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Derivatization procedures
According to the reaction conditions which we had examined previously

[13], FFA was converted to the acid chloride. FFA (1-700 nm0l) dissolved in
benzene (0.2-0.4 ml) was mixed with the same volume of a 2% oxalyl chloride
solution, shaken sufficiently and the mixture allowed to react for 30 min in an
oil bath at 70° C. After reaction, the excess oxalyl chloride and solvent were
removed under a stream of nitrogen gas; 0.1 ml of a 9-AP solution and 0.1 ml
of a 0.1% TEA solution were added to the preparation. The mixture was
allowed to react at 70° C for 45 min, and the 9-AP derivative of FFA was
obtained.

FFA extraction from serum
To 0.5 ml of serum were added 0.1 ml of a methanol solution containing 1

pg of margaric acid and 1.4 ml of M/15 phosphate buffer (pH 7.0); this mixture
was shaken sufficiently and poured into a modified Extrelut column [16].
After adsorbtion for 20 min, FFA was eluted out with 10 ml of chloroform.

Recovery of the FFA added to human serum
To 0.5 ml of human serum were added 0.1 ml of methanol solution

containing the internal standard, 5 pg of margaric acid, and the following com
position of FFA : ML 2 pg, PT 20 pg, PL 4 pg, ST 4 pg, OL 40 pg, LI10 pg,
AR 4 pg. Separation and determination of FFA were performed according to
the methods described above.

Method A (HPLC of FFA using ADAM reagent)
FFA was allowed to react with ADAM reagent (which has been developed by

Nimura and Kinoshita [6]) in methanol at room temperature. An ADAM
derivatized FFA solution was injected onto a pBondapak CI8 column, and
eluted with acetonitrile-water (90:10) at a flow-rate of 1.5 ml/min. FFA
derivative was detected by a fluorescence detector (excitation 365 nm,
emission 412 nm).

Method B (determination of FFA by GC)
FFA was methylated with the ethereal diazomethane solution according to

the method of Shlenk and Gellerman [17]. The excess diazomethane-ether
solution was evaporated under a stream of nitrogen. Methylated FFA was
dissolved in acetone and applied to GC. GC was carried out using a glass
column (200 X 0.3 cm LD.) packed with 15% diethylene glycol succinate
(DEGS) on 80-100 mesh Chromosorb W AW DMCS. The injection
temperature was maintained at 225°C and the column oven at 195°C. The
flow-rate of nitrogen gas was 60 ml/min. The amount of each FFA was
calculated from the calibration curves which were previously drawn on the
basis of the peak height ratio of FFA to that of the internal standard (CI7 : 0 ).

RESULTS AND DISCUSSION

From among the 9-AP-derivatized FFA, PT • AP and LI . AP were selected,
and their fluorescence and UV spectra were measured. Both PT· AP and
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Fig. 1. Fluorescence spectra of N-palmitoyl-9-aminophenanthrene (--) and N-linoleoyl-9
aminophenanthrene (- - -) in methanol-water (81:19).

Ll . AP have a strong fluorescence around excitation wavelength of 303 nm
and emission wavelength of 376 nm (Fig. 1). These derivatives also had strong
absorption in the UV region, and maximal absorption at around 254 nm.

These results showed that FFA can be converted to the fluorescent FFA
derivative with 9-AP. Secondly, reaction conditions necessary for the introduc
tion of 9-AP into FFA were studied. The optimum conditions necessary for the
introduction of 9-AP into an acid chloride of FFA were investigated in this
paper, since the reaction conditions for the derivatization of FFA to an acid
chloride form had already been evaluated [13]. In the reaction of PT . Cl and
Ll . Cl with 9-AP in benzene, increase of reaction time from 15 to 30 min and
to 45 min increased the production of PT . AP and Ll . AP; and increase of
reaction temperature from 30° C to 50° C and 70° C also increased the produc
tion of these derivatives. The reaction for 45 min at 70° C produced a
maximum amount of PT· AP and Ll· AP. The recovery rates of their
derivatives were 97% in PT· AP, and approximately 100% in Ll· AP. How
ever, it is supposed that a further increase of reaction temperature does not
facilitate production, but breaks FFA down by the heat [18]. Therefore, the
reaction conditions for FFA acid chloride with 9-AP were decided to be 45 min
at 70u C. Under these conditions, derivatization of seven FFA (C 14-C20 ) with
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Fig. 3. Separation of the 9-AP derivatives of an FFA mixture. Mobile phase: methanol
acetonitrile-water (53:27:20). Flow-rate: 2.0 ml/min. a = 9-AP, 1 = C,4:0' 2 = C,6 :" 3 =
C20 :4 ,4 = C'S:2' 5 = C ,6 :0,6 = C's'!, 7 = C'7:0 (I.S.), 8 = C,. :0'

With 0.5 ml of serum separated immediately from the blood collected from
six volunteers (adult, both sexes), FFA was quantitatively analysed by the
present method (Table II). These results were almost the same as the average
normal FFA level reported by Rogiers [22]. In order to determine the FFA
level in serum with UV-labeling reagents, especially to detect PL and AR which
are scarcely liberated in the blood, the extract from at least 50 J.Ll of serum
has to be injected into the HPLC column. However, the amount of extract
injected into the column can be reduced to approximately one-tenth by the use
of the present method. This is also good for maintaining higher column
efficiency. In order to compare 9-AP with ADAM, a derivatization experiment
for three kinds of FFA with the two reagents was performed. The derivatives
obtained were applied to a J.LBondapak C18 column, and the recovery was
measured using HPLC under optimum conditions. For comparison with the GC
method, the same amounts of FFA in a specimen were measured, after
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TABLE I

ANALYTICAL RECOVERY OF FFA ADDED TO HEALTHY HUMAN SERUM

The mixture of FFA was added to 0.5 ml of serum.

Fatty acid Added Found* Recovery* C.V.
(lLg) (lLg) (%) (%)

C'4:. 2.0 1.9 ± 0.1 96.3 ± 4.8 5.0
C'6:. 20.0 21.5 ± 0.3 107.3 ± 1.5 1.4

C'6 " 4.0 4.0 ± 0.1 100.0 ± 2.0 2.0
Cu :. 4.0 3.9 ± 0.1 97.5 ± 3.5 3.6
C,g:, 40.0 38.9 ± 0.2 97.3 ± 0.5 0.6
C,g" 10.0 9.7 ± 0.2 96.8 ± 1.7 1.8
CZ.: 4 4.0 4.0 ± 0.1 101.0 ± 1.5 1.5

*Mean ± S.D., n = 4.

TABLE II

FFA CONCENTRATION IN HEALTHY HUMAN SERUM DETERMINED BY HPLC

Volunteer FFA (ILM.)

C..:. C'6:. Cu " Cu :. C,s" C,s" CZ.: 4

M.1. 13 97 5 16 109 41 8
N.E. 9 40 3 10 48 36 3
A.S. 9 77 1 13 73 58 5
Y.A. 8 31 2 10 31 24 N.D.*
J.I. 16 68 6 26 72 36 5
K.T. 9 65 4 6 58 26 5

Ref. 22 5 ± 4 62 ± 23 11 ± 7 26 ± 11 88 ± 42 42 ± 22

*N.D. = not detectable.

-methylation, using GC with a 15% DEGS column. An average value of
quadruplicate measurements suggested that in the GC method FFA was
recovered almost 90-100%. However, the coefficient of varation was as large as
2.1-7.6%, and this suggested low reliability of measurement. On the other
hand, two methods of fluorescence HPLC showed a small distribution in the
results of quadruplicate measurements compared with that by the method of
GC. Especially the 9-AP derivatization method showed a coefficient of varia
tion of 1.4-3.4%, with high reliability (Table III).

These results showed that FFA detection at the picomole level has become
possible, and that FFA in serum can be precisely assayed. With the establish
ment of this method, the usefulness of the primary amine has been established
as a labeling preparation, and it may be used for the development of a new
FFA derivatization reagent. For most FFA derivatization reagents which have
been developed up to now, polar and aprotic solvents were used 'for reaction
with FFA [21], but crown ethers were used for the reaction of higher FFA
with low solubility [23-25]. Although the present derivatization method has
the disadvantage that the process is slightly complicated, acid chlorides of FFA
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HYDROLYSIS
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Pharmacy and Medicine, State University of New York at Buffalo, Buffalo, NY 14260
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SUMMARY

A sensitive, selective, and reproducible high-performance liquid chromatographic assay
for the simultaneous measurement of cortisol and methylprednisolone using dexamethasone
as the internal standard is presented. Samples are extracted with methylene chloride, washed
with sodium hydroxide and then water, and chromatographed on a microparticle silica gel
column with ultraviolet detection at 254 nm. Sensitivity is greater than 10 ng/ml and the
intra-day coefficient of variation is less than 5% for both steroids. The use of porcine liver
esterase allows the quantitation of the hemisuccinate ester of methylprednisolone. This assay
has been applied in pharmacokinetic studies including investigations of troleandomycin
methylprednisolone interactions. A typical plasma concentration-time profile for methyl
prednisolone and its ester prodrug is presented for one subject before and after receiving
troleandomycin therapy. Although methylprednisolone elimination is reduced in the
presence of troleandomycin therapy, there is no effect on the pharmacokinetics of methyl
prednisolone sodium succinate.

INTRODUCTION

Methylprednisolone is an important glucocorticoid for the treatment of
various diseases. This steroid has particular utility in therapy of acute broncho
spasm (status asthmaticus) when it is administered as its water-soluble sodium
succinate ester [1-4]. Inter-patient variability in the therapeutic response to
methylprednisolone therapy and the occurrence of unexplained adverse effects
warrant the examination of methylprednisolone disposition in selected

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

INTRA-DAY AND INTER-DAY COEFFICIENTS OF VARIATION

All variability statistics are based on ten measurements.

Steroid Intra-day coefficient of
variation (%)

Inter-day coefficient of
variation (%)

50 ngjml 500 ngjml 50 ngjml 500 ngjml

Methylprednisolone
Cortisol
Methylprednisolone hemisuccinate*

1.6
2.2

17.3

3.7
1.9
3.6

3.5
4.7

1.6
4.2

*In the presence of methylprednisolone, 500 ngjml.

TABLE III

RELATIVE RETENTION TIMES OF SELECTED GLUCOCORTICOIDS

Retention times relative to methylprednisolone, corrected for column hold-up time.

