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QUANTITATIVE ANALYSIS OF PROSTAGLANDINS IN CELL CULTURE
MEDIUM BY HIGH-RESOLUTION GAS CHROMATOGRAPHY WITH
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SUMMARY

Prostaglandins have been shown to be important modulators of haemostatis, immune
responses, and growth of normal and neoplastic cells. In· order to investigate the cell origin
and metabolic profile of the endogenous prostaglandins in human tumours, a convenient
extraction and gas chromatographic method for measuring the various classes of
prostaglandins was developed. Infiltrating macrophages from human tumours were isolated
using adherence to plastic. Macrophage-enriched and macrophage-depleted cell populations
were then cultured in vitro and the media supernatant was studied for the presence of
prostaglandins EI' E 2 , F 2"" and 6-keto-F ,e> (the spontaneous breakdown product of prosta­
cyclin, PGI2 ). Routinely, 1 ml of medium containing 106 cells was studied. The eicosanoids
were extracted using commercially available octadecylsilyl silica reversed-phase columns
prior to derivatization. Standards and samples were prepared as pentafluorobenzyl ester
(methoxime) trimethylsilyl ether derivatives for analysis on an OV-101 (25 m X 0.2 mm)
fused-silica capillary column. Recovery of standards ranged from 93% to 37%, with linear
recovery in all instances (regression coefficients greater than 0.98). Detection limits were 20
pg for each of the prostaglandins. Analysis of cell subpopulations from six human tumours
revealed that infiltrating macrophages produce various prostaglandin profiles and are largely
responsible for the prostaglandin production in human cancer. The described analytical
method is the first application of high-resolution gas chromatography with electron-capture
detection to the quantitative profiling of prostaglandins from human cell culture.
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Department of Obstetrics and Gynecology, Section of Gynecological Oncology, Bowman
Gray School of Medicine, Winston-Salem, NC 27103, U.S.A.

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







254

protocol. Final recovery of the labelled PGEz was determined by scintillation
counting, and compared to counts from the original aliquot. Additionally,
.authentic PG standards were used to verify the extraction recovery from
culture medium. High-resolution gas chromatography of derivatized aliquots
from standards and extracted standards was performed both to determine the
purity of the extracted material and to measure the linearity of recovery.

Derivatization and sample analysis
For chromatographic stability and electron-capture response, the PGs were

converted to their pentafluorobenzyl ester trimethylsilyl ether derivatives [7].
To secure stability of the keto group at the C-9 position of PGEb PGEz, and
6-keto-PGF1o<, a step producing the methoxime derivative was included prior
to silylation [8]. Dried residues from extraction and standards were dissolved
in 10 Ml of pentafluorobenzyl bromide in acetonitrile (1 :2, vIv) and 10 Ml of
diisopropylethylamine in acetonitrile (1:7, v/v), and the reaction vessel was
securely capped. The solution was heated at 40° C for 5 min. The reactants
were taken to dryness under nitrogen, and the esterification step was repeated
again. To the dried residue were added 50 Ml of methoxylamine . HCl in
pyridine (4%, wIv), and the vial was heated at 60° C for 1 h, followed by
evaporation under ,nitrogen. Sample pUrity was improved by partitioning the
derivatized products in hexane (1 ml) and water (pH 3, 1 ml) twice. The
hexane phases were combined and dried. Trimethylsilyl ether derivatives were
made by reaction with 100 Ml of bis(trimethylsilyl)trifluoroacetamide [9].
Routine chromatography was done after evaporating the silylating agent and
dissolving the analyte in 100 Ml of hexane to reduce the degree of solvent
tailing. Verification of the final derivatized PGs was done by mass spectral
analysis of standards.

Quantitation and peak identification
Precision of the assay was evaluated by repeated injections of standards.

Linearity of extraction was measured by the analysis of diluted PG standards in
culture medium, followed by the routine extraction and derivatization
procedures. Peak identification was based on the retention times of sample
chromatograms compared with standards which were run daily.

RESULTS

The mass spectrum for each prostaglandin standard was consistent with
the fragmentation pattern of the anticipated derivative, as well as with reports
in the literature [8].

A representative chromatogram from a 350-pg injection of each of the PG
standards is displayed in Fig. 1. The major chromatographic peaks for PGEl,
PGEz, PGFzo<, and 6-keto-PGF1o< are clearly resolved from one another, and
demonstrate good peak shape. The precision of the assay was determined by
repeated 450-pg injections of the standards. The retention times and peak
heights measured are presented in Table 1. Retention times for the four
prostaglandins tested are constant, with a coefficient of variation for each
below 0.03%. The detector response to repeated injections of the same
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Fig. 1. Capillary chromatography of prostaglandins as pentafluorobenzyl ester (methoxime)
trimethylsilyl ether derivatives. Splitless injection of 350 pg of each in hexane. Column:
25 m X 0.2 mm, OV-101, WCOT. 6

3 Ni-Electron-capture detector. Helium carrier gas at
28 em/sec. Column temperature: 500 C X 2 min, 500 C/min to 2000 C, 100 C/min to 2500 C,
2500 C isothermal for remainder of run.

