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BRANCHED-CHAIN a-KETO ACID ANALYSIS IN BIOLOGICAL FLUIDS:
PREPARATIVE CLEAN-UP BY ANION-EXCHANGE AND ANALYSIS BY
CAPILLARY GAS CHROMATOGRAPHY

RICHARD J. EARLY*, JAMES R. THOMPSON, TIMOTHY McALLISTER, TERRENCE
W. FENTON and ROBERT J. CHRISTOPHERSON

Department of Animal Science, University of Alberta, Edmonton, Alberta T6G 2P5
(Canada)

(First received December 14th, 1983; revised manuscript received April 13th, 1984)

SUMMARY

A method is given for the quantitative analysis of the ",-keto derivatives of the branched­
chain amino acids in physiological fluids. A sample containing ",-ketovalerate and ",-keto­
caproate as internal standards is passed through a weak anion-exchange resin at neutral pH.
After washing the resin with distilled water, the "'-keto acids are eluted with 4 M hydro­
chloric acid~thanol (50:50). Quinoxalinol derivatives are prepared directly in the eluent,
extracted with methylene chloride, and trimethylsilylated. Separation of the derivatives is
by capillary gas chromatography on a 30 m fused-silica SE·30 column. Chromatographic
separation is superior to that reported for packed column methods, thereby permitting the
use of ",-ketovalerate and ",-ketocaproate as internal standards.

INTRODUCTION

In recent years increased attention has been given to the metabolism of the
branched-chain amino acids (BCAA) and to the biological function and clinical
uses of their a-keto acid analogues (BCKA) [1]. Gas chromatography (GC)
[2, 3] and high-performance liquid chromatography [4] are the current
methods of BCKA analysis.

GC methods for determining BCKA concentrations using O-trimethylsilyl­
quinoxalinol derivatives are adaptable to most facilities. However, the recovery
of BCKA standards added to blood samples is highly variable following
procedures which require sample drying after protein precipitation by acetone
[2] or require the neutralization of the supernatant following protein precipi­
tation by perchloric acid [3]. In addition, the extra steps of neutralization and
evaporation of solvents are tedious when handling a large number of samples.

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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In this paper, a simple, rapid procedure for partially purifying o:-keto acids
from physiological fluids using a weak anion-exchange resin is presented.
Conditions required for separating the O-trimethylsilylquinoxalinol derivatives
of the BCKA by capillary GC are also presented. The separation of BCKA by
the present method provides resolution superior to previously reported packed
column methods [2, 3] .

EXPERIMENTAL

Apparatus
A Varian Model 3700 gas chromatograph equipped with a flame ionization

detector and containing a 30 m X 0.25 mm, fused-silica SE-30 capillary column
(film thickness 0.25 pm; J & W Scientific, Rancho Cordova, CA, U.S.A.) was
used. Injector and detector temperatures were both 250° C. The oven tempera­
ture was programmed to rise from 135°C to 210°C at a rate of 5°C/min. A split
injection mode (1 :50) maintained helium carrier gas flow at approximately
0.75 ml/min through the column. Make-up gas (helium) flow through the
detector was 30 ml/min. Air and hydrogen gas flows to the detector were 300
and 30 ml/min, respectively.

Retention times and peak areas were determined by a Hewlett-Packard
Series 3353 Laboratory Automation System (Avondale, PA, U.S.A.). Relative
molar responses (RMR) were calculated as the ratio of o:-keto acid peak area to
internal standard peak area. Results were graphically plotted by a Fisher
Recordall Series 5000 recorder (Fisher Scientific, Edmonton, Alberta, Canada).

Chemicals
Sodium salts of pyruvate (PYR), o:-ketovalerate (KV), o:-ketoisovalerate

(KIV), D,L-o:-keto-l3-methylvalerate (KMV), o:-ketoisocaproate (KIC) and o:-keto­
caproate (KC) and o-phenylenediamine (OPD), N,O-bis(trimethylsilyl)acet­
amide (BSA) and bis(trimethylsilyl)trifluoroacetamide (BSTFA) containing
1% trimethylchlorosilane were purchased from Sigma (St. Louis, MO, U.S.A.).
Methylene chloride and 95% ethanol were redistilled before use. Anion-ex­
change resins (Cl-) AG1-X8, AG2-X8 and AG3-X4A, 100-200 mesh, were
obtained from Bio-Rad Labs. (Richmond, CA, U.S.A.).

Standards
Individual 10 mM stock solutions of PYR, KV, KIV, KMV, KIC and KC

were made and stored at -20° C until working standards were prepared.
Working standards consisted of a single solution containing 10 pM PYR, KIV,
KMV and KIC and separate working solutions containing 10 pM KV or KC
which served as internal standards.

Anion-exchange column
The anion-exchange resins were washed in 4 M HCl-ethanol (50:50) prior to

use. The exchange column was a 23 mm Pasteur pipette with a glass wool plug
in which 0.5 ml of the anion-exchange resin was placed. The column was
washed with distilled water until the column effluent was neutral (pH 6-7) to
pH paper.
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Muscle incubation
A 50-kg wether was anaesthetized with halothane and a small portion of the

intercostal muscle removed; 50 mg of intact intercostal muscle fibres were
immediately isolated and incubated in 3 ml of Krebs-Ringer bicarbonate­
HEPES buffer containing glucose (10 mM), acetate (5 mM), leucine (0.5 mM)
and physiological concentrations of the other amino acids found in blood. At
the end of a 2 h incubation period at 37°C, the tissue was removed and 0.5 ml
of ice-cold 1.5 M perchloric acid was added to the incubate; 1 ml of this solu­
tion was applied directly to the anion-exchange column without neutralization.

Anion-exchange clean-up of biological fluids
A 1 ml volume of each of KV and KC (10 pM each) were added as internal

standards to 1 ml of plasma, whole blood incubate or a-keto acid standard
solution. Blood samples were then heated for 5 min in a boiling water bath to
denature proteins. Centrifugation (23,000 g) was required to remove
precipitated blood protein. The samples were then passed through the anion­
exchange column, which was subsequently washed twice with 2 ml of distilled
water. A 2-ml volume of 4 M hydrochloric acid-ethanol (50:50) was then
added and the effluent, containing the BCKA, was collected in a 13 X 100 mm
screw cap culture tube.

Derivatization
The derivatization procedure was adapted from the procedures of Cree et al.

[2] and Schwarz et al. [3]. A 2-ml volume of OPD solution (25 mgjml) was
added to the anion-exchange column effluent in the culture tube, which was
tightly capped and heated for 15 min at HO°C. Upon cooling, 4 ml of
methylene chloride were added, the tube was capped and shaken vigorously,
and the two layers were allowed to separate under centrifugation (1500 g).
The top aqueous layer was removed by aspiration along with a small portion of
the methylene chloride layer. Another 4 ml of distilled water were added and
the methylene chloride layer was washed as above. After removal of the water
layer, the methylene chloride layer was allowed to evaporate at room tempera­
ture overnight or more rapidly with the aid of a stream of nitrogen gas. Then
20 pI of BSTFA were added to the dry residue. The tube was capped and
vortexed and then allowed to stand for 10 min; 4 pI were injected onto the
capillary column.

RESULTS AND DISCUSSION

Selection of anion-exchange resins
BCKA standards were bound by the strong anion-exchange resins AG1 and

AG2, and by the weak anion-exchange resin AG3, at neutral pH. 6 M HCI
eluted pyruvate from all resins and partially eluted KIV. None of the a-keto
acids were eluted from the resins with 95% ethanol; 2 ml of 4 M hydrochloric
acid--ethanol (50:50) completely eluted all BCKA from the resins. Five to ten
times more eluent was required to elute BCKA from .-Columns containing AG1
and AG2 than for columns containing AG3 of similar mesh and bed volume.
Since both acid and ethanol were required for BCKA elution, BCKA attraction
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to the resin may be hydrophobic as well as ionic. When a less selective form of
the resin (OH -) was used, the chromatogram contained additional peaks which
interfered with the quantitative analysis of the BCKA.

Selection of a stationary phase for chromatography
A major difficulty associated with quantitative GC analysis of BCKA is the

selection of a stationary phase that adequately separates KMV and KIC. Cree et
al. [2] used a multiphase (OV-17, OV-210) packed column but did not achieve
complete baseline separation of KMV and KIC. The multiphase (Carbowax
20 M, Silar 5 CP, Lexan) packed column of Schwarz et al. [3] improved the
separation of KMV and KIC, but we have found the column to have a short
life span and that incomplete removal of OPD from the reaction tube following
derivatization results in the coelution of OPD with KIV. Schwarz et al. [3]
investigated other phases (OV-1, OV-17, Tabsorb HAC, SP2300) and did not
report improved separation of KMV and KIC. We have also investigated OV-1,
OV-17 and SE-30 phases in packed columns and have found them to provide
inadequate separation of KMV and KIV for quantitative analysis in biological
samples. To our knowledge the use of capillary GC has not been reported for
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Fig.!. GC separation of trimethylsilylquinoxalinol derivatives of branched-chain ",-keto acid
standards on a 30-m fused-silica SE-30 capillary column. Abbreviations are defined in the
text. Attenuation: 32.10-12 A/mV. Chart speed: 1 em/min. Standard concentrations:
10 11M each.
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the separation of trimethylsilylquinoxalinol derivatives of BCKA. As shown in
Fig. 1, there is a stable baseline as well as baseline separation of PYR, KIV,
KV, KMV, KIC and KC with an SE-30 capillary column. This separation is
superior to that reported by others [2, 3] for packed columns. The method
allows the use of KV as an internal standard. In the method reported by
Schwarz et al. [3], KV coeluted with KMV. Late eluting substances tend to
accumulate on the capillary column, as reported for packed columns [2, 3] .
Thus, column baking at 260° C for 5 min following every second sample is
required for their removal.

Optimizing derivatization conditions
In order to determine optimal derivatizing conditions we adapted the

procedure described by Schwarz et al. [3]. The RMR of the BCKA to either
internal standard (KV or KC) was more variable for samples heated
with OPD (10 mg in 2 M hydrochloric acid) at room temperature over­
night, or for 60 min at 110° C, than with standards heated for 15, 30 or
45 min at 110°C (data not shown). Differences in RMR were not observed
in the latter three time intervals. Subsequently, derivatization for 15 min at
110° C was adopted. There were no differences in RMR when either 10 or 50
mg of OPD were used, but reduced peak areas were observed for 5 mg of OPD.
Mowbray and Ottaway [5] did not recommend excessively high OPDjo:-keto
acid ratios since the formation of phenazine from OPD might catalyse the
decarboxylation of o:-keto acid. This did not appear to be a problem in our
assay. The effect of HCl molarity is illustrated in Fig. 2. Increasing HCl
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Fig. 2. Effect of varying HCI molarity on the relative molar responses of KIV (.), KMV (. ),
KIC (0) and KC (0). Relative molar response is the ratio of a -keto acid area to KV internal
standard area. Standard concentrations: 10 p.M each. Abbreviations are defined in the text.

Fig. 3. Plots of relative molar response values versus concentration of KIV (.), KMV (.) and
KIC (0). Relative molar response is the ratio of a-keto acid area to 10 p.M KV internal
standard area. Abbreviations are defined in the text.
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molarity increased the RMR of KIV, KMV and KC and initially decreased and
then increased the RMR of KIC relative to KV. The average coefficient of varia­
tion for all RMRs presented in Fig. 2 was 4.6% which suggests that, although
the RMR changed with HCI concentration, the RMR values were repeatable in
HCI of a given molarity. Therefore, 2 M HCI was used as recommended by
Schwarz et al. [3] and by Mowbray and Ottaway [5] who found this con­
centration to be optimal for the recovery of PYR and a-ketoglutarate. Ethanol
concentrations ranging from 17% to 50% in the reaction medium did not affect
the RMR values. Both BSA and BSTFA served as effective donors for
trimethylsilylation of the quinoxalinol derivative, but extra peaks were
observed with BSA. At least 10 min were allowed for trimethylsilylation.
Contrary to other methods [2,3], pyridine was not required for silylation with
this method.