Steroid

Fluocinonide
Cortisone
Corticosterone
Methylprednisone
Prednisone
Beclomethasone
Dexamethasone
Betamethasone
Cortisol
Methylprednisolone
Prednisolone

Relative retention
time (min)

0.29
0.34
0.35
0.37
0.44
0.51
0.54
0.63
0.77
1.00
1.03

at the 50 ngjml concentration is expected since the difference between the
hydrolysed and unhydrolysed concentration is less than 10%.

The assay was examined for selectivity by injecting other endogenous and
synthetic glucocorticoids onto the chromatographic system. The relative
retention times of these materials are listed in Table III. The assay method
clearly separates this series of closely related compounds. Many other con
jugated and oxidized metabolites of these steroids probably do not warrant
concern as the initial organic extraction step excludes the lipid-insoluble bio
transformation products from the HPLC column. This assay has been utilized
for the determination of methylprednisolone concentrations in patients
receiving other therapeutic agents [4]. These drugs include: theophylline, ter
butaline, isoproterenol, epinephrine, phenobarbital, phenytoin,
troleandomycin, erythromycin, and hydroxyzine. None of these drugs or their
metabolites interfered with this assay.

The conversion of methylprednisolone hemisuccinate to its free alcohol
is rapid with maximal concentrations of the latter found at 30 min (Fig. 3A
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of 358 mljmin per 1.73 m". While this patient was receiving TAO, the elimina
tion half-life and plasma clearance were 3.3 hand 248 mljminjl.73 m 2

•

The simultaneous measurement of cortisol and methylprednisolone is
illustrated in Fig. 4. The zero h (9 a.m.) cortisol concentration was 180 ng and
rapidly fell below assay detection limit by 4 p.m. (7 h). Although the 9-a.m.
value is within normal limits (60 to 260 ngjml) the 4-p.m. value in normal
subjects is typically between 20 and 180 ngjml. This marked decline in cortisol
concentrations is indicative of suppression of cortisol secretion by methyl
prednisolone.

DISCUSSION

The simultaneous measurement of methylprednisolone and cortisol by this
HPLC method is efficient, precise, sensitive and selective. To date, over 2000
samples have been analyzed by this method in studies of the disposition
kinetics of methylprednisolone and cortisol. These compounds are stable in
frozen serum for extended periods. Some serum samples have been repeatedly
assayed at time intervals of twelve months or more and yield identical steroid
concentrations.

Incubation of samples with carboxylesterase allows determination of the
hemisuccinate ester of methylprednisolone by the difference of results with and
without use of the enzyme. A lower quantitation limit for the analysis of the
ester has not been presented since this limit is determined primarily by the
relative difference in methylprednisolone and total methylprednisolone con
centrations. With this method, methylprednisolone hemisuccinate concentra
tions are considered non-quantifiable if the relative difference is less than 10%.

The hemisuccinate ester does not partition into methylene chloride because
the extraction of plasma is carried out under neutral pH conditions. This
affords subsequent treatment of the methylene chloride extract with acidic or
basic washes without having the assay confounded by hydrolysis of the ester
to the active steroid. Although we have not found any interference from co
administered drugs or their metabolites, the ability to rigorously wash the
extract provides a method of circumventing interference if the problem arises.

Extractability of the internal standard from aqueous solutions is identical
with the steroids of interest. Other published HPLC assays for methylpred
nisolone do not share this feature. One reversed-phase assay has been reported
which utilizes an endogenous glucocorticoid, cortexolone, as an internal stan
dard [5]. However, cortexolone extraction recovery was lower than that of
methylprednisolone. This assay method also does not allow simultaneous
measurement of methylprednisolone and cortisol. A normal-phase assay has
been reported which employs the acetate ester of methylprednisolone as the
internal standard [7]. Although the extractability of this ester was not pro
vided, the water-octanol and water-diethyl ether partition coefficients of
this ester are probably ten-fold greater than methylprednisolone or cortisol [9] .
Additionally, because this internal standard is an ester, the extraction process
and subsequent treatment of the extract may require mild conditions to
prevent its hydrolysis to methylprednisolone. Another assay for methylpred
nisolone utilizes an internal standard which is added after extraction [8].
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Much of the utility of the internal standard in correcting for recovery and other
sources of variation is lost at that stage of the procedure.

Pharmacokinetic studies of methylprednisolone have been carried out using
a radioimmunoassay technique [6, 10]. Cross-reactivity with the major metab
olite of this steroid, methylprednisone, was reported and may complicate
the results as patients attain appreciable plasma concentrations of methyl
prednisone [4]. The radioimmunoassay method also does not permit con
comitant assay for cortisol. While the present assay is unable to resolve methyl
prednisone, it has a shorter retention time and does not interfere with measure
ment of cortisol or methylprednisolone.

The diminished apparent clearance and prolonged half-life of methylpred
nisolone during co-administration of troleandomycin have been reported
[4]. This drug combination is often beneficial in treatment of patients with
severe steroid-dependent asthma [1-3]. However, mechanisms responsible for
this drug interaction have not been fully elucidated. Since methylprednisolone
must be cleaved from its ester prodrug before it appears in plasma, alterations
in ester disposition were of concern. TAO is also converted to active forms
through de-esterification and competition with hydrolysis of methylpred
nisolone hemisuccinate require consideration. The determination of plasma
concentrations of methylprednisolone hemisuccinate along with the active
steroid (Fig. 3) indicates that the in vivo disposition of the ester appears to be
unaltered in the presence of TAO. The in vitro hydrolysis of the ester was
similarly unaffected by the presence of the antibiotic. Thus, the inhibition of
methylprednisolone elimination is unlikely to be due to altered hydrolysis of
the ester.
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REAGENT
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SUMMARY

An automatic analyser based on high-performance liquid chromatography has been devel
oped for the quantification of biogenic guanidino compounds in human physiological fluids.
Fourteen guanidino compounds are mutually separated within 35 min on a cation-exchange
column with a stepwise gradient elution of pH and/or ionic strength in the mobile phase and
then converted automatically to their-fluorescent derivatives with benzoin. The method in
this system is simple, rapid and sensitive; the lower limits of detection are 5-50 pmol for
monosubstituted guanidino compounds, 1 nmol for creatine and 20 nmol for creatinine in
100 ILl of injection volume.

INTRODUCTION

Guanidino compounds such as methylguanidine and guanidinosuccinic acid
have been implicated as uremic toxins in uremic syndrome because these
compounds accumulate in body fluids of uremic patients [1-3] and give rise
to a symptom complex similar to uremia [4, 5] .

Among the current analytical methods for guanidino compounds, ion-ex
change chromatography coupled with automatic colorimetric or fluorimetric
detection, including high-performance liquid chromatography (HPLC), is the
most popular because of its simplicity in operation, though other chromato
graphic methods based on paper [6, 7], thin-layer [8-10] and gas chroma
tography [11-13] have been reported. However, colorimetric detection of the
compounds by means of the Sakaguchi or Voges-Proskauer reaction in ion
exchange chromatography has a limited sensitivity and thus necessitates a large
amount of sample [14-16]. On the other hand, fluorimetric detection based

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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2 3 4 5

Potassium hydroxide (M)

Fig. 4. Effect of potassium hydroxide concentration on the fluorescence development of
guanidino compounds. The separation conditions and the amounts of the guanidino com
pounds are the same as in Fig. 3.

examined to construct the fluorescence reactor system. A potassium hydroxide
solution in the concentration range 4.0-5.0 M is required to obtain a
maximum fluorescence intensity, corresponding to the peak height of each
guanidino compound, as shown in Fig. 4; 4.0 M potassium hydroxide was used
in the reactor system. The benzoin concentration also influences development
of the fluorescence from each guanidino compound. With increasing concen
tration of benzoin in the range 2.0-8.0 mM, the fluorescence intensities of
the compounds other than CR and CRN decrease slightly, but the intensities
of both CR and CRN increase (Fig. 5). In the system, 4.0 mM benzoin was
selected to obtain fairly large fluorescence intensities from the guanidino
compounds except for CR and CRN, because concentrations of CR and CRN
in human urine and serum are much higher than those of the other guanidino
compounds. An elevated reaction temperature is required for development
of the fluorescence from all the guanidino compounds tested, as shown in Fig.
6. When the reaction temperature was higher than 80° C, an irregular baseline
frequently occurred on the chromatogram; this may be caused by air bubbles
generated in the reaction coil. Thus a compromise temperature of 80° C was
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TABLElli

CONCENTRATIONS OF GUANIDINO COMPOUNDS" IN SERA FROM PATIENTS
WITH CHRONIC RENAL FAILURE

Guanidino compounds (nmol/ml)

GSA CR GAA AcARG CRN GBA G MG

1 4.64 40.50 3.05 2.56 325.87 0.19 2.25 2.82
2 13.90 31.25 2.07 1.71 506.75 N.D."" 2.25 5.19
3 22.21 53.47 1.92 1.65 451.34 N.D. 2.46 6.66
4 6.95 121.42 1.97 1.57 377.45 N.D. 1.97 3.03
5 15.53 80.21 1.60 1.75 599.00 N.D. 2.66 7.21
6 4.13 104.25 1.06 2.27 585.03 N.D. 2.41 2.89
7 25.20 182.03 2.12 N.D. 677.22 N.D. 2.62 3.06
8 3.39 64.21 2.18 0.57 200.00 0.40 2.07 2.18
9 25.51 64.67 2.39 1.80 646.67 0.30 3.03 5.17

10 20.05 86.02 2.58 2.34 860.21 0.41 2.21 3.69

Mean 14.15 82.80 2.09 1.80 522.95 0.33 2.39 4.19
±S.D. ±8.89 ±44.46 ±0.54 ±0.58 ±192.12 ±0.10 ±0.31 ±1.75

"Other guanidino compounds could not be successfully determined because of their minute
amounts, except for ARG.
""N.D. =not detected.

The precision of the method for the determination of the biogenic guanidino
compounds was also examined by performing five analyses separately on
pooled urine and serum. The coefficients of variation for the asay of the com
pounds [the compound and concentration (nmol/ml) in parentheses] in urine
were 5.3% (GSA, 15.6),6.0% (CR, 451.0)', 8.1% (GAA, 312.0),3.1% (AcARG,
10.9), 4.6% (ARA, 6.6), 9.1% (CRN, 6393.2),1.1% (GBA, 5.4), 3.1% (ARG,
18.5), 3.1% (G, 10.2) and 3.5% (MG, 3.1), and for the assay of the compounds
in serum were 3.9% (GSA, 7.0), 5.8% (CR, 121.4), 8.4% (GAA, 2.0), 9.6%
(AcARG, 1.6), 3.2% (CRN, 377.5), 3.6% (G, 2.0) and 3.8% (MG, 3.0).

