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a b s t r a c t

In the late 1970s the atypical metabolite of ornithine, ornithine-lactam, has been observed in urine
samples of patients suffering from hyperornithinemia. However, not least due to insufficient analyti-
cal methods, until now there are no data available about ornithine-lactam in human plasma. Here, we
describe a new method, which is, for the first time, suitable to identify and quantify ornithine-lactam
in human EDTA-plasma. The method was validated according to the requirements of the FDA guidance
for bioanalytical method validation. The analytes were extracted on mixed mode cation exchange SPE
rnithine
ILIC
C–MS/MS
lasma

columns, separated on a silica analytical HPLC column working in the HILIC mode and detected on a
tandem mass spectrometer equipped with an ESI ion source. As internal standard newly synthesized
stable isotope labeled D6-ornithine-lactam was used. The calibration function was linear in the range
of 0.1–5 �M. Intra- and inter-day precision and accuracy was better than 14% at all concentration lev-
els. In EDTA-plasma samples from 30 volunteers ornithine-lactam concentrations ranging from 0.136 to
0.653 �M were determined. These concentrations correlated significantly (p < 0.001, R2 = 0.784) to those

ma.
of ornithine in EDTA-plas

. Introduction

The non-essential amino acid ornithine plays a central role
n a couple of physiologically fundamental biochemical path-

ays. In the urea cycle it is synthesized from arginine by the
nzyme arginase. In consecutive enzymatic reactions it is con-
erted to citrullin, then to argininosuccinate and finally back to
rginine. Keeping the homeostasis of the urea cycle is of vital
mportance for the organism [1]. Furthermore, ornithine is the
iochemical source for the amino acids proline and glutamate
nd is the starting point of polyamine synthesis [2]. However, it
s not incorporated in proteins. From a chemical point of view,

rnithine is a �-�-amino acid, which is capable to form by the
bstraction of a water molecule a relatively stable �-lactam, which
eatures an unstrained six-membered ring (Fig. 1). First evidence
hat this conversion actually took place in humans stemmed from
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nd Transfer”, guest edited by Serge Rudaz and Philippe Hubert.
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the observation of an additional ninhydrin-positive substance in
the urine of patients suffering from hyperornithinemia. It could
indeed be verified that the structure of this substance was 3-
amino-piperidone, which is the chemical name of ornithine-lactam
[3,4]. In the late 1970s, when this research was performed, the
analytical techniques were incapable to detect ornithine-lactam
in plasma, but it was suspected that it is also present in plasma.
To test this hypothesis and to investigate correlations between
ornithine-lactam concentrations and other biochemical param-
eters, a specific and highly sensitive (because of the expected
low concentrations of ornithine-lactam in plasma) assay was
required.

In the here presented study we developed and validated
a method, which is for the first time suitable to identify
and quantify ornithine-lactam in human plasma of apparently
healthy human subjects. It featured hydrophilic interaction liq-
uid chromatography (HILIC) with electrospray ionization (ESI)
tandem mass spectrometric (MS/MS) detection. Newly synthe-
sized isotopic labeled ornithine-lactam was used as I.S. to get

reliable, precise and accurate results. The validation was car-
ried out following the guidelines of the United States Federal
Food and Drug Administration (FDA) for the validation of bioan-
alytical methods [5,6], which has become the current industrial
standard.

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:jens.martens-lobenhoffer@med.ovgu.de
dx.doi.org/10.1016/j.jchromb.2009.01.031


J. Martens-Lobenhoffer et al. / J. Chrom

F
l

2

2

S
o
b
w

2

d
(
o
o
a
(
T
t
t
fi
d
l
T
y
t
a
p
r
u
a
fi
t
A
e

m
t
9

2

a
m
(
c
−

2

l
a

+

ig. 1. Chemical structures and reaction pathway between ornithine and ornithine-
actam.

. Experimental

.1. Chemicals

Ornithine-hydrochloride (99% purity) was purchased from
igma–Aldrich (Buchs, Switzerland). Stable isotope labeled
rnithine-hydrochloride (3,3,4,4,5,5-D6) was obtained from Cam-
ridge Isotope Laboratory (Andover, MA, USA). All other chemicals
ere of analytical grade or better.

