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1. INTRODUCTION

The assay of oestrogens in biological fluids has a number of clinical applica­
tions, the chief one being the determination of oestrogen levels in maternal
urine (or blood) in order to aid the assessment of the intrauterine viability of
the foetus [1]. As a result of the importance of these applications, there now
exists such a considerable literature on the subject of the methodologies
available for this assay that it is being reviewed annually by one of us [2]. The
most commonly determined analyte is the 24-h urinary total oestrogen
excretion level and this has been statistically correlated with week of gestation
for "normal" pregnancies [3] leading to the production of reference ranges
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suitable for clinical use. In our latest paper [4] on the subject of this assay we
listed a number of the analytical difficulties experienced with it. Now, it should
be noted that whilst the oestrogens are excreted almost totally as conjugates,
they are normally assayed as free oestrogens (produced by a suitable hydrolysis
procedure) which assists the analyst by reducing the molecular complexity of
the oestrogens in the biological matrix.

There have been a number of detailed studies of the contributions made by
the various oestrogens to 24-h urinary total oestrogen excretion rates. As a
result of these investigations it is generally agreed that, for the three classical
oestrogens (oestrone, oestradiol and oestriol), oestriol accounts for more than
90% of their total excretion rate in late human pregnancy [5]. Moreover, a
recent Belgian study [6] has shown that this total oestriol excretion level is
made up of contributions from the following four conjugates whose
approximate percentages (in oestriol equivalents) are given in parentheses:
oestriol-16-glucuronide (67%); oestriol-3-glucuronide (21%); oestriol-3­
sulphate-16-glucuronide (8%) and oestriol-3-sulphate (3%)*. It should perhaps
be noted that less than 1% of the total oestriol excretion rate was ascribed to
the free steroid. It is logical to predict that analysis of the individual intact
oestrogen conjugates instead of total oestrogens would give results having a
higher clinical efficiency (Le. fewer false positive and false negative results) for
present applications of oestrogen assays. Further, such multicomponent
analysis (complete oestrogen conjugate profiling) might also prove of value in
the diagnosis of additional abnormal conditions. At present the only published
approach to this problem of multicomponent analysis of complex biological
fluids has involved the use of the sophisticated, expensive and time-consuming
technique of combined gas chromatography-mass spectrometry. Before this
analytical technique can be employed, the conjugates have first to be chroma­
tographically separated, then hydrolysed to form free oestrogens which are
then silylated in order to make suitable volatile derivatives [7]. This type of
method is clearly unsuitable for general routine clinical use.

In contrast, the modern technique of high-performance liquid chromato­
graphy (HPLC) has the ability to separate and quantitate complex aqueous
mixtures in short periods of time (min), with little or no pre-treatment of
sample, and is, therefore, easily automated for routine use. Theoretically, it
should be possible to devise an HPLC system which can separate the four
major oestriol conjugates of pregnancy urine listed above. If this partial
oestrogen conjugate profiling and individual assay could be achieved, then the
routine assay of the total oestriol content would follow and the problems of
poor precision encountered with the present common methods (for total
oestrogens) [8] would be obviated. For these reasons, we have closely
examined the published literature [2] on the subject of HPLC analysis of the
oestrogen conjugates in general and of the above four oestriol conjugates in
particular in order to determine if a system suitable for routine use has yet
been published. Further, we have abstracted the key experimental details in a
unified manner (Tables 1-3) to aid assessment of the present state of the

*These four oestriol conjugates are abbreviated to Ea-16-G, Ea-3-G, Ea-3-S-16-G and Ea-3-S,
respectively, for the remainder of the paper.
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TABLE 1

SEPARATION OF OESTROGEN
CHROMATOGRAPHY

CONJUGATES BY ANION-EXCHANGE

Sample

Column
Support

Particle diameter (/-lm)
Length (cm)
J.D. (mm)
Temp. (OC)

Elution
Pressure (bar)
Flow-rate (ml/min)
Mobile phase

Detection

Elution time** (min)

Elution order***

Ref. 9

Synthetic

ECTEOLA-cellulose
(Baker 300)

13
25

3
25

NG*
NG
0.125 M sodium chloride
+ 0.05 M sodium acetate,
pH5.0

UV, 220 nm

14

E,-3-G, E.-3-G, E2 -3-G,
E,-16-G, E 2 ·17-G

Ref. 10

Synthetic

ECTEOLA-cellulose
(Baker 300)-diatomite
(5:1, v/v)

7 for Baker 300
10

4
70

36
NG
0.025 M perchlorate
+ 0.01 M phosphate,
pH 6.8

UV, 220 nm

28

E.-3-G, E,-3-S, E.-3-S,
17Q-E2 -3-S,17Q-Eq-3-S,
Eqe-3-S, 17Q-Eqe·3-S

*NG =not given.
**Elution time is the time taken for the last oestrogen to elute off the column.
***E. '= oestrone, E2 = oestradiol, E, = oestriol, Eq = equilin, Eqe = equilenin, G
glucuronide, S = sulphate.

conjugates since the sample applied was an Amberlite XAD-2 methanol extract
of pregnancy urine. Six Kober-positive (Le. oestrogenic steroids) peaks were
obtained after an elution time of 75 min, four of which may be ascribed to the
four oestriol conjugates. The two additional peaks could possibly be due to
oestrone-3-glucuronide and 16-hydroxyoestrone-3(?16a)-glucuronide as these
are excreted at comparable rates to the oestriol sulphate-glucuronide [13] . The
finding of fourteen low ultraviolet- (UV)-absorbing peaks (220 nm) from the
same urine sample in the same time period indicates that the modified cellulose
columns are capable of considerable separation of multicomponent mixtures
such as urine.

Interestingly, from a combined study of the abstracted elution order data in
Table 1 and retention data for similar systems reported in the corresponding
references, it is found that the elution order of oestrogen mono-glucuronides
from cellulose anion-exchangers is primarily dependent on the site of conjuga­
tion since the steroid A-ring conjugated oestrogens tend to elute before those
conjugated at the steroid D-ring. (It should perhaps be noted that the same
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Ref. 11 (i) Ref. 11 (ii) Ref. 11 (iii) Ref. 12

Synthetic Synthetic Pregnancy urine Synthetic
XAD-2 extract

ECTEOLA-cellulose ECTEOLA-cellulose ECTEOLA-cellulose .uPartisil 10 SAX
(Baker 300) (Whatman ET 41) (Baker 300)

13 11 11 10
25 25 25 25 X 2

3 3 3 4.6
25 70 70 NG

16 30 20 83
NG NG NG 0.8
0.025 M perchlorate 0.25 M perchlorate 0.025 M perchlorate 0.1 M sodium chloride.
+ 0.01 M phosphate, + 0.01 M phosphate, + 0.01 M phosphate, pH4.8
pH7.0 pH8.5 pH 6.8

