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a pre-fractionation procedure is applied to partially separate otherwise unre
solved constituents. A second problem is encountered with respect to the oxo
carboxylic acids. They require derivatization of the carbonyl group to prevent
decomposition during the analytical procedure. The O-methyloxime derivatives
have proved to be suitable, even though some of them give syn-anti isomeric
peaks.

Pre-trae tionations
By modifying the previously described TLC pre-fractionation method [11] ,

fraction 2 containing the oxocarboxylic acids was further fractionated into 2a
and 2b, and fraction 3 containing the hydroxycarboxylic acids, was divided
into 3a-d. Proceeding from 2a to 3d, the substances show increasing polarity.

Fig. 1 exemplifies the early portions of the chromatograms of fractions 3a-d
of the organic acids in a normal urine. These early portions contain the hy
droxycarboxylic acids. Because of the limited separating efficiency of the TLC
plate, most hydroxycarboxylic acids appear in more than one subfraction. Be
cause this complicates quantitative determinations, the refined subfractionation
may be omitted for the quantification of those constituents which are suffi
ciently separated. The least polar acids, such as lactic acid, 2-hydroxyisobutyric
acid, 2-hydroxybutyric acid, 2-hydroxyisovaleric acid and 3-hydroxyisovaleric
acid are part of fractions 3a and 3b, the more polar acids, such as glycolic acid

TABLE I

DISTRIBUTION OF THE OXOCARBOXYLIC AND HYDROXYCARBOXYLIC ACID
DERIVATIVES IN THE TLC FRACTIONS

Substance

Pyruvic acid
2-0xobutyric acid
2-0xoisovaleric acid
2-0xovaleric acid
2-0xo-3-methylvaleric acid
2-0xoisocaproic acid
3-0xobutyric acid
3-0xocaproic acid
4-0xobutyric acid
5-0xocaproic acid

2-Hydroxyisobutyric acid
2-Hydroxyisovaleric acid
2-Hydroxyisocaproic acid
3-Hydroxyisovaleric acid
Lactic acid
2-Hydroxybutyric acid
2-Hydroxy-3-methylvaleric acid
3-Hydroxybutyric acid
3-Hydroxyisobutyric acid
3-Hydroxy-2-methylbutyric acid
3-Hydroxy-2-ethylpropionic acid
Glycolic acid
3-Hydroxypropionic acid

Fraction

2a
2a
2a
2a
2a
2a
2a,2b
2a
2b
2b

2b, 3a, 3b, (3c)
2b,3a
2b
2b,3a,3b
3a,3b
3a
3a
3a, 3b, 3c, (3d)
3a,3b,3c,3d
3a,3b
3a,3b,3c
3c,3d
3d
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Fig. 2. Early portions of the gas chromatograms of fraction 3a (A), fraction 3b (B), frac
tion 3c (C) and fraction 3 d (D) of the derivatives of the organic acids in urine of a diabetic
patient with ketoacidosis. The first peak of 3-hydroxy-2-methylbutyric acid in fraction 3a
is the threo form, the second peak the erythro form.

and 3-hydroxypropionic acid, part of fractions 3c and 3d. 3-Hydroxybutyric
acid has its maximum in 3b. The distribution of all of the hydroxycarboxylic
acids in the different fractions is indicated in Table I. Fractions 3a and 3b, in
some cases also 3c, contain an artifact which is introduced during the sample
preparation, and which so far can not be eliminated. In the chromatograms it
partially covers the peak of 2-hydroxybutyric acid.





















































256

ester (7b) was produced only in 5% yield. A third peak in the gas chromato
gram showed in its mass spectrum a parent ion peak 'at m/z 202 and key ions
at mass m/z 45, m/z 55, m/z 59, m/z 101, and m/z 115, which suggested that
its structure differed from the oxirane (m/z 188) (9b) by the presence of an
additional methylene group. This assumption was confirmed by reacting
2-oxoglutaric acid (6b) with deuterodiazomethane [27], demonstrating the
introduction of four C2 H2 groups into the original molecule.

The '1 H-NMR spectrum of the isolated unknown compound of 202 molecular
weight, revealed a pair of doublets at [j = 3.05 ppm and [j = 2.81 ppm (J = 6
Hz), assigned to an AB proton for oxirane ring protons, suggesting structure 9c
for the compound.

To confirm this assumption 2-oxoadipinic acid (6c) was treated with
diazomethane. The resulting main product 2-(carbomethoxy)-oxirane-butyric
acid methyl ester (9c) showed the same mass spectrum and RI value as the by
product of the reaction of 2-oxoglutaric acid (6b) with diazomethane. Obvious
ly, by migration of the zwitterion (8b), 2-oxoadipic acid methyl ester (7c =
lOb) is formed which reacts immediately with diazomethane to give 12b = 9c
as indicated in Scheme 2. The corresponding oxirane of lIb could not be
detected.

All investigated compounds [2-oxoglutaric acid (6b), 2-oxoadipic acid (6c),
2-oxohexanoic acid (6d) and 2-oxooctanoic acid (6e)] showed an analogous
behaviour on treatment with diazomethane (Table II).

Solvent effects
In general, the weak acid methanol increases the ratio of produced oxiranes

[28] by increasing the polarization of diazomethane forming hydrogen bonds.
Therefore we tried to see if the oxirane production could be avoided or at least
reduced by the use of less polar solvents. The results of these experiments
(Table III) demonstrate only negligible effects.

TABLE III

SOLVENT EFFECTS

Solvent

Cyclohexane
Without solvent
Ether
Benzene
Ethyl acetate
Methanol

2-0xoglutaric acid
dimethyl ester (7b)
(%)

48.2
59
55
47.3
53

2 -(Carbomethoxy)
oxirane-propionic
acid methyl ester (9b)
(%)

51.5
41
45
52.1
47
88

2·(Carbomethoxy)
oxirane.butyric acid
methyl ester (9c)
(%)

0.3

5

Reaction time
Reduction of the reaction time between acid and diazomethane from 10 min

to 1 ,min (solvent methanol), increased the rate of dimethyl ester produced
from 2-oxoglutaric acid (6b) from 5% to 59% and reduced the rate of oxirane







259

2 M.G. Horning, E.A. Boucher and A.M. Moss, J. Gas Chromatogr., 5 (1967) 297.
3 A.M. Lawson, R.A. Chalmers and RW.E. Watts, Clin. Chem., 22 (1976) 1283.
4 RA. Chalmers, Methodol. Dev. Biochem., 5 (1976) 121.
5 E.C. Horning and M.G. Horning, J. Chromatogr. Sci., 9 (1971) 129.
6 D.S. Zaura and J. Metcott, Anal. Chem., 41 (1969) 1781.
7 C.C. Sweeley, R. Bentley, M. Makita and W.W. Wells, J. Amer. Chem. Soc., 85 (1963)

2497.
8 R.A. Chalmers and A.M. Lawson, Organic Acids in Man, Chapman and Hall, London,

1982, pp. 35-39.
9 U. Langenbeck and J.E. Seegmiller, J. Chromatogr., 80 (1973) 8l.

10 M. Spiteller and G. Spiteller, J. Chromatogr., 164 (1979) 253.
11 J.S. Pizey, Synthetic Reagents, Vol. II, Wiley, New York, 1974, p. 70.
12 K. v. Auwers and F. Konig, Ann. Chem., 496 (1932) 252.
13 R Huisgen and P. Eberhard, Tetrahedron Lett., 45 (1971) 4343.
14 C. Wentrup, Reaktive Zwischenstufen, Vol. I, Georg Thieme, Stuttgart, 1979, p. 12l.
15 P.G. Simmonds, B.C. Pettitt and A. Zlatkis, Anal. Chem. 39 (1967) 163.
16 H. Henecka, Methoden der Organische Chemie, Houben Weyl, Vol. VIII, Georg Thieme,

Stuttgart, 4th ed., 1952, p. 427.
17 RO. Clinton and S.C. Laskowski, J. Amer. Chem. Soc., 70 (1948) 3135.
18 H. Gerlach, H. Oertle and A. Thalmann, Helv. Chim. Acta, 59 (1976) 755.
19 O. Isler, H. Gutmann, M. Montavon, R Ruegg, G. Ryser and P. Zeller, Helv. Chim.

Acta, 40 (1957) 1242.
20 J. Brenner, J. Org. Chem., 26 (1961) 22.
21 R Roper and T.S. Ma, Microchem. J., 1 (1957) 245.
22 L. Birkhofer and H. Feldmann, Ann. Chem., 677 (1964) 154.
23 K. Weiss and K. Hoffmann, J. Mol. Catalysis, in press.
24 H.L. Krauss, E. Weber and N. Movik, Z. Anorg. Chem., 338 (1965) 121.
25 J. Auerbach, T. Ipatki and S.M. Weinreb, Tetrahedron Lett., 46 (1973) 456l.
26 J. Kagan and L. Tolentimo, J. Org. Chem., 40 (1975) 3085.
27 J.R. Campbell, Chem. Ind., (1972) 540.
28 F. Arndt, B. Eistert and W. Ender, Chem. Ber., 62 (1929) 44.
29 Q.N. Porter and J. Baldas, Mass Spectrometry of Heterocyclic Compounds, Wiley

Interscience, New York, 1971, p. 8.

















267

proteins yielded identical values. The reason why HPLC affords lower values
is currently being investigated.

In conclusion we want to emphasize that for routine determinations of drugs
in biological fluids the method with the maximum sensitivity is not always
the most suitable; in fact, the high selectivity of mass fragmentography,
not so much its sensitivity, is crucial to achieve sufficiently accurate results.
In addition, aspects such as time and cost are important from the point of view
of practicability. The present study also shows that it may be necessary to
employ different analytical procedures for the determination of the same
compound in different types of samples.
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Fig. 4. Negative chemical ionization spectrum of peak 4 (Fig. 1) obtained from an OV-101
fused-silica capillary column. Note that the spectrum is identical to the spectrum of authen
tic diethylene glycol diheptafluorobutyrate.

person found to have a high S. mansoni egg count. We do not know of an envi
ronmental or food source by which these children could have been exposed to
diethylene glycol. The median age of the patients was eleven years, which
makes industrial exposure unlikely. Furthermore, serum levels of the com
pound decreased in amount in five patients following effective anti-schisto
somal therapy, an observation which seems to indicate some relationship to the
disease process. When patients did not respond to therapy, as indicated after
two weeks by a consistant egg count, diethylene glycol was still present.

