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Asymmetric dimethylarginine levels in Behçet’s disease

[Behçet hastalarında asimetrik dimetilarginin düzeyleri]

ABSTRACT
Objective: Behçet's disease (BD) is a chronic, inflammatory, multisystem vasculitis and 
the etiology is not yet fully understood. Nitric Oxide (NO) is an important molecule for the 
vascular system which synthesised by the Nitric Oxide Synthase (NOS) enzyme. Asymmetric 
dimethylarginine (ADMA) is an endogenous inhibitor of NOS. Therefore, we aimed to 
investigate levels of the ADMA and its relation with exacerbations in BD patients.
Methods: The subjects enrolled in this study were recruited from 34 patients with BD and 34 
healthy controls. Serum levels of ADMA, arginine and citrulline were measured by HPLC with 
fluorescence detection. The ESR and CRP levels analyzed by routinely used methods.
Results: In contrast to information in the literature, ADMA levels were found to be decreased 
in BD patients when compared to control. Inversely, Arginine and Citrulline levels were 
significantly increased in BD patients. Increased Arginine/ADMA ratios were found in the 
patient group. There was an inverse relation between ADMA and CRP levels. Arginine values 
were also correlated CRP and Citrulline levels.
Conclusion: One of the reasons of high number of BD attacks in young age may be low levels 
of ADMA. Our study suggests that the reduced levels of ADMA in patients group may impose 
a possible preventive role to ADMA through decrease of NO-mediated inflammation and 
exacerbations of BD with aging.
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ÖZET
Amaç: Behçet Hastalığı (BH), etiyolojisi tam olarak anlaşılmamış, kronik, inflamatuvar 
multisistemik bir vaskülittir. Nitrik Oksit (NO), endotel hücrelerinde Nitrik Oksit Sentaz (NOS) 
enzimi tarafından sentezlenen, vasküler sistem için önemi olan bir moleküldür. Asimetrik 
dimetilarjinin (ADMA) NOS’ın endojen inhibitörüdür. Bu çalışmada BH’larında ADMA 
düzeyleri ve ataklarla ilgisinin araştırılması amaçlandı.
Metod: 34 Behçet hastası ve 34 sağlıklı kontrol çalışmaya dâhil edildi. Serum ADMA, arjinin 
ve sitrülin düzeyleri HPLC yöntemi ile saptandı. ESR ve CRP düzeyleri rutin yöntemlerle 
analiz edildi.
Bulgular: Literatür bilgilerine ters olarak Behçet hastalarında ADMA düzeyleri kontrol 
grubuna göre düşük bulundu. Bunun aksine Arjinin ve Sitrülin düzeyleri Behçet hastalarında 
anlamlı derecede yüksek bulundu. Hasta grubunda Arjinin/ADMA oranları yüksek bulundu. 
ADMA ve CRP düzeyleri arasında ters bir korelasyon vardı. Arjinin değerleri de sitrülin ve 
CRP düzeyleri ile koreleydi. 
Sonuç: BH da genç yaşta atakların sayısının fazla olmasının sebeblerinden birisi düşük ADMA 
düzeyleri olabilir. Bizim çalışmamız hasta grubundaki düşük ADMA düzeylerine, yaşlanma ile 
BH alevlenmelerini ve NO aracılıklı inflamasyonu azaltması nedeniyle muhtemel önleyici bir 
rol yüklemektedir.
Anahtar Kelimeler: Asimetrik dimetilarjinin (ADMA), Behçet Hastalığı (BH), Nitrik oksit 
(NO), Vaskülit
Çıkar Çatışması: Yazarların çıkar çatışması yoktur.
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and myocardial infarction; (c) diabetes mellitus, renal 
and hepatic diseases, active infectious diseases; (d) other 
known chronic inflammatory diseases. The body mass in-
dex (BMI) and blood pressure were recorded. It was also 
noted that whether the subjects smoke or not. Each sub-
ject was evaluated in active and inactive disease periods. 
At the time of examination, the presence of two or more 
of the following Behçet’s clinical features was considered 
as active disease: Oral ulceration, genital ulceration, skin 
lesions, ocular lesions, active major vessel disease, and 
active major organ involvement including active gastro-
intestinal or neurological lesions. Subjects with one lesion 
or lesion-free period were regarded in inactive disease pe-
riod.
The protocol was approved by the Ethics Committee of 
the Selcuklu Medical Faculty (24.06.2010-2010/05) and 
all subjects volunteered for the trial and written consent 
was obtained according to the Declaration of Helsinki.
Blood samples were centrifuged with 2000 x g for 10 min 
at +4°C, followed by serum removal for assays. All serum 
