
Abstract. The concentration of asymmetric dimethylarginine
(ADMA), an endogenous inhibitor of nitric oxide synthase, is
increased in patients with coronary heart disease (CHD). The
potential effect of percutaneous coronary intervention (PCI)
with stent placement on ADMA plasma level in CHD patients
has not yet been investigated. Concentrations of ADMA,
L-arginine, symmetric dimethylarginine (SDMA), and
L-ornithine were measured in the plasma of 30 CHD patients
24 h before, and 1 h, 5 days, and 30 days following PCI with
bare-metal stent or drug-eluting stent placement (stent group)
and in the plasma of 20 patients without CHD who underwent
angiography alone (control group). A repeated measures
ANOVA revealed the significant time by group interaction
for ADMA (F=12.8, p<0.0001), SDMA (F=5.5, p=0.013),
L-ornithine (F=12.5, p<0.0001), L-aginine (F=4.7, p=0.013)
and L-arginine/ADMA ratio (F=7.1, p<0.001). Post-hoc
ANOVAs showed that this interaction was due to the fact that
control patients without stent placement responded to the
coronary angiography with a significant increase in ADMA
(F=4.4, p=0.009), SDMA (F=4.7, p=0.007) and L-ornithine
(F=28.3, p<0.0001) levels, whereas the stent implantation

independent of the stent type used significantly reduced the
cardiovascular risk factor ADMA (F=10.8, p<0.0001). Thus,
the current study demonstrates that in patients with CHD,
PCI stent placement markedly decreases the plasma level of
cardiovascular risk factor ADMA. Coronary angiography
alone results in an increase of ADMA. We conclude that
the stent effect on ADMA level cannot be explained by
unspecific effects of the coronary angiography and is
independent of the stent type used.

Introduction

Asymmetric dimethylarginine (ADMA) which is generated
by protein arginine methyltransferase type I (PRMT-1) (1)
and mainly metabolized by dimethylarginine dimethyl-
aminohydrolase (DDAH) (2,3) has been recognized as an
endogenous, competitive inhibitor of nitric oxide synthase
(NOS) (4,5). ADMA accumulation due either to enhanced
production or to reduced elimination limits nitric oxide (NO)
production, impairs endothelial function and accelerates the
progression of cardiovascular diseases. ADMA, therefore, is
regarded as a marker and mediator of vascular dysfunction
and it has been identified as an independent risk factor for
adverse cardiovascular events including death (6-8). As
traditional risk factors and new biomarkers of cardiovascular
pathologies are associated with elevated ADMA concentration,
ADMA is considered as a common pathway mediating the
untoward vascular effects of various risk factors for athero-
sclerosis and related diseases (8).

During recent years particular attention was paid to
explore the involvement of ADMA in the pathogenesis
of coronary heart disease (CHD). Prospective clinical trials
conducted in patients with stable angina pectoris, recurrent
vasospastic angina or with a history of myocardial infarction
provided firm evidence that plasma concentration of ADMA
increased with increasing number of risk factors and elevated
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ADMA levels were associated with significantly higher risk
of developing CHD (9-11). Moreover, studies were carried
out to assess the effects of medical treatment on ADMA levels
in patients with acute coronary syndrome (12). Furthermore,
elevated plasma ADMA concentration is an independent
predictor of worse cardiovascular events in patients undergoing
percutaneous coronary intervention (PCI) (13).

In the present study, we investigated the plasma con-
centration of ADMA in patients who underwent PCI with
stent implantation. Moreover, we investigated the relationship
between ADMA and L-arginine, symmetrical dimethylarginine
(SDMA), and L-ornithine levels.

Materials and methods

Patients. Thirty consecutive patients with CHD were
hospitalized at the Heart Institute of the Faculty of Medicine,
University of Pécs, Hungary for elective coronary angio-
graphy and PCI as it was required. Twenty patients who
underwent elective coronary angiography without CHD or
PCI were included as control. Coronary angiography was
performed because the non-invasive data suggested or proved

coronary disease (Table I). The study protocol was approved
by the Local Ethics Committee of the Faculty of Medicine of
University of Pécs. Full informed consent was obtained from
all patients before participation in the study. The investigation
conforms to the principle outlined in the Declaration of
Helsinki.

