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5-methoxytryptophol (5MTOL), has long been known to exert an influence on
reproduction [2], it is only recently that the existence and physiological
effects of 5-methoxyindoles other than melatonin have gained interest [3,4].
In addition, several findings have demonstrated that organs other than the
pineal gland (e.g. the retina) possess the capability to produce 5-methoxy
indoles (see ref. 5).

The aim of the present study was to determine endogenous levels of
melatonin, 5MTOL and 5-methoxyindoleacetic acid (5MIAA) in the pineal
gland and retina of the golden hamster during a light-dark cycle, by using a
specific capillary column gas chromatographic-mass spectrometric (GC-MS)
method.

EXPERIMENTAL

Chemicals and biological samples
5MTOL was obtained from Sigma (St. Louis, MO, U.S.A.); melatonin was

from Regis (Morton Grove, IL, U.S.A.); 5MIAA was from Aldrich (Beerse,
Belgium); pentafluoropropionic anhydride (PFPA) was from Reagenta
(Uppsala, Sweden); and 2,2,2-trifluoroethanol (TFE) was from E. Merck
(Darmstadt, F.R.G.). 5-Methoxyindole-3-[2-2H2]acetic acid (5-[2H2]MIAA)
was synthesized according to the procedure of Beck and Bosin [6]. 5-Methoxy
[a,a~,13-2H4]tryptophol (5-FH4]MTOL) was synthesized by the method of
Hesselgren and Beck [7]. N-Acetyl-5-methoxy-[a,a,I3,I3-2H4] tryptamine ([2H4]
melatonin) was prepared by the procedure of Shaw et al. [8]. All other
chemicals used were of analytical purity.

Male golden hamsters (Mesocricetus auratus) (80--90 g) were obtained from
TNO (Zeist, The Netherlands). The animals were maintained under a long
photoperiod (light-dark 14:10), with the light on between 4.00 a.m. and
6.00 p.m., at 25°C in constant humidity; they received food and water ad
libitum. After decapitation, the pineal gland and retinae were quickly removed.
The tissues were frozen in liquid nitrogen and stored at -70° C prior to
analysis. During the night the animals were killed in the dark, but dissected in
the light.

Preparation of samples
The pineal glands from three animals were pooled and the retinae from each

animal were analysed together. The tissue was homogenized in 1.0 ml of ice
cooled 0.15 M formic acid containing [2H4]melatonin (38.7 pmol), 5-[2H4]
MTOL (74.8 pmol) and 5-[2H2]MIAA (47.2 pmol), using an Ultra-Turrax
homogenizer. The homogenate was centrifuged at 70,000 g for 15 min and the
supernatant transferred to a clean acid-washed (dichromate-sulphuric acid)
15-ml glass-stoppered tube containing 6 ml of dichloromethane. The tube was
shaken and centrifuged at 1000 g for 5 min. The organic layer was divided into
two equal parts which were transferred to new tubes and evaporated to dryness
under a stream of nitrogen. One part of the extract was used for the analysis
of melatonin and 5MTOL. The extract was treated with 50 III of PFPA at
60° C for 1 h, evaporated to dryness under nitrogen and redissolved in 25 III of
ethyl acetate. The other part of the extract was used for the analysis of
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5MIAA. This part was treated with 50 J.LI of a mixture of PFPA and TFE (4:1)
at 75° C for 5 min, followed by evaporation to dryness under nitrogen. There
after, the residue was treated as described above for the melatonin and 5MTOL
fraction.

Gas chromatography-mass spectrometry
Selected ion monitoring was performed using a computer-controlled LKB

2091 gas chromatograph-mass spectrometer. The gas chromatograph and the
mass spectrometer were interfaced with a jet separator. The GC separations
were achieved using a 25 m X 0.32 mm I.D. WCOT SE-52 capillary column and
helium was used as carrier and make-up gas. Splitless injections were carried out
using a "moving needle" device. The GC conditions were: injector heater
260°C; column temperature 200°C for 5MTOL and 5MIAA and 230°C for
melatonin; column flow-rate ~2 ml/min and make-up gas flow-rate ~12

ml/min. Aliquots of 2 J.LI of the samples were injected and an initial delay of
about 1.5 min in opening the valve was effected to avoid contamination of the
ion source. Under these conditions the retention times of the derivatives of the
5-methoxyindole compounds were about 2 min. The MS conditions were:
separator temperature 250°C; ion source temperature 240°C; electron energy
70 eV; and trap current 50 J.LA. The mass numbers monitored for melatonin,
5MTOL and 5MIAA were m/z 360:364, 483:487 or 319:322, and 433:435,
respectively, where the lower mass number corresponds to the authentic com
pound and the higher to the deuterated internal standard.

Quantitation
Calibration curves were constructed by plotting the peak height ratios

(authentic/internal standard) of the standard samples against the concentration
of authentic compound. The levels were then determined from the
corresponding peak height ratios of each sample by reference to the calibration
curve. The calibration curves showed a linear relationship of the peak height
raios to the concentration and always intercepted near the origin.

RESULTS

Identification
The selected-ion monitoring involved recording ion intensities at mass

numbers corresponding to the molecular ions and, in the case of 5MTOL, also
to a characteristic fragment ion [9-11]. The identification was based on the
presence of compounds eluting at the same retention time as authentic com
pounds and at the correct mass numbers. Evidence for the presence of
melatonin, 5MTOL and 5MIAA in the pineal gland (Fig. 1), and of melatonin
and 5MIAA in the retina (Fig. 2), was obtained. The reproducibility of the
method was better than 10% for all three compounds.

Pineal levels
During the light phase the level of melatonin in the pineal gland was found

to be about 0.15 pmol per gland (Fig. 3). The melatonin level was increased
about fifteen-fold to 2.4 pmol per gland during the dark. The levels of 5MTOL
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with studies of quail, pigeon, chicken and rat [17-19]. However, our results
are in agreement with a study of Pevet et al. [20] in which the capacity of the
hamster retina to synthesize melatonin was similar throughout the light-dark
cycle.

The presence of 5MTOL and 5MIAA in the pineal gland of hamster is in
agreement with earlier studies of other species (see ref. 4). The diurnal variation
of the 5MTOL levels, with a maximum during the light phase, is in agreement
with an earlier study of the capacity of hamster pineal to synthesize 5MTOL
[20]. In rat pineal, however, a maximum in 5MTOL levels during dark has been
reported [10,21].

This study reports for the first time the presence of 5MIAA in retina. The
level of 5MIAA appeared to possess a diurnal variation, with high levels
during the light phase. However, as for melatonin, there was a significant
variation in the results, which may indicate that factors other than light-dark
influence its level.

The exact physiological function of the 5-methoxyindoles has yet to be
demonstrated. However, both melatonin and 5MTOL possess physiological
effects [1, 4] . It is interesting to note that in the pineal gland melatonin and
5MTOL occur at similar concentrations but with maximum levels at different
times of the light-dark cycle. In retina, however, melatonin occurs at a
substantially higher concentration than 5MTOL. 5MIAA may arise as a metab
olite of all the other 5-methoxyindoles [22-24] and as yet no physiological
effect has been described for this compound.

In conclusion, the present study has demonstrated that 5-methoxyindoles
other than melatonin are present in the pineal gland and retina of hamster,
and that their levels possess a diurnal variation. This strengthens the concept
that melatonin is not the only 5-methoxyindole that has to be considered
when pineal function is studied.
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SUMMARY

In this reliable assay for determining the non-esterified long-chain fatty acid pattern in
plasma, only 100 !Ll of sample are needed and a single assay can be done within 40 min. The
isolation procedure was performed by adsorption of fatty acids from plasma onto
graphitized carbon black (Carbopack B) using a column method. After desorption and
removal of the eluting phase, fatty acids are methylated by diazomethane and quantified by
packed column gas chromatography. Analytical recoveries ranged between 91 % and 103%.
Within-run precision gave coefficients of variation of 2.3% and 11% for fatty acid concen
trations of 58.2 and 0.6 !Lmol{l, respectively. Studies of plasma samples under various
storage conditions indicated that reliable measurement of the non-esterified fatty acid
fraction can be obtained even after 60 days if specimens are conserved at -18°C in the
presence of a suitable phospholipase inhibitor.

INTRODUCTION

The pattern of non-esterified long-chain fatty acids (NEFA) in blood is of
interest in a wide variety of biochemical and clinical investigations. All of the
proposed analytical methods involve solvent extraction and gas chromato
graphy of the methyl esters. Most of them are modifications of the procedures
of Dole and Meinertz [1] or Folch et al. [2] which make use of time-con
suming multiple purification steps to isolate the NEFA fraction from the lipid
extract [3-6]. Recently, Mueller and Binz [7] described a rapid method
without further manipulations with a chloroform-methanol extract of
buffered (pH 6) serum. However, the sophisticated gas chromatographic
apparatus proposed may discourage use of the method in other laboratories.

Recently, Carbopack B has been successfully used as an adsorbing medium

0378-4347{84{$03.00 © 1984 Elsevier Science Publishers B.V.
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for isolating acidic compounds [8-12] from blood serum and urine.
We describe here a reliable procedure which makes use of 100 J.lI of plasma and
employs Carbopack B for sample purification coupled with a conventional
packed column for gas chromatography of NEFA methyl esters. The stability
of the NEFA composition in plasma, serum and related extracts under different
storage conditions was also investigated.

MATERIALS AND METHODS

Reagents
Solvents of analytical grade from various commercial sources were distilled

twice in a glass system. Deionized water was distilled in the presence of
permanganate. Diazomethane was generated from N-nitrosoinethylurea [13]
and the diethyl ether solution was stored at -18° C after addition of solid
potassium hydroxide. Under these conditions, the solution is stable for at least
two months, whereas working aliquots are stable for about one week if
conserved at 4°C during the period of use. Benzenemethanesulphonyl fluoride
(BMSF) was obtained from Fluka (Buchs, Switzerland) and a solution of 100
gil in methanol was used. Carbopack B (80-120 mesh) was kindly supplied by
Supelco (Bellefonte, PA, U.S.A.).

Standards
Fatty acid standards (puriss, > 99% GC) were from Fluka. The stock

standards were 1 gil in chloroform and were stable for at least six months at
-18°C. For studies of recovery at low and high acid concentrations in serum,
n-eicosanoic and arachidonic acids were dissolved in methanol-water (50:50,
v/v) to give a concentration of 0.5 mg/I. This solution was further diluted to
give a concentration of 0.1 mg/I. Two internal standard solutions were used.
One was prepared by dissolving n-heptadecanoic acid in water-methanol
(50:50, v/v) to give a concentration of 0.5 mg/I. The second solution was
prepared by a five-fold dilution of the n-heneicosanoic acid stock standard. The
reference standard solution was prepared by evaporating 10 J.lI of each
individual fatty acid stock solution and derivatizing each residue. All standard
solutions were stored at 4°C and replaced every two weeks.

Phospholipids were supplied by Supelco.

Glassware preparation
All the glassware was cleaned with hot chromosulphuric acid and rinsed

thoroughly with distilled water.

Gas chromatography
A Model 3800 gas chromatograph equipped with a flame-ionization detector

from Dani (Monza, Italy) was used. The glass coluID, 2 m X 2 mm J.D., packed
with GP 5% DEGS-PS on 100-120 mesh Supelcoport was from Supelco. The
chromatographic conditions were: oven temperature 185°C; injection port and
detector block temperatures 200° C. Nitrogen was used as carrier gas with a
dead time of 30 sec.
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TABLE I

WITHIN-RUN PRECISION FOR THE ANALYSIS OF FATTY ACIDS IN PLASMA
SPECIMENS (n = 9)

Fattyacid* Retention time Mean ± S.D. C.V.
(min) (/Lmol/l) (%)

CI4 :. 1.8 3.9 ± 0.17 4.3
C16 :. 2.8 58.2 ± 1.34 2.3

C16 "
3.2 4.1 ± 0.25 6.0

C.. :. 4.8 19.1 ± 0.63 3.3

CII "
5.4 50.0 ± 1.35 2.7

CII "
6.7 19.0 ± 0.80 4.2

C.. " 8.8 4.6 ± 0.22 4.8
C,. :. 8.3 0.6 ± 0.07 11
C,. :4 15.3 1.7 ± 0.11 6.2

*The fatty acids are denoted by chain length:number of double bonds.

TABLE II

ABSOLUTE AND RELATIVE RECOVERIES OF FATTY ACIDS ADDED TO PLASMA
SPECIMENS

Added Found Recovery (%)
(/Lmol/l) (/Lmol/l)

Absolute Relative*

Arachidonic acid
81.2 (n = 6) 78.8 97 103
16.2 15.6 97 103

n-Eicosanoic
79.1 67.2 85 91
15.8 13.7 87 93

n-Heptadecanoic
92.6 86.3 93

*Relative to n-heptadecanoic acid.

Specificity
Although diazomethane is a toxic compound, we found it could not be

replaced as methylating reagent by methanolic acids or alkalies because of the
problem of transmethylation by the latter reagents of any phospholipids which
may be coeluted with the free fatty acids from the Carbopack column.

Endogenous lipids and substances present in solvents or Carbopack B were
considered as possible interfering compounds.

Under the extraction conditions selected, triacylglycerols and cholesteryl
esters were not eluted from the Carbopack B purification column, whereas
some phospholipids were partly coeluted with free fatty acids. To ascertain the
absence of hydrolysis or transesterification reactions occurring during the
analysis, a plasma sample was divided into aliquots, one remained unsup
plemented and every single other aliquot was supplemented with one of the fol
lowing phospholipids: diarachidoylphosphatidylcholine, diarachidoylphos-
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phatidylethanolamine, egg lysophosphatidylethanolamine, bovine sphingo
myelin. These samples were then submitted to analysis in duplicate. In terms
of individual concentrations of free fatty acids, we noted no difference
between the blank and phospholipid-supplemented plasma samples.

When the chloroform washing of Carbopack B was omitted, the blank
showed the presence of some background interfering peaks. Solvents used as
supplied gave high blank values especially for palmitic, stearic and oleic acids.
These interferences became negligible when the solvents were bidistilled.

Storage
Five fresh plasma samples from different subjects were each divided in two

portions, one of which was supplemented with a phospholipase inhibitor such
as BMSF [14]. Each portion was further fractionated into aliquots, stored at
either -18° C or 4°C and periodically analysed over a period of 60 days. Table
III shows that reliable measurements of free fatty acids in plasma can still be
made within 60 days, provided the plasma samples are conserved at -18°C
wih a phospholipase inhibitor.

TABLE III

EFFECT OF STORAGE ON PLASMA (n = 5) FATTY ACID CONCENTRATIONS

The data are expressed as percentage variation of the initial concentrations of oleic, linoleic and arachidonic
acids which are 121 ± 40,32 ± 12,2.4 ± 0.7 "mol/I, respectively.

Temperature No. of t>.C(%)
eC) days

Oleic Linoleic Arachidonic

Mean Range Mean Range Mean Range

+-4 1 +7.5 +2.0 to +18 +24 +15 to +40 +33 +25 to +43
-18 1 +0.5 -3.0 to +3.8 +4.1 -{).5 to +8.0 +3.9 +0.4 to +6.8
-18 5 +6.8 +2.7 to +10.1 +11.4 +4.8 to +18.5 +24 +18 to +29

+4 1* +1.1 -{).5 to +3.8 -1.5 -3.5 to +0.5 -3.3 -5.0 to -2.1
+4 7* +4.5 -1.0 to +8.9 +17 +9.5 to +21 +39 +21 00+110

-18 60* +3.6 +0.1 to +11 +3.6 -1.5 to +9.8 +3.1 -2.7 to +10.3

*Plasma samples supplemented with benzenemethanesulphonyl fluoride.

Some fractions collected after purification of plasma aliquots were not
processed further but were stored at 4° C. No significant variation in the NEFA
concentrations was observed on periodic analysis of the extracts over a period
of two months. Moreover, we observed that extracts were stable even when
they were left for one week at room temperature.

A mean 15% higher arachidonic acid concentration was measured when
serum instead of plasma was submitted to analysis. Serum was obtained by
allowing blood to clot for 1 h at room temperature. The higher amount can be
explained by the fact that phospholipids can be hydrolysed to a variable extent
and that arachidonic acid in its non-esterified form is particularly abundant in
phospholipids.

Extraction column variables
A 50-fold dilution of plasma with methanol-water was essential to ensure

quantitative recovery of NEFA. Considerable losses in the effluent, especially
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of saturated fatty acids, occurred as the dilution ratio was decreased or water
was used as diluting agent. This can be accounted for by the existence of a
NEFA-protein complex.

Low recovery of fatty acids was observed when the washing step with acidic
water was omitted. This can be ascribed to chemical binding between acidic
compounds and some chemical heterogeneities present on the Carbopack
surface [15]. However, the binding is readily hydrolysed by acidic washing of
the purification column.

Methanol washing eliminates water and some potentially interfering
compounds [12]. However, loss of arachidonic acid was observed when the
volume of methanol exceeded 5 m!.

We evaluated the effect of the composition of the eluting phase on the
recovery of fatty acids. When the chloroform/methanol ratio was decreased,
saturated fatty acids were partially lost. A chloroform/methanol ratio higher
than 70:30 enhanced the recovery of the last acid to be eluted from
Carbopack, Le. eicosanoic acid. However, under such conditions, other com
pounds were coeluted which caused the appearance on the chromatogram of
peaks with high retention times, thus increasing the analysis time.

Under the experimental conditions used, the flow-rate of the solvents per
colating through the Carbopack column was about 3 ml/min. As reported else
where [12], attempts to increase the flow-rate by exerting an additional
pressure provoked loss of analytes in the plasma effluent.

To improve our procedure in terms of economy and speed, we evaluated the
reusability of the purification column. After each extraction, the column was
restored by washing it sequentially with 3 ml of chloroform, 3 ml of methanol
and 3 ml of water. After five such extractions, the NEFA concentration was
unchanged within the precision of the method. However, when the restored
column was left unused and filled with water, we observed some increase in the
unsaturated fatty acids, probably due to the slow hydrolysis of some phospho
lipids which are strongly retained by the Carbopack column. An analogous
effect occurred when the purification process was casually interrupted after the
acidic washing step.

TABLE IV

FATTY ACID CONCENTRATIONS IN PLASMA SAMPLES (n = 5) AS MEASURED BY
THREE DIFFERENT PROCEDURES

Values are expressed in /-Lmolj!.

Our method Mueller and Binz [7] Hagenfeldt [3]

Mean Range Mean Range Mean Range

C16 :. 83.9 58.1-106 79.4 51.3-104 115 71.4-154
C16 : 1 5.6 4.1- 8.2 4.4 2.1- 7.6 15.4 7.0- 21.1

CIS:. 26.6 19.1- 38.9 24.5 17.6- 38.8 38.0 22.3- 61.6

CIS :1 99.0 65.3-122 103 64.4-127 132 80.2-191

CIS :. 30.3 18.0- 39.8 38.1 21.2- 46.9 58.7 37.2- 82.7

CIS :3 5.7 4.4- 6.4 5.4 3.2- 6.3 6.4 3.6- 9.8

C•• :. 0.8 0.6- 1.2 1.0 0.8- 1.2 1.3 1.0- 1.8
C•• :4 2.2 1.2- 4.0 3.9 1.4- 7.8 7.8 4.3- 13.1
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We compared results using our method with those using two previously
reported methods [3, 7] . Five fresh serum samples from different subjects were
each divided into three aliquots, which were analysed in duplicate following the
three extraction procedures. In all cases, final samples were injected into the
chromatographic column proposed by us. The results are reported in Table IV.
As can be seen, we found a fair agreement between our procedure and that
described by Mueller and Binz [7], even though higher values for arachidonic
acid were occasionally obtained by the latter procedure. However, we found
the purification method reported by Mueller and Binz [7] unsuitable for
quantification with a conventional-packed column as it appeared to be serious
ly deteriorated after about ten injections of the extracted and derivatized
sample.

Surprisingly, Hagenfeldt's method [3] gave by far higher values for fatty
acids, particularly for those that are relatively more abundant in phospholipids,
such as linolenic and arachidonic acids. This could be explained by considering
that this method includes an acidic extraction step which may provoke
hydrolysis of phospholipids. To obtain experimental evidence for this
hypothesis, a serum sample was divided into two aliquots; one was spiked with
diarachidoylphosphatidylcholine leaving the other one unsupplemented. These
samples were then submitted to analysis in duplicate according to the
procedure of Hagenfeldt [3]. The large increase of arachidonic acid concen
tration in the free fatty acid fraction after addition of the phospholipid
unequivocally confirmed the hypothesis.
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metabolites have also been analyzed on glass capillary columns in GC-MS pro
cedures [17,24] .