UV, 220 nm UV, 220 nm UV, Kober, UV, 254 nm
220 nm fIuorimetric

25 31 75 75 23

E,-3-G, E,-3~G, E 2 -3-G, E,-3-S, E,-3~S, 14 peaks 6 peaks (E,-16-G, E,-17-G),
E,-16-G, E 2 -17-G Eq-3-S,17a-Eq-3-S, None of the peaks E,-3-G, E 2 -17-G,

Eqe-3-S,17a-Eqe-3-S identified E 2 -3-G, E,-3-G,
E 2 -3-S, E,-3-S

order of elution for these conjugates has been reported for a non-HPLC separa­
tion using a modified cross-linked dextran as the anion exchanger [7].)
Further, within the group of oestrogen ring-A glucuronides the elution order is
dependent upon the exact nature of the oestrogen moiety and is as follows:
oestriol, oestrone, oestradiol. In addition, both of these types of relationship
between structure and elution order are also found to hold for the series of
classical oestrogen mono-sulphates [11]. Oestrogens conjugated with sulphate
groups are invariably eluted after the corresponding glucuronide conjugates.
To summarize, the expected elution order of the four oestriol conjugates under
discussion from the modified cellulose anion-exchangers given in Table 1 is
E3-3-G, E3-16-G, E3-3-S, E3-3-S-16-G.

The second type of anion-exchange chromatographic system abstracted in
Table 1 consists of a single separation of a synthetic mixture of oestrogen
conjugates obtained by the use of two columns of Partisil SAX arranged in
series [12]. The mixture separated only included two of the four oestriol
conjugates of interest (both glucuronides). Interestingly, a study of the
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Fig. 1. HPLC chromatogram of a pregnancy urine extract. Re-drawn from Fig. 2. of ref. 17.

TABLE 3

SEPARATION OF OESTROGEN CONJUGATES BY REVERSED-PHASE
CHROMATOGRAPHY

Ref. 18 Ref. 15 (iii) Ref. 19

Sample Synthetic Synthetic Pregnancy urine

Column
Support

Particle diameter (/Lm)
Length (cm)
LD. (mm)
Temp. ("C)

Elution
.l"ressure (bar)
Flow-rate (ml/min)
Mobile phase

uBondapak C18

10
30

6.4
30.5

NG*
0.89
H.O-methanol
(9.34 :0.66, w/w)

LiChrosorb RP-18

5
15

3
70

250
NG
0.05 M phosphate,
pH 8.0-acetonitrile
(8:2, v/v)

LiChrosorb RP-8
(coated with
n-pentanol)

5
15

4.5
25

NG
NG
Phosphate buffer,
ionic strength 0.1,
pH 6.5-n-pentanol
(9.81:0.19, v/v)

Detection Refractive index UV, 220 nm UV, 280 nm

Elution time*** (min) (34 or 54)? 3 13 (for Ea·16-G)

Elution order § E a-3-G, E a-3-S, Ea-3-G, E a-3-S, E a·16-G resolved from
E a-16-G Ea-17 -G, E.-3-G, 12 other (unidentified)

EI-3~G peaks

*NG = not given.
**THF = tetrahydrofuran.
***Elution time is the time taken for the last oestrogen to elute off the culumn.
§E 1 = oestrone, E. = oestradiol, E a = oestriol, G = glucuronide. S = sulphate.
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determined by the exact nature of the oestrogen moiety and is oestriol,
oestradiol, oestrone.

The remaining two separations given in Table 2 [14, 16] are of synthetic
mixtures of oestrogens reported in two separate papers and obtained using
columns of 10-Jlm support materials and tetraethylammonium bromide and
tetrapropylammonium bromide as the ion-pair reagents. The first paper reports
a separation involving an oestriol conjugate of direct interest, namely E3-3-S,
and the second paper reports a separation of E3 -17-G. In view of the previous
discussion of separations involving this type of chromatography, it would seem
likely that this second separation would also have separated an oestriol
conjugate of interest (E3-16-G) had it been present in the test mixture.

2.3. Reversed-phase chromatography

Table 3 summarizes the experimental details, abstracted from seven publica­
tions [15,18-23], of separations of mixtures of oestrogen conjugates obtained

Ref. 20 Ref. 21 Ref. 22 Ref. 23

Pregnancy urine Synthetic Pregnancy urine Synthetic
(diluted) (+ internal std.,

16-epiE3-17-G)
extract

Spherisorb ODS LiChrosorb RP-18 TSK gel LS -410 TSK gel LS-410
ODS-SIL ODS-SIL

5 5 5 5
1.5 25 30 30
6.4? 9 4 4

21 NG Ambient Ambient

NG 172 NG NG
0.4 2 1 1.5
Water-aceto- Convex gradient: 0.05 M Na.HPO., 0.05 M Na.HPO.,
nitrile-acetic acid 10% methanol in pH 3.0-THF** pH 3.0-THF
(26.5:6:2, w/w) 0.01 M ammonium (6:1, v/v) (6:1, v/v)

acetate, pH 6.9,
to 100% methanol

Kober, UV, 280 nm Electrochemical UV, 280 nm
fluorimetric

22 38 56 (16-epiE3-17-G) 61

E 3-3-S?, E 3-3-G?, E 3-3-G, E 3-3-S, E 3-16-G E 3-3-G,
E3 -16-G E 3-16-G, resolved 16-epiE3-17-G, 16-epiE3 -3-G,

from 12 other resolved 6 other E 3-17-G, E 3 -16-G,
oestrogen peaks (unidentified) 16-epiE3-17-G,

peaks 16-epiE3-16-G
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This elution order differs from that found in the presence of the surfactant,
which is E3-3-G, E3-17-G, E3-3-S. (In both chromatographic systems the
isomeric 16- and 17-glucuronides co-elute.) This difference in elution order of
the oestriol conjugates means that the first of the correlations between elution
order and molecular structure found for the previous type of chromatography
does not apply to the present reversed-phase system. However, a study of the
numerical elution order data for the reversed-phase system shows that the
other two correlations are still applicable.

3. DISCUSSION ON THE APPLICATION OF HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY TO THE ROUTINE ASSAY OF OESTRIOL CONJUGATES

Although we are aware that there have been a number of reviews published
recently which contain sections on the HPLC of oestrogen conjugates
[24-26], the present account is considered distinctive because of the
methodological details given in Tables 1-3 and for its delineation of the
problem of routine analysis of the four major oestrogen conjugates present in
human pregnancy urine (partial oestrogen conjugate profiling). To proceed,
we shall first discuss the recent work of an American group which has devised
a complex, multicolumn HPLC separation system for an extensive oestrogen
conjugate profile (together with free oestrogens) of pregnant monkey urine
[21]. The initial chromatographic stage in this system involves the use of a
LiChrosorb RP-18 column operated in a convex gradient elution mode (Table
3, ref. 21). The resultant eluate was collected in six fractions which were
evaporated to near dryness, reconstituted in the appropriate mobile phase and
aliquots then subjected to further chromatography involving selective use of
one of four HPLC systems. Even though synthetic mixtures of E3-3-G, E3-3~S

and E3-16-G can be separated by this method, we believe that such a complex
analytical system is not suitable for routine clinical use and it will not therefore
be considered further.

