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N ENDOGENOUS inhibitor of nitric oxide synthase, asymmetric dimethylarginine

(ADMA), is elevated in patients with type 2 diabetes mellitus (T2DM) and has been
related to atherosclerotic disease. The study aims at investigating the status of ADMA and
nitric oxide (NO) and their possible correlation inpatients with T2DM with and without
cardiovascular complicationsin comparison to normalcontrols. Forty patients with T2DM and
20 age, sex and body mass index (BMI)-matched healthy controls were included in the study.
The studied individuals were divided into Groupl: healthy controls (n= 20), Group 2: T2DM
patients without cardiovascular complications (n= 20) and Group 3: T2DM patients with
evidence of cardiovascular complications (n= 20). Serum ADMA levels were determined by
enzyme linked Immunosorbent Assay (ELISA). Serum nitric oxide was measured as stable end
product, nitrite. Insulin was measured by immunoradiometric method. Serum ADMA levels
showed a significant elevation while serum NO levels were significantly reducedin diabetic
patients groups in comparison to controls. Diabetic patients with vascular complications
showed highly significant increase in ADMA levels and pronounced decrease in NO compared
to those without complications. In the group of vascular complications, the ADMA level was
positively correlated with postprandial serum glucose and HbAlc, but there was a negative
correlation between ADMA levels and NO. ADMA and NO may serve as predictors for future
cardiovascular events in T2DM patients. Further studies are required to establish the utility of

decreasing ADMA levels or increasing NO in the management of T2DM patients.

Keywords: Asymmetric dimethylarginine, Type 2 diabetes mellitus, Nitric oxide,

Cardiovascular complications.

Introduction

Asymmetric dimethylarginine (ADMA) is a
naturally occurring component of human blood
plasma. It is formed as a metabolic by-product
of continuous protein turnover in all cells of the
body. More than one decade ago, ADMA was first
reported to exert biological effects by inhibiting
nitric oxide (NO) synthesis (Boger et al., 1998).
NO is a well-recognized anti-atherogenic factor; it
inhibits the inflammatory-proliferative processes
in atherosclerosis. Indeed, endothelial dysfunction
due to reduced synthesis and/or bioavailability of
NO is thought to be an early step in the course of
atherosclerotic cardiovascular disease (Cooke &
Dzau, 1997). NO is synthesized from L-arginine
via the action of NO synthase (NOS), which is

known to be blocked by endogenous L-arginine
analogues such as ADMA (Valkonen et al.,
2001). Recently, it has been demonstrated that
plasma levels of ADMA are elevated in patients
with diabetes. These findings suggest that the
elevated ADMA in diabetes could contribute to
acceleration of atherosclerosis (Anderssohn et al.,
2010).

Type 2 diabetes mellitus (T2DM) is a
progressive and complex metabolic disorder
characterized by  chronic  hyperglycemia
resulting from impaired insulin secretion and/
or insulin action, the lack of effective insulin
leads to disturbances in carbohydrate, lipid and
protein metabolism. It is a proinflammatory,
hypercoagulable state that predisposes patients
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to develop cardiovascular disease (Granberry
& Fonseca, 2005). It is also associated with
risk factors for atherosclerosis, including
dyslipidemia, hypertension, inflammation and
altered hemostasis. Patients with T2DM tend to
have a characteristic dyslipidemia (increased
concentrations of low density lipoprotein
cholesterol (LDL-c) and decreased concentrations
of high density lipoprotein cholesterol (HDL-c)),
likely responsible for their being 2 to 4 times
more inclined to develop cardiovascular disease
than those without T2DM (Haffner, 1998). In fact,
patients with T2DM are twice as likely as those
without T2DM to have elevated triacylglycerol
levels and decreased HDL-c concentrations (Garg
& Grundy, 1990).

Cardiovascular ~ complications are the
major cause of mortality and morbidity for
the individuals world wide afflicted by T2DM
(Hsu et al., 2014). Endothelial dysfunction is a
common feature in diabetic patients (van de Ree
et al., 2001) and may contribute to cardiovascular
morbidity (Suwaidi et al., 2000). Mechanisms of
diabetes-induced endothelial dysfunction include
the production of prostanoid vasoconstrictors
and the increased oxidative degradation of NO.
Deficiency of NO increases vascular resistance
and promotes atherogenesis (Tesfamariam et
al., 1995). In addition to its increased oxidative
degradation, another possible mechanism for
NO deficiency and cardiovascular morbidity
is reduced NO synthesis caused by ADMA
(Valkonen et al., 2001). The aim of this study
isto investigate the status of ADMA, nitric oxide
(NO) and their possible correlation in patients
with T2DM with and without cardiovascular
complications in comparison to normal controls.

