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of Arg (61.1 ±  9.7 vs. 63.6 ±  4.9 µM, P =  0.760), hArg 
(2.62  ±  0.26 vs. 2.52  ±  0.23  µM, P  =  0.891), nitrate 
(38.1 ±  2.2 vs. 38.1 ±  3.0  µM) and nitrite (1.37 ±  0.09 
vs. 1.55 ± 0.03 µM) did not differ between MS and OND. 
Also, CSF concentrations of hArg (0.685 ±  0.100  µM in 
RRMS, 0.597 ± 0.051 µM in SPMS, 0.514 ± 0.037 µM in 
OND), nitrate (11.3 ±  0.6 vs. 10.5 ±  0.3  µM) and nitrite 
(2.84 ± 0.32 vs. 2.41 ± 0.11 µM) did not differ between the 
groups. In NMO patients, however, serum Arg (117 ± 11 vs. 
64 ± 4.9 μM, P = 0.004), nitrate (29 ± 2.1 vs. 38 ± 3 μM, 
P = 0.03), and nitrite (1.09 ± 0.02 vs. 1.55 ± 0.033 µM, 
P  <  0.0001) were significantly different as compared to 
OND. Symmetric dimethylarginine (SDMA) concentra-
tion did not differ in serum between MS and HC (779 ± 43 
vs. 755 ± 58 nM, P = 0.681) or in CSF between MS and 
OND patients (237 ± 11 vs. 230 ± 17 nM, P = 0.217). Our 
study suggests a potential role for ADMA and Arg in neu-
roinflammatory diseases with diverse functions in MS and 
NMO. Higher ADMA synthesis may explain reduced NO 
availability in NMO. hArg and SDMA seem not to play an 
important role in MS and NMO.
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Abstract  The pathogenic hallmarks of multiple sclero-
sis (MS) and neuromyelitis optica (NMO) are cellular and 
humoral inflammatory infiltrates and subsequent demyeli-
nation, or astrocytic cell death in NMO, respectively. These 
processes are accompanied by disruption of the blood–brain 
barrier as regularly observed by gadolinium enhancement 
on magnetic resonance imaging. The role of the l-arginine/
nitric oxide (NO) pathway in the pathophysiology of neu-
roinflammatory diseases, such as MS and NMO, remains 
unclear. In the present study, we measured the concentra-
tions of the nitric oxide (NO) metabolites nitrate and nitrite, 
the endogenous substrates of NO synthase (NOS) l-arginine 
(Arg) and l-homoarginine (hArg), and asymmetric dimethy-
larginine (ADMA), the endogenous inhibitor of NOS activ-
ity, in the serum and cerebrospinal fluid (CSF) of patients 
with MS, NMO or other neurologic diseases (OND). MS 
(551  ±  23  nM, P  =  0.004) and NMO (608  ±  51  nM, 
P =  0.006) patients have higher ADMA concentrations in 
serum than healthy controls (HC; 430 ± 24 nM). For MS, 
this finding was confirmed in CSF (685 ± 100 nM in relaps-
ing–remitting multiple sclerosis, RRMS; 597 ±  51  nM in 
secondary progressive multiple sclerosis, SPMS) compared 
with OND (514 ± 37 nM; P = 0.003). Serum concentrations 
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hArg	� Homoarginine
HC	� Healthy controls
MS	� Multiple sclerosis
NMO	� Neuromyelitis optica
NO	� Nitric oxide
NOS	� Nitric oxide synthase
OND	� Other neurologic diseases
RRMS	� Relapsing–remitting multiple sclerosis
SDMA	� Symmetric dimethylarginine  