In addition to the above complex, multicolumn separation, another
American research group published earlier (1978) a simple isocratic HPLC
system identical to that given in Table 1 (ref. 12), in which seven oestrogen
conjugates (from a total of eight) were separated from a spiked urine extract.
Indeed, in the list of oestrogens separated were two of the oestriol conjugates
of interest, namely E3 -16-G and E3-3-G. Unfortunately, the authors did not
demonstrate any application of this method to the analysis of human
pregnancy urine. Consequently, it is not immediately clear whether this
method would be suitable for adoption by clinical laboratories. However, upon
further study of the paper it became apparent that the method possesses a
certain practical disadvantage which would seem to rule out its routine applica­
tion, namely corrosion of the steel column and tubing by the sodium chloride
in the eluent.

In the discussion now to follow, attention will be concentrated on those five
papers in which one (E3-16-G) or more of the oestriol conjugates have been
separated from human pregnancy urine, in order to ascertain if any of the
published methods could be recommended as a candidate for adoption as a
routine assay procedure. Complete details of the HPLC methods employed
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reproduced profiles are of excellent quality, only a limited number of
compounds could be structurally identified by mass spectrometry. It seemed to
us a challenging task to identify the remaining unknown compounds.

Structure elucidation of unknown compounds requires the separation of
larger samples than used by Issachar and co-workers [6, 7]. When we repeated
the separation technique used by Issachar and co-workers [6, 7], the micro­
porous filter membrane became very clogged from the start of filtration.
Almost no filtrate was obtained. Therefore we tried to remove the interfering
cell wall components and proteins by ultrafiltration using a filter with rather
large pores (pore size 0.45 pm) followed by a second ultrafiltration with a filter
having small pores (exclusion volume MW 10,000). With this method no
difficulties were encountered in obtaining an ultrafiltrate. The second ultra­
filtrate was subjected to adsorption onto an anion-exchange column as
described by Issachar and co-workers [6, 7].

To improve the filtration and to avoid the various rather time-consuming
separation steps, ultrafiltration and anion-exchange chromatography were
combined by using an integrated system. This system could separate acids not
only from plasma and serum but also from whole blood, thus avoiding the
preparation of plasma or serum.

Highly polar and weakly polar acids could easily be separated. They were
identified after derivatization with diazomethane by mass spectrometry. The
results of these investigations are reported in this paper.

EXPERIMENTAL

Materials
Freshly drawn human blood was heparinized and stored at -400 C until used.

Blood samples of individuals who died by accident or suicide were drawn 1 h
to two days after death. Human plasma and serum were obtained from the
hospitals of Bayreuth and Marktredwitz.

Two-step ultrafiltration
A schematic diagram of the ultrafiltration system is shown in Fig. 1. The

system comprised the following components: stock vessel (200 ml) (a), filter
cassette (c) with a polysulphone membrane filter HVLP (pore size 0.45 pm;
Millipore, Neu-Isenburg, F.R.G.), filter cassette (d) with a polysulphone

a b c d e

Fig. 1. Schematic diagram of the ultrafiltration system. a = stock vessel, b =toothed wheel
pump, c and d =filter cassettes, e =glass column with Dowex 1-X8.
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membrane filter PTGC (exclusion volume MW 10,000; Millipore), glass column
(e) packed with 500 g of Dowex 1-X8 (mesh size 50-100, counter-ion Cl-),
toothed wheel pump (b) (2600 U/min; Multifix, Schwabisch-Gmiind, F.R.G.).
The components were connected by PTFE tubes (LD. 0.8 cm).

Filtration conditions were as follows: entrance pressure at the HVLP filter,
3 bars, back-pressure at the HVLP filter, 2 bars; entrance pressure at the PTGC
filter, 0.5 bar; back-pressure at the PTGC filter, 0 bar.

Procedure
To prepare the apparatus for filtration it was rinsed with 100 1 of distilled

water, activated with 10 1 of physiological sodium chloride solution [12] and
washed again with 501 of distilled water (time: 30 min).

For filtration, 50 ml of the biological fluid (human blood, serum or plasma)
are poured into the stock vessel; then 150 ml of distilled water are added to fill
up the stock vessel (a). The stock vessel is connected to the filtration apparatus
and to the outlet of the anion-exchange column (see Fig. 1). Then the toothed
wheel pump is started and the filtration conditions are adjusted.

After the filtration (about 2 h) the anion-exchange column is disconnected
and the remaining system rinsed with 800 ml of distilled water. These washings
contain the less polar acids (acid fraction B).

The filtration apparatus can be cleaned by pumping through 20 1 of
physiological sodium chloride solution followed by 20 1 of 0.1 M sodium
hydroxide solution. After standing for 30 min with 0.1 M sodium hydroxide
the apparatus is washed with 100 1of distilled water.

When not in use filters were stored in 0.1 M sodium azide solution [12].

Isolation of the fraction of polar acids
The anion-exchange column is washed with 1 1 of distilled water. Then the

adsorbed highly polar acids (fraction A) are eluted by treating the column with
2.5 1 of 0.1 M methanolic hydrochloric acid. The eluate is evaporated on a
water bath (40° C) to dryness. The residue is dissolved in 5 ml of methanol,
ethereal diazomethane solution is added until the colour remains yellow and
the solution is concentrated to 1 ml; 1 ,ttl of this solution is used for gas chro­
matographic (GC) and gas chromatographic-mass spectrometric (GC-MS)
analysis.

Isolation of the fraction of less polar acids
The washings of the filter apparatus containing the less polar acid fraction B

are acidified to pH 1 by dropwise addition of concentrated hydrochloric acid.
The solution is extracted three times with 600 ml of ethyl acetate each time.
The combined ethyl acetate extracts are dried over sodium sulphate. The sol­
vent is evaporated to dryness. The residue is treated as described for fraction A
to prepare samples for GC and GC-MS analysis.

Instrumentation for GC-MS
The GC apparatus and conditions were as follows: Carlo-Erba gas chromato­

graph 4160; hydrogen flow-rate, 2 ml/min (OV-101); helium flow-rate, 3
ml/min (OV-1701); 30-m thin-film glass capillary coated with OV-101 or 50-m
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plasma concentration of the drug. Slopes and correlation coefficients were
calculated using a least-squares procedure.

Plasma sample handling. Mix 2.0 ml of plasma, 200 pI of working internal
standard solution (protriptyline) and 200 pI of 1.0 M sodium carbonate
solution in a test tUbe. Add 8 ml of hexane--acetonitrile (98:2, v/v). Close
the tube with a polyethylene stopper and extract for 10 min by mixing on a
rotator rack. Centrifuge for about 2 min to separate the layers. Put the organic
layer into a second test tube and evaporate almost to dryness under a stream
of nitrogen while warming the tube in a water bath (40°C). Add 200 pI of
mobile phase, mix on a Vortex mixer and keep the test tube in an ultrasonic
bath for 10 sec. Inject about 100 pI into the liquid chromatograph.

