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DETERMINATION OF SERUM AND PLASMA CONCENTRATIONS OF
RETINOL USING HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY

DAVID W. NIERENBERG

Departments of Medicine and Pharmacology, Norris Cotton Cancer Center,
Dartmouth-Hitchcock Medical Center, Hinman Box 7650, Hanover, NH 03756 (U.S.A.)

(First received March 30th, 1984; revised manuscript received July 6th, 1984)

SUMMARY

An isocratic high-performance liquid chromatographic method specifically developed to
allow simple and rapid determination of retinol concentrations in serum and plasma is
reported. Retinol and retinol acetate (the internal standard) are extracted into butanol---ethyl
acetate, with no subsequent evaporation step. Separation is achieved on a reversed-phase
C·18 column, with a mobile phase consisting of acetonitrile-l % ammonium acetate (89 :11),
and UV detection at 313 nm. Recoveries of both retinol and the internal standard were
100%, and both compounds were stable in the extraction solvent for at least 2.5 h. Three
anticoagulants (oxalate, citrate, EDTA) and perchloric acid (used in some methods to
denature protein) all caused losses of retinol. Each run required 9 min; same-day coefficient
of variation (C.V.) for identical samples averaged 2.5%; between-day C.V. was 6.4%;
sensitivity was better than 10 ng/ml, while clinical concentrations were 400-1200 ng/ml.
This method permits simple, rapid, sensitive, precise, and accurate determination of retinol
using 0.5 ml serum or heparinized plasma.

INTRODUCTION

Compounds with "vitamin A activity" such as retinol and ~-carotenemay be
clinically important anti-cancer agents [1-4]. This family of compounds has
been used in experimental animals to prevent or delay the development of a
wide range of cancers. While the mechanism(s) of this chemopreventive effect
has not been firmly established, epidemiologic data in human populations have
suggested a relationship between dietary intake or blood levels of these
compounds, and lower risk of cancer. Our institution has recently begun a
prospective, randomized, cooperative study to evaluate the chemopreventive
effect of ~-carotene upon the recurrence rate of non-melanoma skin cancers.
This study requires the yearly determination of plasma concentrations of both

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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We previously developed a fluorimetric method for the selective determina­
tion of guanidino compounds based on their reaction with benzoin in an
aqueous methyl cellosolve-potassium hydroxide solution in the presence of
(3-mercaptoethanol (to stabilize the fluorescent products) and sodium sulphite
(to suppress blank fluorescence) [18, 19]. The fluorescent derivatives of the
guanidino compounds (excluding guanidine) produced by this benzoin reaction,
corresponding to the chemical structures of 2-substituted amino-4,5-diphenyl­
imidazoles [20], were separable by reversed-phase HPLC as reported previously
[21], though the reaction gave a small by-product peak identical to the
benzoin derivative of guanidine in the chromatogram. Moreover, the sensitivity
of that HPLC method enabled the detection of guanidino compounds at the
femtomole level. Thus, the pre-column derivatization method with the benzoin
reaction may be useful for the HPLC quantification of biogenic guanidino com­
pounds, particularly at very low concentrations in biological samples.

On the other hand, the HPLC method utilizing the benzoin reaction in post­
column detection, which was recently described in a separate paper [22], did
not allow the reliable quantification of methylguanidine, guanidinosuccinic
acid and taurocyamine in normal human sera because the sensitivity of the
on-line post-column detection was limited by the dilution of the HPLC column
eluate with the reagent solutions. However, the method [22] as well as other
post-column derivatization methods (using 9,10-phenanthraquinone [9, 10]
or ninhydrin [11] as fluorogenic reagent) permits the quantification of
guanidino compounds at the picomole level.

The purpose of the present research was to establish a simple and rapid
HPLC method utilizing the benzoin pre-column fluorescence derivatization
technique [21] for the microanalysis of those guanidino compounds especially
implicated as uraemic toxins in human serum and urine. Phenylguanidine (PG),
which is not present in human physiological fluids, was used as an internal
standard.

EXPERIMENTAL

Chemicals and solutions
Deionized and distilled water was used. Taurocyamine was kindly supplied by

-Prof. A. Mori (Institute for Neurobiology, Okayama University Medical School,
Okayama, Japan). Tris(hydroxymethyl)aminomethane (Tris) and benzoin
(both from Wako, Osaka, Japan) were recrystallised from aqueous methanol
(60%, v/v) and absolute methanol, respectively, to remove fluorescent
impurities. Other chemicals were of reagent grade. Diaflo membranes (UM 05)
used for ultrafiltration were obtained from Amicon (Lexington, MA, U.S.A.).
A standard solution of guanidino compounds was prepared in 0.01 M hydro­
chloric acid. The reagent solutions used for the fluorescence derivatization were
prepared as described previously [21].

Preparation of human physiological fluids
Serum and urine specimens were obtained from healthy volunteers in our

laboratory and from patients with various diseases in hospital (Chidoribashi
Hospital, Fukuoka, Japan).
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TABLE I

THE RELATIVE MOBILITY (R F ) OF THE MAIN PEAKS AFTER COUNTER-eURRENT
DISTRIBUTION OF SYNAPTIC MEMBRANES USING VARIOUS TIMES, NUMBER OF
TRANSFERS, AND PEG-BOUND LIGANDS

The data have been calculated from the experiments in Figs. 2 and 3.

Composition of the Type ofCCD Time Number of
two-phase system (min) transfers

Without ligand Manual 110 9
Centrifugal 110 55

Thin-layer 842 55

With HE-PEG
(1 % of total PEG)

With BTR-PEG

Manual 110 9
Centrifugal 110 55
Thin-layer 413 26
Thin-layer 842 55

Centrifugal 110 55
Centrifugal 220 110

Peak position RF
(tube number)

4 0.44

{2:
0.42
0.08

e~
0.28
0.06

8 0.89
46 0.81
16 0.57
24 0.41

18 0.30
21 0.18

thin-layer CCD apparatus, comprises two discs of Plexiglass. The centrifugal
machine, however, allows the disc system to rotate at relatively high speed. The
mixed two-phase systems in the discs will therefore be centrifuged which
results in a reduced settling time. The cycling time was 2 min, allowing 30
transfers per hour. Compared with the conventional apparatus the centrifugal
CCD is seven to eight times faster. The apparatus has been described in detail
elsewhere [14].

The results obtained with the synaptic membrane preparation are shown in
Fig. 3, and the relative mobility of the main peak is shown in Table I.
Comparison of the results obtained with the two machines shows clearly that
the mobility changes with time and that the centrifugal CCD technique makes
it possible to run CCD with a large number of transfers (",,55) without large
changes in the partition behaviour. With an even higher number of transfers
(Fig. 3D) the retarding phenomenon was also seen with this apparatus. The
longer run was performed by continuing the transfers to cover almost two full
turns of the circular mobile unit carrying the upper phases. The last 55
transfers seem to have added very little to the mobility of the peak, which
means that the material was partitioned exclusively at the interface and bottom
phase after 50-60 transfers.

Use of ligand-PEG
The partition of the membranes was found to depend on both the concentra­

tion of polymers and the salt composition. The system used here, without any
ligand attached to PEG, was chosen so that a large part of the membranes was
at the interface or in the lower phase. Adjustment of the partition could be
done, from 85% of the membranes in the upper phase to less than 10%, by
changing the concentration of potassium chloride from 0 to 20 roM (Fig. 4).
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removes the possibility, which may exist with procedures measuring only
lidocaine, of non-resolved metabolites contributing to the lidocaine peak on the
chromatogram. The extraction efficiencies obtained in our study for these three
compounds are similar to those determined using the same procedure in plasma
[11]. The lower extraction efficiencies registered at higher concentrations of
drug (Table I) may be due to a decreasing acid-to-drug ratio in the extraction
phase. This phenomenon may require further investigation if the analysis of
higher drug concentrations is desirable. The accuracy with which drug content
is measured over a range of tissue sizes adds credence and flexibility to this
technique and may allow extension to animal models other than the dog.
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to optimize the fluorimetric detection of labetalol and provide the selectivity
necessary for routine determinations of drug at concentrations as low as
4 ng/ml.

EXPERIMENTAL

Apparatus
Analyses were performed on an HPLC system composed of a WISP (Model

nOB) automatic injector (Waters Assoc., Milford, MA, U.S.A.), and a
Waters pump (M6000A) interfaced with a Waters Model 720 system controller.
Detection of analyte was achieved by using an Aminco (Urbana, IL, U.S.A.)
Fluoro-Monitor equipped with a round lOa-til flow cell after excitation at 370
nm (Coming 7-51 filter) and emission at 415 nm (Wratten gelatin No. 2A
filter). A back-pressure coil constructed with 60 cm X 0.23 mm LD. stainless­
steel tubing was connected to the outlet side of the detector to prevent bubble
formation in the cell. The amplified signal from the detector was connected
to a recorder and an integrating computer (HP 3357 Lab Automation System,
Hewlett-Packard, Palo Alto, CA, U.S.A.) in order to generate real-time chroma­
tographic tracings (10 mY) and to integrate peak areas (0-2 V). The attenuator
was maintained at a setting of 10.

Reagents and solvents
Labetalol • HCI and the internal standard (II), 5-{2-[ 4-( 4-methylphenyl)-2­

butylamino] -l-hydroxyethyl ]salicylamide· HCI, were used as received from
the Schering Chemical Distribution Center (Bloomfield, NJ, U.S.A.). All other
chemicals except acetonitrile, hexane and methanol (Omni Solv, MCB,
Cincinnati, OH, U.S.A.) were reagent grade.

Chromatographic conditions
Chromatography was performed on a 150 X 4.1 mm LD. stainless-steel

column commercially (Hamilton, Reno, NV, U.S.A.) packed with PRP-1, a
spherical (10 tim particle size) macroporous poly(styrene-divinylbenzene)
sorbent.

Reversed-phase separations were accomplished at ambient temperature using
a mobile phase consisting of 0.05 M (NH4 hC03-NH4 0H, pH 9.5---acetonitrile­
tetrahydrofuran (495:125:40, v/v/v). The solvent mixture was prepared daily,
filtered (0.45 tim) and degassed under reduced pressure before use. The flow­
rate (1.5 ml/min) generated a back-pressure of approx. 124 bars.

Standard solution preparation
An accurately weighed amount (11.1 mg) of labetalol . HCI was dissolved in

3 ml of methanol and then diluted to 100.0 ml with distilled water. This
solution contained 100 tig/ml free base form. A solution of the internal
standard was similarly prepared with water in a 100-ml volumetric flask.
Subsequent dilutions with distilled water were designed so that the desired
amount of both drugs could be conveniently delivered in a 100-til volume with
automatic pipettes.
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Detector calibration and standard curve
A standard curve was initially generated after repated (n = 6) injections of

standard solutions prepared to contain 4, 20, 50, 100, 200, 400 and 500 ngjml
labetalol and a constant concentration (200 ngjml) of the internal standard.
Data from this multipoint calibration curve were subjected to least-squares fit
analysis to determine the best straight-line relationship. Computer-reported
estimates of labetalol concentration were based upon the average calculated
response factors from triplicate injections of a single concentration point near
the mid-point of the standard curve. Calibration was performed using samples
containing 100 ngjmllabetalol and 200 ngjml internal standard.