(NG, NG′-dimethyl-l-arginine)
SPMS	� Secondary progressive multiple sclerosis

Introduction

Nitric oxide (NO) has various biological capabilities 
including inhibition of vascular inflammation and platelet 
aggregation, inhibition of immune cell adhesion, vasodil-
atation, and signal transduction in the neuronal system 
(Moncada and Higgs 1993; Leiper and Vallance 1999; 
Haghikia et  al. 2007). l-Arginine (Arg) is the substrate 
of nitric oxide synthase (NOS) isoforms that include the 
neuronal NOS (nNOS), the endothelial NOS (eNOS) and 
the inducible NOS (iNOS). All NOS isoforms catalyse 
the conversion of Arg to NO and l-citrulline (Tsikas et al. 
2000a). In humans, l-homoarginine (hArg), the homologue 
of Arg, is a non-essential, non-proteinogenic amino acid. 
Arg is a semi-essential proteinogenic amino acid and plays 
an important role in metabolism and nutrition in growth, 
health and disease (Wu et al. 2009). hArg may serve both 
as a substrate for NOS and as an inhibitor of NOS activity 
(Moali et al. 1998, 2000; Bretscher et al. 2003). Asymmet-
ric dimethylarginine (ADMA) is a potent (IC50, 1.5  µM) 
endogenous inhibitor of nNOS activity (Tsikas et  al. 
2000a; Kielstein et al. 2007). Symmetric dimethylarginine 
(SDMA) turned out to be an endogenous inhibitor of nNOS 
activity (Tsikas et al. 2000a).

Changes in NO bioavailability and in circulating 
ADMA, SDMA and hArg concentrations have been inten-
sively studied in cardiovascular diseases (CVD) in recent 
decades establishing high ADMA and low hArg concen-
trations as cardiovascular risk factors associated with car-
diovascular and all-cause mortality (Böger et  al. 2009; 
März et  al. 2010; Pilz et  al. 2011; Drechsler et  al. 2011; 
Choe et al. 2013; Atzler et al. 2013, 2014; Pilz et al. 2014, 
2015a, b). Moreover, recent studies on rheumatoid arthritis 
have demonstrated a positive association of inflammatory 
burden with ADMA levels independent of classical CVD 
risk factors (Sandoo et al. 2014), suggesting a pivotal role 
of altered NO metabolism in chronic inflammatory dis-
eases. Yet, experimental studies have reported conflicting 
roles of NO in the pathophysiology of neuroimmunologi-
cal diseases such as multiple sclerosis (MS) with pro- and 

anti-inflammatory properties (Mitrovic et  al. 1994; Farias 
et al. 2007), leaving open the functional role of NO in this 
field.

In the present study, we aimed to evaluate the bioavail-
ability of NO metabolites as well as the concentrations of 
the endogenous modulators of NOS activity, namely Arg, 
hArg, ADMA and SDMA, in the serum and cerebrospinal 
fluid of patients suffering from MS or neuromyelitis optica 
(NMO). Since the hArg-to-ADMA (hArg/ADMA) molar 
ratio is suggested to reflect the balance of NOS modula-
tion with clinical relevance in CVD (Tsikas and Kayacelebi 
2014), we included this parameter in our analyses.

MS is an autoimmune disorder of the central nerv-
ous system (CNS) with neurodegenerative features and 
the most common non-traumatic neurological disorder in 
the young adult among industrialized countries (Haghikia 
et al. 2013). Despite rapid progression in understanding the 
underlying autoimmune processes of MS, i.e., involvement 
of cellular and humoral components in demyelination and 
axonal damage in disease progression (Mahad et al. 2015), 
many aspects leading to the disease are still not well under-
stood. That is the conflicting role of NO being controver-
sially discussed in the field (Smith and Lassmann 2002). 
Although NMO shares many pathomechanisms with MS, 
it is distinct, since it is an antibody-mediated autoimmune 
disease of the CNS primarily directed against the astrocytic 
aquaporin (AQP)-4 water channel (Papadopoulos et  al. 
2014). The results of the present study may shed further 
light on the role of NO in the pathophysiology of MS and 
NMO.

Materials and methods

Patients

The characteristics of the subjects investigated in the pre-
sent study are summarized in Tables 1 and 2. Cerebrospinal 
fluid (CSF) and serum samples for routine diagnostic and 
therapeutic purposes were obtained after written informed 
consent from 14 MS and 9 NMO patients, as well as from 
11 healthy controls (HC). For this study, we assessed 
CSF samples from another 14 clinically well-defined MS 
patients and 26 patients with other neurologic diseases 
(OND). Hemorrhagic CSF samples were excluded. MS 
patients were subdivided into two groups according to the 
disease course, i.e., the relapsing–remitting MS (RRMS) 
group and the secondary progressive MS (SPMS) group. 
All samples were stored at −80  °C until analysis. The 
study protocol conformed to the ethical guidelines of the 
1975 Declaration of Helsinki as reflected in an approval 
by the Ethics Committee of the Ruhr-University Bochum 
(Bochum, Germany).
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Biochemical analyses and quality control

hArg (Kayacelebi et  al. 2014a, 2015) and ADMA (Tsikas 
et  al. 2003; Tsikas 2009) in serum and CSF samples were 
analyzed by GC–MS/MS. SDMA was analyzed in some 
serum and CSF samples by GC–MS/MS as reported recently 
for urinary SDMA (Tsikas et  al. 2011). Arg in serum and 
CSF samples was determined by GC–MS (Tsikas et  al. 
2003). Nitrite and nitrate in serum and CSF samples were 
quantitated simultaneously by GC–MS (Tsikas 2000).

