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Abstract

The performance of anew ELISA assay kit (DLD Diagnostika GmbH, Hamburg, Germany) for the determination of asymmetric dimethylarginin
(ADMA) was evaluated against a reversed phase HPLC method. ADMA concentrations of 55 serum samples were measured with both meth
The intra-assay CV for ADMA-ELISA was 19%: € 10). Inter-assay CVs for ADMA-ELISA were 9% for kit control 1 (0.431®.037.M)
and 14% for kit control 2 (1.174 0.165.M). The intra- and inter-assay CVs for HPLC assay for ADMA were 2.5% (0£568815.M) and
4.2% (0.664+ 0.028M), respectively. There was no correlation between these two metRdd€(0972). The effect of storage conditions of the
samples on ADMA concentrations was investigated by HPLC. ADMA concentration was stable after four freezing and thawing cycles. Overa
the HPLC method offered better sensitivity, selectivity and, very importantly, simultaneous determination of ADMA, Sfhldiparginine and
L-arginine.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction betes[10-12] renal failure[1,13] and chronic heart failure
[14,15] In addition, ADMA might be an independent predic-
Asymmetric dimethylarginine (ADMA) has been demon- tor of future vascular even{46].
strated to be an endogenous competitive inhibitor of nitric The measurement of the ADMA concentrations in plasma
oxide synthase (NOS) (EC 1.14.13.39) that competes witlhas been of interest, since its association with NO metabolism
the binding of the natural substratearginine [1]. ADMA was discovered in 19921]. Several HPLC methods have
is produced from methylated arginine residues in proteinbeen reported for the analysis of ADM49,17,18] The
by protein methyltransferasd®,3] and it is metabolized by HPLC methods utilize several detection techniques, but the
the enzymeV® NC-dimethylarginine dimethylaminohydrolase most common method for ADMA analysis has been fluo-
1 and 2 (DDAH)[4,5]. ADMA has a stereoisomer, symmet- rescence detection with ortho-phthaldialdehyde (OPA) or
ric dimethylarginine (SDMA), which is not an NOS inhibitor. naphthalene-2,3-dicarboxaldehyde (NDA) derivatization due
Therefore, the ADMA assay methods should be able to distinto their high sensitivity. In addition, a few other methods for
guish between these two isomers. Increased ADMA levels arthe determination of ADMA have been published such as
associated with reduced nitric oxide (NO) synthesis as assessedpillary electrophoresig19], liquid chromatography—mass
by impaired endothelium-dependent vasodilatation. ADMA hasspectrometry (LC-MS)[20,21] and gas chromatography
been reported to accumulate in the plasma of patients with hypecoupled with mass spectrometry (GC-MER] or tandem
cholesterolemi§g], atherosclerosig’], hypertensiof8,9], dia-  mass spectrometry (GC-MS—-MRJB]. Only a few commercial
ELISA kits are available for ADMA measuremeli24,25].
The aim of the present study was to evaluate the performance
* Corresponding author. Fax: +358 17 173200. of a ADMA-ELISA kit (D.LD.Diagnostika Gm_bH, Hambyr_g,
E-mail address: pirjo.valtonen@Kkuh.fi (P. Valtonen). Germany) for the determination of ADMA against an optimized
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HPLC method for ADMA, SDMA and.-arginine according to reader (Tecan SPECTRAFluor, Tecan Group Ltd., Maennedorf,
the method described by Teerlink et[dl8]. ADMA concentra-  Switzerland) using a wavelength of 450 nm (reference wave-
tions in serum samples of 55 patients were measured with boflength 620 nm). All samples, kit controls and standards were
methods. The effect of storage conditions of samples on ADMAanalyzed in duplicate.
concentration was also investigated.