The concentrations of the guanidino compounds in urine and serum samples
from healthy men, and sera from patients with chronic renal failure in
maintenance with hemodialysis, were determined by this method (Tables
I-III). Relatively many guanidino compounds were identified in the urine com
pared with those in sera from healthy men. Higher concentrations of GSA, CR,
CRN, G and MG than those in the normal sera were observed in the patient
sera. GAA and AcARG were present in the normal sera but at levels not signifi
cantly different from those in the patient sera. The mean values for the
individual guanidino compounds are in good agreement with published data
[17,19].

The present method for the automatic determination of guanidino com
pounds is rapid and gives satisfactory sensitivity in the analysis of physiological
fluids; the sensitivity permits use of less than 100 J.ll of urine and serum from
normal subjects or uremic patients, and this HPLC analyser will be an
invaluable tool in clinical studies of guanidino compounds in uremic syndrome.
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THE USE OF HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY IN
THE ISOLATION AND CHARACTERISATION OF MOUSE AND RAT
EPIDERMAL GROWTH FACTORS AND EXAMINATION OF APPARENT
HETEROGENEITY

JOHN A. SMITH*, JACK HAM*, DEREK P. WINSLOW, MICHAEL J. O'HARE and
PHILIP S. RUDLAND

Ludwig Institute for Cancer Research (London Branch), Royal Marsden Hospital, Sutton,
Surrey SM2 5PX (U.K.)

(First received June 20th, 1983; revised manuscript received August 31st, 1983)

SUMMARY

Various epidermal growth factor preparations obtained from the mouse submaxillary
gland (mEGF), have been separated into a number of components by reversed-phase high
performance liquid chromatography (HPLC). It is shown here, however, that' when the
mEGF is isolated rapidly, using only reversed-phase HPLC for trace enrichment and high
resolution fractionation, it is a single molecular species as determined with several ion
pairing solvent systems, provided that proteolysis is inhibited in the original extracts. This
indicates that the minor components of mEGF that have been reported are artefacts formed
during the isolation procedure, and are of no biological significance. The products of
deliberate mild degradation of mEGF are shown to produce similar chromatographic profiles
to those observed in samples of mEGF prepared in the absence of proteolytic inhibitors. Rat
EGF has been isolated in a similar manner, and is shown to share many of the properties of
the major tryptic digestion product of mEGF.

INTRODUCTION

Since first being isolated [1] epidermal growth factor (EGF) has been shown
to have effects on a wide variety of cells in culture [2]. In spite of its
importance in the study of control of cell proliferation, it is only readily
available from the mouse [3], although lengthy schemes for purification have
been published for the rat [4] and human [5] factors. Mouse EGF (mEGF)

*Present address: Department of Peptide Chemistry, National Institute for Medical
Research, The Ridgeway, Mill Hill, London NW7 lAA, U.K.
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has previously been shown to chromatograph on a reversed-phase high-perfor
mance liquid chromatographic (HPLC) system, which is capable of a high
degree of resolution [6] and has been separated into a number of components
[7-9]. However, since HPLC is sufficiently efficient to separate oxidation
products of peptides [10], it is necessary to distinguish between naturally
occurring variants of a protein, which might be of biological interest, and arte
factually generated heterogeneity, which appears to be the cause of relaxin
variants L11] .

We have examined the heterogeneity of mEGF preparations, and show that
mouse and rat EGFs each comprise a single molecular species when prepared
rapidly.

EXPERIMENTAL

Materials
Epidermal growth factor was receptor-grade material from Collaborative

Research (Waltham, MA, U.S.A.). Pepstatin A was obtained from Sigma (St.
Louis, MO, U.S.A.), bovine serum albumin (BSA) was Fr V reagent grade from
Miles Labs. (Stoke Poges, U.K.). Acetonitrile was HPLC S-grade from Rathburn
Chemicals (Walkerburn, U.K.).

Animals
Submaxillary glands were obtained from adult male C57 black mice, or from

adult male Sprague-Dawley rats weighing between 150 and 250 g which were
stimulated with testosterone as described by Moore L4] .

Submaxillary glands were extracted in 0.05 M acetic acid [3] or with 0.155
M sodium chloride made to pH 2.1 with hydrochloric acid, supplemented with
10 pg/ml Pepstatin A. The extract was frozen and thawed, and centrifuged at
60,000 g for 1 h at 4°C. The resulting supernatant was collected by decantation
through glass wool to remove floating fat.

Radioimmunoassay of mEGF
For the preparation of 12

sI-labelled EGF 10 pg of mEGF (Collaborative Re
search) was labelled with 0.5 mCi of Na12S1 to a specific radioactivity of be
tween 30 and 40 pCi/pg by the method of Hunter and Greenwood [12] using
50 pg of chloramine T as oxidant and a reaction time of 1 min. The active,
labelled hormone was eluted from a column (12 ml) of Sephadex G-25 equi
librated in 0.05 M phosphate buffer, pH 7.5, containing 0.5% (w/v) BSA.

The method of radioimmunoassay used was as previously described [13],
except that the 0.2 ml of 25% (v/v) lamb serum in phosphate-buffered saline
(PBS) was added post-inCUbation. The incubation period was 60-70 h at 4°C.
The antiserum used was obtained commercially (Collaborative Research) and
used at a final dilution of 1:15,000.

Receptor-binding assay for mEGF
The procedure used was as previously described [13]. The target cells were a

squamous carcinoma head and neck cell line LICR-LON-ltN-1 [14] which has
been shown to possess membrane EGF receptors, having 7.5· 105 sites per cell
n!11.
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A complex pattern similar to that seen in conventional preparations [7, 9]
was observed if intact HPLC-purified EGF was briefly digested with chymo
trypsin. These products were all eluted within 1 min of the major peak, with
gradient elution (Fig. 5e); they may be due to the generation of molecules of
EGF nicked at different sites by the protease, but still held together by
disulphide bridges.

Isolation of rat EGF
Rat EGF was prepared in a similar manner to mouse EGF, except that the

initial minicolumn cut was 15 to 40% in acetonitrile,as the rat activity eluted
earlier from the reversed-phase column (at 20% acetonitrile compared with 26%
acetonitrile). The lower hydrophobicity of the rat molecule is primarily due to
its lack of tryptophan, as indicated by the absence of intrinsic fluorescence at
254 nm. In this respect, the rat EGF resembled T-EGF, the tryptic digestion
product of mouse EGF, in which the C-terminal pentapeptide, containing both
tryptophan residues, is absent [21]. Indeed, T-EGF chromatographed close to
rat EGF on the reversed-phase HPLC (Fig. 5f and g). Mouse EGF, rat EGF and
T-EGF were found to have a similar molecular weight by gel filtration (Fig. 6).
However, if the organic modifier (acetonitrile) was omitted, the mouse EGF
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Fig. 6. Size exclusion chromatography on TSK 3000 SW of (a) mouse EGF prepared by
HPLC; (b) mouse EGF obtained commercially; (c) rat EGF; and (d) T-EGF, obtained
by Ca reversed-phase chromatography of a trypsin digest of mouse EGF. Conditions were as
described in Experimental: flow-rate was 0.5 ml/min. Protein load was 5 j.lg. Arrow in (c)
shows elution position of mouse EGF. Standard proteins eluted as follows: bovine serum
albumin (68 Kd) 15.9 min; ",-lactalbumin (14.2 Kd) 19.2 min; cytochrome C (11.7 Kd)
21.1 min; human calcitonin (3.4 Kd) 22.1 min; i-tryptophan (0.2 Kd) 25.6 min.
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Fig, 7. Elution by ion-exchange chromatography (DEAE-TSK) HPLC of (a) mouse EGF
obtained commercially; (b) mouse EGF prepared by HPLC; (c) rat EGF; and (d) T-EGF.
Conditions were as described'in Experimental, salt gradient was 10 mM per min, flow-rate
1 ml/min, protein load was 5 ILg. No attempt has been made to correct for the variable back
ground absorbance at 225 nm which is invariably encountered in the system at this
sensitivity. Arrow in (d) shows elution position of intact mouse EGF.

DISCUSSION

The existence of more than one species of active mEGF has been known for
some time; a well characterised proteolytic derivative was described by Savage
and Cohen [3]. Reversed-phase HPLC revealed in addition a derivative which
is separable by any of the systems used here [7], which appears to be due to
the oxidation of the methionine residue, and a number of other derivatives
which do not separate with 0.155 M sodium chloride-hydrochloric acid but
which are resolved in the presence of the ion-pairing reagents trifluoroacetic
acid and heptafluorobutyric acid [7, 8] and with a triethylamine-acetic acid
solvent system [9]. These latter components separate within a narrow concen
tration range of organic modifier (0.75% acetonitrile), and behave similarly to
derivatives generated by the action of chymotrypsin. Since they are not found
in the mEGF prepared rapidly in the presence of pepstatin, the suggestion is
that, when present, they have been formed by protease action during isolation.
It is interesting to note in this regard that when electrophoresed under
denaturing conditions the (3 EGF of Matrisian et al. [9] runs with a smaller
apparent molecular weight than the Q form. It appears, then, that only a single
form of mEGF exists in the submaxillary gland in vivo.

Similarly, only one form of EGF was obtained from the rat submaxillary
gland. The question remained whether the rat EGF as described above was the
form found in vivo, or whether it was a natural digestion product related to
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(untreated females were not used). The yield was comparable to that reported
by Moore [4], and although substantially less than that obtained from mice,
nevertheless represented an easy source of the growth factor. Previously, its
purification has been lengthy, as the Biogel method used for mouse EGF was
not appropriate, relying as it did on the hydrophobicity of the mouse factor.
The present method allowed preparation of the EGF from either species in
high yield and purity within a working day.

It is noteworthy that the apparently harsh conditions of reversed-phase
HPLC did not inactivate EGF, which once purified, remained biologically and
immunologically active on storage in the eluent solvent for more than 1 year
at -200 C. A number of other growth factor activities have been chromato
graphed on the C3 reversed-phase system to assess the general applicability of
the method for their identification and purification. Thus fibroblast growth
factor, ovarian growth factor, platelet-derived growth factor, and multiplication
stimulating activity [22] chromatographed successfully, and had retention
times of 3 min, 0 min, -2 and 1 min, and 0.5 min, respectively, relative to that
of mouse EGF. In all of these cases activity was recovered without significant
loss.

