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ABSTRACT

We optimized an high-performance liquid chromatographic
(HPLC) method for the determination of 3-methylhistidine (3-MeHis)
in biological fluids. After pre-column derivatization with OPA,
analytical separation was achieved on a reversed-phase C18 column
by a simple gradient between sodium propionate buffer and
acetonitrile. The method is accurate, reproducible and sensitive,
and allows the determination of urinary 3-MeHis levels in about 55
min. Other additional 16 amino acids may be easily quantified
while the 3-MeHis peak is well resolved from an unknown urinary
compound potentially interfering.

INTRODUCTION
Serum 3-methylhistidine (3-MeHis) levels are proportional to

the amount of ingested muscular proteins, and therefore may be
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considered a useful tool for studies about the pathophysiology of
protein absorption in man (1). Moreover, the urinary levels of 3-
MeHis are considered a gquantitative index of the human skeletal
muscle myofibrillar protein breakdown (2-6). In relation to the
growing interest about this amino acid, a sensitive, specific,
rapid and inexpensive method for the assay in biological fluids is
needed.

Because of the complex of urinary matrix and the low levels
of 3-MeHis, the analytical technigque chosen for its determination
should be characterized by an high specificity for this amino
acid and should resolve the peak of interest from the whole
aminoacidic pattern. At this purpose, a number of techniques have
been developed, including the ion-exchange chromatography (7,8),
thin-layer chromatography (TLC) (9), gas-chromatography (GC)
(10,11), gas chromatography-mass spectrometry (GC-MS) (11,12) and
high-performance liquid chromatography (HPLC) (13-19). Most of
these methods require sophisticated and not always available
instrumentations (GC-MS, aminc acids analyzer), and, in the
meantime, are not easily introduced in the clinical laboratory
routine without the presence of expert and well-trained personnel.
Different approaches exist as far as 3-MeHis determination
concern. Some authors prefer to purify the amino acid of interest
from the wurinary matrix with the use of ion-exchange columns
before the derivatization and the chromatographic analysis
(11,16,17). Some others (13) prefer to destroy anserine (B-

alanylhistidine) and the highly concentrated histidine that may
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interfere with 3-MeHis determination. The amino acid analyzer
remains however the reference method for this kind of analysis,
although very time consuming and expensive (3-MeHis is one of the
last eluting in the amino acid pattern).

The HPLC technique with pre-column derivatization, for its
versatility and the high selective separation ensured, appeared
a very attractive option. In particular, the pre-column
derivatizing agent o-phthalaldehyde (OPA) reacts with 3-MeHis to
give a fluorescent iscindole that, ensuring a good sensitivity of
detection in the pmoles range, allows the determination of 3-MeHis
also in serum, where the amino acid is present in very low
concentration (4 pM). A number of papers have been published about
the use of this technique for amino acid analysis (i14-18). We have
studied the major parameters affecting the separation of 3-MeHis
from the surrounding and interfering components, bproviding an
improved method for its specific quantification in biological
fluids. In the same analytical run other 16 amino acids may be

simultaneously guantified.

EXPERIMENTAL

Chemicals

The neutral and acid amino acids standard solution, the
basic amino acid standard mixture and the internal standard
homocysteic acid were purchased from Sigma (St. Louis, Mo, USA).
OPA and 2-mercaptoethanol (MCE) were from Pierce (Chester, UK),

while iodoacetic acid and propionic acid were purchased from
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Janssen Chimica (Beerse, Belgium). All chemicals and solvents were
of analytical grade and obtained from Merck (Darmstad, FRG). Water
was always doubly distilled and the buffers were filtered through

a 0.45 pm filter (Millipore, Bedford, MA, USA) before HPLC

analysis.

Reagents and Solutions

OPA (5 mg) was dissolved in 100 pL of methanol, then 0.9 mL
of sodium borate buffer (400 mM, pH 9.5) and 4 pL of 2-MCE were
added to this solution. JIodoacetic acid (0.75 g) and boric acid
(0.6 g) were dissolved in water (100 mL, pPH 9.95). 5-
Sulfosalicylic acid (SSA) was prepared at 3% (w/vol). The working
amino acids standard solution (75 pM) was obtained by mixing 100
pL of the standard physiological solutions (2.5 mM) with 100 pl of
glutamine (2.5 mM) and diluting with 3 mL. water. Aliquots were
stored at -80° C until use. Homocisteic acid was prepared 2.9 mM.
Propionic acid (15.68 mL) and anydrous disodium hydrogen phosphate
(49.6 g) were dissolved in water under stirring. The solution was
exactly titrated to pH 6.50 with few drops of NaOH 2 M, brought to