Materials and Methods

A total of 40 consecutive unrelated adult
T2DM patients were recruited from the outpatient
diabetes clinics in Kaser el Einy hospital, Cairo
University. Clinical and epidemiological data,
as well as family history were collected forall
patients according to astandardized questionnaire.
T2DM was diagnosedaccording to the Report
of the Expert Committee on the Diagnosis and
Classification of Diabetes Mellitus (ECDCDM,
2003). Cardiovascular disecase was defined as
a positive medical history for hypertension,
myocardial infarction, angina, coronary artery
bypass graft and stroke and ischemic changes in
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electrocardiogram. Each subject was screened
by a complete history, physical examination and
laboratory analysis. Patients with any history
of respiratory disorder or showed any clinical
or laboratory signs of liver disease, or thyroid
functionim pairments, renal dysfunction, chronic
inflammatory and clinically significant infectious
diseases were excluded. 20 healthy control
subjects, who matched in age and socioeconomic
status as patients with T2DM were included in
our study. They had no recognizable disecases
and clinically free from any abnormality. They
were not receiving any medications. The studied
individuals were divided into 3 groups, Group
1: control group (n= 20) (age 47.3+ 8.2 years,
gender: 1lmale/ 9female), Group 2: T2DM
patients without cardiovascular complications
(n= 20) (age 50.3= 1.96 years, gender: 12male/
8female), and Group III: T2DM patients with
evidence of cardiovascular complications (n= 20)
(age 53.1+ 5.5 years, gender: 12male/ 8female).
All procedures performed were according to the
ethical standards of the institutional and national
research committee given in the Declaration
of Helsinki 1964, as revised in 2013. A written
informed consent of participation in the study was
taken from all subjects. This study was approved
by the committee of ethics and research of the
university hospital.

e Serum glucose concentration (fasting and
postprandial) was measured by glucose
oxidase method (Beckman glucose analyzer,
Fullerton, CA).

*  Serumfasting total cholesterol, triglycerides,
HDL-c and LDL-c were measured by
automated enzymatic methods using the
commercial available kits (Boehringer
Mannheim, Germany).

*  The concentration of insulin was measured
by immunoradiometric assay kit, DIA source
INS-IRMA kit, supplied by DIA source
ImmunoAssays S.A. (Belgium).

e Serum ADMA levels were determined
by enzyme linked Immunosorbent Assay
(ELISA) technique using the kit provided
from Immunodiagnostic AG, Bensheim,
Germany (Nijveldt et al., 2003).

¢ Serum Nitric oxide was measured as the
stable end product, nitrite, according to
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the method of Miranda et al., based on the
reduction of nitrate by vanadium trichloride
combined with detection by acidic Griess
reaction (Miranda et al., 2001).

Statistical analysis

The results were expressed as meanst SD
in different groups. The statistical difference
between groups was analyzed using student t-test.
Pearson’s correlation analysis was performed to
determine the relationships between variables.
The results were considered significant whenever
P values <0.05 were observed. The statistical
calculations were performed using statistica
(version 6) program.

Results

Serum glucose (fasting and postprandial)
and  glycosylated  Hemoglobin  (HbAlc)
showed a significant increase in diabetic
patients type 2 with and without cardiovascular
complications (P< 0.0001 for each) compared
to healthy normal control. They also showed
significant increase in the diabetic patients with
evidence of cardiovascular complications when
compared with patients without cardiovascular
complications (P< 0.05, P< 0.0001, P< 0.0001,
respectively). Systolic blood pressure showed a
significant difference in patients with vascular

complications compared to both healthy controls
and patients without vascular complications (P<
0.001, P< 0.0001). Diastolic blood pressure and
insulin levels showed non-significant difference
between the studied groups (Table 1).

Total cholesterol, triglycerides and LDL-c
manifested significant elevationsin diabetic
patients with (P< 0.0001 for each ) and without
(P< 0.05, P< 0.0001, P< 0.05, respectively)
cardiovascular complications when compared
to normal control subjects, they also showed
pronounced increases in diabetic patients with
vascular complications (P< 0.0001, P< 0.001,
P< 0.0001, respectively) compared to diabetic
patients without vascular complications. While
HDL-c level showed a significant decrease
in diabetic patients with cardiovascular
complications compared to both healthy controls
(P<0.0001) and diabetic patients without vascular
complications (P< 0.001) (Table 2).

The level of ADMA represented significant
elevation (P< 0.05, P< 0.0001, respectively) in
both diabetic patient groups in comparison to
normal subjects, but the vascular complications
in T2DM patients produced pronounced increase
(P< 0.0001) when compared to diabetic patients
without vascular complications (Table 3).

TABLE 1. Demographic and biochemical characteristics of control and diabetic patients (Mean + SD).