Extraction procedure
An aliquot (0.5 ml) of human plasma was transferred to a 15-ml test tube

(125 X 16 mm) fitted with a polytef-lined screw cap. After the addition of
100 ng internal standard which was prepared as an aqueous solution (100 ng
per 0.1 ml), each plasma sample was diluted (0.5 ml) with 0.05 M Tris buffer
(pH 9.0) and extracted with 5.0 ml of ethyl acetate by agitation on an
Eberbach (Ann Arbor, MI, U.S.A.) reciprocal shaker for 10 min. Samples were
centrifuged (10 min at 1600 g) to facilitate separation of the phases. The
aqueous portion was frozen in a dry-ice-acetone bath and the organic layer
transferred to a clean 15-ml test tube.

Aliquots of hexane (2.0 ml) and 0.05 M sulfuric acid (0.5 ml) were added to
the ethyl acetate, then shaken and centrifuged as above. The organic layer was
discarded and the acidic solution transferred to a disposable polypropylene
microcentrifuge tube (1.5 ml). An aliquot (400 pI) of this acidic extract was
then automatically injected for analysis by HPLC.

Extraction efficiency
Venous blood was drawn from several human volunteers into heparinized

Vacutainers® (Becton-Dickinson, Rutherford, NJ, U.S.A.) and centrifuged at
1600 g for 30 min to generate a drug-free plasma pool. The efficiency of
extracting drug from human plasma was determined using the following
procedure. Labetalol and internal standard were added to aliquots (0.5 ml)
of drug-free plasma (n ;;;;;, 6 replicates per group) to achieve labetalol concen­
trations of 4, 100 and 300 ngjml with a constant internal standard concentra­
tion of 200 ngjml. Samples were extracted as described above and 400 pI of
the acidic layer injected by the WISP.

The recovery of labetalol and internal standard was calculated by comparing
the peak area of both compounds from extracted samples with those obtained
from the analysis of equivalent amounts of drug injected directly.

Intra-assay accuracy and precision
The precision and accuracy of labetalol quantitation were evaluated in the

following manner. Known amounts of drug standards were added to drug-free
plasma as described in the previous section and extracted as outlined. In order
to calibrate the detector response, extracts from three samples spiked to
contain 100 ngjml labetalol and 200 ngjml internal standard were injected in
triplicate. Quantitation of labetalol concentrations in the remaining samples
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was then automatically calculated by the integrating computer using the
average (n = 3) internal standard response factor generated at this calibration
point.

Inter-assay accuracy and precision
Estimates of inter-assay variability were provided by repeating the accuracy

and precision determinations described above for labetalol on two different
days. All analytical results within each concentration group were pooled in
order to calculate the inter-assay precision (coefficient of variation, C.V.) and
accuracy (percentage bias).

Selectivity
Drug-free human plasma specimens were processed and analyzed by HPLC as

described above. Chromatograms were examined for the presence of
endogenous material which might interfere with the measurement of either
labetalol or the internal standard.

Solutions of hydrochlorothiazide, trichloromethiazide and propranolol were
injected directly onto the column in order to assess their potential for assay
interference.

RESULTS AND DISCUSSION

Chromatography
The retention times for labetalol and the internal standard varied between

4.74 and 5.20 min and 8.53 and 9.6 min, respectively, for three PRP-l columns
which were evaluated for assay suitability. No significant changes in retention
time or peak shape were observed for either compound over a three-month
period.

Extracts from drug-free human plasma were found to be free of interfering
peaks (Fig. 2). Representative chromatograms from plasma spiked with 4 ng/ml
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Fig. 2. Computer-reconstructed chromatogram of an extract from drug-free human plasma
to which only internal standard (200 ng/ml) was added.
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and 100 ngjml labetalol are shown in Fig. 3. Hydrochlorothiazide, trichloro­
methiazide and propranolol demonstrated no potential for assay interference.

Detector calibration and standard curves
A standard curve was generated using stock solutions prepared to contain

labetalol at concentrations ranging from 4 to 500 ngjml. The integrated peak
area (fJ. V-sec) ratio of labetalol to the internal standard was chosen as the
quantitative measure of detector response for each labetalol concentration.
Data were then subjected to weighted (ljvariance) least-squares fit analysis
owing to variance heteroscedasticity in order to determine the best fit straight­
line relationship between detector response and labetalol concentration.

Weighted regression of peak area ratio on labetalol concentration yielded
a linear (P> 0.1) fit of the data with a coefficient of determination (r2

) equal
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Fig. 3. Computer-reconstructed chromatograms of (A) an extract from plasma spiked to
contain 4 ng/ml labetalol and (B) an extract from plasma spiked to contain 100 ng/ml
labetalol. Both samples (0.5 ml) were fortified with internal standard to achieve a concentra­
tion of 200 ng/ml.
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TABLE I

MEAN PERCENTAGE RECOVERY OF LABETALOL AND THE INTERNAL
STANDARD FROM HUMAN PLASMA AT VARYING LABETALOL CONCENTRATIONS

n Labetalol Recovery Internal Recovery
concentration labetalol* standard internal
(ngjml) (%) concentration standard*

(ngjml) (%)

8 4 74.8 ± 5.81 200 71.0 ± 5.28
6 100 76.9 ± 5.80 200 70.9 ± 5.04
6 300 74.6 ± 1.73 200 70.4 ± 1.22

X= 75.4 ± 4.81 X= 70.8 ± 4.17

*X ± S.D.

to 0.998. The Y-intercept, which was not significantly different from zero at
the 95% confidence interval, was determined to be 8.63 • 10-6

. The slope of
the linear response was calculated to be 0.003346 (ng/ml) -1.

Extraction efficiency
The average recovery of labetalol from plasma samples to which drug

standard had been added at concentrations ranging from 4 to 300 ng/ml was
determined to be 75.4 ± 4.81% S.D. (Table I). The internal standard (200
ng/ml) was extracted with a mean efficiency equal to 70.8 ± 4.17% S.D.
Statistical analysis by single level ANOVA demonstrated that there were no
significant differences (P > 0.5) among the mean recoveries for labetalol nor
were there significant differences in the recovery of the internal standard as a
function of labetalol concentration. These data, therefore, suggest that there
is no concentration dependence on extraction efficiency over the range of drug
levels in plasma which was investigated.

Intra-assay accuracy and precision
Concentration estimates from plasma spiked to contain 4, 100, and 300

ng/mllabetalol are shown in Table II. The relative accuracy (percentage bias) of

TABLE II

INTRA-ASSAY PRECISION AND ACCURACY OF LABETALOL QUANTITATION
FROM HUMAN PLASMA BY HPLC

Theoretical n Mean observed C.V. Percentage
concentration concentration (%) b' *las
(ngjml) (ngjml)

4.0 8 3.86 2.97 -3.50
100.0 6 100.11 1.23 0.11
300.0 6 307.44 1.10 2.48

X= 1.77

*Percentage bias~elativeaccuracy.
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reversed-phase columns 1 cm X 4 mm I.D. and 15 cm X 4.6 mm I.D. (TSK­
LS410 ODS, 5 J1m; Toyo Soda). Three-port and six-port switching valves were
placed in line, and operated by a digital programmer (Toyo Soda). Fig. 2 shows
the arrangement of the apparatus.

MObile Mobile Mobile
phase 1 phose 2 phase 3

Column 2
(reversed-phase)

Fig. 2. Flow diagram of automated column switching for analysing I in human serum and
urine. Valves 1 and 2 are three-port and six-port switching valves, respectively, and are
operated by a digital programmer which is not shown in order to simplify the drawing.
The solid and dotted lines in the valves show the off and on modes, respectively.

Mobile phase
Mobile phase 1 consisted of 0.03 M ammonium dihydrogen phosphate­

phosphoric acid solution (pH 3.5). The solution was prepared from 0.03 M
ammonium dihydrogen phosphate adjusted to pH 3.5 with dilute phosphoric
acid. Mobile phase 2 consisted of 0.5 M sodium chloride. Mobile phase 3 con­
sisted of 73% 0.03 M ammonium dihydrogen phosphate-phosphoric acid
solution (pH 2.5) in methanol for analysis of serum. Mobile phase 3 for analysis
of urine was prepared by mixing 150 ml of acetonitrile, 850 ml of water, and
2 ml of 1.8 M sulphuric acid. The final composition was acetonitrile-water­
1.8 M sulphuric acid (15:85:0.2). The mobile phase was deaerated under
vacuum before use. The flow-rate of both mobile phase 1 and mobile phase 2
was 2.0 ml/min and that of mobile phase 3 was 1.0 ml/min.

Sample preparation
To a 1.5-ml polypropylene tube (Eppendorf, Hamburg, F.R.G.) containing

300 J11 of serum were added 30 J11 of 1/15 M phosphate buffer (pH 7.0) and
600 J11 of ethanol. The mixture was shaken in a vortexrnixer, allowed to stand
for 5 min, and centrifuged with an Eppendorf centrifulge (Model 5412; Eppen­
dorf) for 1 min. An 80-J11 aliquot of the supernatant was injected into the
liquid chromatograph.

To a 1.5-ml polypropylene tube containing 1 ml of urine diluted twenty-fold
or more, were added 100 J11 of 1/15 M phosphate buffer (pH 7.0). The mixture
was shaken in the vortex mixer and centrifuged with the Eppendorf centrifuge
for 1 min; 40 J11 of the supernatant were injected into the liquid chromato­
graph.

Timing of column switching
The timing of automated column switching for determination of I in the

serum and urine is shown in Fig. 3. At 0 min, valves 1 and 2 were
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the determination of I in human serum and urine thus provides good accuracy
and precision even around the lower limit of sensitivity.

Serum levels and urinary excretion of I in man
Serum levels of I after an oral dose of a 100-mg capsule to healthy volunteers

are shown in Fig. 6. The drug peaked in the serum (1.023-1.364 pgjml)
within 4-5 h after dosing, and thereafter decreased slowly to a mean of 0.264
pgjml (0.191-0.305 pgjml) at 12 h; 19.7-30.1% o'f the dose was excreted as
the unchanged drug in the 0-24 h urine.
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Fig. 6. Serum levels of I in healthy volunteers after an oral dose of a 100-mg capsule of I.
(0) Subject A, (0) subject B, (0) subject C.

