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ABSTRACT

Objective: Rheumatoid arthritis (RA) is a chronic inflammatory disease and it is
associated with premature atherosclerosis development. RA patients have multiple
factors to develop premature atherosclerosis. Enhanced asymmetric dimethylarginine
(ADMA) is considered as a risk factor for the development of atherosclerosis by
inducing endothelial dysfunction. The aim of this study was to investigate the role of
asymmetric dimethylarginine, arginine and citrulline levels in patients with RA and
their relation to the disease activity parameters for possible role on the disease activity.
Methods: 92 patients with RA and 34 healthy controls were included the study. Patients and
control blood samples collected for ADMA, arginine and citrulline levels. ADMA, arginine
and citrulline levels were measured by pre-column derivatization fluorescence HPLC
method. CRP and ESR levels examined on the same day were taken from the patient records.
Results: While ADMA levels significantly increased, arginine levels decreased
in the patient group. There was no difference in citrulline levels between both
groups. Only citrulline and arginine showed a weak positive correlation. ADMA,
arginine, and citrulline levels showed no correlation with either biochemical
parameters such as CRP or ESR, or disease activity or disease severity.
Conclusion: Our study has shown that an increase in ADMA levels with the decrease in
arginine levels suggests an increase in arginine turnover to ADMA. Increased ADMA levels
can be used for an increased risk for premature development of atherosclerosis in patients with
RA. Since high ADMA levels prevent the NO-dependent vasodilatation, a possible role of
ADMA in development of premature atherosclerosis may be independent from inflammation.
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OZET

Amac: Romatoid artrit (RA) ataklar ile seyreden kronik inflamatuar bir hastaliktir ve
siklikla erken ateroskleroz gelisimi ile birliktedir. RA hastalarinda erken ateroskleroz
gelisimini hizlandiracak bir¢ok faktor bulunmaktadir. Yiiksek serum asimetrik dimetil
arjinin (ADMA) diizeyleri endotel biitiinliigiinii ve fonksiyonunu bozarak ateroskleroz
gelisimini hizlandiran bagimsiz bir faktor olarak kabul edilmektedir. Calismamizda
RA hastalarinda ADMA, arjinin ve sitriilin diizeylerini, hastalik aktivasyonundaki
olast rolii iginde aktivite parametreleri ile iliskisini aragtirmayir amagladik.
Yontemler: RA tanisi almis ve romatoloji kliniginin takibinde olan 92 RA hastasi ve bilinen
herhangibirhastaligiolmayan34sagliklikontrol¢alismayadahiledildi.Serum ADMA , arjininve
sitriilindiizeyleripre-kolonderivatizasyon-HPLCyontemiilesaptandi. Rutintakipparametreleri
olarak kullanilan eritrosit sedimantasyon hiz1 ve CRP degerleri hasta dosyasindan alindi.
Bulgular: ADMA diizeyleri RA hasta grubunda anlamli derecede artarken, arjinin
diizeylerinde azalma saptandi. Sitriilin seviyelerinde anlamli bir degisiklige rastlanmadi.
Arjininvesitriilinarasindaanlamli zayifbir korelasyon saptanirken, ADMA, arjinin ve sitriilin
ile CRP, sedimantasyon hizi, hastalik siddeti ve siiresi arasinda 6nemli bir iliski saptanmadi.
Sonug¢: Bulgularimizda yiiksek ADMA diizeylerinin azalan arjinin diizeyleri ile birlikte
olmasinin romatoid artritte artan arjinin-ADMA déniisiimiiniin bir gostergesi olabilecegi
yaninda, bu hastalarda artan prematiir ateroskleroz gelisiminde de rol oynayabilecegini
gostermektedir. Yiiksek ADMA diizeylerinin NO bagimli vazodilatasyonu engellemesi
nedeni ile prematiir ateroskleroz gelisiminde, ADMA’nin roliiniin inflamasyondan bagimsiz
olabilecegini diisiindiirmektedir.

Anahtar Kelimeler: ADMA, arjinin, sitriilin, CRP, romatoid artrit.