Parameter Group 1 Group 2 Group 3

Age (years) 473+ 8.2 50.3+ 1.96 53.1+5.5
Gender (M/F) 11/9 12/8 12/8
Duration of diabetes (years) - 5.7£0.74 8.6£0.8

BMI (Kg/m?) 25.94+ 0.7 25.8+0.3 251+ 04

SBP (mmHg) 118.6+ 1.2 116.5+ 8.5 125.44 7a **p***
DBP (mmHg) 79.3£5.3 84+ 6.2 84.2+ 7.4
Insulin (pmol/L) 6.5£4.3 6.9£3.3 5.8£3.7
Fasting serum glucose (mg/dl) 80.3+ 7.4 192.5£30.1 a*** 220.4+ 42 a*** b*
Postprandial serum glucose (mg/dl) 108+ 11.2 260.6+=38.2 a*** 340.6+ 66.9 a*** b***
HbAlc (%) 5.9+ 0.45 8.87+2 a*** 114+ 0.5a%** p***

When P value < 0.05, it is statistically significant.

a: indicate the statistical difference between patients and control.

b: indicate the statistical difference between patients with and without cardiovascular.

*: means P< 0.05.
**: means P<0.001.
*#*: means P< 0.0001.
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TABLE 2. Serum lipid profile in control and diabetic patients (Mean+ SD).

Group 1 Group 2 Group 3
N=20 N=20 N=20
Cholesterol (mmol/L) 4.55+0.83 5.31+0.72 a* 7.09+0.72 a*** p***
Triglycerides (mmol/L) 1.36+ 0.34 2.26+0.45 a*** 3.17+1.02 a*** b**
HDL (mmol/L) 1.09+ 0.22 0.99+0.19 0.75£0.25 a*** b**
LDL (mmol/L) 2.63+0.72 3.24+0.66 a* 4.88+0.66 a*** b***

When P value < 0.05, it is statistically significant.

a: indicate the statistical difference between patients and control.

b: indicate the statistical difference between patients with and without cardiovascular.

*: means P < 0.05.
**: means P <0.001.
***: means P < 0.0001.

HDL-c: high density lipoprotein-cholesterol, LDL-c: low density lipoprotein-cholesterol.

TABLE 3. Serum levels of asymmetrical dimethylarginine (ADMA) and nitric oxide (NO) in controls and diabetic

patients (Mean= SD).

Group 1 Group 2 Group 3
N=20 N=20 N=20
ADMA (micromol/L) 0.45+0.14 0.63£0.15 a* 1.74£0.65 a*** b***
NO (micromol/L) 49.87+ 8.44 42.34+2.32 a* 28.14+ 6.40 a*** b***

When P value < 0.05, it is statistically significant.

a: indicate the statistical difference between patients and control.

b: indicate the statistical difference between patients with and without cardiovascular.

*: means P < 0.05.
**: means P <0.001.
***: means P <0.0001.

Serum NO metabolite level (nitrate/nitrite)
was significantly reduced (P< 0.05, P< 0.0001,
respectively) in the both diabetic patient groups
compared with controls. However the diabetic
patients with vascular complications showed a
pronounced decrease of NO (P< 0.0001) when
compared to diabetic patients without vascular
complications (Table 3).

In cardiovascular complications group, the
ADMA level was positively correlated with
both postprandial serum glucose and HbAlc (P<
0.0001). On the other hand, there was a negative
correlation between ADMA levels and NO (P<
0.0001) (Fig. 1-3).

Discussion

T2DM is associated with an increased risk
of cardiovascular disease, Hyperglycaemia is
associated with endothelial dysfunction both in-
vivo (Kawano et al., 1999) and in-vitro (Cosentino
et al., 1997), therefore endothelial dysfunction is
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an early feature in the development of vascular
complications in peoplewith diabetes (Chan et al.,
2003). Blood glucose control occupies the center
stagein T2DM management (Grundy et al., 1999).

In the present study, total cholesterol,
triacylglycerol and LDL-c levels showed
pronounced increases in diabetic patients with
evidence of cardiovascular complications
compared with control group, while a decrease in
HDL-c level in diabetic group with cardiovascular
complications compared with control group was
also shown. These findings are in agreement with
the previous studies which suggest that lipoprotein
disorders are higher in diabetics than in non-
diabetics (Idogun et al., 2007; Albrki et al., 2007).
Haffner (1998), reported that patients with diabetes
can have elevated levels of triacylglycerol, very
LDL-c, LDL-c, and low levels of HDL-c. These
patients have abnormalities in the composition
of smaller, denser particles, which increase
atherogenicity even if the absolute concentration
of LDL-c is not significantly increased.
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Fig. 1. Correlation between serum ADMA and
postprandial serum glucose in type 2 diabetic
patients with evidence of cardiovascular
complications.
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Fig. 2. Correlation between serum ADMA and
HbA1lc (%) in type 2 diabetic patients with
evidence of cardiovascular complications.
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Fig. 3. Correlation between serum ADMA and NO
in type 2 diabetic patients with evidence of
cardiovascular complications.