DISCUSSION

Early studies on methods for determining I in the serum were carried out by
direct injection of deproteinized biological fluids into a reversed-phase HPLC
system with UV detection. However, these methods did not separate the back­
ground peaks of the biological fluids from that of I. In recent years, HPLC
column switching has been found to be a useful technique for the determina­
tion of water-soluble materials in biological fluids [15-25]. In our present
study, complete separation of the background peaks of biological fluids from
that of I (Figs. 4 and 5) was achieved by HPLC column switching using an
anion-exchange column and a reversed-phase column. In this system, a reversed­
phase short column was placed between the anion-exchange column and the
reversed-phase analytical column (Fig. 2) to concentrate the eluent fraction
containing I from the anion-exchange column. The use of this short column
made it possible to concentrate a large volume (2.5 ml) of the eluent fraction
without disturbing the chromatogram on the analytical column (Figs. 4 and 5).
The concentration of the large volume of eluent on the short column enhanced
the sensitivity and reproducibility of the determination. Only the anion-ex­
change column has to be changed about every 150 samples. This column can be
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easily packed in our laboratory with a small amount of packing material.
The assay was shown to be sufficiently sensitive to quantify I in human

serum and urine after oral administration of the clinical dose (Fig. 6). The
analysis time of 16 min seems to be acceptable since the method can be used
overnight.
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Actinobacillus actinomycetemcomitans and Haemophilus aphrophilus are
Gram-negative, capnophilic, coccobacillary rods indigenous to dental plaque
[1]. They have been associated with a number of extraoral infections, e.g.
bacterial endocarditis, miscellaneous abscesses, and osteomyelitis (for review,
see ref. 2), for which dental plaque often is the source of infection. There are
many indications that A. actinomycetemcomitans also is implicated as a major
pathogen in periodontitis among juveniles (for review, see refs. 2 and 3). The
role of H. aphrophilus in periodontal disease has not yet been clarified. Un­
fortunately, the elucidation of this problem is hampered by the fact that there
are relatively few tests available in the routine laboratory for distinction
between these organisms [4]. To establish more criteria of differentiation, we
have previously examined bound cellular fatty acids [5] and fatty acids in
whole lipopolysaccharide (LPS) and free lipid A [6] in A. actinomycetem­
comitans and H. aphrophilus, but no marked differences in the fatty acid
profiles could be established. Free fatty acids from whole cells differed for
some strains [7]. The sugar content of methanolysed and derivatized LPS [8]
and whole defatted cells [9] from these species provided more consistent
differentiation. Unfortunately, preparation of LPS and whole defatted cells
involves rather time-consuming laboratory procedures. The present study,
which is based on whole-cell methanolysates, describes a simple and rapid

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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procedure for accurate distinction between A. actinomycetemcomitans and
H. aphrophilus that is well fitted for the routine laboratory.

MATERIALS AND METHODS

Bacteria
The type specific strains of A. actinomycetemcomitans and H. aphrophilus

were analysed. Sources of isolation and procedures for maintenance and
cultivation have been described elsewhere [7].

Methanolysis and derivatization
Whole lyophilized cells were methanolysed by 2 M hydrochloric acid in

anhydrous methanol for 24 h at 85° C [6] and derivatized with trifluoro­
acetic anhydride (Fluka) 1:1 in acetonitrile (Rathburn Chemicals, U.K.) [8].

Reference compounds
Sigma (St. Louis, MO, U.S.A.) provided a:-D(+)-fucose, D(+)-galactose,a:-D(+)­

glucose, D(+)-galactosamine, D(+)-glucosamine, D(+)-mannose, and a:-L­
rhamnose. Natural galactose, glucosamine, L-glycero-D-mannoheptose, man­
nose, and rhamnose were identified from LPS of Escherichia coli [10] and
Salmonella typhimurium [11] (Sigma). D-Glycero-D-mannoheptose was
determined from Chromobacterium violaceum [12], provided together with
N-glucosamine myristate by Drs. O. LUderitz and U. Meier, Max-Planck-Institut
fUr Immunbiologie, Freiburg, F.R.G. The ammonium salt of 3-deoxy-D-manno­
2-octulosonic acid (KDO) (Sigma) was methylated in 2 M hydrochloric acid in
anhydrous methanol at 85°C for 24 h [6]. Methyl esters of lauric, myristic,
palmitic, and palmitoleic acid were obtained from Supelco (Bellefonte, PA,
U.S.A.), and 13-methyltetradecanoic acid from Larodan Fine Chemicals
(Malmo, Sweden). The methyl ester of racemic 3-hydroxymyristic acid was
synthesized [5] .

Gas chromatography
This was performed as described previously [8]. The molar response of the

trifluoroacetyl derivatives of the detected monosaccharides has previously been
given [8].

RESULTS

The distribution of sugars and fatty acids in trifluoroacetyl-derivatized
whole-cell methanolysates of A. actinomycetemcomitans strain ATCC 33384
and H. aphrophilus strain ATCC 33389 is shown in Table 1. D-Glycero-D­
mannoheptose was detected exclusively in A. actinomycetemcomitans.
The concentration of galactose and glucose was approximately twice as high in
H. aphrophilus as in A. actinomycetemcomitans, and the amount of KDO
and/or its methanolysis products twice as high in A. actinomycetemcomitans
as in H. aphrophilus. In A. actinomycetemcomitans the ratio between glucose
and L-glycero-D-mannoheptose was 1.9, and between D-glycero- and L-glycero­
D-mannoheptose 0.8 (Table II), which agreed fairly well with corresponding
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The study of cerebrospinal fluid (CSF) amine metabolites is important for
the clinical investigation of diseases of the central nervous system (CNS). A
direct measure of CNS metabolism is essential to test the hypothesis concerning
putative neurotransmitter abnormalities in various neurological and psychiatric
diseases. The main metabolites found in detectable amounts in the CSF are 3­
methoxy-4-hydroxyphenyl glycol (MHPG), 5-hydroxyindole-3-acetic acid (5­
HIAA) and 4-hydroxy-3-methoxyphenylacetic acid or homovanillic acid
(HVA). These metabolites are derived from noradrenaline (NA), 5-hydroxy­
tryptamine (5-HT), and dopamine (DA), respectively.

Abnormalities in the amounts of metabolites found in CSF have been
observed in various psychiatric and neurological conditions. For instance,
decreased 5-HIAA accumulation has been observed mainly within a subgroup
of depressions [1]. Low CSF 5-HIAA and HVA concentrations are also found
in Parkinson's disease [2] and are consistent with the low DA and 5-HT con­
centration in the basal ganglia from such patients. Altered 5-HIAA and HVA
accumulation has also been reported in presenile dementia of the Alzheimer
type [3] and epileptic children [4] although the literature is conflicting.

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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Clearly there is a need for a sensitive and accurate method of analysis for
catecholamine metabolites in order to obtain useful data in such studies.

High-performance liquid chromatography (HPLC) has been widely used to
separate catechol- and indoleamines using reversed-phase ion-pair systems.
These are described in recent reviews [5,6], which also deal with the methods
of detection. Electrochemical detection provides a high sensitivity which is
essential for the detection of low-level endogenous amine metabolites in CSF.
There have been numerous reports on the separation of monoamine metab­
olites in urine [7], rat brain [8], and CSF [9], but many of these required
the use of gradient elution with complex buffers. In these studies extraction
of the metabolites was also usually necessary before chromatographic analysis.

This paper describes a simple isocratic method for the separation of the main
metabolites using a simple eluent and with minimal sample pre-treatment.

EXPERIMENTAL

Materials and reagents
Reference catecholamine metabolites were obtained from Sigma (Poole,

U.K.) and were of the highest purity available. Ammonium acetate and glacial
acetic acid were AnalaR grade from BDH (Poole, U.K.). Solutions of reference
compounds and the mobile phase were prepared in distilled deionized water.
Reference compounds were kept on ice during use and were freshly prepared
each day.

Apparatus
A Pye Unicam (Cambridge, U.K.) LC3-XP pump and an LCA15 electro­

chemical detector (EDT Research, London, U.K.) were used. The detector,
which is of the wall jet type, employed a glassy carbon working electrode and
an Ag/AgCl reference electrode. Samples were injected via a Rheodyne 7125
injector fitted with a 50-J.llloop. The chromatographic column (250 mm X 5
mm) was slurry-packed with ODS Hypersil (5-J.lm Spherical silica, chemically
bonded with a monolayer of octadecylsilyl groups) from Shandon Southern
Products (Runcorn, U.K.).

Chromatographic conditions
The column was washed with 40% methanol for 30 min and then

equilibrated with the mobile phase consisting of 0.1 M ammonium acetate,
adjusted to pH 5.15 with 3 M acetic acid, and 0.27 roM EDTA. Mobile phases of
pI:I values ranging from 4.80 to 5.70 have been investigated for the separation.
The flow-rate was 1.5 ml/min and the temperature ambient. The mobile phase
was continuously degassed with a stream of helium. The peaks were detected
amperometrically at a detector sensitivity of 3 nA. The effect of varying the
oxidation potential on sensitivity was investigated at pH 5.15.

Samples
Human lumbar CSF were obtained from patients with primary depression

diagnosed by the criteria used in the Psychiatry Department. Lumbar punctures
were performed between 8.00 and 10.00 a.m. after at least 10 h of fasting and
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bed rest in a standardized manner. Spinal fluid (13 ml) was drawn and
immediately placed on ice. Spinal fluid was also obtained from patients
receiving routine lumbar punctures having various neurological disorders. This
study was approved by the Hospital Ethical Committee.

All samples were divided into aliquots for storage at -70°C. Prior to the
analysis an aliquot was ultrafiltered [10] through an Amicon PM 10 membrane
(NMW 10,000), and then injected directly into the HPLC system.

RESULTS AND DISCUSSION

High-performance liquid chromatography
There are few HPLC techniques capable of simultaneously separating MHPG,

5-HIAA, and HVA from other endogenous compounds in human CSF [11,
12]. One of the major problems is that column efficiency is often poor when
traditional buffers, such as phosphate buffers, are used. To overcome this
problem acidic amine buffers have been suggested [13] as alternatives for the
separation of catecholamine metabolites.

It has been shown [14] that ammonium acetate is a superior masking agent
for the residual silanol groups of reversed-phase packings leading to greatly
improved column efficiency. It is also compatible with electrochemical detec­
tion, being an electrolyte with relatively high electrochemical inertia. Thus, by
using ammonium acetate buffer at pH 5.15, efficient separation with sensitive
detection of MHPG, 5-HIAA, and HVA can be achieved (Fig. 1A). The
applicability of this simple isocratic system is demonstrated by the analysis of
CSF samples. The three major amine metabolites are clearly separated from
other endogenous substances (Fig. 1B). The parent compounds noradrenaline,
adrenaline, and dopamine, as well as 3,4-dihydroxyphenylacetic acid, were
eluted before the compounds of interest and were well resolved from these
metabolites. We could not obtain similar resolution with phosphate buffers.
Solvent degassing is important in electrochemical detection. A reversed-phase
system not requiring organic modifier is advantageous as on-line degassing leads
to gradual evaporation of the organic modifier resulting in a change of mobile
phase composition. The retention of the compounds can be simply controlled
by pH and buffer concentration adjustments of the mobile phase without the
need for inclusion of organic modifer. EDTA, included in the mobile phase to
protect the electrode from metallic contamination, did not affect the retention
or resolution of the amines. It can be omitted when an ultraviolet or a
fluorescence detector is used.