1 L and stored at room temperature as stock HPLC buffer.

Apparatus

The HPLC was a System Gold Beckman (Palo Alto, CA, USA). The
pump mod. 126 was connected through a mod. 406 analogical
interface with LS-3 fluorescence detector (Perkin-Elmer, CT, USA).
The excitation wavelength was 360 nm and the emission was 455 nm
with a fixed scale of 2 for the analysis in urine and of 4 for the

analysis in serum.
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Chromatographic Conditions

We used a Beckman Ultrasphere ODS (150 X 4.6 mm, 5um) column

with a pre-column Spheri 5 ODS (30 X 4.6 mm, 5um) (Bronwlee, Santa

Clara, CA, USA). Eluent A was 62% water, 30% stock sodium
propionate buffer, 8% acetonitrile; eluent B was 45% water, 30%
acetonitrile, 25% methanol. The flow rate was 1.4 mL/min. The
column was conditioned with 100% of solvent A. At 30 min from the
injection the solvent B was increased to 13% over 7 min and held
for 18 min. Then B was brought to 90% in 2 min. After 10 min of
washing, the solvent A was reported to 100% in 3 min and a new

analysis was repeated after other 5 min.

Sample Preparation

To 50 pL of standard solution, urine or serum, homocysteic
acid (10 pL) and SSA 3% (100 uL) were added. After centrifugation,
50 pL of the supernatant were transferred in a polypropylene
Eppendorf tube containing 100 pl of iodoacetic acid and exactly 1
min after OPA (100 pL) addition, 20 pl. were injected into the

column.

RESULTS

Urinary and Serum 3-MeHis HPLC Analysis

The analysis of urinary 3-MeHis, because of the presence
of many endogenous components, requires very carefully controlled
conditions. Anserine (Ans) and carnosine (Carn), dipeptides
usually present in physiological and patological biological fluids

(19) are the peaks eluting just before 3-MeHis, while B-alanine
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(usually not present in urines) and alanine follow immediately
after (Fig. 1). In a first time utilizing a 25 mM sodium
propionate buffer concentration (10 %) in the eluent A of the HPLC
(Fig. 1/A), we obtained a sufficient resolution of the 3-MeHis
peak in respect to the surrounding standard amino acids. When the
urinary samples were examined, however, we noted the presence of
an unidentified peak not well resolved from 3-MeHis, with a delay
in the retention time of 3-MeHis of only 0.5 min (Fig. 1/A*).

Increasing the sodium propionate percentage of the solvent A
from 25 mM to 50 and 75 mM (range 10-30%), we observed an
improvement in the resoclution of 3-MeHis from the unknown peak (1
min and 2.5 min difference in the retention times, respectively)
(Fig 1/B* and 1/C*). Therefore to achieve a correct evaluation of
3-MeHis urinary level, avoiding the partial superimposition of the
unidentified peak, it is more advisable to apply these last
conditions.

However, this interfering compound, affecting the
interpretation of 3-MeHis data, was not present when a complete
amino acid standard mixture including 35 physiological amino acids
was analyzed (Fig. 2).

As the interfering peak was not present in serum, 3-MeHis
quantification was performed in this case with eluent A containing

only 10% of sodium propionate buffer (Fig.3).

Linearity, Reproducibility and Sensitivity
Quantitative assay was performed by means of the external

standard calibration curve, obtained from aqueous solutions of 3-



10: 06 25 January 2011

Downl oaded At:

Lan
2
<

s

1-ne

Cax
aw.

‘nu
181 .

50

TLIGRESCRNCE

I

i
Tl
.MJMJU
o
g !

LUBAESCENCE

FIGURE 1:

separation.

B*

Standard mixture
analyzed with 10% sodium propionate in the HPLC eluent A. In B and

(A) and an

urine

sample

Influence of the ionic strength on the OPA-3MeHis

(A*),

the same samples were analyzed using 20% of sodium propionate.

