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ABSTRACT

Background: Coronary artery disease (CAD) is the leading
cause of mortality and morbidity in the world. Current predictions
estimate that by the year 2020 cardiovascular diseases, notably
atherosclerosis will become the leading global cause of the total
disease burden. Atherosclerosis of the Coronary artery causes
myocardial infarction and angina pectoris. Endothelial Nitric
oxide (NO), released by the intact and healthy endothelium
plays a very important role in the maintenance of vascular
tone and structure. Decreased NO level leads to endothelial
dysfunction is an initial event in the atherosclerosis. Endogenous
Asymmetric dimethylarginine (ADMA) is a structural analog of
L-arginine, competitively inhibits the enzyme NO synthase and
thus decreases the NO level.

Aim: To study the ratio of serum ADMA / NO as a marker of
severity of CAD.

Materials and Methods: The study comprises of 60 patients
of CAD diagnosed by coronary angiography. We divided them
into two Groups according to percentage of atherosclerotic
block, Group A (71% and more block, n=30) and Group B (40%
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- 70% block, n=30). We measured serum ADMA, serum NO
and calculated ADMA/ NO ratio. Results were compared with
30 healthy age and sex matched controls.

Serum ADMA was determined by reverse phase high
performance liquid chromatography. Serum NO was measured
by cadmium reduction method. Statistical analysis of data
analysis was done using the SPSS (Statistical Package for the
Social Science) Version 11 for window.

Results: Serum ADMA was correlated positively with the
presence and severity of CAD and inversely related with the
serum NO levels. Serum ADMA / NO ratio was statistically
significant in CAD patients with atherosclerotic block 71% and
above (Group A) but ratio was not significant in Group B (block
40% - 70%).

Conclusion: Serum ADMA/NO ratio can be the better predictive
marker for the severity of the CAD where patient is at the risk
of angina pectoris or myocardial infarction due to the extent of
coronary atherosclerotic block than individual serum ADMA
levels .
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INTRODUCTION

Coronary artery disease (CAD), which can cause occlusion of one
or more coronary arteries, is the leading cause of morbidity and
mortality in developing countries [1]. Atherosclerosis is the main
cause of CAD. Itis aninflammatory disease which involves interaction
of immune system with metabolic risk factors to initiate, propagate
and activate lesion in the coronary arterial tree [2]. Atherosclerosis
of the Coronary artery causes angina pectoris & the myocardial
infarction (Ml). [3]. Atherosclerotic plaque in CAD causes narrowing
of coronary vessel called stenosis leading to subsequent decrease
in blood flow through the affected vessel, reducing the coronary
blood flow dramatically which causes myocardial ischemia leading
to angina pectoris or Ml [4].

Intact healthy endothelium plays a major role in vascular
homeostasis which secretes 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 [5-6]. Among
these regulatory substances Nitric Oxide (NO) is most important
vasodilator substance released 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
[8-10]. Abridged NO bioavailability compromises all these functions
which lead to initiation and progression of atherosclerosis [10]. 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. [9]. Any condition
which reduces endothelial NO production possibly will consequently
promote atherosclerosis [11].

Asymmetric dimethylarginine (ADMA), being structural analogue of
L-arginine acts as an endogenous competitive inhibitor of eNOS
and it contributes to endothelial dysfunction [12-13]. Various 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 [14-16]. However, little is known about the relationship of
serum ADMA and percentage of the atherosclerotic block in CAD
patients. Taking into account the promising role of ADMA & NO
in cardiovascular diseases we studied serum ADMA/NO ratio in
CAD patients to assess the severity (percentage) of atherosclerotic
block.

MATERIALS AND METHODS

The present study is a cross-sectional study. It has been carried out
in B.J.Goverment Medical College and Sassoon General Hospital,
Pune, India. The study comprised of 60 CAD patients diagnosed
by coronary angiography on admission to the hospital with the
complaints suggestive of angina or MI. The selected CAD patients
(n=60) were subdivided into two Groups as Group A (n=30) included
patients with 71% atherosclerotic block or more than that. Group B
(n=30) included patients with block 40%-70%. (For our convenience
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Coronary segment with the highest block was taken into the
consideration for division irrespective of the site of the blockage and
number of segments involved.) Group C (n=30) included healthy
age and sex matched individuals as controls. Blood samples were
collected on admission and allowed to clot at room temperature
and then centrifuged at 2500rpm for 15 minutes. Serum was stored
in two separate aliquots at -80°C until analysis.

