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Abstract:

BACKGROUND: Arginine, citrulline and asymmetric dimethylarginine (ADMA) are three molecules
in the nitric oxide (NO) pathway which provide useful information about vascular endothelial function.
ADMA accumulates with patients with chronic kidney disease (CKD) and inhibits NO synthesis. We
describe the modification of a previously established method for the measurement of amino acids
analysis for simultaneous detection of arginine, citrulline, and ADMA in plasma and to validate its
performance in patients with CKD.

MATERIALS AND METHODS: Arginine, citrulline, and ADMA were simultaneously separated
by reverse-phase high-performance liquid chromatography by precolumn derivatization with
O-phthalaldehyde using the modified method. It was then applied for analysis in thirty patients with
CKD and thirty healthy controls so as to cover the entire measuring range, i.e., normal and uremic
range.

RESULTS: The method showed a good performance in terms of linearity, precision, and recovery.
The detection limit of the assay for ADMA was found to be 0.05 umol/L at a signal-to-noise ratio
of 38:1. The average within run coefficient of variation for ADMA using this method was 4.7% in the
normal range and 1.9% in the uremic range, while the average between-day precision in the normal
and uremic range was 6.5% and 5.2%, respectively. Patients with CKD were found to have higher
concentration of ADMA compared to controls.

CONCLUSION: This method can be useful in assessing the baseline cardiovascular risk in an
individual as well as in the follow-up of the patients who are receiving L-arginine, and thus, assess
the response to treatment by simultaneous measurement of arginine and ADMA.
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transfer the methyl group from SAM to
arginine thus forming methylated arginine
and S-adenosylhomocysteine.!'! Vallance
et al. first described the clinical importance
of ADMA as an inhibitor of nitric oxide (NO)

Introduction

Asymmetric dimethylarginine (ADMA)
is a naturally occurring guanidine
compound (amino acid) in circulating

blood. It is synthesized during the
methylation of protein arginine residues
by S-adenosylmethionine (SAM): Protein
arginine methyltransferases. These enzymes
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synthase.”? ADMA competes with arginine for
the binding site of NO synthase and inhibits
NO production within pathophysiological
ranges observed in humans.®
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ADMA is cleared through renal excretion and
through metabolism by dimethylarginine dimethyl
aminohydrolase.! As ADMA is excreted in the
urine, it accumulates in the blood as the kidneys fail.
Dysfunction of the L-arginine/NO pathway secondary
to accumulation of ADMA has been implicated in a
number of clinical situations such as hypertension,!
diabetes mellitus, and renal failure.V Increased plasma
ADMA concentrations have been implicated as an
independent risk factor for progression of atherosclerosis,
cardiovascular death, and all-cause mortality.[*%

Many analytical methods have been described for the
quantification of ADMA in plasma and urine. These
include enzyme-linked immunosorbent assay (ELISA),!'!]
high-performance liquid chromatography (HPLC)
with fluorescence detection,!’'l capillary
electrophoresis,'”! liquid chromatography coupled to
mass spectrometry (LC-MS),l"#% gas chromatography
coupled to MS.2021

We sought to adapt a previously described method
for amino acid analysis by reverse-phase HPLC*
which could be used for simultaneous measurement of
the important amino acids involved in NO pathway,
i.e., arginine, citrulline, and ADMA along with other
amino acids.

Materials and Methods

The method is based on the principle of derivatization
of amino acids with O-phthalaldehyde (OPA) to give a
unique, substituted isoindole product, the fluorescence
of which is measured by HPLC using a fluorescence
detector. OPA, 2-mercaptoethanol (ME) and amino
acids-ADMA, arginine, and citrulline were purchased
from Sigma (St. Louis, MO, USA). HPLC grade methanol
and water from Merck (Merck Life Science Private
Limited, Mumbai, India) were used for the preparation
of mobile phase. Chromatographic experiments were
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Figure 1: Comparison of three different precipitating agents. Blue = Sulfosalicylic
acid, Pink = Methanol, Black = Ethanol

performed using a Shimadzu (Kyoto, Japan) LC-20A
HPLC system, a RF-10AXL fluorescence detector.
Separation was performed using a 150 mm x 4.6 mm
Novapak C18 column with a particle size of 5 u protected
by a C18 Guard-Pak cartridge (Shimadzu, Kyoto, Japan).