This makes it seem likely that HLPC methods, with their high resolving
power for many polypeptides and small proteins [6], may be useful in the
purification of novel growth factors, where their very low abundance precludes
purification by conventional means alone. However, care will be required to
ensure that they are not simply artefactual derivatives of existing growth
factors. Of particular relevance, is the ability to compare and distinguish the
EGF-related growth factors identified in cells from a number of normal and
neoplastic tissues. They might be expected to be of interest in elucidating the
relationship between tumours and their environment in host tissues. Regarding
EGF itself, in addition to its proliferative action in vivo on the epidermis and
related epithelial tissues, it also has an inhibitory effect on gastric acid secretion,
and thus promotes ulcer healing [23]. Any clinical application of this effect
to use EGF as an anti-ulcer agent, however, will require milligram quantities of
EGF in a pure form. Reversed-phase HPLC as described here is a suitable means
of producing such material.
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SCREENING PROCEDURE FOR DETECTION OF ANTIDEPRESSANTS
AND THEIR METABOLITES IN URINE USING A COMPUTERIZED GAS
CHROMATOGRAPHIC--MASS SPECTROMETRIC TECHNIQUE*

HANS MAURER and KARL PFLEGER*

Institut fur Pharmakologie und Toxikologie der Universitllt des Saarlandes,
D-6650 Homburg/Saar (F.R.G.)

(First received June 30th, 1983; revised manuscript received August 31st, 1983)

SUMMARY

A method for the identification of antidepressants and their metabolites in urine after
acid hydrolysis is described. The acetylated extract is analysed by computerized gas chroma
tography-mass spectrometry. An on-line computer allows rapid detection using mass
fragmentography with the masses 58, 84, 86, 100, 191, 193, 194, 205. The identity of
positive signals in the reconstructed mass fragmentogram is established by a comparison of
the entire mass spectra with those of standards. The mass fragmentogram, the underlying
mass spectra and the gas chromatographic retention indices (OV-101) are documented.

INTRODUCTION

Within the scope of a screening procedure for detection of psychotropic
and addictive drugs and their metabolites in urine [1, 2], screening for benzo
diazepines [3], butyrophenone and bisfluorophenyl neurolectics [4, 5], anti
inflammatory analgesics [6] and opioids and other potent analgesics [7] has
been described; screening for phenothiazine and analogous neuroleptics and
antiparkinsonian drugs is in preparation [8]. Screening for tri- and tetracyclic
antidepressants is described below. Such a screening is necessary in analytical
toxicology to diagnose a probable intoxication. Furthermore, antidepressants
are encountered frequently in analysis, when monitoring patients who may
have taken addictive drugs and simultaneously taken antidepressants
therapeutically. Only a gas chromatographic-mass spectrometric technique
(GC-MS) detecting a few of these drugs as parent compounds in gastric

*These results were reported in part at the Jahrestagung der Deutschen Gesellschaft fUr
klinische Chemie, Stuttgart, F.R.G., September 23th and 24th, 1982.
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ELECTRON-CAPTURE GAS CHROMATOGRAPHIC ASSAYS OF
5-NITROIMIDAZOLE CLASS OF ANTIMICROBIALS IN BLOOD*

S.C. BHATIA* and V.D. SHANBHAG

Hindustan Ciba-Geigy Limited, Research Centre, Goregaon, P.O. Box 9002,
Bombay 400 063 (India)

(First received June 22nd, 1983; revised manuscript received September 12th, 1983)

SUMMARY

Sensitive and selective electron-capture gas chromatographic methods for the deter
mination of N-1-substituted 5-nitroimidazole class of antiprotozoals from blood are
described. Metronidazole, secnidazole and ornidazole having a hydroxyl function in the N-1
substitution, were converted to their respective trimethylsilyl derivatives before chromato
graphy on an OV-11 column. Tinidazole and satranidazole, devoid of the hydroxy group but
containing a sulphur atom in the molecule, were chromatographed as such on the same
stationary phase. Blood levels as low as 50 ng/ml for all the 5-nitroimidazoles have been
measured with good precision. The methods can be readily utilized for pharmacokinetic
studies.

INTRODUCTION

The advent of metronidazole and other N-1-substituted 5-nitroimidazoles
like secnidazole, ornidazole, tinidazole and satranidazole** (Fig. 1) has
revolutionized the chemotherapy of protozoal aRd anaerobic bacterial
infections [1]. Barring their broad similarity, the compounds differ markedly
with respect to their pharmacokinetic characteristics and, hence, in dosage
regimens. However, different analytical methods have been employed for com
parative studies. These include bioassay [2], absorptiometry [3], polarography
[4], "flying-spot" thin-layer chromatographic (TLC) densitometry [5], high
performance liquid chromatography [6-9] and gas chromatography with
flame ionization detection [10--12].

In this paper we report two sensitive and selective electron-capture gas chro-

*Communication No. 707 from Hindustan Ciba-Geigy Limited, Research Centre.
**International non-proprietary name for Go 10213.

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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Supelco (Bellefonte, PA, U.S.A.). Ultra pure nitrogen (Iolar-2) from Indian
Oxygen (Bombay, India), served as the carrier gas.

All the 5-nitroimidazoles mentioned in this study were synthesized in-house.

Synthesis of trimethylsilyl derivatives
A mixture of 1-(hydroxyalkyl)-2-methyl-5-nitroimidazole (3 mmol) and

N,O-bis-(trimethylsilyl)-trifluoroacetamide (1 ml) was stirred at 25-27°C
for 10 h under anhydrous conditions. Excess reagent was then evaporated off
by heating at 60-70° C at 2-3 mm Hg for 3 h to afford the trimethylsilyl
(TMS) derivative. TLC (silica; chloroform-methanol, 96:4, v/v) comparison
with starting material showed complete conversion.

TMS derivative of metronidazole. Analysis: found C, 44.41; H, 7.25; N,
17.58. C9H17N303Si (mol. wt. 243) requires C, 44.42; H, 7.04; N, 17.27.
lH-NMR* (C2HCI3): 0 7.97 (lH, s, C-4H), 4.47 (2H, t, N-CH2), 3.90 (2H, t,
O-CH2 ), 2.50 (3H, s, 2-CH3) and 0 ppm L9H, s, Si(CH3hJ. MS: 243 (M+ at
mlz).

TMS derivative of secnidazole. Analysis: found C, 46.96; H, 7.71; N, 16.73.
ClOH19N303Si (mol. wt. 257) requires C, 46.67; H, 7.44; N, 16.33. lH-NMR
(C2 HCh): 0 8.05 (lH, s, C-4H), 4.60 (lH, d with fine structure, 1H of N-CH2 ),

3.9-4.2 (2H, complex m, CHCH3 + 1H of N-CH2 ), 2.62 (3H, s, 2-CH3), 1.37
(3fI, d, CHCH3 ) and 0 ppm [9H, s, Si(CH3hJ. MS: 257 (M+ at mlz).

TMS derivative of ornidazole. m.p. 47-50°C. Analysis: found C, 41.42; H,
6.53; N, 14.06. CloH18ClN303Si (mol. wt. 293) requires C, 41.16; H, 6.21;
N, 14.40. lH-NMR (C2 HCI3): 0 8.05 (lH, s, C-4H), 4.80 (lH, d with fine struc
ture, 1H of N-CH2 ), 4.13-4.60 (2H, complex m, CHCH2 CI + 1H of N-CH2 ),

3.65 (2H, d, CH2CI), 2.63 (3H, S, 2-CH3) and 0 ppm L9H, s, Si(CH3hJ. MS:
293 (M+ at mlz).

Internal standards
In procedure I, ornidazole served as the internal standard for both metroni

dazole and secnidazole, while metronidazole was used as the internal standard
for ornidazole assays. In procedure II, Go 11386 served as the internal standard
for the assays of both tinidazole and satranidazole.

Procedure I (metronidazole, secnidazole and ornidazole)
One milligram each of metronidazole, secnidazole and ornidazole was dis

solved separately in 100 ml of methanol to yield stock solutions of 10 ,ug/ml
concentration. Aliquots corresponding to 100, 200, 300 and 400 ng of each
compound and 200 ng of appropriate internal standard were pipetted into
15-ml standard joint silanized glass tUbes; 1.0 ml of human blood was added
and the tubes were vortexed and allowed to stand for 5 min at room tempera
ture for equilibration. Then 0.1 ml of 1 M sodium hydroxide was added and
the tUbes vortexed again; 2 ml of a mixture of methylene chloride-diethyl ether
(11:14, v/v) were added, the tubes were stoppered with a water seal and extrac
tion was carried out on a reciprocal shaker for 5 min at full speed. The tUbes

*NMR chemical shifts are with reference to TMS as the external standard.
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were centrifuged at 4000 g for 5 min and the organic layer was transferred to a
10-ml conical glass tube. The extraction was repeated and the organic layers
pooled and evaporated to dryness at 37°C under agentle stream of nitrogen.
The sides of the tubes were rinsed with 0.5 ml of the solvent mixture and re
evaporated to near dryness.

Derivatization was now carried out by adding 20 J,LI* of BSTFA reagent;
the tubes were gently swirled and allowed to stand at room temperature
(26°C) for 1 h. Excess reagent was then evaporated to dryness at 37°C under
nitrogen and the TMS ester reconstituted in 1 ml of cyclohexane; 2-3 J,LI
were injected into the gas chromatograph.

Procedure II (tinidazole and satranidazole)
Stock standard solutions of tinidazole, satranidazole and Go 11386 (internal

standard) were prepared in methanol to yield concentrations of 10 J,Lg/ml.
Working standards (2 J,Lg/ml) of tinidazole and satranidazole were prepared by
a five-fold dilution of the stock solution, while that· of Go 11386 (1 J,Lg/ml)
was prepared by a ten-fold dilution with methanol. Aliquots corresponding
to 100, 200, 300 and 400 ng of tinidazole or satranidazole and 50 ng of
internal standard were pipetted into 15 ml-standard joint silanized glass tubes;
1.0 ml of human blood was added and the tubes were vortexed and allowed to
stand for 5 min. Then 0.1 ml of 1 M sodium hydroxide was added and tubes
were vortexed again. A single extraction with 4 ml of methylene chlorode-di
ethyl ether (11 :14, v/v) mixture was carried out on a reciprocal shaker for 5
min. The tubes were centrifuged at 4000 g for 5 min. The organic phase was
separated, evaporated to near dryness under nitrogen and reconstituted in
0.5 ml of distilled toluene; 2-3 J,LI of the solvent were injected directly into the
gas chromatograph.