samples were stored at -80°C until analysis.
Measurements of ADMA, arginine and citrulline levels 
were accomplished by high performance liquid chroma-
tography (HPLC), using the method described by Taner 
et al [17]. In brief, 20 mg 5-sulfosalisilic acid was added 
to 1 ml serum, and the mixture was left in an ice bath 
for 10 min. The precipitated protein was removed by 
centrifugation at 2,000×g for 10 min. Ten µl of the su-
pernatant was filtered using a 0.45-μm pore size filter, 
which was then mixed with 100 μl derivatization reagent 
[prepared by dissolving 10 mg o-phtaldialdehyde in 0.5 
ml methanol, 2 ml 0.4 m borate buffer (pH 10.0), and 30 
μl 2-mercaptoethanol were added] and injected into the 
chromatographic system. Separation of ADMA, arginine 
and citrulline was achieved with a 150×4.6 mm interior 
diameter Thermo ODS column with a particle size of 5 
μm (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. Se-
rum levels of ADMA, arginine and citrulline were mea-
sured by HPLC (HP Agilent 1200, Agilent Technologies, 
Palo Alto, CA, USA) with fluorescence detection. The ar-
eas of peaks detected by fluorescent detector (excitation, 
338 nm; emission, 425 nm) for quantification. 26 minutes 
analysis time used for the measurements. Citrulline, argi-
nine and ADMA standard and samples peaks were eluted 
at 11.49, 12.17, 12.64 minutes respectively in the same 
run. Linearity was assessed in the range 0.1–20 μM of 
ADMA. The mean correlation coefficient was >0.98. The 
ADMA limit of quantitation (LOQ) was 0.1 μM. Analyti-
cal recovery was 96.5%, and the interassay coefficient of 
variation was less than 5%.
At the same time the obtained samples were used to find 
any correlations between ADMA, arginine, citrulline and 
the inflammatory markers. The ESR and CRP levels ana-
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Introduction
Behçet’s disease (BD), described in 1937 by Hulusi 
Behçet, characterized by recurrent oral and genital ulcers, 
uveitis, mucocutaneous, articular, neurological, vascular, 
urogenital, intestinal and pulmonary manifestations, is a 
chronic, inflammatory, multisystem vasculitis [1-3]. BD 
is more common in the Mediterranean region along the 
Silk Road to Japan and its’ etiology is not yet fully un-
derstood. The prevalence of BD is higher in Turkey, the 
Middle East and Japan, while it is less common in north 
European countries and America [3,4]. Endothelial dam-
age and dysfunction, secondary to chronic inflammation 
can be counted as the possible etiologic factors by leading 
to vascular inflammation in BD [5,6]. Recurrent inflam-
mation is one of the most features of the BD especially 
in younger patients. The frequency of the inflammation 
and exacerbation of the BD attacks decrease with age [3]. 
Nitric Oxide (NO), synthesized in endothelial cells, is a 
key molecule for the vascular system. NO occurs from 
amino acid L-arginine, in conjunction with citrulline by 
the Nitric Oxide Synthase (NOS) enzyme [7,8]. NO is one 
of the important mediators of the inflammation and immu-
nity, and its functions include endothelial vasodilatation 
and inhibition of platelet adhesion [9]. The regulation of 
endogenous NO synthesis mostly regulated by asymmet-
ric dimethylarginine (ADMA). ADMA is an endogenous 
potent inhibitor of NOS [10]. ADMA generation occurs 
after the methylation of arginine residues in proteins. Pro-
teolysis of methylated proteins to free amino acids gen-
erates free ADMA [11]. Increased plasma ADMA levels 
in vascular diseases are accepted as vascular risk factor 
[12]. ADMA, broken down by the enzyme dimethylargi-
nine dimethylamino hydrolase (DDAH) to citrulline and 
dimethylamine [13,14]. ADMA is known to be involved 
in the pathogenesis of vasculitis and involved in synthesis 
of NO [5].
Currently, erythrocyte sedimentation rate (ESR) and C-re-
active protein (CRP) are the most widely used laboratory 
parameters as acute phase response in clinical practice for 
exacerbation of BD [15].
Considering the role of NO in vascular complications of 
BD, and the effects of ADMA on NO synthesis, we aimed 
to investigate the ADMA levels and its relation with exac-
erbations in BD patients.