A computer search of the literature on biosynthesis, fermentation synthesis,
and toxicity of diethylene glycol revealed that a great deal of research had been
done on the toxicity of this compound, but we found no reports on its bio
synthesis. Diethylene glycol is a central nervous system depressant, and a single
lethal oral dose for man is approximately 1 ml/kg [13]. Based on a study [13]
of 105 fatalities among 353 people who ingested diethylene glycol that con
taminated a solution of sulphanilamide, symptoms included nausea, dizziness,
and pain in the kidney region. Death resulted from renal failure [13]. A study
conducted by Fitzhugh and Nelson [14] on rats showed that, at a 4% dietary
level, there was depression of growth, formation of bladder stones, severe kid
ney damage, moderate liver damage, and frequent appearance of bladder
tumours. Woo et al. [15] studied the volatile compounds present in the urine
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Repetitive analysis of the same serum showed that the variations in area of all
peaks compared to the area of the internal standard were small (coefficient
of variation, C.V., is in the range 0.8-9.5%, n = 5). Thus the precision of the
present method involving extraction and pre-column derivatization with NBD-F
may be slightly inferior to that obtained by ion-exchange chromatography. Part
of this deviation is due to pipetting errors that may occur during the extraction
and derivatization procedure. The average recovery of amino and imino acids
by addition of amino and imino acid standard solution to serum was 98.9%
(n = 5).

The data obtained in this experiment (Table I) are comparable to those
obtained using the other method [17]. The sensitivity of the method is about
one order of magnitude higher than that described in a recent report [18] for
50 ~l of serum using OPA as fluorogenic reagent.

Since this method allows the detection of amino and imino acids in extreme
ly small amounts of serum, we tried to measure amino and imino acid contents
in whole blood obtained from newborns.

A newborn blood sample (2.6-2.8 ~l) applied on a paper disc (3 mm
diameter) was extracted, as for serum, with 70% ethanol, derivatized with
NBD-F and analysed by the proposed method. Fig. 2 shows a representative
chromatogram of amino and imino acids in whole blood of a normal newborn.
The variation in the ratio of peak area of each amino and imino acid to that
of the internal standard was within C.V. = 8.4% (n = 4). A major part of
this deviation might be caused by the sample preparation, especially by
punching out of the paper.

6

8 5

17

16
13

12

3

60 40 20 o
min

Fig. 2. Elution profile of a normal blood disc. Procedures for extraction, derivatization and
HPLC conditions are cited in the text. Numbers are the same as in Fig. 1.
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A summary of the results obtained from the whole blood of five normal
newborns is made in Table II. The concentrations of each amino and imino
acid in whole blood were comparable to the values reported by others using
an amino acid analyser [19] .

Fig. 3 shows chromatograms of amino and imino acid derivatives from blood
of newborns with inborn errors of metabolism (phenylketonuria, maple syrup
urine disease and tyrosinosis). Large peaks of amino acids [phenylalanine
(peak 17) in Fig. 3a, valine (peak 13), isoleucine (peak 15) and leucine (peak
16) in Fig.3b, and tyrosine (peak 20) in Fig. 3c] appear in these chromato
grams. It is known that a large amount of alloisoleucine would arise in maple
syrup urine disease, but in this system alloisoleucine and isoleucine co-eluted.
The concentrations of amino and imino acids related to the diseases obtained
by the proposed method and by an amino acid analyser using OPA as post
column derivatization reagent are shown in Table III, suggesting a good correla
tion between the two. In conclusion, the present method should be useful in
the diagnosis of hereditary inborn errors of metabolism and would also be
applicable to the detection of hyperprolinaemia [20] .

17 6 6

(a) 2 16 (b)

15

13

8

12

I

80 40 20 0 60 40 20 0
min min

6

20

(C)

2

3

min

Fig. 3. Elution profiles of abnormal blood disc obtained from newborns with phenylketon
uria (a), maple syrup urine disease (b) and tyrosinosis (c). Procedures for extraction,
derivatization and HPLC conditions are cited in the text. Numbers are the same as in Fig.!.
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TABLE II

AMINO AND IMINO ACID CONCENTRATIONS (j.tM) IN DRIED BLOOD DISCS FROM
FIVE NORMAL NEWBORNS

Amino acid 1 2 3 4 5

His 15 30 23
Ala 335 294 435 362 306
Pro 210 199 250 243 255
Val 208 270 190 185 235
De 95 83 70 85 65
Leu 126 154 160 129 177
Phe 51 33 55 80 71
Orn 46 59 76 110 57
Lys 164 188 130 139 155
Tyr 53 41 36 55 59

TABLE III

ABNORMAL AMINO ACID CONCENTRATIONS (j.tM) IN DRIED BLOOD DISCS
OBTAINED FROM INBORN ERRORS OF METABOLISM: COMPARISON OF THE DATA
FROM THE TWO METHODS

Disease Amino Sample NBD-F* OPA**
acid

Phenylketonuria Phe 1 2800 2720
2 2100 2280
3 1550 1510

Maple syrup urine disease Val 4 400 420
5 410 400
6 380 360

Leu 4 1200 1330
5 1650 1690
6 570 560

Tyrosinosis Tyr 7 2010 2140
8 930 960
9 1200 1250

*Present method.
**Post-column derivatization with OPA.
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mixed with acetonitrile (8-11 vols.). Generally, satisfactory results were
obtained at pH 4.0 using 10.5 vols. of acetonitrile with most of the analytical
columns tested. These values for mobile phase composition are meant to serve
as guidelines, since small changes in mobile phase composition were necessary
for different columns and for columns that had been used for extended
periods of time (see below for examples). Mobile phases are filtered through
0.2-J1m nylon filters (Rainin Instruments), degassed under vacuum, and placed
in a water bath at 350C to keep them in a degassed state. All other components
of the HPLC system are left at ambient temperature (220 C). Mobile phase flow
rate is maintained at 1 mljmin using a Beckman 112 pump (Beckman
Instruments, Berkeley, CA, U.S.A.).

The effluent from the analytical column is passed through a TL-5 flow cell
(glassy carbon electrode, 0.8 V; see below for details) of an LC-4A electro
chemical detector (Bioanalytical Systems, W. Lafayette, IN, U.S.A.), and then
to a waste receptacle or to a fraction collector, if desired. The electrical output
of the detector is quantitated using a 3390A integrator (Hewlett-Packard,
Avondale, PA, U.S.A.). SampIe values are calculated relative to the peak height
of the internal standard, ISO. A calibration table, used for this purpose by the
integrator, is generated prior to each sample run by making at least four 5-J11
injections (3-J1m column) or four 20-J11 injections (5-J1m column) of homogeni
zation buffer containing 0.5 ng each of DA, NE, 5-HT, DOPAC and 5-HIAA
and 1.0 ng each of ISO, Tryp, HVA, and 3-MT. These calibration solutions are
stable for several months at -200C. To avoid long start-up times (particularly
for the detector), all equipment is left running when samples are not being
assayed and the mobile phase flow-rate is reduced to 0.1 hlljmin.

All tubing, the injector, and the solvent pump are passivated; and the
columns are washed according to the instructions provided with the electro
chemical detector.

RESULTS AND DISCUSSION

Sample preparation and stability
A major advantage of this assay is the ease of sample preparation which

reduces assay time and the possibilities for technical errors. A second
advantage is the relatively high stability of the compounds measured in the
buffer used for tissue homogenization. Thus, even at room temperature (220 C),
all compounds assayed are completely stable for at least 24 h. In comparison,
samples homogenized in 0.2 M perchloric acid are unstable at room
temperature. In particular, 5-HT and 5-HIAA are rapidly destroyed.

High sample stability permits the use of an automatic sample injector at
ambient temperatures, and therefore eliminates the need for tedious manual
injections. Furthermore, tissue samples and standards stored in the
homogenization buffer are stable for at least 48 h at 40C and are stable for at
least one week at -200C. In addition, fairly large variations of the pH of this
buffer do not apper to affect sample stability. Thus, tissue samples
homogenized in buffers prepared as described above and adjusted to pH values
from 3.0 to 5.0 were stable for at least 16 h at room temperature. A buffer pH
of 4.0 was chosen because this buffer is similar in composition to the assay
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mobile phase. Therefore, the solvent front observed after sample injections is
minimal.

If less than 20 vols. of buffer are used for homogenization, sample
deproteinization is not complete and some loss (5-10%) of 5-HT and 5-HIAA
is observed after about 12 h at room temperature. Additional protein can be
removed from tissue samples homogenized in 20 vols. or less of buffer, by
storing the partially deproteinized samples at -200 C overnight, followed by
centrifugation. However, the sensitivity of this assay is more than sufficient to
quantitate each of the compounds measured in an extract derived from less
than 0.5 mg of tissue. The use of dilute tissue extracts also ensures the
complete recovery (>95% from whole brain) of ISO and all of the compounds
measured by this assay. This was verified by adding 50 ng of ISO and each
assay standard (NE, DA, 5-HT, etc.) to 1-ml aliquots of whole rat brain samples
which were homogenized as described above. Then, the samples were
centrifuged and injected into the HPLC system. Peak heights from sample
aliquots with and without added standards were compared to obtain a measure
of sample recoveries.

Chromatography
Shown in Figs. 1 and 2 are chromatograms of standards and tissue extracts

obtained using a 5-J,lm Ultrasphere column. No additional peaks are observed
beyond the peak corresponding to 5-HT. Similar chromatograms are obtained
using 3-J,lm columns, except that the total sample run time is less than 7 min.
Since the 3-J,lm column can accept only small sample volumes (about 5 J,ll), the
5-J,lm column is used routinely in most studies.

The capacity factors (h') of the compounds shown in Figs. 1 and 2 and
several related compounds are listed in Table I for the 3- and 5-J,lm columns
used. The monoamine precursors 3,4-dihydroxyphenylacetic acid (DOPA) and
5-hydroxytryptophan (5-HTP) are present in very small quantities in brain and
are incompletely resolved from the solvent front (Le., the initial large peak due
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Fig. 1. Chromatogram of assay standards. A 20-111 aliquot of homogenization buffer (see
Materials and methods) containing 0.5 ng each of DA, DOPAC, NE, 5-HT and 5-HIAA,
and 1.0 ng each of Tryp, ISO, HVA and 3-MT was injected. Column: 5-llm Ultrasphere ODS;
mobile phase: 100 vols. of 0.1 M monobasic sodium phosphate (adjusted to pH 4.35 with
citric acid) containing 1 mM disodium EDTA and 0.75 mM sodium octanesulfonic acid,
mixed with 10 vols. of acetonitrile; flow-rate: 1 ml/min; detector: 0.8 V vs. Ag/AgCI
reference electrode.
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Fig. 2. Chromatogram of rat striatal tissue extract. Rats were decapitated and the striata
were rapidly removed and frozen on dry ice. Then, frozen striata were homogenized in 40
vols. (wjv) of homogenization buffer (See Materials and methods) which contained 50 ngjml
of ISO, the internal standard. After centrifugation (15,000 g for 20 min at 4° C), a 20-/oll
aliquot of supernatant was injected and assayed using the conditions described in Fig. 1.