.2. Synthesis of ornithine-lactam and D6-ornithine-lactam

The synthesis of ornithine-lactam followed the procedure
escribed by Blade-Font [7]. A solution of ornithine-hydrochloride
20 g, 118.6 mmol) in 50 ml water was cooled to 5 ◦C and a solution
f NaOH (4.74 g, 118.6 mmol) in 20 ml water was added dropwise
ver a period of 30 min while stirring. The clear solution was frozen
nd then lyophilized. The remaining solid was suspended in toluene
700 ml) and aluminium oxide (36.3 g, 355.8 mmol) was added.
he reaction mixture was boiled under reflux using a Dean-Stark
rap to collect the water formed in the reaction. After a reac-
ion time of 3.5 h the mixture was cooled to room temperature,
ltered and the solid was repeatedly washed with a mixture of
ichloromethane–methanol (9:1, v:v) to completely dissolve the

actam. The combined filtrates were evaporated to dryness in vacuo.
he residue (ca. 12.5 g) was recrystallized from diisopropyl ether to
ield ornithine-lactam as a colorless solid (11.3 g). After dissolving
he lactam in water (40 ml), hydrochloric acid (1 M, 63.0 ml) was
dded. The solution was lyophilized and the residue was grinded to
owder in ethanol. The final product, ornithine-lactam hydrochlo-
ide, was collected on a filter, washed with ethanol (5 ml) and dried
nder vacuum. The yield of racemic ornithine-lactam was 70.5%
nd the purity was 98.5%. The identity of the product was con-
rmed by 1H NMR and mass spectrometry. The racemic nature of

he product was detected by chiral chromatography on a Chiralpak
D column with a mobile phase consisting of 70% hexane and 30%
thanol containing 0.1% diethylamine.

D6-ornithine-lactame hydrochloride was obtained in a similar
anner starting with 250 mg D6-ornithine hydrochloride. The syn-

hesis resulted in 180 mg of the deuterated lactam (yield = 77.6%) in
9.7% purity.

.3. Plasma samples

Pooled human EDTA-plasma and EDTA-plasma samples from 30
pparently healthy volunteers (15 male, 15 female, age 20–68 years,
edian 47 years) were obtained from In.Vent Diagnostica GmbH

Hennigsdorf, Germany). The volunteers gave written informed
onsent before enrolling in this study. The samples were stored at
20 ◦C until analysis.
.4. Analytical equipment

The HPLC part of the analytical apparatus consisted of an Agi-
ent 1100 system (Santa Clara, CA, USA) comprising a binary pump,
n autosampler and a thermostated column compartment. The
atogr. B 877 (2009) 2284–2289 2285

chromatographic separation took place on an AtlantisTM HILIC sil-
ica 5 �m 150 mm × 2.1 mm column (Waters, Milford, MA, USA),
protected by a SecurityGuard system (Phenomenex, Torrance, CA,
USA) equipped with a 4 mm × 2 mm silica filter insert. The ana-
lytes were detected by a Thermo Electron TSQ Discovery Max triple
quadrupole mass spectrometer equipped with a ESI ion source (San
Jose, CA, USA). System control and data handling were carried out
by the Thermo Electron Xcalibur software, version 1.2.

2.5. Analyte solutions, calibration – and quality control samples

Stock solutions were prepared by dissolving 50 �mol ornithine-
lactam in 100 ml methanol and 25 �mol of the I.S. D6-ornithine-
lactame in 50 ml methanol, respectively. The I.S. working solution
was freshly prepared on each analysis day by diluting 100 �l of
the I.S. stock solution with 900 �l water. From the stock solution
of ornithine-lactam, fresh working solutions in the concentrations
of 250, 25 and 2.5 �M were prepared by adding proportionate
amounts of water. Calibration samples were prepared by spiking
human EDTA-plasma or water, respectively, to concentrations of
0, 0.1, 0.2, 0.5, 1, 2 and 5 �M. Quality control (QC) samples were
prepared in a similar manner from human EDTA-plasma with spike-
concentrations of 0, 0.5 and 4 �M. The QC-samples were stored at
−20 ◦C until analysis.