Standard curves of BCKA RMR (10 pM KV as internal standard) versus
different BCKA concentrations are illustrated in Fig. 3. A linear response was
observed over the concentration range of 2.5-30 pM. The correlation
coefficient of each BCKA regression was 0.99.

BCKA analysis in blood and incubation medium
Examples of chromatograms of bovine, rat and human whole blood BCKA

a:
>­
"-

o MINUTES 15

Fig. 4. Chromatogram of branched-chain a-keto acids in bovine whole blood. Abbreviations
are defined in the text. Attenuation: 32 0 10- 12 A/mV. Chart speed: 1 em/min. Internal
standard concentration (KV and KC): 10 11M each.
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Fig. 5. Chromatogram of branched-chain ",-keto acids in rat whole blood. Abbreviations are
defined in the text. Attenuation: 32' 10 -12 A/mV. Chart speed: 1 em/min. Internal
standard concentration (KV and KC): 10 IJ,M each.

are illustrated in Figs. 4, 5 and 6, respectively. Unidentified substances in whole
blood did not interfere with BCKA separation. Mass spectroscopy of BCKA
in rat hindlimb perfusates with a packed column have identified these peaks as
O-trimethylsilylquinoxalinol derivatives and have shown them to be free of
interfering substances [2]. Both KV and KC were adequate as internal
standards in all samples studied. Addition of both internal standards permits
calculation of the ratio of KV to KC, which can serve as a means of monitoring
the reproducibility of derivatization conditions between samples. That is, the
KV/KC ratio should be the same for all samples unless derivatization conditions
are different.

Recoveries of BCKA standards added to untreated bovine whole blood
(Table I) were less than 80%. However, deproteinization by heating increased
the average recovery above 98%. Previous studies [6] have demonstrated the
binding of KIC to plasma albumin. Therefore deproteinization may have
prevented such binding in these studies and in turn improved the recovery.

The concentrations of BCKA in fed, mature bovine, rat and human whole
blood are given in Table II. BCKA concentrations for these species were within
the linear RMR range illustrated in Fig. 3.
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Fig. 6. Chromatogram of branched-chain a-keto acids in human whole blood. Abbreviations
are defined in the text. Attenuation: 32· 10 -12 A/mV. Chart speed: 1 em/min. Internal
standard concentration (KV and KC): 10 J..lM each.

TABLE I

MEAN RECOVERY OF BCKA STANDARDS ADDED TO BOVINE WHOLE BLOOD

Percentage BCKA recovery (mean ± S.E.M., n = 6)

KIV

Untreated 76.6 ± 4.7
Heated* 101.1 ± 1.1

KMV

74.4 ± 2.1
98.0 ± 4.7

KIC

74.3 ± 1.2
102.5 ± 3.4

*Blood heated in a boiling water bath for 1-2 min.

TABLE II

MEAN CONCENTRATION OF BCKA IN BOVINE, RAT AND HUMAN WHOLE BLOOD

J..lM BCKA (mean ± S.E.M., n = 6)

Bovine
Rat
Human

KIV

2.53 ± 0.33
3.97 ± 0.63
6.13 ± 0.71

KMV

8.49 ± 0.96
5.11 ± 0.50
8.09 ± 0.88

KIC

7.52 ± 0.98
5.24 ± 0.58

10.52 ± 1.21
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BCKA in tissue incubation media can also be partially purified and concen­
trated on the anion-exchange column. An example of a chromatogram of
BCKA in 1 ml of medium from an ovine muscle incubation is illustrated in Fig.
7. Schwarz et al. [3] used chromatographic analysis to calculate rates of KIC
release from rat epitrochlaris muscle by measuring the concentration of KIC in
the incubation media. The rate of KIC release in their preparation was 2.1
nmoljgjmin. For the ovine intercostal muscle of Fig. 7, the rate of KIC release,
similarly calculated, was 0.77 nmoljgjmin.

u
'"

j

o
i

5 MINUTES

Fig. 7. Chromatogram of branched-chain ",-keto acids in incubation medium of ovine inter­
costal muscle. Abbreviations are defined in the text. Attenuation: 16 • 10 -'2 A/mV. Chart
speed: 1 em/min. Internal standard concentration (KV and KC): 10 IlM each.

In most incubation systems [2, 3], amino acids are removed from the
medium by cation-exchange chromatography. Amino acids did not bind to the
anion-exchange column in the present system. Consequently, one need only
collect the initial aqueous effluent from the column if an amino acid
analysis is required. In this respect, the anion-exchange column can also serve as
a means of separating radioactive BCAA and BCKA in incubation media.

In summary, the present method offers several advantages over previous
methods. The preparative anion-exchange column permits concentration of
BCKA from dilute solutions and provides a means of removing neutral
compounds (glucose, triglycerides) and amino acids from the final derivatiza-
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tion solution. Evaporation of solvents following acetone or ethanol protein
precipitation procedures is unnecessary, avoiding unpredictable. losses of BCKA
and prolonged preparation time. Heat precipitation of whole blood proteins
avoids the problems of additional peaks and variation in the recovery of
standards found using perchloric acid, which requires precipitation with
potassium hydroxide. However, when perchloric acid is added to protein-free
incubation media, the anion-exchange column provides a means of removing
the perchloric acid without the addition of potassium hydroxide. The use of
capillary chromatography provides superior separation of the BCKA than was
achieved by previous packed column methods. It also provides baseline separa­
tion of KV and KMV, permitting the use of KV as an internal standard.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the technical assistance of M. Fenton
and O. Palynak and clerical assistance of P. Charie and K. Nicholson-Scheer.
The samples of muscle incubation media were obtained through the courtesy
Dr. M. Wijayasinghe. This work was supported by funds from the Agricultural
Research Council of Alberta and the Natural Sciences and Engineering
Research Council of Canada.

REFERENCES

1 M. Walsen and J.R. Williamson (Editors), Metabolism and Clinical Implications of
Branched Chain Amino and Ketoacids, Proc. Int. Symp. Metab. Clin. Implic. Branched
Chain Amino and Ketoacids, Charleston, South Carolina, 1980, Elsevier/North-Holland,
New York, 1981.

2 T.C. Cree, S.M. Hutson and A.E. Harper, Anal. Biochem., 92 (1979) 156.
3 H.P. Schwarz, I.E. Karl and D.M. Bier, Anal. Biochem., 108 (1980) 360.
4 S. Nissen, C. VanHuysen and M.W. Haymond, Anal. Biochem., 110 (1981) 389.
5 J. Mowbray and J.H. Ottaway, Biochem. J., 120 (1970) 171.
6 S.L. Nissen, J.M. Miles, J.E. Gerich and M.W. Haymond, Amer. J. Physiol., 242 (1982)

E67.



11

Journal of Chromatography, 310 (1984) 11-17
Biomedical Applications
Elsevier Science Publishers B.V., Amsterdam - Printed in The Netherlands

CHROMBIO. 2166

MEASUREMENT OF TYRAMINE IN HUMAN PLASMA, UTILISING
ION-PAIR EXTRACTION AND HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY WITH AMPEROMETRIC DETECTION*

ROGER C. CAUSON* and MORRIS J. BROWN

Department of Clinical Pharmacology, Royal Postgraduate Medical School, Hammersmith
Hospital, London W 12 OHS (U.K.)

(First received January 12th, 1984; revised manuscript received March 28th, 1984)

SUMMARY

An assay for plasma tyramine has been developed which uses ion-pair extraction,
reversed-phase ion-pair high-performance liquid chromatography and amperometric
detection. Tritiated tyramine is used as the internal standard. The method can measure down
to 0.5 ng(ml of tyramine in 1 ml of human plasma and is thus suitable for monoamine
oxidase inhibitor studies involving oral dosing with tyramine.

INTRODUCTION

Tyramine (4-hydroxyphenethylamine) is an indirectly acting sympatho­
mimetic amine found in cheese, fermented foods and red wine [1]. Ingested
tyramine is largely inactivated by metabolism to p-hydroxyphenylacetic acid
catalysed by monoamine oxidase (MAO) enzymes located in the gut, liver and
sympathetic nerves [2].

The pressor action of tyramine was found to be dramatically potentiated in
some patients, who took cheese whilst receiving MAO inhibitors (MAOI) [3].
This "cheese-reaction" has restricted the use of these drugs in the treatment
of depression.

Measurement of plasma tyramine, thus, has an important part to play in the
development of safer anti-depressant drugs [4].

Previously, tyramine has been estimated in urine by paper and thin-layer
chromatography [5-7] and more recently by high-performance liquid chroma­
tography (HPLC), coupled with fluorimetric [8] or electrochemical detection
[9] .

In developing a method for the measurement of plasma tyramine, use was

*Presented in part at the 8th International Symposium on Column Liquid Chromatography,
New York, NY, U.S.A., May 20-25,1984.

0378-4347(84($03.00 © 1984 Elsevier Science Publishers B.V.
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made of sodium tetraphenylboron [10] to form tetraphenylborate-amine ion­
pairs and so enable the extraction of tyramine (at basic pH) into diethyl ether,
followed by dissociation of the ion-pair and back extraction into a small
volume of acid [11].

Reversed-phase ion-pair HPLC using phosphate-buffered trichloroacetate at
pH 5.0 [12] was chosen, so that the retention of tyramine could be controlled
by altering the concentration of trichloroacetate (a weak ion-pairing agent)
or methanol, depending on the condition of the column. A further degree of
selectivity was achieved by use of an amperometric detector to monitor the
column effluent as it passed over a glassy carbon thin-layer electrode.

EXPERIMENTAL

Apparatus
An Altex Model 100A solvent delivery pump was used, fitted with an Altex

Model 210 valve (Altex Scientific, Berkeley, CA, U.S.A.) and a 100-plloop.
A Shandon Hypersil ODS column (5 pm particle size, 250 X 4.6 mm LD.)
protected by a Co:Pell ODS guard column (25-37 pm particle size, 50 X 2.1
mm LD.) (HPLC Technology, Cheshire, U.K.) was employed for chromato­
graphy. The column effluent was monitored by a BAS LC-4 amperometric
detector equipped with a TL-5 glassy carbon thin-layer cell (Bioanalytical
Systems, West Lafayette, IN, U.S.A.). Electrochemical detection was
performed at 0.90 V vs. Ag/AgCI reference electrode and chromatograms were
displayed on Servoscribe Model RE 541.20 chart recorders (Smiths Industries,
London, U.K.). Liquid scintillation counting was performed on a Beckman
LS 2800 Scintillation Spectrometer.

Reagents
The internal standard (ring 3H) tyramine hydrochloride (specific activity 27

Ci/mmol, 99% pure by paper chromatography, NET-132) was obtained from
New England Nuclear (Boston, MA, U.S.A.) and stored at 5°C. The 'cold'
tyramine used as primary standard was obtained from Sigma (Poole, U.K.)
and sodium tetraphenylboron was purchased from Aldrich (Gillingham, U.K.).
Helium and oxygen-free nitrogen were from BOC Special Gases (London,
U.K.). All other chemicals were from BDH (Enfield, U.K.).

Method
The method consists of six principal steps: a diethyl ether wash, formation

of tetraphenylborate-amine ion-pairs at basic pH, extraction of the ion-pairs
into diethyl ether, back extraction into acid, HPLC analysis and fraction
collection with scintillation counting.