Materials and Methods
For this study, subjects were consecutively registered 
from patients diagnosed with BD, according to the In-
ternational Study Group criteria [16] in our rheumatol-
ogy out-patient clinic. The subjects enrolled in the pres-
ent study were recruited from 34 BD patients (mean age 
37,54±14,3 years, 13 men), and 34 healthy controls (mean 
age 33,29±5,76 years, 19 men). Criteria for exclusion 
were as follows: (a) hypertension; (b) cardiovascular dis-
eases, such as coronary or severe valvular heart disease 



nificantly increased in BD patients (p:0.001 and p:0,003 
respectively). Consequently increased Arginine/ADMA 
ratios were found in the patient group (p:0.001). ESR lev-
els were similar between control and disease while CRP 
levels were significantly increased in the patient group.
When patients divided according to the activity status of 
the disease (Table 3), CRP and ESR levels were higher 
in the active disease patient group (p:0.003, p:0.035 re-
spectively). There were no differences between ADMA, 
arginin, citrulline and arginine/ADMA ratio between the 
active-nonactive disease groups.
We checked the correlations separately in the patient 
group and in controls. In controls, there were no signifi-
cant correlations with any parameter. Only patients’ corre-
lations data shown in Table 4. While there was no signifi-
cant correlation between the Arginine/ADMA ratio and 
other parameters in controls, a significant correlation was 
observed between the ratio and CRP in the patients group 
(r: 0,634, p:0,001).

Discussion
The main findings of the present study show increased 
levels of serum arginine and citrulline, and decreased 
levels of ADMA in BD patients. Consequently, Arginine/
ADMA ratio showed a significant elevation in BD. In ad-

lyzed by routinely used methods.

Statistical Analysis
Data were analyzed by using statistical software and pre-
sented as mean ± standard deviation for normally distrib-
uted variables, median (min-max) for non-parametric val-
ues. The distribution of the variables was analyzed with 
the Kolmogorov-Smirnov test. Due to non-parametric 
values, Mann-Whitney U test were used and Student’s t 
test was used for the normally distributed variables. Chi-
square test was used for demographic values. Correlation 
analysis was carried out using Pearson’s correlation test. 
P value of <0.05 was considered statistically significant 
for all the tests.

Results
Demographic data were given in Table 1. There was no 
difference between the 2 groups in terms of age, gender, 
BMI, blood pressure and smoking. In order to optimize 
patients and control populations, arterial blood pressures 
were measured for all study participants since ADMA 
correlates with high blood pressure. 
ADMA levels were found to be decreased in BD patients 
when compared to control (p:0.001, Table 2). In contrast 
to ADMA levels, arginine and citrulline levels were sig-
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Table 1. Demographic data for BD patients and control group

 Control (n=34) Behçet disease (n=34) p 
 Mean ± SD Mean ± SD

Age 33.29±5.76 37.54±14.30 Ns

Gender (Male/Female) 19/15 13/21 Ns

BMI (kg/m2) 23.66±4.07 26.56±4.94 Ns

Smoking (+/-) 5/29 4/30 Ns

Mean blood pressure 118.9±25.83 122.3±21.4 Ns

Systolic/ Diastolic (mmHg) / 77±12.8 / 82±16.5 

BMI: Body mass index.