Fig. 2. Extraction of prostaglandins from serum-supplemented culture medium. Equal
aliquots of prostaglandin standards were analyzed before and after extraction using C..
reversed-phase. Chromatographic conditions as in Fig. 1. Approximately 450 pg.

TABLE I

PRECISION OF CAPILLARY CHROMATOGRAPHY AND ELECTRON-CAPTURE
DETECTION OF PROSTAGLANDINS

Values shown are the means from four 450-pg injections. The coefficients of variation are
given in parentheses.

Retention time (min) Peak height (mm)

PGE, 61.50 ± 0.01 (0.008%) 32.5 ± 4.6 (14.2%)

PGE, 57.31 ± 0.01 (0.017%) 25.3 ± 3.2 (12.6%)

PGF,a 52.39 ± 0.01 (0.019%) 72.0 ± 3.5 (4.9%)

PGI, 66.51 ± 0.02 (0.027%) 69.3 ± 4.7 (6.8%)

standards was found to have the following coefficients of variation: PGEI,
14.15%; PGEz, 12.78%; PGFzG:, 4.81%; and 6-keto-PGFJa , 6.84%.

Extraction recovery of the prostaglandins from the culture medium was
tested with respect to isolation of the peaks of interest from interfering
substances, as well as the linearity of extraction. Fig. 2 shows overlapping
chromatograms, one from the stock mixture of the PG standards, the other
from the same standards following extraction from culture medium. It is
evident that the PGs are well isolated from any interfering peaks. Additionally,
the PGs were recovered in a linear fashion from the culture medium which had
been supplemented with decreasing concentrations of standards ranging from
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Standard curves
The standard curves relating peak area to concentration are shown in Fig.

4. The linearity of response between 30 and 250 nM phospholipid was evident.
On a molar basis PE had a lower IR response than PC. This was related to the
fact that the PE peak was rich in ethanolamine plasmalogen. Since the detec­
tion was based on the absorbance of carbonyl group, ethanolamine plasmalogen
had a molar response factor of only one, whereas phosphatidylethanolamine
had two. The PC peak also contained some choline plasmalogen but the propor­
tion was very small.
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Fig. 4. Standard curves for phosphatidylethanolamine (0-0), phosphatidylcholine (e_)
and sphingomyelin (.-.). Known amounts of phospholipid standards were injected for
HPLC analysis and the IR response in terms of peak area due to each phospholipid was
measured.

Analysis of rat liver phospholipids
The method described here is suitable for the quantitative analysis of

phospholipids in tissue extracts. An example is the analysis of PE, PC and SPH
in rat liver (Table I). PE and PC determined by the IR peak area method agreed
well with the results obtained by determining the amount of phosphorus in the
eluted peaks. They were also in agreement with those results reported in the
literature [14]. Within-run variability of the peak area method was small.
Coefficients of variation (C. V.; S.D./mean) for PE, PC, and SPH were 0.5, 3.5
and 4.5% respectively. Day-to-day variations were 6.8% for PE, 6.1% for PC
and 13.1% for SPH.

DISCUSSION

The major difficulty in using IR detection arises from restrictions on
selecting solvents. In order to increase the sensitivity and minimize the noise
level, the mobile phase should have a low absorbance at the wavelength
employed. Phospholipid separation by a silica gel column requires the use of
polar solvents. Unfortunately most polar solvents, such as methanol and
water, do not have reasonable spectral transmittance windows in the IR region.
In this present study we demonstrated that the problem of solvent absorbance
could be greatly lessened by using deuterated compounds. The approach of
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Variation of the potential of the detector cell (hydrodynamic voltamo­
grams). By increasing the potential step by step, the catecholamines and indole­
amines and their metabolites are oxidised at distinghishable potentials [23,24] .
Fig. 2 shows the comparison of the "relative current ratios" at different
potentials between the provisionally identified components in the sample and
the standard. The substances can be separated by their half-wave potentials
(Elf2) into three classes: dihydroxyphenols, indoles, vanillic compounds (in
following the order of the increasing Ell.). It is shown that the half-wave
potentials of the provisionally identified components and their standards are
almost identical.
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Fig. 2. Hydrodynamic voltammograms of the sample and the standard solution. The medio­
basal hypothalami of probenecid-treated animals were pooled and hydrolysed with
sulphatase; 25 III of the processed samples were injected. The response (current) at several
potentials was recorded, and the ratios of the current at any given potential to that of the
average response at the plateau level were calculated and compared to the relative current
ratios of the' standards. Each point represents the mean of two determinations. (.--.),
Sample; (0- - - -0), standards. The average deviation of the duplicates from their mean
values was 2.0 ± 2.2%.