2.6. Sample preparation

Calibration-, QC- and unknown samples were prepared by solid
phase extraction (SPE) on mixed mode cation exchange columns
(Oasis MCX, Waters, Milford, CA, USA). The SPE-columns were
activated with both 1 ml of methanol and 1 ml of water. Plasma
samples (500 �l) were mixed with 20 �l of the I.S. working solution
and 100 �l 1 M HCl and subsequently passed through the SPE-
columns. The columns were rinsed with 1 ml 1 M acetic acid and
1 ml methanol and sucked dry for 5 min under vacuum. The analytes
were eluted from the columns by 1 ml of methanol containing 4%
(v:v) concentrated ammonia. The eluate was evaporated in vacuo
and the residue was reconstituted with a mixture of 100 �l 0.1%
(v:v) formic acid and 1 ml acetonitrile. About 200 �l of this mixture
was transferred into autosampler vials with microliter inserts.

2.7. Chromatography and mass spectrometric detection

The chromatographic separation of ornithine-lactam took place
in the hydrophilic interaction liquid chromatography (HILIC) mode
with a mobile phase consisting of 0.1% (v:v) formic acid (A) and
acetonitrile (B). A step gradient starting at 15% A and 85% B, then
instantly going up to 45% A and holding constant until 10 min was
employed. A re-equilibration time of 7 min after each run was nec-
essary. The flow rate was 0.25 ml/min, the column temperature
was set to 30 ◦C and the injection volume was 10 �l. Under these
conditions, ornithine-lactam and the isotopic labeled I.S. eluted
synchronously as sharp and symmetric peaks at about 7.0 min.

The analytes were ionized in an ESI ion source working in the
“positive” mode and were detected by tandem mass spectrometry
(MS/MS). The spray voltage was set to 3500 V, the capillary temper-
ature was 200 ◦C and the sheath gas and auxiliary gas flows were
set to 25 and 2 units, respectively. These parameters were opti-
mized for maximum response by semi-automatic procedures of the
mass spectrometer. Under these conditions, ornithine-lactam and

the I.S. formed quasimolecular ions [M+H] with mass- to charge-
ratios of m/z 115 and m/z 121, respectively. No dimers or solvent
adducts were observed. These precursor ions were fragmented to
product ions with m/z 70 and m/z 75 for ornithine-lactam and the
I.S., respectively. Argon was used as collision gas at a pressure of
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.2 mTorr and the collision energies were 14 V for both analytes.
hese ions were observed for mass spectrometric quantification.

.8. Validation

The validation of the method was performed according to the
equirements of guidelines of the Federal Food and Drug Adminis-
ration (FDA). Extraction yields were determined at three different
oncentrations (0.1, 1 and 5 �M, n = 5) by comparing peak areas of
xtracted samples with peak areas of blank samples spiked after
he extraction with amounts equal to 100% extraction yield. Matrix
ffects on the mass spectrometric response were investigated by
omparing peak areas of pure solutions equivalent to 5 �M D6-
rnithine-lactame with peak areas of six plasma samples from
ifferent individuals spiked with the same concentrations after
xtraction. In both experiments only the I.S. was used because it is,
ontrary to ornithine-lactam, no endogenous substance. Specificity
f the method was evaluated by analyzing plasma samples from six
ifferent individuals with and without the addition of the I.S. To
valuate intra- and inter-day precision and accuracy, QC-samples
f all three levels were analyzed 6-fold on 1 day and additionally
n 5 different working days. Additionally, the intra-day precision
nd accuracy of the lowest calibration level (0.1 �M) was evaluated
n = 6). The accuracies (in %) of the QC-samples were calculated by
he formula(

CM

(CQC−1 + CS)

)
− 1

)
100 (1)

M, mean of measured concentrations; CQC−1, mean concentration
f QC level 1; CS, spike concentration.

Stability of ornithine-lactam against three freeze–thaw cycles
n = 5), stability at room temperature for 16 h (n = 5), stability at
20 ◦C for 15 days (n = 5) and stability of prepared samples left in the
utosampler for 12 h (n = 6) was tested within all three levels of the
C-samples. Stability of the stock solutions of ornithine-lactame
nd the I.S. was tested by comparing solutions stored at 8 ◦C for 11
ays with freshly prepared ones.