Table 2. ADMA, Arjinin, Arjinin/ADMA ratio, Citrulline, CRP and ESR Levels of 
BD patients and control group

 Control (n=34) Behçet’s disease (n=34) p 
 Median (min-max) Median (min-max)

ADMA (µmol/l)  3.22 (1.93 - 4.79) 2.25 (0.93 – 4.82) 0.001**

Arginine (µmol/l)  88.07 (58 - 130) 116.27 (71.14 - 258.38) 0.001**

Arginine/ADMA 27.26 (14.65-50) 56.34 (20.66 - 212.65) 0.001**

Citrulline  (µmol/l) 63.99 (38.81 - 111.88) 91.72 (61.81 - 162.31) 0.003**

ESR (mm/h) 7 (3 - 23) 8 (2 - 100) 0.49

Median (min-max) 

CRP (mg/l) 3.5  (1.8 - 7.24) 4.57 (2.9 - 31) 0.025*

Median (min-max) 

ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; *p<0.05; **p<0.01.



indicated that connection of protein degradation degree 
with the formation of ADMA is not known and ADMA 
is not the only factor in the pathogenesis of cardiovascu-
lar disease, probably the interactions of protein methyla-
tion, DDAH, ADMA and NO pathways are contributed to 
pathogenesis [11]. 
In this study decreased levels of ADMA and increase in 
Arginine/ADMA ratio in patients with BD have shown 
that arginine was not converted into ADMA or converted 
to other metabolites rather than ADMA such as citrulline 
and NO. Also increased citrulline levels with decreased 
ADMA may indicate an increase in catabolism of ADMA 
by the DDAH enzyme in BD. While inhibition of NOS 
was reduced because of low levels of ADMA in BD, NO 
can be synthesized more as a consequence. Our study im-
poses a preventive role to ADMA through decrease NO-
mediated inflammation and exacerbations of BD. 
Increase in arginine levels may be due to increase in pro-
tein catabolism in BD. Increased arginine also correlates 
with increased CRP levels. Possibly in an acute phase of 
the disease, increase in arginine levels provide more NO 
synthesis for vasodilatation therefore enhances inflam-
mation. Increase in arginine levels may also contribute of 
elevated citrulline levels. 
Increased levels of ADMA accompanied by cardiovas-
cular risk factors such as hypertension, smoking, diabe-
tes mellitus, dyslipidemia, insulin resistance and lead to 
vascular injury and increase the atherosclerosis have been 
reported [11,22]. BD is a systemic inflammatory vascu-
litis with unknown etiology. There are conflict results in 
literature, some studies [6,23] suggest that atherosclero-
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dition to that, there were a negative relationship between 
the levels of ADMA and CRP, which used as an indicator 
of disease activation. Arginine levels showed a significant 
correlation with CRP. ESR and CRP levels have been the 
most widely used laboratory assessments in the routine 
clinical practice as indicators of BD activation [15].
Due to extreme lability of NO and measurement of nitrite-
nitrate (constant products of NO) does not always give 
enough precision, we have analyzed stable molecules 
such as ADMA and arginine. Low level of ADMA can 
not play a preventing role in NO-mediated inflammation 
due to the negative correlations between ADMA and CRP 
in BD.
Evereklioğlu et al [18] reported that high levels of NO 
are proportional to the activity of the disease, and they 
showed that NO plays a role in increased inflammation 
during the activity. Other studies have also shown an in-
crease in NO levels of urine and synovial fluid in BD [19-
20]. Vascular endothelial growth factor levels are shown 
to be increased in patients with BD [21] and it has been 
suggested to be caused by an increase in NO. According 
to our data low levels of ADMA may also contribute to 
NO increase in BD. In addition the inflammation mark-
ers and cytokines such as TNF, IL-2, IL-6, IL-8, IL-17 
and IL-18 are increased in the attack period of BD. This 
increment in cytokines often associated with high levels 
of NO. 
In a review, Erbil et al reported that complexity of forma-
tion of ADMA, and expressed that when cardiovascular 
risk increases also the increase in plasma ADMA concen-
tration can be seen in many cases. But additionally they 

Table 3. ADMA, Arginine, Arginine /ADMA ratio, Citrulline, CRP and ESR Levels 
of BD patients when classified by the disease activity.