To 1-ml samples of human plasma add 50 pI of a 1 :1000 dilution of the
[3H] tyramine internal standard followed by 10 ml diethyl ether. Mix the
tubes in a Multivortex shaker (Denley, Bilinghurst, U.K.) for 10 min, aspirate
and discard the upper ether layer. Add 0.3 ml of a solution of sodium tetra­
phenylboron (5 mg/ml in 1 M borate, pH 8.0) and 10 ml diethyl ether. Multi­
vortex the tubes for 10 min. After centrifugation (2050 g, 5 min) the tubes are
frozen in a mixture of solid carbon dioxide and methylated spirits, and the
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ether layer tipped into a fresh set of tubes containing 0.2 ml of 0.07 M ortho­
phosphoric acid. Multivortex the tubes for 10 min. After centrifugation (2050
g, 5 min) the tubes are again frozen but this time the ether layer is discarded
and the tubes blown free of diethyl ether under oxygen-free nitrogen. At this
stage the tubes can be stored at ~20°C overnight if desired, otherwise add 25 pI
of 0.56 M potassium hydroxide solution and mix briefly, followed by 150 pI of
mobile phase and further mixing.

Chromatographic conditions
The mobile phase consists of 0.04 M potassium dihydrogen phosphate,

0.03 M trichloroacetic acid and 2.5 mM disodium EDTA adjusted to pH 5.0.
This mixture is filtered through Whatman Gf/f paper and 10% methanol
added. The mobile phase is finally helium-degassed prior to pumping at
between 1.0 and 1.5 ml/min. At a flow-rate of 1.5 ml/min typical back
pressures are 11.03-13.79 MPa. The amperometric detector was set at 0.90 V
vs. Ag/AgCI, 1 nA/V, filter C, and three chart recorders connected in series
across the signal output to give simultaneous records at three sensitivities:
1 V full scale (1 nA full scale), 2 V full scale (2 nA full scale), and 5 V full
scale (5 nA full scale). The column temperature was ambient and in all
analytical work constant volumes of 100 pI were injected onto the column
by loop over-fill technique. After each injection the column effluent
corresponding to the tyramine peak was collected and mixed with scintillation
cocktail (lnstagel, Packard, U.S.A.) prior to scintillation counting.

Quantitation
A stock standard of 10 pg/ml of tyramine was prepared in 0.1 M hydro­

chloric acid and stored at 5° C. On the day of assay this was diluted with
0.01 M hydrochloric acid and then used to spike drug-free plasma and prepare
a calibration curve over the range 0-200 ng/ml. An internal standard of [3H]_
tyramine was chosen to allow for variable recovery of cold tyramine through
the extraction and chromatography. Quantitation was achieved by measure­
ment of the peak height cold tyramine/recovered counts [3H] tyramine ratio,
for a range of cold tyramine concentrations.

Plasma samples
Blood samples were obtained from an indwelling intravenous canula in a

forearm vein. They were taken into lithium heparin tubes and the plasma spun
down in a refrigerated centrifuge, followed by freezing at -20°C until assayed.

Dosing
The bioavailability of oral tyramine was assessed using an 80-800 mg dose,

either alone or in combination with an MAO-A inhibitor (Cimoxatone,
Delalande, Rueill-Malmaison, France), or an MAO-B inhibitor (MDL 72145,
Merrell-Dow, Strasbourg, France). Subjects took no food, drink or drugs that
might have contained sympathomimetics during the study periods.
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RESULTS ANUDISCUSSION

Chromatography
Asmus and Freed [12, 13] showed that simple acids can replace alkyl

sulphates or sulphonates as ion-pairing agents for the separation of the catechol­
amines a!ld their metabolites. Following their example, we found that the
retention of tyramine (pKai = 9.5, pKa2 = 10) on reversed-phase HPLC
materials was improved by the use of trichloroacetic acid as the ion-pair.
Utilising 0.03 M trichloroacetic acid buffered to pH 5.0 with 0.04 M potassium
dihydrogen phosphate and 10% methanol, tyramine had a retention time of 11
min on a Hypersil ODS (CiS) column, and was well separated from the few
other peaks that remained after the extraction. The large peak seen after
tyramine in chromatograms of extracted plasma samples (retention time 17.2
min) was also present in tyramine-free aqueous extracts and so is presumed to
be the tetraphenylborate from the extraction procedure. Typical
chromatograms (Fig. 1) illustrate the selectivity of the chromatographic system
used. Blank plasma chromatograms showed no interference which
corresponded to the retention of tyramine.

Amperometric detection
Mobile phase pH was critical in determining the optimal applied potential.

Changing the pH from 5.0 to 4.5 decreased the retention time of tyramine
from 11.0 to 9.9 min and decreased the optimum potential from 0.90 V to
0.85 V vs. AgjAgCl reference electrode. The usual precautions of adding
disodium EDTA to the mobile phase, screening the detector by use of a
Faraday Cage and helium degassing were observed.

Calibration
The calibration of each assay was achieved by spiking tyramine into plasma

obtained from fasting subjects and constructing a plot of peak heightjrecovered
counts ratio as a function of tyramine concentration. Linearity in standard
curves of tyramine was established over an extended range of up to 1 ,ugjml
in plasma.

Recovery
An estimation of the recovery of tyramine was made using a spike of [3H]_

tyramine and collecting the column effluent after the tyramine fraction was
eluted, followed by counting in scintillation cocktail. This gave an overall
recovery of 52% (n = 4). Recovery across the HPLC column was almost quanti­
tative (95%), indicating that most of the loss occurs at the extraction step.

Limit of detection
Measurement of tyramine (following an oral dose of 80-800 mg) in 1-ml

plasma samples was possible at a sensitivity of 2 nA full scale at 0.90 V vs.
AgjAgCl reference electrode on the amperometric detector. With such a setting
the absolute limit of detection was 0.5 ngjml at a signal-to-noise ratio of 2.0. It
is likely that a more sensitive assay could be developed by increasing the
current amplification on the detector, but this would have to be investigated
for any possible interferences.
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Fig.!. Chromatograms of (a) blank plasma and (b) plasma taken 30 min after an oral dose
of tyramine (400 mg). Concentration of tyramine = 33.5 ng/ml. V = void interference peaks;
T = tyramine; P = tetraphenylborate; X and Y = unidentified peaks which do not interfere
with the measurement of tyramine. HPLC-amperometric conditions as in text.

Precision
Intra-assay. Replicate analysis of a pooled plasma sample containing

tyramine at a concentration of 22 ngjml gave a coefficient of variation of 5.3%
(n = 10, X = 21.95 ngjml, S.D. = 1.1655).

Inter-assay. Assay of the same pooled plasma (stored in portions at -200 C
between assays and once thawed not reused) over a two-week period yielded
a coefficient of variation of 9.9% (n = 5, X = 21.70 ngjml, S.D. = 2.1389).

Application
The method developed for the amperometric determination of tyramine in

plasma, provides a means of investigating the sensitivity of MAOI-treated
patients to oral tyramine. Such studies are underway in this department and
already there have been some interesting results [4, 14]. The mean plasma
tyramine concentrations of two normal volunteers following 400 mg of oral
tyramine are given in Table I. In this non-medicated situation, plasma tyramine
reached a peak within 30 min of ingestion and rapidly returned to baseline.
When the subjects were pretreated with the MAO-B inhibitor MDL 72145
and given either (a) the same 400-mg oral dose or (b) an 800-mg oral dose of
tyramine, entirely similar profiles were obtained. (Table II). Thus at a dose of
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TABLE I

MEAN PLASMA TYRAMINE AFTER A 400-mg ORAL DOSE

Time after dose
(min)

o
30
60
90

120

Mean plasma tyramine
(ng/ml)

3.0
33.5
19.3

5.8
3.1

TABLE II

MEAN PLASMA TYRAMINE AFTER 400 OR 800 mg ORAL TYRAMINE AND 20 mg
MDL 72145

Mean plasma tyramine (ng/ml)Time after
dose
(min)

o
30
60
90

120
150
180
210

400 mg Tyramine

o
54.0
33.5
11.5

2.0
o
o
o

800 mg Tyramine

o
41.0
33.0
31.0
24.0
12.0

3.0
o

TABLE III

MEAN PLASMA TYRAMINE AFTER AN 80-mg ORAL DOSE AND FOUR DAYS OF
TAKING CIMOXATONE (20 mg)

Time after dose
(min)

o
30
60
90

120

Mean plasma tyramine
(ng/ml)

2.0
15.7
15.4

6.1
4.9

20 mg, MDL 72145 is unlikely to significantly potentiate the bioavailability
of oral tyramine. In another study, the mean plasma tyramine concentrations
were recorded after giving two normal volunteers 80 mg of oral tyramine
following four days treatment with 20 mg of the MAO-A inhibitor Cimoxatone
[15]. These data, shown in Table III, follow a similar pattern, with the MAO
inhibitor making no change in the plasma elimination of ingested tyramine. A
more detailed report of these studies including clinical details will be published
separately.
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CONCLUSIONS

We have shown that tyramine can be reliably measured, following its
tetraphenylboron ion-pair extraction from plasma and reversed-phase
chromatography with trichloroacetate buffer combined with direct
amperometric detection. It seems likely that after suitable modifications this
HPLC-amperometric assay could be successfully applied to other biological
samples such as urine and food [8, 16] which contain higher concentrations
of tyramine. The method may also replace the HPLC-radioactivity method for
tyramine, previously used in assessing the pre-systemic metabolism of tyramine
in isolated intestinal loop preparations [17].

The proposed method for the HPLC--amperometric analysis of tyramine in
human plasma would therefore seem to be suitable for studies on the bio­
availability of ingested tyramine and should have particular relevance in
the development of MAOI drugs.
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SUMMARY

High-performance liquid chromatography was utilized for the purification of bovine a­

fetoprotein (BAFP) from fetal calf serum (FCS). An initial step in the purification involved
absorption of charcoal delipidated FCS on Cibacron Blue F3GA gel. The Cibacron Blue
pre-purified FCS was then chromatographed on a Polyanion SI weak anion-exchange
column. The BAFP isolated had a purity of >93% with an overall yield of 48% from FCS.
The procedure was applicable for semi-preparative scale purification of BAFP.

INTRODUCTION

Q'-Fetoprotein (AFP), a serum glycoprotein produced by the yolk sac, liver
and gastrointestinal tract, is the principle plasma protein of fetus during the
early gestation period [1, 2]. AFP is maintained at high level throughout the
gestation, but drops markly to trace amounts after birth [3, 4]. However, in
certain pathological conditions particularly liver cell carcinoma and germ cell
tumors [5-8], its concentrations may reappear in the serum to a significant
level and is therefore of a great diagnostic significance [5-8] .

In recent years, some of the properties of AFP have been unfolded. Its

*A preliminary report of this work has been presented at the Satellite Symposium, 7th
International Congress of Endocrinology, Quebec City, Canada, June, 1984.
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proposed functions [4] include bindings to ligands and immunoregulatory
effects. However, the biological role of AFP has not yet been fully clarified,
largely because homogeneous AFP is still difficult to be purified. For this
reason, a simple and rapid purification procedure able to provide homogeneous
AFP is desirable.

Various physicochemical methods have been suggested for the purification
of AFP [4]. However, because of the structural similarity between AFP and
albumin [9, 10] and that the concentration of the latter in serum is usually
many folds higher, separation by these methods is rendered particularly
difficult involving laborious multi-step procedures which often resulted in low
recoveries of the products. In this respect, purification by an immunoad­
sorbent technique [11-13] is simple and efficient, but unfortunately it is still
a long and tedious process and involves the prior availability of purified AFP
for the generation of anti-AFP antibodies.

Because of the recently availability of high-performance liquid chroma­
tographic supports specifically designed for the resolution, separation and
recovery of biopolymers [14], high-performance liquid chromatography
(HPLC) is now being used routinely in protein chemistry laboratories for isola­
tion and purification of native polypeptides and proteins, and for protein
structural and sequence analysis. The aim of this paper is to demonstrate the
feasibility of using a combination of Cibacron Blue F3GA gel affinity chroma­
tography and anion-exchange HPLC as a fast, simple and efficient means of
isolating AFP from fetal calf serum (FCS).