TABLE I

RETENTION (k') OF BIOGENIC AMINES, THEIR PRECURSORS, AND THEIR
METABOLITES ON 3-/olm (7.5 cm X 4.6 mm) AND 5-/olm (15 cm X 4.6 mm)
ULTRASPHERE ODS REVERSED-PHASE COLUMNS

Retention is expressed as k' values, which are the differences between the retention times of
the compounds of interest and the retention time for an unretained compound (to) divided
by to' Mobile phases: 3-/olm column: 100 vols. of 0.1 M sodium phosphate buffer, pH 4.2,
containing 1 mM disodium EDTA and 0.75 mM sodium octanesulfonic acid, and 9.5 vols. of
acetonitrile; 5-/olm column: 100 vols. of 0.1 M sodium phosphate buffer, pH 4.35, containing
1 mM disodium EDTA and 0.75 mM sodium octanesulfonic acid, and 10 vols. of aceto
nitrile. Buffer pH values were adjusted using a saturated solution of citric acid.

Compound

DOMA
VMA
DOPA
DHPG
5-HTP
NE
MHPG
E
DOPAC
NMN
DA
Tryp
5-HIAA
HVA
3-MT
5-HT

Retention (k')

3-/olm Column

0.34
0.38
0.39
0.43
0.47
0.51
0.63
0.78
1.18
1.33
1.52
2.17
2.80
3.38
3.61
4.06

5-/olm Column

0.35
0.36
0.42
0.46
0.52
0.59
0.67
0.85
1.71
1.97
2.14
3.09
3.43
4.95
5.39
5.79



292

to the injection of poorly retained tissue constituents and solvent). Tyrosine, the
amino acid precursor of DOPA, is not detected at the electrode potentials
used in this assay. The catecholamine metabolites 3,4-dihydroxyphenylglycol
(DHPG), 3,4-dihydroxymandelic acid (DOMA), and vanillylmandelic acid
(VMA) are also poorly resolved from the solvent front, and therefore do not
interfere in this assay. Decreasing the pH value and/or acetonitrile concentra
tion of the mobile phase might permit the resolution of these compounds (see
below).

Although the k' values differ between the 3-tLm and 5-tLm columns, the
relative positions of the compounds listed in Table I are almost identical (r >
0.99). However, minor differences in mobile phase composition have been
found to be necessary to permit satisfactory compound resolution with these
two types of columns. Likewise, depending upon the particle size and previous
history of use of the HPLC column, minor variations in the composition of the
mobile phase are necessary to adequately resolve all of the tissue components
measured with minimal retention times. Therefore, the following data on
mobile phase composition are presented both as a description of and as gUide
to the development of a suitable chromatographic system.
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Fig. 3. Effect of acetonitrile concentration on retention (k'). Column: 3-~m Ultrasphere
ODS; mobile phases: 100 vols. of 0.1 M monobasic sodium phosphate (adjusted to pH 4.2
with citric acid) containing 1 mM disodium EDTA and 0.75 mM sodium octanesulfonic acid,
mixed with 8-10.5 vols. of acetonitrile; flow-rate: 1 ml/min.

The concentrations of acetonitrile and octanesulfonate ion, and buffer pH
markedly affect the resolution and retention times of the compounds
measured. In Fig. 3 the effects of acetonitrile concentration on the capacity
factors for the amines DA, NE and 5-HT, and the acidic metabolites DOPAC,
HVA, and 5-HIAA are shown. The capacity factors for all compounds decrease
as the concentration of acetonitrile is increased. Increasing the mobile phase
acetonitrile concentration decreases the k' values of the amines roughly in
proportion to their elution order (Le., the greatest effect is observed for 5-HT).

The retention times of the amines are also increased in the presence of
anionic ion-pairing reagents such as sodium octanesulfonate. In agreement
with others, preliminary investigations indicated that the k' values for the
amines increase as the carbon chain and/or concentration of the ion-pairing
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reagent are increased [7, 10, 12] . A concentration of 0.75 mM sodium octane
sulfonate is sufficient for the resolution of all of the amines of interest. During
the development of this assay, this concentration of sodium octanesulfonate
was used. Since then, it was found that increasing the sulfonate concentration
to 1 mM resulted in a better resolution of NE from the solvent front. This
change, after minor adjustments in mobile phase composition, did not signifi
cantly affect the k' values of the other compounds of interest. Thus, increasing
the sodium octanesulfonate to 1 mM concentration necessitated a 1-2%
increase in the concentration of acetonitrile, so that the retention times of
compounds with high k' values were not substantially increased. Likewise,
minor corrections in mobile phase pH (0.1-0.3 pH units) were also necessary.
These were accomplished as described in the following paragraph. In the
absence of octanesulfonate ions, NE remains in the solvent front. It is
important to note that considerable time (12-16 h) is necessary for equilibra
tion of a column with a mobile phase containing an ion-pairing reagent,
otherwise retention times may increase and peak heights may vary between
sample runs [12]. The presence of octanesulfonate ions does not affect the
retention times of the acidic compounds measured (DOPAC, HVA, 5·HIAA)
or MHPG (a neutral compound).

Mobile phase pH greatly affects the k' values for the acidic compounds and
Tryp (data not shown, see ref. 15), but not the retention of the amines (Fig. 4).
The k' values for MHPG (a neutral compound) at different mobile phase pH
values paralleled, but were slightly greater than those of NE. As mentioned
previously, some differences in the characteristics of various columns may
occur. Therefore, the construction of curves such as are shown in Figs. 3 and 4
may be necessary to ascertain what slight variations in the mobile phases
described in Materials and methods may be necessary for the complete
resolution of all compounds of interest. The data in Figs. 3 and 4 also indicate
that once the composition of a mobile phase for use with a particular column is
established, very careful control over the mobile phase acetonitrile concentra
tion and buffer pH is necessary, otherwise large fluctuations in k' values will
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Fig. 4. Effect of pH on retention (k'). Column: 5-llm Ultrasphere ODS; mobile phases: 100
vols. of 0.1 M monobasic sodium phosphate (adjusted to pH values of 3.25 to 4.50 with
citric acid) containing 1 mM disodium EDTA and 0.75 mM sodium octanesulfonic acid,
mixed with 10 vols. of acetonitrile; flow-rate: 1 ml/min.
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and the other compounds measured by this assay are stable in the dark at room
temperature (220 C) for at least 24 h, all that is generally necessary to reliably
quantitate these compounds is to let tissue extracts sit in the dark for about
6-8 h at room temperature prior to analysis. This delay time may be
programmed into the automatic sample injector.

The size of the solvent front from tissue samples may also be reduced sub
stantially by decreasing the electrode potential of the electrochemical detector.
For example, the size of the solvent front of tissue samples is much smaller at
0.65 V than at 0.80 V. Since the detector response is low for HVA and non
existent for Tryp at 0.65 V (Fig. 6), the use of dual electrodes set at 0.65 V
(or lower) and 0.8 V might be useful when low levels of NE and these com
pounds are to be measured in the same samples.

Verification of compound identity in tissue extracts
The identity of chromatographic peaks resulting from the analysis of brain

extracts is demonstrated in several ways. First, there is a complete
correspondence between the retention times of the tissue components and
those of standards (Figs. 1 and 2). Second, varying the acetonitrile concen
tration and pH value of the mobile phase markedly alters the retention times
for standards (Figs. 3 and 4) and tissue components in a similar manner. Third,
the ratio of the peak heights for a compound at various oxidation potentials
is relatively specific for that compound (Fig. 6), and the ratio of peak heights
of standard and tissue samples measured at 0.8 V and 0.6 V are the same. For
example, HVA is about twice as electrochemically active at 0.8 V as it is at
0.6 V, whereas Tryp is inactive at 0.6 V. An exact correspondence between the
peak height ratios for standards and tissue extracts would be unlikely if a peak
from the tissue extract is due to the oxidation of one or more compounds
which differ from the standard. Fourth, the levels of the compounds measured
vary in a predictable manner after various drug treatments. For example,
reserpine, which disrupts biogenic amine storage, depletes tissue DA, NE, and
5-HT (Table II). Conversely, pargyline, a monoamine oxidase inhibitor, elevates
tissue amine levels and decreases the levels of their deaminated metabolites:
DOPAC, HVA and 5-HIAA (Table II). Likewise, although we have not routinely
used this assay to measure 3-MT levels in brain tissues, the chromatographic
peak corresponding to 3-MT increased when 3-MT catabolism was inhibited by

TABLE II

DA. 3-MT, DOPAC, HVA, NE, Tryp, 5-HT AND 5-HlAA CONCENTRATIONS IN RAT STRIATUM AFTER PARGYLINE
AND RESERPINE

Rats were decapitated either 1 h or 20 h after receiving intraperitoneal injections of either pargyline or reserpine, respectively.
Each value is the mean of six to eight duplicate determinations. The analytical conditions were as described in Figs. 1 and 2.
All values for the drug-treated rats, except for Tryp and for 3-MT in the reserpine-treated rats, are significantly different
from control values (p < 0.05, Newman-Keuis test). Values are expressed as ng!g ± S.E.M.

DA 3-MT DOPAC HVA NE Tryp 5-HT 5-HlAA

Control 8701 ± 375 320 ± 27 1497 ± 7 1073 ± 54 108 ± 10 4621 ± 227 516 ± 27 738 ± 15
Reserpine
(5 mg/kg) 6666 ± 307 327 ± 25 658 ± 40 738 ± 66 65 ± 8 4098 ± 222 470 ± 27 812 ± 22
Pargyline
(50 mg/kg) 10,645 ± 1005 849 ± 136 271 ± 45 464 ± 62 136 ± 6 4506 ± 382 857 ± 61 484 ± 63
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INTRODUCTION

Vitamin A and its derivatives (retinoids) occur in nature as compounds
having a wide range of polarities, from the very non-polar vitamin A esters to
retinoic acid and its water-soluble derivatives (retinoyl {j-glucuronide, retino
taurine, etc.). Because of this wide range of polarities, the analysis of retinoids
in biological tissues provides an excellent example of the "general elution
problem" in liquid chromatography, the separation in a single chromatographic
run of compounds having a range of polarities. Previous workers [1-7] have
used reversed-phase high-performance liquid chromatography (HPLC) with a
variety of isocratic, discontinuous step, and gradient elution eluents to separate
these retinoids, but these techniques seemed to us either to lack resolution, to
lack flexibility, or to require long analysis times. We propose here a gradient
reversed-phase HPLC system which provides good resolution among most of
the classes of retinoids found in biological tissues, is readily adapted to suit
the analysis of retinoids required, and is relatively rapid.