From the blood chemistry standard estimation of risk
parameters of ischemic heart disease based on current
guidelines was performed for each patient on the day they
were hospitalized. During the 24 h before PCI or elective
coronary angiography alone we drew blood from CHD
patients and controls, respectively, in order to determine
ADMA, SDMA, L-arginine and L-ornithine levels. These
parameters were then measured again <1 h, 5 days and 30 days
after performing the PCI or elective coronary angiography
alone, respectively. During coronary angiography we deter-
mined the type and location of the culprit lesion and the
percentage of the narrowing of the coronary vessel. Prior to
PCI standard, combined antithrombotic treatment was
administered for each patient: 300-600 mg clopidogrel, 300 mg
aspirin, and 60 IU/kg sodium-heparin. Invasive examinations
were performed using a Philips BH 5000 monoplane or biplane
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Table I. Values of the observed risk parameters in patients who underwent elective coronary angiography without diagnosis of
coronary heart disease (CHD) (control group) compared to CHD patients who underwent PCI with stent placement (stent group).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Variable Control group (n=20) Stent group (n=30) p-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (years) 59±8 63±9 0.146

Male, n (%) 10 (53) 20 (67) 0.345

Diabetes mellitus, n (%) 4 (21) 9 (30) 0.490

Smoking, n (%) 1 (5) 7 (23) 0.062

Body mass index (kg/m2) 27.8±4.9 27.5±4.0 0.808

LDL-cholesterol (mmol/l) 3.18±1.13 2.93±1.17 0.518

Fibrinogen (g/l) 3.61±0.78 3.45±1.17 0.122

hsCRP (mg/l) 3.48±3.91 9.34±9.30 0.030

Homocysteine (μmol/l) 19.51±21.06 15.04±6.49 0.437

Creatinine (μmol/l) 71.47±44.94 97.75±28.88 0.019

Microalbuminuria, n (%) 0 5 (17) -

EF (%) 58.17±7.81 50.24±11.63 0.017

RR syst (mmHg) 141±11 136±26 0.538

RR diast (mmHg) 84±7 78±11 0.075

Treatment, n (%)
Nitrate 3 (15) 11 (37) 0.099
Statin 17 (89) 24 (80) 0.366
ACEI 16 (84) 21 (70) 0.246
ARB 0 6 (20) -

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Values are presented as number (relative percentages) or mean ± SD. Risk factors were defined according to the European Society of
Cardiology guidelines (10). EF, left ventricular ejection fraction; RR syst, systolic blood pressure; RR diast, diastolic blood pressure;
hsCRP, high-sensitivity C-reactive protein; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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system. Recordings were analysed afterwards by two well-
trained invasive cardiologists with the Philips QCA software.
The degree of stenosis in diameter was evaluated from two
different views. Seventy-five percent stenosis in diameter of
coronary vessel was considered significant. During PCI, bare-
metal stents (BMS, Medtronic), and drug-eluting stents (DES,
Cordis) were implanted into the coronary vessels depending
on the type of culprit coronary lesion, and the co-morbidity of
the patients (14,15) (Table II). Twenty-one patients were
treated with 41 BMS, and 7 patients were treated with 13 DES,
and 2 patients were treated with both 2 BMS and 3 DES.

Laboratory measurements. Fasting plasma samples obtained
from the stent group and control were stored at -70˚C until
analysis. Plasma L-arginine, SDMA, and ADMA were deter-
mined with liquid chromatography - tandem mass spectrometry

(LC-MS-MS) as previously described (16). The intra-day
precision was 4.5% for arginine, 5.5% for ADMA, and 3.9%
for SDMA; the inter-day precision was 4.7% for arginine,
7.7% for ADMA, and 4.9% for SDMA. For the determination
of L-ornithine concentration we adopted the LC-MS-MS
method published recently by our group (17). The intra-day
and inter-day relative standard deviations were 1.1% and
3.5%, respectively. The routine biochemical parameters were
measured by using standard laboratory procedures.

Statistical analysis. Data are presented as mean value ± SEM,
with sample size (n) being indicated for each reported value.
A value of p<0.05 was considered statistically significant.
t-tests were used to compare coronary risk parameters of the
stent group with control. Repeated measures ANOVA with
intrasubject factor time (baseline, 1 h, 5 days and 30 days)
and intersubject factor group (stent vs. control) was performed
for L-arginine, ADMA, SDMA, and L-ornithine and L-arginine/
ADMA ratio. Greenhouse-Geisser correction was used where
necessary to account for non-sphericity of the data.

Results

As shown in Table I, CHD patients who underwent PCI with
stent placement (stent group) had a significant increase of
hsCRP and creatinine and a decrease of EF-values compared
to patients who underwent elective coronary angiography
without diagnosis of CHD (control group). Furthermore, the
patients in the stent group had significantly elevated plasma
concentrations of ADMA, SDMA and L-ornithine compared to
control group, whereas L-arginine plasma level and L-arginine/
ADMA ratio were markedly decreased at baseline (Table III
and Fig. 1).