The obtained results showed significant
increased ADMA and decreased NO in both
groups of T2DM subjects with and without

cardiovascular ~ complications.  There  are
controversial data from the studies investigated
ADMA levels in T2DM. Krzyzanowska et al.
(2006) reported increased ADMA concentration
and its relation with macrovas cular complications
in T2DM. In another study (Mahfouz et al., 2009),
ADMA levels showed a significant increase
in diabetic patients type 2 with and without
cardiovascular complications compared to healthy
normal control. Serum NO metabolite level was
significantly reduced in the diabetic patient groups
compared with the controls. The ADMA level
was positively correlated with both postprandial
serum glucose and HbAlc. In a meta-analysis
study to assess the association between ADMA
and T2DM, it showed that increased ADMA
is the predictive bio-marker of the endothelial
dysfunction and cardiovascular complications in
T2DM (Hisalkar et al., 2017).

Konya et al. (2015), reported that the cases of
T2DM with a high level of ADMA could have
diabetes mellitus cardiovascular complications
in the future within five years. The clinical
acceptation of this parameter will rely on the
availability of therapies to immediately reduce
ADMA such as incretin-based drugs.

In contrast, Pdivd et al. (2003) showed
decreased ADMA levels in T2DM patients. A
high glomerular filtration rate and poor glycemic
control were suggested to be responsible for the
decrease in ADMA levels in these patients, but
the mechanism related the decrease of ADMA
levels could not be clearly defined in their study.

Altinova et al. (2007) found that increased
ADMA and decreased l-arginineto ADMA ratio
in uncomplicated type 1 diabetic subjects is
significant, these patients had increased levels
of ADMA leading to endothelial damage, even
if hypertension or hyperlipidemia does not exist.
Measurement of ADMA and l-arginine to ADMA
as markers of endothelial dysfunction may provide
an opportunity for the prevention of irreversible
endothelial damage in these patients.

Inarecent study, aimed to evaluate asymmetric
dimethylarginine levels in young patients with
Type 1 diabetes mellitus according to diabetes
duration, the results are in striking contrast with
the results of previous adult studies. In this
study, ADMA concentrations decreased with age
and duration of diabetes and is associated with
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worsening measures of cardiovascular risk and
poorer diastolic function (Ersoy et al., 2018).

There are some explanations about the
interaction between hyperglycemia and the
L-arginine-NO system. Hyperglycaemia-
induced activation of protein kinase C (PKC),
then phospholipase A2, results in increased
production of arachidonic acid metabolites
which have potent oxidizing effects. In
contrast, reduced NO synthesis can result
from activation of the polyol pathway that
increases the utilization of nicotinamideadenine
dinucleotide phosphate (NADPH), an important
cofactor in the biosynthesis of NO (Chan &
Chan, 2002). However, the exact mechanism of
howhyperglycemia affects circulating ADMA
concentrationsin T2DM is not fully known.

It has been suggested in an animal study that
hyperglycemia-induced oxidative stress increases
ADMADby impairing the dimethylargininedim
ethylaminohydrolase (DDAH), which is involved
in the metabolic degradation of ADMA (Lin et al.,
2002). Furthermore, Sorrenti et al. (2006) reported
that exposure to high glucose in endothelial
cells increases oxidative stress, reduces DDAH-
2 and leads to a NOS imbalance. Although
renal clearance is the first mechanism for the
elimination of ADMA (Zoccali et al., 2001),
enzymatic degradation of ADMA by DDAH
has recently gained substantial importance.
DDAH degrades ADMA to dimethylamine
and L-citrulline and DDAH activity is found in
almost all tissues, especially in kidney and liver
(Kimoto et al., 1995). One of the allelic isoforms
of this enzyme, DDAH-2, is mainly present
in vascular tissues that coexpress endothelial
NOS (Leiper et al., 1999). Another mechanism
for the increase in ADMA concentrations in
hyperglycemicmedia may be associated with
the enzyme argininemethyltransferase, which
synthesizes ADMA, because hyperglycemia-
induced oxidative stress up-regulates the
expression of arginine methyltransferases (Maas,
2005).

Endothelium-derived NO is the most potent
endogenous vasodilator known, exerting its effect
via stimulation of soluble guanylate cyclase
to produce cyclic guanosine monophosphate
(Murad, 1995). NO is critical modulator of blood
flow and blood pressure (Cooke et al., 1991). It is
released by the endothelium in response to shear
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stress and plays an important role in flow-mediated
vasodilation (Pohl et al., 1986). Endothelial
release of NO opposes the vasoconstrictor effects
of norepinephrine, endothelin, angiotensin
II, and serotonin (Cooke & Dzau, 1997).
Pharmacological inhibition or a genetic deficiency
of endothelial NOS impairs endothelium-
dependent vasodilatation and increases vascular
resistance in patients with coronary artery disease
(Huang et al.,, 1995). An impairment of NO
activity may contribute to ischemic syndromes
(Nabel et al., 1990). In addition to maintaining a
vasodilator tone, NO inhibits platelet aggregation
and adhesion and modulates smooth muscle cell
proliferation and has been implicated in a number
of cardiovascular diseases and virtually every
risk factor for these appears to be associated
with a reduction in endothelial generation of NO
(Moncada & Higgs, 2006).