Variation of the .pHvalue of the mobile phase. Depending on the pKa values
of the functional groups of the measured compounds, they ar~ protonated to
different degrees at certain pH values of the mobile phase. Fig. 3 shows the
comparison of the capacity factors of the provisionally identified components
of the sample with those of the standards dependent on the eluent pH. The
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Sample preparation
The procedure described by Ishii et aL [19] was followed except for the

following points. Samples of 100 mg of tissue were homogenized in 3 vols.
of 5% trichloroacetic acid at 4°C in a motor-driven glass homogenizer. After
centrifugation (1 h, 5000 g, 4°C) the supernatant was extracted for 1 h with
3 vols. of water-saturated diethyl ether. Aliquots of the aqueous phase were
oxidized as described above and injected 1 min after the addition of the
K3Fe(CN)6-NaOH mixture.
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Fig. 2. Isocratic separation of ThcPP (peak 2) and ThcMP (peak 3) in 15% (upper part)
followed by 10% methanol (lower part).
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Fig. 3. Gradient separation of ThcTP (peak 1), ThcPP (peak 2), ThcMP (peak 3) and Thc
(peak 4). Solid lines refer to the fluorescence signal and dotted lines to the UV trace at
254 nm (A) and to the profile of the programmed gradient (B).

measured from chromatograms corresponding approximately to 10 pmol of
T and TMP and 6 pmol of TPP injected 1 min after the addition of the oxi­
dizing mixture.

Fig. 4 illustrates the effect of the concentrations of the oxidizing reagents on
the thiochrome production: K3Fe(CN)6 (Fig. 4A), NaOH (Fig. 4B) and com­
bined chemicals (Fig. 4C). Constant values of peak areas are obtained at
K3Fe(CN)6 concentrations higher than 0.3 X 10-4 M at a NaOH molarity of 1.44
(Fig. 4A). If the oxidant is maintained at a concentration of 1.54 X 10-4 M and
NaOH varied, an important dependence upon NaOH concentration is observed
(Fig. 4B): the peak areas increase to reach a maximum value above 1.5 M. This
influence is also shown with more experimental data points in Fig. 4C where
both factors are changed simultaneously but in a constant NaOH-to-K3 Fe(CN)6
molar ratio of 104

• Note that in the low concentration range the initial slope is
decreasing from Thc to ThcPP. From these experiments optimal concentration
values of 1.54 X 10-4 and 1.44 M were adopted for K3 Fe(CN)6 and NaOH,
respectively. These concentrations are indicated by arrows in the figures.

Methanol was mixed in increasing proportion with the mixture of thiamines
before the oxidation- (Fig. 5). Within a range of 10-50% methanol, retention
times were perfectly stable but a linear increase in peak area was observed for
each compound. This allows a 20% increase in sensitivity when the sample is in
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behaviour should of course be avoided whenever. possible in analytical tech­
niques. However, highly reproducible results can be obtained if the time be­
tween successive injections is constant.

Column stability
The efficiency of a new column was maintained for one to two months in

spite of intensive use (8 h per day) with an alkaline buffer (pH 8.4) as mobile­
phase component and the injection of samples containing 1.44 M NaOH. The
lifetime of the analytical column was not significantly increased by the use of
precolumns. This drawback is not reported by the users of such an alkaline
mobile phase for the analysis of thiamines [15, 16, 19].

Such a high pH was initially selected to obtain the best fluorescence inten­
sity of the thiochromes [15]. Attempts were made to lower the pH of the
buffer but resulted in a significant loss in sensitivity.

Quantitative analysis
A linear response was obtained over a large range, 0.1-20 pmol, with the

same detection limit of 0.05 pmol reached by Sanemori et al. [16] who used
cyanogen bromide as oxidant and 2.5% DMF as the organic mobile-phase com­
ponent. It is worth noting that Thc gives a higher fluorescence signal compared
to ThcMP and ThcPP. This results from an effect of methanol on the fluorescence
quantum yield of the thiochrome during the gradient elution. Indeed, equi­
molar amounts of thiamine and its phosphate esters produce equal thiochrome
fluorescence values [22] as we have also observed under isocratic elution condi­
tions.

The concentration of thiamine and of its phosphorylated derivatives was
measured in samples related to the study of the relationship between thiamine
compounds and the sodium-channel activity. Additionally, rat tissues were as­
sayed for comparison with the data in the literature [19, 23].

Fig. 8A shows a typical chromatogram obtained with a sample of sciatic
nerve from Rattus norvegicus. The total thiamine content was equal to
3.4 pmol/mg wet weight, with the following distribution: 3% of TTP, 70% of
TPP, 13% of TMP and 14% of T. Similar chromatograms were registered with
membrane extracts prepared from electroplaxes of Electrophorus electricus.
This tissue is widely used as starting material for the purification of the sodium­
channel proteins [9,24] .