For routine measurement, patient blood samples are centrifuged immediate­
ly after collection. The plasma is removed and placed in tubes used for the
assay. If not analysed promptly plasmas are frozen at -20° C and not permitted
to thaw until assay.

Procedure for determination of coefficient of variation. Of the working
standard solutions 125 pI and 250 pI were mixed with 10.0 ml of plasma. In
each of the four spiked plasmas drugs were measured three times, using each
time 2.0 ml of plasma.

Recovery studies. Recoveries of the antidepressants at the 25 pg/l and 100
pg/l levels were determined by adding after extraction 50 pI of an external
standard solution (methadone) to the extract while evaporating the organic
layer. At both concentrations the peak areas relative to this external standard
(Qd were calculated. These values were compared with the ratios (Q2) obtained
by injecting a comparative reference solution, prepared without extraction. The
recovery is the ratio between Ql and Q2'

The reference solutions were prepared by pipetting appropriate quantities of
the methanolic working standards in extraction tubes, evaporating the
methanol and adding mobile phase to the residue. For determining the recovery
at 25 pg/l, the reference solution consisted of 50 ng of the drugs, 800 ng of
internal standard (protriptyline) and 1600 ng of methadone as external
standard in 200 pI of mobile phase. The reference solution for determining the
recovery at 100 pg/l contained 200 ng of the drugs, 800 ng of protriptyline and
1600 ng of methadone.

Adsorption studies. In order to find out whether our reference solutions
could be interpreted as real references, a comparison was made between the
reference solutions and so-called control solutions. Reference and control
solutions were prepared at both the 25 pg/l and 100 pg/l levels. The control
solutions contained 40-fold quantities of antidepressant, protriptyline (internal
standard) and methadone (external standard) compared to the reference
solutions, in a volume of 8 ml of mobile phase (40-fold volume). On preparing
the control solutions, factors critical for adsorption onto glass, like evaporation
of the methanolic standards and exposure of a small volume of liquid to a
large glass surface area (when dissolving the residue), were avoided. Preparation
took place by pipetting into a test tube appropriate volumes of the methanolic
working and stock standard solutions (to keep the quantity of methanol
minimal) and diluting to volume without evaporating the methanol. The peak



85

areas relative to methadone after injecting about 100 pI of the control solutions
and reference solutions were compared.

Extraction studies. Norzimeldine and trans-10-hydroxynortriptyline were
investigated for incomplete extraction. At the 100 pg/l level the recovery of
both metabolites was determined as described under Recovery studies. After
extraction, the pH of the remaining plasma was measured for control. The
plasma was extracted for a second time after addition of 200 pI of the
protriptyline internal standard solution. Peak areas were determined relative to
methadone. As a control amitriptyline was run through the same procedure.

RESULTS

Drug determination
The resolution of both standard mixtures of antidepressants after chromato­

graphy is shown in Fig. 1. If the antidepressants were injected as a single
mixture, clomipramine would not be completely separated from amitriptyline
and zimeldine would interfere with trimipramine. There is no interference with
possible peaks from blank plasma.

Calibration curves of some of the drugs are shown in Fig. 2. For all anti­
depressants a good linear relationship between peak area ratios and plasma
levels over a large concentration range is found.

Retention times, coefficients of correlation and variation, recoveries and
analytical detection limits at 254 nm are summarized in Table I. The detection
limit in plasma, defined as twice the noise level by 0.001 a.uJ.s., for most
antidepressants is 2 pg/l and for their desmethyl metabolites 5 pg/I. Incomplete
extraction causes the detection limit of 10-hydroxynortriptyline to be a little
higher. For protriptyline, the internal standard, the detection limit has not
been determined. However, because this compound has a minimum extinction
at 250 nm, the detection limit will be high and can be lowered by measuring
nearer to the extinction maximum at 292 nm [16]. As shown in Table I,
recoveries of norzimeldine and trans-10-hydroxynortriptyline are rather low.
In order to find out to what extent adsorption onto glass or incomplete extrac~

tion influenced our results, adsorption and extraction studies were carried out.
The results of the adsorption studies are shown in Table II. Between the

200-pl reference solutions and the 8-ml control solutions no significant
differences were found when peak area ratios of antidepressant relative to
methadone were calculated for either method.

Table III shows the results of the extraction studies. Equal fractions of
norzimeldine and trans-10-hydroxynortriptyline are extracted at the first and
second extraction step. Incomplete extraction appears to be the cause of the
low recovery (Table I) of both forenamed antidepressant metabolites. The
relating chromatograms are shown in Fig. 3.

Selectivity of the method
Several drugs were tested for potential interference with our procedure by

comparing the retention times of these drugs with those of the antidepressants.
We did not determine the extraction of these materials from plasma. Table IV
shows the absolute and relative retention times of the investigated drugs.
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TABLE IV

RETENTION TIMES FOR SOME COMMON DRUGS TESTED WITH THE HPLC
PROCEDURE

Generic name Retention time

Phenobarbitone
Theophylline
Acetaminophen
Flupentixol
Caffeine
Carbamazepine
Chlordiazepoxide
Nitrazepam
Diazepam
Oxazepam
n-Desalkylflurazepam
Fluphenazine
Clopentixol
Perphenazine
Opipramol
Penfluridol
Promethazine
Sulpiride
Levomepromazine
Desmethylmianserin
Prochlorperazine
Chlorpromazine
Sulforidazine
Orphenadrine
Promazine
Phenytoin
Thioridazine
Propanolol
Mesoridazine
2-Hydroxyimipramine
Methadone
2-Hydroxydesipramine
Disopyramide
Maprotiline
Protriptyline

DISCUSSION

Absolute
(min)

1.83
2.07
2.21
2.21
2.25
2.30
2.37
2.37
2.38
2.38
2.38
2.49
2.54
2.56
2.58
2.89
3.07
3.17
3.24
3.26
3.47
3.81
4.24
4.28
4.59
5.25
5.25
5.26
5.46
6.31
7.66

10.51
11.35
13.32
13.82

Relative to
protryptyline

0.13
0.15
0.16
0.16
0.16
0.17
0.17
0.17
0.17
0.17
0.17
0.18
0.18
0.19
0.19
0.21
0.22
0.23
0.23
0.24
0.25
0.28
0.31
0.31
0.33
0.38
0.38
0.38
0.40
0.46
0.55
0.76
0.82
0.96
1.00

With the desctibed assay many commonly used antidepressants and their
major therapeutically active metabolites can be measured in plasma. The
method is highly selective within the group of the tricyclics. Antidepressant
therapy in psychiatric patients can be monitored and therapy can be evaluated
in the light of the acquired data.
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0.02% acetic acid as the mobile phase at a flow-rate of 1.2 ml/min. For UV
detection the absorbance was set at 264 nm, and for fluorescence detection
excitation was set at 270 nm and emission at 300 nm. Under these conditions
using UV detection, the retention times of pirlimycin derivative and fluor­
anthene (internal standard) were 14.5 and 37.5 min, respectively.