2.4. HPLC assay
2. Experimental

2.4.1. Sample extraction and chromatographic conditions
2.1. Reagents ADMA, SDMA, rL-homoarginine and-arginine concentra-

tions were determined by HPLC using precolumn derivatiza-

L-NMMA  (N®-monomethyle-arginine), L-homoarginine tion with OPA according to the method described by Teerlink

and 3-mercaptopropionic acid were obtained from Flukaet al.[18] with small modifications. In order to optimize the
(Buchs, Switzerland). ADMA N® NC-dimethyli-arginine), HPLC method, we modified that of Teerlink et al. by using
boric acid and OPA were obtained from Sigma (St. Louis, MO ,longer total run time (38 min versus 30 min) and 35 vol.% ace-
USA). L-Arginine was obtained from Calbiochem (Merck Bio- tonitrile instead of 50 vol.% for column washing after elution
sciences, Darmstadt, Germany). Hydrochloric acid was obtaineaf the last analyte. Our injection volume was two-fold com-
from Riedel-deHan (Sigma—Aldrich Laborchemikalien GmbH, pared to Teerlink’s method and autosampler derivatized every
Seelze, Germany). Ammonium hydrochloride, methanol andample just before each HPLC run instead of derivatization
HPLC-grade acetonitrile were obtained from Merck (Darmstadtpf all purified samples at the same time. Calibration stan-
Germany). Potassium dihydrogenphosphate was obtained frodard containing-arginine (23uM), L-homoarginine (M),
FF-Chemicals (Yli-li, Finland). ADMA-ELISA kits were pur- ADMA (3 uM) and SDMA (2uM). L.-NMMA (6 nM) was
chased from DLD Diagnostika GmbH (Hamburg, Germany). used as an internal standard. Plasma pool (&8 uM for -

arginine, 1.2+ 0.03uM for L-homoarginine, 0.64% 0.029u.M
2.2. Samples for ADMA and 0.654+ 0.028uM for SDMA) was used as

quality control. Prior to analysis standards, quality controls

Serum samples for ADMA and ELISA comparison test wereand samples were extracted on Oasis MCX solid phase extrac-

collected from the subjects of Kuopio Ischaemic Heart Dis-tion cartridges (Waters, Milford, MA, USA). Briefly, standards,
ease Risk Factor Study (KIHD26] or their relativeg27]. For  quality controls and samples (200 were mixed with inter-
method evaluation and sample type comparison, EDTA-plasmaal standard (10@l .-NMMA) and 700! phosphate buffered
and serum samples were collected from healthy volunteers. Alaline (PBS), pH 7.2 and then applicated onto the columns.
blood samples were drawn after a 12 h overnight fast. Serurihe columns were washed with 1 ml of 100mM HCI and
was allowed to clot at room temperature for 30 min. The bloodL ml of methanol. Dimethylarginines were eluted with 1 ml
samples were centrifugated at 150@ for 10 min and plasma ammonia—water—methanol (10:40:50, v/v). The eluents were
or serum were separated and stored frozendA°C until anal-  dried under nitrogen (+58C) and dissolved in 10@l ion

ysis. exchanged water (Milli Q, Millipore, Billerica, MA, USA) for
HPLC analysis.

2.3. ELISA assay HPLC analysis was carried out on a Merck Hitachi liquid
chromatography system (Hitachi, Tokyo, Japan) consisting of

2.3.1. Sample preparation a gradient pump (D-6200), an autosampler (AS-4000) and a

Acylation was conducted in the 96-well reaction plate sup-fluorescence detector (F1000). Standards, quality controls and
plied with the kit according to the instructions of the manufac-samples (10@.) were incubated for 2 min with the 1Qd OPA
turer. Standards, kit controls and samples(BOvere mixed reagent (1 mg/ml OPA in borate buffer, pH 9.5, containing
with 25l acylation buffer and 2pl equalizing reagent. Sub- 0.1vol.% 3-mercaptopropionic acid) before automatic injec-
sequently, 2%l acylation reagent was added and the reactiortion (40ul) into the HPLC. The OPA-derivatives of ADMA
plate was incubated for 30 min at room temperature on an orbitand internal standard were separated on Symmetry C18 column
shaker. Diluted equalizing reagent (30 was added and the (4.6 mmx 150 mm, 5um, Waters, Milford, MA, USA) with flu-
incubation was continued for 45 min. After the incubation, theorescence monitor set a*=340nm and.*M=455nm. The

samples were ready for the ELISA analysis. column temperature was kept at +3D. Standards, quality con-
trols and samples were eluted from the column with 50 mM
2.3.2. Performance of assay K-phosphate buffer, pH 6.5 and 8.7 vol.% acetonitrile, at a flow