Moreover, the observed risk parameter values (14), ADMA,
L-arginine, SDMA and L-ornithine plasma level and L-arginine/
ADMA ratio at baseline were not significantly different
between patients in the stent group in whom BMS or DES has
been implanted (data not shown).

As shown in Fig. 1A, ADMA decreased dramatically
immediately after stent placement and remained decreased
even 30 days after intervention. On the other hand, in the
control group ADMA increased throughout the observation
period, even if the elevated ADMA levels of the stent group
were not reached. The repeated measures ANOVA indicated
a significant group by time interaction for ADMA (F=12.8,
p<0.0001). Post-hoc ANOVAs with factor time were
performed for each group separately to further analyze the
interaction. The stent group showed a significant decrease of
ADMA (F=10.8, p<0.0001). On the other hand, the control
group showed a statistically significant increase of ADMA
(F=4.4, p=0.009).

As shown in Fig. 1B, L-arginine levels in the stent group
were rather low at baseline, but showed an increase after
stent placement and remained elevated throughout 30 days.
The control group had normal L-arginine plasma levels at
baseline that increased 5 days after coronary angiography. The
repeated measures ANOVA indicated a significant group by
time interaction for L-arginine (F=4.7, p=0.013) due to the
fact that the L-arginine increase was much more marked in
the stent group. Nonetheless post-hoc ANOVAs with factor
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Table II. Patient characteristics observed during percutaneous
coronary intervention.
–––––––––––––––––––––––––––––––––––––––––––––––––
Patients Type of Stenosis Location No. of
(n=30) lesiona (%) stents
–––––––––––––––––––––––––––––––––––––––––––––––––
1 A 58 RCA 1
2 B 81 LAD 4
3 C 57 LAD-DIAG 1
4 C 100 LAD-DIAG 4
5 C,B 62 LAD 3
6 B 86 CX 1
7 C 70 LAD 3
8 A 55 CX 1
9 B,A 81 LAD 2

10 B,C 100 RCA 2
11 C 90 RCA 3
12 C 95 CX 1
13 C 95 RCA 2
14 C 71 LAD 2
15 B 55 LAD-DIAG 2
16 C 100 LAD 4
17 C 95 CX 1
18 B 95 CX 1
19 B 95 CX 2
20 C 52 LAD 1
21 C 73 CX 1
22 C 75 CX 4
23 B 82 CX 2
24 B 62 LAD 1
25 A 95 RCA 1
26 B 80 RCA 3
27 B 80 LAD 1
28 B 85 LAD 3
29 B 75 LAD 1
30 A 75 RCA 1
–––––––––––––––––––––––––––––––––––––––––––––––––
aBased on ACC/AHA/SCAI 2005 guideline (28). RCA, right coronary
artery; LAD, left anterior descending artery; CX, circumflex artery;
DIAG, diagonal branch.
–––––––––––––––––––––––––––––––––––––––––––––––––
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time showed significant increases of L-arginine in both
groups (F=6.7, p=0.001 in the stent group, and F=5.3, p=0.004
in the control group). 

The L-arginine/ADMA ratio (Fig. 1C) increased in the
stent group coming from a low baseline level, whereas in the
control group the time course was similar to the L-arginine
course. The repeated measures ANOVA indicated a significant
group by time interaction for the L-arginine/ADMA ratio
(F=7.1, p<0.001). The post-hoc ANOVA revealed a significant
increase in the stent group (F=8.3, p<0.0001).

SDMA appears to decrease in the stent group whereas
SDMA appears to increase in the control group (Fig. 1D),
especially 5 and 30 days after intervention. The time courses
were significantly different (group by time interaction for
SDMA F 5.5, p=0.013). The post-hoc ANOVAs revealed
that the SDMA increase observed in the control group was
statistically significant (F=4.7, p=0.007) whereas the SDMA
decrease in the stent group showed only a statistical trend
(F=3.5, p=0.063) due to the larger variance in the stent
group.

Finally, L-ornithine (Fig. 1E) behaved similarly to ADMA
(significant group by time interaction F=12.5, p<0.0001) with a
significant increase in the control group (F=28.3, p<0.0001)
and a significant decrease from baseline in the stent group
(F=9.1, p<0.0001).

Moreover, the levels of ADMA, SDMA, L-arginine and L-
ornithine during the course of the study did not reach
significant difference between patients in the stent group in
whom BMS or DES has been implanted (data not shown).