For the urine analysis, the mobile phase consisted of acetonitrile--meth­
anol-tetrahydrofuran-water (48:2:1:49). With the exception of the flow­
rate of 1.5 ml/min, all other conditions were identical to the conditions
employed for serum analysis. Under these conditions using UV detection,
retention times of pirlimycin derivative and internal standard were 28 and 60
min, respectively.

Thin-layer chromatographic (TLC) conditions
Thin-layer chromatography was performed on CI8 reversed-phase TLC

plates with a 200-tim layer (Whatman MKCI8 F). The developing solution was
acetonitrile-water (80:20) and detection was at 254 nm. Under these condi­
tions the RF for the pirlimycin carbamate derivative was 0.5.

Human study protocol
Pirlimycin • HCI capsules were administered orally at 50-, 125-, 250- and

500-mg dose levels. Blood and urine samples were taken at recorded time
intervals. Blood samples were taken into non-heparinized tubes, allowed to
clot, and then centrifuged at 1000 g for 10 min. The harvested serum was put
into appropriately labelled vials and immediately frozen. The frozen samples
were stored at -200 C until assayed.

Total urine volume was recorded for each interval before an aliquot was
withdrawn, immediately frozen, and stored at -200 C until assayed.

ASSAY PROCEDURE

Preparation of serum samples
Stock solutions of pirlimycin • HCI (2.088 tig/ml) and fluoranthene internal

standard (9.3 tig/ml) were prepared separately in methanol, while 9-FMCIF
derivatizing reagent, a stock solution (63.8 tig/ml), was prepared in acetonitrile.
A series of standard serum samples of pirlimycin • HCI was prepared by
pipetting pirlimycin • HCI stock solutions into 15-ml centrifuge tUbes. The
solvent was evaporated to dryness then reevaporated after adding 50 til of
internal standard solution; 1 ml of human serum and 0.3 ml of 0.1 M sodium
hydroxide were added to each tube. The samples were extracted twice, each
time with 4 ml of chloroform, then mixed and centrifuged; the chloroform
extract was evaporated to dryness. Similarly, a blank serum sample was
prepared from the same serum specimen. The 10 til of 2.5 • 10 -4 M sodium
hydroxide and 50 til of 9-FMCIF were added to the dry residue. The mixture
was kept at room temperature for 2.5 h, and then 20-40 til were injected for
analysis into HPLC.

Test serum samples were prepared by pipetting 50 til internal standard
solution into a series of centrifuge tUbes. After evaporating to dryness, 1 ml
of serum and 0.3 ml of 0.1 M sodium hydroxide were added; subsequent steps
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TABLE III

ACCURACY AND PRECISION DATA FOR THE RECOVERY OF PIRLIMYCIN·HCI
FROM HUMAN URINE

Added (/lg/ml)

5.165

Found (/lg/ml)

5.346
5.279
5.071
5.051
5.439
5.309
5.373

Recovery (%)

103.51
102.22

98.18
97.80

105.31
102.69
104.02

Average =5.26 Mean = 102 ± 2.62%

Coefficient of variation = 2.8%

as described previously. The average interday recovery of pirlimycin • HCl
obtained was 101 ± 4.2% (Table II).

Table III gives precision and accuracy data for the replicate analysis of
urine samples spiked with a known concentration (5.165 ~g/ml urine) of drug.
An average interday drug recovery of 102.0 ± 2.62% was obtained.

Applicability of the methodology
The utility of the analytical method for pharmacokinetic studies was demon­

strated by monitoring serum and urine levels of pirlimycin • HCI in humans. A
typical serum profile is shown in Fig. 6 for a dose of 500 mg of pirlimycin •
HCl. A typical cumulative urinary elimination profIle is shown in Fig. 7 for a
dose of 50 mg of pirlimycin' HCl. A summary of the pharmacokinetic
parameters is given in Table IV. The area under the serum curve (AVC) data
may indicate a non-linear dose response since the AVC for the 50-mg dose is
much less than expected based on the 500-mg dose results. The values of U""
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Fig. 6. Pirlimycin' HCl concentration in human serum following a 500-mg oral dose of
pirlimycin • HCI to a human male.
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Fig. 2. HPLO fluorescence records obtained upon maprotiline analysis in plasma (1 ml). (A)
Blank plasma. (B) Blank plasma with additions of 10 ng of maprotiline and 400 ng of oxa­
protiline as internal standard. (0) Plasma from a patient ingesting maprotiline 150 mg per
day; it was found to contain 290 ng/ml (1045 nmol/l) maprotiline. 1 =dansyl maprotiline,
2 = dansyl oxaprotiline.
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Fig. 3. HPLO fluorescence records obtained upon oxaprotiline analysis in plasma (1 ml). (A)
Blank plasma. (B) Blank plasma with additions of 2 ng of oxaprotiline and 30 ng of dides­
methylimipramine as internal standard; in this case a 40% aliquot was injected. (0) Plasma
from a patient treated with oxaprotiline 150 mg per day; it was found to contain 32 ng/ml
(109 nmol/l) oxaprotiline. 2 =dansyl oxaprotiline, 3 =dansyl didesmethylimipramine.

The detection limit of maprotiline was about 10 ng/ml (Fig. 2B) and
reproducible determinations could be made at 20 ng/ml (72 nmol/l) and higher.
Oxaprotiline was detected at minimal levels of 2 ng/ml (Fig. 3B) and could be
quantitated at 5 ng/ml (17 nmol/l).
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Pirlindole

the neuronal re-uptake of norepinephrine and serotinin into presynaptic
vesicles. It does not possess anticholinergic activity [1,2].

Up to now no selective analytical method has been available to measure the
pharmacokinetics of the unchanged drug in body fluids. This paper describes
a selective and sensitive high-performance liquid chromatographic (HPLC)
method for the determination of pirlindole in plasma and urine and its applica­
tion to man and dog.

EXPERIMENTAL

Apparatus and materials
The chromatograph consisted of a pump (M6000, Waters, Eschborn,

F.R.G.), an automatic injector (WISP 710, Waters), and a fluorescence detector
(650-10LC variable-wavelength monitor, Perkin Elmer, Offenbach, F.R.G.)
operated at excitation 295 nm and emission 340 nm. The separation column
was a 300 X 3.9mm LD. stainless-steel tube packed with ~Bondapak CiS
reversed phase (particle size 10 ~m, Waters).

The mobile phase consisted of the components acetonitrile (HPLG grade S,
Rathburn Chemicals, Walkerburn, U.K.), methanol (Riedel, Seelze, F.R.G.,
No. 32 213), and 0.05 M phosphoric acid (Riedel, No. 30 417), buffered at pH
3.5 with aqueous tetraethylammonium hydroxide (Riedel, No. 16 262). All
chemicals and solvents were of analytical reagent grade at least and used
without further pretreatment. Stock solutions of pirlindole were freshly
prepared in distilled water every day.