Cikar Catismasi: Yazarlarin ¢ikar ¢atigmas: bulunmamaktadir.
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Introduction

Rheumatoid arthritis (RA) is a chronic systemic inflam-
matory disease of the joints and extra-articular tissues.
Patients with RA have reduced life expectancy when
compared with the general population, due to mainly
increased cardiovascular events [1]. RA is characterized
with accelerated endothelial dysfunction and consequ-
ently increased premature atherosclerosis [2]. The pre-
sence of subclinical coronary atherosclerosis has been
demonstrated in RA patients [3]. Although the reason
for increased atherosclerosis can be explained by traditi-
onal factors, the development of atherosclerosis in some
of the RA patients still cannot be fully explained by the-
se factors [4]. Therefore, several studies have projected
to search some other factors such as adhesion molecules,
C-reactive protein (CRP), oxidative stress parameters
and endothelin levels [1,2,4,5].

One of the main reasons and consequence of en-
dothelial dysfunction is impaired nitric oxide (NO)
bioavailability [6]. NO bioavailability is mostly regu-
lated by the activity of nitric oxide synthase (NOS,
EC.1.14.13.39). NOS can be competed by substrates, en-
dogenous L-arginine and asymmetric dimethylarginine
(ADMA). ADMA, as a competitive endogenous in-
hibitor of NOS, has an important role in the synthe-
sis of NO [7]. ADMA is a product of the catabolism of
proteins containing methylated arginine residues [8, 9]
and it is metabolized to citrulline by dimethylarginine
dimethylaminohydrolase (DDAH, EC.3.5.3.18) [10]. Be-
sides inhibiting NO synthesis, ADMA can directly indu-
ce oxidative stress and cell apoptosis, and participate in
the inflammation reactions [11, 12].

Increased atherosclerosis development has been shown
in rheumatoid arthritis (RA) patients when compared to
healthy controls. In order to find the increased risk of
atherosclerosis, new factors have been investigated in
addition to classical factors. The aim of this study is
to investigate the role of asymmetric dimethylarginine,
arginine and citrulline levels in the patients with RA and
their relation to the disease activity parameters.

Materials and methods

Study Population

The subjects enrolled in our study were recruited from
92 RA patients (13 male) and 34 healthy controls (19
male). RA was defined on the basis of The American
College of Rheumatology (ACR) criteria using self-
reports of morning stiffness and objective findings of
synovitis and rheumatoid factor (RF) positivity [13].
Radiographs of the hands and wrists were obtained for
all of the subjects. The clinical assessment included the
number of tender and swollen joints, the duration of
morning stiffness and erythrocyte sedimentation rate
(ESR) and CRP levels. Disease severity was assessed us-
ing the disease activity score (DAS28) criteria [14]. Clin-
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ical assessments of the patients were done by rheumatol-
ogy physician in theumatology clinic. Exclusion criteria
were as follow: The use of medications for hypertension,
cardiovascular diseases, diabetes mellitus, renal and
hepatic diseases, and active infectious diseases. All se-
rum samples were stored at -80°C for ADMA, arginine
and citrulline analysis. The protocol was approved by
the Ethics Committee of the Selcuklu Medical Faculty
(Protocol N0:24.06.2010-2010/05) and all subjects vol-
unteered for the trial and written consent was obtained
according to the Declaration of Helsinki.