Concerning important steps in the methodology of this report, a substantial
(and necessary) reduction in the solvent/reagent peak was brought about by the
brief ammonium phosphate wash of freshly derivatized (fluoracylated) samples.
As noted in Results, repeated washings of toluene solution of HFB-catechol
amines with several (up to five were done) fresh ammonium phosphate aliquots,
followed by immediate analysis, did not significantly change the peak areas.
However, because of the susceptibility of fluoracylated derivatives to hydrol
ysis, the derivatized sample could not be stored for substantial lengths of time
in contact with the aqueous wash. Other researchers using capillary GC-ECD
have noted the necessity of a similar wash or clean-up step before injection.
Davis et al. [25] washed PFP-HFIP-derivatized hydroxyphenylacetic acids
with 1 M phosphate, pH 6 (cation not stated) prior to capillary GC-ECD anal
ysis, and suggested that the wash removed excess and possibly hydrolyzed
fluorinating agent which would otherwise saturate the electron-capture detector.
Sodium borate buffer may have served a similar purpose in the meta-a-methyl
CA procedure of LeGatt et al. [16] or in a serotonin assay by Calvery et al.
[26]. For the derivatized CAs and catechol TIQs, saturated borate was un
suitable as a wash solution, perhaps because it promoted hydrolysis of the
fluoracyl derivatives.

Another important consideration is our use of a weak cation-exchange resin
such as BioRex-70 rather than a strong amine exchanger such as Dowex, or (for
the catechol compounds) a binding material such as aluminum oxide. As in
dicated, the replacement of BioRex with Dowex required stronger acid eluents
and resulted in substantially lower recoveries, probably because of compound
degradation. The use of aluminum oxide in place of BioRex also gave lower re
coveries of CAs, more contaminated chromatograms, and relatively large
solvent fronts that could not be reduced effectively by the phosphate wash.
Using the fluoracyl anhydrides as derivatizing agents, best results (maximal
responses and essentially single derivatives) were obtained with HFBA, but the
HFIP-PFPA combination pioneered by Watson et al. [27] for acid metabolites
of CAs was also effective for carboxylated TIQs. Other fluoracylating agents
such as fluoracyl imidazoles, found by Barker et al. [28] and Faull et al. [23]
to be the best reagents for GC-MS studies with {3-carboline condensation prod
ucts, were not investigated in this study with CAs and TIQs. However, in pre
vious GC-ECD work using conventional columns [3], fluoracyl imidazoles
tended to produce multiple derivatives of the TIQs.

Contrary to results of other capillary applications with splitter injector
modes, we found that the capillary system with an automatic injector provided
a high degree of precision and reproducibility with derivatized mixtures of CAs
or TIQs. Equally significant is that the autoinjector in combination with the
capillary column permitted very accurate retention time values (0.1% devia
tion). As an indication of the method's practical applicability, the assay of rat
striatal and hypothalamic DA gave values that compared reasonably well with
results in the literature from HPLC and fluorimetry (Table II). Due to the ex
treme sensitivity and good linear range of new models of electron-capture de
tectors, not only DA but epinephrine or norepinephrine can be readily mea-
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sured in the small brain tissue samples that are obtained, for example, by the
punch technique.

The capillary GC-ECD procedure described could serve as an important ad
junct to reversed-phase HPLC assay, which is now probably the most common
means of CA and TIQ estimation. In many situations, when MS is not available
or is cost-prohibitive, retention times and quantities of endogenous catecholic
and phenolic amines could be confirmed rapidly by this highly specific and yet
inexpensive technique. Notwithstanding its complementary role, we suggest
that capillary GC would be of great value in determinations of those geometric
isomers of mono-Q-methylated CAs or TIQs which are not separated by con
ventional GC (as shown) or cation-exchange HPLC.
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LPS has also been used as a chemical basis for such classification [2]. This
fact prompted us to use carbohydrates of LPS as tools for taxonomic dif
ferentiation between the closely related Gram-negative, facultative rods Ac
tinobacillus actinomycetemcomitans and Haemophilus aphrophilus [3]. Since
preparation of LPS is a rather time-consuming procedure, more convenient
diagnostic procedures need to be established for the routine laboratory. In
the present study, the sugar content of whole cells of A. actinomycetem
comitans and H. aphrophilus has been used to distinguish between these
bacteria.

MATERIAL AND METHODS

Bacteria
The strains of A. actinomycetemcomitans and H. aphrophilus examined,

the sources from which they were obtained, and the procedures for main
tenance and cultivation have been described elsewhere [4, 5].

Methanolysis and derivatization
After removal of the free fatty acids with hexane [4, 5], whole lyophilized

cells were methanolyzed (2 M hydrochloric acid in anhydrous methanol, 24 h,
85°C) [6]. After separating with chloroform (Fluka, Buchs, Switzerland),
the organic phase of the methanolysate, which contained the bound fatty
acids, from the water phase, the latter was lyophilized and derivatized with
al;:etonitrile (Rathburn, U.K.) and trifluoroacetic anhydride (Fluka) (1:1) [3].

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

a-D(+)-glucose, D(+)-galactosamine, D(+)-glucosamine, D(+)-mannose, and
a-L-rhamnose. Natural galactose, glucosamine, L-glycero-D-mannoheptose,
mannose, and rhamnose were identified from LPS (Sigma) of Escherichia coli
[7] and Salmonella typhimurium [8]. D-Glycero-D-mannoheptose was deter
mined from Chromobacterium violaceum [9]. Ch. violaceum and N-glucos
aminemyristate were generously provided by Drs. 0. Luderitz and U. Meier,
Max-Planck-Institut fur Immunbiologie, Freiburg, F.R.G.

Gas chromatography
A Sigma 3 gas chromatograph (Perkin-Elmer, Norwalk, CT, U.S.A.) fur

nished with an electronic integrator (Sigma 10) was used. The Chrompack
(Middelburg, The Netherlands) CP-Sil 5 CB (polydimethylsiloxane) glass capil
lary column used was 25 m X 0.22 mm J.D. with a film thickness of 0.14 ~m
and height equivalent of a theoretical plate 0.25 mm. Helium served as carrier
gas at a flow-rate of 2 ml/min. The pressure at the inlet of the column was
151.5 kPa. The temperature of the injector and flame-ionization detector was
200°C. Programme: hold 2 min at 90°C, then 90°C to 260°C at 9°C/min with
the attenuator of the gas chromatograph set at 8, and the attenuator of the
Sigma data 10 system at -1. The paper speed was 10 mm/min. Splitless injec
tion was used. The identity of the methanolysed and derivatized sugars was
established by direct cochromatography and by gas chromatography-mass
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26 min is likely to be HHT. In the example shown in Fig. 1, relatively large
amounts of HETEs are formed.

Table III lists the recoveries (mean ± S.E.M.) of 3H-labelled standards added
to tissue samples. It is remarkable that the overall recoveries of HETEs are
low, especially of 5-HETE. The chromatogram given at the bottom of Fig. 1
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Fig. 1. Chromatograms of LTs and HETEs, synthesized by chopped human lung tissue,
after [ 14C]AA loading, in the presence of glutathione (2 mM) and Ca-ionophore A23187
(approx. 10 /lM). The incubation medium was processed through Sep-Pak C's and silica
cartridges as described in Experimental and the methanol fractions after evaporation to
dryness were subjected to HPLC in solvent system A. A Chrompack Nucleosil 5C,. column
(250 X 4.6 mm) was used. Mobile phase: tetrahydrofuran-methanol-water--acetic acid
(25:30:45:0.1) adjusted to pH 5.5 with ammonium hydroxide. Flow-rate 0.9 ml/min.
The chromatogram at the bottom, representing radioactivity in fractions of one per min,
is corrected for delay time between the absorption cell and the fraction collector. Peaks:
C = LTC., D = LTD.-like, B = LTB., 15 = 15-HETE, 12 = 12-HETE and 5 = 5-HETE. Based
on retention times, 1 = tri-HETE, 2 = 6-trans-LTB. + 12-epi,6-trans-LTB•.
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TABLE III

RECOVERIES OF TRITIATED LTs, HETEs, AND PGs, MEASURED BY HPLC

Data were obtained after the extraction procedure as described in the methods section.
Values are given as the mean ± S.E.M.

Recovery (%) n

LTC. 59 ± 5.0 3
LTD.-like 86 ± 1.5 3
LTB. 70 ± 5.7 3
15-HETE 34 ± 1.1 3
12-HETE 34 ± 0.9 3
5-HETE 18 ± 0.6 3
6-Keto-PGF 10< 64 ± 2.9 8
TxB2

86 ± 2.7 8
PGF2

44 ± 1.8 8
PGE2

73 ± 2.9 8
POD, 59 ± 2.6 8

is not corrected for recoveries listed in Table III; in this case the plotted quan
tity of 5-HETE should be three times higher compared to the leukotrienes.

Furthermore, there is a pronounced difference in recovery of certain PGs
obtained from HPLC separations as shown in Fig. 2. Fig. 2A shows the internal
PG standards CH), fig. 2B the 14C-Iabelled PGs formed from exogenous AA.
The small peak 2 shows the immunoreactivity of 6-keto-PGF10<, and the wide
peak 5 that of TxB2. However, peak 6 (PGF-immunoreactive), peak 7 (PGE
immunoreactive) and peak 8 (PGD-immunoreactive) do not have the same tR
as the added 3H standards. The longer the tR, the greater the delay between
3H-Iabelled and unlabelled material.

Determination of the amounts present in the sample by the different RIAs
is represented in Fig. 2C. In this case, the immunoreactivities of the PGs men
tioned before have the same tR as the 14C-Iabelled compounds. Others have
noticed that a difference exists between the t R of PGs labelled with 3H or
14C [15]. This might be due to the isotope effect. Four double bounds are
labelled with 3H whereas 14C only is labelled on the I-position. Increase of
the mass plays an unimportant role, because spheric occlusion occurs at molec
ular weights of 2000 and higher (MWpG approx. 350). It would appear that
labelling with 3H makes these substances more hydrophilic. Fig. 3 confirms
the findings presented in Fig. 2. Commercially available 3H_ and 14C-labelled
PGE2 and PGF20< have a difference in retention times of approx. 5%. This
could be a reason of errors in selecting the wrong fractions for RIA when 3H_
labelled standards are used as markers.

A second observation that needs further explanation is the difference that
occurs in the specific activities of the PGs. This can be calculated from the
data presented in Fig. 2. The pattern of 14C-Iabelled and RIA-determined
amounts is not identical. In this case, there is even a difference by a factor
of 4 between the highest and the lowest specific activity (expressed as dpmlng,
covering the whole peak area). Peaks 3 and 4 in Fig. 2B are unknown. 13,14
Dihydro-15-keto-PGs run after 80 min, so that differences are not caused by
these compounds.
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Fig. 3. Chromatogram of collected fractions (two per min) after the injection of 3H_ and
14C-labelled PGF 20< and PGE 2 • The chromatographic conditions were the same as described
in Fig. 2. This chromatogram was plotted by means of a computer-programmed XY printer.
Peaks: HF = [3H]PGF2 o<' CF = [ 14C]PGF2 o<, HE = ['H]PGE2 , CE = [1

4 C]PGE2 •

one double bound is 3H-Iabelled, and in LTB4 this amount is four. The latter
is comparable with the labelled PGs (see section on radiochemicals). In Fig.
4A, peaks 2 and 5 have approximately the same t R as in Fig. 4B. The delay is
only ± 2%. However, the difference is much greater between peak 6 of Fig.
4A and peak 8 of Fig. 4B. Batch 9 of the eH] LTB4 used in the experiment
as shown in Fig. 4A proved to be a racemic mixture of 6-trans-LTB4 and 12
epi,6-trans-LTB4 • We thereafter injected both batch 9 and the newly prepared
batch 10 directly into the HPLC system. The t R of the first peak was the same
as the one obtained in Fig. 4A after extraction procedures. The second peak
(batch 10) had a delay of approx. 1 min. Compared to Fig. 4B, these two
peaks were shifted 8% t R • Peaks 3, 5 and 7+8 were collected in order to com
pare the biological activity of the so far unknown compound 5. The fractions
were evaporated to dryness, dissolved in Krebs' buffer and added to a guinea
pig lung parenchymal strip, as described before [5]. Expressed in factors of
potency, the biological activities were respectively: peak 3 (LTC4 -like), 20;
peak 5, 5; peak 7+8 (LTB4-like), 1. The unknown peak 5 could be LTE4 on
the basis of its t R [9,16] and activity [9,17,18].

Finally, we determined the presence of glutamine and glycine in the hydro
lysed fraction, compared to standards of LTC4 (containing cysteine-~lycine

glutamine) and LTD4 (containing cysteine-glycine), following the method as
described earlier [19]. In this fraction 5, a relatively small amount of glycine
was present. We concluded from these data that this compound may be LTE4*.

*During the preparation of the manuscript, synthetic LTE 4 was obtained. It shows the same
tR as the compound described here.
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Fig. 4. Reversed-phase HPLC separation of LTC., LTD. and LTB•. (A) 3H-Labelled LTs were
added to a non-labelled incubation medium of chopped human lung tissue, triggered with
Ca-ionophore as described in Experimental. The numbers 2, 5 and 6 indicate the 3H-Iabelled
LTC., LTD. and LTB. (batch 9), respectively. (B) Measurement of the absorbance at 280
nm of the same tissue extract as mentioned in (A). (C) Chromatogram of synthetic LTC. (3),
LTD. (4) and LTB. (7, a degradation product?), directly applied to the reversed-phase HPLC
system.

When [3H] LTD4 was injected directly onto the HPLC column, the tR was
the same as peak 4 in Fig. 4A.

CONCLUSIONS

Whole human lung tissue, stimulated with Ca-ionophore A23187, produced
under the conditions described, large amounts of LTB4 -like compounds and
less LTC4 and LTD4 • The major PG-like substances were immunoreactive with
TxB2 , 6-keto-PGF 1<:< and PGD2 - The role of these different compounds has not
yet been established_ The formation of comparatively high amounts of TxB2
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to 5 ng) to 1 ml of plasma, samples were applied to and passed through the
columns, followed by 0.75 ml of water to rinse off both the residual samples
and easily eluted hydrophilic compounds. The adsorbed materials were eluted
with 200 /11 of methanol-Q.l M phosphate buffer (pH 4.8) mixture (40:60).
Usually 20/11 of this solution were injected into the HPLC system.

Calibration curves were generated by processing authentic standard
substances through the entire extraction procedure and comparing the peak
heights with that of the internal standard.

RESULTS AND DISCUSSION

The principal problems associated with the determination of plasma MHPG
concentrations using HPLC-ED have been concerned with the selection of an
appropriate extraction procedure prior to injection into the HPLC system
[13, 21, 22] and the selection of the compound used as internal standard
[14, 21]. To solve the latter problem, various neutral compounds such as
4-hydroxybenzyl alcohol, 3-(p-hydroxyphenyl)-I-propanol, and 3-hydroxy
4-methoxybenzyl alcohol (isovanillyl alcohol) were examined in the present
study. VA was chosen because of its appropriate chromatographic behaviour
and sufficient detectability at the potential of 0.7 V (Fig. 1), which allowed the
MHPG analysis to be sensitive and selective.

Typical chromatograms showing the separation of MHPG and VA (internal
standard) in standard solution and in an extract of human plasma are shown in
Figs. 1 and 2, respectively. Under the present chromatographic conditions,
related basic monoamines except for serotonin which was retained longer than
MHPG, were eluted within 5 min (Table I). All of the acidic and other neutral
metabolites examined did not interfere with the detection of MHPG and VA.
Furthermore, the pH of the mobile phase and the column temperature
employed in the present assay method substantially contributed to an optimal
separation from other possible interferences by endogenous substances in
human plasma. Unidentified peaks, which appeared just after MHPG (Fig. 2),
overlapped at temperatures above 35°C or with increasing pH. Identities of
the peaks were verified by the chromatographic behaviour under varying
conditions and electrochemical characteristics determined by a dual-electrode
detection system, which enabled the relative magnitudes of current responses
of standards and unknowns to be compared at two different potentials.

Effective and rapid extraction was accomplished with the use of a small C18

column. Neutral metabolites such as MHPG and VA were readily sorbed on a
hydrophobic C18 sorbent from plasma and eluted with a methanol-buffer
mixture. When the plasma sample was acidified prior to applying it to the
extraction column, the bulk of interfering substances was also sorbed, resulting
in a disturbance of the subsequent chromatographic analysis. Since MHPG
is a fairly hydrophilic compound, the volume of water used for washing had to
be set at 0.75 ml in order to remove interference(s) caused by more hydrophilic
compound(s) than MHPG and to minimize the possible loss of MHPG. The use
of methanol as the eluent in place of methanol-buffer mixture also led to an
increase in interfering peaks. Through the entire extraction procedure in the
present assay method, the majority of acidic monoamine metabolites and the
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relevant amino acids were eliminated together with many unknown inter
fering compounds.

The recovery rates from plasma throughout the entire procedure were
around 60.88% for MHPG and 95.70% for VA (Table II). The highly sufficient
reproducibility of the assay was confirmed by the coefficient of variation
(C.V.) which ranged from 2.63% to 5.39% (Table II). A standard curve was run
on each occasion with known amounts of MHPG added to plasma samples and
extracted as described above. The linearity over the range 0.5-20 ng/ml was
demonstrated by the plot of the peak height ratios of MHPG to VA (5 ng/ml)
against the added amounts of MHPG. The standard curve had an r value of
0.994 and intercepted the origin (Y = 0.145X + 0.004, where Y is the peak
height ratio and X is the concentration in ng).

TABLE II

PRECISION OF MHPG DETERMINATION FROM POOLED PLASMA AND RECOVERY OF ADDED
MHPG AND VA

Compound

MHPG
Pool 1
Pool 2
Pool 3

V A (internal standard)

Concentration ± S.D.
(ng/rnl)

6.48 ± 0.17 (n; 5)
4.08 ± 0.22 (n ; 9)
8.25 ± 0.30 (n ; 9)

C.V.
(%)

2.63 (within-day)
5.39 (between-day)
3.64 (between-day)

Amount
added
(ng)

5
10

5

Recovery ± S.D.
(%)
(n; 5)

57.55 ± 3.38
60.88 ± 3.53

95.70 ± 2.41

TABLE III

DETERMINATION OF PLASMA MHPG FROM HEALTHY HUMAN SUBJECTS

SUbject number

1
2
3
4
5

Mean
±S.D.

MHPG concentration in plasma
(ng/ml)

6.73
6.65
3.48
6.73
5.19

5.76
±1.28

The values for free MHPG concentrations in plasma from five healthy
volunteers are given in Table III, which were found to be in agreement with the
recently published data using HPLC-ED [21,22] and GC-MS [5,7].

Recently, we described a method for the simultaneous determination of 3,4
dihydroxyphenylacetic acid (DOPAC) and homovanillic acid (HVA),
metabolites of dopamine, and 5-hydroxyindoleacetic acid (5-HIAA), a
metabolite of serotonin, in human plasma by HPLC-ED [23]. The
simultaneous utilization of the present and previous assay methods permits
the determination of four major monoamine metabolites - MHPG, DOPAC,
HVA and 5-HIAA - in plasma after the parallel extraction of MHPG and the
other three metabolites from approximately equal portions of an aliquot of
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DETERMINATION OF DOPAC,
5-HIAA & HVA WITH HPLC-ED

J
ADDITION OF 15
(5-HYDROXYINDOLECARBOXYLIC ACID)

!
ACIDIC CONDITION

!
ISOLATION ON SMALL C18 COLUMN

!
EXTRACTION WITH METHANOL

~

PLASMA (1-2ml)

I

ISOLATION ON SMALL C18 COLUMN

!
EXTRACTION WITH METHANOL-BUFFER
MIXTURE

~

J
ADDITION OF 15
(VANILLYL ALCOHOL)

DETERMINATION OF MHPG
WITH HPLC-ED

Fig. 3. Combined method for determination of plasma monoamine metabolites. Abbrevia
tions: DOPAC = 3,4-dihydroxyphenylacetic acid; 5-HIAA = 5-hydroxyindoleacetic acid;
HVA = homovanillic acid; MHPG = 3-methoxy-4-hydroxyphenylglycol; IS = internal
standard.

plasma sample (Fig. 3). The present and previous methods are clinically
applicable by employing just 500-J.Ll aliquots of plasma. Such a combined
method may further facilitate the clinical applicability of the measurement of
monoamine metabolites in plasma at various pathological states [1-4]
including psychiatric disorders. By using this combined method, a clinical study
is underway in our laboratory; the results will be reported elsewhere.
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SUMMARY

The concentrations of putrescine, spermine and spermidine were measured in human
serum, children's duodenal biopsy specimens and mouse brain homogenates by high
performance liquid chromatography. The chromatographic analysis was performed on dansyl
derivatives of the polyamines using a reversed-phase system with an ion-pairing retention
mechanism (heptane sulphonate). Capacity factors were determined at different concentra
tions of acetonitrile. Simple linear gradients were set up for fast (15 min) or routine (25 min)
analysis. Three fluorescence detectors were compared for these determinations and their
detection limits determined. The minimum detectable amount of polyamines was 25 fmol
compared to 500 fmol with standard detectors. While samples prepared from tissues did not
require a high sensitivity, a detector of better performance was needed to assay the poly
amines in human serum.

