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Fig. 2. Scheme of capillary column GC-MS incorporating post-chromatographic reduction
(configuration 2).

RESlJLTS AND DISCUSSION

The electron impact mass spectra of the TMS and tBDMS ether derivatives
of hydroxy fatty acids are stongly characterised by the presence or absence of
unsaturation within the molecule [13]. Both derivatives of the unsaturated
methyl esters predominantly yield a single intense ion in their mass spectra
due to a-cleavage at the ether group, as illustrated by these derivatives of
12-HETE (Fig. 3a and b), however two ions could be expected to be produced
by this fission. That only one of the a-cleavage fragments is usually present is a
reflection of the greater resonance stability gained by formation of that ion in
conjugating with the diene in the hydrocarbon chain.

On hydrogenation of the molecule however, the methyl ester TMS ether
derivatives yield both a-cleavage fragment ions (Fig. 3c), widely used
determinants for the position of the hydroxyl substitution in the parent
molecule. In contrast, the methyl ester tBDMS ether derivatives of the
saturated compounds exhibit characteristically intense high mass ions where
the [M-(C4 H9 + CH30H)] + ion is usually the base peak (Fig. 3d) [13]. We
therefore decided that reduction of the methyl ester TMS ether derivatives
would allow specific analysis of fatty acids substituted at any position on the
carbon chain.

Such a procedure has previously been demonstrated [14], where reduction
was carried out prior to GC-MS. However, when a number of unsaturated
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Fig. 3. Mass spectra of 12-HETE derivatives: (a) methyl ester TMS ether, (b) methyl ester
tBDMS ether; and after hydrogenation of the double bonds, (c) methyl ester TMS ether,
(d) methyl ester tBDMS ether.

Subjection of the derivatives obtained from 25 mg of scale to reversed-phase
HPLC yielded UV absorbance profiles, one of which is shown in Fig. 4. The
retention characteristics of the methyl ester tBDMS ether derivatives were
influenced only by those factors affecting their polarity and were based there
fore on three criteria: (1) the number of carbon atoms in the fatty acid
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volume, blood glucose values and morbidity) observed in the diabetic animals
in this study are in agreement with previous reports [14, 15]. This consonance
allows the correlation of observed urinary excretion patterns with an
established sequence of metabolic events.

Volatile metabolites
The profiling results involving volatile metabolites reflect the physiological

and metabolic differences between the normal and diabetic mice. The
representative chromatograms shown in Figs. 1 and 2 visually demonstrate
these differences in the two sets of animals at 5-10 weeks of age. This
evaluation is confirmed by the data in Table I, which give the average peak area
value of the components in the diabetic profiles as a percentage of the
corresponding average peak area value in the normal profiles throughout the
24-week study. Only peaks which gave significantly different values (p ~ 0.05)
in the diabetic and normal profiles were included in Table 1.

Upon examination of the chromatograms in Figs. 1 and 2 and the data in
Table I, it is immediately obvious that large quantitative differences exist in the
urinary excretion of volatile metabolites in the normal (m +/m + and db/m +)

and diabetic (db/db) mice, even as early as 5 weeks of age. At this stage in the
syndrome, the db/db mice have blood glucose levels which are only slightly
above normal, they are hyperinsulinemic, and display elevations in certain
hepatic enzymes as well as abnormal fat deposition [13, 14]. These early
abnormalities of the diabetic syndrome are reflected in the urinary excretion
of volatile metabolites by the significantly higher levels of nonanal, 2-nonenal,
5-methylfurfural, indole, phenylacetone and the unidentified substance
represented by peak number 50, as well as the dramatically lower levels of
several branched-chain and/or unsaturated ketone metabolites (5-hepten-2-one,
3-hepten-2-one and 6-methyl-6-hepten-2-one) as well as linalool (peak 45) and
2-sec. -butylthiazoline (peak 41).

By the seventh week of the study, pentanal, hexanal and the tentatively
identified 2,4-pentadienal and 2-octenal have risen to levels that are two to
three times normal, while the levels of many ketone metabolites, linalool and
2-sec.-butylthiazoline remain low. Insulin levels are peaking at this age in the
diabetic [14] and blood glucose levels are generally in the range of 300-400
mg per 100 ml blood [13]. Increased gluconeogenesis is occurring as evidenced
by elevated activities of enzymes such as glucose-6-phosphatase, fructose-1,6
diphosphatase and others [14, 16].

Based on available information concerning the alterations in metabolism
occurring in the diabetic mice and the results of similar profiling studies in
alloxan and streptozotocin diabetic rats [6, 7], it is possible to relate these
observed differences in the excretion of volatile metabolites with the metabolic
alterations occurring in this early stage of the diabetic syndrome. One of the
most striking differences observed between the early diabetic and normal urine
volatile profiles is the elevation of several straight-chain aldehyde metabolites.
Although the metabolic origin of these compounds has not definitely been
established, the structures suggest that they arise through a pathway related to
fat metabolism. More specifically, the abnormally high levels of such
compounds found in urine may be a result of the increased lipid peroxidation
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EXPERIMENTAL

Twenty-four hour urines were collected and stored at -70°C until the day
of analysis. All glassware used throughout the analytical procedure was acid
washed and silanized.

Urine was allowed to completely thaw and aliquots of 1-5 ml removed.
5 Ilg per ml of urine of 5{3-dihydro-epitestosterone (Steraloids) were added
in ethanol to each as an internal standard for overall recovery. The aliquots
were then passed through a Sep-Pak (Waters Assoc.) and a steroid-rich
fraction eluted with 8 ml methanol [13]. Solvent was removed under a
stream of nitrogen and the steroid conjugates hydrolyzed using the follow
ing method. The dried methanolic extracts were dissolved in 2 ml of 0.1 M
acetate buffer, pH 4.6, followed by 100 III of Helix pomatia digestive juice
(Calbiochem-Behring). The mixture was incubated for 48 h at 37°C. Neutral
steroids were extracted with 4 ml methylene chloride, this in tum was washed

5 ml urine Add 5 l3-epi-T (internal standard)1 1-5~g

Sep-Pak

1
Dissolve in 2 ml 0.1 M acetate buffer, pH 4.6.

Hydrolyze with Helix pomatia at 37°C for 48 h

1
Extract with methylene chloride

1
Wash methylene chloride with: (a) 3 M sodium hydroxide;

(b) distilled water, twice (nitrogen dry down)

1
Add C.B.

1
Derivatize with 2% methoxyamine·HCl (nitrogen dry down)

1
Form TMS ether (using TRI-SIL(TBT)

1
Pass through Lipidex 5000 swollen in

cydohexane-pyridine-hexamethyldisilazane (98: 1: 1) collect first 2 ml

1
Dry down and dissolve in 250 ~l chromatography solvent

Scheme 1.
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RESULTS AND DISCUSSION

Fig. 1 is a typical GC-flame ionization detector trace of a synthetic steroid
mixture containing most of those compounds of clinical importance. Each
peak is equivalent to 20 ng of steroid. Fig. 2 is a total ion chromatogram of
the same mixture obtained from the mass spectrometer data system. Com
parison of the two traces indicates almost identical GC resolution. The dif-
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Fig. 1. Gas chromatogram of a synthetic steroid mixture as their meth(yl)oxime TMS ethers.
Each peak is equivalent to 20 ng of authentic standard.
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Fig. 2. Total ion current of a synthetic steroid mixture, as their meth(yl)oxime TMS ethers.
Each peak is equivalent to 20 ng of authentic standard. See Table I for peak identification.
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ferences observed in their relative intensities are due to the independent means
of detection. Table I lists these compounds using the trivial name, systematic
name and methylene unit (MU), in order of elution from the GC column.

Quantitation was obtained by analyzing a synthetic steroid mixture of
known concentration. The peak areas were integrated by a Hewlett-Packard
3385A system. A response factor (RF) was then computed for each steroid
in the mixture relative to the internal standard 5{3-dihydro-epitestosterone,
using the formula

(Cone. U.K.) == (Area STD)

(Cone. STD) == (Area U.K.)

where: Cone. U.K. = concentration of unknown peak or synthetic standard;
Area U.K. = area of unknown peak or synthetic standard concentration; Cone.
STD = concentration of internal standard (5{3-dihydro-epitestosterone); Area
STD = area of internal standard (5{3-dihydro-epitestosterone).

These response factors were put into a BASIC program. Using the peak
areas and the corresponding internal standard, concentrations were then
computed for each steroid in our patient samples. Reproducibility and preci
sion for both concentration and MU were determined on the GC system
routinely employed. This was achieved by ten replicate analyses of a normal
adult male 24-h urine. A summary of these results is shown in Tables II and
III. Also included in Table II is a summary of percentage recoveries of some
clinically important steroids. This was performed in model experiments using
authentic standards. The values represent the recovery at the final stage of
purification.

Except for THA and THB, the overall precision for those steroids indicated
is excellent. The discrepancy in quantitating those two compounds may be
partly due to their relatively low levels normally excreted in urine. It is there-

TABLE II

TEN REPLICATE DETERMINATIONS OF AN ADULT MALE 24-h URINE

Mean S.D. Coefficient of Recovery (%)
(mg/24 h) variation (%)

Androsterone (A) 4.19 0.058 1.38 54
Etiocholanolone (E) 3.44 0.061 1.77 52
II-keto A + E 0.97 0.07 7.22 63
11i3-0H-A 1.63 0.074 4.54 62
11i3-0H-E 0.81 0.048 5.87 63
Pregnanetriol 1.08 0.040 3.7 57
THE 1.67 0.134 8.02 68
THA 0.152 0.020 13.16 52
THB 0.33 0.043 13.03 57
Allo-THB 0.50 0.049 9.8 61
THF 0.79 0.063 7.9 64
Allo-THF 0.54 0.039 7.22 65
a-Cortolone 0.24 0.023 9.58 65
i3-Cortolone 0.19 0.025 13.16 63
Cholesterol 0.30 0.040 13.33 50
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was prepared by dissolving 0.718 g of K 15N03 in 100 ml of distilled water to
give a concentration of 1 mg/ml 15N03. 1-Hydrazinophthalazine (Tokyo
Kasei Kogyo, Tokyo, Japan) was of a special high grade and was used without
further purification. A solution (1.0%, w/w) of it was prepared by dissolving
1.0 g in 100 ml of distilled water. The pentafluorobenzoyl (PFB) ester of 2,4
dinitro-6-sec.-butylphenol (2,4-dinitro-6SBP) as internal standard for GC-MS
with selected ion monitoring was prepared as follows. A 0.1 g portion of 2,4
dinitro-6-sec.-butylphenol (ICN Pharmaceuticals, Plainview, NY, U.S.A.) was
dissolved in 10 ml of 5% sodium carbonate solution; then 0.1 g of pentafluoro
benzoyl chloride (Aldrich, Milwaukee, WI, U.S.A.) was added (see Scheme 1,
bottom). After reaction at room temperature with shaking for 5 min, the
reaction mixture was extracted with 50 ml of benzene and the benzene layer
was separated and washed with 50 ml of distilled water. The benzene layer was
dried with an adequate amount of anhydrous sodium sulphate and
concentrated to 5 ml. The 5-ml solution was applied to the column (30 cm X
1.0 cm I.D., prepared with 10 g of activated alumina) and eluted with benzene.
The 100 ml of effluent was collected, and then evaporated at 50° C. The
substance obtained as mentioned above was prepared by dissolving 3 /lg in 1 ml
of ethyl acetate. Deproteinizing solution A was prepared by dissolving 90 g of
ammonium thiocyanate and 80 g of mercuric chloride in 1000 ml of distilled
water. Deproteinizing solution B was prepared by dissolving 125 g of zinc
acetate in 500 ml of distilled water. All water used was triple distilled and de
ionized. All other reagents and solvents were of high purity and were obtained
from Wako (Osaka, Japan).

Animals
Male ddY mice weighing 20-25 g were used for the experiments. They were

housed in plastic cages on soft-wood bedding at room temperature (25° C)
under a 12 h dark-light rhythm. The animals had free access to standard
laboratory diet (Funabashi Farm, Chiba, Japan) and tap water.

Treatment of animals
A 100- or 500-/lg amount of 15N02 was orally given to mice by gavage in

0.1 ml or 0.5 ml of the stock nitrite solution; also, 15N03 was given orally to
mice in a similar manner. The mice were anesthetized with diethyl ether and
killed by cervical dislocation 5, 10, 15, 20, 30, 45, 60, 90 and 120 min after
the dose had been given. Blood samples were collected in heparinized
containers and were stored at 0-4° C for about 15 min.

Preparation and analysis of mice blood extracts
A 1-ml blood sample was placed in a 10-ml test-tube (11.5 cm X 1.5 cm

I.D.). A 1-ml volume of each deproteinizing solution A and B was added and
then the mixture was shaken for 1 min followed by centrifugation at 1400 g
for 5 min. A 2-ml aliquot of the supernatant was placed in a 10-ml test-tube
and 1 ml of 1-hydrazinophthalazine solution and 2 ml of 2 M hydrochloric acid
were added. The mixture was heated at 70° C in a water-bath with occasional
shaking for 20 min. After cooling to room temperature, the reaction mixture
was extracted with 5 ml of toluene with shaking for 3-5 min. The toluene
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extract was pipetted into a 10-ml test-tube and then the procedure was
repeated. After drying with an adequate amount of anhydrous sodium
sulphate, the combined extracts were subjected to alumina column
chromatography as described previously [6] to remove interfering substances
from the blood. The effluent was then evaporated in a stream of nitrogen gas at
40° C. The residue was dissolved in an adequate volume of internal standard
solution. A 5-111 volume of the final solution was analyzed by GC-MS with
selected ion monitoring.