The serum samples of the study were analyzed in two 
runs alongside quality control (QC) of unspiked and spiked 
serum samples. Study samples were analyzed once only, 
whereas QC samples were analyzed in duplicate. Spiked 
concentrations were 0.5  µM for ADMA and SDMA, 
1.5 µM for hArg, 60 µM for Arg, 2 and 4 µM for nitrite, and 
20 and 40  µM for nitrate as described elsewhere (Tsikas 
2000; Kayacelebi et al. 2015). The respective basal concen-
trations were (all in µM): 0.390 ±  0.014, 0.495 ±  0.007, 
2.96 ± 0.30, 87.5 ± 3.7, 0.64 ± 0.08, and 7.29 ± 0.37. The 

Table 1   Demographics of 
multiple sclerosis patients 
with their course of disease, of 
neuromyelitis optica patients 
and healthy controls whose 
serum was tested in this study

f female, M male, SPMS secondary progressive MS, RRMS relapsing–remitting MS, n.a. not applicable

Subject Age (years)/gender Disease duration (years) AQP-4 antibody Disease course

Multiple sclerosis (MS)

 MS-1 56/f 15 – SPMS

 MS-2 43/m 10 – SPMS

 MS-3 46/f 7 – SPMS

 MS-4 45/m 8 – SPMS

 MS-5 47/f 12 – SPMS

 MS-6 55/f 4 – RRMS

 MS-7 43/m 12 – SPMS

 MS-8 52/f 28 – SPMS

 MS-9 55/m 22 – SPMS

 MS-10 26/f 4 – RRMS

 MS-11 57/m 17 – SPMS

 MS-12 33/m 7 – RRMS

 MS-13 21/f 4 – RRMS

 MS-14 35/f 6 – RRMS

Neuromyelitis optica (NMO)

 NMO-1 59/m 7 Positive n.a.

 NMO-2 26/f 8 Positive n.a.

 NMO-3 42/f 8 Positive n.a.

 NMO-4 49/f 5 Positive n.a.

 NMO-5 43/f 7 Positive n.a.

 NMO-6 43/f 9 Marginal n.a.

 NMO-7 46/f 1 Negative n.a.

 NMO-8 23/f 3 Marginal n.a.

 NMO-9 38/f 1 Positive n.a.

Healthy controls (HC)

 HC-1 29/m n.a. n.a. n.a.

 HC-2 27/f n.a. n.a. n.a.

 HC-3 27/m n.a. n.a. n.a.

 HC-4 28/f n.a. n.a. n.a.

 HC-5 31/f n.a. n.a. n.a.

 HC-6 27/m n.a. n.a. n.a.

 HC-7 25/m n.a. n.a. n.a.

 HC-8 25/m n.a. n.a. n.a.

 HC-9 25/m n.a. n.a. n.a.

 HC-10 24/f n.a. n.a. n.a.

 HC-11 24/f n.a. n.a. n.a.
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results of the QC samples are summarized in Table 3. All 
biochemical parameters were measured in the QC samples 
with generally acceptable precision (relative standard devi-
ation, RSD in  %) and accuracy (recovery in  %).

Statistical analysis and data presentation

Statistical analyses were performed on and graphs were 
constructed by Origin 7.5G and GraphPad Prism 5.04. 

Table 2   Demographics of 
patients with multiple sclerosis 
with their disease course or 
other neurologic diseases whose 
cerebrospinal fluid was tested in 
this study

f female, m male, SPMS secondary progressive MS, RRMS relapsing–remitting MS

Multiple sclerosis (MS)

Subject Age (years) Gender Disease duration (years) Disease course

MS-I 52 f 27 SPMS

MS-II 37 m 11 SPMS

MS-III 50 f 7 SPMS

MS-IV 63 m 23 SPMS

MS-V 53 f 12 SPMS

MS-VI 42 m 17 SPMS

MS-VII 57 f 20 SPMS

MS-VIII 40 f 3 RRMS

MS-IX 43 m 5 RRMS

MS-X 48 f 8 SPMS

MS-XI 38 m 6 SPMS

MS-XII 48 f 4 RRMS

MS-XIII 26 f 1 RRMS

MS-XIV 33 m 2 RRMS

Other neurologic diseases (OND)