Analysis of plasma and urine samples
To 1.0 ml of plasma were added 0.1 ml of an aqueous solution of 0.1 M

Naz-EDTA (Riedel, No. 34 549, Idranal III) and 5 ml of dichloromethane
(Riedel, No. 32 222) saturated with 0.1 M aqueous Naz-EDTA. The mixture
was agitated in stoppered 10-ml glass tubes for 20 sec. After centrifuging (6000
g, 5 min, 5° C) to separate the layers, 4 ml of the organic phase were transferred
to a tapered tube and mixed with 0.1 ml of a freshly prepared methanolic
solution of 0.01 M Naz-EDTA. This solution was evaporated to dryness in a
stream of nitrogen at 55° C in about 25 min. The dry residue was taken up in
0.2 ml of the mobile phase, acetonitrile-methanol-phosphoric acid (40:1:60,
v/v), agitated using a Vortex mixer for 10 sec and centrifuged for 1 min before
injection into the chromatograph. The above procedure was duplicated for each
plasma sample.

Pirlindole peak height was measured and plasma concentration calculated by
reference to a calibration curve. Urine samples (50 ~l diluted in 500 ~l of
mobile phase, acetonitrile-methanol-phosphoric acid-PIC B-7, 35:1:70:1.3,
v/v) were analysed by direct injection into the chromatograph. Plasma and
urine samples are stable in the frozen state and dark at -20° C for at least one
year.
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Fig. 2. Typical chromatograms from extracted human plasma samples. (A) Blank. (B)
Sample seeded with 400 ngjml of bepridil and 800 ngjml of the internal standard. (C) A
clinical sample obtained 2 h following a 400-mg oral dose; the bepridil concentration was
calculated to be 719 ngjml.

retention times were 4.4 min for bepridil and 7.0 min for the internal standard
(Fig. 2). Samples were injected using a Waters Intelligent Sample Processor
(WISP-710B, Waters Assoc., Milford, MA, U.S.A.).

Equipment
Disposable screw-top bottles (volume, 14.5 ml) with polyethylene-lined

caps and 12-ml centrifuge tubes (conical bottom) were used for extraction.
Prior to use, all glassware was soaked in detergent for 2 h, rinsed thoroughly
with distilled water and heat-treated for 3 h at 2700 C. Polyethylene-lined
screw caps were soaked in n-heptane for 1 h and dried at 600 C before use.

Plasma standard solutions
Plasma standards (volume, 10.0 ml) containing 10-1000 ng of bepridil per

ml of plasma were prepared as follows: 0.5 ml of a methanolic solution of
bepridil hydrochloride (conversion factor to bepridil free base = 1.149), con­
taining the appropriate amount (200-20,000 ng equivalent) of the bepridil
free base, was added to 9.5 ml of drug-free plasma.
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Extraction procedure
An aliquot of plasma or urine (1.0-2.0 ml), containing bepridil as a standard

or an unknown was placed in a 14.5-ml disposable screw-top bottle. To this
were added 2.0 ml of pH 7.4 phosphate buffer, 0.4 ml of a methanolic internal
standard solution containing 1600 ng of internal standard (MBp) and 9.5 ml of
hexane. The capped bottle was shaken for 10 min on a table-top shaker (Eber­
bach) at 240 oscillations per minute and centrifuged at 1000 g for 10 min. An
8-ml aliquot of the supernatant hexane layer was pipetted into another 14.5-ml
screw-top bottle containing 4.0 ml of methanol and 0.2 ml of 0.58%
ammonium hydroxide solution. The bottle was capped, shaken and centrifuged
as before. A 7.0-ml aliquot of the supernatant hexane layer was transferred to
a 12-ml centrifuge tUbe and evaporated to dryness under a stream of dry
nitrogen at room temperature. The residue was reconstituted in 200 pI of the
HPLC mobile phase. This was mixed on a Vortex Genie® (Scientific
Instruments, Springfield, MA, U.S.A.) at a speed setting of 6 for 10 sec. All of
the resulting solution was transferred to a limited-volume insert tube (Waters
Assoc.) which was placed onto the sample carousel of the Waters Intelligent
Sample Processor (WISP-710B). A 100-pl aliquot of this solution was
subsequently injected into the HPLC system.

Quantitation and data handling
Standard curve data were generated by analyzing a series of plasma standards

(10-2000 ng/ml). Data were analyzed by linear-regression analysis (peak height
ratios versus plasma concentration) using the reciprocal of the variance of the
peak height ratios as the weighting factor. Concentrations of bepridil in
unknown plasma samples were determined using the calculated peak height
ratios and the linear-regression equation.

A Hewlett-Packard 3354 Lab Automation System was used for automatic
data acquisition, temporary data storage, data analysis and report generation.
Calibration functions, calculated bepridil concentrations and final reports were
generated using internally developed application software.
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Fig. 3. Bepridil plasma concentration versus time following oral administration of a single
400-mg dose of bepridil hydrochloride to a fasted healthy human volunteer.
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Accuracy and precision
Accuracy and precision of the assay were measured by the relative difference

between the mean experimental bepridil concentration and the theoretical
value, and the relative standard deviation, respectively (Table I). Duplicate
frozen seeded control samples at three different concentrations were blind­
coded and analyzed with plasma samples from each clinical study. The data for
one such study are presented in Table II (inter-run precision';;;; 7% at all three
concentrations over a period of one month).

Application of the procedure to plasma samples
To date, the procedure has been employed successfully in analyzing over

5000 biological samples from mouse, rat, rabbit, dog, monkey and man. Fig. 3
shows a typical plasma concentration versus time profile from a sUbject
following oral administration of a single 400-mg capsule dose of bepridil
hydrochloride. Serial blood samples were drawn up to 72 h after dosing. The
13 ng/ml plasma concentration observed at the final time point is above the
detection limit of the assay (10 ng/ml).
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basic amino acids in human urine
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Methylamino acids such as 3·methylhistidine (3·MeHis), NE·monomethyllysine
(MML), NE,Nf-dimethyllysine (DML), NE,NE,NE-trimethyllysine (TML), NG,NG.
dimethylarginine (Nu,Nu.DMA) and NG,N,G.dimethylarginine (NG,N'G.
DMA) are normal constituents of human urine [1]. These are also the
constituents of several tissue proteins of various organs [2]. Specific sites of
histidine, lysine and arginine residues of the proteins are methylated after
protein synthesis. The methylated amino acids are released upon protein
degradation and excreted into urine without being reutilized for protein
synthesis [3] . Muscle and connective tissue proteins constitute the
predominant proportions of the structural proteins of the animal body.
Connective tissue proteins are not methylated. Of muscle proteins, actin
contains 3·MeHis residue r4], and myosin contains 3·MeHis, DML, TML and
NG,NG.DMA residues [5]. 3·MeHis in urine originates only from these two
proteins [2, 6, 7] and large amounts of DML, TML and NG,NG.DMA in urine
originate from muscle proteins.