For standardization, a stock solution of 1 mM for each
amino acid was prepared in HPLC grade water and
stored at —80°C. A working solution of 0.1 mM of each
amino acid was prepared in HPLC grade water. Then,
a mixture containing all amino acids was prepared by
pooling each solution volume to volume. The mobile
solution consisted of solvent A and B. Solvent A, was
sodium acetate buffer of 50 mM concentration, was
prepared in HPLC grade water and pH adjusted to
6.8 with 1N acetic acid. Buffer was filtered through a
0.2u filter. Solvent B was prepared by mixing methanol
and tetrahydrofuran (THF) in a ratio 97:3 (v/v). For
derivatization of amino acids, 10 mg of OPA was
dissolved in 0.5 ml methanol to which 2 ml of 0.4 M
borate (0.4 M boric acid adjusted to pH 10.0 with KOH)
buffer and 30 uL. ME were added.

Deproteinization of samples was performed using
three methods, i.e., using 5-sulphosalicylic acid (5-SSA),
methanol, and ethanol as previously described.*! To

Table 1: Gradient program for the separation of
O-phthalaldehyde amino acid derivatives

Time (min) Mobile phase B (%)
0 10
12 18
16 18
20 28
28 28
40 45
43.5 45
51.0 70
52 100
55 100
56 10
66 10

Figure 2: Amino acid separation along with asymmetric dimethyl arginine using a
previously described method??
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1.0 ml plasma, 20 mg of 5-SSA was added and the mixture
was left in an ice bath for 10 min. The precipitated protein
was removed by centrifugation at 2000 g for 10 min.
The supernatant was filtered through a 0.2u filter for
analysis. For precipitation by ethanol/methanol, 0.5 ml
of ethanol /methanol were added to 1.0 ml plasma, mixed
on a rotary cyclomixer for 10 min, and then, centrifuged
at 2000 x g for 20 min.

Following deproteinization, 100 ul of OPA/ME was
added to 10 pl of sample or standard solution. Vials
were capped, shaken for 2 min. Twenty microliters of
the aliquots of the sample/standard was then introduced
into HPLC column for analysis.

Mobile phase consisting of 50 mM sodium acetate (pH-6.8)
methanol and THF was degassed before use. Each
component of the mobile phase was filtered through
a 0.2u filter. All separations were performed at room
temperature and at a flow rate of 1.5 ml/min. The
flow gradients were introduced as shown in Table 1.
The wavelengths of the fluorescence detector were
set at 338 nm and 425 nm for excitation and emission,
respectively. The areas under the peak were used for
quantitation.

For each amino acid, calibration curves using amino
acid concentrations corresponding to values observed
in normal individuals to values observed in uremic
conditions were plotted (citrulline - 50, 75, 100, 125,
150 pmol/L; arginine - 75, 100, 125, 150, 175 umol/L;
and ADMA - 0.5, 1.0, 2.5, 5, 10 pumol/L). Figure 3

Table 2: Recovery

Number Mean recovery

of runs (range) %
Normal pooled serum + standard 4 5 90-114
(5 umol/L)
Uremic serum + standard 4 (5 umol/L) 5 98-112

Clt

ADMA

Figure 3: Amino acid standard run

shows the amino acid standards run. Finally, a stock
standard containing all amino acids was prepared by
adding each solution volume by volume corresponding
to values observed in normal state and in uremic
state were prepared and were used for two-point
calibration (citrulline - 50, 100 umol/L; arginine - 75,
150 umol/L and ADMA - 1.0, 5.0 umol/L). Calibration
curve for ADMA is shown in Figure 4.