Effect of pH on retention
The retention of the two acidic metabolites, 5-HIAA and HVA, was signifi­

cantly affected by the pH of the mobile phase. At lower pH ionization of the
acid groups was suppressed, and the molecules were therefore more strongly
retained. MHPG is without an acid group and was thus virtually unaffected by
pH changes.

Effect of buffer concentration on retention
Increasing the molar concentration of ammonium acetate decreased the
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capacity ratios (h') of all three metabolites (Fig. 2). This is probably due to the
more effective masking of residual sHanol groups by NH: when higher
concentrations of ammonium acetate were used. Although hydrophobic
interaction is the main retention mechanism, absorption of solutes onto
residual sHanol sites may also operate to a lesser extent, judging from these
retention behaviours. It is possible to use 0.5 M ammonium acetate as the
eluent without causing problems to the detector, provided EDTA is present.

Optimum detection potential
The voltammograms of the three metabolites are shown in Fig. 3; whereas

useful detection begins at +0.70 V for MHPG and HVA, 5-HlAA can be
oxidised at lower potentials. An operating potential of +0.85 V was chosen for
the simultaneous sensitive detection of all three compounds.
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Fig. 1. Separation of MHPG, 5-HIAA and HVA in (A) standard solution of the compounds
and (B) cerebrospinal fluid. Column: ODS Hypersil: mobile phase, 0.1 M ammonium
acetate, pH 5.15.
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Reproducibility, linearity and recovery
The reproducibility of the method was tested by repeated injection (ten

times) of a standard solution containing 50 nmol/l of each of the three metab­
olites. Standard deviations of ± 1% were achieved for peak response and k '
values. The use of totally aqueous eluent which is unlikely to suffer from
mobile phase composition changes during chromatography is largely
responsible for the good reproducibility.

The standard curves were prepared by plotting the peak height against
concentration in the range 5-35 nmol/I. Linear regression analysis data
indicated no significant deviation from linearity (r == 0.9997). The intercept
values also did not differ significantly from zero.

The recovery of a standard solution (50 nmol/l) from ultrafiltration through
HPLC separation was also ± 1% rendering the use of an internal standard
unnecessary .

The detection limit of MHPG, 5-HIAA and HVA were 30, 34 and 50 pg on
column, respectively, based on a signal-to-noise ratio of 3.

MHPG, 5-HIAA and HVA levels in CSF
The catecholamine metabolite levels in CSF of depressed and neurological

patients are shown in Table 1. The results are well correlated with those
previously reported [15]. No attempt was made to relate these levels with the
clinical diagnosis of the patients although, as may be expected, there is a
greater variation in the levels of 5-HIAA and HVA in the neurological cases
than in the depressed patients.

TABLE I

AMINE METABOLITE LEVELS IN HUMAN CEREBROSPINAL FLUID

MHPG
(nmol{l)

5-HIAA
(nmol{l)

HVA
(nmol{l)

Depressed patients (n = 18)
Neurological patients (n = 9)

CONCLUSION

50.9 ± 21.3 85.2 ± 34.5 162 ± 75
51.0 ± 16.8 87.3 ± 64.9 293 ± 176

MHPG, 5-HIAA, and HVA in CSF can be separated isocratically from the
parent compounds by reversed-phase chromatography with ammonium acetate
solutions as eluents. The retention behaviour has been studied and it was
concluded that effective resolution from all endogenous impurities required a
mobile phase of 0.1 M ammonium acetate at pH 5.15.
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hydrolysis was achieved with 100 ~l (per ml of urine) of crude sulphatase at
41°C in 3 h.

Hydrolysis efficiency
Due to the fact that MHPG exists in free and conjugated form it was not

suitable to use an internal standard before hydrolysis. We estimated enzymatic
hydrolysis by an external standard method, and the internal standard was
added at the time of extraction. The efficiency of enzymatic hydrolysis was
determined by using solutions of MHPG sulphate. The concentration of the
standards and the number of enzyme units were similar to those of the biolog­
ical samples. Pure and crude sulphatase were used and a comparative investiga­
tion of the two forms of enzyme was made.

Extraction procedure
A 1-ml PH Bond-Elut column for each sample was inserted into a 500-ml

vacuum flask which was connected to a vacuum source. With the vacuum on,
each column was washed with 1 ml of methanol, then with 1 ml of distilled
water. The column was not kept dehydrated during the procedure. With the
vacuum off, we loaded 400-500 ~l of spiked or blank plasma ultrafiltrate
(corresponding to 1 ml of total plasma) or 200 ~l of homogenized urine or
1-2 ml of brain tissue extract (corresponding to 100-200 mg of brain tissue)
onto the column. For each type of sample, parallel reference samples contain­
ing known quantities of added MHPG were made for extraction recovery
calculation.

After applying the sample to the column, we washed the Bond-Elut with 200
J-LI of distilled water and eluted the sample with 100 ~l of 2 roM potassium di­
hydrogen phosphate-acetonitrile (3: 1). The pH of all samples was kept at
about 5. At this point, the samples were ready for HPLC analysis.

We also assayed samples using the already known ethyl acetate extraction
method for comparison. Ethyl acetate was previously washed and saturated
with sodium chloride as described by Oishi et al. [8]: 3 vols. of ethyl acetate
were used three times to extract the sample. The ethyl acetate was then evap­
orated at 30°C under reduced pressure. The sample was reconstituted with
mobile phase to a volume smaller than the original volume.

RESULTS AND DISCUSSION

Recovery from enzymatic hydrolysis: comparison between pure and crude
sulphatase activity

Crude sulphatase (50 J-LI of type H-2) and pure sulphatase (15 mg of type
H-1) equivalent to 250 and 270 units, respectively, were assayed to 50 ng of
MHPG sulphate. One unit of sulphatase is defined as the amount of enzyme
which can hydrolyse 1 ~mol of p-nitrocatechol sulphate per h at pH 5.0 and
37°C. MHPG sulphate (50 ng) was dissolved in sodium acetate buffer (0.1 M, 2
ml), pH 6.0, containing 0.1% EDTA. The 50 ng of MHPG sulphate were sup­
posed to yield 50 ng of free MHPG. We also checked the presence of MHPG in
each lot of enzyme freshly received in order to avoid any MHPG contamination
from the enzyme.
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for all samples and standard solutions using the standards addition method.
Table II shows the various percentage recoveries. It can be seen that the

ethyl acetate extraction method yields the highest percentage recovery but that
the Bond-Elut method shows better precision. The within-run precision of the
Bond-Elut method was good as shown by a coefficient of variation never ex­
ceeding 3%, whereas with the ethyl acetate method the coefficient of variation
reached 16%.

Linearity and sample clean-up
The linearity of this method is represented by an example which shows

plasma MHPG extraction, with known levels of added MHPG ranging from 5 to
20 ng/ml (Fig. 1). This use of parallel references with added MHPG helps to
validate the recovery over a large range of plasma MHPG levels. The discrepan­
cy between levels of MHPG found in the same pool of plasma is due to the
different recoveries obtained with the two methods. Although ethyl acetate
shows the highest recovery, the best linearity was given by the Bond-Elut meth­
od.

Although not too high, the percentage recovery was sufficient to recommend
this method.

The x-intercept represents the endogenous MHPG (Fig. 1).
The other argument in favour of the Bond-Elut method is given by the very

clean chromatogram yielded by this method (Fig. 2C and D). The ethyl acetate
extracted MHPG peak is not baseline-resolved and non-desirable peaks fused
with the MHPG peak. When working with automatic integration, using comput­
ing areas, well resolved peaks are better than fused peaks as the reproducibility
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Fig. 1. Comparison between pooled plasma (1 ml) spiked with 5-20 ng of MHPG and ex­
tracted by the ethyl acetate or the Bond-Elut method to show the linearity of the two tech­
niques. The x-intercept represents the total endogenous plasma MHPG.
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Fig. 2. (A and B): Typical chromatograms using the reversed-phase HPLC system of actual
plasma (A) and rat brain (B) extract carried through the Bond-Elut extraction procedure.
For chromatographic conditions see Experimental. (C and D): Typical chromatograms using
the reversed-phase HPLC system of actual urine carried through the ethyl acetate (C) and
Bond-Elut (D) extraction procedures. For chromatographic conditions see Experimental.

Comparison with other techniques
Table III presents results from our technique compared to data reported in

the literature. Although this kind of comparison is not suitable for several
reasons (differences in condition techniques, type of rat strain or monoamine

TABLE III

RESULTS OF MHPG EXTRACTED WITH BOND-ELUT COLUMNS COMPARED TO
THOSE OF THE DIFFERENT TECHNIQUES FOUND IN THE LITERATURE
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Neuroblastoma is the commonest tumour of childhood [1]. The prognosis
of this tumour closely depends on the patient's age at diagnosis [1]. Therefore,
early diagnosis is an important factor in the prognosis. It is favourable when
asymptomatic infants who are less than one year of age are detected.

Measurements of vanillylmandelic acid (3-methoxy-4-hydroxymandelic acid,
VMA) have been advocated in the detection of patients with neuroblastoma
[2-4]. But high levels of urinary VMA are excreted in only 75% of patients
with this disease [5]. If measurements of urinary homovanillic acid (3­
methoxy-4-hydroxyphenylacetic acid, HVA) along with VMA are performed,
approximately 95% of patients with this tumour will be detected [5].

Recent methods for the determination of urinary VMA and HVA are based
on the use of high-performance liquid chromatography (HPLC). There are
methods for the simultaneous determination of both acids [6-12] in addition
to the methods for VMA [13-17] and HVA [18-20] separately. The method
that uses ultraviolet (UV) detection [6, 7] involves sample concentration and
clean-up procedures because sensitivity is low and many UV-absorbing
constituents exist in urine. The method with fluorometric detection [8] is
more selective than with UV detection. However, sample concentration is

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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550 g for 5 min. The supernate was injected directly into the column. The
sample volume (in tll) of injection is approximately given by 44/(urinary
creatinine, mmol/l). Prepared samples can be stored for as long as one week
at 4°C.

RESULTS AND DISCUSSION

Chromatography
Chromatograms resulting from the analysis of urine from a normal infant

(six months of age) and from a patient with neuroblastoma are shown in Fig. 1.
VMA and HVA were eluted from the column at about 10 and 15 min, respec­
tively, as asymmetric peaks.

The retention time was inversely dependent on the concentration of formic
acid in the mobile phase; increasing the concentration from 1.0 to 10.0%
resulted in shorter retention times. The flow-rate of the mobile phase affected
the separation of the peaks.