Any gross change in the amounts or turnover rates of the muscle proteins
may therefore be reflected in a change in the amounts of methylamino acids
in urine in the presence of pathological changes of muscle tissue. Accurate
determination of the concentrations of methylated amino acids in biological
samples is essential because their concentrations in some instances are very low,
but no specific assay has been reported. Methylated amino acids have been
determined mostly by ion-exchange chromatography and a number of methods
have been published specifically for their analysis [2,8-12]. Recently we devel·
oped a method for the isolation of 3·MeHis from biological specimens and its
characterization by glass capillary gas chromatography (GC) [13] .

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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TABLE I

REPRODUCIBILITY

Peak height (mm;

5-HT
TRP*
5-HIAA

Mean S.D.

76.0 3.9
60.2 3.1

146.5 5.6

Retention time (min)

C.V. (%) Mean S.D. C.V. (%)

5.1 8.6 0.1 0.8
5.2 10.3 0.1 0.8
3.8 13.2 0.1 1.0

*TRP = tryptophan.
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Fig. 2. Stopped-flow spectra of the reference compounds and the urine sample.

The concentrations of urinary tryptophan, 5-HT and 5-HIAA before photo­
therapy were 43.5, 1.4 and 49.4 ,umoljg of creatinine, respectively. In in vitro
study, the amounts of tryptophan, 5-HT and 5-HIAA in the urine decreased
markedly by photoirradiation (Fig. 3). However, the urinary excretion of
these compounds was not influenced by phototherapy in the infants with
hyperbilirubinaemia (Table II).
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Platelet activating factor (PAF) is a mixture of at least two 1-0-alkyl-2­
acetyl-sn-glycero-3-phosphorylcholines in which the length of the alkyl
substituent can vary. It is reported that the natural product is a mixture of
straight chain C16 and C18 homologues in 9:1 mol/mol proportions [1].
Although PAF was first recognised by virtue of its potent effect on the aggrega­
tion and degranulation of platelets [2], more recent research has demonstrated
a wider spectrum of biological activity including induction of leukocyte
aggregation, chemotaxis and chemokinesis, generation of superoxide and
lysosomal enzyme release [3]. A variety of cell types synthesise and release
PAF following stimulation [4] .

Psoriasis is an inflammatory skin disorder characterised by an epidermal
neutrophil infiltrate. Biologically active concentrations of arachidonic acid
metabolites have been shown to be present in the involved skin of psoriatics
[5] and may, by virtue of their chemotactic properties, be relevant to the
pathogenesis of the neutrophil infiltrate. As PAF is also chemotactic and
chemokinetic for human neutrophils [6], we were interested in measuring PAF
in the skin of psoriatic patients and have developed a rapid, isocratic high­
performance liquid chromatographic (HPLC) procedure for the recovery of
substantial amounts of PAF-like biologically active material from psoriatic
plaque.

PAF itself does not absorb in the UV above 200 nm and, in order to permit
the use of phosphorylcholines as markers for the elution of PAF, solvents
which permit the eluent to be monitored at 210 nm or lower must be
employed. To be able to process a reasonably large number of samples an
isocratic HPLC method is preferred, and it is essential that the column provides

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B. V.
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At these pH values, addition of ammonium acetate has a beneficial effect on
the efficiency of detection. It seems that a concentration of 200 mmol/l
optimized the peak heights of the three compounds.

For determination of 9-0H-NME with use of 9-0H-NPE as internal standard,
the optimal composition of the mobile phase was found to be methanol-water
(60:40), 200 mmol/l ammonium acetate, adjusted to pH 6.0 with glacial acetic
acid. In these conditions, the retention times of 9-0H-NME and 9-0H-NPE
were 3.6 ± 0.2 min and 5.5 ± 0.2 min, (n = 50), respectively, Fig. 6a shows
the chromatogram of a control plasma sample while Fig. 6b represents a
chromatogram of a plasma sample containing 187 ng/ml 9-0H-NME. There was
an absence of interfering peaks in control plasma for all subjects examined.

Calibration, linearity, sensitivity, reproducibility
Calibration curves, determined every day, were obtained by analysing

spiked plasma from healthy volunteers with various concentrations of 9-0H­
NME. They were linear over the range 30 ng/ml to 1 ,ug/ml. These calibration
curves were used for calculating the 9-0H-NME concentration in samples from
patients by the internal standard method.

The lowest amount of 9-0H-NME detectable, defined as five lames the noise
level, was 250 pg. This amount corresponds, for the 10 ,ul injected into the loop
column, to a concentration of 25 ng/ml.

A serum spiked with 100 ng/ml 9-0H-NME was always assayed, along with
plasma extracts, to check the status of the chromatographic system, after
addition of 100 ng/ml 9-0H-NPE as internal standard. Injections of 10 ,ul were

ng/ml
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Fig. 7. Concentration of 9-0H-NME as a function of time obtained by analysis of plasma
samples from a patient who had received 160 mg of 9-0H-NME.
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were thawed and 0.5 ml of 2 M sodium hydroxide (saturated with sodium
chloride) was added. Then 3 ml of a mixture of 10% chloroform in n-heptane
were added; the tubes were shaken for 15 min and the layers separated by
centrifugation. Aliquots of 2.5 ml of the organic layer were transferred to
12-ml screw-capped conical glass tubes and evaporated in a water bath at 55° C
under a stream of dry nitrogen. After cooling the dry tubes in an ice bath,
100 tLI of the mobile phase were added to redissolve the residue. The tubes were
vortexed for 15 sec and aliquots (50-80 tLl) were injected into the HPLC
system.

Tissue extraction
The extraction procedure is summarized in Fig. 2. The frozen tissues

(0.5-2.0 g wet weight) were homogenized in 5 ml of 0.4 M perchloric acid
(saturated with sodium chloride) with an Ultra-Turrax homogenizer in glass
tubes at 4° C. After centrifugation at 7000 g for 10 min, the supernatants were
transferred to 12-ml screw-capped glass tubes containing 0.3 ml of 10 M
sodium hydroxide and vortexed for 10 sec. Then 6 ml of the extraction
mixture (10% chloroform in n-heptane) were added; the samples were shaken
for 15 min and centrifuged for 10 min at 800 g. Aliquots of 5 ml of the organic
layer were transferred to 12-ml screw-capped conical glass tubes. The further
extraction was as described for the plasma samples (Fig. 2).

Standard curves and recovery studies
Blank plasma and tissue samples from untreated rats were spiked with

varying amounts of bupranolol. These samples were treated as described above
and standard curves of added concentrations versus peak area were calculated.
From these data recovery in each organ was calculated over the whole concen­
tration range.

Bupranolol plasma and tissue concentrations ex vivo were determined in the
respective tissues 60, 90, 120 and 150 min after the intravenous injection of
6 tLmol/kg bupranolol . HCI to rats.