. Results and discussion

.1. Sample preparation

In previous work our group has shown that with HILIC chro-
atography and mass spectrometric detection amino acids such

s arginine, ornithine and related compounds can be readily
uantified from biological samples, requiring no sample prepa-
ation other than protein precipitation [8,9]. Unfortunately, with
rnithine-lactam being less hydrophilic in comparison to ornithine,
uch a simple sample preparation leads to extreme broaden-
ng of the chromatographic peaks when samples are prepared
rom EDTA-plasma. To remove endogenous substances responsi-
le for the chromatographic disturbances, SPE with mixed mode
ation exchange columns was necessary. Due to the high reten-
ion strength of this column type for basic compounds at acidic
H, rinsing with methanol to remove all non-polar and all acidic
ompounds without loss of analyte was possible. The analytes were
ubsequently eluted from the column with basified methanol with
early quantitative yield and in acceptable purity. The extraction
ield could only be quantified for the I.S. D6-ornithine-lactam since
he unlabeled ornithine-lactam is an endogenous substance with

nknown concentrations in plasma. The complicated procedure
escribed in Section 2.8 was necessary because of the potential
atrix dependency of the response (see next section) of the mass

pectrometric detector, which prevents comparison of extracted
atrix samples with pure solutions of the analytes. The yield was
Fig. 2. Tandem mass spectra of ornithine-lactam (upper panel) and the I.S. D6-
ornithine-lactam (lower panel). The quasimolecular ions [M+H]+ are marked.

found to be 113.97 ± 16.06% at 0.1 �M, 94.50 ± 2.84% at 1 �M and
89.15 ± 4.75% at 5 �M, without significant differences between the
different concentration levels. It was assumed that no difference in
extraction recovery exists between ornithine-lactam and its stable
isotope labeled I.S.

3.2. Chromatography and mass spectrometric detection

Because of the less polar nature of ornithine-lactam in compar-
ison to ornithine, attempts were made to separate it on reversed
phase columns or porous graphitic carbon columns. However, it
turned out that on these columns it could be retained only with
mobile phases comprising very high water contents, leading to
poor ionization efficiency in the ESI ion source. In contrast, chro-
matography in the HILIC mode on a silica column resulted in good
retention with a mobile phase rich in acetonitrile. Pure solutions
of ornithine-lactam showed symmetric and sharp peaks under
isocratic conditions, but in samples prepared from plasma occa-
sionally peak broadening and distortion was observed, despite the
sophisticated sample preparation. To address this problem, a step
gradient elution was applied to refocus the analyte peaks at the
start of the chromatographic separation. Under these conditions,
sharp and symmetrical peaks were observed in EDTA-plasma sam-
ples.

In the ESI ion source of the mass spectrometer, the quasimolec-
ular ions [M+H]+ of ornithine-lactam and its I.S. with the masses
m/z 115 and 121, respectively, were produced. No adduct ions or
dimers of the analytes were observed. To achieve optimal selectiv-
ity, tandem mass spectrometry was applied with argon as collision
gas (see Fig. 2). In the case of ornithine-lactam, only one major frag-
ment ion with the mass of m/z 70 was observed. The I.S., however,
fragmented to three major fragment ions with the masses m/z 74,
75 and 76 with intensity ratios of 1:2:1. This effect seems to stem

from the probability of the different pathways leading to fragment
ions via the loss of two, one or no deuterium atoms. Obviously,
no such effect could be observed in unlabeled ornithine-lactam.
For quantification, the fragment ion traces of m/z 70 and m/z 75
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ig. 3. Representative chromatogram of ornithine-lactam (upper trace) and the I.S.
6-ornithine-lactam (lower trace) from EDTA-plasma. The additional peak at 7.8 min
orresponds to the mass spectrometric crosstalk of ornithine. The ornithine-lactam
oncentration of this plasma sample was 0.393 �M.

ere observed for ornithine-lactam and the I.S., respectively. In the
ourse of the method development it was observed that in the ion
race of ornithine-lactam in plasma samples always an additional
eak showed up. Subsequently, this signal could be associated with
rnithine, which is present in all plasma samples in relatively high
mounts. Beside its quasimolecular ion with a mass of m/z 133, it
s converted by in-source collision-induced dissociation (CID) in a
mall percentage to ornithine-lactam with m/z 115. It was there-
ore necessary to separate the two substances chromatographically
o avoid wrong quantitative results for ornithine-lactam caused
y mass spectrometric crosstalk from ornithine. In Fig. 3 a typical
hromatogram from human EDTA-plasma is depicted. As it can be
een, in the ion trace for ornithine-lactam (retention time 7.0 min)
n additional peak, relating to ornithine, showed up at 7.8 min.
o other endogenous peaks were observed in the ion traces for
rnithine-lactam or the I.S. Matrix effects on the mass spectromet-
ic responses were tested with six different EDTA-plasma samples.
s it was the case in the evaluation of the extraction yield, only

he I.S. could be used for the investigation because of the unknown

ndogenous amounts of ornithine-lactam in the plasma samples.
eak areas of pure solutions with concentrations of 5 �M were com-
ared to blank EDTA-plasma extracts, spiked after extraction with
�M. The matrix samples showed higher responses of 110.0 ± 5.2%

n comparison to pure solutions, resulting in a positive matrix effect

able 1
ntra- (n = 6) and inter-assay (n = 5) precision and accuracy.