Gas chromatography
The gas chromatograph consisted of a Pye-Unicam Model 204 instrument

equipped with a 10-mCi 63Ni electron-capture detector. For all the 5-nitro
imidazoles in the two procedures, chromatography was carried out on a pre-

TABLE I

CHROMATOGRAPHIC CONDITIONS

Compound Column Gas flow-rate Temperature (0 C)
(ml/min)

Column Injector Detector

MetwnM.,ole }
Secnidazole 3% OV-ll 50 180 150 250
Ornidazole

Tinidazole 3% OV-ll 45 260 200 300

Satranidazole 3% OV-ll 40 280 220 300

*50 III for secnidazole concentrations of 300 ng/ml and above.
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Linearity
The linearity of the methods was established with human blood calibration

curves in the concentration range 100-400 ngjml based on a I-ml sample
volume. Table IV lists the regression equations and correlation coefficients ob
tained with 6--8 replicate analyses for each concentration. Correlation coeffi
cients were obtained in the range 0.9951-0.9998, indicating excellent linearity
of the two procedures for all the 5-nitroimidazoles tested. Typical chromato
grams are shown in Figs. 3 and 4.

Accuracy and precision
The methods were applied to determine concentrations of spiked blood

samples in the range of 50-450 ngjml for assessing the accuracy and precision
of the procedures. Table V records the mean values and C.V. Results indicate

TABLE IV

REGRESSION EQUATIONS FOR HUMAN BLOOD CALIBRATION CURVES

Compound Concentration
range (ngjml)

n* Equation
(Y =a + bX)

Correlation
coefficient (r)

Metronidazole
Secnidazole
Ornidazole
Tinidazole
Satranidazole

100-400
100-400
100-400
100-400
100-400

8 Y =-0.055 + O.0071X
8 Y = 0.095 + 0.0074X
8 Y = 0.070 + 0.0027X
8 Y = 0.035 + 0.0062X
6 Y = -0.080 + 0.0059X

0.9998
0.9951
0.9988
0.9993
0.9979

*Number of analyses per concentration.

A B c D
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Fig. 3. Chromatograms of extracts: (A) human blood blank; (B) blood spiked with 200 ng
of metronidazole (1) and 200 ng of ornidazole (2); (C) blood spiked with 200 ng of sec
nidazole (1) and 200 ng of ornidazole (2); and (D) blood sample of a volunteer receiving
200 mg of metronidazole per os; metronidazole 4.61llgjml (1) and ornidazole (2).
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nous n'avons jamais mis en evidence de pic chromatographique interferant avec
Ie SOAz ou Ie parathion. La Fig. 5 donne les courbes de pharmacocinetique
chez un patient ayant re~u lors de la premiere injection 430 mg de SOAz et
300 mg lors de la seconde.

Le Tableau II donne les valeurs des concentrations en fonction du temps.

DISCUSSION

La technique de dosage du SOAz decrite ici donne des resultats tres
reproductibles. Les coefficients de variation pour la reproductibilite intra-essais
sont inferieurs a 5% et inferieurs a 10% pour la reproductibilite inter-essais.

La sensibilite permet d'atteindre des concentrations inferieures a 0.1 J-Lg/ml
de serum en routine eton peut l'abaisser d'un facteur 10 si necessaire. L'utilisa
tion de colonnes capillaires en silice fondue et a phase greffee autorise
l'injection dans la colonne de volumes importants jusqu'a 5 J-LI sans dommage
pour celle-ci. Apres une annee d'utilisation la colonne en service presente des
caracteristiques toujours acceptables malgre des conditions analytiques
particulierement drastiques. L'utilisation d'un standard externe limite les
erreurs dues a l'injection. Ce standard est disponible facilement dans Ie
commerce et dispense de synthetiser un analogue structural du SOAz utilise
comme standard interne par d'autres auteurs [6]. Les techniques d'extractions
et de dosages, tres simples, s'appliquent a tous les liquides biologiques et

TABLEAU III

PARAMETRES PHARMACOCINETIQUES DU PATIENT P.E.

Ie courbe equation: 13.845 e -4.104t + 6.971 e -0 .1162t.

2e courbe equation: 15.707 e -0.2214t + 0.3719 e -0 .02873t.

Parametre

t 1 th'min
t 2 th min
Vd , 1
Vd

2
1

V d tot 1
K12

K21

K el
Cltot ml min-I

Urines
0-12 h

12-24 h
24-48 h

Toxicite
(classification EORTC)

Polynucleaires
Plaquettes

Ie injection

10.1
357.8

20.6
34.7
58.4
0.0406
0.0242
0.00548

113

114.5 mg 26.6%
26 mg 32.7%

7 mg 34.3%*

II
III

2e injection

187
1447

18.7
14.2

124
42 0 10-'
55 0 10-'

0.00319
59.6

77.5 mg 26.8%
12 mg 29.8%

1.3 mg 30.3%*

III
III

*Ces pourcentages representent la fraction totale de la drogue eliminee dans les urines.
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DISCUSSION

An automated method for the analysis of drugs by HPLC has been described
by Roth et al. [4]. Their procedure cannot, however, be applied to amino
glycosides without modification because these molecules exhibit strong
polarity and do not readily adsorb to reversed phases. The problem is solved at
low cost by adding sodium acetate to the rinsing buffer which probably acts as
an ion-pair reagent.

This is, as far as we know, the first time that pre-column derivatization with
on-line separation has been tried for aminoglycoside analysis. Post-column
derivatization systems have been described by Anhalt and Brown [5] and Mays
et al. [6]. Even though the post-column procedure works reliably, some dis
advantages should be mentioned: baseline noise is enhanced by pumping
derivatization reagent through the detector; the flow cell may be soiled by
reaction products; consumption of reagent is high; and reaction time can only
be prolonged by increased dead volume resulting in additional peak broadening
and loss of sensitivity. These flaws can be avoided by pre-column derivatiza
tion.

One problem of pre-column derivatization is the fact that alkaline o-phthal
aldehyde reagent (pH 10.4) is passed through the pre-column, leading gradually
to destruction of the silica skeleton of the stationary phase. This effect can be
minimized by passing the reagent through a pre-saturator column filled with
coarse-grained silica gel. Efficient separation of four gentamicin components
has been performed using ion-pair chromatography with alkylsulphonate [7] or
an EDTA-methanol mixture [8] as the solvent.

This paper demonstrates that a high resolution of four gentamicin peaks is
possible by the combination of a short cation-exchange column serving
concurrently as a guard column with a reversed-phase column.

Variation of retention times caused by aging of the column packing or by
different brands can be compensated by small changes of methanol or salt
content of the eluent.

The HPLC method described has been integrated into a therapeutic drug
monitoring program. Its main advantage is easy performance, reliability,
flexibility and reduced running cost. The procedure has been applied with
success to the aminoglycosides amikacin, dibekacin, gentamicin, netilmicin,
sisomicin and tobramycin. The analysis time of 20 min seems to be acceptable
as the number of samples sent to our laboratory is limited.
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WASTE
(HEXANE,AIR)

Fig. 1. Schematic of the automated sample preparation and chromatography system.
(- - - -) Microprocessor controlled devices.

a Proportioning Pump III® (Technicon Instruments) and the sample wash and
chromatography set up shown in Fig. 1. Program the microprocessor (see Fig.
1) to automatically sample, wash (with hexane), separate (the supernatant
from the hexane) and load the sample onto the 2.0-ml loop of the
pneumatically actuated, remotely controlled injection valve (Model AH-CV6
UHPa-N60 with DVI; Valco Instruments, Houston, TX, U.S.A.). The sample
contained in the loop of the injection valve is automatically injected onto an
LC-8 column (Supelcosil LC-8, 150 X 46 mm, 5 ~m particle size; Supelco)
kept at 75°C in a thermostated column oven (Model LC250; Kratos,
Westwood, NJ, U.S.A.). Cyclosporine is eluted with mobile phase A at a flow
rate of 3.0 ml/min using Pump A (Model BOA, Altex). The segment containing
cyclosporine is automatically diverted, by means of a second injection valve
(Valco Instruments), onto an LC-18 column (Supelcosil LC-18, 150 X 4.6 mm,
5 ~m particle size; Supelco) also at 75°C and cyclosporine is eluted from this
column with mobile phase B at a flow-rate of 1.0 ml/min using Pump B (Model
1l0A, Altex). Cyclosporine is detected by its UV absorption at 202 nm using a
variable-wavelength detector (Model LC-75 with autocontrol; Perkin-Elmer,
Norwalk, CT, U.S.A.). Peak height measurements, baseline integrations and
calculations are performed by a computer system (HP-1000; Hewlett-Packard,
Paramus, NJ, U.S.A.) equipped with a computer-automated laboratory system
(CALS) software package (Computer Inquiry Systems, Waldwick, NJ, U.S.A.).
Concentrations of cyclosporine in plasma and blood are determined by relating
their peak height measurements to the standard curve concentration-response
measurements run before, during and after analysis of unknown samples.

RESULTS

Chromatograms
No interfering peaks have been detected in the plasma or blood used for

blank standards or from subjects who have been orally dosed with cyclo-
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centrifuged (1 min, 10,500 g) and the clear supernatant transferred to a 12 X
75 mm disposable polypropylene tube. Then 2.0 ml of dichloromethane were
added, the tube was capped and mixed (5 min) on a Reax 2 Mixer (Heidolph).
After centrifugation (10 min, 4800 g) an aliquot (5-50 J,ll) of the upper
aqueous phase was injected onto the column.

Urine samples were centrifuged (10 min, 4800 g) and diluted 1 :10 with
50 mM sodium dihydrogen phosphate (resulting pH 5.8-5.9).

All biological samples were stored at -700 C until required for analysis.