EXPERIMENTAL

Materials
FCS was obtained as a gift from Dr. H.F. Deutsch (University of Wisconsin,

Madison, WI, U.S.A.). Bovine serum albumin (BSA) was purchased from Sigma
(St. Louis, MO, U.S.A.). Bovine a-fetoprotein (BAFP) standard was kindly
donated by Dr. E. Ruoslahti (City of Hope National Medical Center, Duarte,
CA, U.S.A.). Cibacron Blue F3GA agarose (Affi-Gel Blue) was obtained from
Bio-Rad Labs. (Mississauga, Canada). All other reagents used were of analytical
or reagent grade and purchased from local suppliers.

Instrumentation
HPLC was performed on a Pharmacia FPLC (fast protein liquid chromato­

graphy) system equipped with dual pump capable of generating a gradient or
step gradient elution profile. Chromatograms were recorded by monitoring the
absorbance at 280 nm using a Pharmacia UV-1 monitor fitted with a 10-nm
path length HR-cell. The absorbance unit full scale (a.u.f.s.) was set between
0.1 to 2.0 units, where appropriate. Fractions were collected with a FRAC-100
fraction collector and the operating temperature was ambient.

Delipidation of FCS
FCS was delipidated using a modified method according to Chen [15].

Lyophilized FCS (1 g) was reconstituted with 18 ml of 0.03% citric acid
solution and dialyzed against distilled water. Activated charcoal was added
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(600 mg), the pH carefully adjusted to 3.0 with 1 M hydrochloric acid, and the
mixture incubated with shaking at 0° C for 2 h. The solution was then
centrifuged at 15,000 g for 30 min at O°C. The supernatant was decanted from
the charcoal, adjusted to pH 7 with 0.5 M sodium hydroxide, and dialyzed
against 0.02 M phosphate buffer, pH 7.2.

Cibacron Blue gel chromatography
Affi-Gel Blue was first washed with 8 M urea until the eluent became color­

less and then washed extensively with 0.02 M phosphate buffer, pH 7.2. For
quantitative runs, the washed gel was packed into a Pharmacia HR 10/10
column (100 mm X 10 mm J.D.) and chromatographed using the FPLC system.
After eluting the unretained protein fraction with 0.02 M phosphate buffer,
pH 7.2, the retained fraction was next eluted with phosphate buffer containing
1.4 M sodium chloride. The unretained and retained protein fractions were
dialyzed against distilled water and lyophilized. The column was regenerated
with 8 M urea and equilibrated with 0.02 M phosphate buffer, pH 7.2 before
reused. For large scale runs, pre-washed gel was packed into a glass column
(Bio-Rad Econo-column, 500 mm X 25 mm J.D.) and equilibrated with 0.02
M phosphate buffer, pH 7.2. The unretained and retained protein fractions
were eluted with their respective buffers as above. The fractions were concen­
trated to a volume of 20 ml by means of a Diaflo PM-10 membrane, dialyzed
against distilled water and lyophilized.

Polyanion Sf chromatography
HPLC was carried out using either a prepacked analytical HR 5/5 Polyanion

SI column (50 X 5 mm J.D., 6-7 J.lm particle size, Pharmacia) or a semi­
preparative HR 10/10 column dry-packed with Polyanion SI, 17-J.lm particle size
(Pharmacia). The A buffer for ion exchange was 12.1 g (0.1 M) of tris(hydroxy­
methyl)aminomethane (Tris) per liter, adjusted to pH 8 with 1 M hydrochloric
acid while buffer B was 12.1 g Tris, pH 8, containing 40.8-68.0 g (0.3-0.5 M)
of sodium acetate per liter. A preprogrammed linear gradient was used for the
chromatography and the appropriate protein peaks were collected, dialyzed
against distilled water and lyophilized.

Protein assay
Total protein concentrations were determined by the biuret method [16]

using BSA as a standard or by UV absorption at 280 nm. BAFP and BSA
concentrations were assayed by the radial immunodiffusion method of Mancini
et al. [17]. The purity of the purified protein was determined by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) [18]. The
gel was scanned with a DCD-16 digital computing densitometer (Gelman, Ann
Arbor, MI, U.S.A.).

RESULTS

HPLC separation of BAFP and BSA
Attempts were made initially to establish an HPLC procedure for the separa­

tion of BAFP and BSA, the later being an anticipated major component of the
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FCS which might interfere with BAFP in the purification. Fig. 1 depicts the
separation of standard BAFP and BSA on a Pharmacia HR 5/5 Polyanion S1
(weak anion-exchange) column. By employing a 0.1 M Tris buffer, pH 8, as
the initial buffer and eluting with a 0.4 M sodium acetate gradient, BAFP
and BSA were satisfactory resolved. Other eluting salts, such as sodium
chloride, sodium sulphate, were tested but they gave a poorer resolution of the
proteins. The pH of separation was also studied and found to be critical at
around pH 8 with no separation of the two proteins at or below pH 6.
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Fig. 1. HPLC separation of standard BAFP (200 JLg) and BSA (500 JLg) on a pre-packed HR
5/5 Polyanion SI column. Buffer A: 0.1 M Tris, pH 8; buffer B: 0.1 M Tris, pH 8 containing
0.4 M sodium acetate; flow-rate: 1 ml/min; a.u.f.s.: 0.1.

Cibacron Blue F3GA gel pre-purification of Fes
Chromatography of neat FCS on the above described HPLC procedure (Fig.

2) showed that although BAFP and BSA were resolved from each other, the
BAFP peak was massed by a number of other proteins having the same
retention volume as BAFP. Thus a pre-purification of the FCS was necessary
so as to concentrate BAFP and remove the majority of the interfering
proteins.

Fig. 3 shows the chromatography of FCS on a Cibacron Blue F3GA gel
affinity column. A single passage through the gel showed that 57% of BAFP
and > 97% of BSA were bound (Table I). The retained fraction (fraction B)
was subsequently eluted with sodium chloride and analyses revealed that it
contained, in addition to BAFP and BSA, only a small amount of other
proteins. The remaining BAFP (43%) was associated with the unretained
fraction (fraction A) which contained also the majority of the other proteins
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Fig. 2. HPLC separation of FCS (100 Ill) on a pre-packed HR 5/5 Polyanion SI column.
Buffer A: 0.1 M Tris, pH 8; buffer B: 0.1 M Tris, pH 8 containing 0.5 M sodium acetate;
flow-rate: 1 ml/min; a.u.f.s.: 0.2. The presence of BAFP in fractions is shown in hatched
zones.
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Fig. 3. Chromatography of FCS (1.5 ml) on a HR 10/10 Affi-Gel Blue column using 0.02 M
phosphate, pH 7.2 as the eluent (1 ml/min). Insert: rechromatography of charcoal
delipidated Fraction A on a HR 10/10 Affi-Gel Blue column using 0.02 M phosphate, pH
7.2 as the eluent (1 ml/min). The presence of BAFP in fractions is shown in hatched zones.
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Fig. 6. Densitometer tracing of SDS-PAGE of BAFP peak fractions a, band c shown in
Fig. 4 together with that of a standard BAFP-BSA mixture.

TABLE II

SUMMARY OF PURIFICATION OF ",-FETOPROTEIN FROM FETAL CALF SERUM

Method Total protein BAFP Percent yield
(mg) (/lg) (overall)

Fetal calf serum
(neat, 0.33 ml) 9.92 621 100

Delipidation and
Cibacron Blue gel
chromatography 5.10 460 74

HR 5/5 Polyanion
SI chromatography 0.33 302 48.6

recoveries of the two-step BAFP purification procedure. A 48% overall yield
of BAFP from FC8 was obtained.

Semi-preparative scale purification of BAFP
Fig. 7 depicts the chromatographic separation of a delipidated Cibacron Blue

purified FC8 on a dry-packed HR 10/10 Polyanion 81 (17 ,um) column. The
column gave a seven-fold increase in loading capacity compared to the
analytical HR 5/5 Polyanion 81 column with adequate resolution of the BAFP
and B8A peaks still being maintained, thereby affording semi-preparative scale
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Fig. 7. HPLC separation of delipidated Cibacron Blue gel purified FCS (35 mg) on a dry­
packed HR 10/10 Polyanion SI 17-lJ.m column. Buffer A: 0.1 M Tris, pH 8; buffer B: 0.1 M
Tris, pH 8 containing 0.3 M sodium acetate; flow-rate: 1 ml/minj a.u.f.s.: 1.0. The presence
of BAFP in fractions is shown in hatched zones.

purification of BAFP from FCS. Radial immunodiffusion plate analysis of the
BAFP thus isolated showed a purity of 70-80%.

DISCUSSION

BAFP has been isolated from FCS by successive procedures of Con A-Sepha­
rose, DEAE-Sephadex and SP-Sephadex chromatography followed by prepara­
tive disc PAGE [20]. More recently, Ruoslahti [13] reported the purification
of BAFP from FCS using a combination of immunoadsorbent and gel
chromatographic techniques. Although these methods are adequate for the puri­
fication of BAFP, they are however laborious and complicated multiple-step
procedures.

The use of HPLC for the separation and purification of biopolymers has
received considerable attention in recent years. Its advantage over conventional
methods of separation is obvious. It is fast, convenient, flexible and also affords
semi-preparative scale capability. Herein, we describe a simple two-step
procedure involving Cibacron Blue gel pre-purification followed by anion-ex­
change HPLC separation for the isolation of BAFP from FCS.

Initially, attempts were made to develop an HPLC separation condition for
the resolution of BAFP and BSA. Because of the similarity in molecular
weight between the two proteins [9, 10], steric exclusion chromatography was
not suitable for their separation. Reversed-phase (hydrophobic) chromato­
graphy, although being widely used for the separation of peptides and proteins,
was also not employed because of the undesirable large amount of organic
solvents needed in the separation procedure. The amphoteric character of
BAFP and BSA makes ion-exchange chromatography a more suitable tool for
their separation. Adequate resolution of the two proteins was attained with the
use of an anion-exchange column.
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Direct separation of neat FCS using the anion-exchange HPLC procedure
showed that although BAFP and BSA could be resolved from each other, the
BAFP peak was extensively massed by other protein peaks. Thus a pre-purifi­
cation of the FCS was necessary so as to remove the majority of the masking
proteins before subjecting to HPLC separation. By using a Cibacron Blue gel
column which selectively absorbed BAFP and BSA but not the other proteins,
a BAFP-BSA enriched fraction of FCS could be obtained. The use of Cibacron
Blue gel as an affinity column for the separation of human AFP and serum
albumin has recently been reported by Young and Webb [21]. In contrast to
our findings in the bovine, these authors found that human AFP from cord
serum was unbound while albumin was bound by the blue gel. The exact
reason(s) for the discrepancy in binding between bovine and human AFP
towards Cibacron Blue F3GA remains unclear and further investigations into
these areas are thus warranted.

Although HPLC separation of the Cibacron Blue purified FCS on the HR
5/5 Polyanion SI analytical column could afford BAFP of > 93% in purity,
the methodology was adequate only for the isolation of small (low mg)
quantities of BAFP by repeated injections. The analytical column had a loading
capacity of about 5 mg of the BAFP-BSA enriched protein mixture and there­
fore approximately 300 j.1g of BAFP could be purified in a single injection. In
order to adapt this methodology for semi-preparative scale purifications of
BAFP, a HR 10/10 Polyanion SI (17 j.1m) column was tested and found to have
a seven-fold loading capacity compared to the analytical column. Thus in a
single injection using this column, approximately 2 mg of BAFP could be
purified. Although the BAFP isolated had a purity of 70-80%, its purity
however could be easily upgraded by rechromatography on the analytical
column.

ACKNOWLEDGEMENTS

This research is supported in part by research grant MA-4129 from the
Medical Research Council of Canada. The authors are indebted to Jack Liew
and Song Er for their expert technical assistance.

REFERENCES

1 D. Gitlin and A. Perricelli, Nature (London), 228 (1970) 995.
2 D. Gitlin, A. Perricelli and G.M. Gitlin, Cancer Res., 32 (1972) 979.
3 K.M. Smith, P.C.W. Lai, H.A. Robertson, R.B. Church and F.L. Lorscheider, J. Reprod.