ADMA is an endogenous and competitive
inhibitor of NOS. Plasma levels of this inhibitor
are elevated in patients with atherosclerosis and
in those with risk of atherosclerosis. In these
patients, plasma ADMA levels are correlated
with the severity of endothelial dysfunction and
atherosclerosis. By inhibiting the production of
NO, ADMA may impair blood flow, accelerate
atherogenesis, and interfere with angiogenesis
(Cooke, 2000).

NO levels might be reduced as a result of a
combination of decreased NO production because
of decreased activity or reduced expression of
endothelial NOS, or its increased degradation
by reactive oxygen species (ROS) or increased
production of super oxide ions. Accordingly,
treatment of endothelial cells with antioxidants
has been demonstrated to restore the activity of
DDAH, leading to a normalization of cellular
ADMA levels and endothelial NO production
(Stiihlinger et al., 2001). The imbalance between
NO and ROS resulting in oxidative stress has
been implicated in the pathophysiology of
hypertension. NO deficiency can precede the
development of hypertension. ADMA can inhibit
NOS and regulate local NO/ROS balance.
Emerging evidence supports the hypothesis
that ADMA-induced NO-ROS imbalance is
involved in the development and progression of
hypertension (Tain & Huang, 2014). Also, Taner
etal. (2013) indicated that serum ADMA may play
a role in both the pathophysiology and screening
of masked hypertension in diabetic subjects.
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Accordingly, future therapeutic strategies that
could be used to target NOS (Daiber et al.,
2019) and/or DDAH (Jarzebska et al., 2019)
activity could be promising in the management of
cardiovascular and other vascular complications
of diabetes mellitus.

The current study showed no correlation
between ADMA level and studied parameters
in diabetic patients without evidence of
cardiovascular complications, where as inpatients
with cardiovascular complications, the ADMA
level was positively correlated with postprandial
serum glucose and HbAlc. On the other hand,
there was a negativecorrelation between ADMA
levels and NO. This agrees with the previously
reporteddata by Schernthaner & Krzyzanowska
(2008), Tariq et al. (2017) and Mahfouz et al.
(2009) who indicated that ADMA is directly
related to the serum glucoselevel. However,
Hsu et al. (2014) reported that ADMA was
not correlated with serum HbAlc level, and in
diabetic patients with well glycemic control,
namely HbA 1¢c< 6.5%, elevated ADMA level was
no longer associated with increased risk of long-
term prognosis.

Conclusion

ADMA and NO may serve as predictors for future
cardiovascular events in T2DM patients. Hence,
early diagnosis and good glycemic control are
more effective in reducing the cardiovascular
complications. Further studies would be required
to clearly establish the utility of decreasing ADMA
levels or increasing NO in the management of
T2DM patients.

Conflict of Interest: All authors declare that they
have no conflict of interest.

Financial support and sponsorship: This research
did not receive any specific grant from funding
agencies in the public, commercial, or not-for-
profit sectors.

References

Albrki, WM., Elzouki, AN.Y., EL-Mansoury, Z.M.,
Tashani, O.A. (2007) Lipid profiles in Libian type 2
diabtics. J. Sci. Appls. 1(1), 18-23.

Altinova, A.E., Arslan, M., Sepici-Dincel, A., Akturk,
M., Altan, N., Toruner, F.B. (2007) Uncomplicated

type 1 diabetes is associated with increased
asymmetric dimethylarginine concentrations. J.
Clin. Endocrinol. Metab. 92, 1881-5.

Anderssohn, M., Schwedhelm, E., Luneburg, N.,
Vasan, R.S., Boger, R.H. (2010) Asymmetric
dimethylarginine as a mediator of vascular
dysfunction and a marker of cardiovascular disease
and mortality: an intriguing interaction with
diabetes mellitus. Diab. Vasc. Dis. Res. 7, 105-18.

Boger, R.H., Bode-Boger, S.M., Szuba, A., Tangphao,
0., Tsao, P.S., Chan, J.R., Blaschke, T.F., Cooke,
J.P. (1998) Asymmetric dimethylarginine: a novel
risk factor for endothelial dysfunction. Its role in
hypercholesterolemia. Circulation, 98, 1842-7.

Chan, N.N., Chan, J.C. (2002) Asymmetric
dimethylarginine (ADMA): a potential link between
endothelial dysfunction and cardiovascular diseases
in insulin resistance syndrome. Diabetologia, 45,
1609-16.

Chan, N.N., Vallance, P., Colhoun, H.M. (2003)
Endothelium-dependent and independentvascular
dysfunction in type 1 diabetes: role of conventional
risk factors, sex, andglycemic control. Arterioscler
Thromb Vasc. Biol. 23, 1048-54.

Cooke, J.P. (2000) Does ADMA cause endothelial
dysfunction? Arterioscler Thromb Vasc. Biol. 20,
2032-7.