Chromatography
The chromatographic system consisted of a pump M 6000A, a fixed-wave

length detector M 440 allowing simultaneous measurement at 254 and 280 nm,
an automatic injector WISP 710 B, a data module M 730 and a system
controller M 720 (all from Waters Assoc., Konigstein/Ts., F.R.G.). A Hibar®
stainless-steel column (125 X 4 mm LD.), prepacked with 5-J,lm LiChrosorb RP
18 silica (Merck), was used for separation. The flow-rate was maintained at
1.0 ml/min, the resulting back-pressure was 110-115 bar. The eluent was
monitored at 254 and 280 nm, integrating the peak area of the signals at 280
nm. For plasma samples the mobile phase was prepared by combining 925 ml
of water, 75 ml of acetonitrile, 5.50 g of sodium dihydrogen phosphate mono
hydrate, 1.80 g of disodium hydrogen phosphate dihydrate and 20 mg of tetra
butylammonium bromide. For urine samples the contents of acetonitrile and
tetrabutylammonium bromide were changed to 45-50 ml/l and 22.5 mg/l,
respectively. The apparent pH of the buffered solutions was about 6.4.

RESULTS

Sample clean-up
The major disadvantage of high-performance liquid chromatography (HPLC)

in comparison with the microbiological assay is the need to remove proteins
from the samples before injection onto the analytical column. In order to main
tain the precision, a minimal number of clean-up steps (e.g. pipetting or
extracting) is desirable. Deproteinization is usually performed by adding
organic solvents or acids. Ultrafiltration seems to be a very fast and simple
technique and was used for the determination of cefmenoxime in plasma; but
addition of sodium dodecylsulphate (SDS), a highly protein-bound displacing
agent, is necessary to recover the protein-bound fraction of the drug [5]. By
adding 0.5% SDS we obtained nearly quantitative recoveries of both epimers of
cefotetan from plasma using the sample clean-up procedure described under
Materials and methods. However, the ion-pairing properties of SDS in reversed
phase HPLC caused chromatographic aberrations with peak splitting. De
proteinization by addition of perchloric acid resulted in low recoveries because
of apparent co-precipitation of cefotetan. After sample clean-up by extraction
of the cephalosporin and iothalamic acid into chloroform-pentanol as
described in ref. 6, we obtained 90% recovery for both epimers of cefotetan
and 70% recovery for iothalamic acid. Because of its simplicity for routine use,
we preferred the procedure described under Materials and methods which is a
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modification of other methods known from the literature [7-9]. Acetonitrile
acts as an efficient protein precipitation agent. In the following extraction step
with dichloromethane, neutral lipophilic substances as well as the acetonitrile
used for protein precipitation, are removed. The cephalosporin remains in the
undiluted aqueous layer. Using this procedure we achieved quantitative
recoveries from biological fluids for the following acid compounds: cefadroxil,
cefotaxime, desacetylcefotaxime, cefotiam, cefmenoxime, cefsulodin,
ceftazidime and iothalamic acid. For cefotetan the recovery was 85% for epimer
A and 98% for epimer B. On the other hand, the recovery for a neutral
compound, namely desacetylcefotaxime lactone, was only 10%.

Chromatography
In Fig. 2 the chromatograms of an aqueous standard and plasma samples

after simultaneous intravenous injection of 1 g of cefotetan and 20 ml of
Conray 70 (containing 13.2 g of iothalamic acid) are depicted. The best
compromise between run-time· and separation of the isomers of cefotetan from
each other and from endogenous compounds was obtained by adding small
quantities (0.1 mM) of tetrabutylammonium salt to the buffered (pH 6.3--6.5)
mixture of water and acetonitrile. For urine samples it was necessary to lower
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Fig. 2. Chromatograms of (1) an aqueous standard solution of cefotetan (CTN, commercially
available mixture of epimers A and B) and iothalamic acid (ITS) (amount injected: ITS,
5 /Lg; CTN, 500 ng) and of plasma samples from a healthy volunteer 10 min (2), 2 h (3) and
6 h (4) after simultaneous intravenous injection of 1 g of cefotetan and 20 ml of Conray
70 (corresponding to 13.2 g of iothalamic acid). Concentrations (/Lgjml): (2) ITS, 849;
CTN-A, 56.4; CTN-B, 72.8. (3) ITS, 204;CTN-A, 29.5;CTN-B, 29.9. (4) ITS, 27.8;CTN-A,
10.2; CTN-B, 7.3.
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DETERMINATION OF METOPROLOL AND ITS a:-HYDROXYLATED
METABOLITE IN HUMAN PLASMA BY HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY

JEAN-BAPTISTE LECAILLON*, JACQUES GODBILLON, FRANCOISE ABADIE and
GHISLAINE GOSSET

Ciba-Geigy, Biopharmaceutical Research Center, B.P. 308, 92506 Ruei/-Malmaison Cedex
(France)

(Received August 15th, 1983)

SUMMARY

A high-performance liquid chromatographic method has been developed for the
simultaneous determination of metoprolol and its a-hydroxylated metabolite in plasma,
Metoprolol, a-hydroxymetoprolol and alprenolol (internal standard) are extracted from
plasma at alkaline pH with diethyl ether-dichloromethane (4 :1, v/v) and back-extracted
with 0.01 N sulfuric acid. A 100-iLI volume of the acidic extract is injected into the chroma
tographic system. The compounds are eluted in about 12 min with acetonitrile-acetate
buffer (75:25, v/v) on a LiChrosorb RP-8 (5 iLm) column. The quantitative determinations
are made fluorometrically. Concentrations down to 35 nmol/l (10 ng/ml) of metoprolol base
and 30 nmol/l (8 ng/ml) of a-hydroxymetoprolol base in plasma can be determined with
good precision and accuracy.

INTRODUCTION

Metoprolol, a selective l3-adrenergic receptor antagonist, is used in the treat
ment of hypertension and angina pectoris [1]. Its metabolism in humans is well
documented [2, 3]. Two of its metabolites (Fig. 1), a:-hydroxymetoprolol and
O-demethylmetoprolol, display l3-blocking activities, but are less potent than
the parent drug [2, 4] . O-Demethylmetoprolol has been detected in plasma at
very low concentrations, often below 5 nmol/l [3] . This metabolite would not
normally contribute to the l3-blocking effect of metoprolol [3]. The relative
amount of a:-hydroxymetoprolol in plasma has been reported to be 0.5-1
times that of metoprolol [1-4]. The object of the present study was to deter
mine both metoprolol and a:-hydroxymetoprolol in plasma.

Several methods of determining metoprolol by either gas chromatography

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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into a 10-ml conical glass tube, and 200 ~l of 0.01 N H2S04 are added. The
tUbe is shaken for 10 min and centrifuged for 2 min. About 150 ~l of the acidic
phase are introduced into a 0.5-ml polyethylene tube of the autosampler and
100 ~l are injected onto the column.

Chromatography
The chromatography is performed on a Gilson 302 pumping system equipped

with a Gilson 802 manometric system and a Wisp automatic injector from
Waters. About 100 4-ml vials marketed by Waters were modified (see Fig. 3)
to accommodate small 0.5-ml conical polyethylene tubes (micro-analysis
tubes). These tubes are about ten times less expensive than the classical 0.3-ml
glass tubes. This modification permits the injection of about 100 ~l from 150
~l added in the plastic tUbe. The detector used is a Schoeffel fluorescence
detector (Model FS 970) set at wavelengths of 225 nm for excitation and
> 320 nm for emission. It is connected to a Spectra-Physics computing
integrator (Model 4100).

glass tube

spring

polyethylene

tube

Normal vial Modified 4-ml vial

Fig. 3. Modification of a 4-ml WISP autosampler vial to accommodate O.5-ml polyethylene
micro-analysis tubes.

The analytical column (25 cm X 4.7 mm I.D.) is filled with LiChrosorb
RP-8, 5 ~m particle size.

The mobile phase, acetonitrile-acetate/acetic acid solution (0.008 M sodium
acetate + 0.08 M acetic acid (75:25) is degassed in an ultrasonic bath before use
and heated to 40-50° C during use. The column is thermostated at 50° C. The
flow-rate is 1.2 ml/min. The retention times of a-hydroxymetoprolol,
metoprolol and alprenolol are respectively 6.4, 8.2 and 10.1 min (Fig. 4). New
LiChrosorb RP-8 batches may give longer retention times with the mobile
phase composition described above. In this event, the acetate/acetic acid
solution used in the mobile phase should be modified. With the aqueous
solution, 0.05 M sodium acetate + 0.5 M acetic acid, the retention times and
the separation of the components with new LiChrosorb batches are similar to
those normally obtained.

Calibration
All metoprolol, a-hydroxymetoprolol and alprenolol amounts are expressed

in pmol or in nmol of free base. They can be converted to pg or ng, respective
ly, by multiplying them by the molecular weights (Fig. 1).
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DETERMINATION OF 3,7-DIMETHYL-1-(5-0XOHEXYL)-XANTHINE
(PENTOXIFYLLINE) AND ITS 3,7-DIMETHYL-1-(5-HYDROXYHEXYL)
XANTHINE METABOLITE IN THE PLASMA OF PATIENTS WITH
MULTIPLE DISEASES USING HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY*

W. RIECK and D. PLATT*

Institute of Gerontology, University of Erlangen-Nurnberg and 2nd Internal Medicine,
Nurnberg (F.R.G.)

(First received March 3rd, 1983; revised manuscript received September 13th, 1983)

SUMMARY

Pharmacokinetic studies of pentoxifylline in elderly patients with multiple diseases are
described. Because of the low -plasma levels of pentoxifylline and its hydroxy metabolite
a new high-performance liquid chromatographic method was established. Under our chro
matographic conditions, piracetam, a nootropic drug, can be easily separated from
simultaneously applied pentoxifylline and its metabolite. Piracetam shows no appreciable
ultraviolet absorption above 230 nm and cannot be detected at 268 nm.

INTRODUCTION

The drug Trental® (pentoxifylline) is often used to eliminate or reduce
disturbances in the peripheral blood circulation. So far, however, pharmaco
kinetic parameters of pentoxifylline and its metabolite have been established
only for young and healthy persons [1, 2]. Since Trental is also used in the
therapy of older patientS, a pharmacokinetic study with patients over 60 years
old (average age 77.1, S.D. 8.4) with multiple diseases was considered to be
necessary. To avoid possible acute side-effects caused by intravenous applica
tion of the drug to elderly patients, the drug was applied by infusion (100 mg
of Trental during 90 min).

Because of the expected lower plasma levels of pentoxifylline and its
hydroxy metabolite, and also because these patients are treated with other

*Dedicated to the 60th birthday of Prof. Dr. E. Buddecke, University of MUnster.
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TABLE II

PRECISION AND ACCURACY OF ASSAY B

Analysis end-volume = 300 ILl

Actual plasma
concentration
(lLg/ml)

Measured plasma
concentration
(lLg/ml, mean ± S.D.)