INTRODUCTION

Putrescine (Put), spermidine (Spd) and spermine (spm) are polyamines
implicated in many processes affecting cell growth and maturation. In animals,
experiments have been concentrated on the study of polyamine metabolism in
rapidly growing tissues: embryonic growth of different organs, compensatory
growth and experimental tumours [1]. The involvement of polyamines in the

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

Apparatus
The HPLC equipment was mainly purchased from Altex Scientific (Berkeley,

CA, U.S.A.). It was composed of two solvent metering pumps (A and B, Model
110 A) controlled by a microprocessor (Model 421), a high-pressure mixing
chamber and a manual injection valve (Model 210) fitted with a 20-J..Ll sample
loop. A 5-J.lm Ultrasphere-ODS column (150 X 4.6 mm) from the same
manufacturer was protected by a pre-column (42 X 3.2 mm) dry-packed with
Vydac-201 RP (30-44 J.lm) from Macherey, Nagel & Co. (DUren, F.R.G.)
for routine analysis. The performance of this column system was found to be
unchanged after one year of use at a rate of two days per week.

Different fluorescence detectors were used. Two filter fluorimeters from
Gilson (Middelton, WI, U.S.A.) were compared. The Spectra-Glo model
(detector A) was equipped with a 15-J.lI cell and standard filters for
fluorescamine. Model 121 (detector B) had a 9-J.lI flow cell and similar filters:
310-410 nm and 475-650 nm for excitation and emission, respectively.
Detector C was a Model LS-4 fluorescence spectrophotometer from Perkin
Elmer (Norwalk, CT, U.S.A.) with a 3-J.lI flow cell. With this apparatus optimal
wavelengths of 333 and 522 nm were determined by stopping the flow and
scanning the excitation and emission spectra.

Electrical signals were processed by a C-RIA Chromatopac recording data
calculator from Shimadzu (Kyoto, Japan) or sent to a double-pen recorder
(10 mY).

Reagen ts and solvents
Putrescine, spermidine and spermine were from Sigma (St. Louis, MO,

U.S.A.). Dansyl chloride and sodium I-heptanesulphonate were from Aldrich
Europe (Beerse, Belgium). Carbonate salts, sulphosalicylic acid, acetic and per
chloric acids, heptane, methanol and acetone were pro analysi chemicals from
E. Merck (Darmstadt, F.R.G.). Acetonitrile-UV was an HPLC-grade solvent
from Burdick & Jackson Labs. (Muskegon, MI, U.S.A.).

Procedures
Solvent A for the HPLC analysis was prepared as follows: 20 mM sodium

1-heptanesulphonate and 20 rnM acetic acid solution in water delivered by
a Milli-Q apparatus (Millipore, Bedford, MA, U.s.A.). This advantageously
replaces the commercial ion-pairing reagent PIC-B7 from Waters Assoc.
(Milford, MA, U.S.A.). Solvent B was HPLC-grade pure acetonitrile.

Standard solutions of the polyamines were prepared from 1 rnM stock solu
tions in water and stored at -20°C. They were found to be stable for a period
of several months.

Mouse brain homogenates were prepared from C57 black deermice. The
heads of the decapitated animals were immediately frozen by immersion in
liquid nitrogen and stored at -70°C. One hemisphere (100-140 mg) was
rapidly treated by the addition of 10 vols. of 0.2 M cold perchloric acid and
homogenized in a glass Potter. The homogenate was left for 15 min at O°C
and proteins were pelleted by centrifugation at 5000 g for 20 min. The pellet
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Fig.1. Dependence of capacity factor mobile phase composition. Sample: 20 III of
dansylated Spm (0), Spd (0) or Put (A) at 10 nmol/ml. Stationary phase: 5-llm Ultrasphere
ODS, 150 X 4.6 mm. Mobile phase: solvent A = 20 mM heptanesulphonate and 20 mM
acetic acid, in water; solvent B = acetonitrile. Flow-rate: 2 ml/min. Detector B: Model 121
from Gilson with standard filters for fluorescamine. Parameters of the linear regressions:
intercepts of 18.55, 14.86 and 10.90 for Spm, Spd and Put, respectively; slopes of -9.24,
-7.51 and -5.66 for Spm, Spd and Put, respectively.

initial composition and gradient slope (part B). A complete analytical run was
achieved in 25 min with a limited loss of sensitivity. This type of gradient was
adopted for routine analysis. Retention times were found to be perfectly con
stant, i.e. a variation coefficient below 1%, so that peak identification by the
data processor was possible.

Quantitative analysis of various biological samples
When the concentrations of the dansylated polyamines were assayed in
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Fig. 2. Linear gradient separation of a diamine (putrescine) and polyamines (spermidine and
spermine) on a 5-/.Im Ultrasphere-ODS column using a filter fluorometer (detector B).
Sample: 20 /.II of dansylated Put (peak 1, 1 nmol/ml), Spd (peak 2,4 nmol/ml) and Spm
(peak 3, 4 nmol/ml). Full and dotted lines refer to the recorded fluorescence intensities and
to the programmed gradient, respectively. Part A (12-min analytical run): the solvent
composition is changed after 1.5 min (70% to 100% B in 1 min) and 5 min (100% to 70% B
in 0.5 min). Part B (25-min analytical run): the solvent composition is changed after 9 min
(57% to 100% B in 7 min) and 20 min (100% to 37% B in 1 min). Maximum operating
pressure at 2 ml/min: 18 MPa (2500 p.s.i.).

three types of biological extracts, the response was found to vary over a wide
range of sensitivities depending on the amount of starting material available
and the content of polyamines in the investigated sample. Samples prepared
from mouse brain or human serum were found to contain amounts of poly
amines differing by two orders of magnitude, as can be seen from the concen
trations of the standard solutions in Table 1.
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SUMMARY

A method for the determination of 3-methylhistidine using an automatic amino acid
analyser has been developed. A single column system with lithium buffer (pH 3.950,0.500
mol/l lithium and 0.067 mol/l citrate) was used for elution. The standard amino acid
mixture of basic amino acids and some dipeptides usually present in physiological fluids was
analysed for the development of the method. 3-Methylhistidine eluted in 46.7 ± 0.049 min
and the peak area coefficient of variation for the same sample was 1.07%.

As 3-methylhistidine is completely resolved from the other basic amino acids and some
dipeptides (anserine and carnosine), this method is suitable for the analysis of urine and
muscle extracts as well as skeletal muscle protein hydrolysates where this amino acid is
present in much lower concentrations than other amino acids.

INTRODUCTION

3-Methylhistidine (3-MeHis) is a constituent of skeletal muscle proteins [1].
In other tissues it is present in negligible quantities [2]. As this amino acid is
formed by post-translational methylation of peptide-bound histidine [3,4], the
rate of its urinary excretion has become a valuable catabolic marker of the
skeletal muscle proteins and has increasingly been used for this purpose in
recent time [5-8].

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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There are many methods for the estimation of 3-MeHis based on ion
exchange chromatography [9-11] or high-performance liquid chromatography
(HPLC) [12-15]. Most of them have been developed for urine detenninations
[9-14]. Some of them have been tested on plasma [14, 19] and muscle
[15,17] samples. It seems that there are different problems if various biological
samples are analysed. Some workers, using HPLC systems, have employed
different ion-pairing reagents for different biological samples [15]. Pyridine
elution for muscle protein hydrolysates has been recommended by some
authors [16]. Detennination of 3-MeHis in the skeletal muscle proteins could
be a problem as this amino acid is present in much lower concentrations than
the others [17]. If the free form of this amino acid has to be measured in
muscle samples, anserine and carnosine could be a problem because of their
similar chromatographic characteristics.

This report describes an ion-exchange chromatographic method for the
detennination of 3-MeHis that overcomes these problems and is suitable for
both urine and skeletal muscle samples. It needs neither different analytical
conditions for different biological samples nor special samples preparation or
deriv'\tization required when other methods are used [12-16]. Besides, it is
faster than many methods based on ion-exchange chromatography [18-21],
sufficiently sensitive for urine and muscle protein hydrolysate samples and
more precise compared to the other methods [9,12,13].

EXPERIMENTAL

Equipment
Analyses were performed using a Model 121 M automatic amino acid

analyser (Beckman, Palo Alto, CA, U.S.A.) operated according to the flow
diagram presented in Fig. 1. The single-column system using the short column
of the instrument packed with ion-exchange resin was employed. Reagent flows
were regulated with pumps and the temperature of the chromatographic
column maintained by a circulating water bath. Analyser operating conditions
are summarized in Table I.

Amino acids eluted from the chromatographic column were detected with a
ninhydrin reagent. The absorbance was measured at 570 nm using a flow
cuvette and recorded by a two-channel recorder. The channel operating at the
highest sensitivity was connected to a calculator; another channel operated at
the usual sensitivity of the instrument. The calculator (Beckman, Data 126
System Calculator) was used for the determination of elution times (in
minutes), peak area measurement (absorbance converted to the digital signal)
as well as for the quantification of separated compounds.

All functions of the analyser were programmer-controlled. The programmer
has 42 channels and performs different functions at predetennined times
(pumps, transfer and injection of the samples, control buffer selector valves,
control of column temperature, etc.). The instrumental analysis sequence is
given in Table II and calculator run parameters in Table III.

Chemicals
All chemicals were of analytical grade (Merck). Water for preparing buffers
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TABLE II

INSTRUMENTAL ANALYSIS SEQUENCE

Step Step time
No. (min)

1 20.0

2 0.1
3 2.0

4 0.1
5 1.0
6 52.0
7 2.0

8 15.0
9 5.0

10 0.1

Operation

Equilibration before automatic run start; buffer and ninhydrin to
the column
Automatic run start
Sample transfer from the coil on the automatic sample injector
plate to the metering loop
Calculator on
Sample injection on the column
Chromatographic analysis
Regeneration of ion-exchange resin; lithium hydroxide to the
column
Equilibration of the resin with the buffer
Calculator off, results printing
Programmer chart to step No.2 for next sample analysis

TABLE III

CALCULATOR RUN PARAMETERS

PW
SS
BL
ML
MA
FP

(peak width)
(slope sensitivity)
(baseline test)
(maximum baseline level)
(minimum area)
(number of fused peaks)

20
1000

5
50000

1000
255

was ion-exchanged and sterile (Milli-Q Water Purification System, Millipore).
Lithium citrate buffer pH 3.950 ± 0.010 (23°C) with 0.500 moljl lithium

and 0.067 moljl citrate was used. It was prepared by dissolving citric acid
monohydrate and lithium hydroxide in water, and was then titrated to the
desired pH value with concentrated hydrochloric acid and brought to final
volume with water. The buffer was filtered before use (Millipore 0.2 Mm
mesh). Octanoic acid was used as a preservative (0.1 ml per 1000 ml).

Lithium citrate buffer (0.150 moljllithium and 0.050 moljl citrate) pH 2.2
was used for dilutions. The buffer was filtered (Millipore, 0.2 Mm mesh).

AA-10 resin (Beckman, PN 338013) was used. Lithium hydroxide solution
(0.3 moljl) was used for resin regeneration.

Dimethyl sulphoxide-ninhydrin reagent (Beckman, PN 336452) was used
for amino acid detection. This reagent was mixed with a premeasured amount
of hydrindantin according to the directions given.

The basic amino acid solution (Hamilton, Type P-B, PN 77729) contained
2.5 Mmoljml lysine, arginine, histidine, 1-methylhistidine, 3-methylhistidine,
hydroxylysine, -y-aminobutyric acid, ornithine, ethanolamine, 15.0 Mmoljml
creatinine, 2.5 Mmoljml carnosine and 1.25 Mmoljml anserine. This solution was
diluted 25 times with a sample diluting buffer, pH 2.2 (solution A). Solutions
of individual compounds were prepared from standard substances (Serva) by
dissolving them in the sample diluting buffer.
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monomeric forms [19]. In our initial solutions of human apo-HDL, apo A-I
was present at approximately 2 . 10 -5 M and would be within this concentra
tion range. It is of interest to note that apo A-II also has been reported to self
associate in aqueous solution in a concentration dependent manner [20]. In
our HPLC system, we observed no apo A-II association, perhaps because the
apo A-II levels were too low. The apo A-I standard from Calbiochem-Behring
did not form tetramers as readily as the apo A-I molecules isolated from
human donors in this laboratory. It is possible that the commercial apo A-I
may have been altered by the electrophoretic conditions used for purification
such that it no longer readily self-associated within the concentration ranges
described by Jonas [19]. Other investigators have resolved apolipoproteins
from apo-HDL utilizing conventional gel filtration columns equilibrated with
6-8 M urea [19, 21, 22]. Also, apolipoproteins from HDL have been isolated
by preparative size-exclusion HPLC using buffered 6 M urea or 6 M
guanidinium chloride in the column eluates [5,6] . On Sephadex G-150 bovine
apo-HDL was resolved into three major peaks [19]. The peak with the highest
molecular weight had an estimated molecular weight of 80,000 daltons; the
second was 27,000 daltons, and the third approximately 17,000 daltons.
Jonas [19] proposed that the first peak represented a tetrameric form of apo
A-I and our results appear to confirm this observation with human apo A-I.
We have not utilized urea, guanidinium chloride, or other agents known to
solubilize apolipoproteins. In our hands, apo-HDL has remained in solution
when dialyzed against either 1.0 M sodium chloride for ether extractions or 0.2
M sodium chloride for ethanol-diethyl ether extractions. The preparation was
quickly frozen in liquid nitrogen at a concentration of 1-1.5 mg/ml protein
and defrosted within 5 min of its removal from liquid nitrogen. This storage did
not alter elution profiles or protein content, and apo-HDL solutions have been
stored for as long as six months. Another factor that may have contributed to
the successful fractionation without denaturants may have been the rapid
resolution of apo-HDL components accomplished by size exclusion HPLC.
Within 20 min these components were resolved with minimal dilution of the
sample. Since gel filtration columns can take as long as 8 h to elute, it is
possible that more column--apolipoprotein interactions may develop
necessitating the use of chemical denaturants.

The monomeric and polymeric forms of apo A-I after resolution by HPLC
retained the ability to disrupt unilamellar phospholipid vesicles. When spherical
HDL was mixed with phospholipid dispersions or vesicles, apo A-I disassociated
from HDL to disrupt vesicle bilayers and form discs [23]. It has been proposed
that disc-like precursor HDL molecules, composed largely of phospholipid and
apo A-I, give rise to mature HDL molecules through the action of lecithin
cholesterol acyl transferase [24, 25]. Thus the insertion of apolipoprotein
molecules into lipid bilayers is a critical event for the assembly of plasma lipo
proteins, and regardless of the origin of HDL molecules, apo A-I is involved in
interactions with phospholipids at various stages in HDL metabolism [26]. In
aqueous solution apo A-I molecules may self-associate in order to stabilize the
amphiphilic apoprotein molecule in the absence of phospholipid. Apo A-I
molecules are most stable when associated with a phopsholipid bilayer to form
a discoidal particle, followed by association with spherical HDL, and are least
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SUMMARY

The changes in rabbit serum proteins after partial hepatectomy were examined by means
of two-dimensional electrophoresis utilizing isoelectric focusing in a 4% polyacrylamide gel
in the first dimension and a 4-30% pore gradient polyacrylamide gel in the second dimen
sion. A rapid increase in seven proteins was observed after partial hepatectomy and a rapid
decrease in two proteins. Major serum proteins, including albumin, immunoglobulin G,
immunoglobulin M and <l'z-macroglobulin, did not change.

The time course of the changes was examined using a densitometer; the maxima of
the changes were observed on day 3 after partial hepatectomy.

INTRODUCTION

Since the first report of Higgins and Anderson [1] on the quantitative assess
ment of liver regeneration after partial hepatectomy, a large number of studies
on the regenerating liver cells have been reported. However, what controls the
proliferation after partial hepatectomy and how the rapid regenerative growth
is stimulated are not yet fully clear. A series of specific substances is supposed
to control the proliferation of liver cells, but it is also considered that
metabolic changes after partial hepatectomy contribute to the stimulation of
these substances. To answer this question, the changes in the serum concentra
tion of various metabolites after partial hepatectomy have been studied [2-5].
The changes in serum proteins after partial hepatectomy, however, are not yet
known except for some proteins [2-6] because of the insufficient resolution
of the analytical techniques.

On the other hand, Manabe et al. [7] have described a two-dimensional

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B. V.
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electrophoretic technique without denaturing agent, and have shown that
human plasma proteins can be resolved into about 250 spots. Since this
technique does not use denaturing agents such as sodium dodecyl sulphate or
urea during the electrophoretic run, it is suitable for the analysis of a mixture
of soluble proteins without loss of their native physicochemical properties [8]
or their biological activity [9].

In a previous paper [10] we applied this electrophoretic technique to
analysing the changes in rat serum proteins after partial hepatectomy, and
could detect changes in more than twenty serum proteins supposed to be
closely related to the proliferation of liver cells. In this present paper we
describe the changes in rabbit serum proteins after partial hepatectomy.

MATERIALS AND METHODS

Reagents
Ampholine (pH range 3.5-10) was obtained from LKB Produkter (Bromma,

Sweden). Acrylamide, N,N'-methylenebisacrylamide, N,N,N' ,N' -tetramethyl
ethylenediamine (all special grade for electrophoresis), Tris base, glycine,
sucrose and ammonium persulphate were purchased from Wako (Osaka, Japan).
Coomassie Brilliant blue R-250 was purchased from Sigma (St. Louis, MO,
U.S.A.).

Partial hepatectomy and serum samples
Male rabbits (Japanese White strain) weighing approximately 2 kg were used.

Partial hepatectomy (about 60% of liver weight) was performed under light
ether anaesthesia.· After partial hepatectomy the rabbits were maintained for
1-20 days with food and water ad libitum. Sham operation was done in an
identical manner to partial hepatectomy in terms of skin and muscle incision,
manipulation of the liver and care of the wound. On days 0, 1, 2, 3, 4, 7, 10
and 20 after partial hepatectomy, blood (about 1 ml) was obtained from an ear
vein using a disposable syringe. The blood was left to stand at 4°C for 30 min,
and then centrifuged at 3000 g for 10 min. Sucrose was added to the serum to
give a concentration of 10% (wjv), and the samples were stored at -20°C until
use.

Two-dimensional electrophoresis
Two-dimensional electrophoresis was carried out as described in the previous

report [10] with some modifications. Isoelectric focusing in the first dimension
was performed on a gel column (14.5 cm X 0.5 cm I.D.). A 4% acrylamide
(0.2% bisacrylamide) solution containing 2% Ampholine (pH range 3.5-10)
and 0.05% ammonium persulphate was poured into the glass tube. After
gelling, the bottom of the glass tube was covered with dialysis membrane, and
placed in an electrophoresis chamber. Overlay solution (5% sucrose solution
containing 2% Ampholine, 50 tLI) was layered on top of the gel column and
then the serum sample (50 tLI) was applied below the overlay solution. The
cathode electrode solution was 0.04 M sodium hydroxide, and the anode
0.01 M phosphoric acid. Electrophoresis was run at a 2-mA constant current
per gel column for about 40 min (until the voltage reached 460 V), and then
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STANDARD ADDITION FOR CALIBRATION
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SUMMARY

A high-performance liquid chromatographic procedure was developed for the determina
tion of di-(2-€thylhexyl)phthalate (DEHP) concentrations in human whole blood samples.
The solvent extraction of DEHP was found to be highly variable between samples obtained
from different subjects (coefficient of variation of 30.4%). The recovery of DEHP following
extraction with ethyl acetate was negatively correlated with serum lipid content, as
expressed by the sum of serum cholesterol and triglyceride concentrations (r = -{).864).
The technique of standard addition of DEHP allowed a single-point calibration of DEHP
extractability in individual blood samples, and provided an accurate estimation of DEHP
concentration (coefficient of variation of approximately 6% in replicate samples). The
potential for intersample variability in the solvent extraction of other highly lipid-soluble
compounds should be considered.

INTRODUCTION

Di(2-ethylhexyl)phthalate (DEHP) is a plasticizer commonly used in the
production of polyvinyl chloride plastics, comprising up to 40% by weight of

*Present address: Division of Pharmaceutics, School of Pharmacy, Beard Hall 200-H,
University of North Carolina at Chapel Hill, Chapel Hill, NC 27514, U.S.A.
**Present address: Department of Pharmaceutics, BG-20, School of Pharmacy, University of
Washington, Seattle, WA 98195, U.S.A.
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some medical plastic products such as blood storage bags and flexible tubings
[1]. Animal studies have indicated that this compound can induce hepato
megaly and affect a variety of biochemical functions of the liver [2]. A recent
long-term toxicity study has also revealed its capacity for producing hepatic
tumors in rodents [3] . Concerns over the potential toxicity of DEHP and other
plasticizers have led to the problem of assessing the degree of exposure to
plasticizers in various hospital patient populations. Several investigations have
been directed towards identifying the presence of plasticizers in blood and
tissues of those patients likely to be at risk of exposure. For example, signifi
cant concentrations of DEHP have been reported in patients with end-stage
renal failure requiring maintenance hemodialysis [4-6] and surgical patients
who have received blood transfusions [6] or undergone cardiac bypass [7].

In order to further characterize the extent of exposure and the disposition
kinetics of DEHP, an accurate and reliable method for the measurement of
the phthalate ester in various biological fluids or tissue specimens is required.
Several chromatographic procedures have been reported for the quantitation
of DEHP in blood or plasma [4, 6, 8, 9]. During our attempt to adopt the
publi'1hed assays for DEHP in human blood samples, we encountered a high
degree of intersubject variability in the solvent extraction of the plasticizer
from whole blood. Although in principal the variability problem can be over
come by preparing calibration standards using each subject's own blank blood,
in practice it poses a serious dilemma as completely DEHP-free blood cannot be
obtained.