When the method was applied to the analysis of rat tissues other than the
sciatic nerve, TTP, which only accounts for 1% of the thiamines, could not be
quantified. In the chromatogram presented in Fig. 8B, the peak of TTP is
masked by a non-thiochrome peak. The amount of TPP + TMP + T in these
tissues was found to be 6.85, 14.0 and 8.1 pmol/mg wet weight in brain, heart
and kidney, respectively. These results are in agreement with those of Ishii et
al. [19] using HPLC and of Rindi and De Giuseppe [23] using a low-pressure
technique. The first authors noted that approximately 20% of the samples did
not show TTP peaks under the best chromatographic conditions. For this
reason, they developed another HPLC separation for the analysis of thiamine
phosphates without thiamine [16]. In our case, higher retention is required for
the identification of TTP. Attempts to increase retention by reducing methanol
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given stationary phase and oven temperature. The analytes must of course be
soluble in the solvent selected.

Direct injection has been used with wide-bore borosilicate glass columns
having inside diameters > 0.5 mm. Kits to convert chromatographs from
packed column to wide-bore borosilicate column operation are commercially
available from chromatography supply houses. Only two reports [4, 5] have
described direct injection with fused-silica capillary columns.

Demedts et al. described the combined use of direct injection, a fused-silica
capillary column and a nitrogen-phosphorus detector for the analysis of heroin
in contraband [4] \and for the analysis of codeine and ethylmorphine in
biological materials [5]. In both reports, temperature programming was used.

In this report" direct injection onto a fused-silica capillary column is
evaluated at isothermal conditions. It is shown to be a rapid means of sample
introduction, resulting in fast separations without the need of the solvent
effect.

EXPERIMENTAL

Equipment
A Perkin-Elmer Sigma 3 gas chromatograph equipped with nitrogen­

phosphorus and flame ionization detectors, a Model R-100 chart recorder
(Perkin-Elmer, Norwalk, CT, U.S.A.) were used. Quantitative results from peak
areas were automatically obtained with a Model 3390A reporting integrator
(Hewlett-Packard, Palo Alto, CA, U.S.A.). A 007 bonded methyl silicone
(0.5-llm film) wide-bore fused-silica capillary column, 15 m X 0.45 mm O.D.,
0.32 mm LD. (Quadrex, New Haven, CT, U.S.A.) was used in the analysis.

The injector of the gas chromatograph was modified as shown in Fig. 1. The
packed-column injector rear fitting and glass insert were replaced by a 160-mm
long borosilicate glass sleeve, 5.5 mm O.D., 0.65 mm LD. The sleeve was
chamfered at the inlet end to facilitate easy insertion of the 26-gauge
(0.47-mm) needle of a 5-1l1 Hamilton 85 N syringe. Prior to mounting, the
following deactivation procedure was used. The sleeve was soaked in 10%
Decon 75 detergent (BDH Chemicals, Toronto, Canada) for 2 h, then rinsed
with water, ethanol and hexane. It was silanized with 20% dimethyldichloro­
silane (Pierce, Rockford, IL, U.S.A.) in toluene for 2 h. The sleeve was rinsed

INJECTOR BLOCK OVEN

c

Fig. 1. Modified packed column injector to accommodate wide-bore fused-silica capillary
column. (a) Borosilicate glass sleeve, 160 mm X 5.5 mm 0.0., 0.65 mm 1.0.; (b) 1/4-1/16
in. reducing union; (c) fused-silica capillary column 15 m X 0.45 mm 0.0., 0.32 mm 1.0.
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TABLE II

ASSAY PERFORMANCE

Compound Precision
(ng/ml) ------------------

Recovery
(n = 5)

Within-day
(n = 10)

X S.D. C.V.
(ng/ml) (ng/ml) (%)

Day-to-day
(n = 20)

X S.D. C.V.
(ng/ml) (ng/ml) (%)

X
(%)

C.V.
(%)

Diphenhydramine
10 11.2
50 50.2

100 100.0
200 212.8
800 841.3

Orphenadrine
100

0.8 7.6 11.4 0.7 6.6 105.6 5.1
1.4 2.6 50.7 2.3 4.5 106.7 7.2
3.2 3.2 100.9 3.0 3.0 103.1 4.6
7.7 3.6 193.9 7.5 3.9 101.0 2.2

16.0 1.9 776.6 15.0 1.9 98.0 2.2

98.6 3.4

Method linearity was evaluated from the within-day precision data presented
in Table II by plotting observed diphenhydramine concentrations (y-axis)
against the target values of the serum-based standards. Linear regression
analysis gave a correlation coefficient of 1.000, a slope of 1.05 and a y-inter­
cept of -1.36 ng/ml.

