
2017; 24:72.

Liineburg N, Harbaum L, Hennigs JK. The
endothelial ADMA/NO pathway in hypoxia-
related chronic respiratory diseases. Biomed Res
Int.2014;2014:501612.

Scientific Reports. 2017; 7: 13996. 41. Ferrigno A, Di Pasqua LG, Beyardo C,etal. Liv'er
] o o o plays a central role in asymmetric
quhs C. Arginine, arginine analogs and nitric dimethylarginine-mediated organ injury. World J
oxide production in chronic kidney disease. Nat Gastroenterol. 2015;21(17): 5131-5137.
R.ev Nephrol. 2006; 2: 209-220. 42. Maas R, Quitzau K, Schwedhelm E, et al.
Sibal L, Agarwal SC, Home PD, etal. The Role of Asymmetrical dimethylarginine (ADMA) and
Asymmetric Dimethylarginine (ADMA) _ in coronary endothelial function in patients with
Endothelial Dysfunction and Cardiovascular coronaryartery disease and mild hypercholesterolemia.
Disease. Current Cardiology Reviews. 2010; 6: Atherosclerosis. 2007;191(1): 211-219.
82 90_‘ ) 43. Schulze F, Lenzen H, Hanefeld C, et al.
Landim MB, Casella Filho ‘A, Chagas AC. Asymmetric dimethylarginine is an independent
Asymmetric - dimethylarginine (ADMA) and risk factor for coronary heart disease: results from
endothelial dysfunction: implications for the multicenter Coronary Artery Risk
atherogenesis. Clinics (Sao Paulo). Determination investigating the Influence of
2009;64(5):471-478. ADMA Concentration (CARDIAC) study. Am
Tain YL, Hsu CN. Toxic Dimethylarginines: HeartJ.2006;152(3): e491-498.
Asymmetric  Dimethylarginine (ADMA) and 44. Tanaka M, Sydow K, Gunawan F, et al.
Symmetric Dimethylarginine (SDMA). Toxins Dimethylarginine dimethylaminohydrolase
(Basel). 2017;9(3):92. overexpression suppresses graft coronary artery
Teerlink T, Luo Z, Palm F, et al. Cellular ADMA: disease. Circulation. 2005;112(11):1549-1556.
regulation and action. Pharmacol Res. 2009; 45. Wang D, Gill PS, Chabrashvili T, et al. Isoform-
60(6): 448-460. specific regulation by N(G), N(G)-
Rainer H. Boger. Asymmetric dimethylarginine dimethylarginine dimethylaminohydrolase of rat
(ADMA): A novel risk marker in cardiovascular serum asymmetric dimethylarginine and vascular
medicine and beyond. Annals of Medicine. 2006; endothelium-derived relaxing factor/NO. Circ
38:126136. Res.2007;101(6):627-635.
HEN
( How to cite this article : Rizvi S.M.S., Mahdi F., Mahdi A.A., Jafar T., Rizvi S. Personalized Medicine: Role Of Asymmetric )
Dimethylarginine As A Predictive Marker Of CAD. Era J. Med. Res. 2020; 7(1): 86-91.

Licencing Information

Attribution-ShareAlike 4.0 Generic (CC BY-SA 4.0)
Derived from the licencing format of creative commons & creative commonsmay be contacted at https://creativecommons.org/ for further details.

ERA’S JOURNAL OF MEDICAL RESEARCH, VOL.7 NO.1

Page: 91



	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100