MATERIALS AND METHODS

Gradient reversed-phase HPLC
Retinoids were analyzed by gradient reversed-phase chromatography on a

10-t-tm octadecylsilane column (t-tBondapak CIS, 30 cm X 3.9 mm LD.; Waters
Assoc., Milford, MA, U.S.A.) preceded by a guard column (8 cm X 2 mm LD.)
packed with Co:Pell ODS (Whatman Chemical Separation, Clifton, NJ, U.S.A.).
!socratic elution with solvent A, methanol-water (80:20) for 5 min at 2.0
ml/min was followed by a linear gradient to an appropriate percentage (70%
or 100%) of solvent B, methanol-tetrahydrofuran (50:50) over a 10-min
period; isocratic elution with this final solvent composition continued for
5-10 min, in order to elute retinyl esters. A linear gradient over 5 min back to
solvent A restored the system for the next sample. Reagent grade, filtered
solvents (0.5-t-tm Fluoropore filters, Millipore, Bedford, MA, U.S.A.) were used.
Waters Assoc. Model 6000A and M45 pumps were controlled by a Waters
Model 660 solvent programmer; sample introduction was via a Waters Model
U6K loop injector. Detection was by ultraviolet absorption at 325 nm (Model
LC-75 detector, Perkin-Elmer, Norwalk, CT, U.S.A.) with quantitation by
electronic integration (Model 3390A integrator, HeWlett-Packard, Palo Alto,
CA, U.S.A.). A standard curve of integrator peak area versus microgram quanti
ty of vitamin A (retinol and the retinyl component of retinyl palmitate) was
prepared and confirmed by daily chromatography of standards. For additional
confirmation of the identity and purity of retinoids eluted by this chromato
graphic system, a photodiode-array spectrophotometric detector (SPD-M1A,
Shimadzu Scientific Instruments, Columbia, MD, U.S.A.) was used to deter
mine absorption spectra of individual peaks. All separations were conducted at
ambient temperature (20-25° C).

Retinoid standards
All-trans retinoic acid, retinol, retinal, retinyl acetate, and retinyl palmitate

were purchased commercially (Sigma, St. Louis, MO, U.S.A.); when necessary
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they were purified by reversed-phase HPLC essentially as described above.
[11,12-3H] All-trans retinyl acetate was graciously provided by Hoffmann-La
Roche (Basel, Switzerland). Anhydroretinol was prepared by acid-catalyzed
dehydration of retinol [8]. The long-chain fatty acyl esters of retinol (i.e.,
retinyl myristate, palmitate, palmitoleate, stearate, oleate, linoleate, linolenate,
and arachidate) were prepared by reaction of retinol with the corresponding
acyl chlorides [9]. Synthetic 4-oxo-retinoic acid and retinoyl l3-glucuronide
were generously provided by Dr. Arun Barua. Solutions of standards were
prepared in acetonitrile (to avoid hydrolysis and transesterification) containing
0.1% butylated hydroxytoluene (BHT).

Extraction of biological tissues
Female Sprague-Dawley-derived rats (Holtzman, Madison, WI, U.S.A.) were

maintained on a vitamin A-deficient diet (lCN Nutritional Biochemicals,
Cleveland, OH, U.S.A.) supplemented with a daily oral dose of 100 Jig retinyl
acetate in corn oil. At six weeks of age each rat was given 0.57 JiCi (26 Jig)
[11,12:3H] all-trans retinyl acetate by intragastric infusion in corn oil. Seven
days later the animals were sacrificed under diethyl ether anesthesia, and the
liver and kidneys were removed, weighed, and frozen. For analysis, each tissue
was first thawed and then ground thoroughly by mortar and pestle with 2-3
times its weight of anhydrous sodium sulfate, and then was extracted with
dichloromethane [10]; the liver extract was diluted to 50 ml and the kidney
extract diluted to 25 ml with dichloromethane. Aliquots of these extracts were
added to 0.1 ml of 0.1% BHT in ethanol and evaporated under a gentle stream
of argon, then dissolved in 0.1 ml of 2-propanol plus 0.05 ml dichloromethane
for injection onto the chromatograph. Fractions (2 ml) of the HPLC effluent
in 10 nil Biofluor liquid scintillation cocktail (New England Nuclear, Boston,
MA, U.S.A.) were counted in a liquid scintillation counter (LS 7500, Beckman
Instruments, Irvine, CA, U.S.A.); counts were corrected for efficiency of
counting by use of an external standard.

A small portion (20 mg) of human liver obtained by needle biopsy (autopsy
sample from a normal subject) was similarly extracted and the extract dissolved
in 0.1 ml of 2-propanol [11]. Liver from a two-month-old pig was obtained at
slaughter, and representative portions were analyzed similarly. All manipulations
were carried out under yellow light (Westinghouse F40 Gold fluorescent
lamps).

Saponification and acid-catalyzed dehydration of liver extracts
Small volumes (0.3 ml) of the dichloromethane extract of rat liver were

evaporated just to dryness. For saponification of the sample, 1 ml of 10%
methanolic sodium hydroxide was added and hydrolysis was allowed to
proceed overnight at room temperature. After addition of 1 ml water, the
non-saponifiable lipid was extracted with hexane; the hexane extracts
were then evaporated and the residue was dissolved in 2-propanol for injection
onto the chromatograph. For acid-catalyzed dehydration of the liver extract,
the concentrated sample was dissolved in 1 ml of 10% ethanolic hydrochloric
acid, overlaid with 1 ml hexane, and left overnight at room temperature [8].
After addition of 1 ml aqueous 1 M sodium hydroxide, the lipids were
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procedure applied to a liver extract confirms that there were no other
compounds present contributing to the absorbance of the retinyl esters, and
the dehydration procedure demonstrates that no other compounds contributed
to the absorbance peak attributed to retinol in this extract. Chromatographic
analysis of liver extracts from a rat previously given [3H] retinyl acetate showed
that the radioactivity co-eluted with peaks identified on the basis of retention
times as retinol and retinyl esters.
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aminopropanol side-chain by oxazolidineone formation and to isolate the
neutral or acidic derivatives by extraction into an organic phase at low pH prior
to silylation.

EXPERIMENTAL

Apparatus
Gas chromatography. A Varian 3700 gas chromatograph equipped with

flame ionization and thermionic detectors was used. The glass column (120 X
0.2 cm I.D.) was filled with 3% Hi-EFF-8BP (cyclohexanedimethanol
succinate). The carrier gas was nitrogen at a flow-rate of 45 ml/min. The
injector, column and the detector temperatures were maintained at 300° C,
240°C and 300°C, respectively.

The instrument was also adapted for capillary columns [14]. The capillary
columns were of borosilicate glass (25 m X 0.37 mm I.D.) and fused silica
(25 m X 0.31 mm I.D.). Both were siloxane-deactivated and coated with SE
54. Helium was used as carrier gas with an inlet pressure of 50 kPa giving a
linear velocity of 30 cm/sec. The split flow-rate was approximately 50 ml/min,
with make up gas at 30 ml/min. The temperature of the oven was 180° C for
1 min after injection and then increased to 240°C at 10°C/min. The injector
and the detector temperatures were 280° C and 300° C, respectively.

The gas chromatograph was also equipped with an automatic injection unit,
a Varian 8000 autosampler. The air inlet pressure was kept at 45 kPa and
tI-vials were used to allow two injections of each sample. The system was
occasionally flushed with ethyl acetate at higher pressure to prevent clogging
of the waste exit by solid silylation reaction products.

The peak areas were evaluated by a 3390A Hewlett-Packard integrator.
Liquid chromatography. The system consisted of an Altex 110 A pump,

a Rheodyne injection valve fitted with a sample loop (100 tIl) and a Cecil
212 variable-wavelength UV detector. The column (stainless steel 150 X 4.5
mm I.D.) was filled with 5-tIm LiChrosorb RP-8 (E. Merck, Darmstadt, F.R.G.).
The mobile phase was 0.01 M tetrabutylammonium, 9% acetonitrile in
phosphate buffer pH 2 (I = 0.1). The flow-rate was 1 ml/min and the UV
absorption of the eluate was measured at 272 nm. Prior to injection, samples
were flushed with nitrogen to remove any trace of toluene which would other
wise interfere with the UV detection.

Mass spectrometry. Mass spectra of the derivatives were recorded on a
Finnigan MAT 44 S gas chromatograph-mass spectrometer upon electron
impact at an ionization energy of 70 eV using a packed OV-17 column. The
mass spectra were acquired by a Finnigan MAT SS 200 data system followed
by normalization and background subtraction.

Reagents and chemicals
Metoprolol tartrate, internal standard 1 (IS 1, H 87/31), metabolite I (M I,

H 117/04) and internal standard 2 (IS 2, H 177/56) as hydrochlorides, 0
demethylmetoprolol (H 105/22), a-hydroxymetoprolol (H 119/66) and metab
olite VI (M VI, H 119/72) as4-hydroxybenzoates, metabolite V (M V, H
119/68) and metabolite VII (M VII, H 119/77) as neutral salts with sodium
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Standard curves
Standard curves were constructed after analysing samples prepared by adding

metoprolol and metabolites to urine to give the anticipated concentrations.
A positive intercept of the slope of M II was observed and is due to chromato
graphic interference. In some samples this was a problem as the integrator
recognized only one peak. A gas chromatogram with M II from urine is shown
in Fig. 5.

a

1

6

b

6

F.ig. 5. Gas chromatograms of M II in urine: (a) 17 /Lmol/l added tourine, (b) blank urine.
Peak identification as in Fig. 4, 6 = marker. Chart speed ten times higher in the region where
M II elutes and the attenuation decreased X 2.

Linear-regression analysis gave correlation coefficients> 0.999 except for M I
(0.987). Preliminary analysis of O-demethylmetoprolol in urine from several
individuals who had taken metoprolol never gave concentrations above 4
Mmol/l. Thus, standard curves were not constructed for this metabolite.

Precision and absolute yield
The precision of the method was studied by the analysis of spiked urine

samples from six individuals. The results are listed in Table VI together with the
absolute yield. This was obtained by comparison with solutions of synthesized
derivatives and the pure compounds. From Table VI it is obvious that urine
from different individuals has a negligible influence on the spread for

TABLE VI

PRECISION AND YIELD OF THE METHOD

Method: see Experimental, urines j m six individuals were spiked.