Cooke, J.P., Dzau, V.J. (1997) Nitric oxide synthase:
role in the genesis of vascular disease. Annu. Rev.
Med. 48, 489-509.

Cooke, J.P., Rossitch, E.J., Andon, N.A., Loscalzo, J.,
Dzau, VJ. (1991) Flow activates an endothelial
potassium channel to release an endogenous
nitrovasodilator. J. Clin. Invest. 88, 1663-71.

Cosentino, F., Hishikawa, K., Katusic, Z.S., Luscher,
T.F. (1997) High glucose increases nitric oxide
synthase expression and superoxide anion
generation in human aortic endothelial cells.
Circulation, 96, 25-8.

Daiber, A., Xia, N., Steven, S., Oelze, M., Hanf,
A., Kroller-Schon, S., Miinzel, T., Li, H. (2019)
New therapeutic implications of endothelial nitric
oxide synthase (eNOS) function/ dysfunction in
cardiovascular disease. Int. J. Mol. Sci. 20(1), E187

Egypt. J. Rad. Sci. Applic. 32, No.2 (2019)



208 MANAL M. ALKADY, IMAN M. IBRAHIM

Ersoy, B., Eroglu, N., Cetin, M., Onur, E., Ozkol, M.,
Coskun, S. (2018) Asymmetric dimethylarginine
levels and diabetes duration: relationship with
measures of subclinical atherosclerosis and cardiac
function in children and adolescents with Type 1
diabetes. Diab. Vasc. Dis. Res. 15(3), 196-203.

ECDCDM (Expert Committee on the Diagnosis and
Classification of Diabetes Mellitus) (2003) Report
of the expert committee on the diagnosis and
classification of diabetes mellitus. Diabetes Care,
26(1), S5-20.

Garg, A., Grundy, S.M. (1990) Management of
dyslipidemia in NIDDM. Diab Care, 13(2), 153-69.

Granberry, M.C., Fonseca, V.A. (2005) Cardiovascular
risk factors associated with insulin resistance:
effects of oral antidiabetic agents. Am. J. Cardiovasc
Drugs, 5(3),201-9.

Grundy, S.M., Benjamin, L.J., Burke, G.L., Chait, A.,
Eckel, R.H., Howard, B.V., Mitch, W., Smith, S.C.J.,
Sowers, J.R. (1999) Diabetes and cardiovascular
disease: a statement for healthcare professionals
from the American Heart Association. Circulation,
100, 1134-46.

Haftner, S.M. (1998) Management of dyslipidemia in
adults with diabetes. Diab. Care, 21(1), 1600-78.

Hisalkar, P.J., Shekhar, P.B., Bidwe, S.E., Kamble,
C.G., Nemade, S.T., Powar, J.D., Patne, A.
(2017) Asymmetrical dimethylarginine (ADMA),
an endothelial dysfunctional biomarker for type
2 diabetes mellitus, the meta analysis. Indian
Journal of Basic and Applied Medical Research,
6(4), 496-506.

Hsu, C.P., Hsu, P.F., Chung, M.L,, Lin, S.J., Tse-MinLu,
TM. (2014) Asymmetric dimethylarginine and
long-term adverse cardiovascular events in patients
with type 2 diabetes: relation with the glycemic
control. Cardiovasc Diabetol. 13, 156.

Huang, P.L., Hyang, Z., Mashimo, H., Block, K.D.,
Moskowitz, M.A., Bevan, J.A., Fishman, M.C.
(1995) Hypertension in mice lacking the gene
for endothelial nitric oxide synthase. Nature, 377
(6546), 239-42.

Idogun, E.S., Unuigbe, E.I., Ogunro, P.S., Akinola,
O.T., Famodu, A.A. (2007) Assessment of serum
lipids in Nigerians with type 2 diabetes mellitus

Egypt. J. Rad. Sci. Applic. 32, No.2 (2019)

complications. Pak. J. Med. Sci. 23(5), 708-12.

Jarzebska, N., Mangoni, A.A, Martens-Lobenhoffer,
J., Bode-Boger, S.M., Rodionov, R.N. (2019) The
second life of methylarginines as cardiovascular
targets. Int. J. Mol. Sci. 20(18), 4592.

Kawano, H., Motoyama, T., Hirashima, O., Hirai, N.,
Miyao, Y., Sakamoto, T., Kugiyama, K., Ogawa,
H., Yasue, H. (1999) Hyperglycemia rapidly
suppresses flow mediated endothelium-
dependent vasodilation of brachial artery. J. Am.
Coll. Cardiol. 34, 146-54.

Kimoto, M., Whitley, G.S., Tsuji, H., Ogawa, T.
(1995) Detection of NG,NG-dimethylarginine,
dimethylaminohydrolase in human tissues using a
monoclonal antibody. J. Biochem. 117, 237-8.