ADMA, Citrulline and Arginine Analysis

Measurements of ADMA, arginine and citrulline levels
were accomplished by high performance liquid chro-
matography (HPLC), using the method described by
Chen et al [15] with minor modifications. Shorter run
time (35 to 26 minutes) and different gradient program
were used as modifications. In brief, 20 mg 5-sulfosa-
lisilic acid was added to 1 ml serum, and the mixture
was left in an ice bath for 10 min. The precipitated pro-
tein was removed by centrifugation at 2,000xg for 10
min. 10 pl of the supernatant, which was filtered thro-
ugh a 0.45-um pore size filter, was mixed with 100 pl
derivatization reagent [prepared by dissolving 10 mg
o-phtaldialdehyde in 0.5 ml methanol, 2 ml 0.4 m bo-
rate buffer (pH 10.0), and 30 ul 2-mercaptoethanol] and
then injected into the chromatographic system (HP Agi-
lent 1100, Agilent Technologies, Palo Alto, CA, USA).
Separation of ADMA, arginine and citrulline was ac-
hieved with a 150x4.6 mm interior diameter Thermo
ODS column with a particle size of 5 um (Thermo, PA,
USA) using 50 mm sodium acetate (pH 6.8), methanol,
and tetrahydrofurane as the mobile phase (A, 82:17:1; B,
22:77:1) at a flow rate of 1.0 ml/min. Gradient program
was used for the separation of other amino acid peaks
from ADMA, arginine and citrulline peaks. Gradient
program was 79% A, 21% B for 0-3.96 minutes, 75.7%
A, 24.3% B for 3.96-10.56 minutes, 58.6% A, 41.4% B
for 10.56-18.48 minutes, 37.2% A, 62.8% B for 18.48-
21.12 minutes, 22.2% A, 77.8% B for 21.12-23.10 minu-
tes, 79.9% A, 20.1% B for 23.10-26.00 minutes. The are-
as of peaks detected by fluorescent detector (excitation,
338 nm; emission, 425 nm) were used for quantification.
As shown in graph 1, citrulline, arginine and ADMA
standard and samples peaks were eluted at 11.30, 12.28,
12.71 minutes respectively in the same run. Linearity
was assessed in the range 0.1-20 uM of ADMA. The
mean correlation coefficient was >0.98. The ADMA
limit of quantitation (LOQ) was 0.1 uM. Analytical
recovery was 96.5 %, and the interassay coefficient of
variation was less than 5%.

The ESR and CRP levels were obtained from the pa-
tients records. At the same time the obtained samples
were used to find any correlations between ADMA, ar-
ginine, citrulline and the inflammatory markers.
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Statistical Analysis

Data were analyzed by using statistical software and
presented as mean + standard deviation (SD) for nor-
mally distributed variables, median (min-max) for non-
parametric values. The distribution of the variables
was analyzed with the Shapiro—Wilk test. Independent
Student’s t-tests were used for comparing differences
of normally distributed variables between two groups.
Mann Whitney U test were used for non-parametric dist-
ributed values. Correlation analysis was carried out with
Pearson’s and Spearman’s correlation test. Correlation
coefficient “r”” was accepted as no and weak correlation,
moderate and strong correlation <0.25, 0.25-0.5, >0.50
respectively [16]. The study parameters were compa-
red with disease activitiy score (DAS28) using analysis
of variance Kruskal-Wallis Test. “p” value of <0.05 was
considered statistically significant for all the tests.

Results

Demographic features of healthy controls and patients
with RA were given in Table 1. There were no signi-
ficant differences between the groups in terms of the
age, BMI, blood pressure and smoking status. Because
of ADMA correlates with high blood pressure, arterial
blood pressures were measured for all study participants
for optimizing patients and control populations. Since

RA disease is more frequent in women than men, our
study population has also higher number of women
with RA patient. Onat et al. showed that ADMA levels
were similar between in middle age Turkish women and
men [17]. Our results also show similar ADMA, argi-
nine and citrulline levels between the genders (data not
shown). Median disease duration was 48 months (min-
max:2-360). 15 RA patients were scored as high disease
activity (DAS28 >5.1), 45 RA patients were scored as
low disease activity (DAS28 <3.2) and 32 patients were
classified as remission (DAS28 <2.6). The mean ESR
of patients was nearly two fold of the controls. Median
CRP levels were also significantly higher in the patients
group when compared to control group (Table-1).

Biochemical parameters of healthy controls and patients
with RA were given in Table 2. ADMA levels were fo-
und to have increased in patients with RA when compa-
red to controls (p: 0.011). In contrast to ADMA levels,
arginine levels were significantly decreased in patients
with RA (p: 0.037). Arginine/ADMA ratio was found to
be less than control in the patient group (p: 0.001). Cit-
rulline levels were similar in the two groups.

When patients were divided according to the disease
severity, no difference was observed for ADMA levels
(Table 3). Similarly arginine and citrulline levels did not
differ between high, low disease activity and remissi-

Table 1. Demographic features of healthy controls and patients with rheumatoid arthritis.