The present study was undertaken to determine whether any specific bio
chemical factors could be identified which may be responsible for the observed
variability in the chemical extraction of DEHP. Furthermore, an assay
methodology involving the technique of standard addition was developed for
the determination of DEHP concentrations in individual whole blood samples.

EXPERIMENTAL

Chemicals
All solvents were of HPLC grade and were purchased from a commercial

source (J.T. Baker, Phillipsburg, NJ, U.S.A.). DEHP (Aldrich, Milwaukee, WI,
U.S.A.) and di-n-octylphthalate (DOP, Eastman-Kodak, Rochester, NY, U.S.A.)
were used without further purification.

Subjects
Blood samples (20 ml) were obtained from thirteen normal volunteers for

the purposes of determining the individual variation in DEHP calibration curves
and relating the extraction of DEHP from blood to serum lipid and (Xl-acid
glycoprotein (AAG) concentrations. Blood was drawn through a metal needle
into glass syringes. A 10-ml aliquot was set aside and stored in glass vials
containing heparin (20 U/ml) at -20°C. The serum fraction was separated from
the remaining blood and stored in glass vials at -20° C.

DEHP extraction
Ethyl acetate (5 ml) containing 1 ~g/ml of the internal standard DOP was
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added to 0.5 ml of heparinized whole blood samples in acid-washed glass
culture tubes (16 X 125 mm with PTFE-lined caps, American Scientific
Products, McGaw Park, IL, U.S.A.). Preliminary experiments indicated no
difference in the extraction of DOP added with the extraction solvent as
opposed to added prior to extraction. DOP was subsequently added with the
ethyl acetate to facilitate the processing of samples. The tubes were vortexed
vigorously (15 sec), shaken (15 min), and centrifuged (lS00 g, 15 min). The
organic layer was transferred to a fresh glass tube, evaporated to dryness at
50° C under a stream of dry nitrogen, and reconstituted with 100 ~l methanol.

Chromatographic analysis
Aliquots (10-S0 ~l) of the reconstituted extracts were analyzed by high

performance liquid chromatography (HPLC). The chromatograph consisted of
a Waters Assoc. (Milford, MA, U.S.A.) Model6000A constant flow-rate pump,
a U6K variable-volume injector, and a Model 440 UV absorbance detector.
Separation was achieved with a Partisil 5 ODS Rapid Analysis Column, particle
size 5 ~m (Whatman, Clifton, NJ, U.S.A.). The mobile phase consisted of
methanol-water (93:7). The high methanol content was required due to the
extremely lipophilic nature of DEHP. The flow-rate was set at 3.0 ml/min with
a column back pressure of 7 MPa. Absorbance of the eluent was monitored at
254 nm, and peak area ratios (DEHP to DOP) were determined with a Hewlett
Packard (Avondale, PA, U.S.A.) Model 3390A reporting integrator. Interday
variability in instrument response, as assessed by daily injections of a standard
methanolic solution containing DEHP and DOP, was 1.S%.

Linearity of DEHP calibration curves
Blood from ten of the thirteen normal volunteers was spiked with DEHP to

yield a series of blood standards containing 0, 0.5, 1.0, 2.5, and 5.0 ~g/ml

plasticizer. A 25-~1 aliquot of a methanolic solution of DEHP was added to
acid-washed glass centrifuge tubes (16 X 125 mm) and the methanol was gently
evaporated under a stream of dry nitrogen. Lysed whole blood was added to
each tube, followed by brief vortexing. No DEHP was lost during this prepara
tion. The blood samples were extracted and analyzed by HPLC as described in
the preceding sections. Peak area ratios were plotted versus DEHP concentra
tion for each individual set of blood standards, and linear calibration plots were
fitted with least-squares regression lines.

Correlation of ethyl acetate extractability with serum biochemistry
The extraction yield of DEHP from blood was assessed with 0.5-ml samples

from thirteen normal volunteers to which a known amount (2.5 ~g) of DEHP
had been added. Since blood from all volunteers contained a measurable
amount of DEHP, the peak area ratio due to the spiked DEHP, i.e. AR(s),
was calculated:

AR(s) = AR(2) - AR(l) (1)

where AR(l) and AR(2) are the peak area ratios before and after the addition
of 2.5 ~g (corresponding to 5 ~g/ml) of DEHP. The increase in peak area ratio
after the standard addition represents an assay response factor. The only require-
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system, a Waters UV detector 440 operating at 254 nm and a Rheodyne 7125
syringe loading sample injector with a 100-MI sample loop. A HP 3390 A
integrator was used to determine the concentrations of the neuroleptics by
peak area integration. The mobile phase consisted of 32% acetonitrile in 0.05 M
potassium dihydrogen phosphate buffer (pH 2.8). The buffer solution was
passed through a 0.2-Mm membrane filter (Schleicher & Schull) prior to mixing
with acetonitrile. The flow-rate was set at 1.0 mljmin. A column (length
250 mm, a.D. 8 mm, LD. 4 mm) packed with CiS Nucleosil (Macherey, Nagel
& Co., Dillen, F.R.G.; particle size 5 Mm) served as stationary phase.

Extraction
The quantity of plasma used for extraction depended on the benperidol

concentration. For concentrations > 5 ngjml plasma samples of 1 ml were
extracted; for lower concentrations, samples of 2 or 3 ml were used.

Plasma and 50 ng (50 MI) of haloperidol as internal standard were mixed in
polypropylene tubes (17.5 ml) with polyethylene stoppers. After adding 1 ml
of 2 M sodium bicarbonate buffer (pH 10.5) and 5 ml of hexane with 5% or
10% isopropanol (for 1 or 2 ml of plasma, respectively), the samples were
shaken for 30 min and centrifuged for 10 min at 1800 g. The hexane layer was
transferred to another tube containing 100 MI of 0.05 M potassium dihydrogen
phosphate buffer (pH 2.8). This mixture was shaken again for 30 min and
centrifuged for 10 min at 1800 g. The hexane layer was aspirated and 90 MI of
the aqueous layer were injected into the chromatographic system.

Calibration
Plasma samples of 1 or 2 ml with benperidol concentrations of 1, 3, 5, 10,

20 and 50 ngjml· were prepared. After adding 50 ngjml haloperidol as internal
standard, the samples were treated as described above. Calibration curves were
obtained by plotting the peak area ratios of benperidol to haloperidol against
the benperidol concentration given.

RESULTS AND DISCUSSION

Extraction
Liquid-liquid extraction of the butyrophenones from plasma in two steps

was necessary to separate the drugs from endogenous substances which inter
fere with the chromatographic analysis. In the first step, the butyrophenones
were extracted from alkalized plasma (pH 10.5) with an organic solvent. In
the second, they were reextracted with an acidic aqueous solution (pH 2.8).
The extractabilities of benperidol and haloperidol were different. The yield of
extraction depended on the amount of isopropanol added to hexane (Table I).
Plasma samples of 1 and 2 ml, each spiked with 50 ng of benperidol and 50 ng
of haloperidol, were extracted with hexane and with hexane + 1%, 5%, 10% or
20% isopropanol.

When the plasma was extracted with pure hexane, a gel was formed in the
organic layer; the absolute recoveries were therefore very low and variable.
After extraction with hexane + 1% isopropanol the recovery for benperidol was
lower than for haloperidol, the ratios being 0.26 for 1 ml of plasma and 0.09
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TABLE I

INFLUENCE OF ISOPROPANOL ON THE EXTRACTABILITY OF 50 ng OF
BENPERIDOL AND 50 ng OF HALOPERIDOL ADDED TO 1 OR 2 ml OF PLASMA

Values are mean of four extractions.

Extractability (%)Plasma
volume
(ml)

1
2
1
2
1
2
1
2
1
2

Isopropanol
(%)

0*
0*
1
1
5
5

10
10
20**
20**

Benperidol

8.2 ± 4.5
3.2 ± 3.0

16.5 ± 2.1
4.8 ± 0.5

65.3 ± 2.1
37.4 ± 4.5
38.8 ± 2.3
55.2 ± 3.6
34.1 ± 3.5
19.3 ± 9.8

Haloperidol

12.2 ± 5.3
26.1 ± 9.3
63.7 ± 6.1
56.2 ± 4.6
75.4 ± 1.6
73.0 ± 2.8
29.0 ± 1.9
68.1 ± 3.2
24.0 ± 5.3
21.3 ± 9.6

Benperidoljhaloperidol

0.67
0.12
0.26
0.09
0.87
0.51
1.34
0.81
1.42
0.91

*Gel formation, extractability very low.
**Peaks very broad and not well separated from other plasma peaks.

for 2 ml of plasma. When 1 ml of plasma was extracted, the best recoveries for
both substances were obtained with hexane + 5% isopropanol, with a mean
ratio of 0.87. When 2 ml of plasma are extracted, the amount of isopropanol
must be increased to 10% in order to obtain comparable recoveries; the ratio
was then 0.81. With hexane + 5% isopropanol the recovery for benperidol was
too low, the ratio being 0.51.

The addition of isopropanol to hexane is important, especially for the
extraction of benperidol; the amount necessary depended on the quantity of
plasma used for extraction.

Detection
The absorbances of benperidol and haloperidol at 214 and 254 nm were

compared. They were greater at 214 nm than at 254 nm for both drugs.
The ratio of peak area at 214 nm to peak area at 254 nm is 2.0 for

benperidol and 1.3 for haloperidol. Nevertheless, the extracted plasma samples
were measured at 254 nm, because the signal-to-baseline-noise ratio was better
at this wavelength. If there are other drugs in the extracted plasma, the selectiv
ity of analysis can be improved by measuring the absorbances at both wave
lengths and comparing the peak area ratios.

Resolution
With the chromatographic conditions described in Materials and methods the

retention times are about 6 min for benperidol and about 12 min for halo
peridol.

Fig. 2 shows the chromatograms for a blank plasma sample (Fig. 2a), a
plasma sample spiked with 5 ng of benperidol and 50 ng of haloperidol (Fig.
2b) and a plasma sample of a patient receiving benperidol40 mg/day (Fig. 2c).
The blank plasma was free of interfering peaks.
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SUMMARY

An analytical method was developed for the quantitation of a candidate antileishmanial
drug, 6-methoxy-8-(6-diethylaminohexylamino)-4-methylquinoline, dihydrochloride, in
canine plasma. The assay utilized internal standard technique with a structurally similar 8
aminoquinoline, 6-methoxy-8-(7-diethylaminoheptylamino)-4-methylquinoline, dihydro
chloride, as the internal standard. The method employs a liquid-solid extraction procedure
with prepackaged silica gel columns upon which the drug and internal standard are adsorbed,
then selectively washed and eluted. Reversed-phase chromatography was then employed to
analyze the extracted sample by means of oxidative electrochemical detection at + 0.75 V.
Good accuracy and precision were obtained over the range of concentration tested
(10-1500 ng{ml plasma). Analyses of plasma samples from human volunteers given the drug
demonstrate the method is also suitable for analysis of human plasma samples. The entire
procedure is relatively simple and requires only 1 ml of plasma.

INTRODUCTION

The leishmaniases are parasitic diseases affecting perhaps 100,000,000
people in the tropical and semitropical world [1]. The major forms of human
disease are papular ulcerative cutaneous disease (cutaneous disease), erosive
oral, nasal or pharyngeal disease (mucocutaneous disease), or hepatospleno
megaly (visceral disease). The leishmaniases result from infection of the
macrophages of the respective organs by the amastigote form of the parasite.
The leishmaniases are presently treated with pentavalent antimonials such as
sodium stibogluconate (Pentostam®, Burroughs Wellcome) or N-methylgluc
amine (Glucantime®, Rhodia) [2-41. The 10-25% of cases that are
antimony-resistant [4] are treated with more or higher doses of antimony, with
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pentamidine or with amphotericin B [2-4]. These compounds are parenterally
administered and have relatively low therapeutic indices.

The Walter Reed Army Institute of Research has screened more than 3000
compounds in an effort to find an orally administered effective antileishmanial
compound. 6-Methoxy-8-(6-dietl?-ylaminohexylamino)-4-methylquinoline,
dihydrochloride, is presently the most active drug discovered thus far in a
screening program for antileishmanial activity in the hamster model of
visceral leishmaniasis [5]. In this model, the above compound has consistently
shown suppressive activity 400-700 times greater than the reference
compound, Glucantime [5]. This compound is being developed for human use
and has been tested in a double blind study of safety and tolerance in humans
and was well tolerated up to and including a 60-mg single oral dose [6] .

To support the development of this drug, the estimation of pharmacokinetic
parameters in animals and humans must be determined. Therefore a sensitive
and specific assay for this candidate 8-aminoquinoline antileishmanial drug in
plasma was needed and is described in this paper.

EXPERIMENTAL

Chemicals
6-Methoxy-8-(6-diethylaminohexylamino)-4-methylquinoline, dihydro-

chloride* (I) and 6-methoxy-8-(7-diethylaminoheptylamino)-4-methylquinoline
dihydrochloride* * (II), the internal standard, were synthesized on contract
from Starks Assoc. (Buffalo, NY, U.S.A.) and Ash Stevens (Detroit, MI,
U.S.A.), respectively (Fig. 1). Compound I and the internal standard
were found to be 99.7% [7] and> 99% pure, respectively. 6-Methoxy-8-(6
ethylaminohexylamino)-4-methylquinoline, dihydrochloride hemi
hydrate***, the salt form of a metabolite of compound I found in
both rat and hamster microsomal preparations [8] , was synthesized
under contract by Starks Assoc. (purity > 99.0%, Fig. 1). Acetonitrile
was of HPLC grade and obtained from Burdick & Jackson Labs. (Muskegon,
MI, U.S.A.). All chemicals used in this study were of reagent grade.
Trizma buffer was purchased from Sigma (St. Louis, MO, U.S.A.). Ammonium
formate was purchased from Fisher Scientific (Fairlawn, NJ, U.S.A.).

",o~ . "" ",o~ . "" ",o~ . "" . ,',0

H/N'ICH I_N/CH2CH3 H/N'ICH I_N/CH2CH3 H/N'ICH I_W"CH2CH3
2 6 'CH2CH 3 2 7 'CH2 CH 3 26 'H

I n m
Fig. 1. Chemical structures of compound I (I), the internal standard (II) and the
N-deethylated metabolite of compound I (III).

*This compound is an investigational drug and has no generic name. An institutional identi
fication of WR 6026 0 2HCI (Lot AF) is used to identify this compound.
**The internal standard was also obtained from the Walter Reed Inventory and has no
generic name. An institutional identification of WR 223,658 0 2HCl (Lot AA) is used.
***This metabolite was synthesized and also obtained from the Walter Reed inventory. The
institutional identification for the chemical is WR 211,789 0 2HCI 0 lhHoO.
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Dehydrated ethanol was purchased from U.S. Industrial Chemical (Tuscola, IL,
U.S.A.). Silica gel Bond-Elut® columns (3 ml capacity) were purchased from
Analytichem International (Harbor City, CA, U.S.A.). Plasma was prepared
from freshly drawn heparinized (20 LU.jml) canine blood. All water was
demineralized, double glass-distilled and stored in glass.

Liquid-solid extraction of compound I from plasma
Canine plasma samples (1 ml) that had been previously spiked with various

levels of compound I were thawed at room temperature. The internal standard
was dissolved in 0.01 M hydrochloric acid and appropriate amounts were added
to the thawed samples and vortexed for 10 sec. Acetonitrile (2 m!) was added
to the sample and immediately vortexed vigorously for 30 sec. Samples were
then centrifuged for 10 min at 500 g and 5° C in a Sorvall refrigerated RC-2
centrifuge (DuPont, Newtown, CT, U.S.A.). The supernatant was transferred to
another precleaned (tubes rinsed with acetonitrile then methanol) disposable
glass test tube and acetonitrile was evaporated to dryness under nitrogen gas
« 35° C) using a N-Evap® analytical evaporator manufactured by Organoma
tion (South Berlin, MA, U.S.A.). The sample was reconstituted with 2.0 ml of
water and vortexed vigorously for 15 sec.

The sample was placed onto a wetted silica gel Bond-Elut column previously
equilibrated by the passage of 4 ml of ethanol followed by 6 ml of water. The
test tube was rinsed with 2.0 ml water and the rinse solution was also put on
the column. The sample and test tube rinse were drawn through the column in
this and subsequent wash steps by use of a vacuum (200 mmHg) with a Vac
Elute® manifold obtained from Analytichem International. After the sample
had been drawn through the column, the volume was washed with 6 ml of
water followed by 6 ml of water-ethanol (20:80). Finally, the drug plus
internal standard were eluted off the silica gel Bond-Elut column with 8 ml of
0.1 M trizma, pH 7.4-ethanol (20:80) into a precleaned glass test tube and
evaporated to dryness under nitrogen gas at < 35° C. The dry residue was dis
solved in mobile phase for HPLC analysis.

HPLC analysis
Chromatographic system consisted of a Model 6000A pump (Waters Assoc.,

Milford, MA, U.S.A.), a Model U6K universal injector (Waters Assoc.), an
electrochemical detector with a single glassy carbon electrode (Bioanalytical
Systems, West Lafayette, IN, U.S.A.), a Model 585 strip-chart recorder (Linear
Instruments, Irvine, CA, U.S.A.) and a 250 mm X 4.6 mm LD. 5-pm particle
size Spherisorb-CN® column (Thomson Instrument, Newark, DE, U.S.A.)
Column was at ambient temperature. Mobile phase consisted of 0.1 M
ammonium formate, pH 4.5-acetonitrile (67 :33) and the flow-rate was 2.0
mljmin. The pH of the ammonium formate was titrated with concentrated
formic acid to pH 4.5 prior to the addition of acetonitrile. Samples were
reconstituted in 250 pI of mobile phase and 5-20% of the samples were in
jected. The electrochemical detector was set in the oxidative mode at an
applied potential of +0.75 V using a single glassy carbon electrode at a
sensitivity of 2-10 nA full scale. The electrochemical detector signal was
filtered at a maximum cut-off frequency of 0.05 Hertz by means of a Model
1021A filter (Spectrum Scientific, Newark, DE, U.S.A.).
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Quantitation
Quantitation was achieved using peak height ratios of compound I to

internal standard (II). For each analysis, a standard curve was generated by
adding known and varying amounts of compound I and a known and constant
amount of the internal standard to canine plasma. The ranges of standard
curves (8-120 ng or 100-1500 ng) were designed to encompass the range of
expected experimental values. Spiked samples were treated as unknowns to
evaluate the precision and accuracy of the method. Additionally, blind plasma
samples spiked with low concentrations of compound I were prepared by
another laboratory and were analyzed to further validate the procedure.
Human plasma samples were obtained from VOlunteers, participating in a safety
and tolerance study, 24 h following a single 60-mg oral dose of placebo. The
human plasma samples were then frozen (-200 C) for approximately 30 days
and then analyzed by this procedure.

Percent recovery was determined by comparison of peak height of
compound I for each unknown sample to an external standard curve of ng of
compound I on column versus peak height (cm). An external standard curve
was constructed for every analysis.

RESULTS

The method was validated by means of spiked canine plasma samples treated
as unknowns and blind spiked canine plasma samples prepared in another
laboratory. The results are shown in Tables I-III and they demonstrate good
precision and accuracy over the concentration range studied. The overall
accuracy and precision from 10 to 1000 ng of compound I per ml of plasma
were ± 7.2% and 7.2% coefficient of variation (C.V.), respectively. In addition,
the overall (10-1000 ngjml) mean percentage recovery of compound I as
determined by external standard technique was 55 ± 13.2% (n = 103).

In order to accurately quantitate plasma levels of compound I over a large
concentration range (10-1500 ngjml) two separate but overlapping standard
curves were run. Both low- and high-range standard curves consisted of seven

TABLE I

PRECISION AND ACCURACY DATA FOR ANALYSIS OF LOW CONCENTRATIONS OF
COMPOUND I IN PLASMA (n = 16)

Data are a summarization of data of four separate experiments. A standard curve of 8 to 130
ng of compound I per ml of plasma bracketed spiked unknowns. For additional information,
see Experimental.

Amount added Amount measured C.V. Accuracy
(ng) (ng, mean ± S.D.) (%) I%.:lr*

10.0 9.5 ± 1.32 13.9 11.2
20.0 20.4 ± 1.74 8.5 7.1
50.0 53.5 ± 7.45 13.9 11.7

100.0 99.5 ± 10.38 10.4 8.8

*Represents the mean of individual determinations for the absolute percent difference of
amount of drug added to sample versus amount of drug assayed.
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TABLE II

PRECISION AND ACCURACY DATA FOR ANALYSIS OF HIGHER
CONCENTRATIONS OF COMPOUND I IN PLASMA (n = 12)

Data are a summarization of data of two separate experiments. A standard curve of
100-1500 ng of compound I per ml of plasma bracketed spiked unknowns. For additional
information, see Experimental.

Amount added
(ng)

500.0
1000.0

Amount measured
(ng, mean ± S.D.)