 Remission (n=17) Active (n=17) p 
 Median (min-max) Median (min-max)

ADMA (µmol/l)  2.19 (1.06 - 4.82) 2.25 (0.93 – 4.22) 0.58

Arginine (µmol/l)  113.02 (84.17 - 225.98) 133.40 (71.14 - 258.38) 0.32

Arginine/ADMA 52.95 (20.66 - 212.65) 57.29 (22.05 - 169.71) 0.45

Citrulline  (µmol/l) 88.20 (64.61 - 138) 96.11 (61.81 - 162.31) 0.78

ESR (mm/h) 5 (2 - 20) 10 (2 - 100) 0.035*

CRP (mg/l) 2.9 (2.9 - 21) 8.26 (2.9 - 31) 0.003**

ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; *p<0.05; **p<0.01.

Table 4. Correlations between Arginine/ADMA ratio, Citrulline, CRP and ESR 
in BD patients.

 Citrulline ESR CRP

Arginine/ADMA r:-0.088 r:0.194 r:0.634*

Citrulline  r:0.046 r:-0.044

ESR   r:0.142

ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; *p<0.01.



2006; 36(4):449-54.
[6] Ozturk MA, Oktar SO, Unverdi S, Ureten K, Goker B, et al. 

Morphologic evidence of subclinical atherosclerosis obtained by 
carotid ultrasonography in patients with Behcet’s disease. Rheu-
matol Int 2006; 26:867-72.

[7] Lowenstein CJ, Dinerman JL, Synder SH. Nitric Oxide: A Physi-
ologic Messenger. Annals of Internal Medicine 1994; 120(3):227-
37.

[8] Billiar TR. Nitric Oxide, Novel biolgy with Clinical Relevance. 
Annals of Surgery 1995; 221(4):339-49.

[9] Forstermann U, Closs EI, Pollock JS, Nakane M, Schwarz P, et al. 
Nitric Oxide Synthase Isozymes. Hypertension 1994; 23(6):1121-
31.

[10] Vallance P, Leone A, Calver A, Collier J, Moncada S. Accumula-
tion of an endogenous inhibitor of nitric oxide synthesis in chronic 
renal failure. Lancet 1992; 339:572-5.

[11] Erbil MK, Kurt YG, Yaman H, Cakir E, Akgul EO, et al. Metabo-
lism of asymmetric dimethylarginine and its clinical significance. 
Turk J Biochem. 2012; 37(1);99-105. 

[12] Southan GJ, Szabo C. Selective Pharmalogical Inhibition of Dis-
tinct NOS Isoforms. Biochem Pharma 1996: 51;383-94.

[13] Ogawa T, Kimoto M, Sasaoka K. Purification and properties of 
a new enzyme. NG, NG-dimethylarginine dimethylaminohydro-
lase from rat kidney. The Journal of Biological Chemistry 1989; 
264(17):10205-9.

[14] Kimoto M, Whitley GS, Tsuji H, Ogawa T. Detection of NG, NG-
dimethylarginine dimethylaminohydrolase in human tissues using 
a monoclonal antibody. J Biochem 1995; 117:237-8.

[15] Melikoglu M, Topkarci Z. Is there a relation between clinical dis-
ease activity and acute phase response in Behcet’s disease? Inter-
national Journal of Dermatology 2014; 53:250-4.

[16] Criteria for diagnosis of Behçet’s disease. International Study 
Group for Behçet’s Disease. Lancet 1990; 335(8697):1078-80.

[17] Taner A, Unlu A, Kayrak M, Tekinalp M, Ayhan SS, et al. The 
value of serum asymmetric dimethylarginine levels for the deter-
mination of masked hypertension in patients with diabetes mel-
litus. Atherosclerosis 2013;228(2):432-7.