Fert., 57 (1979) 235.
4 E. Ruoslahti and M. Seppalli, Adv. Cancer Res., 29 (1979) 275.
5 G.!. Abelev, Transplant. Rev., 20 (1974) 3.
6 S. Sell and H.T. Wepsic, Prog. Exp. Tumor Res., 19 (1974) 297.
7 P. Alexander, Nature (London), 235 (1972) 137.
8 E. Ruoslahti, H. Pihko and M. Seppa11i, Transplant. Rev., 20 (1974) 38.
9 M. Kekomaki, M. Seppa11i, C. Ehnholm, A.L. Schwartz and K. Raivio, Int. J. Cancer, 8

(1971) 250.
10 E. Ruoslahti and E. Engvall, Proc. Nat. Acad. Sci. U.S., 73 (1976) 4641.
11 H. Pihko, J. Lindgren and E. Ruoslahti, Immunochemistry, 10 (1973) 381.
12 M. Stanislawski-Birenewajg, Cancer Res., 27 (1967) 1982.









32

formation of haem could be detected when the spectrophotometric approach
was used [9].

The haem formed is most frequently measured from the reduced minus
oxidized absorption spectra of pyridine haemochromogens [10]. However,
these spectra will also have contributions from any endogenous haem in the
biological material analysed, and often a small increase in the absorption
spectrum has to be detected against a high background. This problem is not
encountered in radiochemical methods, which, however, require a rather
tedious extraction procedure for the separation of the labelled haem from free
radio iron [11].

The purpose of the present study was to develop an assay of ferrochelatase
activity in which the haem formed is assayed at high sensitivity and precision
based on quantitation of haem by high-performance liquid chromatography
(HPLC). Although several HPLC systems for the quantitation of porphyrins can
be found in the literature, no system has so far been reported for the assay of
haem. Ferrochelatase will accept various porphyrin IX derivatives as the
substrate in in vitro assay systems [12]. The activity of the enzyme could
therefore be measured in samples containing high concentrations of
endogenous protohaem when deuteroporphyrin was used as the substrate
since the deuterohaem formed was separated from protohaem on HPLC.

MATERIALS AND METHODS

Chemicals
Protoporphyrin IX and deuteroporphyrin IX were obtained from Porphyrin

Products (Logan, UT, U.S.A.). Tetrabutylammonium hydrogen sulphate and
protohaem IX were from Sigma (St. Louis, MO, U.S.A.).

High-performance liquid chromatography
Separation of haems and porphyrins were obtained by HPLC using a

Constametric III pump from Laboratory Data Control (Riviera Beach, Fl.,
U.S.A.), a valve loop injector from Rheodyne (Berkeley, CA, U.S.A.) and a
photodiode array spectrophotometric detector Model HP-I040A connected to
an HP-85 microcomputer, a Model 3380A recording integrator and a Model
7470A plotter, all from Hewlett-Packard (Avondale, CA, U.S.A.). The column
used was a reversed-phase silica supported prepacked Supelcosil LC-18 column
(25 cm X 4.6 mm J.D., particle size 5 Mm) equipped with a Pelliguard pre­
column (2 cm X 4.6 mm J.D.) prepacked with pellicular I.C-18 of 40 Mm
particle size, both from Supelco (Bellefonte, CA, U.S.A.).

For the quantitation of protohaem the mobile phase contained methanol­
water (97:3) with tetrabutylammonium hydrogen sulphate (1 mM), acetic
acid (10 mM) and adjusted to pH' 6.5 with 5 M ammonium hydroxide at
ambient temperature. For the assay of deuterohaem the mobile phase was
similar, except that the methanol-water ratio was 85 :15.

The solvent was delivered at a flow-rate of 1 ml/min and the system operated
at ambient temperature. The tetrapyrroles were identified from their retention
times (tR) and their peak absorption spectra.

The spectrophotometer was set at a measuring wavelength of 398 nm with
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8 nm spectral bandwidth for monitoring protohaem, whereas the setting was
384 nm with 10 nm bandwidth when deuterohaem was monitored. The
reference wavelength was set at 550 nm with 100 nm bandwidth for both of
the haems.

Assay of ferrochelatase activity
For the assay of ferrochelatase activity the incubation of mitochondria and

reticulocytes was performed as described in ref. 13 in a total volume of 1.2 ml.
The reaction was quenched by 5 mM p-chloromercuribenzoate, and 0.2 ml of
this solution was mixed with 0.5 ml of ice-cold methanol containing 1 mM
of tetrabutylammonium hydrogen sulphate. The tubes were then centrifuged
for 15 sec in an Eppendorf centrifuge Model 5414; 50 J.Ll of 1 M hydrochloric
acid and 0.5 ml of the methanol-tetrabutylammonium hydrogen sulphate
solution were added to the pellets which were then sonicated in a well type
sonicator and centrifuged for 2 min. The combined supernatants were
centrifuged for another 2 min, and 20 pI of the final supernatant were injected
into the liquid chromatograph. More than 90% of the haem in the sample was
extracted by this procedure (see Results).

pH Measurements
The pH was measured using a PHM52 digital pH-meter equipped with a

combined electrode GK 2321C, both from Radiometer (Copenhagen,
Denmark). The pH values reported are all apparent pH values (pH') since no
correction was made for the varying amounts of methanol present in the solu­
tions.

Preparation of mitochondria and reticulocytes
Rat liver mitochondria (male Wistar rats weighing 200-300 g) were isolated

by differential centrifugation as previously described [14, 15] . Reticulocytosis
was induced in rats by injecting phenylhydrazine and the red blood cells were
prepared essentially as described in ref. 16 except that 0.15 M sodium chloride
was used as the isolation medium.

Other analytical and preparative methods
Deuterohaem was synthesized from deuteroporphyrin and ferrous sulphate

by refluxing in N ,N' -dimethylformamide [17] .
In the standard solutions porphyrins were quantitated from their absorption

spectra in aqueous hydrochloric acid and haems were measured from the
reduced minus oxidized difference pyridine haemochromogen spectra [18].

Protein was measured according to the procedure of Bradford [19] using the
dye reagent of Bio-Rad Labs. (Richmond, CA, U.S.A.) and bovine serum
albumin as a standard.

RESULTS

Chromatographic systems for separation of haems and porphyrins
The retention (expressed as capacity factor k') of the two haem and

porphyrin compounds in the reversed-phase ion-pair HPLC system studied, was
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influenced by the amount of organic solvent (Fig. 1) and pH' (Fig. 2) of the
mobile phase. The capacity factor for all four compounds decreased when the
methanol concentration was increased (Fig. 1). A decrease in the h' value was
also observed for the same compounds when the pH' of the mobile phase was
increased from 4 to 7 (Fig. 2). At low pH' values a shoulder in the peak
representing haem appeared (data not shown), and a pH' of 6.5 in the mobile
phase was therefore selected.
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Fig. 1. The effect of the concentration of methanol on the capacity factor (k') in HPLC of
porphyrin (e) and haem (0); (A) proto compounds, (B) deutero compounds. The mobile
phase contained methanol-water in varying ratios, tetrabutylammonium hydrogen sulphate
(1 mM), acetic acid (10 mM), and the pH' was adjusted to 6.5 with 5 M ammonium
hydroxide. The correlation coefficient for the linear regression line was -0.999 for both
protoporphyrin (A) and deuteroporphyrin (B).

When the concentration of tetrabutylammonium hydrogen sulphate in the
mobile phase was varied between 0 and 5 mM, the symmetry of the peaks im­
proved and showed an optimum at approximately 1 mM, whereas the retention
times were only marginally affected (data not shown).

The calibration curves for both protohaem and deuterohaem using the
standard HPLC conditions were linear with a correlation coefficient> 0.999,
and the detection limit was about 2 pmol at a signal-to-noise ratio of 2.

The recovery of protohaem when extracted from mitochondria containing
variable amounts of added haem is shown in Fig. 3. When corrected for the
endogenous haem a straight line through the origin with a slope of 0.907 was
obtained, indicating that 90% of the added haem was recovered.

The chromatogram of a mixture of protohaem and protoporphyrin, using
the conditions for protohaem quantitation (see Materials and Methods), is
shown in Fig. 4A, 1. When a mixture of deuterohaem, protoporphyrin and
deuteroporphyrin was chromatographed using the conditions for deuterohaem
quantitation, the chromatogram shown in Fig. 4A, II was obtained.
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Fig. 4. Chromatograms demonstrating the separation of tetrapyrrole standards (A) and the
assay of ferrochelatase activity in isolated liver mitochondria (B and C) and reticulocytes
(D). (A) Chromatograms obtained when a mixture of protohaem (80 pmol) and
protoporphyrin (200 pmol) was analysed (A, I) and that obtained (A, II) for a mixture of
deuterohaem (190 pmol), protohaem (315 pmol) and protoporphyrin (215 pmol). (B)
Chromatograms of extracts from mitochondria prior to incubation (I) and following 20 min
incubation (II) of the ferrochelatase assay mixture. The porphyrin SUbstrate used was proto­
porphyrin, and the incubation temperature was 22°C. The amount of mitochondria present
in the incubation mixture was 10 mg of protein. For details, see Materials and Methods. (C)
Same as B except that deuteroporphyrin was used as substrate and the incubation time was
6 min (II). (D) Chromatograms of extracts from reticulocytes prior to incubation (I) and
following 45 min incubation (II) of the ferrochelatase assay mixture. The amount of red
blood cells used in the assay mixture contained approximately 60 nmol of protohaem, and
the incubation temperature was 37° C. The bars represent an absorption of A = 0.01. The
chromatographic conditions for the analysis of protohaem were employed in A (I) and B
whereas in A (II), C and D the conditions for the analysis of deuterohaem was used (see
Materials and methods).

Application of the HPLC procedure in the assay of ferrochelatase
The application of the chromatographic system for the assay of

ferrochelatase activity in rat liver mitochondria, using protoporphyrin as the
substrate, is shown in Fig. 4B. Three compounds were detected in the chro­
matogram at zero time (Fig. 4B, I). The peak at tR = 3.5 min represented
endogenous protohaem, whereas the peak at tR = 6.8 min represented the
protoporphyrin substrate. The peak at tR = 5.6 min is not yet identified, but
may represent haem a from cytochrome a + a3' The chromatogram of the
tetrapyrroles extracted from the assay mixture incubated for 20 min, showed
that the peak of protohaem was increased whereas that of protoporphyrin was
decreased (Fig. 4B, II). The amount of protohaem synthesized was 0.7
nmol/mg protein.

When deuteroporphyrin was the substrate and mitochondria the enzyme
source, one distinct peak (tR = 8.6 min), representing the porphyrin substrate,
appeared in the chromatogram at zero time (Fig. 4C, I). A small peak at tR =
7.1 min was also seen, representing endogenous protohaem of the
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mitochondria. A new peak of tR = 4 min appeared in the chromatogram
following an incubation period of 6 min (Fig. 4C, II) whereas the peak
representing the porphyrin substrate decreased. The new peak represented
deuterohaem, and the amount formed was 4 nmol/mg protein.

Ferrochelatase activity could also be measured in biological materials
containing high amounts of endogenous haem, e.g. reticulocytes, when deutero­
porphyrin was used as the substrate (Fig. 4D). In the control chromatogram
(Fig. 4D, I) two prominent peaks were observed, one (tR = 6.7 min)
representing the endogenous protohaem from haemoglobin in the red blood
cells, and one (tR = 8.2 min) representing deuteroporphyrin. A small
unidentified peak (tR = 4.5 min) was also seen. Following a reaction period of
45 min, a new peak (tR = 4 min) appeared in the chromatogram (Fig. 4D, II),
representing deuterohaem formed, Le. 13 nmol/mg haemoglobin (haemoglobin
major protein component). The small peak with tR = 4.5 min in Fig. 4D (I)
now appeared as a shoulder in the deuterohaem peak. However, this did not
interfere with the estimation of the amount of haem formed when based on
peak height, rather than on peak area.