All samples in which VMA or HVA was above the normal range were re-run
with the same mobile phase at a flow-rate of 0.5~.7 ml/min.

The following compounds were checked and found not to interfere in the
method: 3-methoxy-4-hydroxyphenylglycol, dihydroxyphenylacetic acid,
dihydroxymandelic acid and 3-methoxy-4-hydroxybenzoic acid (vanillic acid).

A B

I InA

o 8 16 o 6 16

Fig. 1. Chromatograms of urine from a normal infant (A) and a patient (B). Concentrations
of HVA and VMA in samples (/-lmol/l): (A) HVA 18.1, VMA 7.6; and (B) HVA 65.9, VMA
64.1.
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Linearity
Calibration graphs for VMA and HVA were rectilinear up to 1 nmol; the

detection limits were 50 and 14 pmol, respectively.

Choice of mobile phase
At an early stage of this study, acetate buffer (3 M, pH 3.7) was used as the

mobile phase. Although the results were satisfactory, this mobile phase has not
been used routinely because the concentration of the buffer was too high.

Formic acid was chosen as the mobile phase because it results in a favourable
retention time for VMA and HVA, and its concentration is suitable as the
mobile phase.

Recovery
Recovery studies were performed by adding specified quantities of VMA and

HVA to aqueous solutions of urines obtained from eight normal infants (Table
I). The recoveries of VMA and HVA were 96.6% and 94.8%, respectively.

Reproducibility
Reproducibility of the method was determined using two urine samples

(Table II). The maximum coefficient of variation (C.V.) was 7.0%.

TABLE I

RECOVERY OF VMA AND HVA FROM URINE

Results obtained by analysis of eight urines from normal six-month-old infants.

n

VMA 7
HVA 8

Concentration
range (llmol/l)

5.0-18.9
6.1-33.3

Added
(llmol/l)

40
44

Recovery
(mean ± S.D., %)

96.6 ± 3.8
94.8 ± 2.4

TABLE II

REPRODUCIBILITY OF THE METHOD

Results obtained by analysis of ten urine replicates at two concentrations on one day.

n Concentration C.V.
(mean ± S.D., Ilmol/l) (%)

VMA 10 63.5 ± 1.90 3.0
10 11.2 ± 0.79 7.0

HVA 10 65.8 ± 0.92 1.4
10 19.8 ± 0.82 4.1

Correlation with a comparison method
Twenty urine samples from normal six-month-old infants and from two

patients with neuroblastoma were assayed by the present method and by the
method of Miyagawa [8], which employs an ODS column, fluorescence detec­
tion and sample extracted with ethyl acetate. The two methods were run in
parallel; the results are plotted in Figs. 2 and 3. The data for VMA fit the
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of Burgeson et al. [6] on 0:1 (I) and 0:2 (I) chains (two-thirds 0:1 + one-third
0:2).

The contents of glycine and hydroxyproline residues were about 10% higher
and 25% lower, respectively, than those previously reported (Table II). The
values for the other amino acids were comparable within the error by the
present analysis. Even though relatively high errors in glycine and hydroxy­
proline occurred, the overall amino acid composition determined by the hypo­
chlorite-DPA method clearly indicates that the purified protein is collagenous.
It also demonstrates a distinct difference in amino acid compositions between
interstitial collagens (type I-III) and type V collagen. That is, the latter
collagen contains fewer than 50 alanine residues, about 100 hydrophobic
amino acid residues (Val, Met, lIe, Leu, Tyr and Phe) and 30-40 hydroxylysine
residues, while collagens I-III contain about 100 alanine residues, about 80 or
less hydrophobic amino acid residues and fewer than 15 hydroxylysine
residues. In this respect, the highly sensitive amino acid analysis by OPA
reaction after sodium hypochlorite treatment was useful. Improvement of the
method for the determination of glycine and hydroxyproline by increasing the
oxidation reaction by sodium hypochlorite is now under investigation.

For practical usage in determining the amino acid composition of a
collagenous protein which contains about 10% hydroxyproline and 33%
glycine, correction factors which are experimentally determined for the same
sample of type I collagen by both the conventional ninhydrin method and the
present hypochlorite-DPA method should be used. The correction factors for
glycine and hydroxyproline under the present condition are 0.9 and 1.25,
respectively. The corrected values for the contents of type I, II, III and V
collagens are listed in parentheses in Table II. The data are reasonably
consistent with the previously reported values.

The reason that the quantification by the OPA method after sodium hypo­
chlorite reaction gives rise to larger errors in the glycine and hydroxyproline
content may be as follows. The overestimation of glycine may be due to a
relatively smaller number of amines being degraded during the oxidation by
sodium hypochlorite under the present conditions. The underestimation of
hydroxyproline, on the other hand, may be due to relatively less conversion
into amines during hypochlorite oxidation. A high hydroxyproline content
which becomes reactive with OPA only after hypochlorite oxidation may have
not been completely converted into primary amines.

Other than the high sensitivity for amino acid analysis of collagenous
proteins which contain abundant imino acids, the HPLC method has the
further advantage of shortening the analysis time (120 min for one sample).

REFERENCES

1 P.E. Hare, Methods Enzymol., 47 (1977) 3.
2 J.R. Benson, Methods Enzymol., 47(1977) 19.
3 P. Bohlen and M. Mellet, Anal. Biochem., 94 (1979) 313.
4 M. Sato and K. Yagi, J. Chromatogr., 242 (1982) 185.
5 E.J. Miller and R.K. Rhodes, Methods Enzymol., 82 (1982) 33.
6 R.E. Burgeson, F.A. Eladli, I.I. Kaitila and D.W. Hollister, Proc. Nat. Acad. Sci. U.S.,

73 (1976) 2579.
7 E.J. Miller and L.G. Lunde, Biochemistry, 12 (1973) 3153.
8 E. Chung and E.J. Miller, Science, 183 (1974) 1200.
9 K. Nakazawa, H. Tanaka and M. Arima, J. Chromatogr., 233 (1982) 313.

















387

RESULTS AND DISCUSSION

A large number of methods for determining indole compounds, including
gas chromatography-mass spectrometry, fluorometry and HPLC, have been
described [25]. HPLC with fluorometric detection offers high specificity
for the measurement of indoles using their native fluorescence. Recently, we
also reported a sensitive method for the determination of TRP and its metab­
olites using HPLC with fluorometric detection [24]. However, there are few
research reports about the sensitive determination of TRM and its metabolites
[1, 15]. We developed the assay and applied it for the sensitive and
simultaneous determination of TRM and its metabolites by HPLC with fluoro­
metric detection.

Fig. 1 shows the chromatogram of the standard solution. TRP, TRM, IAA
and TOL were clearly separated by the Cs reversed-phase column. In addition
to the three indoles in the TRM pathway, TRP, the precursor amino acid of the
indoleamines, was eluted simultaneously.

The retention times and detection limits of the indoles are summarized in
Table I. The limit of sensitivity is low, in the range 10-20 pg. The standard
curves of peak height for the indoles were linear over the range 0.1~50 ng.
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Fig.!. Chromatogram of a standard mixture of 1 ng of each indole. Peaks: 1 = TRP; 2 =
TRM; 3 = IAA; 4 = TOL. For chromatographic conditions, see text.

TABLE I

RETENTION TIMES AND DETECTION LIMITS OF INDOLES

For chromatographic conditions, see text.

Compound Retention Detection
time (min) limit (pg)*

Tryptophan 8.10 20
Tryptamine 10.92 15
Indoleacetic acid 14.57 10
Tryptophol 28.02 15

*Injected quantity giving a signal-to-noise ratio of 2.0.
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Fig. 1. Chromatograms obtained with (a) the HDC preparation from rat brain and (b) the
blank carried through the procedure (see text). Peaks: 1 = histamine formed enzymatically
plus endogenous histamine; l' = endogenous histamine; 2 = biogenic amines other than
histamine. The activity of HDC was 0.79 pmol per min per mg of protein. The HDC prep­
aration used contains 1091lg of protein and 5.5 pmol of endogenous histamine in 0.1 ml.

served at the retention time of 4.5 min in each of the chromatograms (peaks 1
and 1'). The eluates from peaks 1 and l' have the same fluorescence excitation
(maximum 360 nm) and emission (maximum 450 nm) spectra. Peak l' in the
chromatogram of the blank increases in height in proportion to increasing
amount of protein in the HDC preparation, and is due to the endogenous
histamine in the preparation. Peak 2 increases in height with increasing amount
of protein in the preparation, and is ascribable to biogenic amines other than
histamine.

The patterns of chromatograms obtained with the HDC preparation from
stomach were virtually identical with those of Fig. 1. However, the levels of
both the enzyme activity and endogenous histamine in stomach are very much
greater than in brain, and, therefore, compared to the peak for histamine, the
peak for biogenic amine (corresponding to peak 2 in Fig. 1) was relatively very
small.

Since the substrate histidine forms a fluorophore which shows similar chro­
matographic and fluorescence spectral behaviours to that of histamine when it
reacts with OPA (structures of the fluorophores of histamine and histidine re­
main unknown), adequate separation of histamine from unreacted histidine is
required before derivatization of histamine with OPA. This was successfully
carried out by chromatography on a small column of Amberlite CG-50. The re­
covery of 1.0 nmol of histamine in the presence of 1.0 ~mol of histidine was
98.2 ± 2.4% [mean ± standard deviation (S.D.), n = 15] .

A maximum and constant HDC activity was obtained in the presence of
2.0-5.0 roM histidine in the incubation mixture with an observed Michaelis
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constant of 0.40 mM; 2.5 mM was used as a saturating concentration for the
enzyme reaction. HDC was most active at pH 6.8 in the presence of 2.5 mM
histidine in the incubation mixture. Maximum activity was attained in phos­
phate buffer at concentrations of 0.15-0.3 M in the incubation mixture; 0.2 M
phosphate buffer (pH 6.8) in the cofactor solution was employed. PALP in the
incubation mixture provided a maximum activity in the concentration ranges
of 5-20 p.M and 20-40 p.M for the assay of HDC in stomach and brain, respec­
tively; 10 and 30 p.M respectively, were selected for the standard procedure.
The prescribed concentrations of dithiothreitol and polyethyleneglycol, stabi­
lizers of HDC, in the incubation mixtures were optimal [14] .

Histaminase present in the enzyme preparation catalyses the conversion of
histamine to imidazoleacetaldehyde and thus a histaminase inhibitor amino­
guanidine is used in the HDC assay procedure [14].

Aminoguanidine in the incubation mixture gave a maximum activity of HDC
at concentrations of 8-20 p.M, 10 p.M was used in the procedure. Histamine is
also converted to NT" -methylhistamine by histamine N-methyltransferase-mediat­
ed reaction. The effect of N-methyltransferase on the amount of histamine
formed was examined using 10 p.M histamine solution in place of the substrate
solution in the procedure. The amount of histamine did not vary with or
without incubation for 180 min. Therefore, it seemed that N-methyltransferase
does not affect the assay of HDC.