Controls (n=34) RA (n=92) p
Age 46.76 £ 11.83 43.76 £ 12.81 NS
BMI (kg/m ) 27.93 +4.83 27.28 £ 5.45 NS
Male/Female 19/15 13/79 0.01
Smoking (+/-) 7127 12/80 NS
Arterial blood pressure (Systolic 118.9 +25.83/ 122.3+21.4/ NS
I Diastolic) (mmHg) 77+£12.8 82+ 16.5
Disease duration (month) - 48 (2-360)
ESR (mm/h) 9 (3-23) 21 (2 -75) 0.001
CRP (mg/L) 5.3 (2.9-18) 27.3 (2.9-175) 0.001

Values are expressed as mean + standard deviation. Disease duration, CRP and ESR values were given as median (min-max). BMI: body mass
index, NS: not significant, RA: theumatoid arthritis, ESR: erythrocyte sedimentation rate, CRP: C reactive protein .

Table 2. ADMA, arginine, arginine/ADMA ratio and citrulline levels of patients with RA and control group.

Controls (n=34) RA (n=92) p
ADMA (umol/L) 3.24+1.44 4.6 +2.64 0.011
Arginine (umol/L) 131.04 + 42.78 117.99 £ 29.12 0.037
Arginine/ADMA 47.03 £21.35 35.93 + 26.87 0.001
Citrulline (umol/L) 94.27 +£21.94 89.01 + 18.58 NS

Values are expressed as mean + standard deviation. R4 rheumatoid arthritis, ADMA: Asymmetric dimethyl arginine, NS: not significant.
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Table 3. Analysis of variance of the study parameters in patients with RA divided into 3 groups according to the DAS28 score.

High disease activity

Low disease activity

Remisssion (DAS28

(DAS28 >51) (n=15) | (DAS28<3.2)(n=45) <2.6) (n=32)
ADMA (umol/L) 5.01+2.79 4.23 +2.01 3.98+2.25 0.51
Arginine (umol/L) 120.98 + 29.02 116.27 + 24.59 125.29 + 34.15 0.44
Arginine/ADMA 35.84 + 26.40 35.97 +23.10 39.83 +22.20 0.30
Citrulline (umol/L) 87.19 + 15.88 86.55 + 19.42 88.86 + 18.26 0.73
ESR (mm/h) 32 (7-63) 17,5 (2-47) 12 (2-75) 0.013
CRP (mg/L) 13.70 (2.97-147) 8.30 (2.9-175) 3.97 (2.9-23.8) 0.022

Values are expressed as mean + standard deviation. CRP and ESR values were given as median (min-max). RA4: rheumatoid arthritis, ADMA:
Asymmetric dimethyl arginine, ESR: erythrocyte sedimentation rate, CRP: C reactive protein.

Table 4. Correlation analysis of ADMA, arginine, citrulline, arginine/ADMA ratio, ESR, CRP DAS 28 score and disease duration.

ADMA | Arginine | AT9INNE | Gitrulline | ESR crp | DAS28 | Disease
ADMA - r:-0.12 r:-0.62” r:0.02 r: 0.04 r:-0.11 r.0.1 r: 0.02
Arginine r:-0.12 - r: 0.47° r: 0.35 r:-0.09 r: 0.08 r:0.02 r:-0.08
Arginine /ADMA r:-0.62" r: 0.47 - r: 0.10 r: 0.10 r: 0.05 r:0.01 r:-0.05
Citrulline r: 0.02 r: 0.35 r: 0.10 - r:-0.17 r:-0.08 r:-0.01 r:-0.03
ESR r: 0.04 r:-0.09 r: 0.10 r:-0.17 - r: 0.26 r:0.35” r: 0.13

CRP r:-0.11 r: 0.08 r: 0.05 r:-0.08 r: 0.26 - r:0.38” r: 0.38"
DAS28 Score r.0.1 r:0.02 r:0.01 r-0.01 r:0.35" r:0.38” - r:0.23

Disease Duration r: 0.02 r:-0.08 r:-0.05 r:-0.03 r:0.13 r:0.38" r:0.23 -

*p<0.05, ™ p<0.01.