The ADMA-ELISA kit consists of a split-type reaction plate rate of 1.1 ml/min. After elution of the last analyte, the column
(12 x 8) coated with ADMA, six standards (048M), rabbit  was washed with stronger solvent (35 vol.% acetonitrile from 24
anti-ADMA antiserum, goat anti-rabbit-lgG-peroxidase conju-to 29 min). After washing, the column was equilibrated for 8 min
gate, TMB substrate solution, stop solution and wash buffewith separation buffer, resulting in a total run time of 38 min.
Aliguots (50pl) of the acylated standards, kit controls or sam-L-Arginine was analyzed with the same method, but in that
ples were processed according to the instructions of the kitase the injection volume was iDand the total run time was
manufacturer. Absorbances were measured with a microplathorter (33 min). Data acquisition and analysis were performed
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using D-7000 HPLC System Manager software (Hitachi, Tokyowas 0.05.M according to manufacturer kit instructions for use.

Japan). Absorbance of the ADMA-ELISA standards was from 0.3 to
1.8 AU as reported by Schulze et f14]. Concentrations of the
2.4.2. Standard curves and recovery kit control 1 (0.410t 0.037.M) were between the target range

Calibration standards (0.09, 0.18, 0.38, 0.74, 1.47, 2.96 andhlues (0.24-0.4pM) in every analyzed plate, whereas the con-
7.51.M) were prepared for ADMA and SDMA from the stock centrations of the kit control 2 (1.1240.165.M) were higher
solutions (3.64 mM) diluted in PBS. Calibration standards forthan the target range values (0.6 in two of three plates.
L-arginine were 1.5, 3.1, 6.3, 12.5, 25, 50, 100 and 200  The intra-assay CV of the plasma pool (0.486.083uM,
Calibration curves were calculated by graphing the ratio of peak = 10) was 19% in the ADMA-ELISA assay. The inter-assay
heights of the standard to peak heights of the internal starcV of ADMA was 9% for kit control 1 and 14% for kit control
dards versus concentration. The recovery of ADMA, SDMA2 (n=3).
andL-arginine was studied by spiking three plasma samples from
healthy volunteers with known quantities of standard, extracting.2. HPLC assay
and quantitating spiked analyte.

Method validation was done for the HPLC method and
2.4.3. Sample type and storage stability parameters including calibration linearity, recovery, repro-

To test the influence of sample collection tube on the analyducibility and stability were studied.
sis, blood samples from healthy volunteers were collected into
different Vacutainer tubes (Becton Dickinson Diagnostics, Ply-3.2.1. Sample preparation and recovery
mouth, UK). Tubes with anticoagulant (heparin, LH 68 .U, ref  Solid phase extraction was performed for the standards, qual-
368884 and LH PST II, ref 367374 or EDTA, K2E 5.4 mg, ref ity controls and the samples before HPLC separation. For the
368856) and tubes without anticoagulant were tested (serum\DMA, SDMA andL-homoarginine quantitation, only 0.2 ml of
CAT, ref 369032 and SST Il Advance, ref 367957). The resultgplasma or serum is needed in order to accurately determine nor-
of plasma samples were compared with serum values. To studyal low levels of the analyte. The mean recoveries for ADMA,
the storage stability of ADMA in frozen sample and the effect of SDMA, L-homoarginine and-arginine from plasma were 95,
variable freezing and thawing cycles, the plasma samples we@5, 100 and 113%Table 1), respectively, which agrees well
divided into aliquots and were placed into a freezeQ°C).  with other report$18,28].

The aliquots were analyzed after one, two, three or four freezing
and thawing cycles. Time between freezing and thawing cycles.2.2. Sample derivatization and chromatography

was 24 h. For the HPLC method, ADMA, SDMA,-homoarginine and
L-arginine were derivatized into a fluorescent derivative by reac-
2.5. Statistics tion of theira-amino group with OPA reagent. Mercaptopropi-

onic acid was used for the derivatization because of its higher sta-

Data are presented as mehastandard deviation (S.D.). Sta- bility with the OPA reagent compared to mercaptoethanol. The
tistical analyses were performed with the regression analysigrecolumn derivatization procedure was performed automati-
A probability level of <0.05 was considered statistically signif- cally by the autosampler giving repeatable results. Under iso-

icant. cratic conditions, ADMA and SDMA were almost completely
separated. The retention times were as followsarginine