The precision of the ferrochelatase assay is shown in Table I. Of the three
steps involved, i.e. anaerobic incubation, haem extraction and assay of haem,
the incubation step contributed most to the variation. Thus, the relative
standard deviation was 7.8% for the complete assay, 2.0% for the combined
extraction and HPLC assay, and 1.0% for this last step alone.

TABLE I

PRECISION OF THE VARIOUS STEPS OF THE ASSAY OF FERROCHELATASE
ACTIVITY

Mitochondria were incubated at 25°C for 10 min under the conditions given in Materials
and methods using deuteroporphyrin as the substrate. Multiple aliquots of one of the assay
mixtures were extracted for haem (parallel extractions) and for one of the extracts multiple
HPLC runs were performed (parallel HPLC runs). The mean and S.D. for each series is given.

Deuterohaem found (nmol/mg protein per min)

Parallel Parallel Parallel
assays extractions HPLC runs

1.03 ± 0.08 1.01 ± 0.02 1.01 ± 0.01
(n = 6) (n = 6) (n = 6)

DISCUSSION

Free porphyrin carboxylic acids have already been separated by HPLC using
either ion-exchange, normal-phase, reversed-phase or reversed-phase ion-pair
chromatographic systems (see refs. 20-'23). In the present study a reversed­
phase ion-pair system was selected for the separation of haem and porphyrin
compounds since this method is reported to be the most reproducible one for
the analysis of tetrapyrroles [24, 25]. The retention time of both haem and
porphyrin could be modified either by varying the polarity or the pH of the
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mobile phase. A linear relationship between the logarithm of the capacity
factor (log h') and the amount of methanol in the mobile phase was found for
the porphyrins studied, and this relationship was also obtained for the haem
compounds up to a methanol concentration of about 85% (Fig. 1). Such a
correlation is frequently observed in reversed-phase ion-pair systems as well as
in pure reversed-phase systems [26] .

A decrease in h' value was found for both haems and porphyrins when the
pH' of the mobile phase was increased (Fig. 2), in agreement with previous
studies on porphyrins [25]. From the reported pK values of the tetrapyrroles
[27] the effect of pH on the h' values suggests that the retention of the
compounds is mainly through hydrophobic forces rather than through an ion­
exchange mechanism [26]. A decrease in h' for porphyrins with increasing pH
is also found in a reversed-phase system [22] . Thus, for the reversed-phase ion­
pair system both the influence of pH' as well as the negligible effect of p~iring
ion in the mobile phase on the h' value suggest that the separation is largely due
to hydrophobic interactions. However, even though an adequate separation of
the compounds could also be achieved in a reversed-phase system, an ion-pair
system was selected since this improved the peak symmetry.

Under the selected chromatographic conditions, haem was well separated
from porphyrin and so was deuterohaem from protohaem. Thus, by using
deuteroporphyrin as the substrate for ferrochelatase, the enzyme could also be
measured in red blood cells containing high concentrations of protohaem in
haemoglobin (Fig. 4D). Ferrochelatase activity in erythroid cells has previously
been measured using the pyridine haemochromogen method with meso­
porphyrin as the substrate [28]. However, due to a considerable overlap of the
spectra for mesohaem and protohaem, this method could only be used when
the amount of haem synthesized represented more than 20% of the total
amount of haem in the sample [29]. Such a limitation is not present in the
method reported here.

The radiochemical method [11] is still the method of choice when very high
sensitivity is required. This method can, however, be made more convenient
when combined with the present HPLC method. Thus, the tedious extraction
procedure used traditionally [11] can be replaced by the much simpler
procedure reported here, followed by HPLC. By using protohaem as an internal
standard, the recovery of the extraction can be estimated from the same HPLC
run.
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SUMMARY

The present paper reports the analytical conditions allowing lofemizole, a new
non-steroidal anti-inflammatory drug, to be evaluated in biological fluids for pharmaco­
kinetic and bioavailability investigations. The first approach led to an N-methyl derivative
of lofemizole which could be successfully analysed by gas-chromatography employing a
flame-ionization detector, reaching a sensitivity of 2 /Lg/ml. The second approach led to the
N-(2-chlorobenzoyl) derivative of lofemizole which was suitable for pharmacokinetic
investigation using gas-liquid chromatography with electron-capture detection, and reaching
a much higher sensitivity of 10 ng/ml of plasma. Recovery of the extraction, reproducibility
and specificity were all satisfactory with both methods. Since the first method employing
flame-ionization detection was suitable for pharmacokinetic investigations in animal species,
this paper describes both methods on a comparative basis.

INTRODUCTION

Lofemizole [lH,4-(4-chlorophenyl)-5-methylimidazole, C1oH9N2Cl] has the
molecular structure shown in Fig. 1, and its chemical identity was confirmed
by mass spectrometry. Lofemizole has proved to possess an interesting anti­
phlogistic activity in both animals and humans, associated with a favourable
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SUMMARY

A method has been developed for determination of the xanthine drug, pentoxifylline,
and three of its metabolites (a secondary alcohol and two carboxylic acids) in human milk.
The method requires pre-extraction with hexane to remove lipids followed by extraction
with dichloromethane or dichloromethane-isopropanol (4:1). Absolute extraction
recoveries were between 76-90%. Pentoxifylline and its alcohol metabolite (as the trifluoro­
acetate) and the carboxylic acid metabolites (as ethyl esters) were measured in separate
gas chromatographic steps using a nitrogen detector. Determinations of pentoxifylline and
its three metabolites were 96-99% accurate and standard deviations of 5-10% were
observed for samples at or above the lower practical sensitivity limit (10 ng/ml) for the
assay. Pentoxifylline and its metabolites were stable in breast milk for three weeks when
stored at -15°C.

INTRODUCTION

Pentoxifylline [P; 1-(5'-oxohexyl)-3,7-dimethylxanthine] (Fig. 1) is used
extensively in the treatment of cerebrovascular and peripheral vascular diseases
[1-3] . The principle metabolites found in plasma after oral administration of
P are a secondary alcohol metabolite (metabolite I) and two carboxylic acid
metabolites (metabolites IV and V) (see Fig. 1). Since some mothers who
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TABLE IV

EFFECT OF SODIUM HYDROXIDE ON AQUEOUS PENTOXIFYLLINE SOLUTIONS AS
A FUNCTION OF TIME

From a 10-ml aqueous solution of pentoxifylline (approximately 1000 ng/ml), replicate 1-ml
aliquots were removed, extracted and chromatographed. To the remaining 8 ml of solution,
a 4-ml portion of 1 M sodium hydroxide was added and the solution thoroughly mixed. At
the time intervals indicated in the table, replicate 1-ml samples were withdrawn, extracted
and chromatographed according to the procedure outlined in Materials and methods. Values
for non-zero time samples have been corrected for dilution by base.

Time Pentoxifylline remaining n Pentoxifylline remaining n
(min) at 25°C (%) at4°C(%)

0 (100) 3 (100) 6
5 95.2 3 94.8 4

10 92.8 3 95.1 5
20 101 3 97.5 5
30 94.6 3 90.9 4

TABLE V

SUMMARY OF REGRESSION DATA

Values of correlation coefficient (r), slope and ordinate for lower and upper concentration
ranges. Standard deviation given in parentheses. Values for concentration ranges and n as
in Tables I and II. See text for details.

r Slope X 103 Y-Intercept X 103

Pentoxifylline
Lower 0.9989 (0.0009) 2.08 (0.323) -3.16
Upper 0.9997 (0.0002) 2.36 (0.173) -26.4

Metabolite I
Lower 0.9994 (0.0004) 2.25 (0.196) -1.28
Upper 0.9990 (0.0016) 2.40 (0.085) -12.0

Metabolite IV
Lower 0.9916 (0.0025) 5.63 (0.572) -38.7
Upper 0.9984 (0.0015) 4.76 (0.793) -113

Metabolite V
Lower 0.9923 (0.0044) 5.55 (0.542) -31.5
Upper 0.9989 (0.0012) 4.63 (0.520) -59.6

After pre-extraction with hexane, separate milk samples are extracted with
dichloromethane for P and metabolite I, or dichloromethane--isopropanol
(4: 1) for metabolites IV and V. The assay of metabolites IV and V requires
a dichloromethane pre-extraction of P and I which interfere in the GC step.
No interferences from metabolites IV and V are observed in the determination
of P and I because P and I are extracted at an alkaline pH which prevents
contamination by the carboxylic acid metabolites. Table III contains absolute
recovery values of P, its metabolites and internal standards. Extraction
efficiencies for all of these compounds are acceptable [14] when the prescribed
extraction schemes are used.

The possibility existed that pentoxifylline undergoes an aldol condensation
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when exposed to the strong alkali of the extraction step. This could result in
losses of detectable parent drug. We, therefore, tested the stability of P in
sodium hydroxide at both 4°C and room temperature. The results of these ex­
periments are shown in Table IV. As indicated, P appears to be stable for at
least 20 min at both temperatures. Thus, the extraction methods reported
herein can be performed without significant loss of drug.

Standard curve samples for P and metabolites I, IV and V were prepared as
described in Materials and methods. Tables I and II contain standard curve
behavior and Table V summarizes regression analysis data for these compounds
determined in milk. Excellent correlations were obtained for the regressions of
peak area ratios versus concentrations. Day-to-day variations in detector
response due to detector bead aging, however, necessitated daily preparation
of standard curves.

Our experience with analyses of P and its metabolites in plasma indicated a
statistically significant difference (95% confidence level) between slopes of the
lower range of standard curve concentrations (typically 10-100 ngjml) and
those for the upper range of standard curve concentrations (typically
100-2000 ngjml). Thus, concentrations of P and its metabolites have been
calculated from two separate regression line analyses, the first bracketing the
lower concentration range, and the second bracketing the upper concentration
range. The lower sensitivity limits for P and its metabolites were approximately
2 to 6 ngjml at a signal-to-noise ratio of 5; however, the practical lower limit
of detection was routinely 10 ngjml for these compounds.

TABLE VI

ACCURACY AND PRECISION OF GC ASSAYS FOR PENTOXIFYLLINE AND ITS
METABOLITES IN HUMAN BREAST MILK

Assay Concentration Accuracy* n
range (ng/ml)

Pentoxifylline 26.0-1760 96.1 (8.73) 19
Metabolite I 26.0-1750 98.9 (4.69) 19
Metabolite IV 15.1-1610 96.9 (10.2) 10
Metabolite V 15.0-1600 97.4 (8.07) 10

* Amount found/amount added X 100%; standard deviation given in parentheses.

Table VI contains percent accuracy and standard deviations for analyses of
spiked milk samples containing P and its metabolites, I, IV and V. It can be
concluded from these data (reflecting within-day variations) that the accuracy
and precision of the GC assays are good.

In summary, the sensitivity, selectivity, accuracy and precision of the
methods described herein are good, and compare favorably with the same
characteristics of determinations of pentoxifylline and metabolite I in plasma
described by Bryce and Burrows [9] and Chivers et al. [15]. An extended
study of the stability of P and its metabolites in milk samples stored at -15°C
was initiated. Preliminary data indicate that little or no loss of these
compounds occurred over a period of three weeks.
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EXPERIMENTAL

Materials and reagents
HPLC-grade methanol used in the mobile phase was purchased from Bodman

Chemical (Burdick & Jackson Labs.). Boric acid, ethylene glycol, citric acid,
sodium phosphate dibasic, sodium phosphate monobasic and anhydrous
sodium carbonate were obtained from Fisher Scientific. Sodium bicarbonate
was obtained from J.T. Baker. 4-Morpholinepropanesulfonic acid (MOPS),
4-morpholineethanesulfonic acid (MES), serotonin creatinine sulfate mono­
hydrate and 5-methoxyindole-3-acetic acid (MIAA) were procured from
Aldrich. Sodium hydroxide (pellets) was purchased from Mallinkrodt, and tri­
ethylamine from Pierce. Amicon's Centriflo ultrafiltration membrane cones
(CF50A) were used for deproteination of urine and plasma samples, and
Milli-Q water was supplied from the Millipore Reagent Water System.