ample Matrix Spike concentration (�M)

ntra-assay
alib. level 1 Water 0.1
C-level 1 Plasma 0.0
C-level 2 Plasma 0.5
C-level 3 Plasma 4.0

nter-assay
C-level 1 Plasma 0.0
C-level 2 Plasma 0.5
C-level 3 Plasma 4.0

a Not applicable.
atogr. B 877 (2009) 2284–2289 2287

of 10%. However, since the matrix effects act in the same way on
ornithine-lactam as on the I.S., no matrix effect on the quantitative
results would occur (see next section).

A method utilizing LC–MS/MS technology provides a high
inherent specificity due to its ability to distinguish the ana-
lytes not only by their chromatographic retention times, but also
by their molecular masses and fragmentation patterns. On the
other hand, it is difficult to ensure specificity for endogenous
substances as ornithine-lactam because there is no analyte free
matrix available. To evaluate the specificity of our method, we
analyzed plasma samples with and without the addition of the
I.S. In the samples prepared without I.S., no peaks in the ion
traces of the I.S. could be observed. In the samples with I.S., the
peaks for ornithine-lactam showed the same shapes and reten-
tion times as the peaks for the I.S., so we concluded that the
ornithine-lactam peaks were uncompromised by other endogenous
substances.

3.3. Calibration

The calibration is always a major problem in the development
of a method for the quantitative determination of endogenous sub-
stances because no authentic matrix free of the analyte is available
[10]. One common method for calibration is the addition of cal-
ibration solution to matrix samples. This results in a calibration
function not intercepting at the origin, but at an offset equivalent to
the unknown amount of analyte in the matrix before addition of the
calibration solution. The only way to avoid such an offset calibration
function is to calibrate from non-matrix (i.e. water) samples. In this
case it has to be verified that both calibration functions from matrix
samples and from water samples result in identical slopes for the
calibration functions, thus confirming matrix independence of the
method. In the case of the here described method, this precondition
for matrix independent calibration was fulfilled. A linear weighed
(1/x) least square calibration from water samples resulted in the
parameters slope = 1.081 ± 0.059, an insignificant (p = 0.196) inter-
cept of 0.025 ± 0.039 and a correlation coefficient of R = 0.999, while
the respective parameters of the calibration from plasma samples
were slope = 1.062 ± 0.061, intercept = 0.315 ± 0.042 and R = 0.999.
The differences in the slopes between the calibration functions of
the two matrices were less than 2% and therefore negligible. In
consequence, the calibration from water samples is usable to quan-
tify ornithine-lactam in unknown plasma samples. A weighed least
square regression was selected, because the standard deviations of
the measurements were nearly linearly increasing with concentra-
tion and therefore the higher calibration levels were dominating
the regression if no weighing was introduced.
concentration of the calibration range, i.e. 0.1 �M. Accuracy and
precision was acceptable at this level in accordance with the FDA
validation guidelines (see next section). The limit of detection was
found to be 0.02 �M at a signal-to-noise ratio of 3.

Measured concentration (�M) R.S.D. (%) Accuracy (%)

0.117 14.3 16.9
0.269 12.5 N/Aa

0.754 4.2 −1.9
4.173 3.0 −2.3

0.249 14.1 −7.4
0.711 4.1 −5.8
4.322 2.5 3.6
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Table 2
Stability of ornithine-lactam in plasma samples under various conditions.

Sample Spike (�M) Type of experiment

Plasma at RTa for
16 h (n = 5)

Three freeze–thaw
cycles (n = 5)

Processed samples
at RT for 12 h (n = 6)

Storage at −20 ◦C
for 8 days (n = 5)

Storage at −20 ◦C for
15 days (n = 5)

QC-level 1 0.0 Average (�M) 0.282 0.262 0.299 0.248 0.276
R.S.D. (%) 7.1 7.6 6.6 7.1 10.4
Stability (%) 104.7 97.6 111.3 92.1 102.8

QC-level 2 0.5 Average (�M) 0.767 0.841 0.767 0.752 0.701
R.S.D. (%) 9.0 4.9 8.5 8.9 1.7
Stability (%) 101.7 108.0 101.7 99.7 92.9

QC-level 3 4.0 Average (�M) 4.363 4.179 4.006 4.268 3.915

3
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w
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F
o

R.S.D. (%) 2.3 3.2
Stability (%) 104.6 100.2

a RT, room temperature (approximately 23 ◦C).