The enzyme activity was linear with time up to at least 3 and 6 h for the en­
zyme preparations from stomach and brain, respectively, when incubated at
37° C. The amounts of histamine formed for the prescribed incubation times
were proportional to the amount of protein in the HDC preparations (0.1 ml)
up to 1.5 mg. The HDC preparations were adjusted to contain ca. 100 p.g of
protein per 0.1 ml, respectively, in the procedure.

A linear relationship was obtained between the peak height of histamine and
the amount of the amine added in the range of 2.0 pmol to 5.0 nmol to the
enzyme reaction mixture. The recoveries of histamine added to the reaction
mixtures of the blanks in HDC assay of stomach and brain in the amounts of
500 and 10 pmol were 93.2 ± 3.0% and 95.3 ± 2.4% (mean ± S.D., n = 12 in
each case), respectively.

The lower limits of detection for histamine formed enzymatically were 110
pmol per assay tube in stomach HDC assay and 1 pmol per assay tube in brain
HDC assay. The limit was defined as the amount giving 1.2 times the height of
the peak in the blank for the reason that the amounts of enzymatically formed
and endogenous histamine can be measured fairly precisely (coefficient of
variation below 3%).

HDC activities in the preparations from rat (male, Wistar, 5-6 weeks of age)
stomach and rat (male, Sprague-Dawley, 6-7 weeks of age) brain were 80.5 ±
9.1 and 0.79 ± 0.15 pmol per min per mg of protein, respectively (mean ± S.D.,
n = 10 in each case). The values were similar to those obtained by other
workers [6-14].

This study provides the first HPLC method with fluorescence detection for
the assay of HDC. The method is highly sensitive and so requires only 100 p.g
of protein from rat stomach or brain. The method may permit the assay of
HDC in preparations from other tissues. Therefore, it should be useful for
biological investigations of HDC in place of radiochemical methods.
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Mefloquine, DL-erythro-a-(2-piperidyl)-2,8-bis(trifluoromethyl)-4-quinoline­
methanol (Ro 21-5998) (I, Fig. 1), is a new antimalarial drug for the treatment
of drug-resistant falciparum malaria [1]. Pharmacokinetic studies in humans
showed a long biological half-life of the parent drug [2, 3]. The main plasma
and urine metabolite is 2,8-bis(trifluoromethyl)-4-quinoline carboxylic acid
(II, Fig. 1) [4].

Several methods have been reported for the determination of the unchanged
drug in human plasma including thin-layer chromatography (TLC) [5], high-

°t-O
¢

HC ~

/"1 "
~ N/- CF

3
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Fig. 1. Structural formulae of mefloquine (I), its metabolite (II) and of the internal standard
(III).
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prepared by accurately weighing 3.0 mg of cis-thiothixene and 3.45 mg of trans­
thiothixene maleate and dissolving in 3 ml of methanol. Working standards
were prepared from the stock solution to contain 10 ,ug/ml by dilution with
water. Drug-free plasma was then spiked with cis-thiothixene to concentrations
of 0, 2, 4, 6,8, 10 and 20 ng/ml to prepare plasma calibration standards. All
standards were stored at -200 C protected from light.

Extraction of plasma samples
Plasma (1 ml) and 10 ,ul of internal standard, trans-thiothixene (100 ng),

were mixed with 1.0 ml of 2 M sodium carbonate (pH 9.8) and 5 ml of hexane­
isoamyl' alcohol (98.5:1.5). The mixture was vortexed twice for 15 sec each
time, then centrifuged for 15 min at 700 g. The upper organic layer was trans­
ferred into a 5-ml centrifuge tube and evaporated under nitrogen. Finally, 0.5
ml of the solvent was used to rinse the sides of the tube and the solution
evaporated to dryness under nitrogen. The residue was dissolved in 50 ,ul of
mobile phase by vortexing for 15 sec, centrifuged for 5 min and 20 ,ul were
injected into the HPLC system. From the peak height ratio of cis-thiothixene
and the internal standard trans-thiothixene the plasma concentration is deter­
mined. A calibration curve from extracted plasma standards containing 0, 2, 4,
6, 8, 10 and 20.0 ng of cis-thiothixene and 100 ng internal standard was
obtained.

HPLC conditions
A Bio-Rad 1310 HPLC pump and 1306 variable-wavelength UV detector, a

Rheodyne 7125 sample injector with a 200-,u1 sample loop, and a Spherisorb
5-,um cyanopropyl HPLC column, 150 X 4.6 mm (Custom LC, U.S.A.), were
used. The detector was set to 229 nm, 0.0025 a.u.f.s. sensitivity, as suggested
earlier [1] .

The mobile phase was 0.01 M potassium dihydrogen phosphate (pH 7.0)­
acetonitrile-methanol (400:480:120), at a flow-rate of 2.0 ml/min.

RESULTS AND DISCUSSION

Relative retention data for cis- and trans-thiothixene and some commonly
used antipsychotic drugs on our system are given in Table I. Thioproperazine
has a relative retention time of 1.11, is distinctly separated as a peak and is
distinguishable from cis- and trans-thiothixene. The percent recovery of cis­
and trans-thiothixene added to plasma samples was the same and the mean
percentage recovery of the internal standard (trans-thiothixerte) was over
90% and ranged between 80% and 100%.

We have not found any interfering drugs or metabolites. Chromatograms of
standards in drug-free plasma and patient samples are shown in Fig. 1. The
plasma blank with ten different drug-free samples did not show any inter­
ference from endogenous compounds. The trans-thiothixene used as internal
standard is almost free from the cis isomer. (Fig. 1, 0 ng). The patient samples
(PI and P2 ) showed 1.0 and 7.3 ng/ml, respectively. Calibration curves were
run with every batch of plasma standards and had correlation coefficients
(six points) of 0.994 ± 0.002 S.D. (n = 19). For routine analysis, we included in
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every batch of patient plasma samples a low and high plasma control as a
quality control measure. The results of analysis on different days are shown in
Table II. Similarly with two other batches of plasma controls, the assayed
batches were 10.0 ± 0.63 and 36.8 ± 3.5 ng/ml (n = 10). To assess the validity
of the assay method in a wide range of plasma levels that one may have to deal
with in clinical samples we carried out the assay of spiked human plasma
samples which were prepared for us at Pfizer Central Research Lab. (Groton,
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Fig. 1. Chromatograms of standards for calibration and patient plasma samples (PI and P2 ).

S = start: Chart speed 25 cm/h. Peaks: 1 = cis-thiothixene, 2 = truns-thiothixene (internal
standard).
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The trans form of thiothixene is added in excess to compensate for its
lower UV absorbance and also to serve as a carrier for better extraction of the
drug. We do not add cis-thiothixene to each sample, as in our earlier report [1],
but upon repeated freeze-thaw cycles of the internal standard solution, a
portion isomerises, so a blank plasma sample with added internal standard
was included in each run. The isomerisation does not occur rapidly enough to
affect results within a run. When we notice more than 0.5 ng of cis-thiothixene
in our internal standard, we make a fresh internal standard solution.
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Few methods for the assay of pindolol (Fig. 1), a beta-blocking drug, have
been published. The first assay was described by Pacha [1]. This fluorimetric
method, after reaction with o-phthalaldehyde, lacks specificity and sensitivity
because interfering substances can be co-extracted from biological fluids
causing serious variations in blank values. More recently, an electron-capture
gas-liquid chromatographic (GLC) procedure was proposed [2], but this also
shows insufficient specificity depending on reagent impurities. Another
electron-capture GLC method, using a wall-coated open tubular column, was
described by the same author, but a derivatization step is required which can
lead to insufficient specificity [3]. A high-performance liquid chromatographic
(HPLC) method with fluorescence detection has been proposed [4] but this
involves a time-consuming extraction procedure to eliminate interfering
substances and the claimed sensitivity of 2 ngjml of plasma can rarely be
attained in routine use. The lack of sensitivity of the HPLC procedure has been
recently confirmed [5]. A simple and highly sensitive HPLC method with
amperometric detection is reported in this present paper.

Fig. 1. Structural formula of pindolol.

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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Fig. 2. High-performance liquid chromatograms of extracts from plasma: (A) control drug­
free plasma; (B) plasma containing 30 ng{ml pindolol; (C) patient's plasma, 1 h after an oral
dose of 15 mg of pindolol (70 ng{ml). p =pindolol.

TABLE I

REPRODUCIBILITY OF THE ASSAY FOR PINDOLOL IN PLASMA

n =10 at all concentrations.

Pindolol
(ng{ml)

1
10
80

Coefficient of variation
(%)

11.0
6.7
1.2
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Determination of trilostane and ketotrilostane in human plasma by
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Trilostane [(40! ,50!,1 7(3 )-4,5-epoxy-3,1 7-dihydroxyandrost-2-ene-2-carbo-
nitrile, I, Fig. 1] is a synthetic steroid which has been shown to be a competi­
tive inhibitor of the 3(3-hydroxysteroid dehydrogenase-~5-3-oxosteroid
isomerase (3(3-HSD) enzyme system in laboratory animals [1-3] and humans
[4]. The drug has been used to modify adrenal steroidogenesis in conditions
such as Cushing's syndrome [4], primary aldosteronism [5], various forms of
hypertension [6], and recently it has been found to be of benefit in the
treatment of some forms of cancer of the breast [7].

High-performance liquid chromatographic (HPLC) examination of extracts
of plasma from dosed healthy male volunteers indicated that chromatograms
contained two peaks, due to trilostane and a metabolite, which were absent

NC

HO HO

(I) (U)

Fig. 1. Structures of trilostane (I) and ketotrilostane (II).
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tubes. The methanol was evaporated at 45° C under a gentle air stream and 1 ml
of heparinized drug-free plasma and 0.25 ml of 1 M hydrochloric acid were
added to each tube. The capped tubes were placed on a Rotamixer for 5 min to
allow dissolution of the drug in the acidified plasma. Extraction of each
experimental sample group was performed with 5 ml of one of the following
solvents: chloroform, toluene, hexane, dichloromethane, petroleum ether and
isooctane-2-propanol (85:15, v/v). All tubes were mixed at moderate speed on
the Rotamixer for 5 min and then centrifuged at 1240 g for 5 min. The organic
layers were transferred by pipette to 10 X 75 mm glass tubes and the solvents
evaporated at 45°C under a gentle air stream. A standard for 100% recovery
was prepared by adding 100 III (equal to 20 Ilg of the ibuprofen) standard
solution in methanol and drying off the methanol in an identical manner to
that of the extraction solvents. All extraction sample residues and the
ibuprofen standard solution residues were reconstituted in 100 III of a 200 mg/l
solution of ibufenac in methanol. In this recovery analysis, ibufenac served as
an external standard. Ibuprofen:ibufenac peak height and area ratios obtained
with experimental specimens were compared with the ratios obtained with the
quantitative recovery standard.