Gas chromatography-mass spectrometry
GC-MS was carried out using a Shimadzu LKB-9000 combined gas chroma

tograph-mass spectrometer equipped with a multiple ion detector-peak matcher.
The column was a glass tube (0.5 m X 3 mm I.D.) packed with 3% OV-225 on
Chromosorb W HP (80-100 mesh) and was conditioned at 230°C; injector
temperature was 180° C. The flow-rate of helium carrier gas was 30 mljmin. MS
conditions were as follows: separator temperature 235°C; ion source tempera
ture 290°C; trap current 60 IlA; electron energy 70 eV; accelerating potential
3.5 keY. For selected ion monitoring, the following ions were used: mle 171
for tetrazolophthalazine, mle 172 for [lSN] tetrazolophthalazine, and mle
167 for the PFB ester of 2,4-dinitro-6SBP as internal standard.

Preparation of calibration curve
A series of working standard lSN02 solutions was prepared by diluting the

stock solution with distilled water. Aliquots were placed in 10-ml test-tubes.
After the addition of I-hydrazinophthalazine and hydrochloric acid and sub
sequent reaction, the reaction mixtures were extracted with toluene and the
solvent removed by evaporation according to the procedure described above.
The residues were dissolved in 1 ml of internal standard solution and 5-111
aliquots of the resulting solutions were injected for GC-MS with selected
ion monitoring. The concentration range of the lSN02 standard was 0.2-10.0
Ilgjml. As shown in Fig. 1, the retention time of PSN] tetrazolophthalazine

(A)

m/e171

m/e172

m/e 167

(B)

8 9 10 11 8 9 10 11

Retention time (min) Retention time (min)

Fig. 1. Selected ion chromatograms of tetrazolophthalazine (A) and [ 15N] tetra
zolophthalazine (B) with the pentafluorobenzoyl ester of 2,4-dinitro-6-sec. -butylphenol as
internal standard (C). Aliquots of 5 J.il of a mixture of the internal standard solution and
tetrazolophthalazine or [15N]tetrazolophthalazine were directly injected for GC-MS with
selected ion monitoring. For conditions, see text.
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QUANTITATIVE GAS--LIQUID CHROMATOGRAPHY OF TAURINE
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(First received July 11th, 1983; revised manuscript received October 12th, 1983)

SUMMARY

A method has been developed for the determination of taurine by gas-liquid chromato
graphy. The method involves the conversion of taurine into its N-isobutyloxycarbonyl di-n
butylamide derivative and chromatography on a 1.5% OV-17 column. The derivative can be
prepared in quantitative yield, having good chromatographic properties. The calibration
curve for taurine in the range 5-500 nmol was linear and sufficiently reproducible for
quantitative determination. Complex biological material such as urine can be analysed
accurately and precisely by this method without prior clean-up of the sample.

INTRODUCTION

Taurine (2-aminoethanesulphonic acid) is one of the most abundant and
ubiquitous free amino acids in the fluids and tissues of animals [1], and much
evidence suggests that it plays an important role in the body [2].

The determination of taurine in biological material has been carried out by
colorimetric [3-8], fluorometric [9, 10], radiometric [11] and enzymatic
r12] assay methods. However, these methods usually require time-consuming
pretreatment of the sample [13]. Chromatographic procedures utilizing an
amino acid analyzer [13-19] or high-performance liquid chromatographic
system [20-24] have also been used for the assay, but when applying them
directly to the biological sample there appears to be difficulty in resolving
taurine from intedering components [17-19, 23]. On the other hand, the
development of a satisfactory gas-liquid chromatographic (GLC) procedure
for the analysis of taurine has been hindered by the difficulty of preparing a
suitably volatile derivative of this compound. Although several investigators
have reported that taurine can be chromatographed as its trimethylsilyl deriva
tive r25, 261, to our knowledge no report has so far appeared on the actual
GLC analysis of taurine contained in biological samples.

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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(a) (bl

Taurine
Taurine

o 8 16 min o 8 16 0 3 16 min

Fig. 3. Gas chromatogram obtained from a standard solution containing 250 nmol each of
taurine and APS (internal standard). GLC conditions are given in Experimental. Peaks:
1 = taurine, 2 = APS.

Fig. 4. Gas chromatograms showing the effectiveness of diethyl ether washing on removal of
interfering components in human urine: (a) without washing; (b) with washing. In each case,
the injection aliquot is equivalent to 2 ,ul of the original urine and contains approximately
5 nmol of taurine.

TABLE II

RECOVERY OF TAURINE ADDED TO HUMAN URINE

Taurine added
(,umol/ml)

o
0.5
1.0
2.0
5.0

Mean ± S.D.*

Amount found (,umol/ml),
mean ± S.D.* (n = 5)

2.03 ± 0.10
2.53 ± 0.03
3.01 ± 0.09
4.01 ± 0.12
7.32 ± 0.15

R.S.D.**
(%)

4.9
1.2
3.0
3.0
2.0

Recovery
(%)

100.0
98.0
99.0

105.8

100.7 ± 3.5

*Standard deviation.
** Relative standard deviation.
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SUMMARY

A simple and specific gas-liquid chromatographic procedure, compatible with both
nitrogen-phosphorous and electron-capture detection, and employing conventional packed
columns, has been devised for urinary I-methylimidazole-4-acetic acid (Nr-MeImAA), an
index of whole-body histamine turnover. Nr-MeImAA is isolated by ion-exchange on Dowex
1 (CH3 COO ,), esterified by reaction with chloroethanol-boron trichloride and, depending
upon detection employed, chromatographed on base-deactivated SP-2401 or SP-2250.
[3H] Nr-MeImAA serves as internal recovery standard.

INTRODUCTION

In those species, including man, in which ring N-methylation is the pre
dominant route for the catabolism of histamine [1-3], the major urinary
product is I-methylimidazole-4-aceiic acid (Nr-MeImAA). (For nomenclature
of N-substituted imidazoles, see ref. 4.) Its positional isomer I-methyl
imidazole-5-acetic acid (NlI"-MeIAA) also occurs in urine, but is probably of
dietary origin. Nr-MeImAA comprises a remarkably constant fraction of
urinary radioactivity following a bolus of labeled histamine [2]. While the fate
of exogenous histamine may not necessarily reflect that of the biogenic
material, quantitative measurements of endogenous metabolites [5, 6] support
the view that Nr-MeImAA is the most valid of several available indices of
histamine formation/release in man.

The advent of a-fluoromethylhistidine (a-FMH), a specific, irreversible in
hibitor of histidine decarboxylase [7], provides a therapeutic approach to
histamine-related disease states alternative or adjunctive to histamine receptor

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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antagonism. In animals, direct measurement of tissue histamine demonstrates
that a-FMH effects acute reductions in the nascent or rapidly turning-over
pools of brain [8, 9] and stomach [8, 10], and upon chronic treatment,
time-dependent decreases in the relatively inert mast-cell pools (unpublished).
As a non-invasive methodology for assessing effects of a-FMH in man, urinary
NT-MeImAA appears to be a feasible alternative.

A number of procedures for urinary NT-MeIAA have been described, all but
the last are too cumbersome for routine application. Gas chromatographic
methods with flame-ionization detection of NT- and N1T-MeIAA's as methyl
esters [6, 11] and ethyl esters [12] require large urine volumes and long run
times. Photometric methods employing thin-layer chromatographic separations
[13, 14] are semi-quantitative. The capillary gas chromatographic method with
nitrogen detection of the isopropyl ester described by Keyzer et al. [15] is not,
in our hands, adaptable to the more convenient and accessible packed columns.

The present report describes a procedure, suitable for routine analysis of
urinary NT-MeImAA as its chloroethyl ester, using packed columns and either
of two sensitive detection systems, nitrogen-phosphorous detection (NPD), or
electron-capture detection (ECD).

EXPERIMENTAL

Reagents
NT-Methylimidazole hydrochloride was obtained from Calbiochem; [3H]_

histamine from New England Nuclear; AG1-X8, 100-200 mesh was purchased
in the CI - form from Bio-Rad Labs. and successively converted through the
OH - and CH3COO - forms as per manufacturer's instructions; boron tri
chloride--2-chloroethanol reagent (10%, w/v) was purchased from Applied
Science Labs.; and ethyl acetate, nanograde, from Mallinkrodt.

Preparation of eHj NT-methylimidazole acetic acid.
Each of three mice were injected intravenously with ca. 6 . 107 dpm of

eH(G)] histamine, 8.5 mCi//lmol, and urine collected through 24 h. This was
adjusted to pH 8 and chromatographed on AG1-X8 (CH3COO-) (see below),
58% of total count being recovered in the acetic acid eluate. This was
evaporated to dryness and streaked on Whatman K6 silica gel plates, which
were developed with n-butanol-toluene-methanol-5% ammonium hydroxide
(2:1 :1.3:1). The major band corresponding to [3H] NT-MeImAA was located by
autoradiography at RF = 0.47 and eluted with methanol to yield a radio
chemically pure stock solution (12 . 106 dpm/ml) of indeterminate but high
specific activity, such that spiking of urine samples with 20,000 dpm thereof
introduces a negligible mass of the compound of interest.

Isolation and derivatization of MeImAA
All manipulations through injection into the gas chromatograph are carried

out in a single 125 X 16 mm disposable culture tube. To a 2.0-ml aliquot of
urine are added 20,000 dpm of internal standard, a drop of 0.1% thymol blue
indicator, and 2 M ammonium hydroxide to pH 8-9. The sample is decanted
onto a 2.0-ml bed of AG1-X8 (CH3COO-) in a Bio-Rad disposable poly-
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propylene column (No. 731-1550), followed by a wash of ca. 10 ml of distilled
water, the perchlorate and wash then being discarded. The columns are
positioned onto the original tubes and eluted with 5 ml of 0.75 M acetic acid.
The tubes are transferred to a Model 3-2200 Buchler Vortex evaporator fitted
with the 56-place heating block at 800C and evaporated to dryness in vacuo. To
the dried residue is added 200 pI of the chloroethanol-boron trichloride
reagent, the block covered, and temperature raised to maximum setting while
maintaining slight negative pressure to insure sealing. After 60 min, agitation
and full vacuum are applied to reduce the reaction mixture to dryness.

After cooling, the residue is dissolved in 1.0 ml of 0.2 M hydrochloric acid,
which is twice washed by vortexing with 5-ml portions of ethyl acetate, made
alkaline with 100 pI of 6 M ammonium hydroxide, and extracted with 5 ml of
ethyl acetate. A 0.5-ml aliquot of the final extract is taken for scintillation
counting, and a second aliquot promptly sealed in an injection vial for
gas--liquid chromatography (GLC).

If the samples cannot be chromatographed within 24 h, the bulk of the final
ethyl acetate extract is transferred to a clean tube, evaporated to dryness in
vacuo, and reconstituted shortly before analysis in a volume of ethyl acetate
that is one-fifth of the original. A corresponding reduction is made in the
aliquot taken for counting and for injection into the gas chromatograph.

For construction of a standard curve, a pooled urine sample was constituted
by mixing equal volumes of every fifth urine specimen, and 2.0-ml aliquots
thereof spiked in duplicate with unlabeled Nr-MeImAA at 0, 0.5, 1, 2, 3 and
5 pg/mI. These were thereafter treated in an identical manner with the
unknown samples.

GLe conditions
An HP-5840A instrument fitted with a 36-place automatic sampler and both

nitrogen-phosphorous and electron-capture detectors was employed. The fol
lowing refers to use of NPD. For ECD, the same operating conditions apply
except for column packing (SP-2250-DB), carrier gas (argon-methane, 95:5),
and less stringent conditioning of the base-deactivated packing.

An 180 cm X 2 mm column of 3% SP-2401-DB on Supelcoport 100-120
mesh was conditioned at 2500C for three days with helium flow-rate at 30
ml/min, with periodic injections of 25 pI ethyl acetate, and a final injection of
20 pI Silyl-8@ .

For analyses, helium flow-rate was at 20 ml/min, injector temperature
2500C, detector at 3000C, and oven temperature programmed for 5 min at
2050C then 50 C/min to 2250C, plus 3 min at the final temperature. Each
sample was injected twice, with the automatic sampler adjusted to deliver
3 pI. Thus, a 24-h run will accommodate a standard curve series plus thirty
unknown specimens, the preparation of which can readily be accomplished
by one person in the course of a single working day.

RESULTS

In Fig. 1 are presented specimen chromatograms for a pure Nr-MeImAA
sample, a representative urine, and the same urine spiked with a known concen-
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tration of Nr-MeIAA. That the urine peak at retention time, tR = 2.72 min
represents Nr-MelmAA is confirmed by superimposition of it and the reference
compound in the spiked sample. By analogy to the respective retention times
of the Nr- and N1T-isomers of MelmAA in other systems [11, 15], it might be
assumed that the urine peak at tR = 4.42 min represents N1T-MeIAA. This is
confirmed by results of the GLC-mass spectrometric (MS) analyses described
below.

" (IJ

r-- r--
(IJ (IJ

N M
v v. .
v v

Fig. 1. Gas chromatograms (NPD) for, left to right: reference Nr-MeIAA, 1.0 ,ug/ml in
buffer; representative urine; and urine spiked with 1.0 ,ug/ml Nr·MeIAA. Values above peaks
denote retention times in minutes.