520.3 ± 13.96
1036.6 ± 17.90

C.V.
(%)

2.7
1.7

Accuracy
1%t>I*

4.7
3.6

*Refer to footnote to Table I.

TABLE III

PRECISION AND ACCURACY DATA FOR ANALYSIS OF BLIND SAMPLES (n = 5)

Data represent a single experiment for the analysis of plasma samples spiked with compound
I that were supplied by another laboratory. The actual levels of compound I were made
known to the analyst only after the blind samples were analyzed. The unknowns were
bracketed by a standard curve from 8 to 120 ng of compound I per ml of plasma. For
additional information, see Experimental.

Amount added
(ng)

17.2
34.3
85.1

Amount measured
(ng, mean ± S.D.)

16.7 ± 0.69
35.3 ± 1.95
76.9 ± 2.82

C.V.
(%)

4.1
5.5
3.7

Accuracy
1%t>I*

3.6
4.0
9.7

*Refer to footnote to Table I.

points bracketing the anticipated unknown sample concentrations. Good
linearity and a negligible Y-intercept were routinely found. Least-squares linear
regression of low- and high-range standard curves yielded a representative
equation (Y = aX + b) for the line and regression coefficients (r2

) of Y =
0.0022X + 0.0190, r2 = 0.9991 and Y = 0.0231X - 0.0115, r2 = 0.9995, res
pectively.

The samples were free of interfering peaks as seen in the blank sample (Fig.
2A). Baseline separation is achieved between compound I and the internal
standard and the analysis time is about 11 min (Fig. 2B). Following a single 60
mg oral dose to human VOlunteers, compound I was detected in human plasma
24 h after administration (Fig. 2C). Analysis of plasma from volunteers
receiving a placebo revealed no interfering peak in the region of interest (not
shown). Furthermore, Fig. 3 demonstrates that the presence of the
N-deethylated metabolite (III) of compound I in plasma would not interfere
with the quantitation of compound I. This metabolite has similar chromato
graphic mobility as that of compound I and is found in in vitro rodent hepatic
microsomal metabolism experiments [8]. Therefore, the formation of this
metabolite in vivo is likely.
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SUMMARY

A reversed-phase isocratic high-performance liquid chromatographic assay is described for
the measurement of adriamycin, adriamycinol and their 7-deoxyaglycones in human serum.
The lower limit of detection in serum is 3 ng/ml for adriamycin and 1 ng/ml for
adriamycinol and the 7-deoxyaglycones with coefficients of variation for k' of less than 5%
throughout the day.

An extraction technique for serum is described which is capable of an almost equal
recovery (> 77%) of adriamycin, metabolites and daunorubicin (the internal standard)
without interference from endogenous components of serum. Serum concentrations of
metabolites 15 min after intravenous bolus administration of 40 mg/m2 adriamycin in two
different patients were 26.5 and 16.6 ng/ml for adriamycinol; 109.8 and 5.8 ng/ml for the
adriamycinol 7-deoxyaglycone and 21.4 and 17.1 ng/ml for the adriamycin 7-deoxy
aglycone. A total of six metabolites of adriamycin were detected in the two patients using
this methodology.

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

Adriamycin (ADR) is a naturally occurring anthracycline glycosidic
antibiotic with a broad spectrum of antitumour activity in human cancer [1] .
In man, it was shown to be converted to at least eight different products,
which were identified in urine using thin-layer chromatography (TLC) [2].
These were: adriamycinol (AOL), the major metabolite; five aglycones, adria
mycin aglycone (ADR-ONE), adriamycin 7-deoxyaglycone (ADR-DONE),
adriamycinol aglycone (AOL-ONE), adriamycinol 7-deoxyaglycone (AOL
DONE) and adriamycinol demethyl 7-deoxyaglycone (AOL-DM-DONE); and
two conjugates of AOL-DM-DONE (Fig. 1). Pharmacokinetics of several
aglycones were followed in fourteen cancer patients using TLC [3] .

Recently, normal- and reversed-phase high-performance liquid chromato
graphic (HPLC) methods have been published for the separation of mixtures of
ADR and metabolites [4-11]. Coupled to a variety of extraction techniques
the only metabolite of ADR that was detected in patient serum or plasma by
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Fig. 1. The structure of adriamycin and its metabolites.
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bonds which may account for their success as solvents. The glycosides were
soluble in both water and to a lesser extent methanol but were insoluble in
chloroform (Table I).

High-performance liquid chromatography
The separation achieved with the mixture of 12.5:12.5:12.5 methanol,

acetonitrile and propan-2-o1 is in Fig. 2A with capacity factors (h') and
retention times (tR) in Table II and with the mixture of 15:15:7.5 methanol,
acetonitrile and propan-2-o1 in Fig. 2B with h' and tR in Table II. After
equilibration with either mobile phase for 1 h h' varied by less than 5% over an
8-h period at 25°C. By reducing the proportion of propan-2-o1, keeping the
phosphoric acid constant and increasing the methanol and acetonitrile equally
h' can be increased without affecting the separation (compare Fig. 2A and B).
Detection limits along with lowest recorded serum level in parenthesis are for
AOL, 0.5 ng (2.1 ng/ml); AOL-ONE, 0.5 ng; ADR 1 ng (4.4 ng/ml); ADR-ONE,

B'
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RETENTION TIME MIN

Fig. 2. Separation of a mixture of standards of ADR, metabolites and DNR (internal
standard). (A) Chromatographic conditions: 5 mM (final concentration) orthophosphoric
acid, 62.5% in methanol, acetonitrile and propan-2-ol, 12.5 :12.5 :12.5, pH 3.2. (B) Chroma
tographic conditions: 5 mM (final concentration) orthophosphoric acid, 62.5% in methanol,
acetonitrile and propan-2-o1, 15:15:7.5, pH 3.2. (C) After extraction from human serum.
Chromatographic conditions as in Fig. 2A. Elution rate 2.5 ml/min and fluorescence detec
tion at 480 nm (excitation) and 560 nm (emission). Peaks: a = AOL; b = AOL-ONE; c =
ADR; d =ADR-ONE; e =AOL-DONE; f =DNR; g =ADR-DONE, h =DNR-ONE; i =serum
peaks.
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TABLE II

SEPARATION OF ADRIAMYCIN AND METABOLITES BY ISOCRATIC
REVERSED-PHASE HPLC USING j.tBONDAPAK Cli

Mobile phase 1 was 5 mM (final concentration) orthophosphoric acid, 62.5% in methanol,
acetonitrile and propan-2-o1, 12.5:12.5:12.5. Mobile phase 2 was 5 roM (final concentration)
orthophosphoric acid, 62.5% in methanol, acetonitrile and propan-2-o1, 15 :15:7.5. The pH
of both mobile phases was 3.2 and the elution rate was 2.5 ml/min. Fluorescence was
measured at 480 nm (excitation) and 560 nm (emission).

Compound Mobile phase 1 Mobile phase 2

k' (tR min) k' (tR min)

AOL 2.1 (5.0) 2.4 (5.5)
AOL-ONE 2.6 (5.8) 3.3 (6.8)
ADR 3.6 (7.3) 4.1 (8.1)
ADR-ONE 4.2 (8.3) 6.0 (11.2)
AOL-DONE 5.3 (10.0) 6.7 (12.3)
DNR 7.8 (14.1 ) 10.1 (17.8 )
ADR-DONE 8.7 (15.5) 12.8 (22.0)
DNR-ONE 9.4 (16.7) 13.6 (23.3)

1 ng (4.2 ng/ml); AOL-DONE, 0.5 ng (1.4 ng/ml); and ADR-DONE, 1 ng
(2.7 ng/ml). Extraction of ADR and metabolites from serum did not introduce
interference peaks (Figs. 2C and 3C).

In preliminary studies normal-phase HPLC was investigated for its ability to
separate the aglycone metabolites of ADR and the glycoside metabolite AOL.
Silica gel particles (5 and 10 11M) (LiChrosorb Si 60, E. Merck, Darmstadt,
F .R.G.) and a variety of chloroform-based mobile phases were tried. The
aglycones always tended to elute early unresolved.

Negatively charged ions have been employed in the analysis of ADR and
metabolites by HPLC [8, 21]. In one study [21] and in our own studies, these
agents had little influence on h' of aglycone standards.

Separation of the aglycone metabolites of ADR has only been properly
demonstrated using reversed-phase HPLC. In one case gradient elution was used
[4], although this method was unable to resolve two of the aglycones,
ADR-ONE and AOL-DONE. Another approach employed isocratic elution
using one mobile phase to resolve the glycosides and another to resolve the
aglycones and two internal standards [10]. A third method used isocratic
elution with a single predominately aqueous mobile phase with the
consequence that retention times of the later eluting peaks were delayed and
poor peak symmetry and decreased sensitivity resulted [7] .

The present method achieves a separation of ADR and its major glycoside
metabolite AOL as well as four different aglycone metabolites and DNR with
out requiring gradient elution or more than one mobile phase. Also, a complete
analysis can be performed in under 18 min without broadening of later eluting
peaks and analysis time can be controlled by changing the proportions of the
different components of the mobile phase.
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Serum extractions
Over 50 control extractions with blood bank serum were performed. 1 or 2

ml of serum were spiked with 10 ~l of a methanolic solution containing
10-1000 ng of standard. Individual extraction efficiencies ± S.D. expressed as
a percentage for 10 ng of standard were for AOL, 78.4 ± 12.3%; AOL-ONE,
84.8 ± 9.3%; ADR, 83.4 ± 6.1%; ADR-ONE, 85.8 ± 8.6%; AOL-DONE, 91.0
± 5.3%; DNR, 77.8 ± 7.4%; and ADR-DONE, 82.1 ± 9.6%. This simple
technique did not involve prolonged treatment with ethanolic 0.6 M hydro
chloric acid [7] or require high-speed centrifugation to separate phases after
precipitating proteins with ammonium sulphate [4] or use prepacked mini
columns [12] and was capable of more or less equal recovery of ADR and
metabolites along with DNR. A typical blank serum extract is shown in Fig.
3C.

Fig. 3A and B shows chromatograms of blood taken from two different
cancer patients 15 min after intravenous bolus administration of 40 mg/m2

ADR. In the first patient (Fig. 3A) four ADR metabolite peaks were identified

'11
r
C
o
:J:J
m
en
o
m
Z
o
m

A

d

9

i

J
B

gf

I

i
1

!
j

J

2'0 15 1'0 S 0 3'0 25 2'0 1'5 1'0 S 1\ 2'0 1'5 1'0 S 1\

RETENTION TIME MIN

Fig. 3. (A) Serum extract from a patient who received ADR as an intravenous bolus of 40
mg/m2

• Chromatographic conditions as in Fig. 2A. Peaks: a = serum peaks; b = ADR metab
olite (k' 1.8); c =AOL (26.5 ng/ml); d =ADR (257.6 ng/ml); e =AOL-DONE (109.8 ng/ml);
f = DNR (internal standard); and g = ADR-DONE (21.4 ng/ml). (B) Serum extract from a
second patient who received ADR as an intravenous bolus of 40 mg/m2

• Chromatographic
conditions: 5 roM (final concentration) orthophosphoric acid, 62.5% in methanol, aceto
nitrile and propan-2-ol, 16.5:16.5:4.5, pH 3.2. Elution rate 2.5 ml/min and detection as in
Fig. 2A. Peaks: a = serum peaks; b = ADR metabolite (k' 1.5); c = ADR metabolite (k'
1.8); d = AOL (16.6 ng/ml); e = ADR (260 ng/ml); f = ADR-ONE (4.1 ng/ml); g =
AOL-DONE (5.8 ng/ml); h = DNR (internal standard) and i = ADR-DONE (17.1 ng/ml).
(C) Blank serum extract. Chromatographic conditions as in Fig. 2A. Peaks: a = serum peaks.
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apart from the parent drug and the internal standard. The metabolites present
were AOL (26.5 ngjml), AOL-DONE (109.8 ngjml), ADR-DONE (21.4 ngjml)
and an early eluting metabolite with k ' of 1.8. In the second patient (Fig. 3B)
six ADR metabolite peaks were identified apart from the parent drug and the
internal standard. The metabolites present were AOL (16.6 ngjml) ,
AOL-DONE (5.8 ngjml), ADR-ONE (4.1 ngjml) and ADR-DONE (17.1 ngjml)
along with two early eluting metabolites with k ' of 1.5 and 1.8.
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SUMMARY

A method for the extraction and quantification of cefoxitin in blood and bone samples
is described in this paper. The procedure, which prepares biological material for reversed
phase high-performance liquid chromatographic analysis is convenient, rapid and reproducible.
It also allows for use of cephalothin as an internal standard in measuring serum cefoxitin levels.
Conventional extraction procedures, involving use of organic solvents, generally yield drug
recoveries of 60-80%. Use of Baker - 10 SPE® disposable extraction columns allowed us
to consistently obtain greater than 98% recovery of both cefoxitin and cephalothin. Methods
for quantification of the extracted drugs include comparison of peak ratios (for serum) or
peak heights (for bone) to first-order equations obtained from regression analyses.

INTRODUCTION

Biological materials such as saliva, serum and urine have been analyzed
for cephalosporin content by high-performance liquid chromatographic (HPLC)
methods [1-5]. Cefazolin, cephalothin, cefoxitin, cefotaxime, cefamandole,
cefuroxime and cefoperazone (T1551) concentrations have been determined in
plasma and urine specimen by reversed-phase liquid column chromatography
[1]. Cefoxitin has also been measured in serum samples by reversed-phase
liquid chromatography [2]. Anion-exchange HPLC has been used to detect
cephalothin, cefoxitin and their metabolites in whole urine [3]. Moxalactam
and cefazolin levels have been determined in bone and serum samples by HPLC
[4]. Microbiological assays have also been used to demonstrate the presence of
cephalosporins in samples of blood, skin, soft tissue and bone [6-12].

Procedures for the extraction of cephalosporins from biological materials
vary according to methods of analysis and type of sample, with recovery of the

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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drugs as low as 60%. In organic solvent extraction, low yields of recovered drug
may be partially attributed to unfavorable partition coefficients of the extrac
tion solvent.

In 1981, Dupont and De Jager [5] reported the use of Sep-Pak® cartridges
to obtain 97% extraction of cefoperazone from serum samples.

The present communication reports a method which was developed in
dependently in our laboratory for the extraction of cefoxitin from serum and
bone of orthopedic patients. This method serves to increase the sensitivity of
HPLC and decrease the quantity of drug lost in sample preparation. The
procedure includes use of Baker-10 SPE® disposable CiS extraction columns and
increases the yield of recovered drug 38% over procedures involving extraction
with organic solvents. Not only is the method sensitive, but it is rapid and
reproducible.

The use of cephalothin as an internal standard in measuring cefoxitin con
centration in serum samples is also reported in this paper.

EXPERIMENTAL

Reagents and materials
Sodium cefoxitin was supplied by Merck Sharpe & Dohme (West Point, PA,

U.S.A.). Cephalothin was purchased from Sigma. HPLC-grade acetonitrile
and methanol (Fisher Scientific) and reagent-grade acetic acid, hydrochloric
acid, potassium dihydrogen phosphate, dipotassium hydrogen phosphate,
phosphoric acid and potassium hydroxide (J.T. Baker) were used in these
studies. Baker - 10 SPE disposable columns containing octadecyl (CiS) packing
were used throughout these experiments.

Apparatus
A Waters Assoc. (Milford, MA, U.S.A.) HPLC system, which included a

Model M6000A solvent delivery system, an U6K injector and a Model 440
fixed-wavelength (254 nm) detector, was utilized. A Hewlett-Packard Model
3390A integrator was used. The chromatograph was equipped with a
tlBondapak CiS (10 tlm particle size; 30 cm X 3.9 mm I.D.) column and a
Whatman guard column (Clifton, NJ, U.S.A.) packed with Co:Pell ODS.

Filtration of solvents was carried out using a Millipore analytical filtering
system (Millipore, Bedford, MA, U.S.A.).

Preliminary treatment of samples
Samples of blood and bone were provided by orthopedic patients, who were

undergoing elective arthroplastic surgery.
All samples were obtained from the surgical unit at the University of

Mississippi Medical Center immediately upon notification of availability and
were processed as follows:

The blood samples were centrifuged. The serum layer was removed and
frozen at -60° C until analyzed.

When possible, at least 3 g, wet weight, of tissue were removed from each
patient sample of cancellous bone. The bone was then cut into small pieces,
approximately 2-3 mm in diameter, using a rongeur. Care was taken to select
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approximately 3 g of each sample were weighed into screw-capped conical
tubes. The bone was then mixed with water in a ratio of weight of bone (g) to
volume of diluent (ml) equivalent to 1 :2. The mixture was shaken at 5° C for
5 h. The diluent was then removed and frozen at -20°C overnight. The
procedure for extraction of cefoxitin from the diluent was the same as for the
serum, but without the addition of internal standard. A 75-JlI aliquot of the
methyl alcohol eluent was then injected into the chromatographic system.

Chromatography. The mobile phase consisted of a mixture of distilled
deionized water-acetonitrile-acetic acid (80:19:1). The flow-rate was set at
1.0 ml/min. The detector was set at 0.02 a.u.f.s. The column was operated at
ambient temperature.

Quantification. The chromatograms were quantified by comparing cefoxitin
peak height to the first-order equation.

First-order regression analysis on HPLC data of cefoxitin bone standards was
done as for serum standards. The X-coordinate values were represented by the
averaged peak heights from three different preparations and extractions of the
known cefoxitin concentration. The Y coordinates were represented by known
concentrations of cefoxitin. Cefoxitin concentration in bone samples was then
calculated by comparing the HPLC data of the averaged cefoxitin peak heights
to the first-order equation determined by the regression analysis.

RESULTS AND DISCUSSION

Preliminary extraction of cefoxitin bone standards and samples
Due to the lack of available literature on the extraction of cephalosporins

from bone, studies were done to determine the period of time necessary to
extract cefoxitin from bone with water. Several drug-free bone samples were
incubated with 60 JlI of 1 mg/ml cefoxitin to obtain 20 Jlg/g cefoxitin standard.
Portions (3 g) of the cefoxitin bone samples were then mixed with 6 ml water
and shaken on a mechanical shaker at 5° C for a total of 24 h. Aliquots of
50 JlI of the eluent were removed and quantified at 2, 3, 4, 5, 6, 7 and 24 h.
Samples analyzed after 5 h showed no increase in cefoxitin concentration,
hence, a period of 5 h was used throughout these experiments for extraction of
the drug from bone samples.

Standard solutions of cefoxitin (1, 2, 5, 10, and 20 Jlg/ml) in methyl alcohol
were quantified concurrently with the bone extract. Recovery of cefoxitin was
calculated at 56 ± 6%. Since the recoveries were low and an internal standard
was not used, three different sets of bone standards were prepared, extracted
and analyzed. These analyses repeatedly gave recoveries within the 56 ± 6%
range. Possibly, adsorption to the bone by cefoxitin can account for this
reduction of the recovery. Efforts to improve this recovery were limited by
the number of cefoxitin-free bone samples which could be obtained at surgery.

Extraction of cefoxitin from serum and bone
Extraction with CIS disposable columns resulted in greater than 98%

recovery of cefoxitin from blood and bone standards. Organic solvent
extraction, using chloroform-1-pentanol, yielded a recovery of only 60-80%.
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Epidemiological studies in several countries on workers in the rubber
industry point to a high incidence of various types of tumours [1]. Bladder
cancer has been associated with exposure to aromatic amines and in particular
to 2-naphthylamine. Other types of cancer (lung, stomach, and leukaemia)
occurring in excess among rubber workers have not been associated with
exposure to specific compounds; but this is explained by the fact that the
industrial processes involved use a wide variety of chemicals whose toxicological
properties are unknown. Since it is unlikely that toxicological information
about these compounds will be available in the near future, a practical approach
would be to reduce the exposure of these workers and to measure it.

N-Phenyl-2-naphthylamine (PBNA), N-isopropyl-N'-phenyl-p-phenylenedi
amine (IPPD) and N-(1,3-dimethylbutyl)-N' -phenyl-p-phenylenediamine (6PPD)
are widely used as antioxidants and antiozonants (generally at levels of 1-2%)
in the rubber industry [2] and workers may be exposed to them.

Contrasting results have been reported on the carcinogenicity of PBNA in
laboratory animals: oral [3-5], subcutaneous [3,4,6] and aerosol [7] adminis
tration to mice resulted in a significantly higher incidence of different
tumours; PBNA intragastrically administered for life did not cause neoplastic
growth in Sprague-Dawley rats [8] or in Syrian golden hamsters [9]; no
bladder tumours were observed in dogs fed orally with PBNA [10]. There are
no data in the literature on IPPD and 6PPD carcinogenicity. Hence, it is impor
tant to quantify the possible exposure to these chemicals in order to avoid or

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B. V.
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reduce contact with those chemicals for which the toxicological hazard is not
yet clear.

One of the simplest and most easily applicable systems is to measure urinary
excretion of aromatic amines in exposed individuals. A number of methods have
been reported for the determination of aromatic amines in human urine by gas
chromatography (GC) [11-13], high-performance liquid chromatography
(HPLC) [14] and mass spectrometry (MS) [15]. However, to our knowledge
there are no methods to determine PBNA in human urine and only one method
reports separation and quantitation of IPPD and 6PPD in this biological fluid
[16]; in that method aromatic amines were measured by HPLC with a
sensitivity of 50 Ilg/l.