Inclusion criteria: Patients with clinically relevant CAD which was
defined as the occurrence of >1 stenosis of >40% in >1 of 15
coronary segments.

Exclusion criteria- We excluded individuals with stenosis <40%,
subjects suffering from Diabetes Mellitus (DM), Chronic Kidney
Disease and those who were on Antihypertensive drugs or Statin
therapy from the study.

The study protocol was approved by the Ethical Committee of the
Institute. Informed written consent was obtained from all the study
subjects enrolled in the study.

Determination of Serum ADMA by Reverse Phase High performance
liquid chromatography (HPLC): Chemicals were purchased from
Merckand Sigma.

Sample clean up was performed by solid phase extraction using
vacuum manifold with a capacity of 12 columns & N-Monomethyl
L-arginine (L-NMA) was used as internal standard. Cation
exchange columns used for solid phase extraction of ADMA
from serum samples were supplied by GRACE Ltd. India. The
recovery of ADMA was found to be >80%. After derivatization with
o-phthaldialdehyde reagent containing mercaptoethanol, ADMA
was separated by gradient reverse phase HPLC with fluorescent
detection set at excitations and emission wavelengths of 340 and
455 nm, respectively. The stable derivatives were separated with
near baseline resolution. All separations were performed at 30°C
at a flow rate of 1.1 ml/min. Low limits of detection for ADMA were
50ng/ml [17].

Serum NO by cadmium reduction method

Nitrate in serum was assayed by the cadmium-reduction method;
after samples were deproteinized with Somogyi reagent, the nitrate
was reduced by Cu-coated Cd in glycine buffer at pH 9.7 (2.5 to
3 g of Cd granules for a 4-mL reaction mixture) which took 90
minutes for the reduction. The nitrite produced was determined
by diazotization of sulfanilamide and coupling to naphthylethylene
diamine. Detection limits in urine or serum were 10 to 25umol/L
[18].

STATISTICAL ANALYSIS

Data analysis was done using the SPSS (Statistical Package for the
Social Science) Version 11 for window. The ANOVA test was used
to significant difference between Groups, Tukey’s test was used for
inter Group comparison and correlation between variables in each

Parameters Group A Group B Group C f-Value | p-value
Mean = SD | Mean = SD Mean = SD
(n=30) (n=30) (n=30)
ADMA 0.96 +0.08 | 0.64 +0.08 0.41 +0.09 300.84 | <0.0001
(umol/L)
NO (umol/L) 22 +8.99 64.67 + 98.5+12.59 | 385.25 | <0.0001
10.18

Group A Vs Group B: p<0.0001 Group. A Vs Group C: p<0.0001

Group B Vs Group C: p<0.0001
There is highly significant rise in serum ADMA level and a significant decrease
in serum NO in Group A as well as Group B as compared to Group C (p-value
<0.0001). The rise in serum ADMA along with fall in serum NO is also highly
significant in Group A as compared to Group B (p-value <0.0001).

[Table/Fig-1]: Comparison of serum ADMA and serum NO in study Groups
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Parameters Group A Group B Group C F Value | P Value
Mean + SD | Mean + SD Mean + SD
(n=30) (n=30) (n=30)
ADMA/NO 0.05 +0.02 | 0.01 £ 0.003 | 0.004 + 0.0008 | 100.98 | <0.0001

Group A Vs Group B: p<0.0001 Group A Vs Group C: p<0.0001

Group B Vs Group C : Not Significant

Highly  significant rise in serum ADMA /NO ratio is seen in Group A as compared
to Group B & C .(P value <0.0001). ADMA / NO ratio is raised in Group B as
compared to Group C but rise is not statistically significant.

[Table/Fig-2]: Comparison of serum ADMA/ NO ratio in study Groups

Group. A probability value of 0.05 was accepted as the level of
statistical significance.

RESULTS

[Table/Fig-1] depicts mean + SD serum ADMA and serum NO levels
in Group A,B and C.

In this study, we found serum ADMA levels were raised significantly
in study Groups at the same time significant fall in serum NO
levels were seen in the study Groups as compared to controls(P
<0.0001). In order to study how increased serum ADMA affects
synthesis of NO we calculated ADMA/NO ratio in [Table/Fig-2].
Highly significant rise in serum ADMA /NO ratio is seen in Group
A as compared to Group B & C.(p-value <0.0001). ADMA / NO
ratio are raised in Group B as compared to Group C but rise is not
statistically significant.