The same urine sample was analyzed by capillary GLC-MS employing an on
line HP-5710 gas chromatograph with a 25-m OV-17 fused silica capillary
column, temperature programmed from 60° C to 230° C at 8° C/min, with
helium as carrier gas at a flow-rate of 1 ml/min and interfaced to a
VG-MM7035 mass spectrometer with dedicated 2035 data system. MS
operating conditions were: ionization energy, 20 eV; accelerating voltage, 4 kV;
and scan rate, 0.3 sec/decade.

A plot of total ionization current revealed surprisingly few peaks, major ones
being centered at scan Nos. 1051 (22.4 min) and 1081 (22.8 min) (Fig. 2a).
The mass chromatogram constructed for m/z = 202 (the molecular ion for
either isomer of MeIAA) shows the same two peaks (Fig. 2b). Their respective
mass spectra (Fig. 3a and b) show the same molecular ion at 202 with
characteristic chlorine isotope cluster, and base peak at m/z = 95 without it,
corresponding to removal of -CO' OCH2 CH2 Cl. The pronounced tailing of the
tR = 4.42 min peak in the gas chromatogram is also evident in the mass
chromatogram peak at tR = 22.8 min, lending further support to its identifica
tion as N1T-MeIAA.

A typical standard curve for pooled urine spiked with authentic Nr-MeIAA
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TABLE II

DAILY URINARY EXCRETIONS OF Nr-MeIAA AND ITS N1T-ISOMER IN NORMAL
MALE SUBJECTS

Subject Day Urine Creatinine Nr-MeImAA Nr-MeImAA/ N1T-MeImAA
No. volume (mg/24 h) (,ug/24h) creatinine (,ug/24 h)

(ml) (x 1000)

1 1 1200 2724 2485 0.91 581
7 990 1881 1926 1.02 nil

2 1 635 1829 1594 0.87 375
7 1270 2718 3014 1.10 138

3 1 930 2348 1934 0.90 280
7 1405 4468 2066 0.46 270

4 1 2180 2660 8590 3.23 735
7 1630 2266 8095 3.57 nil

5 1 2265 2423 2537 1.05 nil
7 2220 2775 2087 0.75 nil

6 1 1130 1808 5955 3.29 670
7 1675 2260 8800 3.89 870

7 1 1062 2040 1485 0.73 87
6 1835 2055 2605 1.26 691

13 1815 2270 1580 0.70 154
20 1950 1755 1365 0.78 263
27 828 1610 1805 1.12 516
34 910 2510 1765 0.70 235

8 1 985 1595 2445 1.53 3580
6 1032 2350 16800 7.15 1090

13 1440 2520 3010 1.19 4125
20 530 1810 1675 0.92 1740
27 832 2340 2413 1.03 2865
34 2065 2975 3263 1.09 nil

The urines employed in development of this procedure were single voidings
supplied on an ad libitum basis. In Table II are summarized 24-h excretion data
for urines obtained in a controlled clinical environment from eight normal male
volunteers; two subjects on six separate occasions, and six others on two
occasions. Mean daily excretion of NT-MeImAA for all collections was 3720
± 3590 /lgj24 h, and excluding the one very atypical sample (subject No.8,
day 6), 3152 ± 2320 /lgj24 h. Normalization of these data on the basis of
corresponding creatinine· excretion minimized intra-individual variations, but
had no material effect upon inter-individual variation which, for this limited
panel, is greater than the reported coefficients of variation imply for previous
studies.

DISCUSSION

With the notable exception of the capillary GLC procedure recently
described by Keyzer et al. [15], the present method offers obvious advantages
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SUMMARY

A simple, rapid and micro high-performance liquid chromatographic method was
developed for separate or simultaneous determination of p-aminohippuric acid and
iothalamate in plasma and urine using p-aminobenzoic acid as an internal standard. The
method involved deproteinizing samples with two volumes of acetonitrile followed by injec
tion of 5 III of deproteinized supernatant onto a Ct. reversed-phase column. The mobile
phase contained 3.5% acetonitrile in 0.04% phosphoric acid and flowed at a rate of 1.5
ml/min. The column effluent was monitored by an ultraviolet detector at 254 nm. Retention
times for p-aminohippuric acid, iothalamate and p-aminobenzoic acid were approximately
4.5, 6 and 8 min, respectively. This method requires as little as 5 III of sample and can be
used to measure accurately down to 1 Ilg/ml p-aminohippuric acid and 0.5 Ilg/ml
iothalamate in plasma samples. The coefficients of variation of the assay with or without
the use of internal standard were generally low (below 7%). No interferences from
endogenous substances or any drugs tested were found.

INTRODUCTION

Determination of glomerular filtration rate and/or renal plasma flow is often
useful in pharmacokinetic and pharmacodynamic studies as well as in the
diagnosis and treatment of disease L1] . To date, inulin and creatinine appear to
have been most commonly employed for estimation of glomerular filtration
rate. Potential disadvantages of using the inulin method are the laborious
sample preparation, the non-specificity of the colorimetric assay and the need
for a sensitive spectrophotometer. Also, in order to achieve steady-state plasma
concentrations which can he accurately measured, large doses of inulin are

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

Reagents and standards
PAH (as a sodium salt) was purchased from Sigma (St. Louis, MO, U.S.A.),

iothalamate (as an acid form) was purchased from Mallinkrodt (St. Louis, MO,
U.S.A.) and p-aminobenzoic acid (PABA) from Mann Research Lab. (New
York, NY, U.S.A.). Phosphoric acid (85%) and HPLC grade acetonitrile were
obtained from Fisher Scientific (Fair Lawn, NJ, U.S.A.).

Standard stock solutions of PAH, iothalamate and PABA were prepared in
distilled water at concentrations of 0.5-2 mg/ml and stored at 4 u C in a
refrigerator. All the solutions were used within a few weeks because a slight
decomposition of PAH was found after 5-6 weeks of storage.

HPLC instrumentation
The HPLC system consisted of a solvent delivery pump (Model 1l0A), a

fixed-wavelength detector with a 254-nm filter (Model 160) from Beckman
Instruments (Berkeley, CA, U.S.A.), a syringe loading sample injector (Model
7215, Rheodyne, Cotati, CA, U.S.A.) and a 30-cm pBondapak CI8 reversed
phase column (particle size 10 pm, I.D. 4.1 mm) from Alltech Associates (Deer
field, IL, U.S.A.). The output from the detector was connected to a 10-mV
potentiometric 25-cm recorder (Linear Instruments, Irvine, CA, U.S.A.). A
chart speed of 10 cm/h was employed for routine analysis L16] . The detector
was set at 0.002-0.01 and 0.005-0.05 a.u.f.s. for plasma and urine analyses,
respectively.

Mobile-phase preparation
The mobile phase was prepared by mixing 3.5 parts of acetonitrile with 96.5

parts of 0.04% phosphoric acid solution (pH 2.5 ± 0.05). A flow-rate of 1.5
ml/min resulted in a pump pressure of approximately 84 bar. The optimal
percentage of acetonitrile might vary slightly with the column.

Standard curves
Aliquots of 100 pI of pooled human plasma spiked with various known

quantities of stock solutions of PAH, iothalamate, and PABA were pipetted
into 100 X 13 mm screw-capped culture tubes followed by the addition of 200
pI of acetonitrile. After capping, each tUbe was vortexed for a few seconds and
centrifuged at 800 g for 5 min. The clear supernatant, 5 pI, was then injected
onto the column. Urine samples were prepared in the same manner. The
concentrations of PAH and iothalamate ranged from 2.5 to 50 p g/ml in plasma,
and 10 to 100 pg/ml in urine. The internal standard concentrations were 5 or
25 pg/ml and 25 or 50 pg/ml in plasma and urine, respectively.

The peak heights, measured with the assistance of a micrometer (Dial Caliper
from Manostat, NY, U.S.A.), were used for quantitation and the ratios of peak
heights of PAH or iothalamate to those of the internal standard were used to
construct the standard curves.

Reproducibility study
Six replicate analyses of pooled human plasma containing 15 or 30 pg/ml
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NEUROPEPTIDES USING RADIALLY COMPRESSED POLYTHENE
CARTRJ:DGES

A.I. SMITH*'* and J.R. McDERMOTT

Medical Research Council Neuroendocrinology Unit, Newcastle General Hospital, Westgate
Road, Newcastle upon Tyne, NE4 BBE (U.K.)

(First received April 22nd, 1983; revised manuscript received September 29th, 1983)

SUMMARY

This study was designed to assess practically the suitability of different C,. reversed-phase
radially compressed polythene cartridges (Radial-Pak, Waters Assoc.) in two types of radial
compression systems, for the separation and analysis of various neuropeptides at both high
« 5 J.lg) and low (> 100 pg) levels in biological extracts and to compare them with well
established techniques using stainless-steel columns.

A solvent system fully compatible with both radially compressed and steel columns is
described. The completely volatile mobile phase (acetonitrile gradient containing trifluoro
acetic acid) allows ultraviolet detection below 215 nm, gives good resolution and is readily
compatible with the further radioimmunoassay and bioassay of collected fractions.

The efficiency of radially compressed 5 and 10 J.lm "capped" and "non-capped" C"
silica supports and slurry-packed steel columns has been assessed by: (1) separation and
recovery of a complex standard mixture of neuropeptides; (2) separation and subsequent
identification of degradation products formed during the incubation of neurotensin with rat
cortical synaptosomes; (3) analysis of a-melanotropin and corticotropin-(18-39) in tissue
culture media containing varying amounts of foetal calf serum; and (4) characterization of
corticotropin-like immunoreactivity in human cerebrospinal fluid.

The Z-module fitted with the capped 10-J.lm irregular C" silica cartridge gave better
resolution than with the J.lBondapak steel column but the selective retention was similar. The
back-pressures in the Z-module are much reduced (approximately 13 bar at 1 ml/min);
therefore, flow-rates may be increased and analysis times greatly reduced. In order to obtain
good resolution with the RCM-100 module which uses a non-capped stationary phase, a
salt must be added (e.g. 15 mM sodium chloride) to the mobile phase to reduce polar inter
actions between the peptide and the free silanol groups on the stationary phase. This makes
the solvent non-volatile and therefore less useful.

INTRODUCTION

The potential of reversed-phase high-performance liquid chromatography

*Present address: Medical Research Centre, Prince Henrys Hospital, St. Kilda Road,
Melbourne, Victoria 3004, Australia.
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(RP-HPLC) in the separation and characterization of neuropeptides has been
demonstrated by numerous investigators (see, for example, refs. 1-5). In the
vast majority of cases separations are achieved using Cl8 microparticulate
(3-10 pm) silica supports slurry packed in stainless-steel columns. After intro
duction to the column the peptides are eluted selectively according to their
hydrophobicity by an aqueous-to-organic solvent gradient. Apart from hydro
phobic interactions there are various ion-pairing effects [6-8] and column
modifications [9] which will selectively affect retention.

An important criterion in HPLC column efficiency is packed-bed uniformity
[10]. This is difficult to achieve in conventional slurry-packed steel columns.
However, by applying radial compression to a dry-packed polythene·cartridge,
heterogeneity of packing in the stationary phase is minimized, especially
around the column wall and end fittings. The potential advantages of this
chromatographic procedure are: increased sample capacity, shorter analysis
times, improved resolution, reduced back-pressures and greater economy.
Peptides are not ideal candidates for the assessment of column kinetics as they
display both polar and non-polar interactions with the stationary phase in RP
HPLC [11]. However, other studies have shown using non-polar solutes with
good thermodynamic properties that radially compressed beds display greater
uniformity than slurry-packed columns (assessed by log height versus log volume
plots) [11].

Three chromatographic systems have been compared: the pBondapak stain
less-steel column slurry packed with 10-pm capped irregular Cl8 silica; the
RCM-lOO radial-compression module using 5 and 10-pm spherical non-capped
CiS silica cartridges radially compressed at approximately 170 bar; and, finally,
the Z-module using 10-pm irregular Cl8 capped silica cartridges radially
compressed at approximately 13 bar.

The efficiency of these systems has been assessed by their ability to separate
and resolve a standard mixture of neuropeptides ranging in both size and
hydrophobicity. The Z-module has been further evaluated by its use in the
separation and identification of products formed during the incubation of
neurotensin with nerve endings isolated from rat brain, by monitoring the
stability of a-melanotropin (a-MSH) and corticotropin-(18-39) (CLIP) in
tissue culture media containing varying concentrations of foetal calf serum
and characterizing the corticotropin-like immunoreactivity (ACTH-IR) present
in human cerebrospinal fluid.