Subject Age (years) Gender Diagnosis

OND-1 71 f Polyneuropathy

OND-2 41 m Spinocerebellar ataxia

OND-3 70 m Dementia

OND-4 53 f Migraine

OND-5 71 m Atypical Parkinson syndrome

OND-6 62 f Normal pressure hydrocephalus

OND-7 63 m Guillain–Barre syndrome

OND-8 57 m Neuromyelitis optica

OND-9 26 m Isolated optic neuritis

OND-10 67 f Stroke

OND-11 70 f Lewy body dementia

OND-12 48 m Epilepsy

OND-13 69 f Dementia

OND-14 48 f Exclusion multiple sclerosis

OND-15 86 f Polyneuropathy

OND-16 62 m Normal pressure hydrocephalus

OND-17 67 m CNS lymphoma

OND-18 25 f Transverse myelitis

OND-19 56 m Hereditary spastic paraplegia

OND-20 51 f Paraneoplastic myelitis

OND-21 46 m Paraneoplastic cerebellar degeneration

OND-22 68 m Sarcoidosis

OND-23 54 f Transverse myelitis

OND-24 21 f Exclusion multiple sclerosis

OND-25 40 f Clinically isolated syndrome

OND-26 71 f Vasculitis



1841Serum and cerebrospinal fluid concentration…

1 3

Nonparametric correlation (Spearman) between two 
parameters was performed. Statistical significance was 
tested by the nonparametric Mann–Whitney t test. A P 
value ≤0.05 was considered significant. Data are presented 
as mean ± SEM.

Results

Amino acids

The serum concentrations of hArg, ADMA and Arg and 
the molar ratio hArg/ADMA in MS and NMO patients 
and in HC are shown in Fig. 1. The serum concentration of 
hArg did not significantly differ (P =  0.095) between MS 
(2.62 ± 0.26 µM) and NMO (3.39 ± 0.43 µM) or between HC 
(2.52 ± 0.23 µM) and MS (P = 0.891) or NMO (P = 0.053) 
(Fig. 1a). The serum concentration of ADMA was higher in 
MS (551 ± 23 nM, P = 0.004) and NMO (608 ± 51 nM, 
P = 0.006) patients compared to HC (430 ± 24 nM), with 
no statistical difference between MS and NMO patients 
(P = 0.614) (Fig. 1b). No significant difference in the hArg/
ADMA ratio was seen between the MS (4.836  ±  0.552, 
P = 0.132) or NMO (5.697 ± 0.813, P = 0.762) group and 
the HC group (6.040  ±  0.639) (Fig.  1c). Also, the hArg/
ADMA ratio did not differ between the MS and NMO groups 
(P = 0.329). MS patients and HC controls had very similar 
serum Arg concentrations (61.1 ±  9.7 vs. 63.6 ±  4.9  µM, 
P = 0.760). However, NMO patients had significantly higher 
serum Arg concentrations (117 ± 11 μM) than MS patients 
(P = 0.002) and HC (P = 0.001) (Fig. 1d). The serum SDMA 
concentration did not differ between MS and HC (779 ± 43 
vs. 755  ±  58  nM, P  =  0.681). There was no correlation 
between the ADMA and SDMA serum concentrations in the 
MS (r = 0.425, P = 0.129) and HC (r = 0.356, P = 0.286) 
groups. In serum of MS patients, ADMA (r  =  −0.772, 
P = 0.001) but not hArg (r = −0.464, P = 0.095) or SDMA 
(r = −0.330, P =  0.249) correlated with Arg. In serum of 
HC subjects, ADMA (r = −0.772, P = 0.001) but not hArg 
(r = −0.464, P = 0.095) or SDMA (r = −0.330, P = 0.249) 

correlated with Arg. In serum of the MS patients, ADMA, 
hArg (r =  0.538, P =  0.088) and SDMA did not correlate 
with Arg.