Relative S.D.
(%)

Relative error (%)

(conc. found X 100)
cone. actual

No. of
determina
tions

P* M** P M P M P M

6.000 5.869 5.987 1.617 2.990 97.8 99.8 4
± 0.095 ± 0.179

4.500 4.668 4.696 2.687 2.402 103.7 104.4 4
± 0.125 ± 0.113

2.100 2.130 2.111 3.262 1.678 101.4 100.5 4
±0.069 ± 0.035

0.900 0.923 0.851 4.621 8.550 102.6 94.6 5
± 0.043 ± 0.073

0.300 0.283 0.276 7.614 8.897 94.3 92.0 ;3
± 0.022 ± 0.025

*P = pentoxifylline.
**M = metabolite.
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Fig. 2. Chromatograms of a standard solution of piracetam, pentoxifylline and metabolite.
(A) absorbance at 210 nm, (B) absorbance at 268 nm. Peaks: 1 = piracetam (2 ILg per injec
tion; time 1.9 min), 2 = pentoxifylline (100 ng per injection; time 4.5 min), 3 = metabolite
(100 ng per injection. time 5.5 min). Injection volume: 20 ILL For chromatographic
conditions see text.
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Fig. 4. Chromatograms of a patient's (TR-15) plasma samples: (A) after administration of
pentoxifylline; (B) before administration of pentoxifylline. Sample preparation by method B
(3 ml of plasma, final analysis volume 300 Ill). Peaks: 1 = pentoxifylline (time 4.4 min), 2 =
metabolite (time 5.4 min). (C) Profiles of pentoxifylline (x) and metabolite (e) plasma
concentrations versus time after an infusion of 100 mg of pentoxifylline (Trental) during
90 min.

The recovery rates are calculated by comparing the peak areas for
pentoxifylline and metabolite extracted from spiked plasma samples to those
of an equal amount injected directly into the chromatograph. The efficiency of
each method is shown by the precision data (Tables I and II).
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Following method B and using 3 ml of spiked plasma, the minimum
measurable concentration for pentoxifylline and the metabolite is 10 ngjml,
allowing a signal-to-noise ratio of approximately 3. In comparison, method A
(3 ml of spiked plasma) gives a minimum measurable concentration for both
components of 50 ngjml with a signal-to-noise level of approximately 3.

Two different procedures for the analysis of the plasma samples (referred to
as methods A and B) are essential because with method A, with an analysis end
volume of less than 300 III recognition of the metabolite peak (retention time
5.4 min) is difficult due to interference from an unidentified component
(eluted at 5.9 min). Method B eliminates the problem of peak interference in
the concentration range 10-50 ngjml. Method A, on the other hand, is faster
and more economic.

Practical application of the method
The patients examined in our pharmacokinetic study very often, besides

a disturbed peripheral blood circulation, showed defective cerebral circulation.
This factor, of course, effects the analytical results because such diseases are
normally treated simultaneously with high dosages (3-9 g) of Nootrop®
(piracetam). Under our chromatographic conditions, piracetam can be easily
separated from pentoxifylline and its metabolite. Furthermore, piracetam
shows no significant UV absorption above 230 nm and cannot be detected at
268 nm (Fig. 2).

During the study, there were no signs of interference in the analysis of
pentoxifylline and its metabolite from the other prescribed drugs.

In figs. 3 and 4 typical chromatograms for two patients are shown, together
with the individual kinetic curves. Table III shows the medications
administered to these patients.

TABLE III

MEDICATION ADMINISTERED TO TWO PATIENTS WITH MULTIPLE DISEASES

Patient Drugs

TR-15 Trental
Nootrop
Novodigal
Bisolvon
Sultanol
Minipress
Sanasthmyl
Euphyllin
Laevulose
Fructose
Bactrim
Tutofusin K 10
Liquemin

Patient Drugs

TR-12 Trentill
Digimerck
Coffein
Kalinor-Br. Tab!.
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ANALYTICAL ISOTACHOPHORESIS UTILIZING COMPUTER
SIMULATION

II. ASSESSMENT OF OPTIMUM SEPARATION CONDITIONS FOR
URINARY TRIFLUOROACETIC ACID METABOLIZED FROM
ANAESTHETIC HALOTHANE

TAKESHI HlROKAWA*, HlROKATSU TAKEMI and YOSHlYUKI KISO

Applied Physics and Chemistry, Faculty of Engineering, Hiroshima University, Shitami, Saijo,
Higashi-hiroshima 724 (Japan)

and

REIKOTAKIYAMA, MICHIO MORIO, KOHYU FUJII and HlROSATO KIKUCHI

Department of Anesthesiology, School of Medicine, Hiroshima University, Kasumi 1-2-3,
Minami-ku, Hiroshima 734 (Japan)

(Received July 5th, 1983)

SUMMARY

Experimentally determined optimum separation conditions for a metabolite of
anaesthetic halothane in urine, trifluoroacetic acid, were assessed by means of computer
simulation of the isotachophoretic steady-state. The simulation confirmed that urinary acids
and trifluoroacetic acid can be separated in the limited pH range of 3.5-3.7 buffered by {3

alanine, as far as the pH dependence of effective mobility is utilized. The separated fraction
of the trifluoroacetic acid zone was identified by mass spectrometry. The simulated
coefficient of the calibration curve agreed well with the observed value.

INTRODUCTION

Trifluoroacetic acid (TFA) is the main metabolite of halothane (2-bromo-2
chloro-1,1,1-trifluoroethane) which is a volatile anaesthetic widely used in
clinical anaesthesia and has traditionally been considered an inert anaesthetic.
However, hepatitis following halothane anaesthesia has been reported [1] and

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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it was suggested that the toxicity of halothane may be associated with the
metabolism of the anaesthetic [2]. Therefore, it is necessary to elucidate the
metabolism of this drug. It is generally recognized that halothane is
metabolized into TFA, F-, and Br- in urine together with CFzCHCl and
CF3 CHzCl in expiratory gas. Br- is a natural component of the human body;
therefore precise determination of Br- metabolized from halothane is difficult.
On the other hand, TFA is not present in the body and the total urinary excre
tion of TFA is the largest among the metabolites.

In a previous paper [3] we have shown that the isotachophoretic determina
tion of TFA is more advantageous than previously described techniques such as
paper chromatography [4], thin-layer chromatography [5] , and gas
chromatography [6]. Namely, the latter methods require complicated sample
pretreatment, well trained technicians and long periods for analysis.

In the present paper, the experimentally determined optimum separation
conditions and coefficient of the calibration curve for quantification of TFA
were analysed by means of a computational method based on the simulation
of isotachophoretic qualitative [7] and quantitative indices [8] to test the
analytical utility of the present method in biochemical fields.

ASSESSMENT OF OPTIMUM SEPARATION CONDITIONS

To assay TFA by means of isotachophoresis, the optimum separation con
ditions have been assessed experimentally among the normal urinary acids,
lactic acid, phosphoric acid, pyruvic acid, and the objective metabolites (TFA,
F-, and Br-) [3].

The optimum electrolyte system found was as follows: leading electrolyte
0.01 M hydrochloric acid buffered by l3-alanine (pH 3.5~3.8) and terminating
electrolyte 0.01 M caproic acid. A surfactant Triton X-100 was added to the
leading electrolyte (0.2%). The above electrolyte conditions were assessed by
computer simulation.

The absolute mobility and the acid dissociation constants used in simulation
are summarized in Table 1. The pKa value of TFA has not yet been reported. It
was therefore assumed as 0.6 by analogy with trichloroacetic acid (pKa = 0.64).

TABLE I

PHYSICOCHEMICAL CONSTANTS USED IN SIMULATION (25°C)

mo; absolute mobility (cm' V-1 sec-') X 105
• • _. .•

pKa ; thennodynamic acidity constants, assumed values bemg used for CI and tnfluoroacetw aCld.

Cations m o pKa Anions mo pKa

iJ-Alanine 36.7* 3.552 CI" 79.08 -3
e-Aminocaproic acid 28.8* 4.43 F- 57.4 3.173
Creatinine 37.2* 4.828 Trifluoroacetic acid 42.7* 0.6
Histidine 29.6* 6.04 Pyruvic acid 42.3 2.490
Imidazole 29.5* 8.08 Phosphoric acid 35.1* 2.12
Tris(hydroxymethyl)aminomethane 29.5* 8.08 61.5* 7.470*

71.5 12.360
Amediol 29.5* 8.78 Lactic acid 36.5 3.860
Ethanolamine 44.3 9.498

*The absolute mobilities were obtained isotachophoretically and the other constants were taken from
ref. 9.
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pHL range of 3-10:

n=at

a = C~ m8 X 50/K.8 (3)

Apparently from Fig. 4, the proportional coefficients depend not only on
the mobility of the sample but also on that of the buffer ion used. The details
of the quantitative aspects in isotachophoresis have been reported in Part I [8] .
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Fig. 4. The simulated coefficient (a) of calibration line n (nmol) = a t (sec) of F -, trifluoro
acetate (TFA; broken curve), pyruvate, phosphate, and lactate ions. For the electrolyte
system used, see legend of Fig. 2.

EXPERIMENTAL

To identify the separated TFA, a mass spectrogram of a prepared target
fraction was obtained. For this purpose the optimized electrolyte system was
used. The leading electrolyte was 10 mM hydrochloric acid and the pHL was
adjusted by {3-alanine at 3.5. The terminating electrolyte was 10 mM caproic
acid. The pH measurements were carried out using an Iwaki glass pH meter
Model 225, and the isotachopherograms were obtained using a Shimadzu
isotachophoretic analyser, IP-2A, equipped with a potential gradient detector
designed for preparative use. The temperature of the separation compartment
was thermostatted at 25° C. A main separating tube, 6 cm X 0.5 mm J.D., was
connected to a preseparating column, 2 cm X 1 mm J.D. The driving current
was stabilized at 50 J1.A during the detection of sample zones. To measure RE
values precisely, an asymmetric potential of the potential gradient detector was
corrected using the simulated RE values of an internal standard, lactic acid.
The reagents used for control samples of the urinary acids and the metabolites
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(Darmstadt, F.R.G.); heptafluorobutyric anhydride was obtained from Pierce
(Rockford, IL, U.S.A.); DEAE-Sephadex A-25 was obtained from Pharmacia
(Uppsala, Sweden); arylsulphatase (Helix pomatia) (EC 3.1.6.1) suspension
5 mg/ml was from Boehringer-Mannheim (Mannheim, F.R.G.); {3-glucuronidase
from Escherichia coli (EC 3.2.21) type VII, No. G-1758, purified soluble
powder, was from Sigma (St. Louis, MO, U.S.A.). 3-Methoxy-4-sulphonyl
oxyphenylglycol potassium was a gift from Hoffmann-La Roche (Basle,
Switzerland).