MATERIALS AND METHODS

Equipment
A Waters HPLC system was used comprising two 6000A pumps, a Model

720 system controller, a WISP automatic sample injector, a 450 variable-wave
length detector, RCM-lOO and Z-module radial-compression systems, 5- and
10-pm spherical Cl8 Radial-Pak cartridges, pBondapak 10-pm C18 Radial-Pak
cartridges (all 10 cm X 8 mm LD.) and a pBondapak 10-pm Cll! stainless-steel
column (Waters Assoc., Northwich, U.K.). Fractions were collected using an
LKB Ultrorac 2070 collector controlled by a microprocessor, allowing
collection of any part of the column effluent defined by its elution time [12].
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Fig. 4. HPLC profiles, using the Z-module, of O!-MSH and CLIP incubated for 48 h at 37°C
in tissue culture media containing 0% (i), 1% (ii), 5% (iii) and 30% (iv) foetal calf serum.
Elution conditions and solvents are as in Fig. 3. Peaks: a = O!-MSH, b = CLIP [ACTH
(18-39)], c = ACTH-(19-39). The equivalent of 20 J.lg of peptide was injected onto the
column.
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Fig. 5. The separation, using the Z-module, of peaks band c (see Fig. 4) enhanced by
substituting HFBA for TFA in the mobile phase. Linear gradient 45% to 60% solvent over 10
min at 1 ml/min; solvent A = 10 mM HFBA, solvent B = 70% acetonitrile in 10 mM HFBA;
monitored at 220 nm, 0.4 a.u.f.s. The equivalent of 10 Ilg of peptide was injected onto the
column.
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Fig. 6. HPLC trace of 5 Ilg of standard human ACTH and human CLIP over radioimmuno
assay profile or human cerebrospinal fluid extract. Elution conditions are as in Fig. 5.

eluting very close to the parent peptide (peak c). In order to identify this
product the separation was enhanced by substituting HFBA (10 roM) for TFA
as the acid modifier in the mobile phase (Fig. 5), which will increase peptide
retention depending on the number of basic amino acid residues present in the
structure [6, 14]. The degradation product was then isolated and shown by
amino acid analysis to be ACTH-(19-39), Le. loss of the N-terminal arginine
had occurred.

Human cerebrospinal fluid contains a significant amount of ACTH-IR [15].
To determine the molecular nature of this immunoreactivity we subjected a
concentrated fraction of cerebrospinal fluid to HPLC again using HFBA in the
mobile phase. The radioimmunoassay (using an antiserum directed against the
C-terminus of ACTH) profile of the collected fractions (Fig. 6) shows that the
ACTH-IR is not due to ACTH itself but is more likely to be CLIP, the 18-39
fragment of ACTH.

DISCUSSION

In slurry-packed steel columns the inside diameter of the column is limited
in order to minimize the wall effect (i.e. when the dispersion of the mobile
phase around the column casing is greater than that in the core). It has been
claimed that in a column of 5 mm J.D. containing 20-Mm particles, the
peripheral area affected by the wall effect may be as great as 40% L16]. In a
radially compressed flexible cartridge this effect may be much reduced as the
column wall is able to mould around the column packing giving a more homo-
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necessary for maximal cell growth and peptide stability we have used HPLC to
look at the rate at which a-MSH and CLIP are degraded in tissue culture media
containing varying amounts of foetal calf serum (Fig. 5). By substituting HFBA
for TFA in the mobile phase we were able to isolate and identify a major
degradation product formed from CLIP (Fig. 6). We have recently
demonstrated that cells isolated from rat intermediate lobe may be successfully
cultured in media containing 1% foetal calf serum where peptide breakdown is
minimal (Hughes and Smith, unpublished results).

By subjecting a concentrated sample of cerebrospinal fluid to HPLC, we have
been able to show that the immunoreactivity in collected fractions does not
correspond to ACTH but is more likely to be CLIP, the 18-39 fragment of
ACTH.

In conclusion, the 10-jlm, irregular, capped C18 packing radially compressed
in the Z-module compares favourably with steel columns slurry packed with
similar material. The major advantages of this system are speedier analysis and
increased sampIe capacity, longer life and therefore greater economy.
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SUMMARY

A sensitive technique is described for detecting and quantitating fluorescamine-labeled
kinins and their usual metabolic products using reversed-phase high-performance liquid
chromatography (HPLC) linked with a fluorescence detector. Kinins and their enzymatic
products were labeled with fluorescamine, subjected to HPLC, and scanned for the
fluorescence signal with excitation at 390 nm and emission at 476 nm. The fluorescence
signal was linear with bradykinin, Lys-bradykinin and Met-Lys-bradykinin in amounts
upward from 2.5 ng. Separation of the fluorescamine-labeled kin ins using HPLC was carried
out with a solvent system of methanol-triethylammonium formate buffer. Labeled kinins
were eluted in the following order: bradykinin, Lys-bradykinin, and Met-Lys-bradykinin.

When native (unlabeled) kinins were subjected to HPLC using a solvent system of aceto
nitrile--triethylammonium formate buffer, the minimum amount of native kinin detected
at 210 nm was 1 Ilg. All three kinins showed linearity at 210 nm in amounts upward
from 1 Ilg. Kinins were eluted in the following order: Lys-bradykinin, bradykinin and Met
Lys-bradykinin.

The different elution patterns of kinins by means of these two separation techniques
provide a useful method for identification of purified kinins. The fluorescamine label
provides a 400-fold more sensitive detection technique than ultraviolet absorbance of the
native kinins and may be used to identify the metabolic products of kinins.

INTRODUCTION

Different analytical procedures such as paper chromatography, paper and gel
electrophoresis, gel chromatography and ion-exchange chromatography have

*Preliminary results have been published in Fed. Proc., Fed. Amer. Soc. Exp. BioI., 41
(1982) 6236; and in H. Fritz, N. Back, G. Dietze and G. Haberland (Editors), Advances in
Experimental Medicine and Biology, Vol. 156B, Plenum Press, New York, 1983, pp. 783
787.
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pH 7.0 containing 3 mM disodium EDTA in a total volume of 60 pI. After the
incubation at 37° C, the enzyme reaction was terminated by addition of 20 pI
of methanol. A 50-pI aliquot of the sample was removed and labeled with
fluorescamine and chromatographed.

RESULTS

The retention times of the fluorescamine-Iabeled kinins chromatographed in
nanogram quantities were found to be for bradykinin 10.1 ± 0 min (n = 15),
Lys-bradykinin 23.3 ± 0 min (n = 22) and Met-Lys-bradykinin 25.1 ± 0 min
(n = 15) (Fig. 1B). The retention times of native kinins chromatographed in
microgram quantities were found to be for Lys-bradykinin 11.0 ± 0.2 min
(n = 16), bradykinin 21.7 ± 0.2 min (n = 16) and Met-Lys-bradykinin 25.1 ± 1
min = 0.1 (n = 16) (Fig. 1A).

The fluorescent peaks of the fluorescamine-Iabeled kinins were highly
symmetrical. Quantitation was carried out measuring the peak height of the
fluorescence signal and plotting it against the amount of kinin injected into the
column. The buffer blank did not give any fluorescence signal. As can be seen
in Fig. 2, the kinins exhibited different fluorescent sensitivities following
labeling with fluorescamine but all showed linearity in terms of fluorescence
versus concentration. Fluorescamine-Iabeled bradykinin could be detected at
minimal amounts of 2.5 ng applied to the column. Lys-bradykinin was detected
at a minimum of 5-ng quantitites and Met-Lys-bradykinin at 15-ng quantities.
Linearity was observed for concentrations at least 10-fold higher than the
minimum concentrations without altering the sensitivity of the fluorescence
detector. Quantitation of native kinins was carried out by measuring the
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Fig. 1. (A) Elution pattern of a native kinin mixture (2 J-lg each) on a reversed-phase HPLC
column. Kinins were eluted with a solvent system of 0.04 M triethylammonium formate
buffer, pH 4.4-acetonitrile (88: 12) at a flow-rate of 0.5 ml/min at ambient temperature.
Kinins were detected at 210 nm. (B) Elution pattern of a fluorescamine-Iabeled kinin
mixture (10 ng each) on a reversed-phase HPLC column. Labeled kinins were eluted with a
linear gradient of methanol from 20% to 100% over 30 min at a flow-rate of 0.5 ml/min at
ambient temperature. The fluorescence signal was detected at an excitation wavelength of
390 nm and an emission wavelength of 476 nm. Peaks: BK = bradykinin; L.BK = Lys-brady
kinin; M.L.BK = Met-Lys-bradykinin.
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TABLE I (continued)

Species** m/e (relative intensities)***MS M+
No.

Name*

58 72 86 98 100 113

++12 285
02 ·200
34 343
14 299
20 313
53 371

Prothipendyl
M (ring)
M (HO-)
M (bis-nor-)
M (nor-)
M (nor-HO-)

M
M
M
M
M
M

+++

+++

+

+

+
+
+

+

+
+
+
+

9 277
78 430

28 331
44 361
63 389

Sulforidazine
M (ring) M
M (nor-) R

Tetrabenazine
M (bis-desmethyl-) M
M (desmethyl-HO-) M
M (bis-desmethyl-HO-) M

84 445
05 233
29 332
70 401

Thiopropazate
M (ring)
M (amino-)
M (desalkyl-)

R
R
R
R +

+

++ ++

+++

+

Thioproperazine
15 306 M (ring) R

51 370
68 398
61 384

72 407
07 267
45 366
80 435

38 352
07 267
75 410
56 380
45 366
82 438

Thioridazine
M (nor-)
M (oxo-)

Trifluoperazine
M (ring)
M (amino-)
M (nor-)

Triflupromazine
M (ring)
M (HO-)
M (nor-)
M (bis-nor-)
M (nor-HO-)

M
M
M

R
R
R
R

R
R
R
R
R
R

+

+

+

+
+

+++

+++

+
+

+

+

+
+
+

+

+

+
+

+

+++

+++

+
+++

+

+

++

*M ( ) = metabolite, HO- = hydroxy
**M = man, R = rat.
*** +++ = > 95% relative intensity, ++ = 50-95%, + = < 50%.

excreted. Only perphenazine and its acetyl ester thiopropazate cannot be
differentiated.

The Cope elimination reaction of the N-oxides of chlorprothixene and
clopenthixol is the only kind of artifact which results from the analytical
procedure used (mass spectrum No.8).

Because all compounds possibly indicated by the mass fragmentograms can
be positively identified by comparison of the underlying mass spectra with
those of standards (Fig. 1), interferences by other drugs are impossible.
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To illustrate the method two mass fragmentograms from the urine of a
psychiatric patient are shown in Fig. 2. Peak 1 indicates thioridazine, peak 2 its
N-desmethyl metabolite and peak 3 its oxo metabolite (mass spectra Nos. 51,
68,61).

The presented screening procedure allows a rapid and exact identification
and differentiation of phenothiazine and analogous neuroleptics and their
metabolites in urine. It has the advantage that other groups of drugs can be
detected simultaneously by simply searching for typical fragment masses in the
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AN IMPROVED GAS CHROMATOGRAPHIC METHOD FOR THE
SIMULTANEOUS DETERMINATION OF CHLOROQUINE AND TWO
METABOLITES USING CAPILLARY COLUMNS

YNGVE BERGQVIST* and SOLVEIG ECKERBOM

Department of Clinical Chemistry, Falun Central Hospital, S-791 82 Falun (Sweden)

(First received June 30th, 1983; revised manuscript received October 11th, 1983)

SUMMARY

A gas chromatographic method for the simultaneous determination of therapeutic levels
of chloroquine, and the metabolites deethyl chloroquine and bideethyl chloroquine in
human whole blood, plasma and urine has been developed by use of the capillary column
technique. The analytes were extracted as bases with n-hexane-1-pentanol (90:10) and
re-extracted into an acidic aqueous phase. After a further extraction to a small volume of
chloroform, the substances were injected by the falling needle technique onto a fused-silica
capillary column followed by nitrogen-selective detection. Limits of determination using
2 ml of the sample were found to be 10 nmol/l (3 ng/ml) for chloroquine and deethyl
chloroquine and 30-40 nmol/l (10 ng/ml) for bideethyl chloroquine with a coefficient of
variation of < 15%. The precision of the method at the 100 nmol/l level was about 4%
(n = 8) for chloroquine.

INTRODUCTION

Chloroquine (CQ) is an antimalarial drug which is also used in the treatment
of rheumatoid arthritis. Methods based on liquid chromatography (LC) for
determination of CQ and its main metabolite deethyl chloroquine (CQM) in
human plasma, whole blood and urine were recently reported [1, 2]. An
alternative method with gas chromatography (GC) for the simultaneous deter
mination of CQ and CQM, with acylation of CQM to obtain a separation
between CQ and CQM on a packed column with OV-17 has been developed in
our laboratories [3]. With this method CQ and CQM could be determined
down to 100-200 nmol/I.

In this paper we describe a modification of the GC method which uses the
capillary column technique. CQ and CQM as well as the bideethyl metabolite
(CQMM) could be separated without derivatization. With split or splitless

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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SIMULTANEOUS DETERMINATION OF THE ENANTIOMERS OF
TOCAINIDE IN BLOOD PLASMA USING GAS-LIQUID
CHROMATOGRAPHY WITH ELECTRON-CAPTURE DETECTION

A.J. SEDMAN and J. GAL*

Departments of Medicine and Emergency Medicine, and Division of Clinical Pharmacology
and Toxicology, University of Colorado School of Medicine, Box C237, Denver, CO 80262
(U.S.A.)

(Received August 2nd, 1983)

SUMMARY

Tocainide is a new experimental antiarrhythmic agent used clinically as the racemic
mixture of two enantiomers. Since the optical isomers may differ in their efficacy and
toxicity, we have initiated studies on the stereoselective disposition of tocainide. For this
purpose, an assay was developed for the simultaneous determination of the enantiomers of
tocainide in blood plasma. Alkalinized 1-ml plasma samples containing tocainide and an
internal standard, 2-amino-2' ,6' -acetoxylidide, are extracted with ethyl acetate. The organic
extract is treated with the chiral reagent (S)-",-methoxy-",-trifluoromethylphenylacetyl
chloride, and the resulting derivatives are resolved and quantified by gas-liquid chromato
graphy with electron-capture detection. Calibration data were fitted by least-squares power
curves of the form: drug enantiomer/internal standard peak area ratio = A X CB where A
and B were constants and C was the concentration of tocainide enantiomer. The lower
limit of sensitivity of the assay was 10 ng/ml of each enantiomer. Intra-assay coefficients of
variation were 3.3 and 2.1% for (R)-(-)-tocainide at concentrations of 0.125 and 1.25
J.lg/ml, respectively, and 3.4 and 2.4% for the (S)-(+) enantiorner at the same concentrations.
Diazepam may interfere with the determination of (R)-(-)-tocainide if concentrations
smaller than 1 J.lg/ml of this enantiomer are measured in the presence of higher-than
therapeutic (> 1.5 J.lg/ml) concentrations of diazepam.