In C and C* analyses were performed with 30% of sodium propionate.
The column was a Beckman Ultrasphere ODS (150 X 4.6 mm,
pre-column Brownlee cartdrige

Flow-rate
emission

1.4 mL/min,

Spheri 5 ODS (30 X 4.6 mm,
detector with excitation at 360 nm and
at 455 nm. OUnidentified peak present
specimens. The arrows point out 3-MeHis peaks.
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FIGURE 2: Typical chromatographic separation obtained for 35
physiological OPA amino acids (75 pM). Sodium propionate in the
eluent A was 75 pM. Other conditions as in fig.1. The gradient
utilized is the same reported elsewhere (20).

MeHis in the range 75-1250 uM. The integrated peak areas,
normalized to the internal standard, were plotted against the
amount of 3-MeHis in the standard solution (Fig. 4). The detector
response was linear in all the tested range, the regression data
being Y = 0.00143 (#0.00007) X - 0.021 (x0.077) (n = 5) with a
correlation coefficient r? = 0.998.

In order to determine the precision of the assay, 50 pL of
the amino acid standard mixture were derivatized and injected (94

pmoles) consecutively (n = 5). The within-day coefficient of
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FIGURE 3: Analysis of a serum sample.
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Sodium propionate in the
eluent A was 10%. The detector was set at a fixed scale of 4. The
concentration of 3-MeHis was 9 pM (11.2 pmoles injected).
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FIGURE 4: Linear regression for the OPA-derivative of 3-MeHis.
3-MeHis/homocysteic acid area ratios were plotted versus the

concentration of the standard solutions.
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variation (CV %) of 3-MeHis was 3.4%. Testing the same standard
mixture on different days (n=7) we obtained a between-day CV% of
6.7. By considering a signal-to-noise ratio of 3, the limit of 3-

MeHis detection was 1 pmole injected.

Application

Using the described conditions, we have determined the 3-
MeHis urinary excretion in 10 normal-weight healthy children (6-12
years) and in 10 adults (20-40 years) who were placed for three
days on a meat-free diet. The 3-MeHis average daily excretion was
119431 pmol/die for children and 128+24 umol/die for adults, in

good agreement with the literature data (13,16,17).

DISCUSSION

In conclusion the HPLC conditions set up in our study
allowed an accurate and seasitive urinary and serum 3-MeHis
quantification. The conditions described by Turnell et al. (18)
for analysis of OPA-derivatives of amino acids were optimized
because of the presence of a urinary unknown compound eluting
under the 3-MeHis peak. The intake of the eluent B was delayed and
the gradient rate was slowed, while the presence of dimethyl
sulfoxide was avoided in order to enhance the column lifetime. By
applying a 50 mM HPLC eluent, a satisfactory 3-MeHis
quantification was achieved. However, during the lifetime of the
analytical column we noted a loss of efficiency with an increasing
broadening of the 3-MeHis peak and a decresed resolution from the

nearer peaks. By using a 75 mM HPLC buffer a greater symmetry of
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the 3-MeHis, usually tailing with the lower ion strenght buffers,
was obtained, with a useful column lifetime of about 1500 urine
injections and peaks always well formed and clearly resolved. When
column back-pressure, the absolute retention times and the peaks
shape deteriorated, the replacement of the pre-column was forced.
In serum, the interfering peak was absent and 3-MeHis levels were
satisfactory determined by using only the 25 mM sodium
propionate concentration and applying the same gradient wutilized
for the urine analysis. It is to point out that the 25 mM buffer
allows a  better separation of the amino acids group eluting in
the middle of the chromatogram (glycine, threonine, 1-
methylhistidine, citrulline, arginine), while at the higher
propionate concentrations some of these peaks tend to coelute
(Fig. 1/B and 1/C).

With the described procedure the 3-MeHis peak elutes at
about 52 min, with a remarkable time saving in respect to the
traditional amino acid analyzer (19) and in respect to other
described HPLC (16, 17) or GC (10, 11) procedures requiring long
and tedious pre-purification of the samples. An OPA pre-column
procedure for 3-MeHis guantification was previously proposed by
Hung et al. (15). However a different elution order of the OPA-
amino acid derivatives was reported in the middle part of the
chromatogram, with 1-Mellis (usually present in very large amount
in urine samples) eluting too close to 3-MeHis peak and
precluding an accurate guantification in biological specimens.

We have currently used this method to evaluate the daily

urinary 3-MeHis excretion in normal adults and children taken
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under a meat-free diet for three days, obtaining a good
concordance with the references values (13,16,17). In addition,
with the described analytical procedure we have quickly determined
the 3-MeHis excretion in 20 obese children taken under a low
calories controlled diet for a six month period. The complete data

from this clinical study will be published elsewhere.
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