RESULTS AND DISCUSSION

The results of the extraction efficiency and recovery experiments are shown
in Table I. The isooctane-isopropanol (85:15, v/v) extraction solvent gave
complete recovery of the drug from the heparinized plasma samples. Recovery
of ibuprofen from plasma with the other organic extraction solvents generally
was less than 70%. Chloroform (the solvent employed by Pitre and Grandi [8])
gave recoveries of 65.0 ± 3.0%. Although we used hydrochloric acid rather than
phosphoric acid to acidify the plasma, hexane (used by Shimek et al. [9])
gave less than 50% recovery. Dichloromethane (used by Keams and Wilson
[10] and Lockwood and Wagner [13]) gave recoveries of 68.6 ± 7.9%.

TABLE I

EXTRACTION OF IBUPROFEN FROM PLASMA

The fraction of ibuprofen extracted from plasma into the named solvents was evaluated as
described in the text using an external standard method. The data are expressed as mean ±

S.D. for six individual samples.

Solvent

Hexane
Petroleum ether
Chloroform
Dichloromethane
Toluene
Isooctane-2-propanol

Percentage ibuprofen recovered

48.2 ± 1.4
55.3 ± 1.2
65.0 ± 3.0
68.6 ± 7.9
69.5 ± 2.7

102.6 ± 4.7

A chromatogram of a processed drug-free plasma specimen without added
internal standard is shown in Fig. 1. The chromatogram of a processed plasma
sample containing 1 Ilg/ml ibuprofen and added internal standard is shown in
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Yohimbine is an alkaloid, isolated from Corinanthe yohimbe in 1896 by
Spiegel [1] , and known for its aphrodisiac properties. It is an az-adreno-blocker
used particularly in animal psychopharmacology experiments because it easily
penetrates the central nervous system and produces a complex pattern of
responses [2]. Recently, its az-adrenergic properties have been utilized in
several cases of orthostatic hypotension in humans [3], and it has been
suggested for some forms of obesity, an antilipolytic role of the az-adrenergic
receptors of human adipocytes having been reported [4].

Although yohimbine has been known and used for a long time, no method
for its measurement in biological fluids has been described. Only one quantita­
tive method using a colorimetric reaction has been reported [5, 6]. More
recently two methods have been described using fluorimetric [7] and spectro­
photometric [8] analysis. All these methods are only suitable for measurement
in pure solution, or in tablets or mixtures of alkaloids, however. A semiquanti­
tative method using thin-layer chromatographic separation has been developed
for the analysis of Rauwolfia alkaloids [9] and a study of heteroyohimbine
alkaloids based on gas--liquid chromatography has been reported [10].

The present report describes a method for the analysis of yohimbine in
human and rat plasma by reversed-phase high-performance liquid chromato­
graphy (HPLC) with amperometric detection.

MATERIALS AND METHODS

Chemicals and drugs
Yohimbine hydrochloride (Fig. 1) was from Sigma, St. Louis, MO, U.S.A.

and the internal standard (Fig. 1), 4-amino-3,5-dichloro-a-(tert.-butylamino-

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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methyl)benzyl alcohol hydrochloride, was obtained from Boehringer
Ingelheim, France.

Standard solutions of yohimbine were prepared in methanol at concentra­
tions of 1 Mg/ml and 10 Mg/ml.

Standard solutions of internal standard were also prepared in methanol at a
concentration of 10 Mg/ml.

All reagents used were of analytical grade: methanol (Carlo Erba, Italy),
chloroform (U.C.B., Belgium), dichloromethane (J.T. Baker, The Netherlands),
isopropanol (Carlo Erba), ammonium phosphate monobasic (Sigma) and
sodium hydroxide (Prolabo, France).

YOHIMBINE

OH H
I I H

CI,O /CH_CH,_N/ C/-
',/" -- "c (CH )I 33

/::-...
H,N I

CI

INTERNAL STANDARD

Fig. 1. Chemical structures of yohimbine and internal standard.

Chromatographic conditions
Apparatus. The chromatographic system consisted of a Model 6000A solvent

delivery system (Waters Assoc., Milford, MA, U.S.A.) fitted with an additional
pulse damper (Touzard et Matignon, France), a Rheodyne sample valve
equipped with a 50-Mlloop. The column was a Waters MBondapak CIS (30 cm
X 3.9 mm LD., 10-Mm non-spherical particle size).

A Metrohm electrochemical detection system, composed of a 641 VA
detector, a 656 electrochemical detector equipped with a glassy carbon
electrode and a silver/silver chloride reference electrode, was used to oxidize
the compounds at a potential of 1.15 V. The sensitivity was set at 50 nA full
scale.

All chromatograms were recorded on a Servotrace recorder (Sefram, France)
at a chart speed of 5 mm/min.

The mobile phase. The mobile phase consisted of distilled water-methanol
(52:48) containing ammonium phosphate (0.01 M) and was thoroughly
degassed and filtered through a 0.2-Mm filter disc (Millipore, Bedford, MA,
U.S.A.) before use. The flow-rate was kept constant at 1 ml/min, corresponding
to a pressure of about 90 bars (1300 p.s.i.).

Extraction of samples
To 1 ml of rat plasma are added 50 Ml of a solution containing 10 Mg/ml

internal standard, 0.5 ml of 0.1 mol/l sodium hydroxide and 6 ml of
chloroform-dichloromethane-isopropanol (6:1:1, v/v). The mixture is shaken
for 20 min using an alternating agitator (Realis type 44-40, France). The
solution is then centrifuged for 10 min at 900 g and the supernatant is
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discarded. The lower organic phase is transferred to a clean tube, then
evaporated to dryness using a vortex evaporator (Buchler Instruments Division,
Fort Lee, NJ, U.S.A.).

The residue is dissolved in 100 III of the mobile phase, 25 III of which are
injected into the chromatograph.

Calibration curve
The calibration curve is obtained by adding yohimbine at concentrations of

25, 50, 100, 200, 300, 400, 600 ngjml to rat control plasma. These standards
are then extracted under the same experimental conditions. The peak heights
are measured and the ratios of peak height of yohimbine to peak height of
internal standard are plotted against concentration.
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Fig. 2. Typical chromatograms obtained from rat plasma after injection of: (a) blank plasma
control; (b) plasma control spiked with internal standard (IS); (c) plasma control spiked with
IS and 600 ng/ml yohimbine (Y); (d) plasma sample obtained 2 h after 0.2 mg/kg oral dose
of yohimbine (Y).













457

Isolation and structural studies of porcine, ovine and murine thymosin {3. by high-performance
liquid chromatography
by T.L.K. Low and R.C. Mercer (Washington, DC, U.S.A.) . . . . . . . . . . . . . . . . • . .. 221

Purification of a cholecystokinin fragment peptide in the horizontal flow-through coil planet
centrifuge
by M. Knight, C.A. Tamminga, Y. Ito, J.D. Garnder and T.N. Chase (Bethesda, MD, U.S.A.) .. 277

Rapid and sensitive assays using high-performance liquid chromatography to measure the activities
of phase II drug metabolising enzymes: glucuronyl transferase and sulfotransferase
by E.C.A. To and P.G. Wells (Toronto, Canada) . . . . . . . . . . . . . . . . • . . . . . . . .. 282

High-performance liquid chromatographic analysis of estradiol valerate-testosterone enanthate in
oily formulations
by G. Carignan, B.A. Lodge and W. Skakum (Ottawa, Canada) . . . . . . . . . . . . . . . . .. 292

Ion-exchange chromatographic assay of peptidases acting on the C-terminal hexapeptide sequence
of substance P
by R. Laufer, U. Wormser, Z. Selinger, M. Chorev and C. Gilon (Jerusalem, Israel). . . . . .. 415

Sequence analysis of derivatized peptides by high-performance liquid chromatography-mass
spectrometry
by T.J. Yu, B.A. Schwartz, S.A. Cohen, P. Vouros and B.L. Karger (Boston, MA, U.S.A.) .. 425

Fluorimetric determination of menadione sodium bisulphite (vitamin K.) in animal feed and
premixes by high-performance liquid chromatogrpahy with post-column derivatization
by A.J. Speek, J. Schriiver and W.H.P. Schreurs (Zeist, The Netherlands) . . . . . . . . . . .. 441

New ion-pair reagent for the high-performance liquid chromatographic separation of B-group vita­
mins in pharmaceuticals
by D.C. Woollard (Auckland, New Zealand). . . . . . . . . . . . . . . . . . . . . . . . . 470

Analysis of flumethasone pivalate formulations by high-performance liquid chromatography
by B.A. Lodge and A. Vincent (Ottawa, Canada). . . . • . . • . . • . . . . . . . . . . . 477

Volume 302

Selective liquid chromatographic isolation and gas chromatographic-mass spectrometric analysis
of ketonic bile acids in faeces
by R. Tandon, M. Axelson and J. Sjovall (Stockholm, Sweden). . . . . . . . . . . . . . . . . . 1

High-performance liquid chromatography of amino acids in urine and cerebrospinal fluid
by S. Lam, H. Azumaya and A. Karmen (New York, NY, U.S.A.) ......••.. 21



458

Author Index

Airoldi, L., see Carlucci, G. 141
Akerlund, H.-E., see Johansson, G. 277
Alton, K.B.

, Leitz, F., Bariletto, S., Jaworsky, L.,
Desrivieres, D. and Patrick, J.
High-performance liquid chromatogra­
phic assay for labetalol in human plasma
using a PRP-1 column and fluorometric
detection 319

Anders, J.C.
, Theoharides, A.D., Thomas, L.M.,
Smyth, M.H. and Chung, H.
High-performance liquid chromato­
graphic method for the analysis of a
candidate 8-aminoquinoline antileish­
manial drug using oxidative electro­
chemical detection 117

Andrews, R.S., see Powles, P. 434
Aoyama, M., see Kodama, K. 369
Aoyama, T., see Nakano, Y. 390
Arima, M., see Konomi, H. 375
Baltar, A., see Purser, C. 135
Barchowski, A., see Luzzi, F.A. 291
Bariletto, S., see Alton, K.B. 319
Beach, C.A., see Mays, D.C. 301
Beck, O.

and Pevet, P.
Analysis of melatonin, 5-methoxytryp­
tophol and 5-methoxyindoleacetic acid
in the pineal gland and retina of hamster
by capillary column gas chromato­
graphy-mass spectrometry 1

Bellon,G.
, Lundy, A.M., Malgras, A. and Borel,
J.P.
Fluorometric evaluation of sarcosine in
urine and serum 405

Bianchetti, G., see Caqueret, H. 199
Bianchine, J.R., see Mays, D.C. 301
Boehm, T.M., see Young, P.M. 79
Bontemps, J.