Interestingly, we found no association between plasma
ADMA levels and other cardiovascular risk factors including
LDL-cholesterol, fibrinogen, hsCPR, homocysteine, blood
pressure and BMI. Moreover, there was no relationship of
ADMA levels to the severity of coronary lesion. Our failure
to detect such association may be attributed to the relative small
samples size of our study population. However, the L-arginine
level showed a highly significant inverse relationship to
L-ornithine level at baseline in the stent group (r= -0.562,
p<0.0001). In the control group there was no relationship
between L-ornithine and L-arginine (r=0.005, p=0.96).

ADMA showed a direct relationship to L-ornithine
(r=0.71, p=0.0001) when pooling data pairs from all 4 time
points, showing that 50% of the variance of ADMA in the
stent group could be explained by measurement of L-
ornithine (Fig. 2). In the control group there was a much
weaker correlation with r=0.37, p=0.001.

Discussion

The present study provides for the first time evidence that
restoration of coronary circulation by stent placement in
patients with CHD induces a rapid and sustained decrease in
the level of the new cardiovascular risk factor ADMA that is
maintained during the 30 days follow-up period after stenting
independent of the stent type used. Furthermore, L-ornithine
shows a significant decrease after stent placement. In contrast,
the plasma concentration of L-arginine increases significantly
contributing to a substantial rise of L-arginine/ADMA ratio
that remained at this high level until the end of the study.
This phenomenon may increase the activity of endothelial
NOS which, in turn, may restore the NO formation rates at
physiological levels (18,19) to promote the revascularization
process (20). Clinically, the revascularization procedure
improves the general condition, the indices of cardiac status
including cardiac output, ejection fraction and myocardial
contractility as well as the short- and long-term outcomes
(21,22).

Interestingly, the control group showed statistically
significant increase of ADMA, SDMA and L-ornithine after
coronary angiography presumably due to the stress situation
of a normal coronary angiography with for example contrast
medium application. The stent implementation does not only
overcome this expected ADMA increase, but further leads to
a drastic reduction of ADMA and L-ornithine levels.

Previous studies have demonstrated that intramural admin-
istration of L-arginine reduced neointimal hyperplasia after
stent implantation in patients with native coronary artery
disease (18). Moreover, the elevated plasma concentration of
ADMA appears to be an independent predictor of subsequent
major adverse cardiovascular outcome after PCI (13).
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Table III. ADMA, L-arginine, SDMA, and L-ornithine concentrations and L-arginine/ADMA ratio in CHD patients who
underwent percutaneous coronary intervention (PCI) with stent placement (stent group) compared to patients who underwent
elective coronary angiography without CHD (control group).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Control group (n=20) Stent group (n=30)
––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––

Variable Baseline 1 h 5 days 30 days Baseline 1 h 5 days 30 days
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
ADMA (μM/l) 0.46±0.03 0.48±0.02 0.48±0.02 0.51±0.03 0.59±0.02 0.54±0.02 0.53±0.02 0.54±0.02

L-arginine (μM/l) 70.7±4.1 63.9±4.1 78.8±5.9 64.7±5.1 35.9±4.2 51.7±4.0 60.8±4.6 63.5±4.9

L-arginine/ 157±10.5 134±7.1 165±11.6 124±9.1 64.3±7.9 100±8.4 116±9.1 120±9.3
ADMA ratio

SDMA (μM/l) 0.43±0.02 0.43±0.02 0.48±0.03 0.47±0.02 0.66±0.04 0.68±0.05 0.59±0.03 0.67±0.03

L-ornithine (μM/l) 62.6±4.5 57±3.9 78.6±5.7 101±6.1 157±12 99.2±9.5 117±8.3 105±5.7
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
ADMA, asymmetric dimethylarginine; SDMA, symmetric dimethylarginine.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Stent implantation causes, amongst others, hemodynamic
changes including wall shear stress (WSS). In 20 patients, that
received at random one sirolimus-eluting stent and one BMS,
WSS at 6 months follow-up remains normal in the sirolismus
group but is elevated in the metal group (23). Moreover,
WSS depends on the regional vascular geometry (24). WSS
is the tangential drag force produced by flowing blood on the
endothelial surface. It has been suggested that in native
arteries of humans, regions with pathologically low endothelial
shear stress (ESS) develop progressive atherosclerosis,
regions with physiological ESS remained quiescent, and
regions with increased ESS did not exhibit plaque progres-
sion. In stented portions of artery, there was evidence of an
increase in ESS at all levels of baseline ESS (25).
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Figure 1. The response pattern of plasma ADMA (A), and L-arginine (B)
concentration, and L-arginine/ADMA ratio (C), SDMA (D) and L-ornithine
(E) concentration to stent placement in CHD patients (stent group) and to
coronary angiography alone in patients without CHD (control). ADMA,
asymmetric dimethylarginine; SDMA, symmetric dimethylarginine.