Precisiou Concentration
Yield (%)

(urine, (/Lmol/l) Urine Water
R.S.D., %) (n = 6) (n = 3)

Mil 11.5 42 93 86
Metoprolol 4.5 37 92 88
ex -Hydroxymetoprolol 4.1 71 72 72
MI 6.4 75 56 86
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the present method this was not deemed necessary at the present time.
Blank urine from two individuals was spiked with M II, a-hydroxymeto

prolol and M I to varying concentrations by an independent person. The eight
samples were then analysed by the present method. The levels found correlate
well (better than 0.997) and the slopes were between 0.90 and 1.10.

Determination of metoprolol and metabolites in urine samples
An individual known to be a normal hydroxylator was given 292 /lmol of

metoprolol as tartrate. Urine was collected in fractions during 24 h and was
analysed according to this method. The concentrations found are presented
in Table VII. A gas chromatogram of 0--6 h fraction together with a blank
is shown in Fig. 6. In agreement with data reported earlier based on radioactivi
ty measurements [1], the metabolite M I is the major urinary excretion
product in man after an oral dose of metoprolol. Unchanged drug and
a-hydroxymetoprolol are present in urine as well as the lactic acid metabolite
M II. The method in this paper revealed that 67% of the given dose can be
accounted for.

Samples with M VI and M VII (Fig. 1) were prepared to a concentration of
20 /lmol/l of blank urine each. After analysis the peaks in the chromatogram
were matched with peaks in the same region from the individual who had been
given metoprolol. However, on the basis of retention times, corresponding
peaks in the biological samples could not be detected.
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carbamazepine, carbamazepine-10,11-epoxide or nitrazepam. Since large intra
and inter-individual differences in UV-absorbing saliva constituents have been
observed [10] the method was applied to a large number of saliva samples
from various donors, collected at different times of day. No interference from
endogenous compounds was observed. The analytical recoveries of carbamazep
ine and its 10,1l-epoxide from both saliva and plasma were assessed at the 1
J.Lgjmllevel using the octylsulphate extraction technique. The values obtained are
presented in Table II. As would be expected the recoveries are comparable for
both analytes and are higher from saliva than from plasma. It should be noted
that storage of the evaporated extracts at 4° C during 24 and 48 h results in
losses of both analytes of about 10% and 25%, respectively.

TABLE II

PERCENTAGE OVERALL RECOVERY FOR CARBAMAZEPINE AND
CARBAMAZEPINE·IO,ll-EPOXIDE FROM SALIVA AND PLASMA

Samples of 1 .ug/ml for each drug were used; n = 6.

Sample Percentage recovery

Carbamazepine

Saliva 95.8 ± 2.0%
Plasma 87.0 ± 3.2%

10,1l-Epoxide

96.8 ± 2.9%
89.3 ± 3.8%

The linearity of the calibration curves in both saliva and plasma was
evaluated for carbamazepine in the 0.1-10.0 J.Lgjml concentration range and
for the 10,1l-epoxide in the 0.1-5.5 J.Lg/ml range. The standard curves were
rectilinear in the range tested for both analytes and both matrices (for
carbamazepine mean r2

'= 0.999, for the 10,1l-epoxide mean r2
'= 0.998). A

chromatogram of a saliva standard is shown in Fig. 1. The within-day precision
of the assay method was evaluated at the 0.5 J.Lgjml saliva and 3.0 J.Lg/ml saliva
levels by analysing replicate spiked samples (n '= 6). Coefficients of variation
of 4.2% and 2.9%, respectively, for carbamazepine and 4.9% and 3.7%,
respectively, for the epoxide metabolite were found. The limits of detection at
a signal-to-noise ratio of 3 were estimated to be 0.004 J.Lg of carbamazepine
per ml of saliva and 0.040 J.Lg of carbamazepine-10,1l-epoxide per ml of saliva.

In order to demonstrate the usefulness of the method it was applied to saliva
samples of patients treated with Tegretol®. Although most of these patients
received various other drugs as well, no interference was observed. The purity
of the extracts is demonstrated in Fig. 2, which shows a chromatogram
obtained from a patient treated with Tegretol (200 mg, four times a day) and
Largactil® (25 mg, three times a day). The sample was collected 1 h after the
last tablet intake and carbamazepine and 10,11-epoxide levels were found to
be 4.17 and 0.20 J.Lg/ml, respectively. The chromatogram also shows an
unidentified peak with a retention time of 2.5 min. It is interesting to note that
this peak was only present in saliva from patients on carbamazepine and that
the area of this peak increased with increasing carbamazepine and 10,11
epoxide levels. It might therefore be a metabolite of carbamazepine. It can be
concluded that the method is very useful for assaying carbamazepine and its
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Fig. 1. Chromatogram of a spiked saliva extract. Peaks: 1 = caffeine, 2 = nitrazepam (internal
standard), 3 = carbamazepine (106 ng{ml), 4 = carbamazepine-10,1l-epoxide (102 ng{ml).
Column: MicroPak CN-10 (10 JLm, 300 X 4 mm). Mobile phase: n-hexane-dichloro
methane-acetonitrile-propylamine (50 :25 :25:0.1). Flow-rate: 2 ml{min. Detection
sensitivity: 0.01 a.u.f.s.

Fig. 2. Chromatogram of a saliva sample from a patient treated with Tegretol and Largactil.
Peaks: 1 = unknown substance, probably a metabolite, 2 = caffeine, 3 = carbamazepine (4.17
JLg{ml),4 = carbamazepine-10,1l-epoxide (0.20 JLg{ml). The chromatographic conditions are
the same as in Fig. 1, except detector sensitivity which was 0.02 a.u.f.s.

epoxide metabolite in saliva. It also should be valuable for assaying the drugs
under study in paired samples of saliva and plasma in order to elucidate further
the relationship between saliva and plasma levels of both carbamazepine and its
epoxide metabolite.

We were able to find only one HPLC method designed for measuring
carbamazepine levels in saliva. This method, reported by Westenberg et al.
[11], has proved very valuable since it allowed the existence of a correlation
to be established between carbamazepine levels in plasma and saliva. However,
although the method has been applied to a large number of saliva samples from
seven patients receiving carbamazepine as long-term medication, it did not
allow the detection of the 10,1l-epoxide metabolite in saliva. This is certainly
due to the rather low sensitivity (0.4 tLgjml) for the metabolite. Our HPLC
method, which is sensitive to 40 ng of 10,1l-epoxide per ml, revealed the
presence of the 10,11-epoxide in every saliva sample from patients receiving
Tegretol, analysed so far.
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of the test compounds were prepared in methanol (1 mgjml) and 1-2 I.d ali
quots injected onto the column.

High-performance liquid chromatography
The liquid chromatograph comprised two pumps (Altex Model 110A),

coupled to a mixing chamber and interfaced with a microprocessor solvent
gradient programmer (Altex Model 420), a syringe loading sample injector valve
(Rheodyne 7120) fitted with a 100-pl sample loop. Detection was a variable
wavelength UV spectrophotometer detector (Pye Unicam LC3) and chart
recorder (Tekman TE200). The column was a 250 X 5 mm smooth bore
seamless annealed 316 stainless-steel tube packed with Spherisorb 5 ODS (HPLC
Technology, Wilmslow, U.K.), a microparticulate, 5-pm particle size, reversed
phase material consisting of a C1S stationary phase on a silica backbone. A
50 X 5 mm guard column packed with Partisil Co:Pell ODS (Whatman, Maid
stone, U.K.), and placed immediately before the analytical column was
routinely used. The columns were conditioned by passing appropriate mobile
phase through the system for about 2 h prior to use.

Solvents used in the analyses (primarily water and acetonitrile) were filtered
through glass fibre grade GFjF paper (Whatman), then degassed under vacuum
for 10 min, followed by a 5-min purge with a fine stream of helium obtained
using a sintered glass tube. When heptanesulphonic acid in acetic acid was
incorporated in the mobile phase, it was added prior to helium purging.

Reference compounds were freshly prepared in methanol (1 mgjml) and
aliquots (10-20 pI) were injected onto the column.

Quantitative analysis of N-benzyl-4-substituted aniline metabolism by HPLC
Authentic samples of reference compounds were prepared in acetonitrile.

Aliquots (100 pI) of these were used to spike typical microsomal incubates
(3 ml) maintained on ice to give mixtures containing between 5 and 500 nmol
of reference compound. The appropriate internal standard (100 nmol in 50
pI acetonitrile) was added and the contents of the flask were quantitatively
transferred to a screw-capped tube (10 ml, Sovirel) using acetonitrile (2 ml)
(HPLC grade). The tubes were capped, shaken and centrifuged at 10,000 g
(Sorvall RB2 centrifuge) for 10 min to sediment the protein and particulate
matter precipitated by the acetonitrile. The supernatant, an aqueous mixture
of acetonitrile (60%), was transferred into fresh tubes and used directly for
HPLC analysis. Aliquots (100 pI) were injected onto the column and peak
height ratios of the reference compounds to internal standard were plotted
against concentration.

RESULTS AND DISCUSSION

Gas-liquid chromatography
The retention times of the compounds are given in Table r. At the oven

temperature required to obtain reasonable retention times, aniline and benzal
dehyde eluted with the solvent front. Moreover, when aniline and benz
aldehyde were injected simultaneously, they produced an additional peak with
a retention time of 2.6 min on column A and 1 min on column B. Further
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Omeprazole, the metabolites and internal standards were supplied by the
Department of Organic Chemistry, Hassle. For chemical structures, see Fig. 1.

Standard solutions
A standard solution for plasma determination of omeprazole and metab

olites (60 tImol/l) was prepared by dissolving 2 mg of each compound in 20 ml
of methanol and diluting to' 100 ml with carbonate buffer pH 9.3, I = 0.1. A
100-tIl volume of the standard solution was added to a large number of 5-ml
centrifuge tubes which were kept frozen at --ISO C for no longer than three
months. Plasma standards were prepared by adding 1 ml of blank plasma to the
tubes containing standard solution, at the time of analysis.

For the urine analysis, the standard solution used had double the concentra
tion of each compound (120 tImol/l). Again, 100 tIl of standard solution were
stored at -ISO C in centrifuge tubes and 1 ml of urine was added to make a
urine standard, at the time of analysis.

Stock solutions of internal standard for omeprazole in plasma (VI) and for
hydroxyomeprazole in plasma and urine (V) contained 5-10 mg per 100 ml of
methanol-carbonate buffer, and were kept in a refrigerator for not more than
one month.