.4. Accuracy and precision

To evaluate the precision and accuracy of the method, quality
ontrol samples with the spike concentrations 0 (i.e. endogenous
mount), 0.5 and 4 �M were prepared and analyzed. Since there
ere no plasma samples with negligible low amounts of ornithine-

actam available, aqueous test solutions (sample solvent purified
ater) containing ornithine-lactam in a concentration of 0.1 �M
ere also analyzed. The results are summarized in Table 1. The
.S.D.’s for the intra-assay as well as for the inter-assay precision
re in the range of ± 15%, which is acceptable according to the FDA
uidelines for bioanalytical method validation. The accuracy for QC-
evel 1 could not be calculated because the amount of endogenous
rnithine-lactam was unknown in principle. For QC-levels 2 and 3,
he accuracies were in the acceptable range of ± 15%. At the LOQ,
he accuracy was found to be 16.9%, which is also in the acceptable
ange of ±20% for this level.

.5. Stability of ornithine-lactam
During the method development, there were concerns that
rnithine-lactam could be of limited stability in aqueous solvents
ue to hydrolysis to ornithine [11]. Therefore, various experiments

nvestigating the stability were performed as requested by the FDA
uideline. The results are summarized in Table 2. In all experiments,

ig. 4. Correlation between EDTA-plasma concentrations of ornithine-lactam and
rnithine in 30 healthy volunteers.
5.5 1.1 4.5
96.0 102.3 93.8

no clear trends to higher or lower concentrations of ornithine-
lactame could be observed. Thus, the stability of ornithine-lactame
in plasma is given for more than 2 weeks and during sample pro-
cessing and measurement. The stability of ornithine-lactam and the
I.S. in the stock solutions was tested by comparison of old solutions
stored for 11 days at 8 ◦C with freshly prepared ones. The differ-
ences between the old and new stock solutions were less than 5%
(n = 5).

3.6. Application of the method

In the course of our study, EDTA-plasma samples from 30 appar-
ently healthy individuals were tested for the concentration of
ornithine-lactam. In addition to each batch of samples, two sets
of QC-samples were measured. All quality control samples show
deviations from the expected values of less than 15%, thus sat-
isfying the requirements of the FDA guidelines for routine drug
analysis. Volunteer characteristics were age (20–68 years, median
47 years), body mass index (20.1–31.2 kg/m2, median = 24.8 kg/m2),
plasma creatinine (0.7–1.3 mg/dl, average = 1.0 mg/dl) and gender
(15 male, 15 female). All individuals showed clearly detectable
ornithine-lactame signals, with concentrations ranging from 0.136
to 0.653 �M with an average of 0.364 �M. To compare these
concentrations with the ornithine plasma values, ornithine was
determined independently according to a previously published
method [9]. Ornithine concentrations were 30.5–138.2 �M with an
average of 79.2 �M. As it turns out (see Fig. 4), a highly significant
correlation between the concentrations of ornithine-lactam and
ornithine in plasma exits, with a correlation coefficient of R2 = 0.784
(p < 0.001). No further significant correlations between ornithine-
lactam and the other recorded parameters were observed. The
correlation between ornithine and ornithine-lactam may indi-
cate that both compounds are in a dynamic equilibrium, as the
ornithine-lactame values are always about 0.49% of the ornithine
concentrations. This equilibrium may be of purely chemical nature
[11] or mediated by enzymatic processes [12]. The determination
of the mechanism and the rate constant leading to the equilibrium
of the two substances and the renal clearance of ornithine-lactam
are tasks for future studies.

4. Conclusion

The described method is suitable to identify and quantify
ornithine-lactam in human EDTA-plasma. It is selective and sen-

sitive, especially the potentially interfering compound ornithine
is clearly separated and does not compromise the quantification
of ornithine-lactam. Its quantitative results are independent from
the matrix used, thus it seems to be possible to apply the method
without major changes for the determination of ornithine-lactam
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