In order to study the exposure of workers to aromatic amines normally used
in the rubber industry, we devised a reliable, specific and highly sensitive
analytical method for the determination of trace levels of PBNA, IPPD and
6PPD in human urine using combined gas chromatography-mass spectrom
etry-selected-ion monitoring (GC-MS-SIM). The application to biological
monitoring of rubber industry workers is reported.

EXPERIMENTAL

Chemicals and reagents
PBNA was provided by E. Merck (Darmstadt, F.R.G.); IPPD and 6PPD were

obtained from Bayer (Leverkusen, F.R.G.). Reagent-grade sodium hydroxide
and ammonium hydroxide were from Farmitalia Carlo Erba (Milan, Italy).
Trifluoroacetic anhydride (TFAA) of reagent grade was purchased from
Janssen (Beerse, Belgium). Silylation-grade pyridine was obtained from Pierce
(Rotterdam, The Netherlands). n-Hexane of pesticide analytical grade was
supplied by Riedel-de Haen (Hannover, F.R.G.).

Extraction and derivatization of biological samples
In a 40-ml centrifuge tube, 20 ml of human urine were adjusted to pH 11

using 10 M sodium hydroxide. The compounds were extracted three times with
10 ml of n-hexane by mixing for 10 min on a horizontal reciprocating shaker.
After centrifuging at 2000 g for 5 min the combined organic extracts were
concentrated to 1 ml in a rotating evaporator, transferred to a 10-ml reaction
tube and evaporated under vacuum to dryness. The residue was dissolved in
500 III of n-hexane and reacted with 20 III of TFAA and 20 III of pyridine at
60°C for 30 min using a thermostated bath. After cooling, 1.5 ml of n-hexane
and 1 ml of 5% aqueous ammonia solution were added to the sample and the
mixture was shaken on a vortex mixer for 1 min. The organic layer was trans
ferred to another 10-ml conical tube and evaporated to dryness under an air
stream. The residue was dissolved in 50 III of n-hexane; 4 III were analysed by
GC-MS.

Instrumen tation
An LKB 2091 gas chromatograph, low-resolution mass spectrometer,

equipped with an LKB 2130 computer data processing system, was used.
A 2 m X 2 mm LD. silanized glass column packed with 3% OV-1 on Gas Chrom
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Q (80-100 mesh) (Supelco, Bellefonte, PA, U.S.A.) was used. Column and
injector port temperatures were 265°C and 290°C, respectively. Helium was
used as carrier gas and the column head pressure was 2.5 bars. The mass
spectrometer was operated in the electron-impact (EI) mode with the following
conditions: electron energy 70 eV, trap current 50 MA, ion source temperature
250°C. SIM chromatograms were obtained by monitoring the ions at m/z
315,376/418,376/460 for PBNA, IPPD, 6PPD, respectively.

Calculations
Since early attempts to synthesize deuterium-labelled aromatic amines to be

used as internal standard failed, all measurements were made by comparison of
the areas of unknown samples with areas of reference mixtures containing
known amounts of PBNA, IPPD and 6PPD. Reference mixtures were injected
every three samples.

Calibration curves were constructed by derivatizing known amounts
(0.1, 0.2, 0.4, 1, 2 ng) of aromatic amines as described above. Extraction and
clean-up efficiency were evaluated by adding known amounts (2-80 ng) of
standards PBNA, IPPD and 6PPD to 20 ml of blank urine samples which were
then processed as described above. For routine analysis, blank and spiked urine
samples were processed together with each batch of samples.

Human studies
Urine specimens (200 ml) were collected from 21 workers in a rubber

factory, who were likely to have been exposed to aromatic amines by inhala
tion or skin contact, and kept frozen (-20°C) until analysed.

RESULTS AND DISCUSSION

The mass spectra of the three underivatized amines gave intense peaks which
could be used for SIM detection at m/z 219 (Mf for PBNA, m/z 211 (M-15f
and 226 (Mf for IPPD, m/z 211 (M-57f and 268 (Mt for 6PPD as shown in
Fig. 1. However, the attempt to use these for SIM analyses failed because
aromatic amines gave broad GC peaks because of absorption on the GC
columns and interference from urine components.

To improve the GC behaviour of the compounds to be analysed derivatiza
tion was decided upon. Trifluoroacetyl (TFA) derivatives were found to be
suitable for GC-MS analysis. Derivatization was quantitative: PBNA gave rise
to a monoderivative while IPPD and 6PPD reacted with two TFAA molecules.
All the derivatives produced sharp and symmetrical GC peaks. The mass spectra
of the three derivatives are shown in Fig. 2. The retention times and masses of
the most abundant ions in each spectrum are listed in Table I together with
their abundance ratios relative to the most intense ion.

Multiple-ion detection was performed by monitoring the ion intensities at
m/z 315 for PBNA, at m/z 376 and 418 for IPPD, at m/z 376 and 460 for
6PPD. Typical SIM chromatograms are shown in Fig. 3; there were no inter
fering peaks from amine-free urine.

Peak areas as a function of the amounts of amines injected were linear in the
range 0.1-2 ng as shown by linear regression analysis correlation coefficients of
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Fig. 1. Mass spectra of PBNA (a), IPPD (b) and 6PPD (c).

0.9999, 0.9991 and 0.9989 for PBNA, IPPD (m/z 418) and 6PPD (m/z 376),
respectively.

The minimum detectable amount of aromatic amines was calculated to be
0.1 p.g/l of urine with a signal-to-noise ratio> 3:1. Mean recovery values and
standard errors, in the range of concentrations in urine from 0.1 ng/ml to
4 ng/ml, were 86±3%, 77±5% and 70±5% for PBNA, IPPD and 6PPD, respec
tively.
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samples were evaporated under nitrogen and reacted with 50 tll of penta
fluoropropanol and 100 tll of pentafluoropropionic anhydride at 70°C for
15 min, evaporated under nitrogen, and then rereacted with 100 tll of penta
fluoropropionic anhydride for 10 min at 70°C. The reacted samples were
evaporated to dryness and redissolved in 25 tll of ethyl acetate for GC-MS. A
3% OV-17 (100-120 mesh) column (2 m X 2 mm LD., glass) was used for
analysis. Of each derivatized sample 2-4 tll were injected into a Finnigan
Model 3200 electron ionization GC-MS system with a Nermag SADR data
acquisition system.

RESULTS

Of 108 people whose plasma was assayed for catecholamine content using
HPLC-ED, 36 (33%) had an additional peak larger than that of NE, E, or DA
and with a retention time between that of E and DA.

When patients with large unknown peaks were interviewed, they all reported
being coffee drinkers, with coffee intake varying from 3 to 30 cups per day.
Four subjects volunteered to stop drinking all coffee or caffeinated beverages
for periods varying from 18 h to 1 week. In all of these subjects, the unknown
peak decreased markedly in height or disappeared entirely (Fig. 1C). Two
subjects substituted decaffeinated for caffeinated coffee and had blood drawn
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Fig. 3. Electron-ionization spectra for derivatized (A) dihYdrocaffeic acid; and (B) plasma
extract from a patient with a large unknown peak on HPLC-ED analysis.
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Dans l'organisme la dopamine est un neurotransmetteur a la fois central et
peripherique, ainsi que Ie precurseur de la biosynthese de deux autres catechol
amines, la noradrenaline et I'adrenaline. La dopamine excretee dans l'urine
humaine provient indistinctement de territoires systemiques et/ou des regions
centrales riches en dopamine, encore que la forte teneur des urines 
comparee a celIe du plasma - ait fait evoquer une production locale renale par
decarboxylation de la dopamine [1].

Neanmoins, on a signale une majoration de l'excretion urinaire de la
dopamine dans les neuroblastomes [2], dans certains pheochromocytomes ou
cette majoration conceme aussi la noradrenaline, dans les stress [3] et dans les
etats d 'hypertension arterielle [4].

Au niveau central on a observe une diminution de l'excretion urinaire de
dopamine, concomitante de l'akinesie, au cours de la maladie de Parkinson. Par
ailleurs une application interessante du dosage de la dopamine urinaire pourrait
consister en l'estimation de I'activite de la dopamine-{3 -hydroxylase [5] qui
represente un marqueur de l'activite sympathique.

L'analyse des catecholamines dans les milieux biologiques fait classiquement
appel a une ou deux etapes d'isolement, precedant une separation chromato
graphique en phase liquide. Ces deux etapes sont tres generalement une fixation
des catecholamine sur resine echangeuse d'ions et/ou une fixation en milieu
basique sur alumine convenablement activee [6]. Ces operations sont menees
soit sur de petites colonnes chromatographiques (resine) soit par simple
equilibre (alumine). Apres cette etape preliminaire Ie type de separation Ie plus
souvent utilise est la chromatographie de partage a haute performance, a
polarite de phases inversee avec formation de paires d'ions, comme Ie montre
une revue recente [7]. Le systeme de detection utilise soit l'oxydation electro-
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We report a simple procedure to speed up high-performance liquid chro
matographic-electrochemical detection (HPLC-ED) of catecholamines, indole
amines and their metabolites in brain samples using commonly available HPLC
equipment and minimal sample preparation. We analyze for norepinephrine
(NE), epinephrine (E), dopamine (DA), 5-hydroxytryptamine (5-HT) and the
metabolites 3,4-dihydroxyphenylacetic acid (DOPAC), 5-hydroxyindole-3
acetic acid (5-HIAA), and homovanillic acid (HVA) in 30 min per sample by
direct injection of supernatant from sonicated brain tissue [1]. The first
component eluted, NE, is frequently overlapped by a large solvent front.
Alternative mobile phases using increased ion-pairing agent or decreased organic
solvent in order to resolve NE result in untimely appearance of 5-HT. There is
a trade-off necessary between using a method that allows short enough sample
time for routine processing of large numbers of samples and resolution of the
NE peak. Processing samples in 0.1 M perchloric acid, which is expected to
lower protein concentration of the supernatant, did not decrease the solvent
front. The primary cause of this large solvent front in brain samples is ascorbic
acid. A shorter sample time can be obtained by a simple enzyme addition
(ascorbic acid oxidase, AAO) which reduces the solvent front by 80%. The
small quantity of AAO is added during sample preparation, and NE, the first
peak of interest, is readily detected. The alternative way to increase the rate at
which samples are processed is to change to 3-,um particle columns with the
added equipment expense and more stringent sample handling procedures [2].
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without and with the addition of the ascorbic acid oxidase. With this method
we are able to detect many biogenic amines oxidizable at 0.61 V in 30-35 min
sample time with minimal sample preparation. AAO-treated human brain super
natant spiked with known quantities of NE, DA and 5-HT gave linear calibra
tion curves. Catechol and indole stability was not dependent on the presence of
ascorbic acid. We have found after injection of 100 samples (700 mg of tissue
supernatant) the precolumn packing must be changed, but the separation
column has resolved more than 1800 samples and retained its separation ability
after a year of use.
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TABLE II

ANALYTICAL RECOVERY OF N-ACETYLCYSTEINE ADDED TO PLASMA SAMPLES,
CORRESPONDING TO AN INCREASE IN CONCENTRATION OF 1.0 ~mol/l

Initially present After addition Increase found Recovery
(~mol/l) (~mol/l) (~mol/l) (%)

0.22 1.34 1.12 112
0.25 1.19 0.94 94
0.28 1.27 0.99 99
0.30 1.27 0.97 97

Mean ± S.D. 101 ± 8
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Fig. 4. Non-protein-bound plasma N-acetylcysteine concentration after oral intake of
400 mg of N-acetylcysteine (Fabrol).

min after intake. The half-life of elimination (tlf2) for N-acetylcysteine was
calculated from the 1.5-5-hour segment of :the log plasma concentration versus
time curve, and was found to vary between 1.1 and 2.3 h, with a mean of 1.7 h.

DISCUSSION

In an earlier paper we described an HPLC system which was capable of
resolving N-acetylcysteine and mercaptoacetate as their derivatives with
N-(1-pyrene)maleimide (PM) and DACM. The applicability of the method was
shown for the determination of urinary thiols using PM. However, the sensitiv
ity for the thiols was about ten-fold higher with DACM than with PM. With
DACM we have now obtained a highly sensitive method for the determination
of N-acetylcysteine in plasma, both for study of the high concentrations after
intake and for study of its lower concentration during elimination.
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Phannacokinetic data for N-acetylcysteine after peroral intake are scanty.
Rodenstein et al. [9] gave 100 mg of 35S-labelled N-acetylcysteine to five
patients with heart and pulmonary diseases. Calculated from the radioactivity
determinations given in the paper, a maximal plasma concentration of 21-39
pmol/l was obtained after 2-3 h. A substantial amount of radioactivity still
remained in the plasma after 24 h. The free N-acetylcysteine concentration in
plasma after oral intake of 400 mg of N-acetylcysteine was estimated by
Maddock [10], who found maximal plasma concentrations of 0-3.6 pmol/l.
No data were given regarding the method used, and therefore the results are
difficult to evaluate. Recently, Morgan et al. [11] published a GLC method
for plasma using the principles developed by Hannestad and Sorbo [2]. No
protein precipitation was performed before reduction, and therefore their
method should estimate the total concentration in plasma. They gave 250 mg
of N-acetylcysteine in gelatin capsules per m 2 body surface to five subjects with
bronchogenic carcinomas. Assuming a standard body surface of 1.73 m 2 for
their patients this corresponds to a mean dose of 433 mg which was close to
what we gave. They obtained a mean maximal N-acetylcysteine concentration
of 10.7 pmol/l, Le. a mean value only slightly higher than our mean value for
non-protein-bound N-acetylcysteine. Their maximum values were obtained at
a mean of 0.72 h after intake, and the mean t'h was 2.1 h, again values similar
to ours. This in comparison with our data may indicate that the protein binding
of N-acetylcysteine by disulphide bridges is low. However, direct measurements
must be done in order to estimate the protein binding of N-acetylcysteine in
plasma.
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High-performance liquid chromatography (HPLC) has been employed
successfully to determine the naturally occurring vitamin E analogues, a-, ~

and r-tocopherol (TP) in human plasma (Fig. 1). Most recently published
procedures ma,ke use of ultraviolet (UV) or fluorimetric detection and of
reversed-phase methods by which the prevalent form, a-TP, can be separated
from its minor co-eluting ~- and r-homologues [1-5].

In this communication we wish to report a rapid, sensitive and reproducible
HPLC method with electrochemical detection for routine measurement of
a-tocopherol in human plasma. We have selected electrochemical detection,
which was first described by Ikenoya et al. [6], for the analysis of tocopherols
on the basis of its sensitivity and specificity. Since a-tocol, which has been
employed as internal standard in most HPLC assays based on UV, fluorimetric
or electrochemical detection [1,5,6,7], can no longer be commercially
obtained, we have evaluated the use of a-tocopherol. The homologue, a-TP,
which has been demonstrated in some plant oils, e.g. in soybean oil [8], has the
advantage that it is a natural readily available form of vitamin E. a-Tocopherol
(Fig. 1) contains a free hydroxyl group at the C-6 position which is responsible

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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Fig. 3. Voltammograms for a-TP (0) and 6-TP (6) obtained under the conditions of Fig. 2.
Injected amounts: 5.8 ng of a-TP; 7.5 ng of 6-TP.

For the estimation of the unknown concentrations, the procedure described
by De Leenheer et al. [5] is applied. Briefly, the calibration curve is used after
subtraction of the intercept, which represents the endogenous level of a-TP in
the plasma pool, and the concentration in unknown plasma samples is deter
mined after calculation of the peak height ratios. Analysis of nine samples of a
plasma pool revealed a within-day precision (coefficient of variation, C.V.) of
2.5% (mean ± S.D. = 18.05 ± 0.46 J1mol/I). The day-to-day precision (C.V.) as
measured over a period of ten days was 4.3% at the concentration level of
26.89 mol/l (S.D. = 1.16 J1mol/I). All these values are within an acceptable 5%
limit. The detection limit of the procedure was established using aqueous
standards and was shown to be 0.23 J1mol/1 (signal-to-noise ratio = 10), which
corresponds to concentrations about 100 times lower than those normally
found in human plasma.

As a test of the applicability of the method, plasma from 25 human donors
was analysed. Data are given in Table II and are in good agreement with litera
ture data [5,10].

The HPLC method in combination with electrochemical detection for the
estimation of a-TP is as simple and as short (total analysis time approximately
30 min) as the UV method described by De Leenheer et al. [5] and has a com
parable precision: the C.V. for the UV method was 3% against 4% for our
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MATERIALS AND METHODS

Cystathionine was obtained from Sigma. Authentic perhydro-1,4-thiazepine
3,5-dicarboxylic acid was synthesized as reported in previous papers [4, 12].
All other chemicals used were analytical grade. The urine samples from normal
humans were obtained from laboratory personnel. The sample from a patient
with cystathioninuria was obtained from an elder sister reported in a previous
paper [1].

A 2-ml volume of each urine sample was applied to a column containing 5 ml
of Diaion SK-1 (H+ cation exchanger, mesh 100; Mitsubishi Kasei, Tokyo,
Japan), washed with 50 ml of water and eluted with 30 ml of 2 M ammonium
hydroxide. The eluate was evaporated to dryness under reduced pressure. An
aliquot of the residue was hydrolysed in 6 M hydrochloric acid, and the
hydrolysate was evaporated to dryness under reduced pressure. The two
residues of non-hydrolysate and hydrolysate were analysed by isotachophoresis
for the determination of cystathionine.

The determination of cystathionine using an amino acid analyser was carried
out by directly analysing the urine of a cystathioninuric patient. The effluent
plus 50 ml of water from the Diaion SK-1 (H+) column described for the
analysis of cystathionine was adjusted to pH 9.0 with 2 M ammonium hydrox
ide and applied to a column containing 5 ml of Diaion SA (OH- anion ex
changer, mesh 100; Mitsubishi Kasei) washed with 30 ml of 2 M acetic acid
and eluted with 30 ml of 0.5 M hydrochloric acid. The eluate was evaporated
to dryness under reduced pressure. The identification of perhydro-1,4
thiazepine-3,5-dicarboxylic acid in the residue was carried out by comparing
its chromatographic behaviour with that of an authentic sample. An aliquot
of the residue was analysed by an isotachophoretic analyser.

Instrumentation
Assay conditions for perhydro-l,4-thiazepine-3,5-dicarboxylic acid. The

capillary apparatus used was a Shimadzu IP-1B isotachophoretic analyser
(Shimadzu Seisakusho, Kyoto, Japan). The separations were carried out in a
capillary tube, 20 cm X 0.5 mm J.D., maintained at 20°C. The migration cur
rent was 100 JiA. The detector cell was 0.05 cm X 0.5 mm J.D., the chart speed
was 10 mm/min. The leading electrolyte consisted of 0.01 M hydrochloric acid
and ~-alanine (pH 3.1). The terminating electrolyte was 0.01 M glutamic acid.

Assay conditions for cystathionine. The leading electrolyte consisted of
0.01 M hydrochloric acid and 2-amino-2-methyl-1,3-propanediol (amediol)
containing 5% polyvinyl alcohol (pH 8.9). The terminal electrolyte was 0.01
M r-aminobutyric acid and barium hydroxide (pH 10.9). The other conditions
were the same as for the analysis of perhydro-1,4-thiazepine-3,5-dicarboxylic
acid.

RESULTS AND DISCUSSION

Determination of cystathionine
The described procedure was used to determine cystathionine in the urine of

a cystathioninuric patient. Authentic cystathionine gave a sharp zone under the
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Fig. 1. Isotachophoretic runs of (A) authentic cystathionine, (B) non-hydrolysed urine
and (C) hydrolysed urine of a cystathioninuric patient, and (D) hydrolysed urine as in C
plus authentic cystathionine. Analytical conditions are described under Materials and meth
ods,

described analytical conditions (Fig. IA). A zone that had the same potential
gradient as authentic cystathionine was not detected in normal human urine,
but it was detected in the urine sample of a cystathioninuric patient (Fig. IB).
The sample of Fig. IB was hydrolysed in 6 M hydrochloric acid for 24 h. An
aliquot of the hydrolysate (Fig. IC) was analysed by the isotachophoretic
analyser just at the point where the zone of cystathionine in the hydrolysate
was shorter than the zone of cystathionine in the non-hydrolysate as shown in
Fig. IC. The zone of cystathionine in Fig. IC and that of authentic cysta-

TABLE I

COMPARISON OF CYSTATHIONINE CONCENTRATION IN THE URINE OF A
CYSTATHIONINURIC PATIENT AS DETERMINED BY ISOTACHOPHORETIC AND
AMINO ACID AN ALYSERS

Values are expressed in Ilmol/mL

Sample Isotachophoretic analyser Amino acid analyser

Non-hydrolysed Hydrolysed

1
2
3
4
5
Mean ± S.E.

4.26
4.33
4.25
4.31
4.26
4.28 ± 0.032

2.84
2.84
2.41
2.84
2.83
2.75 ± 0.17

2.89
2.91
2.86
2.93
2.86
2.89 ± 0.028
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TABLE II

DETERMINATION OF PERHYDRO-1,4-THIAZEPINE-3,5-DICARBOXYLIC ACID IN
THE URINE OF A CYSTATHIONINURIC PATIENT AND IN NORMAL HUMAN URINE

Values are expressed in /.lmol/mI.