INTRODUCTION

Tocainide (2-amino-2' ,6' -propionoxylidide, TOC, Fig. 1), a primary-amine
analogue of lidocaine, is a new antiarrhythmic agent often useful in the treat
ment of life-threatening arrhythmias unresponsive to conventional therapy [1].
Unlike lidocaine, however, TOC is effective after oral administration. This
difference between the two drugs is the result of structural modification of

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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evaporated at reduced pressure, and the solid obtained was dissolved in 50 ml
dry diethyl ether. Hydrogen chloride gas was bubbled through the solution
until the precipitation of GX hydrochloride ceased. The precipitate was filtered
and washed with diethyl ether. The yield was 53%. GX free base was prepared
by extracting an alkalinized (pH 14) aqueous solution of the hydrochloride
with dichloromethane. Evaporation of the organic solvent gave a colorless solid,
m.p. 77-S0°C (literature value [6] m.p. 78-S0°C).

(R,S)-TOC free base was similarly obtained from the hydrochloride and had
a m.p. of 55-56°C.

Working solutions
Human plasma samples containing racemic TOC at several concentrations

were prepared by appropriate dilutions of an aqueous stock standard solution
containing TOC hydrochloride at 1.0 mg/ml free base concentration. GX
hydrochloride was dissolved in distilled water to give a free base concentration
of 16.6 pg/mI. (S)-MTPA-CI was dissolved in ethyl acetate to give a concentra
tion of 1 mg/mI.

Chromatography
A Hewlett-Packard (Avondale, PA, U.S.A.) Model 5736A gas chromatograph

equipped with a 63Ni electron-capture detector was used. The stationary phase
was 3% SP 2250-DA on 100-120 mesh Supelcoport (Supelco, Bellefonte, PA,
U.S.A.) contained in a 2 m X 2 mm J.D. glass column. Oven temperature was
255° C, injector temperature 300° C, and detector temperature 350° C. The
carrier gas was nitrogen at a flow-rate of 30 ml/min.

Assay procedure
The sample, 1.0 ml, was placed in a 12-ml conical glass centrifuge tube and

50 pI of the internal standard GX solution, 1.5 ml ethyl acetate, and ca. 200 mg
of a 4: 1 mixture of sodium chloride and sodium carbonate were added. The
mixture was swirl-mixed (vortex) for 60 sec, followed by centrifugation at 500
g for 5 min. The upper organic layer was transferred to a 12-ml screw-cap glass
centrifuge tube and 10 pI of pyridine and 50 pI of the (S)-MTPA-Cl solution
were added. The tube was tightly capped, swirl-mixed for 5 sec, and placed in
a water bath at 70° C for 30 min. The tUbe was then cooled in an ice bath for
5 min, and 1 ml of 1 M hydrochloric acid was added. The mixture was swirl
mixed for 30 sec, followed by centrifugation for 30 sec. The organic layer was
transferred to a 5-ml centrifuge tube, and 1 ml of 15% sodium carbonate
solution was added. The mixture was swirl-mixed for 30 sec, and centrifuged
for 30 sec. The organic layer was transferred to a 5-ml conical glass tube and
evaporated to dryness at 50--60° C under a stream of nitrogen. The residue was
stored at -20° C, and reconstituted with 100 pI of ethyl acetate immediately
before gas-liquid chromatographic (GLC) analysis. Injection volumes were
0.5--6 pI.

Stability of derivatives
A 1-ml sample of water containing 50 pg of TOC was added to 100 pi of an

aqueous solution containing 166 pg of GX and the mixture was processed
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TABLE III

REPRODUCIBILITY AND ACCURACY OF 5-ISOSORBIDE MONONITRATE ASSAY

Spiked
value
(ng/ml)

Within-day
10
25
25
50

100
100
200
250
250

Day-to-day
25
50

200

Number
of
samples

5
10

5
5

10
7

10
7
5

5
5
5

Assayed value
(ng/ml)
(mean ± S.D.)

9.3 ± 0.5
24.9 ± 1.4
22.8 ± 0.7
51.5 ± 1.7

lOlA ± 3.9
108.5 ± 7.1
197.7 ± 6.3
242.6 ± 3.2
246.5 ± 2.8

22.5 ± 0.9
49.1 ± 2.5

205.3 ± 5.9

Coefficient of
variation
(%)

5.3
5.6
3.0
3.3
3.8
6.5
3.2
1.3
1.1

4.0
5.1
2.9

Extraction yield
Extraction yield was evaluated as follows (Table IV). Internal standards were

added to ten plasma samples as described above. Of these, seven were spiked
with ISDN, 2-ISMN and 5-ISMN before extraction and three received the three
organic nitrates just before evaporation. Extraction yield was calculated as the
ratio of mean peak height ratio (PHR) of the seven plasma samples over mean
PHR of the three samples. It should be noted that a similar recovery (around
90%) was obtained for each of the isosorbide nitrates.

TABLE IV

EXTRACTION YIELD OF ISDN, 2-ISMN AND 5-ISMN FROM SPIKED PLASMA SAMPLES

ISDN 2-ISMN 5-ISMN

Spiked Number Extraction Spiked Number Extraction Spiked Number Extraction
value of yield value of yield value of yield
(ng/ml) samples (%) (ng/ml) samples (%) (ng/ml) samples (%)

2 7 92.0 5 7 9004 25 7 89.9
10 7 91.7 10 7 89.8 100 7 87.8
20 7 92.6 40 7 90.5 250 7 92.6

Chromatography
Typical chromatograms of healthy subjects receiving a single oral dose of a

40 mg sustained release form of ISDN are shown in Fig. 1. Retention times of
ISDN and IMDN were 5.5 and 7.6 min, respectively, and 2.6,5.0 and 7.1 min
for 2-ISMN, lIMN and 5-ISMN, respectively.
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Fig. 2. Plasma ISDN, 2-ISMN and 5-ISMN concentration-time curves in a healthy subject
(REV.) following a single oral dose of a 40 mg sustained release form (Langoran® 40 mg,
Merrell).

procedure permits a high extraction yield (90% and over) for the three ISN
molecules with only a 1.0 ml plasma sample. The specific quantitation of the
mononitrate derivatives has been performed eliminating significantly the
endogenous interferences. Furthermore, this method is very sensitive, specific,
and reproducible, and the determination of the unmetabolized drug and its
metabolites allows a study of the kinetic behaviour of this vasodilating drug.
In addition, it should be noted that this technique can be used routinely and
15-20 plasma samples can be easily analyzed every day.
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SUMMARY

A rapid and sensitive gas chromatographic method is described for the determination of
cocaine in plasma. A close structural analogue of cocaine, m-toluylecgonine methyl ester,
is used as an internal standard. The simplicity of the extraction scheme and the use of an
automatic sampler makes the method convenient for large numbers of samples generated in
pharmacokinetic studies.

INTRODUCTION

Despite the interest in cocaine, both as a drug of abuse and as a useful local
anesthetic, relatively little is known about its pharmacokinetics and metabolism
in humans. This is in part because until recently sufficiently sensitive methods
[1] for cocaine determination in biological fluids have been lacking.

In studies of cocaine pharmacokinetics in humans, we required a method of
quantitation suitable for large numbers of samples and sensitive enough to
measure plasma concentrations several hours after a single dose. Published
methods with adequate sensitivity for plasma include gas chromatography (GC)
with nitrogen-phosphorus [2, 3] or electron-capture [4] detection and gas
chromatography-mass spectrometry (GC-MS) [1, 5]. GC-MS is a highly
selective, sensitive technique; however, the expensive instrumentation and
highly trained personnel required are serious drawbacks for routine applica
tions. High-performancce liquid chromatography [6-81 has been used for the
quantitation of cocaine in biological fluids, but the sensitivity is inadequate for
low concentrations in small plasma samples.

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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Fig. 1. Chromatogram of authentic components in 3% BSA. Peaks: 0 = injection; 1 = theo
bromine; 2 = paraxanthine; 3 = theophylline; 4 = i'-hydroxyethyltheophylline (internal
standard); 5 = caffeine.

Fig. 2. Chromatogram of extracted xanthine-free plasma obtained from an adult female
volunteer after abstaining from caffeine-containing beverages for five days. Peaks: 0 =
injection.

Fig. 3. Chromatogram of a typical extracted cord plasma sample obtained at delivery.
Peaks: 0 = injection; 1 = theobromine; 2 = paraxanthine; 3 = theophylline; 4 = i'-hydroxy
ethyltheophylline (internal standard); 5 = caffeine.

The adoption of 3% BSA as an alternative to plasma for calibration, recovery
and storage studies was based on results (previously unpublished) obtained
from comparisons using theophylline.

Theophyllipe was extracted from both plasma and 3% BSA at concentrations
of 5 and 40 I1g/ml. Recoveries of 91.85% and 93.01% with coefficients of
variation (C.V.) of 9.66% and 6.85% were obtained for the low and high
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Fig. 5. Frequency distribution of cord plasma concentrations of caffeine and its
N-demethylated metabolites among 113 unselected patients at delivery.

Maternity Hospital (Leeds, U.K.). The mean cord plasma concentrations were
found to be 2.85, 0.29, 1.05, 0.67 and 5.15 pgjml for caffeine, theophylline,
theobromine, paraxanthine and total (caffeine + dimethylxanthines),
respectively. These are summarised in Table III and the frequency distribution
graphs for the individual components along with total levels are illustrated in

Fig. 5.
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Analysis of urinary paracetamol metabolites by ion suppression HPLC
The direct application of the ion suppression system devised for MBondapak

CIS columns [1] to a Rad-Pak A column gave a different result (Fig. 2).
8ulphates eluted early resulting in poor resolution of paracetamol metabolites.
Addition of TEA, as recommended by the manufacturers, increased sulphate
retentions (Fig. 3) presumably by an ion-pair reaction while other compounds
eluted earlier since active adsorption sites on the column were now masked.
Resolution was still not acceptable since paracetamol glucuronide (G) and
paracetamol sulphate (8) were too close together, a criticism of earlier ion sup
pression methods, and 3-thiomethylparacetamol sulphate (38Me8) and
hippuric acid (HA) were unresolved. Variation of the three parameters, pH,
methanol concentration and TEA concentration, enabled a wide range of

I

I

I
I
I
\HA

I

I

I
1

M

I II
I I I

J\ J \~

\ \

" 0.01
10

10 min

Fig. 3. The effect of 0.005 M TEA on ion suppression HPLC of paracetamol metabolites.
Eluent, 0.005 M TEA, 15% methanol in 0.05 M potassium phosphate buffer, pH 2.3; flow
rate, 4 ml/min; detector 254 nm at two sensitivities as indicated. For peak identification see
Fig. 2.
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Fig. 4. Effect of pH on the selectivity of the separation of paracetamol metabolites by ion
suppression HPLC on a Rad-Pak A column. Eluent, 0.005 M TEA, 15% methanol in 0.05 M
potassium phosphate buffer, pH varied; flow-rate, 4 ml/min. For abbreviations see Fig. 2;
PSG = paracetamol glutathione conjugate.

separation alternatives. Increasing methanol concentration past 15% was
unfavourable since all metabolites eluted too quickly. Therefore it was more
profitable to adjust pH and TEA concentration.

The effect of changing pH on a relatively new column is shown in Fig. 4
where it is noted that sulphates behave differently to the other metabolites.
A TEA concentration of 0.005 M (0.07%) pH 3.2 was chosen as optimum.

A number of urine samples containing different proportions of various
metabolites were run in this system so that detailed information on retention
times could be obtained. These are tabulated in Table III. Metabolites of
3-thiomethylparacetamol were obtained from animals administered the parent
compound [5] and the same metabolites were observed in animals induced
with 3-methylcholanthrene and receiving high doses of paracetamol.
Metabolites of 3-methoxyparacetamol were likewise obtained by the
administration of the parent compound to Sprague-Dawley rats. The presence
of these metabolites was noted in a sample of human urine obtained from a
patient with analgesic nephropathy (Fig. 5a). The levels of 3-methoxypara-
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TABLE V

CONCOMITANT MEDICATIONS TAKEN BY HEART PATIENTS THAT SHOW NO
INTERFERENCE WITH THE HPLC ASSAY

Chlorthalidone
Clonidine • HCI
Digitalis
Digoxin
Furosemide
Gantanol
Hydralazine
Hydrochlorothiazide

Isosorbide dinitrate
Methyldopa
Nitroglycerin
Phenazopyridine
Synthroid
Tolinase
Zomepirac sodium

Analysis of plasma from laboratory animals such as dogs and rats also showed
the same levels of precision and accuracy.

Stability and interferences
Comparison of freshly prepared plasma standards with those prepared and

kept frozen at -200 C showed no significant variations through a period of six
months.