Abbreviations: ADMA Asymmetric dimethyl arginine, £SR erythrocyte sedimentation rate, CRP C reactive protein.

on groups of disease. CRP and ESR levels were signi-
ficantly increased in high disease activity group since
they are a part of DAS 28 calculation.

Correlation studies showed significant negative correla-
tions between ADMA and arginine /ADMA ratio (Table
4). Arginine levels correlated with arginine/ADMA ratio
and citrulline levels. Arginine and citrulline levels were
also showed a slight positive correlation (r:0,35, p<0.05).
CRP levels were also positively correlated with ESR (r:
0.26, p<0.05) and disease duration (r: 0.38, p: 0.001).
CRP and ESR levels correlated with the disease severity.

59 RA patients were diagnosed and taken into follow up
program for more than 24 months. When the patients
were divided into two groups according to their disea-
se duration, 59 patients had the disease longer than 24
months. There were no differences in the parameters
between diseases duration longer or less than 24 months
(Figure 2).
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Discussion

RA is associated with enhanced premature atheroscle-
rosis and early impaired endothelial function after the
onset of the disease [1, 2, 4]. Cardiovascular disease is
one of the leading causes of morbidity and mortality and
it represents about 40% of the mortality in RA patient
[18]. Increased inflammatory activity, use of corticoste-
roids and methotrexate contribute to the development of
atherosclerosis. Although inflammatory activity is im-
portant for the development of atherosclerosis [19], ethi-
opathological mechanisms are still unclear for the pre-
mature development of atherosclerosis and its-relation
with morbidity in RA patients.

Our results demonstrated that ADMA levels were sig-
nificantly higher in RA patients when compared to
controls. None of our patients had high blood pressure
or clinical evidence of any cardiovascular or renal di-
sease. Sandoo et al. demonstrated that ADMA levels
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Figure 1. ADMA, arginine and citrulline standards and a representative chromatogram of patients’ sample.
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Figure 2. Study parameters levels with respect to disease duration.

increased in patients with RA but there was no signifi-
cant correlation with in vivo assessments of endothelial
function [20]. Coronary artery abnormalities have been
shown in RA patients who have no clinical evidence of
heart disease [3]. Reduced coronary flow reserve (CFR)
has also been negatively correlated with ADMA levels
in the early RA patients. Therefore, the authors sugges-
ted that increased ADMA levels were related with the
decrease in CFR [3]. Although one study [21] showed
an association between ADMA and common carotid
intimae media thickness (IMT), other studies failed
to find a relation between ADMA levels and IMT [22,
23]. A decrease in DDAH activity may be one of the
reasons of high ADMA levels in the RA patients. In ad-
dition to that the decrease in arginine levels may also
suggest an increase in the arginine N-methyl transferase
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(EC.2.1.1.2) activity in the patients. In normal situation
a small fraction of arginine, about 1.5%, enters to the
ADMA synthesis [24]. Decreased arginine and increa-
sed ADMA levels may also suggest that an increase in
turnover of arginine to ADMA occurs in patients with
RA. Since arginine is in the center of many metabolic
pathways, it is difficult to conclude whether decrease in
arginine levels is a consequence or cause of the disea-
se. However both decrease in arginine and increase in
ADMA levels suggest that NO synthesis impaired in RA
patients. Although none of the patients had any signs of
cardiovascular disease, low arginine/ADMA ratios may
suggest a role to ADMA as an early indicator for the
development of premature atherosclerosis. Surdacki et
al. suggested that increased serum ADMA levels may
lead to increased vascular resistance and elevated blood
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pressure via decrease of NO bioavailability [25]. Intra-
venously administered suppressor doses of ADMA has
increased arterial stiffness, decreased cerebral blood
flow in young healthy men [26] and increased systemic
vascular resistance, and mean arterial blood pressure in
healthy subjects. In addition to that ADMA infusion has
decreased cardiac output by 15% [27].