Sample preparation
Plasma. The plasma method was optimized for the determination of

omeprazole and the sulphone. The concentration of the sulphide in human
plasma is usually too low to be determined. The frozen plasma sample is
allowed to thaw at room temperature and is mixed and centrifuged. A 1-ml
aliquot of the sample is transferred to a centrifuge tube, mixed with 100 tIl
of sodium dihydrogen phosphate 1 mol/l (final pH 6.5-7.0) and 100 tIl of
the internal standard solution (VI) and is then extracted with 1 ml of
methylene chloride by shaking for 10 min. After centrifugation twice for
10 min at 2500 g, the aqueous upper layer is aspirated and discarded. Part of
the organic layer is transferred to sample vials for the automatic injector; 150
tIl are injected onto the normal-phase LC column (Fig. 2).

In certain series of plasma samples it was also of interest to determine the
content of the sulphide (III); for example, if the sulphide had been given as
a drug, in which case V was used as internal standard instead of VI.
Furthermore, a slight modification in mobile phase composition was made
(Fig. 3).

For the determination of the more hydrophilic hydroxy metabolite (IV) in
plasma, the following procedure was used. The frozen plasma sample is allowed
to thaw at room temperature and is mixed and centrifuged. Then 1 ml of the
sample is transferred to a centrifuge tube, mixed with 100 tIl of sodium
dihydrogen phosphate 1 mol/l (final pH 6.5-7.0) and 100 tIl of the internal
standard (V), and is then extracted into 10 ml of methylene chloride by
shaking for 10 min. After centrifugation for 10 min (2500 g), the aqueous
layer is aspirated and discarded. An 8-ml volume of the organic layer is trans
ferred to a conical centrifuge tube and evaporated under nitrogen flow. The
residue is dissolved in 500 tIl of 20% acetonitrile + SO% phosphate buffer pH
7.5, I = 0.05, and 150 tIl are injected by means of the automatic injector onto
the reversed-phase column (Fig. 4).
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Urine (omeprazole, its sulphone and hydroxyomeprazole). The procedure is
the same as for the determination of hydroxyomeprazole in plasma (Fig. 5).

Chromatography
The chromatographic separation for the plasma method (omeprazole and the

sulphone) is made on a silica column with a mobile phase of methylene
chloride containing 3.5% of a solution of 5% of concentrated ammonium
hydroxide in methanol. For the determination of omeprazole sulphide (III)
the methanol content was decreased to 2.0%. The flow-rate was 1.5 ml/min and
the eluent was monitored by UV detection at 302 nm.

In the method for hydroxyomeprazole in plasma and for omeprazole and
metabolites in urine, a reversed-phase system is used with a mobile phase con
taining acetonitrile and phosphate buffer pH 7.5 (I = 0.05) (30:70, v/v). The
flow-rate was 1 ml/min and the detector wavelength the same as in the normal
phase method.

Quantification is based on peak height measurements and internal
standardization.

Determination of distribution ratios
The distribution ratios for omeprazole, the sulphone (II), the sulphide (III),

the hydroxy metabolite (IV) and the internal standards (V and VI) between
methylene chloride and water at pH 6.5-7.0 were determined by equilibration
in centrifuge tubes. As aqueous phase, phosphate buffer solutions (I = 0.10)
were used. After phase separation by centrifugation, the concentration of the
compounds in the organic phase was determined by LC. In the aqueous phase
the concentration was determined after repeated extraction of an aliquot by
methylene cloride, and measurement in the organic phase.

Stability
Standard solutions of omeprazole were kept at pH 9 to ensure good stability

during storage. The stability of omeprazole at -18°C in plasma at pH 7.5 and
pH 9 was studied. Authentic plasma samples were divided in two parts, and
carbonate buffer was added to one of the samples to give a final pH 9. The two
samples were then divided into several samples to provide a sufficient number
of samples for a long-term study. Samples were then analysed over a period of
one year.

Another study was performed in which authentic plasma samples stored at
room temperature for 0, 1, 2, 3 and 4 days were analysed for omeprazole.

RESULTS AND DISCUSSION

Extraction
Omeprazole, the metabolites discussed here and the internal standards V and

VI are ampholytes and have two dissociation constants: 2-5 for the pyridine
nitrogen and 8-11 for the imidazole nitrogen (Table I). This means that a
pH between 6 and 7 is appropriate for extraction of the compounds into
an organic phase. Omeprazole is easily extracted into methylene chloride. The
distribution ratios for the compounds studied are shown in Table 1. Using equal
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TABLE I

DISTRIBUTION RATIOS (D) OF OMEPRAZOLE, METABOLITES AND INTERNAL
STANDARDS BETWEEN METHYLENE CHLORIDE AND PHOSPHATE BUFFER
SOLUTIONS

pH 6.5-7.0, I = 0.10. pK* is the mixed dissociation constant.

Compound

Omeprazole (I)
Suiphone (II)
Sulphide (III)
Hydroxyomeprazole (IV)
V
VI

D

180
300

3100
2.4

450
160

K * *P (1)

4.2
3.5
5.2
2.1
4.2
4.3

K* **P (.)

9.0
7.8

11.5
9.0
9.2
9.4

*pK(~) refers to the pyridine nitrogen [9].

**pK(:) refers to the benzimidazole nitrogen [9].

phase volumes, the theoretical absolute recovery is ~ 99% for all of the com
pounds except for the hydroxy metabolite. For the extraction from plasma,
equal phase volumes were used, while an eight times larger volume of organic
phase was needed to obtain a high recovery for the more polar hydroxy metab
olite.

Chromatography
Normal-phase systems. In the determination of omeprazole in plasma a

normal-phase separation system was chosen since the sample work-Up could be
limited to extraction into methylene chloride and injection of an aliquot of the
extract onto the LC column. Moreover, the chromatograms are relatively free
from interfering peaks. The mobile phase contains methylene chloride as main
component as in the extraction solvent, and with dilute ammonia solution in
methanol as modifier. The concentration of ammonia is sufficiently low not to
be deleterious for the stationary phase and the columns show good long-term
stability. The normal-phase method is optimized for the determination of
omeprazole and its sulphone (II), the latter being subject to slight interference
by an adjacent peak (Fig. 2). In a limited number of studies the sulphide had to
be determined and the methanol content was then lowered from 3.5% to 2.0%
to give this compound a suitable retention. Using this phase, omeprazole and
the sulphone could be determined as well, but with a 2-3 times lower sensitivi
ty because of the larger retention volume (Fig. 3).

Reversed-phase methods. In urine, the compound of most interest seems to
be the hydroxy metabolite (IV) [6], and the analytical method was thus
focused on the determination of this compound. A reversed-phase system was
chosen in which the hydroxy metabolite (IV) elutes ahead of omeprazole and
the sulphone. The pH of the mobile phase was 7.5 to ensure stability of both
the compounds and the stationary phase. After extraction into methylene
chloride and evaporation of the solvent, the residue is dissolved in a solvent
containing a lower content of acetonitrile than in the mobile phase in order to
obtain a concentration in the starting zone of the column. For the determina
tion of hydroxyomeprazole in plasma the same sample preparation and chro
matographic system were used (Fig. 4),
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Fig. 2. Omeprazole (I) and the sulphone (II) in a plasma sample from a patient administered
omeprazole. Packing material: LiChrosorb Si 60, 5 ,urn. Mobile phase: methanol (containing
5% of 25% ammonium hydroxide)-methylene chloride (3.5:96.5, v/v). (a) Sample: 150 ,ul
of an extract from 1 ml of plasma containing omeprazole (I) 70 nmol/l and the sulphone (II)
110 nmol/I. (b) Sample: blank plasma.

Fig. 3. Omeprazole (I), the sulphone (II) and the sulphide (III) in a plasma sample from a
patient administered omeprazole. Packing material: LiChrosorb Si 60, 5 ,urn. Mobile phase:
methanol (containing 5% of 25% ammonium hydroxide)-methylene chloride (2.0 :98.0,
v/v). Sample: 150 ,ul of an extract from 1 ml of plasma containing the sulphide (III) 910
nmol/l, the sulphone (II) 170 nmol/l and omeprazole (I) 1300 nmol/I.

Selectivity
In both the nonnal-phase and the reversed-phase systems the separation

between omeprazole and its main. metabolites - the sulphone, sulphide and
hydroxy compound - and the internal standards used was quite sufficient
(Figs. 2-5). There is no interference in the chromatograms from the H2 -receptor
antagonists, cimetidine and ranitidine, if they by chance should be present
in the sample.

Stability
The results of the stability studies of omeprazole and its sulphone in

authentic plasma samples (Table II) show clearly that plasma samples of
omeprazole can be stored without any significant degradation at -18°C for one
year. No significant difference was seen between storage at pH 9 and pH 7.5.
Neither did four days at room temperature produce any degradation.

Urine samples for analysis were collected in bottles containing 2.5 ml of 1
molll sodium carbonate per hour of collection period, to buffer the urine to
at least pH 8.
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hydroxy metabolite and the internal standard V were determined in the same
manner as in plasma. The results are shown in Table III. All recoveries are
better than 95%, except for hydroxyomeprazole which has a recovery of only
85%. The actual concentrations of omeprazole and the sulphone in authentic
samples are very low. The amounts excreted are much less than 1% of the given
dose. The concentration of the main metabolite in urine, hydroxyomeprazole,
is more than ten times higher. The minimum determinable concentration is
30 nIDoljl for the hydroxy compound and 50 nmoljl for omeprazole and the
sulphone, using 1 ml of urine.

Method reproducibility
The long-term reproducibility of the main plasma method was studied by

analysis of identical samples. A large number of drug-free plasma samples
was spiked with the same concentration of omeprazole and kept frozen for up
to five months. During this time two samples were analysed each day of
analysis. The results from five studies are given in Table IV and show that the
mean value of each study lies between 99% and 103% of the nominal value,
with a relative standard deviation of 3--4.5%.

TABLE IV

REPRODUCffiILITY OF THE NORMAL-PHASE PLASMA METHOD FOR OMEPRAZOLE

Identical plasma samples (spiked samples) were analysed, two samples per day of analysis,
over a longer period of time. in = mean value of the results from each study expressed as a
percentage of the nominal value. Concentration of omeprazole =5 ",mol/I.

Study No. n in(%) S.D. (%)

A 106 94 99 4.0
A 109 92 104 3.3
A 203 42 101 4.5
A 207 64 99 4.3
A 211 67 99 3.5

Method comparison
Comparisons were made between two separate LC methods for omeprazole

assay in plasma, the normal-phase method and a method based on Technicon's

TABLE V

COMPARISON BETWEEN A FAST-LC METHOD [7] AND THE NORMAL-PHASE
METHOD FOR DETERMINATION OF OMEPRAZOLE IN PLASMA

Plasma samples from patients administered omeprazole were analysed.