Control plasma samples were obtained from heart patients before they
received therapy with 1. Even though these patients, as a group, were receiving
the concomitant medications listed in Table V, there were no substances
present in the control samples that showed any potential interference with the
analysis of.I, II or the internal standard.

CONCLUSION

In conclusion, the validity of the HPLC method to simultaneously measure
plasma concentrations of I and its sulfoxide metabolite was demonstrated. The
sulfoxide metabolite present in human plasma was also detected in plasma and
urine of other species such as rat and dog. Hence, oxidation of the sulfur atom
in the molecule appears to be a common and important metabolic pathway of
this compound.
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SUMMARY

Oxidation of lidocaine and its principal metabolites, monoethylglycine xylidide and
glycine xylidide, at glassy carbon electrodes was employed to permit electrochemical
detection of these compounds following separation by high-performance liquid chromato
graphy. The absolute detection limits found for these compounds were 2 ng, 5 ng, and 4 ng
injected, respectively. The resulting assay was suitable for the routine quantitation of
lidocaine and these metabolites in blood serum over the entire therapeutic range, 1-6
}lg/ml. Total analysis time is 10-15 min.

INTRODUCTION

Lidocaine (Fig. 1) belongs to a group of aromatic amides widely used as local
anesthetics. Lidocaine also possesses antiarrhythmic properties and is
frequently used as a therapeutic agent in the treatment of cardiac disorders.
For lidocaine to be effective in this latter capacity, it is necessary to achieve
blood serum levels of 1-6 tl g/ml [1, 2]. Below this range, the drug is ineffec
tive, whereas serum levels greater than 6 tlg/ml produce toxic effects. Two of
its metabolites, monoethylglycine xylidide (MEGX) and glycine xylidide (GX)
(Fig. 1), also possess antiarrhythmic activity and/or central nervous system

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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Fig.!. Structural formulae of (la) nicotine; (lb) nornicotine; (2) cotinine; (3) N-methyl-5'
oxonicotinium; (4) N-methylnicotinium; (5) N' -methylnicotinium; (6) N,N' -dimethyl
nicotinium; and (7) nicotine-l' -oxide.

marked change in physico-chemical properties such as charge, solubility and
basicity, such metabolites could be of pharmacological and toxicological
importance. In this respect it is surprising that relatively little attention has
been focused on the in vivo methylation of nicotine and its relevance to the
toxicology of tobacco products.

Biological methylation of nicotine could potentially give rise to a number of
N-methylated products (Fig. 1) Le. N-methylnicotinium (4), N-methyl-5'
oxonicotinium (3), N'-methylnicotinium (5) and N,N'-dimethylnicotinium (6)
ions; of these, ions 3 and 4 have already been determined as nicotine metab
olites in the dog [13]. However, no quaternary ammonium metabolites of
nicotine have been isolated bearing a N' ,N'-dimethylpyrrolidinium grouping,
although a number of endogenous aliphatic tertiary amines are known to be
substrates for methyltransferases that convert them into quaternary ammonium
compounds [14, 15]. In order to determine the relative importance of
N-methylation as a biotransformation route for nicotine, we have carried out in
vivo metabolic studies with [2'_14C] nicotine in the guinea pig. Urinary nicotine
metabolites have been analyzed by an analytical procedure which allows the
simultaneous determination of seven potential in vivo metabolites of nicotine,
including four methylated nicotine derivatives, by cation-exchange high-per
formance liquid chromatography (HPLC). The details of this analytical
procedure are described in this paper.
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K2 (20)' There was a baseline separation between all four compounds. Cis- and
trans-isomers of vitamin K[ could not be separated under our experimental
conditions. The retention time of the vitamin K2 (20) peak, which was eluted
last, was about 12 min. Since cooling down of the oven from 285°C to injection
temperature of 80°C takes about 6-8 min, repeated injections could be per
formed at 20-30-min intervals. The vitamin K2 (20) peak showed a small "shoul
der" at the end of the peak (Fig. 1,*). This was probably due to an unknown
impurity or to an incomplete separation of a minor amount of the cis- or
trans-isomer of vitamin K2 (20)' Since the isomers of vitamin K2 (20) were not
available this phenomenon could not be checked. When the trans-vitamin K[
2,3-epoxide was injected it contained about 10% of its cis-isomer. The com
mercial available Konakion solution consisted of about 95% of vitamin K[ and
5% of trans-vitamin K[ 2,3-epoxide.

3 2 1
4 \ 1/
\
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--- 285·C

!~i, ~
--...1..- 6 ----+80·C-

I
15
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Minutes
Fig. 1. Chromatograms after splitless injection of 1 ILl of n-heptane containing trans- and
cis-vitamin K, 2,3-epoxide, racemic vitamin K, and racemic vitamin Kz(zo) (menaquinone 4),
2 ng of each. Peak 1 = trans-vitamin K, 2,3-epoxide; peak 2 = cis-vitamin K, 2,3-epoxide;
peak 3 = racemic vitamin K,; peak 4 = racemic vitamin Kz(zo) (* = resolution of an im
purity which could be the cis- or trans-isomer of vitamin Kz(zo)' Injection (.) was done at
an oven temperature of 80°C with the closed splitter. The splitter was opened after 40 s
(split ratio 1:50) and the oven was heated up at maximal heating rate (,,) to final tempera
ture of 285°C. This temperature was reached at about 5-6 min after injection.

Examples of chromatograms from plasma extracts of blank plasma and
plasma to which 15 ngjml vitamin K[ and 15 ngjml trans-vitamin K[ 2,3
epoxide were added are shown in Fig. 2A. The cis-vitamin K[ epoxide peak
which resulted from an impurity of the added trans-vitamin K[ 2,3-epoxide
appeared even visible between the K[ and K[ epoxide peak in the chromato
gram (* in Fig. 2A). No endogenous material in the blank plasma of ten healthy
subjects and patients interfered with either vitamin Kl> cis- or trans-vitamin
K[ epoxide or vitamin K2 (20) signals (Fig. 2B).

The calibration curves for vitamin K[ and trans-vitamin K[ 2,3-epoxide were
linear up to concentrations of 200 ngjml when OA-ml plasma samples were
extracted, and passed through the origin (r > 0.98; intercept at the y-axis <
0.01). The lower limit of quantitative detection of vitamin K[ and vitamin
K[ 2,3-epoxide was about 5 ngjml in plasma. This limit of detection in plasma
was due to the fact that plasma extracts must be diluted by a factor of 1:40











































































372

numbers of samples and also for the determination of a-tocopherol in samples
of limited size, such as RBC from mice.

EXPERIMENTAL

Materials
a-Tocopherol, -y-tocopherol and a-tocopheryl acetate were the generous gift

of Hoffmann-La Roche (Nutley, NJ, U.S.A.). a-Tocopheryl quinone was from
lCN Chemicals (Cleveland, OH, U.S.A.). Cholesterol was from Fisher Scientific
(Philadelphia, PA, U.S.A.).

Red cells and plasma were obtained from subjects receiving medical care at
Mount Sinai Medical Center with informed consent and institutional approval
of the research protocol. Blood samples from Swiss-Webster mice were obtained
from animals maintained on a standard laboratory diet.

High-performance liquid chromatography
The chromatograph was a Hewlett-Packard Model 1084B, equipped with a

programmable, variable-wavelength detector with stopped-flow scan capability,
and with an autosampler and integrator. The column was a 25 cm X 4.6 mm
LD. ODS reversible (5-J.lm particle size) from Regis Chemical (Morton Grove,
lL, U.S.A.). A 5 cm X 4.6 mm I.D. guard column packed with Pelliguard LC-18
from Supelco (Bellefonte, PA, U.S.A.) was attached before the analytical
column. Elution was performed with methanol-water (96:4) at a flow-rate of
1.05 ml/min, at 30° C. The eluent was monitored at 265 nm for a-tocopheryl
quinone, at 292 nm for 13- + -y-tocopherol, a-tocopherol, and a-tocopheryl
acetate, and at 215 nm for cholesterol.

Sample preparation
Whole blood samples were drawn in heparinized, evacuated tubes (Becton

Dickinson, Rutherford, NJ, U.S.A.).
Red blood cells. The separated red cells were washed with 0.9% saline and

brought to a measured hematocrit with 0.9% saline-0.5% pyrogallol. Two
milliliters of a methanol solution containing internal standard (a-tocopheryl
acetate) and 1.0% pyrogallol were added to 1 ml of the RBC suspension and
this mixture was extracted with pesticide grade petroleum ether. The
petroleum ether layer was evaporated to dryness with nitrogen; the residue was
dissolved in methanol-ethanol (80:20) and an aliquot injected onto the HPLC.

Plasma. This procedure is derived from that of De Leenheer et al. [10]. A
methanol solution containing internal standard (a-tocopheryl acetate) was
added to an equal volume of plasma and the mixture extracted with petroleum
ether. The petroleum ether layer was then treated as described above.

Quantification
Cholesterol, a-tocopherol, and the sum of 13- + -y-tocopherol were quantified

from a standard curve of their peak height ratios versus a-tocopheryl acetate.
A linear relationship was found between the peak height ratios (standard/inter
nal standard) and the concentration ratios (standard/internal standard) for
each of the compounds. No detectable a-tocopherol was formed from the
internal standard during the extraction.
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METHODS

Analytical
All chemicals were the highest grade commercially available. They were

purchased from E. Merck (Darmstadt, F.R.G.) except for the lithium citrate
sample dilution buffer which was bought from Pierce (Rotterdam, The
Netherlands). -y-Vinyl GABA was synthesized in our centre [1].

The amino acid analyzer was a Liquimat II (Kontron, Paris, France) having
two 4-mm LD. glass columns filled with DC-6 resin (Durrum, Palo Alto, CA,
U.S.A.) to a bed height of 30 cm. Automatic valve-switching ensured that
the samples were injected on to alternate columns and the effluent of the
analysis column was directed to the fluorimeter. A fluoromonitor (American
Instrument, Silver Spring, MD, U.S.A.) was used as detector, after changing the
light source to a pen-ray lamp (11 LSC - 1 L, Ultra-Violet Products, San
Gabriel, CA, U.S.A.). A Coming Glass 7-51 filter was fitted for excitation (340
nm) and a Wratten 2A filter for emission (440 nm). Samples were injected
automatically by an APE-100 (Kontron) equipped with a 100-111 loop.

Separation was made with a single buffer of high molarity (lithium citrate,
0.668 M lithium, adjusted to pH 4.6 with hydrochloric acid) to elute -y-vinyl
GABA rapidly. Buffer flow was 25 ml/h and the column temperature was
45°C. -y-Vinyl GABA eluted after 45 min. Regeneration of the column was
carried out after each analysis by pumping lithium hydroxide (0.3 M) for 16
min.

Derivative formation with the o-phthalaldehyde (OPA) reagent (17 ml/h)
was achieved by using a simple "T" to mix the reagent and eluting buffer
before passing to the fluorimeter. A reaction coil between the "T" and the
fluorimeter was found to have little influence on the fluorescence of the amino
acids when using these high buffer flow-rates. The OPA reagent consisted of
200 mg of OPA dissolved in 3 ml of methanol added to 11 of 0.4 M (pH 10.4)
potassium borate solution containing 3 ml of Brij and 1 ml of mercaptoethanol.
The injection of samples alternately on to two columns in a manner similar to
previously reported [6] shortened the analysis time.

Human plasma samples were mixed with 0.5 volume of 20% trichloroacetic
acid, allowed to stand for 30 min at 0° C and then centrifuged for 2 min in an
eppendorf 3200 centrifuge. The supernatant was then injected directly, or
further diluted with lithium citrate sample dilution buffer (0.2 M, pH 2.2) as
required.

Urine was collected in polyethylene bottles to which 1 ml of 6 M hydro
chloric acid was added. An aliquot (1 ml) was mixed with 250 III of trichloro
acetic acid (20%), allowed to stand as before to precipitate any proteins, and
then centrifuged. The supernatant (200-500 Ill) was further diluted to 10 ml
with sample dilution buffer, before injection on the column.

Measurements
Sample volumes of 100 III were injected and areas compared with previously

injected reference solutions. Fluorescence was linear over the range 0.2-5
nmol of -y-vinyl GABA injected. When -y-vinyl GABA was added to drug-free
plasma and carried through the procedure the recoveries ± S.E.M. for additions
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of pOH-AMPH to blank samples of whole brain and analysing the samples
according to the procedure described. The recovery rates by the present
butanol extraction from brain samples, after adjusting for solvent loss, were
estimated as 85 ± 2% and 75 ± 4% for pOH-AMPH and isoproterenol, the
internal standard, respectively. The coefficient of variation was also estimated
to be about 4% for both substances. The quantitation was based on peak
heights of the resulting chromatogram. Ratios of the peak heights for the pOH
AMPH and the internal standard were compared for samples and standards
taken through the entire extraction procedure. By this procedure, ratios of
pOH-AMPH and the internal standard varied linearly with the amounts of the
drug added in a range between 500 pg and 100 ng. This made it possible to
calculate the concentration from simple measurement of the ratio.

The intracerebral concentration of the pOH-AMPH was estimated at 38 ±
9 ng per g wet tissue at 1 h after intraperitoneal injection of 10 mgjkg. This
value was lower than that of other central-acting drugs (for example,
morphine: 205 ngjg) [10]. This may be because the substance is interfered
with in penetrating into the central nervous system at blood-brain barrier.
However, even these low concentrations may be sufficient to contribute to the
pharmacological effect of the drug L11] .