Single-step serum extractions with hexane provide gas chromatograms with
clean backgrounds when a nitrogen-phosphorus detector is used. Hexane is
a preferred solvent for drug analysis provided the recovery is sufficiently high.
Unfortunately, hexane and biological fluids are notorious for forming
emulsions which are not always broken under centrifugation. The addition of
2% isoamyl alcohol or any other low-molecular-weight alcohol to hexane
prevents emulsion formation but also causes endogenous biological material to
co-extract. Further time-consuming clean up steps such as back extraction into
acid followed by re-extraction into an organic solvent from the alkalinized
acid fraction are then required. It was discovered that when the silanized ex­
traction tubes were simply rinsed with water after use rather than cleaned in
detergent, emulsions rarely formed between hexane and serum. No diphen­
hydramine carry-over was detected with the following cleaning procedure:
(a) rinse with 2 ml of methanol or ethanol; (b) rinse with four 10-ml portions
of warm tap water; (c) rinse with two 10-ml portions of distilled water; (d)
invert to drain dry.

Serum concentrations of diphenhydramine following a single 50-mg oral
dose of the hydrochloride salt were measured in six healthy volunteers. The
results are illustrated in Fig. 4. Peak concentrations ranging from 53 to 196
ng/ml occurred between 0.5 and 4 h. Similar serum concentration-time data
have previously appeared [9, 10] . A thorough discussion of diphenhydramine
pharmacokinetics is in press [11]. The major amine metabolite of diphen­
hydramine, 2-(benzhydroloxy)-N-methylethylamine, eluted between caffeine
and diphenhydramine and hence would not potentially interfere with the
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MND (derivatized nitrile form); (D) CI mass spectrum of TFAA-derivatized MND (amide
form).

samples has proliferated in recent literature. This technique has been applied
in metabolic profiling of normal and diseased conditions [41-43], the
measurement of drug concentration in human urine and plasma [43-45]
and in pharmacokinetic drug studies in man [46]. With the advent of inert
fused-silica capillary columns in 1979, more reliable and reproducible analysis
of individualized drugs (acidic, basic, neutral, polar) became possible [47].

Before a pharmacokinetic study of disopyramide in coronary care patients
could be undertaken, an analytical procedure with high selectivity and
sensitivity was required to permit measurement of drug and metabolite in
buffer (dialysate), plasma and serum.

A packed column GLC-flame ionization detection assay method developed
for use in our laboratory using the technique of Hutsell and Stachelski [15]
demonstrated potential for interference from other drugs and from endogenous
substances in the plasma. Furthermore, the chromatographic peaks noted for
disopyramide, MND and p-chlorodisopyramide exhibited excessive peak tailing
and generally unsatisfactory symmetry using packed-column technology. Since
the flame ionization detection measurement technique was generally
insufficiently sensitive to permit measurement of free drug concentrations for
disopyramide and MND during in vivo protein binding studies (0.10 J.lg/ml con­
centrations in 0040 ml plasma volume), an attempt was made to develop a
specific NPD assay method using splitless capillary GC.
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column eluate, and final recovered samples were analyzed for anthracycline
content as described above.

Thin-layer chromatography
Identification of parent anthracyclines and their metabolites in the sample

fractions was accomplished with thin-layer chromatography (TLC). The
methods have been previously detailed [3,4].

High-performance liquid chromatography
High-performance liquid chromatography (HPLC) was also employed to

identify parent drugs and metabolites in the column fractions. The method has
been detailed [7]. The apparatus included a Waters instrument [Mode16000A
solvent delivery system, Model 660 solvent programmer, Model 440 detector,
and phenyhlBondapak column (10-J,lm particle size), 300 X 3.9 mm, Waters
Assoc., Milford, MA, U.S.A.] with fluorescence detection (Aminco Fluoro­
monitor, American Instrument. Gradient elution with tetrahydrofuran in
0.45 M ammonium formate buffer was undertaken at a flow-rate of 1.5 mIl
min.

RESULTS

Various salts were studied for their effects on partitioning of adriamycin and
daunorubicin between aqueous and organic phases (Tables I and II). Three or­
ganic solvents were selected for study based on extensive previous experiences
with anthracycline extractions: n-butanol [1,2,5,6], chloroform-isopropanol
(3:1) [7,11,15], and ethyl acetate [2,6]. In nearly all cases, partitioning of

TABLE I

PARTITION COEFFICIENTS FOR ADRIAMYCIN

Adriamycin (100 nmol) was added to each 4.0-ml phase system. The concentration of aque­
ous salt solution was 1.0 M in all cases. The systems were vigorously mixed and allowed to
equilibrate. Concentration of drug in each phase was measured by fluorometry, and partition
coefficients were calculated as the ratio of the concentration in the non-aqueous phase to
that in the aqueous phase. Insoluble salt crystals were noted in mixing 1.0 M Na2HPO. with
all non-aqueous phases, and no coefficient could be determined for the chloroform-iso­
propanol-Na2HPO. system.