The CSF concentrations of hArg and ADMA and their 
molar ratio hArg/ADMA in MS and OND patients are 
shown in Fig. 2. The hArg concentration in the CSF sam-
ples did not differ between the groups (0.685 ± 0.100 µM in 
RRMS, 0.597 ± 0.051 µM in SPMS, and 0.514 ± 0.037 µM 
in OND). The CSF concentration of ADMA was higher in 
the MS patients (123 ± 19 nM in RRMS, 128 ± 11 nM in 
SPMS) compared to the OND patients (94.5 ±  5.1  nM). 
The ADMA concentration in CSF differed between SPMS 
and OND (P  =  0.003). The hArg/ADMA ratio in CSF 
did not differ between the groups (6.10 ± 1.17 in RRMS, 
4.78 ± 0.39 in SPMS, and 5.72 ± 0.48 in OND). The CSF 
concentrations of hArg and ADMA were lower than in 
serum, yet the hArg/ADMA ratio was comparable in both 
biological samples. Arg was not measured in CSF samples. 
The CSF concentration of SDMA did not differ between MS 
and OND patients (237 ± 11 vs. 230 ± 17 nM, P = 0.217). 
The SDMA concentration in CSF failed narrowly to reach 
statistical significance between SPMS and RRMS patients 
(247  ±  10 vs. 209  ±  25  nM, P  =  0.059). ADMA and 
SDMA concentrations in CSF correlated in MS (r = 0.732, 
P = 0.003) and OND (r = 0.558, P = 0.003) patients.

Nitrite and nitrate

The serum concentration of nitrate and nitrite did not 
differ between MS patients (38.1  ±  2.15  µM nitrate; 
1.37 ±  0.09  µM nitrite) and HC (38.1 ±  3.02  µM nitrate 
P  =  0.763; 1.55  ±  0.03  µM nitrite, P  =  0.476). In the 
NMO patients, nitrate (29 ± 2.1 μM, P = 0.03) and nitrite 
(1.09 ± 0.02 nM, P < 0.001) were significantly lower than in 
HC.

The CSF concentration of nitrate (11.3  ±  0.56  µM) 
and nitrite (2.84 ±  0.32  µM) in the MS patients and the 
CSF concentration of nitrate (10.5 ± 0.32 µM) and nitrite 
(2.41 ±  0.11  µM) in the OND patients were not signifi-
cantly different (P = 0.201 and P = 0.767, respectively).

Table 3   Summary of the results 
from the GC–MS and GC–MS/
MS analyses of the quality 
control (QC) serum samples 
performed in the present study

n.u. not used, n.a. not applicable

Analyte Concentration (µM; mean ± SD, n = 2) Precision (RSD,  %)/accuracy 
(recovery,  %)

QC1 QC2 QC3 QC1 QC2 QC3

ADMA 0.390 ± 0.014 0.875 ± 0.021 n.u. 3.6/n.a. 2.4/97 n.a.

SDMA 0.495 ± 0.007 0.940 ± 0.057 n.u. 1.4/n.a. 6.1/89 n.a.

hArg 2.96 ± 0.30 4.61 ± 0.04 n.u. 10.1/n.a. 0.9/110 n.a.

Arg 87.5 ± 3.7 148 ± 7.9 n.u. 4.2/n.a. 5.3/101 n.a.

Nitrite 0.64 ± 0.08 2.88 ± 0.28 5.02 ± 0.26 12.5/n.a. 9.7/112 5.2/110

Nitrate 7.29 ± 0.37 29.6 ± 1.03 51.0 ± 1.82 5.1/n.a. 3.5/112 3.6/109
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Relationship between nitrite, nitrate and hArg/ADMA 
in serum and CSF

There was no correlation between serum levels of nitrite 
and hArg/ADMA in the MS patients (Fig.  3a). In HC, a 
positive but not statistically significant correlation between 
serum nitrite and hArg/ADMA was observed (Fig.  3c). 
In the serum, nitrate correlated negatively with hArg/
ADMA in the MS patients (Fig.  3b) and in the HC sub-
jects (Fig.  3d), but narrowly failed to reach statistical 

Fig. 1   hArg, ADMA, hArg/ADMA and Arg in serum samples of 
patients with multiple sclerosis (MS, n =  14), neuromyelitis optica 
(NMO, n  =  9) and in healthy subjects serving as control (HC, 
n = 11). The P values on the top refer to the HC group. The P value 
on the bottom refers to MS and NMO
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Fig. 2   hArg, ADMA and hArg/ADMA in CSF samples of patients 
with multiple sclerosis (RRMS, n = 5; SPMS, n = 9) and in patients 
with other neurologic diseases (OND, n = 26)
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significance (Fig.  3d). In CSF, nitrite but not nitrate cor-
related negatively with hArg/ADMA in the OND patients 
(Fig. 4).