Imipenem, thienamycin and cilastatin sodium were supplied by Merck Sharp
and Dohme Research Labs. (Rahway, NJ, U.S.A.).

Apparatus
The HPLC system consisted of a fixed-wavelength absorbance detector

(Waters Assoc., Model 440) using a 313-nm filter for the detection of
imipenem. A variable-wavelength detector (Schoeffel Instruments Spectroflow
monitor SF770 and monochromator GM770) was used to determine the UV
absorption of the open ring product of imipenem at 214 nm. The solvent
delivery system used was a double-reciprocating pump (Waters Model 6000A).
Injections were made with an automated injector (Waters Intelligent Sample
Processor, WISP Model 710A). A microprocessor (Waters System Controller
720) provided automated control of the pump and the injector. Integration of
peak area or height detected at 313 nm was performed by a computing
integrator (Spectra Physics Model SP4100). A chart recorder (Houston
Instruments Omniscribe) was used to record the chromatographic profile
detected at 214 nm.

Centrifugation was carried out in a refrigerated table top centrifuge (Inter­
national Equipment Company Centra 7R).

Chromatographic conditions
Plasma assay was performed on a reversed-phase, 5-pm ODS Hypersil,

100 mm X 5 mm I.D., analytical column (Shandon Southern Instruments).
A 30 mm X 4.6 mm I.D. Brownlee 10-pm LiChrosorb CI8 guard column
cartridge (Rainin Instrument Co.) fitted into an MPLC guard holder (Rainin)
was placed in-line before the analytical column. Pump flow-rate was set at 4
ml/min, injection volume was 10 pI, and run time was 6.0 min. Integration
parameters were set at 0.5 cm/min for chart speed and 8 m V full scale for
attenuation.

Chromatographic conditions for the urine assay consisted of a 250 mm X 4.6
mm I.D. analytical column packed with Altex 10-pm Ultrasil CX cation-ex­
change packing (Rainin). A 30 mm X 4.6 mm I.D. Brownlee 10-pm Partisil
SCX guard column cartridge (Rainin) was fitted into an MPLC guard holder
and placed in-line prior to the analytical column. A 250 mm X 4.6 mm I.D.
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Therefore, to determine specificity, imipenem (1.5 mM) was reacted in citrate-·
phosphate buffer at pH 3.1. The same concentration was also reacted in 0.05 M
carbonate buffer, pH 10.8 and 0.1 M phosphate buffer, pH 7.25. The degrada­
tion of imipenem and the formation of the reaction products were followed
simultaneously by HPLC analysis with detection at 313 nm and 214 nm, respec­
tively, as described for urine analysis using a flow-rate of 2.5 ml/min (Fig. 4). A
schematic diagram showing the possible reaction sequence is given in Fig. 5.
None of the reaction products, A-E, interfere with the detection of imipenem.
Product II, which is detected at both 313 nm and 214 nm (as is imipenem)
and is present at time zero of the study, has been identified as thienamycin by
HPLC analysis of pure thienamycin. Thienamycin is an impurity found in

1
20
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2 D

3

D

D

E

o '45 ' 75
1

120'160'200'240'290
1
360'
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Fig. 4. Reaction of imipenem in (1) citrate-phosphate buffer, pH 3.1, (2) carbonate-bi­
carbonate buffer, pH 10.8 over a 4-h period, and (3) phosphate buffer, pH 7.25 over 6 h.
Inset (2a) is an enlargement of the chromatogram of the reaction products of imipenem
in carbonate-bicarbonate after 2 h of reaction time. Imipenem and reaction products are
detected at 214 nm after separation on an Altex Ultrasil ex column using the chromato­
graphic conditions described in the text. I = imipenem; II = thienamycin and all other
products; A-E = unknowns.
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TABLE II

COMPARISON OF IMIPENEM STABILITY IN STABILIZED URINE AFTER STORAGE
AT -70°C AND -20°C

Day

o
2
4

22
37

Mean

-70°C -20°C

19.8/lg/ml 76.9 /lg/ml 19.8 /lg/ml 76.9 /lg/ml

18.2 75.0 18.2 75.0
18.5 71.6 17.5 67.9
19.6 81.8 17.9 72.9
19.1 71.3 15.2 58.0
18.8 70.8 18.1 67.7

18.8 74.1 17.4 68.3

,ug/ml control standard stored at -70°C had a mean concentration of 40.0
,ug/ml (C.V. = 6.38%). When stored at -20°C, the mean concentration was
38.3 ,ug/ml (C.V. = 3.00%).

It is recommended, however, that urine and plasma imipenem samples be
stabilized and stored at -70° C to --80° C over the long term.

Fig. 10. Plasma concentration of imipenem after intravenous administration of 500 mg of
imipenem to subject 1B (b.) and subject 5B (0) or of 500 mg of imipenem combined with
250 mg of cilastatin sodium administered to subject 1B (0) and subject 5B (.).
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SUMMARY

A high-performance liquid chromatographic method is described for the determination of
digoxigenin, digoxigenin monodigitoxoside, digoxigenin bis-digitoxoside, digoxin, and di­
hydrodigoxin as the 3,5-dinitrobenzoyl esters. The method is applied to a 10 ml urine
sample by adding digitoxigenin as internal standard, extracting with methylene chloride,
derivatizing with 3,5-dinitrobenzoyl chloride in pyridine, chromatographing with a normal­
phase system and detecting at 254 nm. Derivatized digoxigenin, digoxigenin mono- and bis­
digitoxoside, and digoxin each yielded one symmetrical peak with the limit of sensitivity of
the method being approximately 100 ng/ml. Analysis of a commercially obtained sample
of dihydrodigoxin resulted in two well-separated, symmetrical peaks that represent the two
epimers of derivatized dihydrodigoxin. Data indicate rapid and complete esterification of
all primary and secondary alcohol moieties in the various molecules and the derivatives are
shown to be stable in chloroform for at least four days. The procedure appears to be suitable
for metabolic investigations and as a prototype for future analytical developments.

INTRODUCTION

The known metabolites [1-4] of digoxin (D3) shown in Scheme 1 include
digoxigenin (DO), digoxigenin monodigitoxoside (D1), digoxigenin bis-digi­
toxoside (D2) and dihydrodigoxin (DHD3). The importance of metabolism as
an elimination pathway for D3 is underscored by the results of Lukas [5] , who
used a specific double isotope dilution derivative method and found only
21-55% of an oral dose of digoxin excreted unchanged in urine and feces.
Although DO, D1 and D2 usually account for less than 10% of overall urinary
recovery, the percentage excreted as DHD3 has been found to vary widely.
Dihydrodigoxigenin, the aglycone of DHD3 , was originally detected in the
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tion and isolation of the epimers of dihydrodigoxigenin (DHDO); however,
they were unsuccessful in the separation and isolation of the epimers of DHD3.
Watson et al. [6] reported that their GLC method did not separate DHDO
into two peaks. However, quantitation of the sum of the two DHD3 epimers in
biological fluids has recently been achieved using radiolabeled drug and either
DEAE-Sephadex column chromatography [26], HPLC [14] or a combina­
tion of column and thin-layer chromatographic procedures [27]. There have
been no methods reported to date that are capable of separating the individual
epimers.

This paper describes an HPLC method for the separation and quantitation of
D3 and its metabolites and the application of the method to human urine
samples. The most significant step in the methodology is the derivatization
of D3 and its metabolites with 3,5-dinitrobenzoyl chloride, which facilitates
separation and detection. The advantage of the method is the separation,
detection, and quantitation of individual epimers of dihydro metabolites
without use of radiolabeled drug.

EXPERIMENTAL

Materials
Hexane, methylene chloride, acetonitrile, pyridine, chloroform, and

2-propanol were obtained from Burdick & Jackson Labs. (Muskegon, MI,
U.S.A.). DO, D1, D2, D3, DHD3, and digitoxigenin (DTO) were purchased
from Boehringer Mannheim (Indianapolis, IN, U.S.A.). The catalyst,
4-dimethylaminopyridine (Purum grade; Fluka, Buchs, Switzerland), was used
as supplied, and the derivatizing agent, 3,5-dinitrobenzoyl chloride (DNBCl,
Purum grade; Fluka), was recrystallized from petroleum ether and stored in a
vacuum desiccator. All other chemicals and reagents were analytical grade or
better.

Drug standards
Stock solutions containing DO, D1, D2, and D3 were prepared in 2-propanol

at concentrations of 2.5, 5, 10, 12.5, 20, and 25 tlg/ml. The internal standard,
DTO, 20 tlg/ml, was prepared in methylene chloride. The derivatizing agent
(DNBCl) was prepared daily by dissolving in pyridine (85 mg/ml) with gentle
warming.

Glassware
Glass culture tubes with PTFE-lined screw caps were used for the extraction

and derivatization procedures (Corning, Corning, NY, U.S.A.). All glassware
was soaked for 24 h in sulfuric acid-nitric acid (4: 1), washed, and silanized for
2 min in a 1% solution of Dri Film (Pierce, Rockford, IL, U.S.A.) in toluene.
After washing, the glassware was dried in an oven, and glassware for the deriva­
tization procedure was stored in a vacuum desiccator.

Instrumentation and chromatographic conditions
A Model 5000 high-performance liquid chromatograph was equipped with a

Model 960 ultraviolet (254 nm) detector (Tracor, Austin, TX, U.S.A.), and a
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Rheodyne Model 7105 injection valve containing a 175 .ul sample loop
(Rheodyne, Berkeley, CA, U.S.A.) Detector output was recorded on a Tracor
Model T-ll recorder. A 100 .ul aliquot of the derivatized sample was chro­
matographed at room temperature on a Partisil 10 column (25 cm X 4.6 mm
I.D., 10 .urn average particle size; Whatman, Clifton, NJ, U.S.A.) and was eluted
isocratically with hexane-methylene chloride-acetonitrile (8:3:3 to 12:3 :3).
The mobile phase was pumped at approximately 1.8 ml/min and the percentage
of hexane incorporated into the mobile phase was varied according to the
degree of separation desired.

Extraction procedure
A 0.5 ml volume of the internal standard solution and 20 ml of methylene

chloride were added to a 45 ml tube containing a 10 ml urine specimen. The
tubes were tightly sealed, shaken for 15 min on a mechanical shaker (Eberbach,
Ann Arbor, MI, U.S.A.), centrifuged for 20 min, and the aqueous phase was
removed and discarded. After the addition of 15 ml of a 5% sodium
bicarbonate solution to extract components that interfere with the derivatiza­
tion procedure, the tubes were recapped, shaken, centrifuged, and the aqueous
phase was removed and discarded as before. The organic phase was transferred
to a 12 ml tube and gently evaporated to dryness at 50° C under a stream of
nitrogen (N-evap®; Organomation Associates, Northborough, MA, U.S.A.).
The tubes were tightly sealed and stored at room temperature prior to deriva­
tization.

Standard curves were prepared daily by adding 1 ml of the appropriate stock
solution(s) to a 45 ml tube containing drug-free urine and internal standard,
and extracting as described. Standard curves were analyzed by unweighted
linear least-squares regression.

Derivatization procedure
A 200 .ul volume of the derivatizing solution was added to the dried sample

and the reaction was carried out for 10 min at room temperature with gentle
shaking. The derivatized sample was carefully evaporated to dryness by
removing the pyridine with a stream of nitrogen at 50° C. The excess
derivatizing agent was hydrolyzed with 2 ml of a 5% sodium bicarbonate
solution containing 2 mg/ml 4-dimethylaminopyridine. After shaking for 5
min, 1 ml of chloroform was added to solubilize the derivative and the tubes
were rocked on an Aliquot Mixer (Ames, Elkhart, IN, USA). The aqueous layer
was discarded and the organic phase was mixed for 2 min with 2 ml of a 5%
sodium bicarbonate solution. The aqueous layer was discarded and 3 ml of a
0.05 M hydrochloric acid solution containing 5% sodium chloride was mixed
with the organic phase for 2 min to remove any residual pyridine. After the
organic layer was washed three more times with the acidic solution, the
chloroform was ready for chromatographic analysis.