Salt

None
(NH.)2S0•
NaH 2PO.
NH.CI
KCI
LiCI
CH.COONH.
NaCI
Na 2SO.
Na 2HPO.

n-Butanol-water
(1:1)

2.1
2.2
4.3
7.6

12.3
10.0
10.1
11.7
10.8

>40.0

Chloroform­
isopropanol-water
(3:1:2)

2.3
0.4
0.3
1.1
2.4
1.8
4.1
1.8
7.7

Ethyl acetate-water
(1:1)

0.1
0.1
0.4
0.1
0.8
0.7
0.4
0.9
0.1

>1.2
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INTRODUCTION

Enantiomers of many drugs possessing chiral centers have different pharma­
cological activities [1]. Included among these are a variety of amphetamines
[2]. For example, (8)-(+)-1-phenyl-2-aminopropane (amphetamine) has greater
activity than the (R)-(-)-enantiomer as a locomotor stimulant [3], hyper­
thermic agent [4], and ability to elicit stereotypic behavior [3]. The (R)-(-)­
isomer of the psychotomimetic agent 1-(2,5-dimethoxy-4-methyl)phenyl-2­
aminopropane (DOM) has approximately twice the hallucinogenic activity in
humans when compared to the racemic mixture, and the (8)-(+)-enantiomer is
devoid of activity [5] . Long-term neurotoxicity of the serotonergic neurotoxin
1-(4-chloro)-phenyl-2-aminopropane (p-chloroamphetamine) is greater for the
(8)-(+)-enantiomer than for the (R)-(-)-enantiomer [6]. Enantiomers of drugs
may also differ in their metabolism [7] , and this may playa role in their differing
pharmacological activities. For example, stereoselective in vitro metabolism of
amphetamine [8], DOM [9], and p-chloroamphetamine [10] has been
described in the literature.

Traditional methods for quantification of enantiomers, e.g. chemical
resolution or rotation of polarized light, are not adequate for the determination
of trace amounts of enantiomers in biological fluids. Increased interest in
stereochemical aspects of pharmacological activity and drug disposition has led
to the development of new sensitive and specific methods for the detection of
enantiomers in biological fluids, including detection and quantification of one
enantiomer in the presence of the other. Most common has been the use of
chiral reagents which provide diastereomeric derivatives which can be resolved
by chromatographic procedures. Several chiral reagents have been employed
for gas chromatographic (GC) resolution of enantiomeric amines including N­
pentafluorobenzoyl-S-prolyl-l-imidazolide [11] , (-)-a-methyl-a-methoxy­
pentafluorophenylacetic acid [12], N-trifluoroacetyl-(D)-prolylchloride [13],
and (-)-a-methoxy-a-(trifluoromethyl)phenylacetyl chloride (MTPA' CI) [14].
Chiral reagents have also been employed for high-performance liquid chroma­
tographic (HPLC) resolution of amine enantiomers. Chiral reagents used in
these procedures have included 2,3,4,6-tetra-O-acetyl-{3-D-glucopyranosyl
isothiocyanate (GITC), 2,3,4,-tri-O-acetyl-a-D-arabinopyranosyl isothiocyanate
(AITC) [15, 16] , succinimidyl-l-a-methoxy-o:-methyl-napththaleneacetate [17] ,
and O-methylmandelyl chloride [18] . Our interest in stereochemical aspects of

R, R2 Ra

~~'
-H -H -H

-H -CI -H

o NH2
-OCH a -CHa -OCH a

R 2 -OCH a -OCHa -CHa
Ra -OCH a -SCHa -OCH a

Fig. 1. Structures of the racemic amine substrates.
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SUMMARY

A high-performance liquid chromatographic method has been developed for amiloride in
rabbit plasma and urine which uses a reversed-phase C18 column, a mobile phase (flow-rate
2 ml/min) consisting of 32% acetonitrile in 0.15 M perchloric acid, pH 2.2, and spectro­
fluorometric detection via excitation at 286 nm. A simple extraction step with ethyl acetate
eliminates interfering peaks. Short retention times of about 2.3 and 3.8 min are observed for
amiloride and the internal standard, triamterene, respectively. The method can measure 4
ng/ml amiloride in plasma. This assay has been used to explore the pharmacokinetics of
amiloride in rabbits. The plasma disposition profile is biexponential after a 50-mg intra­
venous bolus'dose and there is no evidence for saturable elimination at zero-order infusion
rates of 1.8, 3.6 and 7.2 mg/h.

INTRODUCTION

Amiloride, a pyrazinecarbonylguanidine, is a potassium-sparing diuretic
which exerts its effect by blocking distal tubular exchange of sodium,
potassium and hydrogen, in the presence or absence of aldosterone [1,2].

Amiloride is usually administered orally and from 15 to 26% of the dose
is reportedly absorbed [3]. However, in two studies using 14C-labeled drug,
urinary and fecal collections for 72 h accounted for 90% of the administered
compound [4, 5]. Reports on the distribution of amiloride as well as its
elimination profile are few in number and also filled with controversy. Better
studies are needed to clarify the disposition of this drug, particularly in patients
with impaired renal function, who will undoubtedly exhibit a decreased renal

*Present address: Beecham Pharmaceuticals, Research Division, Coldharbour Road, The
Pinnacles, Harlow, Essex, CM19 5AD, U.K.