The present study offers a simple and sensitive procedure for measuring the
intracerebral concentration of pOH-AMPH. The method involves butanol
extraction and quantification by HPLC with electrochemical detection. The
sensitivity of the proposed procedure is comparable to that of gas chromato
graphy [6].
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compression sepal=ation system with a Radial-Pak 10-~m CN cartridge and
Guard-Pak 10-~m CN precolumn insert, and Model 450 variable-wavelength
detector set at 204 nm. D-Tubocurarine and metocurine were eluted isocratical
ly at ambient temperature and at 2.4 ml/min with an acetonitrile--methanol
water-1.0 mol/l dibutylamine phosphate (pH 2.5) (40: 10: 10: 1) mobile
phase that had been filtered through a O.22-~m Durapore Filter (Waters Assoc.).
The chromatograms were recorded, the peaks were identified and integrated,
and concentrations were reported on the basis of the internal standard area
ratio method by the 3390A Reporting Integrator (Hewlett-Packard, Avondale,
PA, U.S.A.).

Evaluation of the methods
The linearity, accuracy, and precision of the assays were assessed by the mea

surement of the D-tubocurarine chloride or the metocurine iodide concentra-

A B C

Fig. 1. Chromatograms of D-tubocurarine chloride (T) extracted with the internal standard,
metocurine iodide (M), 1000 ng/ml. The ordinate is response and the abscissa is min. The re
tention times for the peaks are indicated on the chromatograms. A, blank plasma; B, plasma
standard with 25.0 ng/ml D-tubocurarine chloride; C, plasma of a patient obtained 5 min
after the administration of 0.5 mg/kg D-tubocurarine chloride.

TABLE I

ACCURACY AND PRECISION FOR THE PLASMA D-TUBOCURARINE CHLORIDE
ASSAY (n = 8)

D-Tubocurarine D-Tubocurarine Mean error Relative error C.V.
chloride added chloride measured (ng/ml) (%) (%)
(ng/ml) (ng/ml)*

25 25.0 ± 2.0 0.0 0.0 7.9
50 50.0 ± 2.4 0.0 0.0 4.8

100 98.0 ± 4.6 2.0 2.0 4.7
250 252.8 ± 9.4 2.8 1.1 3.7
500 488.7 ± 18.7 11.3 2.3 3.8

1000 993.3 ± 41.9 6.7 0.7 4.2
2500 2488.6 ± 86.9 11.4 0.5 3.5
5000 4992.5 ± 171.7 7.5 0.2 3.4

*Mean ± S.D.
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Fig. 4. Plasma metocurine iodide versus time relationship after the administration of 0.3 mg/
kg to a 90-kg 50-year old male for surgical muscle relaxation. The solid line is a computer
derived non-linear least squares regression line through the actual patient points.

D-tubocurarine chloride and 78.8, 76.8, and 75.2%, respectively, for meto
curine iodide.

Plasma D-tubocurarine chloride concentration and plasma metocurine iodide
concentration versus time relationships in the two patients are illustrated in
Figs. 3 and 4, respectively. The present HPLC techniques for the measurement
of these two drugs are, therefore, able to accurately and easily measure the
plasma concentrations of these two drugs for at least 12 h after the administra
tion of the normal clinical doses.
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c

Fig. 2. Chromatogram of whole blood extract containing 50 ng racemic propranolol per ml.
Peaks: A = oxazolidone corresponding to I-propranolol; B = oxazolidone corresponding to
d-propranolol; C = oxazolidone corresponding to dl-pronethalol.

\

\
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B

Fig. 3. Chromatograms of whole blood extract from (I) subject before administration of
racemic propranolol; and (II) subject 2.5 h after administration of an 80-mg dose of racemic
propranolol. Peaks: A = oxazolidone corresponding to I-propranolol; B = oxazolidone cor
responding to d-propranolol; C = oxazolidone corresponding to dl-pronethalol.
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whole blood sample containing 50 ng racemic propranolol per ml (compounds
A and B) and 2 fJ.g racemic pronethalol per ml (compound C) is reproduced in
Fig. 2. Standard curves in whole blood were prepared over a concentration
range of 0.5 to 100 ng/ml.

The efficiency and reproducibility of the assay were investigated. The extrac
tion efficiency is greater than 99%. This was also reported by Hermansson [6] .
The intra-day coefficients of variation (C.V.) (n = 6) at 50 ng/ml are 4.3%
for the d-isomer and 5.2% for the i-isomer. The inter-day C.V. (n = 5) is 5.4%
for both isomers at 50 ng/ml. The signal:noise ratio at 0.5 ng/ml is 11.3. During
a two-week period of storage at room temperature, no degradation was
detected in a solution of the pronethalol and propranolol derivatives in the
mobile phase.

A human volunteer was dosed with 80 mg of racemic propranolol
hydrochloride and blood samples were collected at 0.5, 1.0, 2.0, 2.5, 4, 6, 8
and 12 h after dosage administration. Chromatograms of the whole blood
extract (blank) obtained from the subject before and 2.5 h after dosage
administration are shown in Fig. 3, I and II, respectively. The
blood-concentration curves for the propranolol enantiomers are presented in
Fig. 4. These results are similar to those obtained by other investigators [14,
15] .
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Fig. 4. Blood concentration-time curve for d- (*) and [-propranolol (0) after dosing of one
subject.

CONCLUSION

The reaction of propranolol and phosgene produces a rigid oxazolidone ring
system. The cyclization proceeds without racemization and the resulting
enantiomers can be directly resolved by HPLC using a commercially available
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cis-Diamminedichloroplatinum(II) (CDDP) has proven efficacy in the treat
ment of germinal neoplasms of the testes, advanced ovarian carcinoma, and
head and neck cancer [1]. Several platinum containing fractions have been
identified in plasma soon after intravenous administration of CDDP: intact
parent drug which is detectable for 3-4 h after administration [2], an ultra
filterable fraction (MW < 50,000) containing 75% CDDP which is detectable
for a similar length of time [2] and a bound fraction which persists in plasma
for several days [3]. Ultrafilterable platinum appears to represent biologically
active platinum in plasma [4] and should therefore be quantitated in preference
to total platinum which contains a bound platinum fraction lacking cytotoxic
activity [5, 6] .

Cisplatin has been measured specifically in plasma ultrafiltrate using a com
bination of high-performance liquid chromatography (HPLC) and flameless
atomic absorption spectrophotometry (FAAS) [2, 7] with limits of detection
of 50-100 ng/ml. A more sensitive HPLC method employing electrochemical
detection has also been reported [8] and has considerable potential but has not
been applied to patient samples. Total ultrafilterable and total plasma platinum
have been quantitated by FAAS [2,3,7] and again the limits of detection were
approximately 50-100 ng/ml. In order to study the pharmacokinetics of ultra
filterable platinum in patients receiving continuous infusion 20 mg/m2 CDDP

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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daily for five days an assay with greater sensitivity was required. Bannister et al.
[9] and Borch et al. [10] have quantitated total platinum in urine by HPLC
using precolumn derivatization with diethyldithiocarbamate (DDC). This
general approach was adapted in the present study to the assay of total platinum
in plasma ultrafiltrate and provided an assay with greatly improved sensitivity.

MATERIALS AND METHODS

Reagents and materials
All reagents were analytical grade and aqueous solutions were prepared using

glass-distilled water. Chloroform was HPLC grade from Burdick and Jackson
Labs. (Muskegon, MI, U.S.A.) and was checked for interfering peaks before use.
Heptane and isopropanol were HPLC grade (Omnisolv) from MCB Reagents,
E.M. Science (Gibbstown, NJ, U.S.A.). Diethyldithiocarbamate (DDC) was ob
tained from Sigma (St. Louis, MO, U.S.A.), stored at -20°C and a 10% solution
(w/v) in 0.1 M sodium hydroxide made fresh daily. cis-Diamminedichloroplat
inum(II) (CDDP) was obtained from Johnson Matthey Research Centre (Read
ing, U.K.) and palladium chloride and Triton X-100 (octylphenoxypolyethoxy
ethanol) from Sigma. The DDC adduct of CDDP was synthesized and recrystal
lized according to the method of Bannister et al. [9].

Standards
Stock solutions of CDDP and the internal standard palladium chloride (1

mg/ml) were prepared in saline with the aid of 1 or 2 drops of concentrated
hydrochloric acid and stored at4°C in glass vials with PTFE-lined caps. The
CDDP solution was diluted with sterile saline to provide standard solutions
ranging from 50 to 10,000 ng/ml, stored at 4°C in glass and prepared fresh
weekly. A working internal standard solution of palladium chloride (10 J,Lg/ml)
was prepared in saline and stored indefinitely at 4°C.

Plasma ultrafiltrate
Blood (6-10 ml) was collected into tubes containing EDTA (60 mg), kept

in ice and centrifuged as soon as possible. Plasma was removed and stored at
-20°C. Plasma ultrafiltrate was obtained from 100-2000 J,LI of plasma using
MW 50,000 cut-off ultrafiltration cones (CF-50A Centriflo from Amicon,
Lexington, MA, U.S.A.) by centrifuging at 1000 g for 30 min at 21°C. Ultra
filtrate was immediately frozen and stored at -20°C to await analysis.

Flameless atomic absorption spectrophotometric assay
Ultrafiltrate, plasma or red blood cells were diluted with an equal volume of

0.25% Triton X-100 in 500-J,LI autosampler tubes and 20 J,LI injected automatical
ly using a Perkin-Elmer AS-40 autosampler into a Perkin-Elmer-Zeenan graphite
furnace atomic absorption spectrophotometer, Model 5000. A pyrolytically
coated graphite rod was used and the platinum 265.95 line monitored. The
program used consisted of drying at HO°C for 20 sec (ramp rate = 10 sec) and
at 160°C for'10 sec (ramp rate = 10 sec), ashing at 1400°C for 10 sec (ramp
rate = 25 sec) and atomizing at 2700°C for 6 sec (maximum ramp rate). Purge
gas flow-rate was normally 300 ml/min, but changed to 20 ml/min at atomiza-





420

four 1-ml lots of plasma through CF 50A cones. The ultrafiltrate was assayed
for platinum after derivatization as described above.

Time course of unbound platinum in blood and plasma at 37°C
Fresh blood (50 ml) was drawn from an arm vein into EDTA and separated

into two 25-ml lots. One of these was centrifuged, the plasma (10 ml) removed
and both plasma and the remaining blood sample incubated at 37°C. CDDP
(1 ~g/ml) was added to each and 2.5-ml samples of blood and 1.0-ml samples of
plasma removed 10, 20, 30, 60, 90, 120, 180 and 240 min after the addition.
Blood samples were centrifuged, the plasma removed and the cells kept. All
plasma samples (0.8 ml) were filtered by centrifugal ultrafiltration and the
ultrafiltrate (approximately 0.4 ml) collected and assayed for platinum by both
the HPLC and FAAS methods. Plasma and red blood cells were assayed for
platinum by FAAS only.

Pharmacokinetic study
A patient with diagnosed advanced germ cell cancer was administered an

intravenous 20 mg/m2 infusion of CDDP in saline over 24 h. Blood samples (6
ml) were collected into EDTA (60 mg) immediately before and 10, 20, 30, 40
min, 1, 1.5, 2, 2.5, 3, 6 and 12 h after commencing the infusion. Plasma was
assayed for platinum by FAAS and plasma ultrafiltrate assayed for platinum
by both HPLC and FAAS.

RESULTS AND DISCUSSION

The platinum and palladium DDC adducts eluted with retention times of
8.1 and 5.3 min, respectively. Chromatograms obtained for a standard mix and
for extracts of blank ultrafiltrate, an ultrafiltrate standard and plasma ultrafil
trate from a patient given CDDP (20 mg/m2

) are shown in Fig. 1. Intra-assay
coefficients of variation (C.V.) are shown in Table 1. Reproducibility of the
combined ultrafiltration-assay procedure was 7.3% at 1 ~g/ml CDDP for a mean
unbound platinum concentration of 0.605 ~g/ml. Standard curves were linear
over the concentration range 2.5-1000 ng/ml with r2 always greater than 0.98,
and recovery was not significantly different from 100%. The limit of detection
of the assay was 2.5 ng/ml for on-column injection of half the extract from 1
ml of ultrafiltrate.

It was noted that considerable loss of the extracted platinum DDC adduct
occurred when samples prepared for injection were left standing at room
temperature for 24 h. Attempts to inhibit the decomposition by washing the
chloroform layer with NaHS before drying were unsuccessful. However, sam
ples were completely stable for at least five days when stored at -20°C and
batches of 40 could be injected without significant loss over the period of in
jection.

A number of metal salts (Table II) were tested to find a suitable internal
standard with a retention time greater than that of platinum. The cobalt DDC
adduct had the longest retention time but was unsuitable because of variable
recovery in the presence of the anticoagulant EDTA.

Time courses of platinum concentrations in plasma and plasma ultrafiltrate
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TABLE II

RETENTION TIMES OF VARIOUS DDC-METAL ADDUCTS

Chromatographic conditions were identical to those described in the text.