3. Results and discussion (10.52+0.13 min), internal standard (14.870.22 min), L-
homoarginine (16.8% 0.25min), ADMA (19.76+ 0.29 min)

3.1. ELISA assay and SDMA (20.89+ 0.30 min). Representative chromatograms

of a plasma sample with and without internal standard are pre-
Three different microtiter plates were tested, and standardsented irFig. 1
kit controls and samples were analyzed in duplicate. Quality con-
trols from the ADMA-ELISA kit were analyzed in every plate. 3.2.3. Linearity and detection limit
In ELISA test, the mean linearity from the dilutions is 90%, the  Analyte concentrations of the samples were calculated
mean recovery was 95% from spiked samples and sensitivitirom the calibration standard, which was extracted and chro-

gaet():lsviry of ADMA SDMA L-arginine and.-homoarginine ¢M) from human plasman(= 3)

ADMA SDMA L-Homoarginine L-Arginine

Mean+ S.D. Recovery (%) Meaitt S.D. Recovery (%) Meatt S.D. Recovery (%) Meatt S.D. Recovery (%)
Plasma 0.398:0.010 0.379:0.021 5.0 0.07 106.4-2.6
Spiked plasma 2.2520.101 95 2.246:0.092 95 8.730.139 100 129.62.9 113

Spike added ADMA 1.9%.M, SDMA 1.97uM, L-homoarginine 3.65.M andv-arginine 19.9M.
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1 3.2.4. Reproducibility
100 The intra-assay CVs of the plasma pool for ADMA
(0.643u.M), SDMA (0.654u.M), 1.-homoarginine (1.2M) and
] L-arginine (58.uM) were 2.5,5.6, 1.4 and 2.5%€ 9), respec-
] tively. Inter-assay CVs of 10 series of samples for ADMA,
SDMA, L-homoarginine and-arginine were 4.2, 3.7, 2.9 and
2.8%, respectively, when two quality controls were analyzed in
. the same sequence.
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] . 3.2.5. Sample type and storage stability
] “ Lu In order to test the influence of sample collection tube on the
analysis, blood samples from healthy volunteers8) were col-
lected into five different Vacutainer tube types with and without
0 2 4 6 8 10 12 14 16 18 20 22 24 26 anticoagulant. There were no significant differences between the
ADMA (0.5364+ 0.015, CV =2.7%) or SDMA (0.402 0.010,
CV =2.6%) concentrations collected to all different test tubes.
1 Mean  concentration  measurements of plasma
1003 (0.607+ 0.064.M) versus serum (0.608 0.072uM) samples
E gave significantly similar results for ADMAu(= 15, correlation
80 coefficient=0.907,P<0.001, y=1.0276 — 0.0205). Finally,
E the stability of ADMA concentration during the storage of sam-
ples was evaluated. ADMA (0.47490.011uM, CV =2.4%)
3 and SDMA (0.462:0.003uM, CV=0.7%) concentrations
were stable in EDTA-plasma sample after four freezing and
3 thawing cycles Fig. 2). The storage stability of ADMA was
tested by analyzing aliquots of EDTA-plasma seven times
4 during 7 months storage in20°C and the mean concentration
1 L\N of ADMA was 0.661+ 0.008 and the CV was 1.2%.
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L 3.3. Method comparison
0 2 4 6 8 10 12 14 16 18 20 22 24 26

® Retention Time (min) Fifty-five patient samples were measured with ELISA and

Fig. 1. Typical chromatogram of normal plasma with internal standard ( HPLC methods. Both agsays can be used for the measure-

NMMA) (A), and without internal standard (B). Peak identity: (tprginine; ~ mentof ADMA concentrations from serum and plasma samples.

(2) L-NMMA,; (3) L-homoarginine; (4) ADMA; (5) SDMA. HPLC conditions  The analytical sensitivity was OM for the HPLC assay and

are described in Sectidh 0.05uM for the ELISA assay24]. The reproducibility of the
ELISA assay was worse than that of the HPLC assay and there