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

ANALYSIS OF VARIANCE OF THE VALIDATION DESIGN (TOTALS E, K, R, C AND G
AS SHOWN IN TABLE I)

Variance component

Correction factor

Total

Between all extracts

Factorial
Between cells

Between compositions

Between concentrations

Regression (common)

Interaction
Nested

Intra-cell
Betweeen duplications
of measurements
Between duplications
of extracts

Sum of squares

C = G'J4rc
4rc

ST= k Y'-C

1 2rc
SE =-k E'-C

2

1 rc
SK=-kK'-C

4

SR =~ ~R'-C
4c

SC =2. fc' - C
4r

SL = (C3 - C1 )2

16
SRC = SK - SR - SC

S1= ST-SK

SM= ST-SE

SX=S1-SM

Degrees of freedom

NT = 4rc - 1 = 23

NE = 2rc - 1 = 11

NK =rc-1 = 5

NR =r-1 =1

NC =c -1 =2

1

NRC =NK - NR - NC =2

N1 =NT - NK = 3rc = 18

NM =NT - NE = 2rc =12

NX = N1 - NM = rc = 6

Overall calculation procedure (all on logarithmic values)
(1) Homoscedasticity of log values was tested through Bartlett's test [6 J.

If not significant at the probability level P = 0.1, then:
(2) Variability of extraction was tested through a one-sided F test of SE vs.

SM. If not significant at P = 0.1, then the intra-cell mean square was taken as
the error variance S2.

(3) Analysis of variance was performed on the whole data and separately on
data from water and from plasma extractions.

(4) Separate regressions were calculated. Departure from linearity was tested
versus the common error variance S2 through a one-sided F test of (in each row)
SC - SL with 1 and 18 degrees of freedom (DF). If not significant at P = 0.1,
departure from parallelism was tested through a two-sided t test as

Ib' -b'l 2t = 1 2, 18 DF, where s~ b =S2__ • If not significant at P = 0.1, then:
VS~b SX'

(5) Common regression was calculated and departure of the common slope
b' from expected theoretical value 0.30103 was tested through a two-sided t
test as

t = Ib' - 0.301031,

vSf
18 DF,

1where S2 = s1, = s2/16
SX'
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Fig. 1. Structures of TCAR (left) and iso-TCAR (right). The asterisk denotes the position of
the tritium label on TCAR, when present.

modified materials (such as the Ci8 bonded phase) are commonly used for
biological sample clean-up [6,7], and in some cases are more efficient than clas­
sicalliquid-liquid extractions [8]. Iso-TCAR (NSC 363223, Fig. 1) is one of
several structurally similar C-nucleosides which were synthesized concurrently
with TCAR [9,10]. Either tritiated TCAR Or iso-TCAR can be used as an
internal standard for the procedure.

EXPERIMENTAL

Materials
TeAR, iso-TCAR and [5_3H] TCAR were obtained from the Developmental

Therapeutics Program of the National Cancer Institute (Bethesda, MD,
U.S.A.). The organic solvents, methanol and acetonitrile, were HPLC grade
(Burdick & Jackson Labs., Muskegon, MI, U.S A.). The glacial acetic acid was
ACS grade (Fisher, Fair Lawn, NJ, U.S.A.). Double-distilled water was used
for all solution preparations. The Ci8 extraction columns used were Sep-Pak
(Waters Assoc. Milford, MA, U.S.A.) and Baker-lO SPE (J.T. Baker, Philips­
burg, NJ, U S.A.).

HPLC conditions
The HPLC mobile phase contained 40 mM acetic acid with 1.5% (v/v) ace­

tonitrile. The mobile phase was passed through a 0.45-J.Lm filter to rem.ove any
particulate material and to degas the solvent. The solvent was pumped via a
Waters Model 6000A pump, isocratically at 2 ml/min, through a Waters
Radial-Pak CiS column, 5-J.Lm particle size. The column was washed with ap­
proximately 450 J.LI acetonitrile after each injection of extracted plasma by
increasing the acetonitrile concentration to 45% for 30 sec via a second pump.
There was a 10-min delay after the acetonitrile wash before the next sample
injection. A waters 440 fixed-wavelength detector was used to monitor the
absorbance at 254 nm.