Konya, H., Miuchi, M. Satani, K., Matsutani, S., Yano,
Y., Tsunoda, T., Ikawa, T., Matsuo, T., Ochi, F.,
Kusunoki, Y., Tokuda, M., Katsuno, T., Hamaguchi,
T., Miyagawa, J., Namba, M. (2015) Asymmetric
dimethylarginine, a biomarker of cardiovascular
complications in diabetes mellitus. World J. Exp.
Med. 5(2), 110-9.

Krzyzanowska, K., Mittermayer, F., Krugluger, W.,
Schnack, C., Hofer, M., Wolzt, M., Schernthaner, G.
(2006) Asymmetric dimethylarginine is associated
with macrovascular disease and total homocysteine
in patients with type 2 diabetes. Atherosclerosis,
189, 236-40.

Leiper, J.M., Santa Maria, J., Chubb, A., MacAllister,
R.J., Charles, 1.G., Whitley, G.S.J., Vallance,
P.  (1999) Identification of two human
dimethylargininedimethylaminohydrolases ~ with
distinct tissue distributions and homology with
microbial arginine deiminases. Biochem. J. 343,
209-14.

Lin, K\Y., Ito, A., Asagami, T., Tsao, P.S., Adimoolam,
S., Kimoto, M., Tsuji, H., Reaven, G.M., Cooke, J.P.
(2002) Impaired nitric oxide synthase pathway in
diabetesmellitus:roleofasymmetricdimethylarginine
and dimethylargininedimethylaminohydrolase.
Circulation, 106, 987-92.

Maas, R. (2005) Pharmacotherapies and their influence
on asymmetric dimethylarginine (ADMA). Vasc.
Med. 10(1), S49-S57.

Mahfouz, M.H., Emara, [.A., Shouman, M.S., Ezz, M.K.



ROLE OF ASYMMETRIC DIMETHYLARGININE AND NITRIC OXIDEIN TYPE 2 ... 209

(2009) Asymmetricaldimethylarginine (ADMA) and
nitric oxide as potential cardiovascular risk factors in
type 2 diabetes mellitus. Afi: J. Biochem. Res. 3(8),
293-301.

Miranda, K.M., Espey, M.G., Wink, D.A. (2001) A rapid,
simple spectrophotometric method for simultaneous
detection of nitrate and nitrite. Nitric Oxide Biol.
Chem. 5, 62-71.

Moncada, S., Higgs, E.A. (2006) The discovery of
nitric oxide and its role in vascular biology. Br: J.
Pharmacol. 147, S193-201.

Murad, F. (1996) The 1996 Albert Lasker Medical
Research Awards. Signal transduction using nitric
oxide and cyclic guanosine monophosphate. JAMA,
276, 1189-92.

Nabel, E.G., Selwyn, A.P., Ganz, P. (1990) Large
coronary arteries in humans are responsive to
changing blood flow: an endothelium-dependent
mechanism that fails in patients with atherosclerosis.
J. Am. Coll. Cardiol. 16, 349-56.

Nijveldt, R.J., Teerlink, T., Vander Hoven, B. (2003)
dimethylarginine (ADMA)
in critically ill patients: high plasma ADMA
concentration is an independent risk factor of ICU
mortality. Clin. Nutr. 22, 23-30.

Asymmetrical

Pédivda, H., Lehtimdki, T., Laakso, J., Ruokonen, I.,
Rantalaiho, V., Wirta, O., Pasternack, A., Laaksonen,
R. (2003) Plasma concentrations of asymmetric-
dimethyl-argininein type 2 diabetes associate with
glycemic control and glomerular filtration rate but
not with risk factors of vasculopathy. Metabolism,
52,303-7.

Pohl, U., Holtz, J., Busse, R., Bassenge, E. (1986) Crucial
role of endothelium in the vasodilator response to
increased flow in vivo. Hypertension, 8, 37-44.

Schernthaner, G., Krzyzanowska, K. (2008) Role of
asymmetric dimethylarginine in cardiovascular
disease and diabetes. Biomarkers Med. 2(4), 317-20.

Sorrenti, V., Mazza, F., Campisi, A., Vanella, L., Li
Volti, G., Di Giacomo, C. (2006) High glucose-
mediated imbalance of nitric oxide synthase
and dimethylargininedi methylaminohydrolase
expression in endothelial cells. Curr. Neurovasc.
Res. 3,49-54.

Stiihlinger, M.C., Tsao, P.S., Her, J.H., Kimoto, M.,
Balint, R.F., Cooke, J.P. (2001) Homocysteine
impairs the nitric oxide synthase pathway: role of
asymmetric dimethylarginine. Circulation, 104,
2569-75.

Suwaidi, J.A., Hamasaki, S., Higano, S.T., Nishimura,
R.A., Holmes, D.R. Jr., Lerman, A. (2000) Long-
term follow-up of patients with mild coronary artery
disease and endothelial dysfunction. Circulation,
101, 948-54.

Tain, Y.L., Huang, L.T. (2014) Restoration of
asymmetric dimethylarginine—nitric oxide balance
to prevent the development of hypertension. /nt. J.
Mol. Sci. 15, 11773-82.