Discussion

This is the first study to investigate the relationship between 
hArg and ADMA in serum and CSF samples of patients 
suffering from MS and in serum of patients with NMO. 
Our study shows that MS patients have higher CSF concen-
trations of ADMA as compared to OND and higher serum 
levels of ADMA HC. On average, MS and NMO patients 
had about 120 nM and 180 nM higher ADMA concentra-
tions in serum than HC, respectively. From the quantitative 
point of view, these are remarkable differences (Horowitz 
and Heresztyn 2007), and are supportive of the involvement 
of ADMA in the pathology of MS and NMO. Although 
ADMA is a strong inhibitor of nNOS (IC50, 1.5 µM; Tsi-
kas et  al. 2000a), higher serum and CSF concentrations 
of ADMA in MS patients were not associated with lower 
concentrations of nitrite and nitrate in serum and CSF. This 
observation may indicate that ADMA, which is an endog-
enous inhibitor of constitutive and inducible NOS isoforms 

(Tsikas 2009; Tsikas et al. 2000a, b; Kielstein et al. 2007), 
is not necessarily involved in MS as an inhibitor of NO 
synthesis. This observation is in line with a previous study 
reporting higher concentrations of nitrate and nitrite in CSF 
of MS patients, suggesting a correlation between disease 
progression and levels of nitrate and nitrite (Redjak et  al. 
2004). However, in NMO higher ADMA levels were asso-
ciated with reduced nitrate and nitrite concentrations indi-
cating impaired NO availability presumably caused by the 
inhibitory action of ADMA on NOS activity. This observa-
tion points to diverse function of elevated ADMA in MS 
and NMO.

The serum concentration of hArg in MS patients was 
very close to that in the OND group of the present study. 
In CSF, there was a trend towards higher hArg concentra-
tions in MS as compared to HC. Interestingly, both ADMA 
and hArg are present in CSF at lower concentrations than 
in serum or plasma and they are close to those measured in 
skeletal and adipose tissue of healthy humans (May et al. 
2014, 2015).

Emerging evidence suggests that hArg may antagonize 
ADMA effects in the circulation and that the hArg/ADMA 
molar ratio may be a more suitable parameter to evaluate 
the relative effects of hArg and ADMA (Kayacelebi et  al. 
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2014b; Tsikas and Kayacelebi 2014). The hArg/ADMA 
molar ratio may include a component related to NO. In the-
ory, this is possible because ADMA is an inhibitor of NOS 
(Tsikas 2009; Tsikas et al. 2000a, b; Kielstein et al. 2007), 
and because hArg may serve both as substrate and inhibitor 
of NOS activity (Moali et  al. 1998, 2000). Thus, one may 
assume that the hArg/ADMA molar ratio may correlate with 
nitrite and/or nitrate as NO metabolites. Despite some limi-
tations, nitrite in serum (and plasma) may indicate NO bio-
availability and thus NO-related function (Tsikas 2015). We 
did not observe a correlation between serum nitrite and the 
hArg/ADMA molar ratio, neither in HC nor in MS patients, 
but only a positive trend in HC. Interestingly, in our MS 
patients nitrite did not correlate with the hArg/ADMA molar 
ratio. Thus, the hArg/ADMA molar ratio may also relate to 
biological activities of ADMA and hArg beyond the Arg/NO 
pathway. In contrast to serum, nitrite in the CSF correlated 
negatively with the hArg/ADMA molar ratio both in the MS 

patients and OND patients. The same also applied to nitrate, 
whereas the extent of correlation appeared to be weaker for 
nitrate as compared to nitrite. The overall negative asso-
ciations between hArg/ADMA and nitrate or nitrite in CSF 
observed in the present study remain to be established in 
larger studies. Studies in this area are very rare and their 
input debatable mainly because of analytical shortcomings 
with respect to ADMA, nitrite, nitrate and other NO metabo-
lites (Stojanovic et al. 2012; Ljubisavljevic et al. 2012).

The results of the present study indicate a potential role 
for ADMA in both MS and NMO. However, differences in 
serum concentrations of nitrate and nitrite in MS and NMO 
suggest diverse effects of ADMA further supporting the 
pathomechanistic differences of these two otherwise simi-
lar neuroimmunological disorders.
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