Study No.

1
2
3

Mean ratio S.D. n
(FAST-LC/ (%)
normal phase)

0.97 7.0 61
1.01 8.7 100
0.95 7.0 45
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Fig. 2. Working cycle of the automated HPLC system involving solid-phase extraction and
column-switching with the sample flow paths as heavy lines. (A) Activiation. The autosam
pIer (S) is activated by the programmable timer to pick up the sample and fill the sample loop
(L) by means of the peristaltic pump (PP) with excess going to waste (W). Simultaneously,
the extraction column (EC) is equilibrated with flushing solvent (distilled water or buffer, pH
3.5) delivered by wash pump (PI)' (B) Loading. The loading valve (VI) is rotated and the
sample is washed onto the extraction column (EC). Since the extraction column is packed
with reversed-phase material and conditioned with aqueous wash, the analyte(s) are adsorbed
and enriched at the top of this column while the hydrophilic substances are washed through
the extraction column to waste (W). (C) Injection. The injection valve (V,) is next reversed
and the sample components are back-flushed onto the analytical column (AC) for separation
and analysis.
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to the pellicular packing is readily explained by the higher surface area of the
porous particle, as opposed to that of the pellicular Corasil packing. (For a
less polar drug such as carbamazepine, or the drugs analyzed by Roth et al.
[9], the reversed-phase Corasil pellicular packing does give complete recovery
in our system.)

The overall poor performance of the 5- and 10-Mm packings, including the
previously observed similar shortcomings of porous ftits versus screens as
retainer fittings, is not completely clear. Perhaps the causes relate to plugging
from microparticles or other species present in the serum. Nevertheless, we
chose to continue using an extraction column fitted with the Waters screens
and packed with porous 30-Mm C18 particles for our subsequent work.

Recovery of other drugs, and water versus buffer wash
The recovery of three other commonly used antiepileptic drugs was next

determined on the fully automated system shown in Figs. 1 and 2. Serum sam
ples spiked with known amounts of drugs were injected onto the extraction
column via a 20-MI sample loop followed by forward wash with either distilled
water or a low-pH buffer at a flow-rate of 2 ml/min. After washing for 4 min,
the system was switched to backflush mode. When distilled water was used as a
flushing solvent, high recoveries were obtained in all cases, as shown in Table II,
except for phenobarbital. Apparently this latter drug, having a pKa of 7.3 [11],
was ionized and lost during the wash cycle with water. This ionization was sup
pressed by the acidic wash buffer, yielding a good recovery for phenobarbital
and the other drugs as well. A representative chromatogram is shown in Fig. 3.

TABLE II

DRUG RECOVERY FROM SERUM BY AUTOMATED SOLID·PHASE EXTRACTION AS
A FUNCTION OF WATER VERSUS BUFFER WASH

The drugs were dissolved together in serum at a concentration of 10-20 I-Ig{ml, basea on
weight, and this solution was analyzed by the system shown in Fig. 1 using a 20-1-11 sample
injection.

Drug Percentage recovery*

Primidone
Phenobarbital
Phenytoin
Carbamazepine

Water wash

89
o

81
98

Buffer wash**

91
91
95
95

*Average, absolute recoveries were determined based on ten injections.
**0.1 M Sodium phosphate buffer, pH 3.5.

Although the data are not shown, we also examined the influence of protein
binding on drug recovery. This study was done by comparing the recovery of
these same drugs spiked to the same concentration in water versus serum.
Identical recoveries were obtained, demonstrating that protein binding (ranging
from 0% to 10% for primidone, to 65-85% for carbamazepine [12]) had no
overall effect on drug capture by our extraction column.
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Fig. 3. Representative HPLC chromatograms of pooled serum samples using the systems in
Figs. 1 and 2; (A) 20 ,ul of blank serum pool; (B) 20,u1 of serum spiked with primidone (10
,ugjml), phenobarbital (20 ,ugjml), phenytoin (15 ,ugjml) and carbamazepine (10 ,ugjml).
A buffer wash (pH 3.5) was delivered by pump Pl' Peaks: 1 = primidone, 2 = phenobarbital,
3 = impurity, 4 = phenytoin, 5 = carbamazepine.

Valve and timing optimization
Encouraged by these results, as summarized in Tables I and II, we introduced

further optimization into the system of Figs. 1 and 2 in two respects. First, we
reduced the switching time of the injection valve, V2 , to minimize pressure
surges on the analytical column, by replacing a Valco Model CV-6-UHPa-N60
with a Rheodyne valve (Model 7010) fitted with a Model 7001 solenoid
(Rheodyne). We operated the solenoid -with helium in conjunction with a
Humphrey TAC 2 41PP valve. Secondly, the sequential steps of activation,
loading and injection were synchronized so that the system handled twelve
serum samples per hour. This was accomplished primarily by simultaneously
conducting sample pickup into the injection loop (40 sec) and water wash of
the extraction column (40 sec), while having these events begin 50 sec after the
previous sample had been injected onto the analytical column.

Over 2000 injections
With the optimized version for the system shown in Figs. 1 and 2, as

summarized in Table III, we achieved 2112 continuous 20-,u1 serum injections
spiked with primidone with practically no change in the analytical column back
pressure. The chromatographic column lost less than 25% of its starting plate
number. The extraction column was repacked and its filter replaced whenever
its back pressure increased more than 6.8 bars, which typically occurred every
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2

Fig. 6. Chromatogram showing the analysis of primidone (1) and phenobarbital (2) in serum
at a rate of 40 samples per hour using the boxcar system shown in Fig. 5.

Aside from the use of parallel columns, further increases in sample through
put utilizing boxcar chromatography potentially may be achieved by additional
optimization of the extraction column, since the use of this column currently is
the slowest step.

CONCLUSION

Clearly, automated column-switching HPLC is a viable technique for
therapeutic drug monitoring. At least for the repetitive analysis of a pooled
serum spiked with antiepileptic drugs, we have achieved high throughput,
excellent precision, and long-term system stability.
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Physics, Santa Clara, CA, U.S.A.) using an HP 1030B ultraviolet detector
(Hewlett-Packard, Waldbronn, F.R.G.) set at 210 nm. An SP 4100 computing
integrator (Spectra-Physics) was used to calculate peak heights. The mobile
phase consisted of acetonitrile~.05Mpotassium phosphate buffer (28:72, v/v)
(pH 3.3) and the flow-rate was 2.0 ml/min. The reversed-phase column was
home-packed with 10-pm Nucleosil Cg (Macherey-Nagel, Duren, F.R.G.) and
measured 30 cm X 3.9 mm LD.

Application of the method
To five patients suffering from rheumatic arthritis (four women and one

man, age 26--61 years, height 158-177 cm, weight 72-87.5 kg) 150 mg of
bupivacaine hydrochloride were given for epidural analgesia before various
orthopaedic operations. For spinal analgesia 22.5 mg of bupivacaine hydro
chloride were given to three women (age 65-71 years, height 153-175 cm,
weight 52-71.5 kg). All the patients abstained from eating and drinking for
at least 6 h before and 4 h after the operations. They were also without their
usual antirheumatic and other drugs.

Nine blood samples were drawn from cubital venous cannulas until 3 h after
administration of the bupivacaine. The blood samples were kept in a
refrigerator at 40 C and centrifuged 3-9 h after drawing. After centrifugation
the sera were deep-frozen and kept at -200 C until analysed.

RESULTS AND DISCUSSION

Chromatograms of extracts from blank serum, blank serum spiked with 1.0
mg/l bupivacaine and the serum sample of a patient during spinal analgesia are
illustrated in Figs. 1A--C, respectively. Bupivacaine and the internal standard,
desmethyldoxepin, were well separated and no interference was noted. The
retention times of bupivacaine and the internal standard were 4.15 and 5.70
min, respectively, which means that the total chromatographic run time was
only about 7 min. Thus it is possible to determine 30 serum samples in
duplicate during an 8-h working day.

The calibration graph was linear for samples over the concentration range
studied here, 0.02-5.00 mg/I. The least-squares linear regression line which
represents the best fit of the bupivacaine data had an equation of Y = 0.55X +
0.10 (Y = peak height ratio, drug/internal standard, and X = bupivacaine con
centration). The correlation coefficient was> 0.999.

The precision was assessed by multiple analyses of seven standard serum
pools in the concentration range 0.10-5.00 mg/I. Inter-assay variability was
determined over a period of three months. The coefficients of variation for
intra-assay and inter-assay variability of bupivacaine are given in Table 1. The
values for intra-assay variability vary from 1.0% to 5.1% and for inter-assay
variability from 5.7% to 10.5% in the range studied. The results demonstrate
the high accuracy and reproducibility of the method.

From a comparison of bupivacaine peak heights obtained from direct injec
tion of aqueous solutions and from samples carried through the assay
procedure, the extraction efficiency was estimated as 91.8 ± 3.8% (± S.D., n =
7) (Table II). The coefficient of variation for recovery was 4.2% (n = 7) over
the concentration range 0.10-5.00 mg/I.
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A small increase in our mean values at 120 min following spinal analgesia
could be explained by the occurrence that one of our patients was transferred
from the operating table to his bed some minutes before drawing the 120-min
sample. This move might have caused an increase in the pressure of the intra
dural space thus augmenting the absorption of bupivacaine from the cerebrospi
nal fluid.

In conclusion, the HPLC method for bupivacaine in human serum that has
been developed has been demonstrated to be accurate, selective, simple and
rapid for the analysis of bupivacaine. The method has also been successfully
applied in studies of spinal and epidural analgesia of orthopaedic patients.
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Fig. 1. Chromatograms obtained from control plasma (a); plasma containing drug (b);
control urine (c); and urine containing drug (d). Plasma and urine were spiked with 3-DG
to obtain a concentration of 2.5 }lg/ml and 5.0 }lg/ml, respectively and the deproteinized
supernatants were chromatographed. Column: }lBondapak C 18 (300 x 4 mm); buffer: 5 mM
ammonium formate (native pH); flow-rate: 1 ml/min; detector: 254 nm; 0.01 a.u.f.s.;
temperature: 24°C.

section. The mean overall yield was found to be 91.7 ± 3.7%. The correction
factor for the yield is therefore 1.09 in plasma.