RESULTS AND DISCUSSION

The HPLC system described provides for the first time a method of
determining bupranolol concentrations not only in plasma but also in target
organs such as heart, muscle, brain and lung, which are important when
studying the kinetic behaviour of 13 -adrenoceptor blocking drugs [3-5].

Fig. 3 shows chromatograms of blank and spiked plasma samples from
untreated rats and ex vivo plasma samples. As can be seen the extraction
procedure employed yielded clean samples without interfering peaks in the
chromatograms measured at 200 nm. Concentrations as low as 1 ng/ml plasma
could be quantified. Chromatograms of blank and ex vivo samples of
bupranolol in the four organs studied are depicted in Fig. 4. The
chromatograms of the tissue samples also do not show any interfering peaks.
The detection limit from tissue was about 10 ng/g.

The data obtained from spiked standard samples are shown in Table I. As
can be seen, the correlation coefficients for plasma and all organs were greater
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High-performance liquid chromatographic assay for the major blood metabolite
of esmolol - an ultra short acting beta blocker

HERMAN F. STAMPFLI, CHII-MING LAI, AVRAHAM YACOBI and CHECK Y. SUM*

American Critical Care, Research and Development, 1600 Waukegan Road, McGaw Park,
IL 60085 (U.S.A.)

(First received August 19th, 1983; revised manuscript received March 1st, 1984)

Esmolol, methyl 3-{4-[2-hydroxy-3-(isopropylamino)propoxy]phenyl }pro­
pionate • Hel is a novel, cardioselective ultra short acting beta-adrenergic
receptor antagonist with a duration of action of 10-15 min in anesthetized
dogs [1]. The key feature of esmolol as an ultra short acting beta blocker is the
ester linkage in the compound [2]. Rapid hydrolysis of the ester functionality
results in methanol and 3-{4-[2-hydroxy-3-(isopropylamino)propoxy]phenyl }

Blood and Tissue

Esterases

ESMOLOL

lIethenol

Fig. 1. Hydrolysis of esmolol resulting in methanol and I.
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propionic acid (I, Fig. 1). Based upon in vitro isolated tissue studies, I is a beta
blocker, but is 200-fold less potent than esmolol [3]. With conventional drugs,
metabolic transformation converts the parent compound into metabolites that
have faster elimination rates, thus facilitating the removal of the drug from
the body. In contrast, metabolism of ultra short acting therapeutic agents like
chloroprocaine [4], succinylcholine [5], and esmolol [6] results in metabolites
that have elimination half-lives much longer than the parent compound.

Since esmolol has an elimination half-life of less than 15 min in man [6],
long term pharmacological and toxicological effects, if any, are more likely to
be caused by I and not esmolol. This is especially true in chronic studies where
the possibility of accumulation of I may occur. Thus, a good understanding of
the pharmacokinetics of esmolol requires careful monitoring of blood levels of
esmolol and 1.

This paper describes an isocratic reversed-phase high-performance liquid
chromatographic (HPLC) method for measuring 1. In addition, application of
the method to measure blood levels of I during a dose range-finding study of
esmolol in man is also presented.

EXPERIMENTAL

Chemicals
I and its internal standard, 3-{l-amino-[3-(4-chlorophenoxy)]2-propanol}

propionic acid were synthesized at American Critical Care (McGaw Park, IL,
U.S.A.). Methylene chloride (spectro grade) and acetonitrile (HPLC grade) were
purchased from J.T. Baker (Phillipsburg, NJ, U.S.A.); perchloric acid (70%) and
sodium acetate were purchased from Mallinckrodt (St. Louis, MO, U.S.A.).
Sodium heparin was purchased from Organon (W. Orange, NJ, U.S.A.).

Sample preparation
Heparinized blood (1 ml) was transferred to 20 mm X 125 mm tubes

(Scientific Products, McGaw Park, IL, U.S.A.) containing 10 ml of methylene
chloride. After capping, the tubes were manually mixed vigorously for 15 sec
before placing the tubes on a mechanical shaker (Eberbach, Ann Arbor, MI,
U.S.A.) for 10 min. The tubes were then centrifuged at 1700 g using an IEC
Centra 7-R centrifuge (International Equipment, Needham Heights, MA,
U.S.A.) for 10 min. A 0.5-ml aliquot of the reddish aqueous phase was removed
and transferred to 100 mm X 13 mm tubes (Scientific Products) containing a
100-,111 aliquot of the internal standard solution (0.1 mg/ml). The samples were
mixed for 15 sec using a Vortex Genie mixer (Scientific Products). A 500-,111
aliquot of 14% perchloric acid was added to the tubes followed by mixing on a
Vortex Genie mixer for 15 sec. The samples were centrifuged at 1700 g for 10
min and the resultant supernatants analyzed by HPLC.

Sample analysis
The samples were analyzed using a Waters Assoc. (Milford, MA, U.S.A.)

Model6000A pump, Model 440 UV detector with a 280-nm filter, Model 710A
automatic injection system, and a 30 cm X 3.9 mm ,uBondapak phenyl column
packed with 10-,um particles. The mobile phase consisted of 0.01 M sodium
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calculated at three concentrations by comparing the sample's peak area of
mepixanthone with that of an unextracted equivalent concentration.

The correlation coefficient between the found (Y) and theoretical (X) con­
centration for serum spiked with 50, 200, 400, 800 and 2000 /J.g/l
mepixanthone was r = 0.99991, and the correlation curve was described by the
equation Y = 1.069X -16.18.

The reliability of the proposed method was tested in a patient by determina­
tion of plasma mepixanthone following intravenous administration of 50 mg.
Blood samples were taken at 0, 15 and 30 min, and 1, 3, 6,12 and 24 h after
administration of the drug. The pharmacokinetic behaviour with related
parameters is shown in Fig. 3.

The method described has the advantages of a small sample requirement,
sensitivity, selectivity and speed. No interferences from endogenous serum
constituents were seen and it was therefore possible to operate at a wavelength
of 237 nm, at which mepixanthone absorbs more than at the other analytical
wavelength of 302 nm (absorbance ratio, 237/308 nm = 3.24).

Retention times of other drugs that were extracted under the assay
conditions described and studied as potential sources of interference are shown
in Table II. The only drug that has a retention time close to that of
mepixanthone is dimefline [5], but the two peaks are separated with a resolu­
tion of 1.257 and a column selectivity of 1.087. Moreover, a patient who is
treated with mepixanthone is not expected to be treated also with dimefline,
since the two drugs belong to the same pharmacological class and are alterna­
tive.

1000

100

"'".3 10

~
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2418126
1+------,----.----~--___,---_.---~--____,---__,

o
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Fig. 3. Serum concentration curve following intravenous administration of mepixanthone
(50 mg). Kinetic parameters: K e = 2.01 h-', K

21
= 0.81 h-', K .. = 4.48 h-', Vd = 234.711,

V. = 26.99 1, V d,6 = 317.22 1, tv, = 3.00 h.
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