Pre-wash
Three grams of DEAE-Sephadex A-25 were saturated with distilled water for

24 h, then washed successively with 0.1 M hydrochloric acid, 12.5% ammonia,
100% acetic acid, 4 M ammonium acetate pH 7.0, with distilled water in
between.

The chloride test was negative and the resin resaturated with distilled water.
The anion-exchanger DEAE-Sephadex A-25 then has acetate as a counter ion.

Extraction procedure
To an aliquot (5 mg of creatinine) of a 24-h urine sample adjusted to pH 3.0

with 100% acetic acid, 20 ml of 1% acetic acid (pH 3.0) were added. This
mixture was passed through a polypropylene column (4 cm X 0.7 cm I.D.)
containing 200 mg of pre-washed DEAE-Sephadex A-25. Then the column
was washed with 10 ml of acetic acid, twice with 10-ml portions of distilled
water and the MHPG sulphate eluted with 10 ml of 1 M sodium acetate (pH
8.9). Finally, 0.50 ml of saturated barium chloride and 0.05 ml of aryl
sulphatase suspension were added to this eluate and after adjustment to pH 6.2
the volume was diluted to 20.0 ml with distilled water.

Another aliquot of urine was treated likewise after adding 40 Jlg of MHPG
sulphate potassium as the internal standard.

The samples were incubated for 16-18 h at 37.0°C. The MHPG liberated
from MHPG sulphate was then extracted with 135 ml of ethyl acetate at pH
7.5 using the Extrelut column. The eluate, dried with sodium sulphate, was
evaporated to a small volume (± 1 ml), transferred quantitatively to a vial, and
further evaporated to dryness in a vacuum desiccator. The obtained residue was
dissolved in a mixture of 200 Jll of acetonitrile, 100 Jll of ethyl acetate and 100
Jll of heptafluorobutyric anhydride (HFBA). The vial was tightly capped,
mixed thoroughly and left standing overnight (16 h).

Next day the sample was evaporated under a stream of dry air at room
temperature and the vial placed in a vacuum desiccator (1 h). Finally, the
residue was dissolved in 100 Jll of ethyl acetate and 2 Jll were injected into the
GLC column.

Gas-liquid chromatography
The analysis was carried out with a Packard Model 428 gas chromatograph

equipped with a flame ionisation detector, under the following conditions:
column, 2 m X 2 mm I.D.; liquid phase 5% OV-17; support, Supelcoport,
80-100 mesh (Supelco, Bellefonte, PA, U.S.A.); column temperature from
140°C to 180°C at 4°C/min; detector temperature 200u C; injection port tem-
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(attenuation X 4) enabled us to estimate the protein amino acids in 5 ,111 of
human serum routinely. The amino acids were isolated by means of cation
exchange resin (Dowex 50W-X2, H+, 100-200 mesh), which was placed with
a plug of synthetic wool directly in the lower part of a polypropylene conical
tip (used for the push-button pipettes and cut off below at O.D. of about 2
mm) thus forming a bed of 6-8 mm of wet resin. The 5-,111 serum sample was
diluted ten times with 25% aqueous acetic acid containing 0.5 nmol of the
internal standards (a-aminocaprylic acid, diaminopimelic acid) [13], dropped
on the resin bed and left to penetrate it. The bed was then washed with two
times 30 ,111 of water and the amino acids were eluted subsequently with 150 ,111
of 2 M aqueous ammonia. The amino acids in dry residue were then converted
to the N(O)-PFP oxazolidinones and after extraction and evaporation of the
extraction solvent the amino acid derivatives were dissolved in 40,111 of heptane
and subjected to GC analysis. Minimal presence of disturbing peaks was ob
served.

CONCLUSIONS

The GC--ECD temperature-programmed analysis of PFP- or HFB-acylated
amino acid oxazolidinones brought results comparable to those obtained with
N(O,S)-HFB amino acid isobutyl esters [15, 16]. Amino acids with the per
fluoroacylated side-chain reactive groups afford responses of about one order
higher than the others; however, they tend to be adsorbed in the column filling
more readily than those with the oxazolidinone ring only. Significant adsorp
tion losses appear in packed columns at levels below 100 pmol per amino acid
injected. Elimination of chromatographic support in the capillary columns
resulted in undisturbed analysis down to femtomole amounts without apparent
losses of the troublesome amino acid derivatives; however, problems with im
purities appear to be serious at that level. Hydrogen can be used as carrier gas
for the capillary without deterioration in the performance of the electron
capture detector if nitrogen as the make-up gas is added in excess.

The capillary column was used for estimation of the protein amino acids in
5,111 of human serum either by employment of ECD or FID routinely.
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Salazosulphapyridine (SASP) is extensively used in the treatment of
inflammatory bowel disease. The mode of action of SASP is unknown. After
oral ingestion the larger part of SASP reaches the colon intact where it is split
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TABLE I

PLASMA NADOLOL LEVELS OF PATIENT D.O. FOLLOWING ONCE-DAILY
ADMINISTRATION OF A 80-mg DOSE

Time (h) Nadolollevel (ng/ml)

Day 1

Day 2

Day 3

Day 5

Day 6

o
2
3
5
8
o
3
o
3
o
3
o
2
3
5
8

o
79
70
30
19

9
47
16
30

5
67
12
33
52
48
40

The following precautions are taken: (1) ensure that all glassware tubes etc.
are scrupulously clean, by soaking in methanol overnight; (2) each new bottle
of diethyl ether is checked for purity be evaporating a 5-ml aliquot to dryness,
and chromatographing a reconstituted fraction.

Chromatography
A Shimadzu LC4A liquid chromatograph with a Shimadzu SPD 2AS variable

wavelength UV detector was used with a wavelength of 220 nm and a range of
0.01 a.u.f.s. The recorder was a Perkin-Elmer Model 056. The column used was
a 10-cm Hypersil, 5-llm particle size, ODS column. The eluent was methanol
water (57:43) containing 0.1% octane sulphonic acid, flow-rate 1.0 ml/min.
The injector used was either a manual,. Rheodyne Model 7125 or an Automatic
Shimadzu Model SIL 2AS, the injection volume used was 10 Ill.

Calculation
In order to calculate the amount of nadolol in the test samples, a calibration

curve of peak height ratio (nadolol/acebutolol) versus concentration of known

TABLE II

PERCENT EXTRACTION AT CONTROL CONCENTRATIONS OF NADOLOL

Added (ng/ml) Percent extraction

20 94
50 88

100 106
200 97

Mean X 96



491

control was drawn. The graph was linear in the range 0-400 ngjml (r = 0.998)
and passed through the origin. From this graph the concentration of the test
samples can be derived. Percent extraction at control concentrations can be
seen in Table II.

Extraction
To 1.0 ml of control or test plasma, were added 100 t.d of acebutolol, the

internal standard. To this was added 1.0 ml of a 10 M sodium hydroxide solu
tion, followed by 4.0 ml o~ diethyl ether, the extraction solvent. The extrac
tion tube was then capped and very briefly vortexed, prior to mixing on a
rotary mixer for 15 min. After mixing, the sample was then centrifuged for
5 min at 2000 g and 3.2 ml of supernatant were removed to conical-bottom
glass centrifuge tubes and allowed to evaporate to dryness in a water bath at
40° C. The sample was then reconstituted (see Discussion) in 100 tll of
methanol-water (57:43) and 10 tll were injected into the liquid chromato
graph.

Standards
The nadolol stock solution was 1 mgjml in a methanol-water (50:50)

solution. From this stock solution was prepared a 20 tlgjml working standard,
which was added to 1 ml of control plasma to give concentrations of 0, 20, 50,
100, 200 ngjml nadolol (Le. 0, 1, 2.5, 5, 10 tll of working standard). These
control samples are treated in a similar manner to those of test patient samples.

1.5.
n

1.5.

I I

o 2 4 6 8 o 2 4 6 8

Fig. 1. Chromatogram of a blank patient sample containing internal standard (1.8.), retention
time 5.1 min.

Fig. 2. Chromatogram of a patient sample containing 182 ngjml nadolol (n), retention time
3.8 min, and internal standard (1.8.).
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Table I shows the inter-day variability of the assay over a two-week period
(n = 5) as demonstrated by observed concentrations. Observed concentrations
were calculated by entering individual peak height ratios into the equation of
the line for the entire standard curve. The coefficients of variation (C.V.) were
consistent over the whole range of the assay and their mean was 11.7%.

Table II reports the intra-day variability of the assay at three concentrations
(0.256, 2.07 and 34.7 pg/ml) as demonstrated by a comparison of peak height
ratios (n = 5); again the coefficients of variation were consistent over the whole
range of the assay, and the mean found to be 6.87%.

The slope of the calibration curve was 0.203 ± 0.020 (pg/ml) -1 (mean ±
S.D.). The mean squared correlation coefficient (r2

) was 0.97 and the mean
standard error for the slope was less.than 10%.

The mean recoveries of BCNU ranged from 47.6 to 73.4% (58.9 ± 9.74%,
mean ± S.D.). The retention times were 13.8 min and 16.9 min for BCNU and
PP, respectively. The mea;n signal-to-noise ratio (SIN) for STD I (0.101 pg/ml)
was 11.0. Using a SIN ratio limit of 3.0 the assay sensitivity is at least 0.050
pg/ml.

The assay presented here has been shown to be selective and sufficiently
sensitive for use in pharmacokinetic analyses. Fig. 2 is a representative concen
tration versus time profile from a patient receiving BCNU, 220 mg/m2 over
45 min. The reliability and reproducibility are demonstrated by low
coefficients of variation for both intra-day and inter-day variability.

::;)

z
u
co

300
0.01 L-_---'-__..L-_---'__--'--_---'

o 60 120 180 240
TIME (min)

Fig. 2. Representative patient BeND concentration versus time profile following 387-mg
infusion over 45 min. Samples at 180 min and following were assayed by doubling sample
volumes.
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