. was no correlation between these assays over the 0.39-0M09
matographed under the same conditions as the samples. Excel-

lent linearity was observed for ADMA and SDMA over
the concentration range 0.1-M (correlation coefficients
R?=0.999, y=0.2848&+0.0141 for ADMA andR?=0.999,
y=0.262G + 0.0153 for SDMA, respectively). The calibration
curve for ADMA and SDMA was linear up to 20M and

it confirmed the results of Teerlink et gtL8]. The correla-
tion coefficients fon.-homoarginine and-arginine calibration
curve wereR2=0.992 ¢=0.1810G:+0.0113) andR?=0.999
(y=0.4432 +0.0903), respectively. The calibration curverfer
arginine was linear up to 2QOM. For the analysis of samples,
single-point calibration was performed because of the good lin- 0.1
earity of the calibration curve. The linearity of serum samples
was goodg = 17,y =0.2005 — 0.0005R? =0.9996 P < 0.001). 0 . i i .
The lower limit of detection (LOD) of the HPLC assay based on 0 1 2 3 4 5

a signal/noise ratio of 3 was below QuM for ADMA, SDMA, Number of freezing-thawing cycles
L'homoa_lrgl_nme and below8M for L-arginine. The lower limit Fig. 2. The storage stability of ADMA®) and SDMA @) in frozen sample
of quantitation (LOQ) was below 0;8M for ADMA, SDMA, after one to four freezing and thawing cycles (24 h). ADMA concentrajidu)(
L-homoarginine and below 1M for L-arginine. is presented mean concentration of four samples.

0.6

0.5 1

0.4

0.3

0.2 1

ADMA concentration (uM)




P. Valtonen et al. / J. Chromatogr. B 828 (2005) 97-102 101

12 ADMA-ELISA kit was poor, although we followed strictly the
y = 0.3394x + 0.3972 . . .
) instructions for use of the kit.

17 R"=0.0972 In previous studies, there have been large deviations noted

in ADMA concentrations between the different ADMA meth-

ods. Bdger and Zoccali have found that ADMA and SDMA are

bound to plasma proteins and it may explain the varying results

from diverse methods due to different sample preparation tech-

nigues29]. Most importantly, the choice of internal standard is

a demanding task. We have found that the concentration of a nat-

urally occurring amino acid,-homoarginine, which is widely

used as aninternal standard in ADMA analy83-35] can vary

substantially in normal serum and plasma samples (1.2:14,2

n=61, unpublished results). Recently, it has been reported that

L-homoarginine is not present in biological samgisj, but in
HPLC, ADMA (M) earlier studies,-homoarginine has been found in small amounts

also in other body fluids and organs, e.g. urine, cerebrospinal

04 - fluid, liver, kidney and brairj36—38] although its function is

not yet fully resolved. Our choice afNMMA as internal stan-

037 o dard was based on the lower concentration-bBfMMA (below

B - 0.5pM) [18,21,32]in human blood samples compared to the

¢ *.. concentration of -homoarginine (1.2—-6.2M). Other possible

0.1 7 M %3 choice for internal standard in ADMA measurement iS-N

i +® propyl—.-arginine which has been used by Nonaka ef34].
* e *

ELISA, ADMA (uM)

0.2

=

0.1 . .
* . 4. Conclusions

-0.2 1

Diff. in ADMA (HPLC-ELISA)(LM)

. We compared the commercial ELISA kit for the quantitative
analysis of ADMA concentrations with HPLC method. The cor-
04 - relation between these assays appeared to be poor. In addition,
®) ADMA concentrations between the methods differed widely.
Average ADMA by two methods (M) . . .
Therefore, a commercially available standard reference material
Fig. 3. (A) The correlation between the ELISA and HPLC ADMA methods in With traceability is needed against which the calibration of dif-
human serum sampleg£ 55,7 =0.796). (B) Difference (HPLC-ELISAuM)  ferent methods could be checked reliably. Overall, compared to
against mean for two ADMA methods. the commercial ELISA-ADMA kit, our HPLC method offered
better sensitivity, selectivity and, very importantly, simultane-
ous determination of ADMA, SDMAL-homoarginine and-

c_oncentratlon rang_eR@:0.0972,P:0.796,F|g. ). In aqd'_ arginine, although a good ELISA method has a higher sample
tion, a plot of the difference between the methods against thel[ roughput than other methods
Y .

mean shows that there is lack of agreement between these tw

ADMA methods Fig. 3B). However, Schulze et al. have found

good correlation between this new ELISA assay and GC—M3Acknowledgements

(R2=0.991,2=9) and LC-MS g2 =0.984 1 = 29) assayf24].
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