, Laschet, J., Dandrifosse, G., Van Cut­
sem, J.-L. and Forget, P.-P.
Analysis of dansyl derivatives of di­
and polyamines in mouse brain, human
serum and duodenal biopsy specimens
by high-performance liquid chromato­
graphy on a standard reversed-phase
column 59

Borel, J.P., see Bellon, G. 405
Borra, C.

, Cosmi, G., Di Corcia, A. and Samperi,
R.
Reliable measurement of non~sterified

long-chain fatty acid pattern in blood
plasma 9

Bottiglieri, T.
, Lim, C.K. and Peters, T.J.
Isocratic analysis of 3-methoxy-4-hy­
droxyphenyl glycol, 5-hydroxyindole-3­
acetic acid and 4-hydroxy-3-methoxy­
phenylacetic acid in cerebrospinal fluid
by high-performance liquid chromato­
graphy with amperometric detection
354

Boutron, H., see Diquet, B. 430
Bradberry, C., see McKay, L. 167
Brodie, R.R., see Walmsley, L.M. 227
Brondz, I.

and Olsen, I.
Carbohydrates of whole defatted cells
as a basis for differentiation between
Actinobacillus actinomycetemcomitans
and Haemophilu8 aphrophilus 31

Brondz, I.
and Olsen, I.
Whole-eell methanolysis as a rapid
method for differentiation between
Actinobacillus actinomycetemcomitans
and Haemophilus aphrophilus 347

Brown, J.E., see Young, P.M. 79
Buchanan, J.F., see Pollack, G.M. 101
CaIman, K.C., see Cummings, J. 125
Caqueret, H.

and Bianchetti, G.
Simple method for routine determina­
tion of betaxolol in blood and urine
by .automated high-performance liquid
chromatography with fluorimetric de­
tection 199

Carlucci, G.
, Airoldi, L., Fanelli, R. and Laguzzi, B.
Quantitative analysis of aromatic amines
in human urine by gas chromato­
graphy-mass spectrometry-selected-ion
monitoring 141

Cavalline, D., see Kodama, H. 183
Chasseaud, L.F., see Walmsley, L.M. 227
Chen, S.S., see Hsu, D.-S. 396
Chou, R.C., see Wiegand, U.-W. 218
Chrin, L., see Kelley, J. 400
Chung, H., see Anders, J.C. 11 7
Claeys, M., see Vandewoude, M. 176
Cohen, J.L., see Terry, M.D. 213
Collins, M.A., see Origitano, T.C. 17
Corcia, A. Di, see Borra, C. 9
Cosmi, G., see Borra, C. 9
Cummings, J.

, Stuart, J.F.B. and Calman, K.C.
Determination of adriamycin, adriamy­
cinol and their 7-deoxyaglycones in
human serum by high-performance liq-





460

Kai,M.
, Miyazaki, T. and Ohkura, Y.
High-performance liquid chromato­
graphic measurement of guanidino com­
pounds of clinical importance in human
urine and serum by pre-column fluores­
cence derivatization using benzoin 257

Kamiyama, F., see Dohji, T. 249
Karege, F.

Method for total 3-methoxy-4-hydroxy­
phenylglycol extraction from urine,
plasma and brain tissue using bonded­
phase materials: comparison with the
ethyl acetate extraction method 361

Kato, T., see Ito, S. 154
Kawabe, T., see Dohji, T. 249
Kay, B., see Keegan, M. 223
Keegan, M.

and Kay,B.
Detection of nalbuphine in plasma:
an improved high-performance liquid
chromatographic assay 223

Keiser, H.R., see Goldstein, D.S. 148
Kelly, J.

and Chrin, L.
Thin-layer chromatography of hydroxy­
lysine for collagen analysis 400

Kern, J.W., see Terry, M.D. 213
Kershaw, C.A., see Mays, D.C. 301
Klinger, J.K., see Luzzi, F.A. 291
Kodama, H.

, Sasaki, K., Mikasa, H., Cavallini, D.
and Ricci, G.
Quantitative analysis of cystathionine
and perhydro-1 ,4-thiazepine-3 ,5-d~car­

boxylic acid in the urine of a patient
with cystathioninuria using isotacho­
phoresis 183

Kodama, K.
Nakata, T. and Aoyama, M.

Direct determination of urinary vanil­
lylmandelic acid and homovanillic acid
by high-performance liquid chromato­
graphy on an anion-exchange column
369

Konomi, H.
, Hayashi, T., Takehana, Y. and Arima,
M.
Rapid and sensitive amino acid analysis
of human collagens using high-perform­
ance liquid chromatography 375

Kruger, R.
Mengel, I. and Kuss, H.J.

Determination of benperidol in human
plasma by high-performance liquid
chromatography 109

Kurahashi, T., see Ito, S. 154
Kuss, H.J., see Kruger, R. 109

Laguzzi, B., see Carlucci, G. 141
Landa, B.L., see Narasimhachari, N. 424
Lanz, E., see Wiegand, U.-W. 218
Laschet, J., see Bontemps, J. 59
Lecomte-Joulin, V., see Guyon, F. 160
Ledden, D.J., see Feldhoff, R.C. 267

Leeuw, I. De, see Vandewoude, M. 176
Leitz, F., see Alton, K.B. 319
Le Moing, J.P., see Vajta, S. 329
Lim, C.K., see Bottiglieri, T. 354
Litowitz, H.

Olanoff, L. and Hoppel, C.L.
Determination of ibuprofen in human
plasma by high-performance liquid
chromatography 443

Lundy, A.M., see Bellon, G. 405
Luzzi, F.A.

, Wenger, T.L., Klinger, J.K., Bar­
chowsky, A. and Strauss, H.C.
Simultaneous determination of lido­
caine and its metabolites in plasma and
myocardium 291

McKay, L.
Bradberry, C. and Oke, A.

Ascorbic acid oxidase speeds up analysis
for catecholamines, indoleamines and
their metabolites in brain tissue using
high-performance liquid chromato­
graphy with electrochemical detection
167

Malgras, A., see Bellon, G. 405
Markey, S.P., see Goldstein, D.S. 14.8
Marks, E.S., see Goldstein, D.S. 148
MRrtensson, J., see KRgedal, B. 170
Maruta, K., see Ito, S. 154
Mays, D.C.

, Sharp, D.E., Beach, C.A., Kershaw,
R.A., Bianchine, J.R. and Gerber, N.
Improved method for the determina­
tion of aspirin and its metabolites in
biological fluids by high-performance
liquid chromatography: applications to
human and animal studies 301

Mengel, I., see Kruger, R. 109
Mikasa, H., see Kodama, H. 183
Minegishi, A.

and Ishizaki, T.
Determination of free 3-methoxy-4-hy­
droxyphenylglycol with several other
monoamine metabolites in plasma by
high-performance liquid chromato­
graphy with amperometric detection
51

Miyazaki, T., see Kai, M. 257
Moing, J.P. Le, see Vajta, S. 329
Mori, M., see Dohji, T. 249
Musacchia, X.J., see Feldhoff, R.C. 267























o

o

o

o

o

CLUE: a program for heirarchical divisive
clustering,

CHEOPS: CHEmometrical OPtimization by
Simplex, The program offers an intelligent,
sequential experimental plan, based on the
modified or super-modified simplex method,o It optimizes the response of a system by 0
varying up·to ten instrumental parameters,

INSTRUMENTUNE·UP: helps the user to
improve the performance of commona scientific laboratory instruments (Deming
and Morgan) for 18M·PC and APPLE.
Price: USS 150,00

REFVALUE: calculates reference intervals
from total hospital-patients laboratory data,

O
(Baadenhuysen and Smit) for PDP and HP 85 0
(and in prep, for 18M-PCI.
Price: Mini computer USS 1080,00
Micro computer USS 500,00

o and in preparation:

o CLEOPATRA: Chemometrics Library: an
Extendable set Of Programs as an Aid in
Teaching, Research and Application,
(Kateman) for HP 9845 8 (and in prep. for
18M·PCI.

o Price USS 600.00

o BALANCE: a program to statistically
compare two series of measurements
(Massart) for 18M·PC and APPLE.
Price: USS 150,00

------- --------- ------------------------------------------------ ----- ------------------------ ------ --- ---- ---- --

Unlike other software publishers, we
have some unique features .

'Elsware' with its software,
Elsevier, publisher of many journals in all
of the major selentific fields, is now going
elsewhere with the launch of its first series
of programs for both mini and micro­
computers,

programs are extensively refereed and
operationally tested: program manuals
usually include source code listings: free
updates are provided for a year and
comprehensive informotion is available
before ordering,
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A CODATA Sourcebook on the Use of Computers in Data Activities

edited by JOHN R. RUMBLE, Jr., National Bureau of Standards, Washington,
DC, U.S.A. and VIKTOR E. HAMPEL, Lawrence Livermore National
Laboratory, Livermore, CA, U.S.A.

1984 xiv + 264 pages
ISBN 0-444-86865-8

US $45.00 (in U.S.A.lCanada)/Dfl. 135.00 (Rest of World)

This book is designed as an
introduction for scientists and engineers
into the use of computers to store,
manipulate, and distribute collections of
numeric data. The basic theme is
simple: think before doing. Stated
another way, successful computer
database projects first require careful
plans and designs followed by rational
selection and implementation. This
work introduces to people interested in
scientific data, the important and useful
concepts developed over the past
decade to control computer data
projects and improve the chances of
success. A major feature is the clear
introduction of important database
management concepts and ideas,
which is combined with extensive
annotated bibliographies. The chapters,
each written by an expert in scientific
database management, cover three
main topics. First, an overview of the
concepts is given; then a detailed
discussion of each phase of a database
project follows; and finally, the book
concludes with a discussion on
computer communications and linkage
to other scientific database work.

This sourcebook is also designed to be
a succinct, yet clear reference manual
to the topical literature in database
management in general, made specific
to the requirements of, and use with,
data in science and technology.
Intended as a primer, the volume is an
introduction to scientists and engineers
who are interested in the use of
computers in data activities. It is a book
by experts for newcomers in the
database field.

CONTENTS: Foreword. Chapters. 1: Data,
Computers and Database Management Systems
(J.R. Rumble, Jr.); 2: Data Types and Structures
in Science and Technology (A.A. Brooks);
3: Database Management Systems in Science
and Technology (F.D. GaUlt); 4. Analysis and
Display of Data in Science and Technology
(J. R. Rumble, Jr., and N.L. Seidenman);
5: Planning for Database Management in
Science and Technology (F.J. Smith);
6: Designing the Database Management System
(H. Bestougeff); 7: Selecting a Suitable Database
Management System (M.A. Huffenberger and
C.A. Schermer); 8: Implementing and Using the
Database Management System (J. Russell and
DE Cullen); 9: Integrating Your System with
Data Communication Networks and to Other
Database Activities (J.R.U. Page); 10: Database
Management Concerns at the International Level
(C. Gottschalk).
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