Taner, A., Unlu, A., Kayrak, M., Tekinalp, M., Ayhan,
S.S., Aribas, A., Erdem, S.S. (2013) The value of
serum asymmetric dimethylarginine levels for the
determination of masked hypertension in patients
with diabetes mellitus. Atherosclerosis, 228, 432-7.

Tariq, K., Khan, M.A., Khattak, N. (2017) Role of
asymmetrical dimethyl arginine in cardiovascular
diabetology. J. Med. Sci. 25(1), 131-136.

Tesfamariam, B., Brown, M.L., Cohen, R.A. (1995)
15-Hydroxyeicosatetraenoic acid and diabetic
endothelial dysfunction in rabbit aorta. J.
Cardiovasc Pharmacol. 25, 748-55.

Valkonen, V-P., Pdivd, H., Salonen, J.T., Lakka, T.A.,
Lehtiméki, T., Laakso, J., Laaksonen, R.(2001) Risk
of acute coronary events and serum concentration
of asymmetrical dimethylarginine. Lancet, 358,
2127-8.

van de Ree, M.A., Huisman, M.V., de Man, F.H., van
der Vijver, J.C., Meinders, A.E., Blauw, G.J. (2001)
Impaired endothelium-dependent vasodilation in
type 2 diabetes mellitus and the lack of effect of
simvastatin. Cardiovasc Res. 52, 299-305.

Zoccali, C., Bode-Boger, S.M., Mallamaci, F.,
Benedetto, F.A., Tripepi, G., Malatino, L., Cataliotti,
A., Bellanuova, 1., Fermo, 1., Frolich, J.C., Boger,
R. (2001) Asymmetric dimethylarginine (ADMA):
an endogenous inhibitor of nitric oxide synthase
predicts mortality in end stage renal disease
(ESRD). Lancet, 358, 2113-7.

Egypt. J. Rad. Sci. Applic. 32, No.2 (2019)



210

MANAL M. ALKADY, IMAN M. IBRAHIM

A £ a5 Sl £13 by B ey Sl g Cirbinf B AL 50
Ay dualAl 4 el due oY1 g Bl clicliiaag

A ) lag) ¢l daaa JUia

< ovae 5 _aLAN Ay )3 A8 A g La Sy L 5l 935 5 gl o 8l S all Ae La Y Apmaall el o

¢ byl 3] aial w3 Jal Ldid) a5 (ADMA) Jilid) e i )l e (S @) a5 a8
03 aana o3 Gl il Gl (a yes 483le Al (5 (T2DM) S g i) (e (5 Sl 613 (oaim ye B i
£ 5l o 5 Sl 513 (s 3 ASaall LegiBle 5 (NO) Sl sisll 10uST (ADMA Alla Gandl 4l 50l
il giane bl o5 elanaYl 4l 4 gedll dpe Y5 QB Clielian Gissaadl e 5 Cgaad) S
slasall (ge de sanar el e 5 (Sl g 5ill e s Sl el G 30 40 J pdll dean (ANO s ADMA

Ay ) dullatl) ) ALY (20)

A Ao sanall s elaaal) o (V) Ao senall 1 e sane GO ) sl 8 (S L) apd

e ¥y il Clieliaey sl Sl (m je A de genally Clielias ¢y Sl o ye
ol il Gl 5 e liall oo lad ) iYL Gl gusi) (a5 1 ) 485 21035l ADMA (e a3 4 5l
an e sana WIS 3 Ailias) AV 53 lelii)) ADMA G sie Jelal L NO JI culd Jilgs il
3ol ) oelal Sl (o yal U £ il oam e 8 A geall dae $Y) Clieliae (K15 planall 45 jlia S
[ i) NO Gl @il i (s sime Ay el e 5¥1 Clieliae (ysn Sl (o ja L e die dasale
VLA e Sl i ye e sana IS 8 dilian] AV 53 Lialddl (i) aall Joan 6 (Cu5is
2% pgii e die NO I Us sale Lialiail | sl 45 5eall die 31 Clieline (550 Sull (o ye Lain
L) ABe Caaa ey gel) Ao 5W1 5 Q) CilieLian de gana A sl e YY) Clielina 52 S
OS5 s Sl O sha sl s il JSY) 2 aall Jume (3 55S5lall 5o IS5 ADMA G sise (2
5 ADMA ¢} &3l 038 (s it NO s ADMA (5 sivse 0o dailes &83e Ciam g ¢ AV Quilall e
oSl el (pim e A il (8 4 gedl) due g¥) 5 QB () el adl liie Al U sS Lay NO
sl el ST U aall & Sl A sl oSl Saal) il s AL 56 g il
Cadd 33l = gum g0 il il 5l (g 230 ) Aals a5 & gaal) Ao Y15 QB Cliebias (4

S g ) e Sl 61y o se z3ke ANO 3335 5 ADMA G sive

Egypt. J. Rad. Sci. Applic. 32, No.2 (2019)