For the method evaluation experiments, each amino acid
standard at two levels (normal level and uremic level)
and pooled serum samples containing concentrations in
the normal range and the uremic range were used for
within-run and between-run precision [Table 2]. Five
runs for each standard and serum aliquot were performed
the same day for within-day precision. For between-day
precision, each aliquot of standard and serum samples
were run in duplicates for ten consecutive days. Further,
linearity of ADMA using different concentrations from
0.5 to 100 pmol/L of ADMA was tested. Three samples
with low, medium, and high concentrations were spiked
with ADMA to study recovery. Recovery experiment
was performed by spiking serum samples with different
concentrations of ADMA standard solution [Table 3]
percentage recovery was calculated as follows:

Recovery % = ([final concentration —initial concentration]
x 100)/added concentration.

After method evaluation experiments were successful,
the method was used for simultaneous measurement of
arginine, citrulline, and ADMA in the study subjects. The
study subjects included 30 healthy subjects who were
nonsmokers, nondiabetic as per the American Diabetic
Association criteria and nonhypertensive as per the Joint
Committee Guidelines VII and thirty patients diagnosed
with chronic kidney disease (CKD) (Stages 3 and 4) as per
the National kidney foundation kidney disease quality
initiative criteria, attending the Nephrology Outpatient
Department of a Tertiary Care Hospital in South India,
after obtaining Institutional Ethics Clearance (IEC 570).
Patients with acute renal failure, acute on CKD, smoking,
congestive heart failure, pregnant women, pediatric age
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Figure 4: Standard curve for asymmetric dimethyl arginine
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Table 3: Within-day and between-day precision

Mean+SD CV (%)

Within-run precision

Standard level 2 (1 pmol/L) 1.04+0.05 5.26

Normal pooled serum 0.80+0.03 418

Standard level 4 (5 pmol/L) 4.6+0.1 217

Uremic pooled serum 5.08+0.08 1.64
Day-to-day precision

Standard level 2 (1 ymol/L) 1.1+0.07 6.42

Normal pooled serum 0.82+0.05 6.73

Standard level 4 (5 ymol/L) 4.58+0.22 4.97

Uremic pooled serum 5.24+0.28 5.49

SD = Standard deviation, CV = Coefficient of variation

Table 4: Serum amino acid levels in patients with
chronic kidney disease and healthy controls

Parameters (umol/L) Mean=SEM

Control group CKD group
Serum citrulline 127.54+18.04 93.34+13.87
Serum arginine 151.08+22.42 143.42+14.02
Serum ADMA 0.73+0.08 2.57+0.39

CKD = Chronic kidney disease, SEM = Standard error of mean,
ADMA = Asymmetric dimethyl arginine

group (<18 years), and those not willing to participate
were excluded from the study. Five milliliters of venous
blood was collected in a plain bulb. Blood was allowed
to clot and then separated by centrifuging at 2000 RPM
for 20 min. Separated serum was stored at —80°C until
further analysis.

Results

Deproteinization of samples using three methods, i.e., using
5-SSA, methanol, and ethanol were compared [Figure 1].
Results using either methanol or ethanol gave similar
results, while the SSA method gave an additional SSA
peak. We chose the method of deproteinization using
methanol since methanol is one of the mobile phases used
for elution and thus minimizes matrix problems.

All the three amino acids, i.e., arginine, citrulline, and
ADMA along with others [Figure 3] could be separated
using a mobile phase consisting of 50 mM sodium
acetate (pH-6.8) methanol and THF and a gradient
program as shown in Table 1. The retention times were
24.2 min for citrulline, 24.6 min for arginine, and 29.8 min
for ADMA.

The mean, standard deviation, and coefficient of
variation (CV) were calculated for within-day and
between-day precision [Table 3]. The average within-day
CV in the normal range and the uremic range were 4.7%
and 1.9%, respectively, while the average between-day
precision in the normal and uremic range were 6.5%
and 5.2%, respectively. Measurement of ADMA using
different concentrations from 0.5 to 100 umol/L of
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Figure 5: Chromatogram of amino acids along with asymmetric dimethyl arginine

ADMA was found to be linear. The detection limit of
the assay was fund to be 0.05 umol/L at a signal-to-noise
ratio of 3:1. The average recovery was 92% in the normal
range and 95.6% in the uremic range.