[18] Evereklioğlu C, Turkoz Y, Er H, Inaloz HS, Özbek E, et al. In-
creased nitric oxide production in patients with Behçet’s disease: 
is it a new activity marker? J Am Acad Dermatol 2002; 46(1):50-
4.

[19] Evereklioğlu C, Özbek E, Cekmen M, Mehmet N, Duygulu F, et 
al. Urinary nitric oxide levels are increased and correlated with 
plasma concentrations in patients with Behçet’s disease: is it a new 
urinary activity marker? Nephrology (Carlton) 2003; 8(5):231-8. 

[20] Duygulu F, Evereklioğlu C, Calis M, Borlu M, Cekmen M, et al. 
Synovial nitric oxide concentrations are increased and correlated 
with serum levels in patients with active Behçet’s disease: a pilot 
study. Clin Rheumatol 2005; 24(4):324-30. 

[21] Cekmen M, Evereklioğlu C, Er H, Inalöz HS, Doganay S, et al. 
Vascular endothelial growth factor levels are increased and associ-
ated with disease activity in patients with Behçet’s syndrome. Int J 
Dermatol 2003; 42(11):870-5.

[22] Lu TM, Ding YA, Lin SJ, Lee WS, Tai HC. Plasma levels of asym-
metrical dimethylarginine and adverse cardiovascular events after 
percutaneous coronary intervention. Eur Heart J 2003: 24;1912-9.

[23] Oflaz H, Mercanoglu F, Karaman O, Kamalı S, Erer B, et al. Im-
paired endothelium-dependent flow-mediated dilation in Behçet’s 
disease: more prominent endothelial dysfunction in patients with 
vascular involvement. Int J Clin Pract 2005; 59(7):777-81. 

[24] Kural-Seyahi E, Fresko I, Seyahi N, Ozyazgan Y, Mat C, et al. The 
long-term mortality and morbidity of Behçet syndrome: a 2-dec-
ade outcome survey of 387 patients followed at a dedicated center. 
Medicine (Baltimore) 2003; 82(1):60-76.

sis may have accelerated in BD due to endothelial cell 
dysfunction, loss of elasticity in the arteries and increased 
lipid peroxidation. But in other studies, cardiovascular 
mortality is less common compared with the general pop-
ulation. A 10% cardiovascular mortality rate is given in 
patients with BD [24,25]. The possible reasons include; 
decrease in the severity of the disease over time, more 
frequent vascular involvement on the venous side, and 
mild and episodic course of inflammation in BD. One of 
the possible reason underlying the lower cardiovascular 
mortality might be high NO levels due to low ADMA lev-
els. Frequent vascular complications associated with BD 
are indicated as large blood vessel hemorrhages, arterial 
aneurysm and Budd-Chiari syndrome [23,24]. According 
to our study, one of the underlying reasons of develop-
ment of atherosclerosis in BD is less than other inflamma-
tory diseases [26, 27] might be low levels of ADMA and 
high levels of arginine. On the other hand, Şahin et al [5] 
and Kökçam et al [28] found significantly higher plasma 
ADMA levels in 60 BD patients compared to healthy sub-
jects. Our findings support the reports of Evereklioğlu et 
al [18] and Sahan et al [29] and shows that low ADMA 
levels may play a role under increased levels of NO. In 
addition to low ADMA levels, high arginine levels may 
also contribute high NO synthesis in patient group. 
The onset of disease is in the third or fourth decade of 
life. The activation of BD was more frequent in younger 
patients, the frequency decreases with aging. Also ADMA 
increases with age [30], thereby younger patients have a 
relatively low ADMA and can produce more NO. NO 
may play a greater role in the process of vasodilatation 
and inflammation. One of the reasons of decreasing the 
frequency of attacks in Behçet’s disease with advancing 
age may be ADMA. 
In conclusion, our study suggests that the reduced levels 
of ADMA in patients group may impose a possible pre-
ventive role to ADMA through decrease of NO-mediated 
inflammation and exacerbations of BD. However, further 
studies should be performed to clearly establish the role of 
ADMA in the pathogenesis of the disease.
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