Sample Cystathioninuric patient Normal human urine

1 0.97
2 0.91
3 0.94
4 0.93
5 0.95
Mean ± S.E. 0.94 ± 0.02

N.D.*
N.D.
N.D.
N.D.
N.D.

*N.D., not detectable.

Isotachophoretlc runs of urine samples of a cystathioninuric patient are
shown in Fig. 3. The zone that had the same potential gradient as the zone
of authentic perhydro-I,4-thiazepine-3,5-dicarboxylic acid was made to overlap
by adding authentic perhydro-I,4-thiazepine-3,5-dicarboxylic acid to the urine
sample, resulting in an elongation of the zone of perhydro-I,4-thiazepine-3,5
dicarboxylic acid in the urine sample, as shown in Fig. 3.

The urine sample described above contained a compound with the same RF
value as authentic perhydro-I,4-thiazepine-3,5-dicarboxylic acid on paper
chromatography using n-butanol-acetic acid-water as mobile phase. The
compound moved with the same mobility as synthetic perhydro-I,4-thiazepine
3,5-dicarboxylic acid on high-voltage paper electrophoresis, and gave a positive
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Fig. 3. Isotachophoretic runs of (A) urine of a cystathioninuric patient, and (B) the same
urine plus authentic perhydro-1,4-thiazepine-3,5-dicarboxylic acid.
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Gas-liquid chromatography
A Sigma 4 Perkin-Elmer gas chromatograph with a Ni63 electron-capture

detector was used, with a 2 m X 2 mm glass column packed with 3% OV-17
on Chromosorb W HP (80-100 mesh). The oven temperature was 265°C
with the detector and injection port temperatures maintained at 300° C. The
flow-rate was 45 ml/min (oxygen-free nitrogen) with the make up carrier flow
rate at 75 ml/min. The column was conditioned each day by increasing the
oven temperature from 100° C to 265° C at a rate of 1°C/min. A Hewlett
Packard 3390 A reporting integrator was used to record and measure the peak
height values.

RESULTS AND DISCUSSION

Diclofensine (pKa = 7) can be extracted from plasma at pH 9 with a number
of organic solvents. The efficiency of extraction was determined using flame
ionisation detection by comparing peak heights obtained with a variety of
extracting solvents with those obtained by direct injection of a standard
diclofensine solution in methanol. The extraction efficiency was found to be
80% with diethyl ether, 50% with chloroform, 72% with toluene and 75% with
hexane. The derivatization procedure itself was used for imipramine,
amitriptyline and a series of diphenylmethane alkyl tertiary amines [10] and
is adapted here for use in the analysis of diclofensine with imipramine con
veniently as the internai standard.

Amines are generally difficult to analyse using GC. Although nomifensine
can be gas chromatographed as the free base, the chromatographic properties of
these compounds are considerably improved by derivative formation.
Diclofensine is first demethylated using methyl chloroformate followed by
hydrolysis of the urethane to N-desmethyldiclofensine (Fig. 2). The final step
involves the derivatization reaction with heptafluorobutyric anhydride in the
presence of triethylamine.

C1 C1 C1

Fig. 2. Demethylation of diclofensine followed by hydrolysis of the urethane to N -des
methyldiclofensine.

A typical chromatogram of diclofensine and the internal standard
imipramine is shown in Fig. 3 together with appropriate blank chromatograms.
The retention times are 2.78 min for diclofensine and 1.96 min for the internal
standard. A plot of peak height ratios of diclofensine to those of the internal
standard against diclofensine concentration in plasma is linear over the con
centration range 100-700 ng/ml with a correlation coefficient> 0.99.
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Fig. 3. Chromatograms of (a) derivatized extract of drug-free plasma; (b) underivatized
extract of spiked plasma; (c) derivatized extract of spiked plasma containing 600 ng{ml
diclofensine. Peaks: internal standard, imipramine (1), endogeneous (2), diclofensine (3).

Selectivity of the method
With respect to potential interferences in multiple drug therapy, some

information on the selectivity of the method is 0 btained from a comparison of
retention volumes. Apart from the internal standard, the tricyclic anti
depressant cianopramine (Fig. 4) was also studied by this method. The
retention volumes for the antidepressants were considerably different: di
clofensine 125 ml, imipramine 88 ml, cianopramine 167 ml. The results in
dicate that a high selectivity is achieved.

R

Imi prami ne H

Cianopramine CN

Fig. 4. Structural formulae of imipramine and cianopramine.
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Precision of the method
Intra-assay variability was determined in the 100-700 ng/ml concentration

range studied, yielding a mean coefficient of variation of 4.8% for the method.
The coefficient of variation was 3.3% at 700 ng/ml and 6.2% at 100 ng/ml (n =
4).

Limit of detection
Using the conditions outlined, the limit of detection with 1 ml plasma and

1-I.d injection was 70 ng/ml where the signal-to-noise ratio was just greater
than 3:1.

CONCLUSION

The derivatization and electron-capture detection of diclofensine is a sensitive
and accurate method for the determination of the drug in plasma. Although the
levels determined did not reach the expected therapeutic plasma level, the
method offers a means of measuring trace amounts of diclofensine. The extrac
tion, separation and determination of spiked plasma samples indicates the
potential use of the method in clinical applications. At the time of this study
the expected metabolites of this compound were not available. N-Desmethyl
diclofensine, a possible metabolite, is an intermediate in the preparation of
extracted diclofensine for derivatization. However, such a metabolite could be
distinguished by immediate derivatization with heptafluorobutyric anhydride
and triethylamine.
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Betaxolol, (± )-1- {4-[ 2-(cyclopropylmethoxy)ethyl] phenoxy }3-isopropyl
amino-2-propanol hydrochloride (Kerlon®), is a new adrenoceptor blocking
agent, approved for the treatment of hypertension in many European coun
tries. In two previously published reports, the quantification of betaxolol in
biological fluids with g~liquid chromatography (GLC) and electron-capture
detection was described [1,2]. These methods are time-consuming because
several extraction steps are necessary in order to obtain clean chromatograms.
Moreover, derivatization with heptafluorobutyric anhydride is needed to allow
the quantification of concentrations as low as 0.5 ng/ml betaxolol. These GLC
methods are specially suitable for pharmacokinetic studies. Betaxolol has a long
terminal half-life (16-22 h), and following oral administration of a 20-mg dose
the peak blood concentration ranges between 30 and 60 ng/ml. Hence, it is
absolutely necessary to have a method sensitive enough to follow betaxolol
blood concentrations down to 1-2 ng/ml with good precision in order to
measure elimination half-lives.

For therapeutic drug monitoring the emphasis is not on sensitivity; what is
required is a fast, simple and reliable method. If compliance is good, betaxolol
steady-state concentrations are never below 10 ng/ml with a dose of 10 mg/day.
The present report describes a high-performance liquid chromatographic
(HPLC) method with fluorimetric detection and automatic injection for the
determination of betaxolol in clinical setting, and gives some examples of drug
monitoring in a group of hypertensive patients treated for at least one year
with the drug.

*Correspondence address: LERS-Synthelabo, 23-25, Avenue Morane Saulnier, 92360
Meudon la Foret, France.
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EXPERIMENTAL

Standard and reagents
Betaxolol hydrochloride was synthesized in the Chemistry Department of

Synthelabo (Bagneux, France); metoprolol hydrochloride was kindly supplied
by Dr. Cavero from the Cardiovascular Department of Synthelabo (Paris,
France).

Diethyl ether, acetic acid and sodium hydroxide, all analytical reagent
grade, were obtained from Carlo Erba (Milan, Italy). Acetonitrile (HPLC grade)
was purchased from E. Merck (Darmstadt, F.R.G.).

Stock solutions
Standard solutions of betaxolol (1 Mg/ml) and metoprolol (1 Mg/ml) were

prepared in methanol and kept at 4°C. Under these conditions the solutions
were stable for several weeks.

Equipment
Chromatography was carried out on a Micromeritics 7000 liquid chromato

graph connected to an automatic injector (Micromeritics 725) and a fluorimet
ric detector (Kontron SFM 23 B). The fluorimetric detector was set with an
excitation wavelength of 275 nm and emission wavelength of 305 nm.

Chromatographic conditions
The mobile phase was acetonitrile-acetate buffer 0.03 M, pH 5.6 (40:60

v/v) pumped at a flow-rate of 1.0 ± 0.01 ml/min through a stainless-steel
column (15 cm X 4.6 mm LD.) packed in our laboratory [3] with Spherisorb
CN, 5 Mm (Batch 17/143) (Phase Separations, Queensferry, U.K.). Acetate
buffer was prepared by adding 1.8 ml of glacial acetic acid to 1 1 of distilled
water and adjusting the pH to 5.6 with 10 M sodium hydroxide.

Extraction procedure
A 1-ml volume of blood and 1 ml of distilled water were added to a conical

tube containing 50 ng of the internal standard metoprolol (50 Ml of a 1 Mg/ml
solution in methanol). This mixture, made alkaline (pH 11) with 200 Ml of
2 M sodium hydroxide, was shaken on a Vortex mixer and then extracted with
distilled diethyl ether (7 ml) on a rock-and-roll shaker for 15 min. Following
centrifugation (1000 g, 5 min at 4°C), 6.5 ml of the upper organic phase were
transferred to a second tube and evaporated to dryness at 37°C under a gentle
stream of nitrogen. The dry extract was then dissolved in 880 Ml of 0.03 M
acetate buffer by agitation on a Vortex mixer. This solution was transferred to
an injection vial with a volume of 880 Ml [4,5], and injected onto the column
by means of an automatic injector equipped with a 500-Mlloop.

For the quantification of betaxolol in urine, the same procedure was fol
lowed, but, owing to the higher concentrations of the drug in this medium, the
volume analysed was scaled down to between 0.1 and 0.5 m!.

A calibration curve prepared with blood (or urine) spiked with 10, 20, 40
and 80 ng (from a methanolic solution of 1 Mg/ml) and 50 ng of metoprolol as
internal standard, was run with each series of samples. Each point in the
calibration curve was prepared in duplicate.
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chromatogram obtained from the Kontron detector, which was working in
series with the other fluorimeter, was, however, perfectly clean (Fig. 3).

We presumed that the lack of selectivity was due to the configuration of the
filter fluorimetric detector: excitation filter at 220 nm and no emission filter,
this configuration being that giving the best sensitivity. By adding an emission
filter at 320 nm we reduced the sensitivity of the detector by factor of two.
By changing the excitation wavelength using a 275-nm filter, with or without
the emission filter at 320 nm, in order to have the same configuration as the
Kontron detector, the sensitivity was decreased by a factor of five. Never
theless, the addition of the emission filter did not improve the specificity
of the detector, and the interference could not be separated from betaxolol.
It is likely that the intrinsic geometry of the double-monochromator detector
(Kontron) gives more sensitivity and selectivity than the filter detector.

CONCLUSION

The method described is suitable for routine monitoring of betaxolol. The
time required for the preparation of 40 samples for the injection is less than
2 h. Moreover, using automatic injection and an appropriate data system,
manual intervention by the operator is minimal. The steady-state concentra
tions of betaxolol, during chronic treatment, usually do not fall below
10 ng/ml, even if the patient is treated with 10 mg of the drug. The sensitivity
of the proposed method should therefore be more than adequate for the
quantification of the drug. Moreover, a certain number of drugs which can be
associated with a beta-blocker like betaxolol, do not seem to interfere with its
analytical quantification. For interferences which cannot be separated with
HPLC, it is always possible to use the gas chromatographic method with
capillary column [2].
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and dialysis solution, respectively. The urine assay was reproducible within the
range of 10-500 ng/ml with a mean relative standard deviation of about 3%.
Following acetonitrile precipitation, the serum assay was reproducible within
the range of 50-1000 ng/ml with a mean relative standard deviation of about
1%.

EXPERIMENTAL

Chemicals and equipment
Terazosin hydrochloride dihydrate (THD) and prazosin hydrochloride (PH),

the internal standard, were obtained from Abbott Labs. (North Chicago, IL,
U.S.A.). Peritoneal dialysis solution (Dianeal PD-2 with 2.5% dextrose) was
obtained from Travenol Labs. (Deerfield, IL, U.S.A.). Reagent-grade
phosphoric acid, sodium hydroxide, and buffer salts were obtained from
Mallinckrodt (St. Louis, MO, U.S.A.). All solvents were HPLC grade from J.T.
Baker (Phillipsburg, NJ, U.S.A.). A Vortex Genie mixer or SMI Multi-tube
Vortex mixer from American Scientific Products (Division of American
Hospital Supply, McGaw Park, IL, U.S.A.) was used for sample preparation.

Stock solutions
For convenience in the preparation of eluents for HPLC, stock solutions of

0.1 M sodium phosphate buffer, pH 7.0 and 5.0, were usually prepared. Eluents
were filtered through a Nuclepore (Pleasanton, CA, U.S.A.) 400-nm poly
carbonate membrane after preparation, and degassed by vacuum sonication
just before use.

Stock solutions of 1 M sodium hydroxide and 0.1 M phosphoric acid were
prepared in distilled water. Stock solutions of THD equivalent to 200 pg/ml
terazosin (11.9 mg of THD is equivalent to 10.0 mg of terazosin) and PH
(80 pg/ml), the internal standard, were prepared in methanol. Standard solu
tions of terazosin at 20 pg/ml in methanol, and 2, 0.2, and 0.01 pg/ml in
methanol-water were prepared by serial 1:10 dilutions of the 200 pg/ml
terazosin stock solution. Standard solutions of PH at 200 ng/ml in acetonitrile
and 4 ng/ml in 20% (v/v) ethyl acetate in benzene were prepared.

Chromatographic systems and conditions
HPLC separations were performed using a Waters Assoc. (Milford, MA,

U.S.A.) Model M6000 or M6000A or Beckman (Fullerton, CA, U.S.A.) Model
110A reciprocating pump at a flow-rate of 1-2 ml/min for solvent delivery.
The reversed-phase HPLC columns used in this study were Waters Assoc. 300
or 150 X 3.9 mm LD. columns which were repacked with IBM C 1 (Danbury,
CT, U.S.A.) 5-pm particle size or Spherisorb ODS (Phase Separation, Queens
bury, U.K.) 10-pm particle size packing by Analytical Sciences (Santa Clara,
CA, U.S.A.). The eluents were composed of 22-25% (v/v) acetonitrile and 6%
(v/v) tetrahydrofuran in 0.004-0.02 M sodium phosphate, pH 5-7.0 (see legends
of Figs. 2 and 3 for specific columns and conditions). A Waters Assoc. WISP
nOB or Perkin-Elmer (Norwalk, CT, U.S.A.) Model ISS-100 automatic
sampler was used for sample processing. The HPLC system was operated at
ambient temperature, and the effluent was monitored for fluorescence with a
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Schoeffel (Westwood, NJ, U.S.A.) Model 970 LC fluorometer using a 370-nm
emission filter after excitation at 250 nm.

Sample preparation procedures
Extraction. A suitable volume of plasma, dialysis solution, or urine up to 1

ml was combined with 100 I.Ll of 1 M sodium hydroxide in a culture tube and
mixed well. Five ml of 20% (v/v) ethyl acetate in benzene containing 2-50
ng/ml of PH (as appropriate) was added to each tube and mixed for 5 min
on a vortex-type mixer to extract terazosin into the organic (upper) phase.
Following centrifugation to separate phases (if necessary), 4-4.5 ml of the
organic phase were transferred to a second culture tube and evaporated to
dryness in a water bath at 40-50°C under a gentle stream of air. The residue
was redissolved in 300 ,ul of 0.1 M phosphoric acid or mobile phase and an
aliquant was injected into the chromatograph.

Acetonitrile precipitation. A small volume (100-200 ,ul) of plasma was
combined with 2 vols. of cold (5° C) acetonitrile containing 200 ng/ml of PH,
the internal standard, and mixed immediately to precipitate proteins.
Following centrifugation at 5°C for 5-10 min to sediment the precipitate, the
supernatant was decanted into a second culture tube and evaporated to dryness
in a water bath at 40-50° C under a gentle stream of air. The residue was re
dissolved in 400 ,ul of HPLC eluent and an aliquant was injected into the
chromatograph.

Calibration curves for plasma, serum, dialysis solution, and urine
Sets of standard plasma, serum, dialysis solution, and urine samples were

prepared by the addition of known amounts of THD to blank plasma, serum,
dialysis solution, or urine. The chromatographic peak height ratios of terazosin/
prazosin were subjected to linear regression versus the corresponding terazosin
concentrations. The resulting equation was used to calculate the concentration
of terazosin in the test samples. The terazosin levels, sample size, and the PH
levels added as internal standard to the samples may be varied to suit the con
centration ranges of the intended analyses.

Recovery
Recovery of terazosin from the extraction procedures was determined by

comparing the peak height ratios of test samples to blank samples which were
spiked with terazosin at the same concentration following extraction.

Fig. 2. Chromatograms from human plasma (1 ml), dialysis solution (1 ml), and human urine
(0.2 ml) samples prepared by the extraction method. (A) Blank plasma; (B) blank plasma
spiked with THD equivalent to 5 ng/ml terazosin and 20 ng/ml PH; (C) blank dialysis solu
tion; (D) blank dialysis solution spiked with THD equivalent to 10 ng/ml terazosin and 20
ng/ml PH; (E) blank urine; (F) blank urine spiked with THD equivalent to 50 ng/ml
terazosin and 100 ng/ml PH; (G) 0.5-h postdosing plasma spiked with 20 ng/ml PH; (H) 3--ti
h postdosing peritoneal dialysate spiked with 20 ng/ml PH; (I) 8-12 h postdosing urine
spiked with 50 ng/ml PH from a patient with renal insufficiency who received an oral dose of
THD (1 mg free base). Chromatographic conditions were as follows: column, 150 X 3.9 mm
LD., IBM Cl; mobile phase, 22% acetonitrile and 6% tetrahydrofuran, pH 7.0; flow-rate, 1
ml/min; detector sensitivity, 0.2 IlA; injection volumes, 100 III (A, B); 60 III (C, D, G, H); 15
III (E, F).
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Naloxone is an opiate antagonist widely used for the reversal of narcotic
overdose. Recently, case reports have shown naloxone to be possibly effective
in reversing some of the detrimental hemodynamic effects of septic and hypo
volemic shock [1-4]. Other investigational uses of naloxone include manage
ment of alcohol intoxication [5, 6], schizophrenia [7, 8], mania [9] and
Alzheimer's disease [10, 11]. At the present time little is known concerning
the pharmacokinetic disposition of naloxone [12, 13] and information con
cerning therapeutic and toxic serum concentrations and dosage adjustment in
concomitant disease states is lacking. The limited clinical pharmacologic knowl
edge concerning this drug can be attributed, in part, to the absence of suitably
sensitive, specific and rapid analytical methods capable of measuring naloxone
in biological samples following therapeutic doses.

Two analytical methods for naloxone in biological media have been reported,
namely, a gas--liquid chromatographic method [14] and radioimmunoassay
[15]. However, while both report sensitivities consistent with concentrations
observed following typical OA-mg bolus doses, concerns of complex derivatiza
tion and extraction in the case of the chromatographic procedure, and the lack
of general availability of specific antibody in the case of the radioimmunoassay
procedure, make these methods difficult to utilize in clinical situations. In
the present paper we report a sensitive, rapid and reproducible high-perform
ance liquid chromatographic (HPLC) analytical method applicable to the
measurement of naloxone in patient samples following typical dosing schedules.

EXPERIMENTAL

Chemicals and reagents
Naloxone- HCl was obtained as a pure, unformulated standard from Endo

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

Reagents and materials
All chemicals and solvents were of analytical or HPLC grade (E. Merck,

Darmstadt, F.R.G.) and were used without further purification. Bupiva
caine- HCI and the internal standard 1-pentyl-2-(2' ,6' -xylylcarbamoyl)piperidine
(PXP) (Fig. 1) were supplied by Astra Lakemedel (Sodertalje, Sweden).
All glassware used for sample preparation was acid-washed and rinsed exten
sively with double-distilled water. Silanization of the glassware is not neces
sary, although it is recommended so as to decrease the variation of the results.
The PTFE linings of the screw caps of culture tubes were ultrasonicated in
methanol and then in double-distilled water.

Fig. 1. Chemical structure of bupivacaine. The internal standard (PXP) carries a pentyl group
on the piperidine nitrogen.

Sample preparation
The internal standard solution (4 J..LI), containing 3.2 J..Lg of PXP (1.8 J..Lg

for lower concentrations of bupivacaine) was added to 1-ml plasma samples
in screw-capped (lined with PTFE) culture tubes using a Hamilton Microlab M
automatic pipette. The samples were alkalinized with 100 J..LI of sodium
hydroxide solution (2 mol/I) and extracted into 7 ml of hexane by rotating
slowly for 20 min. The hexane phase was separated from the aqueous phase
by centrifuging at 1000 g for 10 min; it was transferred to a conical glass tube
and evaporated to dryness under a gentle nitrogen stream. The residues were
redissolved in 50 J..LI of methanol and then further diluted with 50 J..LI of water.
An 85-J..LI aliquot of this final solution was injected onto the chromatograph.