DISCUSSION

Role of NO in vascular homeostasis is known to all of us. ADMA is
structural analogue of I-arginine, a substrate for endothelial nitric
oxide synthase enzyme. ADMA competitively inhibits the synthesis
of Nitric Oxide & play crucial role in the initiation of endothelial
dysfunction [12-13]. In the present study we found statistically
significant decrease in serum NO level in Group A and Group B
as compared to Group C (p-value <0.0001). A significant decrease
in serum Nitric Oxide was also observed in Group A as compared
to Group B (p-value <0.0001) [Table/Fig-1].In addition to NO we
estimated serum ADMA levels. We observed a significant increase
in serum ADMA in Group A and Group B as compared to Group C
as well as a significant increase in Group A as compared to Group
C (P<0.0001) [Table/Fig-1]. This suggests that raised ADMA might
be competitively inhibiting NO synthesis being structural analogue
of L-Arginine.

These findings were supported by the study of Boger RH et al.,
who reported that elevated ADMA levels were associated with
reduced NO production in hypercholesterolemic subjects and in
atherosclerotic patients [19].

In vitro experiments with purified NO synthase isoforms, Vallance
et al., reported that inhibition of macrophage NO synthase is
dependent on ADMA concentration [12].

Our results are also consistent with Andreas Meinitzer et al., they
reported in their study that ADMA concentration predicts all-cause
and cardiovascular mortality in individuals with CAD independently
of established and emerging cardiovascular risk factors. In the
same study they found that unadjusted ADMA was higher in the
2nd 34, and 4" strata compared with the lowest stratum, which
were stratified according to the severity of the CAD [13]. So far few
prospective studies have highlighted the predictive value of ADMA
for total mortality and cardiovascular mortality [19-22].

But there is paucity of data about the association of ADMA and
NO with respect to severity of atherosclerotic block in CAD. We
observed that ADMA levels were increased with increasing severity
of the CAD with concomitant fall in NO [Table/Fig-1]. ADMA



Shivkar RR and Abhang SA, Ratio of Serum Asymmetric Dimethyl Arginine (ADMA)/ Nitric Oxide -Marker of Severity of Coronary Artery Disease

competitively inhibits NO synthesis in a concentration dependent
manner. Another fact that impairs NO function is uncoupling of
endothelial Nitric Oxide synthase catalytic activity which is observed
under the condition of L-arginine deficiency by structural analog
ADMA [9]. Various studies supports our finding that ADMA inhibits
NO production in concentration dependent manner [19,23].

The persons with atherosclerotic block > 40% but less than 80%
are at the risk of stable angina while those with stenosis more
than 80% have compromised coronary blood flow at rest resulting
into unstable angina or total occlusion of coronary artery leading
to the MI [4-6] Due to the inverse relation of ADMA & NO we
calculated ADMA /NO ratio as a predictive marker of severity of
CAD. We found ADMA/NO ratio is raised significantly in Group A
as compared to Group B and C (p-value<0.0001). But ratio is not
significant in Group B as compared to Group C [Table/Fig-2]. This
shows that ADMA/NO ratio has positive relationship with severity of
atherosclerotic block in CAD patients. The significance of the ratio
increases as atherosclerotic block exceeds 71% and above (Group
A) where ischemia can occur at rest as compared to those who
are having stenosis >40% but less than 70% (Group B) as well as
normal persons (Group C).

LIMITATIONS

These findings need to be confirmed in larger study Groups. We
did not differentiated CAD patients into stable Angina and Acute
Coronary Syndrome Groups which might show some differences
in the Serum ADMA levels. Also controls were selected without
angiography this limits the efficacy of the results.

CONCLUSION

In the present study we found highly significant rise in the serum
ADMA and concomitant decrease in NO levels in CAD patients
(Group A & B) as compared to controls. Highly significant rise was
also seen in the serum ADMA/NO ratio in Group of patients with
atherosclerotic block 71% and more (Group A) as compared to
Group B and Group C. While ratio was not significant in Group B
as compared to Group C. Our result concludes that serum ADMA
being structural analogue of L-Arginine, inhibits serum nitric oxide
synthesis in concentration dependent manner. This aggravates the
atherosclerotic progression increasing the severity of atherosclerotic
block in CAD. Also, ADMA / NO ratio indicates that it can be a
predictive marker of severity of CAD which increased significantly in
Group A where the patient is at the risk of Ml or unstable angina as
compared to Group B & Group C. It is a better marker of severity
of CAD than individual serum ADMA or serum NO values which are
raised significantly in both Group A & B as compared to Group C.
These findings allow the stratification of patients with respect to the
risk for subsequent future cardiovascular events.
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