The concentration of the three amino acids in CKD
patients and in normal healthy controls is shown in
Table 4. CKD patients had significantly higher ADMA
levels compared to controls (P < 0.001). No significant
difference was noted in arginine and citrulline levels
between the two groups.

Discussion

The separation of ADMA along with amino acids in a
single run can be difficult if the proper mobile phase and
gradient program are not maintained. This is especially
true with respect to citrulline, arginine, and ADMA. This
is owing to the structural similarity and a very small
difference in polarity of the two amino acids.

We sought to adopt the method of Rajendra™ for amino
acid separation to simultaneously measure ADMA along
with other amino acids. This method used a mobile phase
of sodium acetate 0.1 M at a pH of 7.2. However, at this
concentration of mobile phase, we could not separate
arginine and ADMA completely owing to their structural
similarity [Figure 2]. Chen et al.™¥! described a method
for ADMA separation along with amino acids in a single
run using a mobile phase consisting of 50 mM sodium
acetate (pH 6.8), methanol, and THF ([A] 82:17:1; [B]
22:77:1). The gradient program was different from the
method of Rajendra. In their analytical run, though they
obtained a good resolution for arginine and ADMA,
citrulline coeluted along with threonine.

We got a good separation of the three amino acids,
i.e., arginine, citrulline, and ADMA along with
others [Figure 3] using a mobile phase consisting of
50 mM sodium acetate (pH-6.8) methanol and THF
and a gradient program as shown in Table 1. We were
also able to baseline resolve both citrulline as well as
threonine [Figure 5].
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The performance of the method was comparable to other
methods previously described. Our method showed a
recovery ranging from 92% to 96% and CV of 1.9% to0 6.5%.
The CV was more in the normal range (6.5%) compared
to the uremic range (5.2%) for between-day precision.
Chen et al.®reported a recovery of over 96% and CV of
less than 3.80% for the inter- and intra-assay precision of
their method. Using LC-MS, Martens-Lobenhoffer and
Bode-Boger!™ reported an interassay relative standard
deviation of 5.7% and intraassay relative standard
deviation of 7.5%. Schulze et al. reported CV of 4.5%
to 7.5% for intraassay precision and 8.3% to 10.3% for
interassay precision for their ELISA method. The mean
recovery for their ELISA method was 94.6% for human
serum. The sensitivity of our method was 0.05 pumol /L.
Chen et al.® reported a sensitivity of one picomol for
their method. Martens-Lobenhoffer and Bode-Boger!™®!
reported a sensitivity of 0.2 umol/L for their LC-MS
method while Schulze et al.'l reported a sensitivity of
0.05 umol/L for their ELISA method.

Application of this method for measurement of
arginine, citrulline, and ADMA in healthy subjects and
patients with CKD showed that patients with CKD
had significantly higher levels of ADMA compared to
controls. CKD patients have elevated levels of ADMA
owing to their impaired clearance.

This simple method for amino acid analysis can thus
be used for simultaneous measurement of citrulline,
ADMA, and arginine; three important amino acids in
the NO synthetic pathway. This method does not involve
complicated sample preparation protocol. Given the
clinical importance of endothelial dysfunction which
precedes overt coronary artery disease,”! it is important
to assess endothelial function.

This method is cost-effective compared to ELISA wherever
technical expertise is available. ELISA can measure only one
analyte at a time and thus different ELISA kits/methods
would be required for analysis of arginine, citrulline,
and ADMA while our method involves simultaneous
measurement of arginine, citrulline, and ADMA. Assessing
ADMA levels can be useful in assessing the endothelial
function and thus aid in cardiovascular risk assessment of an
individual. Pharmacological interventions with L-arginine
have been shown to improve endothelium-mediated
vasodilatation in people with high ADMA levels.

Conclusion

This method can thus be useful in assessing not only the
baseline cardiovascular risk in an individual but can also
be useful in follow-up of the patients who are receiving
L-arginine and thus assess the response to treatment by
simultaneous measurement of arginine and ADMA.
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