Chromatography
A model 6000A high-pressure solvent delivery system (Waters Assoc.,

Milford, MA, U.S.A.) coupled with an automatic injector (WISP 710 B, Waters
Assoc.), a J..LBondapak C18 reversed-phase column (30 cm X 3.9 mm LD.,
particle size 10 J..Lm, Waters Assoc.) and a filterphotometer (Model 160, Beck
man Instruments, Berkeley, CA, U.S.A.) was used. The mobile phase, con
sisting of 60 parts of methanol and 40 parts of 50 mM sodium phosphate
buffer (adjusted to pH 5.0 with phosphoric acid), was passed through a
0.45-J..Lm filter (RC 55, Schleicher and Schull, Dassel, F.R.G.) before use. The
flow-rate was 1.0 ml/min. The effluent was monitored either at 0.003 or
0.005 a.u.f.s. at 254 nm and recorded at 10 mV with a chart speed of 1 mm/
min. All chromatography was performed at ambient temperature.

Calibration
Calibration curves were constructed by adding known amounts of bupiva

caine- HCI (50, 100, 200, 400, 600, 1000, 1400, 2000, 2400, 2800, 3200 ng)



220

to 1-ml aliquots of pooled human plasma. The peak height ratios of bupiva
caine· HCI to the internal standard were plotted against the concentrations of
bupivacaine' HCl. The least-squares linear regression line was fitted through
the data points. The bupivacaine concentrations of the unknown samples were
determined by using the regression equation of the calibration curve which
was assayed concurrently with the unknown samples.

Application of the method
In order to test the method under clinical conditions, plasma concentra

tions of two patients, who received either 187.5 or 250 mg of bupivacaine' HCI
for brachial plexus block, were determined. Blood samples were taken frequent
ly following the block from an antebrachial vein using silanized plastic syringes
with heparin (approximately 10 LU./ml of blood) as anticoagulant. The plasma
was separated by centrifugation and stored at -20°C until assayed.

RESULTS AND DISCUSSION

The resolution of the chromatographic system was checked daily by the
injection of 20 pI of a mixture containing bupivacaine and the internal standard
PXP. Retention times were 8.5 and 12.5 min for bupivacaine and internal stan
dard, respectively (Fig. 2). Using the extraction method described, endogenous
plasma components did not interfere with either bupivacaine or the internal
standard (Fig. 2). The detection limit for bupivacaine from plasma samples,
using a signal-to-noise ratio of 4, was approximately 50 ng/ml.

The linearity of the detector response was assessed by injecting 100 pI
of aqueous bupivacaine solutions with concentrations ranging from 50 to 5000

II:

I

o 15 30 o 15 30

Time (min)

Fig. 2. Chromatograms of blank plasma (left) and plasma spiked with 300 ng{ml bupiva
caineoHCl (I) and 3200 ng{ml internal standard (II) (right).
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ngjml. The absolute peak heights of bupivacaine were plotted against the cor
responding concentrations. The relationship was linear (r = 0.999) with a y
intercept close to zero (0.00214). The regression line of the plasma calibration
curve also showed excellent linearity (r = 0.998) with a small intercept on the
y-axis (0.00843).

The precision of the assay was evaluated in a blind study in the concentra
tion range of approximately 70-3000 ngjml. The experimentally determined
concentrations agreed well with the theoretical concentrations (Table I). The
day-to-day variation of the assay stayed in an acceptable range. The slope of
the standard curve showed a coefficient of variation of 5.9% (n = 12) within
a time period of two months.

TABLE I

PRECISION OF THE ASSAY

Concentration of bupivacaine. HCI (ngjml)

Theoretical

72.3
239.3
939.0

1671.6
2498.6
3156.0

Experimental

77.4± 5.0**
237.6 ± 8.45
944.3 ± 11.1

1652.1 ± 42.8
2466.4 ± 54.6
3157.8 ± 41.4

Accuracy*
(%)

6.9
0.7
0.6
1.2
1.3
0.06

* Calculated according to ref. 7.
**Mean ± S.D. (n = 5).

The recovery of the extraction procedure was estimated by comparing the
bupivacaine peak height ratio in a plasma extract with that in an aqueous solu
tion of the same concentration. The recovery of bupivacaine in the concen
tration range 70-4000 ngjml was 94.5 ± 4.44% (n = 14).
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Fig. 3. Plasma concentrations of bupivacaine in two patients who received the drug for
brachial plexus block: 187.5 mg (0), or 250 mg (e).
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The application of the assay is demonstrated for two patients who received
a brachial plexus block with a dose of either 187.5 or 250 mg of bupivacaine
(Fig. 3). The plasma concentration-time profile for bupivacaine showed that
this method is sensitive and specific enough to determine concentrations of
bupivacaine in the systemic circulation following such an anaesthetic technique.
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Nalbuphine is a partial agonist opiate derived from oxymorphone. Although
approximately 0.8 times the potency of morphine at a dose of 8 mg [1], a
"ceiling" effect on respiratory depression is observed at a dose of approximate
ly 0.5 mg/kg, and very much larger doses have been employed in clinical prac
tice [2]. Thus in a 70-kg man doses ranging from 5 to 200 mg may be used,
resulting in widely variable plasma concentrations even at peak effect.

A method for the high-performance liquid chromatographic (HPLC) analysis
of nalbuphine concentrations in plasma has been described using an electro
chemical detector [3]. However, the method did not prove to be sufficiently
sensitive or consistent for our clinical use; emulsification is likely to occur
during extraction and interference peaks are common. In addition, the use of
sodium hydroxide for control of pH makes uniform recovery of nalbuphine
difficult. The method was therefore modified as described.

METHODS AND MATERIALS

Reagents
Ethyl acetate, toluene, isopropanol (glass-distilled) and methanol (HPLC

grade) were all obtained from Rathburn (Walkerburn, U.K.). Potassium di
hydrogen orthophosphate, boric acid, borax and hydrochloric acid were all
AnalaR grade from BDH (Poole, U.K.). Nalbuphine hydrochloride powder
was obtained from the Pharmaceutical Development Section of Endo Labs.
(Garden City, NY, U.S.A.) and the internal standard, naloxone hydrochloride
powder, from Sigma.

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B. V.
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Fig. 1. Typical chromatograms of (A) control plasma to which internal standard (100 ng/
ml) has been added, (B) control plasma to which have been added nalbuphine (50 ng/ml)
and internal standard (100 ng/ml), and (C) patient plasma taken 1 h after administration of
0.24 mg/kg nalbuphine to which naloxone (100 ng/ml) has been added. Arrows 1 and 2 in
dicate the retention times of nalbuphine and naloxone, respectively.

TABLE I

REPRODUCIBILITY OF ASSAY

Added
(ng/ml)

10
25
50

100

Found (ng/ml, mean ± S.E.M., n = 4)

10.26 ± 0.05
23.72± 0.40
47.91 ± 0.30

110.75 ± 0.49

S.E.M. (%)

0.5
1.7
0.6
0.4

DISCUSSION

This method was based on a modification of that presented by Lake et al.
[3]. It was found that the extraction mixture ethyl acetate-isopropanol (9:1)
with plasma was prone to the formation of emulsions which obstructed
adequate removal of the organic phase. Addition of toluene to the extraction
mixture resulted in an almost emulsion-free separation. In addition, there was
great difficulty measuring chromatograms of plasma extracts due to inter
ference peaks. The inclusion of a back-extraction in the extraction procedure
produced a chromatogram free of interference from endogenous plasma sub-
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stances. It was also found that the extraction pH was an important factor in
nalbuphine recovery. Lake et al. [3] employed 0.1 M sodium hydroxide to
adjust the plasma to pH 8.0; however, we obtained better pH control with 0.5
M borate buffer, with a correspondingly more consistent recovery.

The recovery was only 76% compared with a reported 94% or greater by
Lake et al. [3]. However, the actual improvement in clarity of the chromato
grams obtained by a more thorough extraction procedure would seem to com
pensate for this.

Using the method described in this paper, levels of nalbuphine down to
0.1 ngjml of plasma were measured. The level of detection could have been
increased by injection a more concentrated sample into the chromatogram,
i.e. redissolving the final dried-down sample in 200 pI instead of 500 pI of
methanol. This was not possible with our automated injection system as about
300 pI of final sample are required to inject 100 pI onto the column.
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Bupranolol [l-tert .-butylarnino-3-(2-chloro-5-methylphenoxy)propan-2-ol,
Fig. 1, R = CH3 ] is used clinically as a {3-adrenoceptor antagonist [1]. In human
subjects, oral doses of bupranolol are almost completely excreted as the
carboxy metabolite, carboxybupranolol [l-tert. -butylamino-3-(2-chloro-5
carboxyphenoxy)propan-2-ol, Fig. 1, R = COOH] , which is also the major
drug-related component in plasma [2].

CIq OCH2CHOHCH2NHC4H9

;/'1
0-

R

Fig. 1. Chemical structure of bupranolol (R = CH.) and carboxybupranolol (R = COOH).

After oral doses of 40 mg bupranolol to human subjects, unchanged
bupranolol was not detected above a limit of detection of 1 ng/ml using an
electron-capture-gas chromatographic procedure [3]. Bupranolol has been
detected in lower ng/g concentrations by a high-performance liquid chroma
tographic-ultraviolet (HPLC-UV) procedure [4] in rat plasma and tissues
after administration of a relatively large intravenous dose (1.85 mg/kg). Studies
of [ 14C] bupranolol in both humans and animals indicated extensive first-pass
metabolism of the drug and the rapid formation of carboxybupranolol; these
results suggested either that bupranolol is pharmacologically active, although
present at very low concentrations in plasma, or that (a) metabolite(s) of
bupranolol also contributes to the pharmacological activity [2, 3, 5]. Since
carboxybupranolol has been identified as the major metabolite of bupranolol in
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(Perkin-Elmer, Beaconsfield, U.K.) operated at an excitation wavelength of
245 nm and an emission wavelength of 330 nm. Injection was via an automatic
injector, Waters' Intelligent Sample Processor (WISp™, Waters Assoc.). The
column was constructed of stainless steel (25 em X 0.46 em I.D.) prepacked
with Zorbax® Cs (mean particle diameter 6 J.Lm, DuPont, Hitchin, U.K.). A
pre-column (7 em X 0.2 em I.D.) constructed of stainless steel and dry-packed
with pellicular Co:Pell® ODS (particle diameter 25-37 J.Lm) (Whatman, Maid
stone, U.K.) was installed in front of the analytical column to protect it from
contamination.

Chromatography was performed in a reversed-phase mode using an ion
pairing mechanism. The mobile phase consisted of methanol (70%, vjv) in
aqueous potassium dihydrogen orthophosphate buffer (0.1%, wjv), containing
sodium lauryl sulphate (1%, wjv). The final solution was adjusted to pH 3
with phosphoric acid. The mobile phase was passed through the column at a
flow-rate of 2 mljmin.

Chromatograms were recorded using a 3380A computing integrator
(Hewlett-Packard, Slough, U.K.).

Under the conditions described, carboxybupranolol had a retention time of
7 min and the internal standard a retention time of 5 min (Fig. 2).

r--

r---

z

Fig. 2. Chromatogram of reference standards. Chromatographic conditions: column, 25 cm
X 0.46 cm LD., containing Zorbax C.; mobile phase, 70% (vjv) methanol-aqueous
potassium dihydrogen orthophosphate (0.1% wjv) containing sodium lauryl sulphate (1%,
wjv), final pH adjusted to 3 with phosphoric acid; flow-rate, 2 mljmin; detector,
fluorescence, excitation wavelength 245 nm, emission wavelength 330 nm. Peaks: 1 =
carboxybupranolol; 2 = internal standard.

Calibration procedure
The calibration line was constructed from peak area ratio measurements

of carboxybupranolol to internal standard against concentration over the con
centration range 45--623 ngjml.

Samples of blank plasma (0.5 ml) were spiked with amounts of carboxy-
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bupranolol hydrochloride of 25, 50, 100, 150, 200,250 and 350 ng per 0.5-ml
sample; this was equivalent to concentrations of 45, 89, 178, 267, 356, 445
and 635 ng carboxybupranolol free base per ml. Internal standard (as the
hydrochloride) was added into samples at a fixed concentration of 600 ngjml
(300 ng per 0.5 ml). The samples were taken through the extraction procedure
described previously.

Studies in humans
Four human subjects were dosed with capsules containing bupranolol (300

mg as the hydrochloride salt), together with 100 ml water, at 1 h following a
standardised breakfast. The study was conducted under conditions similar to
those previously described [8] .

Blood samples were withdrawn by venepuncture into heparinised tubes
before dosing and at 0.5, 0.75,1,1.5,2,3,4,5,6,8 and 10 h after dosing. The
blood cells were separated by centrifugation and discarded; plasma was stored
at -200 C until analysis by the method described.

RESULTS AND DISCUSSION

Precision
Extraction and measurement at each concentration were repeated on six

occasions at each point over the calibration range. The precision of the method
for the measurement of carboxybupranolol in plasma was indicated by the
coefficients of variation of peak area ratios (Table I) which were 21% at 45
ngjml, 6% at 267 ngjml and 5% at 623 ngjml.

TABLE I

BETWEEN-ASSAY PRECISION MEASUREMENTS OF CARBOXYBUPRANOLOL IN
PLASMA

Concentration of Peak area ratio (CarbOXYbupranolol ) Mean Coefficient
carboxybupranolol internal standard (± S.D.) of variation
(ngjml) (%)

45 0.12 0.12 0.18 0.16 0.14 0.12 0.14 (0.03) 21
89 0.30 0.32 0.23 0.36 0.26 0.21 0.28 (0.06) 21

178 0.47 0.54 0.47 0.52 0.55 0.44 0.50 (0.04) 8
267 0.83 0.71 0.81 0.79 0.85 0.82 0.80 (0.05) 6
356 1.02 1.03 1.10 0.96 1.13 1.05 1.05 (0 ..06) 6
445 1.16 1.19 1.26 1.15 1.15 1.17 1.18 (0,04) 3
623 1.69 1.81 1.87 1.69 1.70 1.71 1.75 (0.08) 5

Accuracy
The calibration line for the measurement of carboxybupranolol in plasma

was constructed over the range 45-623 ngjml; six replicate extractions were
made at each concentration over the range. The plot of peak area ratio against
concentration was linear (Y = a + bX, where a = 0.031565 and b = 0.002732)
where Y is the peak area ratio and X is the concentration of carboxybupranolol
free base (ngjml). The accuracy of the method as indicated by the standard
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comparison of peak area ratios of extracted standards, corrected for 100%
recovery of internal standard, to those of non-extracted standards. The mean
recovery of carboxybupranolol from plasma over the concentration range
45-356 ngjml did not differ significantly from 100%.

Stability of carboxybupranolol in plasma
The stability of carboxybupranolol in plasma under the storage conditions

used (-200 C) was tested by storing plasma standards at a concentration of
267 ngjml for nineteen days. Recovery of carboxybupranolol from the stored
samples was 95 ± 5% S.D. (n = 6).

Limits of detection
No interfering peaks with retention times similar to either carboxy

bupranolol or internal standard were present in predose (blank) plasma (Fig. 3).
The limit of detection of carboxybupranolol based on the extraction of 0.5 ml
plasma, was set by instrumental noise at 20 ngjml. The reliable limit of
accurate measurement based on integrator sensitivity was 45 ngjml, the lowest
datum point on the calibration line.

Selectivity of the analytical method
No peaks interfering with the analysis were present from any control plasma

investigated. Samples chromatographed without internal standard showed no
interference from metabolites with the same retention time as the internal
standard. Bupranolol, desmethylbupranolol and hydroxymethylbupranolol
(another less important metabolite) were only weakly fluorescent at the wave
lengths employed and did not interfere with either carboxybupranolol or
internal standard.

Concentrations of carboxybupranolol
The mean concentrations of carboxybupranolol in the plasma of four

volunteers after single oral doses of 300 mg bupranolol (as the hydrochloride

TABLE II

MEAN (± S.D.) CONCENTRATIONS OF CARBOXYBUPRANOLOL (ng/ml) IN THE
PLASMA OF FOUR HUMAN SUBJECTS AFTER SINGLE ORAL DOSES OF 300 mg
OF BUPRANOLOL HYDROCHLORIDE

Time after
dosing (h)

0.5
0.75
1
1.5
2
3
4
5
6
8

10

Concentration (± S.D.)
(ng/ml)

236 (143)
1275 (612)
2273 (880)
4190 (1272)
3304 (852)
2174 (741)

747 (213)
308 (88)
165 (45)

54 (39)
<45 (-)
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Preparation and analysis of urine samples
Urine samples were collected from patients receIvmg mesna (30 mg/kg

body weight/dose intravenously; four doses were given each day at times 0, 3,
6 and 9 h after the cyclophosphamide dose) during cyclophosphamide therapy
[10]. Control urine samples were obtained before the start of chemotherapy.
Urine samples were preserved with EDTA (final concentration 0.1%, w/v) and
analysed immediately.

A 50-pI volume of diluted urine (dilution range 1:3 to 1:39) was injected
onto the column. The mesna concentrations were calculated using the calibra
tion graphs.

RESULTS AND DISCUSSION

Mesna was readily detectable by both of the HPLC and detection systems
described and gave a linear calibration graph up to 3.5 pg (on column) in
system A and 7.4 pg (on column) in system B. Quantitative variation in system
A was 15 ng at the I-pg level and 0.8 ng at the 25-ng level in system B (n=4).

In system B with HSA as the ion-pairing reagent the retention time for
mesna is relatively short since it probably does not form an ion-pair with HSA
at this pH; however, a sufficient separation from other thiols (Table II) and
endogenous compounds (see Fig. 2A) is achieved because a number of these
compounds do form ion-pairs with HSA at pH 7.4. HSA possibly modifies the
reversed-phase HPLC column giving it ion-exchange characteristics and this
could be an important mechanism of separation of mesna from endogenous
compounds. Since a number of chemical groups give an electrochemical re
sponse at + 800 mV (e.g. phenolic hydroxyl groups), this is important when
clinical samples are analysed, where interference from drugs and their metabo
lites during multiple drug treatment could be a problem.

TABLE II

CAPACITY FACTORS (k') FOR SELECTED THIOL COMPOUNDS USING REVERSED
PHASE ION-PAIR HPLC AS DESCRIBED IN TABLE I

Thiol compound System A

L-Cysteine 0.1
DL-Homocysteine 0.1
D-Penicillamine 0.72
Glutathione 1.2
Mesna 5.0

System B

o
0.3
1.5
0.1
0.2

Considerable interest in the application of electrochemical detection has
resulted in numerous techniques for detection of phenolic hydroxyl groups
(e.g. catecholamines); this study underlines the importance of this technique
in the detection of thiol groups.

In system A the resolution is much greater (Table II) because mesna forms
an ion-pair with TBAP and this results in discrete peaks for all thiol com
pounds tested apart from cysteine and homocysteine which are not separated
under these conditions. The specific Ellman's assay only detects compounds
containing free sulphydryl groups; therefore the number of possible inter-
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fering substances is limited and no interfering peaks are present in the control
urine samples analysed (Fig. lA).

The elctrochemical detection has three-fold greater sensitivity when applied
to urine samples (limit of detection 25 ng compared to 75 ng in system A);
however, with minimum mesna levels in the urine in the order of 50 pg/ml
during the first 24 h after mesna administration the sensitivity of the Ellman's
assay is sufficient.

abs 4J2n m

m
B

0.03

002

abs 4l2nm
0.01

0.005
c

A

retention time ( min)

0.01 c

retention time ( min)

Fig. 1. Reversed-phase HPLC traces (system A) (A) of undiluted control urine showing a
small peak for excreted cysteine (c), and (B) of diluted urine (1:5) from a patient receiving
mesna during cyclophosphamide cancer chemotherapy. The trace shows enhanced excretion
of cysteine (c) and excretion of mesna (m).

HPLC analysis of urine from patients receiving mesna (Figs. IB and 2B)
demonstrates enhanced cysteine excretion and underlines the necessity to use
chromatographic separation prior to the colorimetric determination rather
than the Ellman's free thiol assay alone (i.e. where total SH levels are meas
ured) [4]. This results in artificially high "mesna" levels in urine from patients
receiving mesna. The enhanced cysteine excretion during mesna administration
is analogous to the treatment of cystinuria with the thiol drug penicillamine
[11] and is presently being studied in our laboratory.

CONCLUSION

Both HPLC systems followed by either the post-column reaction or electro
chemical detection techniques described are suitable for application to rapid
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Fig. 2. Reversed-phase HPLC traces (system B) (A) of control urine showing a small peak
for excreted cysteine (c), and (B) of urine from a patient receiving mesna during cyclophos
phamide cancer chemotherapy. The trace shows enhanced excretion of cysteine (c) and
excretion of mesna (m).

clinical assays, and may be used to monitor urinary mesna levels during oxaza
phosphorine cancer chemotherapy using mesna uroprotection.

There is no reason why the ion-pairing reagents (TBAP and HSA) and the
detection systems cannot be exchanged to produce the combination most
suitable for a specific analytical problem.
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