Metal

Antimoqy
Beryllium
Cadmium
Cobalt(II)
Germanium
Gold(I)
Iron(II)
Iron(III)
Mercury(II)
Molybdenum
Nickel(II)
Palladium(I1)
Platinum(II)
Selenium
Silver
Strontium
Tungsten

Retention time (min)

3.6,4.0, 6.2

3.7
6.4

4.2
3.8
4.0
3.8

5.4
5.3
8.1

4.0

12
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Fig. 3. Time courses of platinum concentrations in plasma and plasma ultrafiltrate in a
patient given an intravenous infusion of CDDP (20 mg/m2

) over 24 h. (---) Total plati
num concentration in plasma measured by F AAS; (b------.fj. ) ultrafilterable platinum concen
tration in plasma measured by F AAS; (__) ultrafilterable platinum concentration in
plasma measured by HPLC.

following incubation of CDDP (1 tLg/ml) in blood and plasma at 37°C are
shown in Fig. 2. There was essentially no change in total plasma levels over the
duration of the experiment in either blood or plasma. Ultrafilterable platinum
levels declined with first-order kinetics and the half-life in blood was estimated
to be 56 min (r2 = 0.997) by HPLC and 63 min (r2 = 0.992) by FAAS. In plas
ma the half-life was 93 min (r2 = 0.988) by HPLC and 103 min (r2 = 0.923) by
FAAS. Although there was more variability in the FAAS procedure comparable
platinum levels in ultrafiltrate were obtained using HPLC and FAAS.

Time courses of total and ultrafilterable platinum in plasma in a patient in
fused CDDP (20 mg/m2 ) over 24 h are shown in Fig. 3. The HPLC and FAAS
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separations. Chromatograms were recorded on a Model R-02 chart recorder
(Rikadenki Kogyo, Tokyo, Japan).

Chromatography
The HPLC mobile phase was prepared by slowly adding 400 ml of acetonitrile

to 600 ml of rapidly stirred potassium dihydrogen orthophosphate solution
(0.1 M, previously adjusted to pH 3 with orthophosphoric acid). All HPLC
solvents were filtered (0.5 ilm, Millipore, Bedford, MA, U.S.A.) and degassed
before use. Reagent grade water (Milli-Q, Millipore) was used throughout.
The mobile phase was delivered at 1.5 mljmin and the detector set at 210 nm
with a 2-sec time constant. Chromatograms were recorded at a chart speed of
10 cmjh using a 10-mV input from the detector.

Extraction procedure
Two millilitres of serum were pipetted into 100 mm X 16 mm Kimax tubes

and vortexed for 10 sec with 0.1 ml of aqueous perchloric acid (1 M). Dichloro
methane (10 ml) containing 300 ng of internal standard was accurately
dispensed into the tubes which were capped (PTFE seals) and rotated at 24
rpm on a blood mixer for 10 min. The tubes were then centrifuged (850 g,
15 min); the upper (aqueous) phase was aspirated and the lower (organic)
phase filtered through 7-cm diameter Whatman IPS phase separators into 15-ml
glass centrifuge tubes.

The organic phase was evaporated to dryness at 35°C under reduced pressure
and agitation in a Vortex-Evaporator (Buchler Instruments, Fort Lee, NJ,
U.S.A.) and reconstituted in 0.1 ml of hydrochloric acid (0.1 M). The acidic
solution was washed first with 5 ml of diethyl ether (pre-saturated with 0.1 M
hydrochloric acid) and then with 5 ml of hexane. A 50-ill aliquot of the lower
(aqueous) phase was injected onto the HPLC column.

To determine optimum conditions for ion-pair extraction, the above
procedure was repeated using 100 ngjml propantheline bromide in serum with
0.0, 0.25, 0.5, 1.0, 1.5, 2.0 and 4.0 M perchloric acid solutions (0.1 ml).

RESULTS AND DISCUSSION

Propantheline and the internal standard (Fig. 1) gave retention times of
6.75 and 9.0 min, respectively. Both compounds displayed symmetrical peaks
with baseline resolution and minimal tailing. The chromatograms in Fig. 2 are
from the assay of (a) serum from a patient administered 60 mg of
propantheline bromide tablets, (b) a propantheline bromide standard (100
ngjml) in 3% BSA, and (c) drug-free serum. No endogenous serum components
interfered with the analysis.

2-Dipropylaminoethylxanthene-9-carboxylate methochloride (Fig. 1) served
as a suitable internal standard since it is not a drug and has similar extractive,
chromatographic and spectral properties to propantheline. Methantheline
bromide (2-diethylaminoethylxanthene-9-carboxylate methobromide, G.D.
Searle) can also be used as an internal standard [1]; however, we noted inter
ference with this peak in samples from patients on propantheline who were also
taking tricyclic antidepressants.

There was a linear relationship between propantheline bromide concentra
tion and peak height ratio, from 5 ngjml to at least 100 ngjml. Calibration
plots were constructed daily; the mean data from ten such plots gave the regres-





428

1-4

1.2 40

.2 E
10 "a: 1 ~ 30

~ cCl
'Qi .2
:1:.8 ~ 20

"" Cl'll
Gl Gl
0. U

c
.6 0 10U

.4 0

o 234 02468
HC104 1M) Hours

Fig. 3. Effect of perchloric acid concentration on the dichloromethane extraction of propan
theline bromide from serum.

Fig. 4. Serum concentrations of propantheline bromide following administration of
propantheline bromide tablets (4 X 15 mg) to a fasting, healthy subject.

TABLE I

WITHIN-DAY PRECISION OF THE HPLC ASSAY OF PROPANTHELINE BROMIDE IN
SERUM

Propantheline n
bromide
(ng/ml)

100 10
50 10
20 9

5 7

Mean peak Standard C.V.
height deviation (%)
ratio

1.370 0.1059 7.7
0.695 0.0502 7.2
0.253 0.0171 6.8
0.066 0.0037 5.6

The data in Fig. 4 show propantheline concentrations in serum measured
by HPLC following administration of propantheline bromide (60 mg) tablets
to a fasting, healthy volunteer. Propantheline could be measured for at least 7 h
after drug administration. The assay has been extensively employed in bio
availability studies as well as in propantheline urodynamic investigations in
hospital patients.
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The relevance of plasma ketoconazole (cis-1-acetyl-4-[4-{[2-(2,4-dichloro
phenyl)-2-(lH-imidazol-1-ylmethyl)-1 ,3-dioxolan-4-yl] methoxy}pheny1] 
piperazine) levels to clinical response needs further investigation; at present it
is probably worth estimating levels only in patients who fail to respond to the
drug [1, 2]. To further define this relationship between plasma concentration
and therapeutic response in both adults and children, routine monitoring of
ketoconazole serum concentration during treatment is necessary, and an
accurate, rapid and specific assay method is essential to such studies. Whilst
several microbiological procedures have been developed [3-B] they are not
specific since they determine the total antifungal activity which might also
include a contribution from the active deacyl metabolite [7,8].

The use of high-performance liquid chromatography (HPLC) for keto
conazole assay has been reported in several recent pUblications [9-11]. In all
of these procedures the sample volume requirement is relatively large (0.5--1
ml), which is a decided disadvantage in cases of severe sample limitation, for
example in neonates and small children on whom frequent other tests may also
be required. With multiple-step extraction [9] or column elution [10] con
tributing to relatively poor recoveries but necessary to decrease the amounts of
interfering endogenous compounds in plasma, these assays are also time
consuming; in addition, without employment of an internal standard [9,10] or
examination of possible interference from metabolites [10, 11], they may lack
accuracy.

In response to requests for drug levels in neonates treated with ketoconazole
suspension for systemic mycoses, we have developed a rapid, selective and
sensitive assay which involves liquid chromatography and is now in routine use

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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for both therapeutic monitoring and pharmacokinetic studies. In contrast with
other HPLC methods, for the method we describe as little as 20 I.Ll of plasma or
serum are required, sample preparation is simple with the one-step extraction
of ketoconazole conducted qUickly and conveniently in small vials, and
analytical recovery is complete.

EXPERIMENTAL

Reagents and glassware
Acetonitrile (ultraviolet cut-off 190 nm) and methanol are HPLC grade while

diethylamine is analytical reagent grade (Ajax Chemicals, Sydney, Australia).
Ketoconazole, the three postulated metabolites of ketoconazole [9], cis-1
acetyl-4-( 4-hydroxyphenyl)piperazine (I), cis-1-acetyl-4-[ 4-(1,2-dihydroxy
ethyl)methoxyphenyl] piperazine (II), cis-1-[ 4-{ [2-(2,4-dichlorophenyl)-2-(lH
imidazol-1-ylmethyl)-1,3-dioxolan-4-yl] methoxy }phenyl] piperazine (III), and
triaconazole, cis-1-[ 4-{ [2-(2,4-dichlorophenyl)-2-(1H-1,2,4-triazol-1-ylmethyl)
1,3-dioxolan-4-yl] methoxy }phenyl] -4-(1-methylethyl)piperazine, were
supplied by Janssen Pharmaceutica (Beerse, Belgium). The stock ketoconazole
solution, 100 pmol/l (53.2 mg/l) in methanol, is stable for at least six months
at 4°C. The working ketoconazole solution, 1 pmol/l in methanol, is prepared
freshly on the day of analysis.

To prepare the quality control (QC) serum (drug-free pooled human serum
containing added ketoconazole), rapidly stir 100 ml of serum and slowly add
about 2.7 mg of ketoconazole; continue stirring the mixture for 1 h. Dilute
1 ml to 10 ml with serum and store in 50-p I aliquots at -15° C; this is stable for
twenty weeks.

The stock triaconazole internal standard solution, 90 pmol/l (47.9 mg/l)
in acetonitrile, is stable for at least six months at 4°C. The working
triaconazole internal standard solution, 9 pmol/l in acetonitrile, is prepared
freshly on each day of analysis.

Glass vials, 0.3 ml (Pierce Reactivials, Pierce, Rockford, IL, U.S.A.) were
obtained complete with screw caps and PTFE-faced discs.

Sample preparation
To a 0.3-ml Reactivial add 20 pI of plasma or serum. At the same time

prepare reagent blank, control (QC) and standard vials. In the standard vials
place 10, 20, 40, 80 and 150 pI of ketoconazole working solution and evaporate
to dryness at 40° C in a stream of dry nitrogen. To the blank and standard add
20 pI of drug-free pooled human serum; to the control add 20 pI of QC serum.

To each vial add 30 pI of working internal standard solution, cap securely,
and vortex-mix for 60 sec; centrifuge at 2000 g for 1 min.

High-performance liquid chromatography
Liquid chromatographic analysis is performed using a Model 320 isocratic

liquid chromatograph equipped with a Model 165 variable-wavelength detector
(Beckman Instruments). The analytical column is a pre-packed 250 X 4.6 mm
LD. Ultrasphere ODS, average particle size 5 pm, and the guard column is
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Method
Urine samples are hydrolyzed and extracted according to the following

procedures:
A 10-ml aliquot of urine is transferred to a siliconized 15-ml screw-cap type

centrifuge tube and 0.9 ml of 10 M sodium hydroxide is added. The tube is
loosely capped and allowed to stand for 15 min in a boiling-water bath. After
cooling the tube, the pH of the mixture is adjusted to a range of 1-3 by the
addition of approximately 0.7 ml of concentrated hydrochloric acid. THCA
is extracted from the urine using a Baker 10 extraction apparatus fitted with a
Bond Elute-THC column (500 mg). The extraction column is activated by
successive column full rinses of: methanol, water, methanol, water. Then
10-20 ml of hydrolyzed urine are drawn through the column followed by
rinses with 10 ml of 0.1 Jv.i hydrochloric acid and 25 ml of 50 mM phosphoric
acid (10% acetonitrile). THCA is eluted from the column into a siliconized
10 X 75 mm culture tube with exactly 1 ml of acetone. Methylene chloride
(0.5 ml) is added to the eluate, the mixture is vortexed, then centrifuged
briefly, and the upper phase removed by aspiration. To the remaining phase
0.5 ml of hexane is added, the mixture vortexed, and then centrifuged briefly.
The upper organic phase is pipetted into a clean siliconized 10 X 75 mm tube
leaving behind a small water droplet at the bottom of the tube. The solvent
then is removed by evaporation at 60° C using a stream of nitrogen gas. The dry
residue is dissolved in about 10 I..d of acetone and spotted with a capillary
tube onto a 25 X 75 mm thin-layer plate. The chromatogram is developed in
10 ml of ethyl acetate-methanol-water--concentrated ammonium hydroxide
(12:5:0.5:1). THCA is visualized as a red spot at RF 0.43-0.50 following
spraying with freshly prepared 0.5% Fast Blue RR (50 mg/10 ml of 1:1
methanol-water) .

A 10-ml pooled urine aliquot, which shows a positive EMIT® cannabinoid
[3] reading at or above the medium calibrator level (equivalent to 75 ng/ml
THCA), is run as a control in parallel with each assay.

RESULTS AND DISCUSSION

The method described here represents a significant modification of a THCA
Bond Elute-THC extraction-HPLC assay [4]. The new method yields an
eluate which is made free of water and thus suitable for TLC. Most of the
water in the organic phase is separated by the addition of methylene chloride.
The remaining water is then completely partitioned from the organic phase by
the addition of hexane, a highly water-insoluble solvent. The final organic
solvent volume is less than 2 ml and requires under 5 min for evaporation. Most
liquid-liquid extraction procedures require the evaporation of a final solvent
volume of 30-50 ml as well as repeated addition of other organics to remove
remaining traces of water [5, 6] .

The solid-phase adsorption residue left after evaporation of the solvent is
dry, concentrated, and quite clean. The use of a 25 X 75 mm thin-layer plate
reduces the development time to 7 min. The customary 20 X 20 em plate
requires 40 min development time. The TLC mini-chamber system is cost
effective since it uses much less solvent (10 ml) and a less expensive plate.
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