The relation of ADMA and inflammation is still in de-
bate in the literature. ADMA has been suspected for the
development of inflammatory response and proposed
that ADMA may be a link between inflammation and
endothelial dysfunction in humans. Antoniades et al.
also suggested that systemic, low-grade inflammation
leads to increased ADMA [28]. A strong positive cor-
relation between CRP, fibrinogen and plasma ADMA
levels has been shown in a study [29]. In our study we
did not find any correlation between ESR and ADMA,
arginine or citrulline. Furthermore, ADMA levels cor-
related with neither disease duration nor disease seve-
rity. In addition to that, CRP levels did not correlate with
study parameters either. CRP levels correlated with ESR
and disease duration. Our results support both Turiel ef
al. [22, 30] and Surdacki et al. studies [21, 31] in terms
of the relation between ADMA and inflammation. Sur-
dacki et al. displayed that neither ADMA nor SDMA
(symmetric dimethylarginine) were correlated with the
disease activity and inflammatory activation [21, 31]. It
has also been shown [30] that anti-inflammatuar therapy
had no effect on ADMA levels. Methotrexate and anti-
tumor necrosis factor-o agents treatment of patients with
RA reversed the disease activity score, decreased CRP
levels and improved CFR. However, the use of methot-
rexate and anti-tumor necrosis factor-a agents did not
change the ADMA levels and IMT measurements. The-
refore, the authors suggested that improvements were
independent form ADMA and IMT [30]. Our data also
showed ADMA levels and arginine/ADMA ratios were
similar between the disease severity forms as classified
by DAS 28 score (Table 3). Since DAS 28 score is cal-
culated mainly from inflammatory markers either labo-
ratory or clinical signs and it shows the current patients
situations, we can conclude that ADMA levels have no
direct relation with the inflammatory activities in RA
patients. Conflict results in the literature are probably
based on the complex effect of nitric oxide in inflam-
mation. However, the well-known fact is that inflam-
mation is accompanied by vasodilatation of the vessels.
Unavailable NO, because of high ADMA, results with
enhancement vasoconstriction of the vessels. Increased
vasoconstriction can also prevent inflammation.

On the other hand, a recent meta-analysis concluded
that oral L-arginine supplementation is effective in imp-
roving vascular endothelial function [32]. In our study,
we also find low arginine levels in RA patients. Since
arginine metabolism is very complex, and only small
amount of arginine enters the NOS pathway [24]. It is
difficult to find a direct relation with low arginine levels
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and accelerated atherosclerosis. Since ADMA is a meth-
ylated derivative of arginine, it can be said that increa-
sed ADMA turnover is one of the reasons for decreased
arginine levels.

Citrulline supplementation prevented the development
of pulmonary hypertension and increased NO producti-
on in piglets exposed to chronic hypoxia [33]. NO, urea
formation and catabolism of ADMA result with citrulli-
ne synthesis. Ananthakrishnan M et al. [33] suggest that
neonates exposed to prolonged periods of hypoxia may
potentially benefit from citrulline supplementation. In
addition to that, citrulline supplementation improved ar-
terial stiffness in middle-aged men [34]. Although abo-
ve studies suggest some beneficial effects of citrulline
on to vascular endothelial, it is difficult to interpret the
direct effect of the serum citrulline and arginine levels
on endothelial function. The complex regulation of NO
synthesis and intracellular availability of arginine like
its precursor and citrulline make more complicated NO
bioavailability. According to the data it is difficult to
conclude whether citrulline supplementation is benefi-
cial for RA patients.

ADMA could be a useful parameter for follow-up the
development of cardiovascular disease in RA patient,
especially when traditional screening tests are normal.
Our results suggest that RA patients with high ADMA
levels should be screened carefully for the development
of cardiovascular disease.

Difficulties in the classification of the patients according
to the use of medication are the limitation of this study.
Varieties of the disease drug, different dosage use and
time made impossible for statistical analysis in some si-
tuations.

Conclusion

Our data emphasize that ADMA plays an independent
role from inflammation to development of atherosc-
lerosis in patients with RA. In our study, we revealed
that ADMA levels could be used for an increased risk
for premature development of cardiovascular disease but
not for inflammation in RA patients. Lowering ADMA
strategies may be one of the therapeutic approaches to
prevent premature atherosclerosis development in RA
patients. Further case-control studies especially with
larger participants are required to confirm our results.

Conflict of interest: The authors report no conflicts of
interest.
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