Figure 2. Relationship between ADMA and L-ornithine concentration in
plasma of patients with CHD with stent implementation pooled across all
four time points. r=0.71, p<0.0001; ADMA, asymmetric dimethylarginine.
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Exposure of human endothelial cells to mild or moderate
shear stress enhances gene expression of PRMT-1 and the
release of ADMA via activation of the NF-κB pathway. Shear
stress at higher magnitude, however, facilitates the degradation
of ADMA via enhancement of DDAH activity and reduces
ADMA concentration to baseline (26). Interestingly, the
activity of the enzymes involved in the formation and
degradation of ADMA such as PRMT-1 and DDAH are
regulated in a redox-sensitive fashion (27). Thus, oxidative
stress enhances the activity of PRMT-1 and inhibits the
activity of DDAH leading to increased ADMA concentration.
Under those conditions, ADMA could inhibit eNOS activity
and/or even uncouple the enzyme, which would further
increase oxidative stress (28). In contrast, reduced oxidative
stress enhances the activity of DDAH (29), which might be
responsible for the decreased ADMA plasma levels observed
in our study after stenting. Recently, it has been reported that
activity of xanthine oxidase, an oxidant enzyme, increases
significantly immediately after stent implantation, followed
by a significant decrease after 6 h and reaching the minimum
of the activity after 24 h in plasma of 22 patients with coronary
artery disease (30). In contrast, the activity of the antioxidant
enzyme catalase increases significantly 24 h after stent
implementation. In our study, we observed a decrease of
ADMA plasma levels as early as 1 h after stenting. If the
decreased oxidative stress upregulated the activity of DDAH
24 h after stent placement, which mechanisms could be
responsible for the decreased ADMA plasma levels 1 h after
stenting?

ADMA as L-arginine analogue shares the same transport
system with other cationic amino acids (CAAs) such as
L-arginine, L-lysine or L-ornithine (31,32). In most non-
epithelial cells, members of the cationic amino acid transport
(CAT) family mediating sodium independent y+ system
activity seem to be the major entry pathway for CAAs (33,34).
A number of these transporters work much better in the
exchange than in the uniport mode. Cells expressing these
transporters will therefore be readily depleted of intracellular
L-arginine only when another CAA is provided at the extra-
cellular side. Various stimuli including shear stress regulate
CAT. It has been reported that shear stress affects the kinetic
of L-arginine transport without affecting the transport capacity
for neutral amino acids in endothelial cells (35).

In the present study, we found a change in plasma levels
of ADMA, L-arginine and L-ornithine in the stent group. The
plasma levels of ADMA and L-ornithine decreased, whereas
the concentrations of L-arginine increased significantly during
the 30-day follow-up period after stenting. Plasma levels of
L-arginine were inversely correlated with L-ornithine levels.
In contrast, ADMA showed a direct relationship to L-ornithine
in the stent group. In the control group, plasma levels of
L-arginine were uncorrelated with L-ornithine, and the direct
relationship of ADMA with L-ornithine was much weaker.
This indicates that stent implementation presumably
increases ADMA and L-ornithine transport into the cell
whereas L-arginine transport out of the cell seems to be
enhanced.

In contrast to ADMA, SDMA does not interfere directly
with NOS activity (5), and is synthesized by PRMT-II (36).
SDMA shares the same CAT system with ADMA (31,32).

We showed no consistent changes in SDMA during the entire
follow-up. Since SDMA is not metabolized by DDAH (37), the
plasma levels of SDMA returned to initial value after 30 days,
which could be associated with a non-significant decrease of
L-ornithine plasma levels between 5 days and 30 days. A
further explanation could be the decreased renal function due to
the application of contrast medium during stent implantation
leading to an increase of SDMA and the consecutive decrease
of SDMA after 5 days. In the control group where the effect of
contrast medium is not masked we found a significant increase
of SDMA, which remained elevated up to 30 days.

Based on our data we suggest that in patients with CHD,
stent placement may decrease the level of the new cardio-
vascular risk factor ADMA. We speculate that changes in CAT
and in DDAH activity may be responsible for the observed
effect.
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