Sample preparation
On each day of use, a stock TCAR solution was diluted in water to the re­

quired concentrations. The standard curves in plasma were prepared by adding
aliquots of the diluted stock solutions to pooled plasma obtained from normal
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Fig. 2. Chromatograms of the reconstituted lyophylised ether glucuronide fraction. (A) No
pretreatment; (B) treatment with 0.1 M sodium hydroxide; (C) treatment with ~-glu­

curonidase; and (D) treatment with ~-glucuronidase in the presence of n-saccharic acid 1,4­
lactone. Peaks: D = diflunisal; D-ether = diflunisal ether glucuronide. In samples where no
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TABLE II

ANALYSIS OF SPIKED HCTZ PLASMA SAMPLES

Sample Concentration n C.V.
(j.tg/ml) (%)

1 0.021 10 8.3
2 0.107 10 2.4
3 0.320 10 3.7
4 1.080 10 2.7

TABLE III

ANALYSIS OF SPIKED HCTZ URINE SAMPLES

Sample

1
2
3
4

Concentration
(j.tg/ml)

0.51
5.23

15.46
51.20

n

10
10
10
10

C.V.
(%)

2.2
3.3
2.0
2.0

Plasma concentration
(mgtl)

0.3

0.2

Urinary excretion
(mgth)

3

2

o 4 8 12 16 20 24
Time (h )

Fig. 3. Plasma concentration (- - .) and urinary excretion (-) of HCTZ in a healthy adult
male volunteer given 50 mg of HCTZ orally.

Recovery of our internal standard, CTZ, is admittedly only about 70%; how­
ever, it is very constant. Like Cooper et al. [5], we used sodium bicarbonate.
We found the HCTZ retention time in plasma to be constant after addition of
sodium bicarbonate. For urine, we used sodium bicarbonate to eliminate inter­
fering substances.

Our method was applied in pharmacokinetic studies. As a typical example
Fig. 3 shows the plasma concentration and urinary excretion of HCTZ in a
healthy adult male volunteer after ingestion of one 50-mg tablet at 08.00 a.m.
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drawn from consenting day patients undergoing minor (orthopaedic) surgery
under nitrous oxide-halothane anaesthesia. The induction doses of intravenous
barbiturate were titrated individually and ranged from 1 to 2 mg/kg for metho­
hexital and from 3 to 5 mg/kg for thiopental. The blood samples were collected
in heparinized tUbes, kept in the refrigerator and centrifuged after a few hours.
The plasma samples were then stored at -20°C until analysed.

kESULTS

General considerations
Typical chromatograms from methohexital and thiopental analysis are

shown in Figs. 1 and 2. The retention times of six representative barbituric
acids in this system are: barbital 2.9 min, phenobarbital 3.6 min, pentobarbital
4.5 min, hexobarbital 4.8 min, thiopental 6.8 min and methohexital 7.3 min.
Of possible interfering compounds, salicylic acid and acetylsalicylic acid are not
retained while caffeine and indomethacin appear at 2.5 and 8.6 min,
respectively.

ill

JI

~ .---r--+.--'-r---"-T-.--.---.--......-.---.
45678 2345

TIME, MINUTES

Fig, 1. Chromatograms of an extract of haemolysed blood and of a similar sample spiked
with hexobarbital (I, 1.00 /lg/ml), thiopental (II, 4.00 /lg/ml) and methohexital (III, 2.00
/lg/ml). The small peaks just in front of the hexobarbital and thiopental peaks are impurities
in the thiopental (Pentothal) preparation. Extracts of plasma give similar chromatograms.
Some samples also give large, unidentified peaks at 10 and 13 min, and in practice the inter­
val between injections is around 14 min. Detector: 0.02 a.u.f.s. Recorder: 10 mV, 10
mm/min.
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n

ii' i

80 2 3 ~ 5 6 7 8

TIME. MINUTES

Fig. 2. Chromatograms of plasma extracts from patients. Left: a sample taken 5 min after
induction of anaesthesia with methohexital sodium, 1.7 mgjkg. The methohexital concentra­
tion is 1.2 Ilgjml. Right: a sample taken 30 min after induction of anaesthesia with thiopental
sodium, 4.1 mgjkg. The thiopental concentration is 3.2 Ilgjml. Peak identification numbers
and detector and recorder settings are as in Fig.!.

The ultraviolet spectra of hexobarbital and methohexital (as free acids)
show absorption peaks at 195 nm, with shoulders at 220 nm. Also thiopental
gives an absorption maximum at 195 nm, albeit a lower one than at 236 and
286 nm. The relative detector responses of the three compounds, measured as
peak areas at 195 nm in a chromatogram of an equimolar mixture, are
1:0.70:0.32. The lower ultraviolet absorption of thiopental compared to
methohexital is reflected in a lower sensitivity of the analysis.

The stock solutions of methohexital and hexobarbital were stable for at least
six months at room temperature, and the thiopental stock solutions for at least
one month at +8° C.

Methohexital
Standard curves drawn on the analysis of duplicate samples containing

0.125, 0.250, 0.500, 1.00, 2.00, 4.00, 8.00 and 16.0 p.g methohexital per ml
were linear (generally r = 0.999 on a six-point standard curve). Quantitation
was by peak height. In addition, samples of very low concentration were
analysed with 0.500 ml of 0.50 p.g/ml hexobarbital as internal standard. Under
these conditions, linear (typically r = 0.998) standard curves could be obtained
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