When plasma was spiked with 40, 20 and 10 ~g/ml 3-DG and aliquots were
processed as described in Experimental and quantitated at daily intervals for a
week, it was shown that the drug is stable in plasma under the experimental
conditions. When the above experiment was repeated by spiking urine with
3-DG and immediately filtering through a membrane filter and chromatograph
ing an aliquot, there was about 40-50% loss of parent drug in urine. This loss
could be accounted for by the presence of a new peak which has a retention
time of about 8 min (Fig. lc and d).
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Fig. 3. Analysis of 3-DG in mice plasma. A I-mg amount of 3-DG was injected into each
mouse and a minimum number of three blood withdrawals of mice were quantitated at every
time point.

The reversed-phase HPLC method for the separation and quantitation of
3-DG from plasma with UV absorption detection is a rapid, efficient, selective,
sensitive and quantitative method. There is no method available in the litera
ture for the estimation of the drug. 3-DG is soon to enter Phase I study. The
elucidation of the method will throw some light on the pharmacology of the
drug.
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TABLE I

RECOVERY OF PREMAZEPAM FROM HUMAN PLASMA SAMPLES (RELATIVE TO
BETAMETHASONE)

Added (ng/ml) Found (ng/ml) Mean ± S.D. R.S.D. Mean
(ng/ml) recovery

(%)

20.5 11.9 12.6 14.5 13.8 12.0 13.0 ± 1.1 8.5 63.2
50.5 38.1 36.4 40.9 34.7 39.8 38.0 ± 2.5 6.6 75.2

100.8 74.4 76.8 76.5 75.0 77.2 76.0 ± 1.2 1.6 75.4
205.9 165.5 164.7 171.0 174.2 164.4 168.0 ± 4.4 2.6 81.6

plasma concentration in a plasma sample can be found by the regression
analysis equation given below.

The precision of the method was established by the value of the relative
standard deviation (R.S.D.) and ranged from 1.6% to 8.5% (Table I) in the
concentration range analysed.

The accuracy of the method was calculated using the twenty determina
tions reported in Table I, with a mean recovery of 73.8% and an R.S.D. of
10.4% over the concentration range analysed.

The linear-regression analysis made with twenty values of X (premazepam
added, ngjml) and twenty values of Y (premazepam found, ngjml) (Table I)
provided the equation Y = 0.8348X - 5.1102 (correlation coefficient, r =
0.9987).

DISCUSSION

In setting up the extraction procedure, a simple extraction with chloroform
of premazepam and the internal standard, followed by evaporation under
nitrogen, gave varying recoveries of premazepam from spiked plasma sam
ples particularly at the lowest concentrations.

Initial trials indicated that the critical step was the evaporation of the
organic phase under nitrogen, after which the recovery of premazepam was
found to be non-reproducible, probably due to the adsorption of premazepam
on the glass. In our efforts to improve the precision of the method, several
trials were conducted and the use of ammonia gave the best results. The or
ganic phase has to be saturated with ammonia before evaporating it under
nitrogen and chloroform saturated with ammonia has to be used to collect
the residue at the bottom of the conical tube.

It is well known that the pyrrole ring is sensitive to oxidation [10]. Thus,
ascorbic acid was added in the tube as anti-oxidizing agent before extracting
the sample.

The validation range was established on the basis of the plasma concen
tration of premazepam expected in humans after the administration of the
drug. The method was applied to observe the time course (Fig. 5) of premaze
pam in the plasma of subjects (n = 4) treated with a single 30-mg oral dose
[3]. Premazepam was rapidly absorbed by the gastrointestinal tract, reach
ing plateau plasma concentrations of 330-370 ngjml1.5-6 h after administra
tion. The concentration of premazepam decreased thereafter with a mono-
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TABLE I

RECOVERY OF METRONIDAZOLE IN SERUM AND URINE

Serum Percent recovered Urine Percent recovered
(/lg/ml) (/lg/ml)

0.1 90.5 1 103
95.0 100

1.0 95.0 10 94
97.5 98

5.0 98.0 50 97
99.0 96

10 101.0 100 99.5
97.5 96.0-- --

X= 96.7 X= 97.9

passed through the origin. (The R.S.D. of the response normalized for concen
tration was 2.6%.)

Recovery studies in serum and urine are summarized in Table I.
The limit of quantitation for metronidazole in urine was determined to be

0.1 ,ug/ml, and in serum, 0.05 ,ug/ml.
In summary, a HPLC assay for metronidazole in body fluids using a simple

sample treatment procedure has been described.
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Cyclosporine is a cyclic peptide (Fig. 1) of fungal origin which has proven
to be a potent immunosuppressive agent in man [1]. Cyclosporine is effective
in preventing rejection of transplanted organs including heart-lung, 'kidney,
liver, pancreas and bone marrow [2].

Cyclosporine is a toxic drug with a narrow therapeutic index. Toxicity
associated with cyclosporine includes non-specific immunosuppression, hepato

Fig. 1. Chemical structure of cyclosporine where R = -cHzCH3 and the internal standard,
cyclosporin D where R = -CH(CH3 )z'

*Present address: Istituto Mario Negri, Via Eritrea 62, Milan, Italy.
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TABLE I

REPRODUCIBILITY AT GIVEN PLASMA CONCENTRATIONS

Concentrations n C.V. (%)
(ng/ml)

50 4 3.3
200 6 7.6
400 5 7.2
800 6 4.7

34.5% from whole blood and serum, respectively. Despite this low recovery,
sensitivity was not a problem.

Several aspects of this analytical procedure deserve further amplification.
The disposable CN columns which are used for the extraction of cyclosporine
can be reused if washed with methanol (ca. 10 ml) between uses. We reuse
these columns three times before discarding them, since we have noted that
some columns tend to loose efficiency after three uses. Another consideration
regarding the use of the CN columns is the eluting of the sample onto the
column. The columns are at least half full of water when the sample, in ca.
300 tIl methanol, is added. The columns are then filled with water to dilute
the methanol and to facilitate mixing. If the methanol layer is drawn through
the column without mixing or dilution, the cyclosporine will not be retained
on the column.

A rather important step in the extraction is the addition of 200 t.tl of 75%
methanol in water to the diethyl ether before drying. If the diethyl ether is
dried completely, there is difficulty in redissolving the residue containing the
cyclosporine and the internal standard. While the diethyl ether is evaporated
the sample is not taken to dryness; the methanol-water mixture containing the
drug and internal standard remain. This simple step helps overcome difficulties
of low recovery which are encountered in the extraction.

In order to increase our capability, we are employing an automatic injector
so that samples can be injected overnight. We have found that the use of plastic
sample holders leads to several interfering peaks on the chromatogram. We
therefore are using all glass sample holders to avoid this problem.

The majority of the literature concerning blood or plasma levels of cyclo
sporine has been based on a radioimmunoassay (RIA) procedure. While it has
been suggested that this procedure is not highly specific for cyclosporine, the
suggested plasma level guidelines for dosage adjustment are based on this
method. We, therefore, analyzed several samples, both whole blood and serum,
which had been analyzed by the RIA procedure. These samples were drawn
from patients who had been taking cyclosporine for periods ranging from two
weeks to several years. The results of this comparison are shown in Fig. 3.
In general, the results of our HPLC analysis were considerably lower than those
of the RIA analysis. This is consistent with similar HPLC-RIA comparisons
reported by Carruthers et al. [9] and by Donatsch et al. [11]. In some patient
samples, we noted a peak which eluted with a retention time similar to that of
the internal standard. Since this interfering peak precluded our use of the
cyclosporine D as an internal standard for those few samples in which it was
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Fig. 3. Results of simultaneous analysis of whole blood (0) and plasma (0) samples by RIA
and HPLC.

present, they were quantitated by means of a standard curve based on peak
height of cyclosporine alone. These curves were linear over the range studied.
It is interesting to speculate that this interfering peak may be due to a
metabolite of cyclosporine. Since this peak eluted more slowly than the parent
drug, it is probably less polar than cyclosporine. Its identity is currently being
pursued.

While other methods have been developed for measuring cyclosporine in
plasma or serum samples, they generally tend to be time-consuming and are not
directly adaptable to analyzing whole blood. We developed the method
presented here to facilitate the rapid and simple analysis of large numbers of
whole blood samples from patients receiving cyclosporine following organ
transplantation. The method reported here is sensitive, selective and equally
adaptable for whole blood, plasma or serum samples. The advantage of this
method over other procedures is that it is simple to perform and both the
extraction and chromatography are rapid.
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A number of books have been published on steroids, but this is the first
devoted exclusively to their quantitative analysis under the scope of both
pharmaceutical and biological-clinical analysis. The author's experience with
his previous monograph (S. Gorog and Gy. SZ3.sz: Analysis of Steroid Hormone
Drugs, Akademiai kiad6, Budapest, 1978) led him to combine the problems of
drug analysis and those of steroid determination in biological fluids and tissues
in one monograph in the right direction.

Some 400 communications on analysis of steroids appear annually in bio
chemical, pharmaceutical and endocrinological journals and as many papers not
of a primary analytical character contain important information on analytical
methodology and results. The book is a valiant attempt to cover the modern
techniques of steroid determination with special emphasis on the developments
in the past ten years.

The book is divided into eight chapters dealing with individual classes of
steroids such as sex hormones and related materials, corticosteroids, cholesterol
and related sterols,. vitamin D and related materials, bile acids, cardiac glyco
sides, diosgenin and related sapogenins, and miscellaneous steroids such as
ecdysones, steroid alkaloids and steroid quaternary ammonium compounds. As
regards the analytical methods, all classical, spectroscopic, chromatographic
and radioanalytical methods are discussed that are of general importance, bio
logical assays and some of the very specialized biochemical techniques being
omitted. The elucidation of steroid structures is not included and the spectro
scopic methods such as infrared and NMR spectroscopy together with mass
spectrometry are discussed only from the point of view of their quantitative
analytical applications. Similarly, chromatography is also treated as a quantita
tive analytical tool, those techniques being emphasized which permit direct
quantitative results: gas chromatography, high-performance liquid chromato
graphy and thin-layer chromatography-densitometry. The theoretical and prac
tical aspects of chromatographic separations (structure-chromatographic
mobility relationships, solvent composition-mobility relationships, detection
methods) are discussed only very briefly. Column and thin-layer chromato
graphy are regarded as sample preparation steps for the subsequent quantitative
analysis.

The book presents an excellent outline of applications of the various ana-
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lytical techniques for steroids and by no means can be regarded as a laboratory
handbook. Many citations, tables and figures enable the reader to obtain not
only a general picture of the various methods and analytical problems, but the
monograph also serves as a guide for reading original papers to those who in
tend to use the methods referred to.

Prague (Czechoslovakia) L. STARKA
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