Extent of derivatization
Samples (1 mg) of DO, D1, D2, and D3 were carried through the derivatiza­

tion procedure and the chloroform solution was evaporated to dryness at 50° C
under a nitrogen stream and further dried at room temperature under high
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vacuum for 1 h. A sample (200 pg) of DHD3 was derivatized and chromato­
graphed as described except that two columns were used in series and the
sample was subdivided into aliquots. The HPLC eluates corresponding to the
derivatized Rand S epimers [28] were collected and re-chromatographed
several times. After solvent evaporation the samples were dried under vacuum
at 80° C for 1 h. Each derivatized sample of DO, D1, D2, D3, R-DHD3 or
S-DHD3 was dissolved in deuterated chloroform, filtered through cotton and
analyzed on a Bruker HX-90 nuclear magnetic resonance (NMR) spectrometer.

Stability of derivatized compounds
Samples of DTO, DO, Dl (120 pg each), D2 (180 pg), and D3 (240 pg) were

derivatized and a 175 pI aliquot of the final chloroform phase was injected
onto the chromatographic column 0, 60, 120, 240, 510, 770, 1400, 2790,
and 4260 min after completion of the derivatization procedure. The area of
each of the chromatographic peaks was measured in triplicate using a
planimeter.

Extraction efficiency
Samples of DO, D1, D2, D3, and DHD3 were added to drug-free urine and

prepared according to the extraction and derivatization procedures except that
the internal standard solution was added to the methylene chloride after
extraction and just prior to evaporation. The extraction efficiency of each com­
pound was calculated by comparing the peak height ratio of extracted samples
to the peak height ratio of corresponding unextracted drug standards.

Precision
Drug-free urine specimens were supplemented with DO, D1, D2, and D3 at

concentrations of 1 and 0.1 pg/ml and quantitated according to the extraction
and derivatization procedures. Six samples at each concentration were analyzed
for within-day assay variability and accuracy. In a similar manner, DHD3 was
assayed at total (sum of both epimers) added concentrations of 2.5 pg/ml and
0.44 pg/ml (five replicates each).

Molar absorptivity and ratio of the two epimers of dihydrodigoxin
A 50 pg sample of DHD3 was derivatized and three 100 pI aliquots of the

final chloroform phase were chromatographed separately. The peak area for
each epimer was measured in triplicate using a planimeter. The peak having the
larger area was R-DHD3 [28]. A ratio of the average area for the two peaks in
each chromatogram was used to detemline the ratio of R-DHD3 to S-DHD3.

The molar absorptivities of derivatized R-DHD3 and derivatized S-DHD3
were determined on a Cary 16 spectrophotometer (Cary Instruments,
Monrovia, CA, U.S.A.) at concentrations of 5.58 . 10 -6 M and 5.01 . 10 -6 M,
respectively. The derivatized epimers were purified as described in the previous
subsection and weighed samples were dissolved in chloroform.

Application to human urine sample
The assay was used to determine digoxin and metabolites in urine from a 68­

year-old female patient taking one 0.125 mg digoxin tablet daily. A column
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4.6 mm X 25 cm packed with 5 pm LiChrosorb Si 60 (E. Merck, Darmstadt.
F.R.G.) was used for improved efficiency together with a Model 1l0A pump
(Altex, Berkeley, CA, U.S.A.). Other HPLC components were the same as
described previously.

RESULTS

The dinitrobenzoate derivatives of DTO, DO, Dl, D2 and D3 each yielded a
single, symmetrical, well-separated peak upon HPLC (Fig. lA), whereas
derivatized DHD3 yielded two symmetrical, well-separated peaks (Fig. IB).
Other research has shown that these two components of DHD3 are epimers
having either the R (major) or S (minor) configuration at the C-20 position in
the lactone moiety [28, 29]. Data on the capacity factor for each peak (DTO
= 4.6, DO = 7.2, Dl = 9.2, D2 = 12.6, D3 = 16.9, S-DHD3 = 16.7,R-DHD3 =

21.0, using the 3:1:1 hexane-methylene chloride-acetonitrile mobile phase)
together with the data in Fig. 1 indicate that the only incompletely resolved
components are the derivatives of D3 and S-DHD3.

Reaction of DTO, DO, Dl, D2, D3 and DHD3 with an excess of DNBCl in
the presence of pyridine was carried out over times ranging from 3 to 60 min
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Fig. 1. (A) Representative chromatogram of 3,5-dinitrobenzoate derivatives of the internal
standard digitoxigenin (DTO), digoxigenin (DO), digoxigenin monodigitoxoside (D1),
digoxigenin bis-digitoxoside (D2), and digoxin (D3). Samples (1 J.lgjml of each glycoside)
were extracted from urine, derivatized and chromatographed using a mobile phase of
hexane-methylene chloride-acetonitrile (3:1 :1). (B) Representative chromatogram of 3,5­
dinitrobenzoate derivative of dihydrodigoxin (DHD3). The two peaks represent the S
(minor) and R (major) epimers [28, 29]. Samples were derivatized and chromatographed
using a mobile phase of hexane-methylene chloride-acetonitrile (8:3:3).
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and was found to be complete within 5 min, as evidenced by constancy of
peak heights subsequent to this time. Comparison of the integrated NMR for
aromatic protons with that for C-18 and C-19 methyl protons yielded the
following approximate number of esters per molecule of digitalis compound:
DO, 2.1; D1, 3.2; D2, 3.9; D3, 5.1; S-DHD3, 5.4; R-DHD3, 5.3. Thus, these
data indicate that all hydroxyl moieties except one are esterified on each
molecule. This is consistent with the findings of Maerten and Haberland [30]
who reported five-fold acetylation of digoxin with the tertiary C-14 hydroxyl
remaining unesterified. Additional evidence for the five-fold extent of derivati­
zation of the DHD3 epimers was obtained by comparing measured molar
absorptivities (254 nm) of 51,560 mol-) cm -) for the derivatized S epimer
and 51,030 mol -) cm -) for the derivatized R epimer with the molar absorptivi­
ty of about 10,000 mol -) cm -) at 254 nm for each 3,5-dinitrobenzoate group
[31]. Derivatized DTO, DO, D1, D2, and D3 were found to be stable in
chloroform for at least three days, as indicated by the constancy of HPLC
peak area with respect to time reported for each compound in Table I.

TABLE I

STABILITY OF THE 3,5-DINITROBENZOATE DERIVATIVES OF DTO, DO, D1, D2,
ANDD3

Time Peak area as a percentage of the zero time value
(min)

DTO DO D1 D2 D3

0 100 100 100 100 100
60 91 96 96.5 99.4 97.8

120 99.1 101 101 104 102
240 95.5 98.8 99 104 103
510 111 106 112 109 106
770 105 105 112 104 103

1400 100 93.3 108 107 104
2790 103 98.4 109 106 104
4260 103 99.6 104 106 105

TABLE II

EFFICIENCY OF EXTRACTION OF DIGOXIN AND THREE METABOLITES FROM
URINE

Values are the mean of 5 determinations, except for digoxin which is 3. Standard deviation
in parentheses. The extraction procedure is described in the text.

Concentration Extraction efficiency (%)
(pg/ml)

DO D1 D2 D3

2.5 51.7 (4.4) 38.9 (3.2) 63.3 (6.1) 71.0 (7.8)
1.0 44.5 (5.3) 40.0(4.2) 65.0(5.4) 70.9 (6.4)
0.50 46.4 (8.9) 36.6 (3.2) 60.0 (7.4) 71.0 (11.8)
0.25 47.7 (8.0) 33.5 (9.3) 64.2 (5.8) 75.5 (6.0)
0.10 39.5 (9.8) 31.0 (6.6) 53.5 (13.3) 77.8 (43.4)

Mean 46.0 (7.9) 36.0 (6.2) 61.2 (8.4) 73.2 (17.2)
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TABLE IV

ACCURACY AND REPRODUCIBILITY OF ASSAY FOR DIGOXIN METABOLITES IN
URINE

Compound

D3

D2

D1

DO

S-DHD3

R-DHD3

Concentration
of prepared
standards
(lLg/ml )

1.0
0.1
1.0
0.1
1.0
0.1
1.0
0.1
0.625
0.0625
1.875
0.375

Measured
concentration
(mean of 5 or 6
determinations)

0.954
0.117
1.021
0.124
0.985
0.188
0.981
0.156
0.620
0.0606
1.833
0.382

C.V.*
(%)

1.2
1.7
2.4
3.5
3.8
4.9
2.9
3.1
2.6
4.2
4.6
8.5

*Coefficient of variation.
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Fig. 2. Chromatogram (HPLC) of derivatized standards (II) and of an extracted and
derivatized urine sample (I) from a patient receiving digoxin. Peaks identified as a, b, and c
correspond to derivatized S-dihydrodigoxin, derivatized digoxin and derivatized R-dihydro­
digoxin, respectively. For the standards, 10 ILg of digoxin and of the dihydrodigoxin
epimeric mixture were added to 10 ml of blank urine and assayed (II). The mobile phase
consisted of hexane-methylene chloride-acetonitrile (3:1:1).
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DISCUSSION

The importance of this analytical procedure lies more in its application to
metabolic studies and to future analytical method development for digitalis
compounds than in its application to routine determinations of urinary digoxin
and metabolites. The procedure described has sufficient sensitivity to
quantitate digoxin and the major metabolite, DHD3, in urine. Results of others
[26] indicate there would be insufficient sensitivity with this procedure for
determining urinary concentrations of the very minor metabolites D2, D1 and
DO. More importantly, however, this is the first analytical procedure that has
reported separation of the individual epimers of dihydrodigoxin. Use of a
column with improved efficiency in studies in patients has also permitted
separation of D3 and the minor epimer of DHD3 (Fig. 2), which was not
possible under the conditions used for analytical development. Thus, this
methodology provides the first opportunity to separate, isolate and identify
the individual epimers of DHD3 and to determine which is/are formed in
animals and man [28,29] .

The second important aspect of this method is that it points out a potential
direction for development of more sensitive methods that would still retain
specificity for the individual epimers of DHD3 as well as the other metabolites
of digoxin. Two techniques that potentially have sufficient sensitivity for
serum concentrations (subnanogram/ml range) are acylation with either
fluorescent moieties or with radiolabeled derivatizing agents. If the excellent
specificity shown in this investigation with the dinitrobenzoyl derivative (Fig.
1A and B) can also be achieved with derivatives having enhanced detectability,
then this direction of research may yield a specific method for serum digoxin
and its metabolites. The rapidity and completeness of dinitrobenzoyl
derivatization, stability of the derivatives (Table I), linearity of standard curves,
and reproducibility of the method (Table IV) all indicate that this type of
derivatization is a promising avenue for further research.
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TABLE V

WITHIN-DAY PRECISION OF DIRECT SERUM INJECTION

x max = maximum value, xmin =minimum value, x =mean value (J,lg/ml), m = median, S.D. =
standard deviation, C.V. =coefficient of variation.

n x max x min X m S.D. e.v. (%)

Control sample
ET 14 99.5 86.3 93.76 93.45 3.39 3.61
PR 14 19.6 18.1 18.79 18.80 0.41 2.20
PB 14 31.8 30.6 31.00 31.00 0.30 0.96
PT 14 31.7 30.4 30.79 30.75 0.33 1.07
CBZ 14 10.7 10.2 10.35 10.30 0.13 1.24

Pool serum A
PE 18 6.5 5.6 6.06 6.10 0.26 4.24
PR 18 4.8 4.3 4.50 4.50 0.11 2.53
PB 18 22.1 20.5 21.03 20.95 0.44 2.08
PT 18 5.4 4.9 5.11 5.10 0.13 2.64
CBZ 18 2.2 2.0 2.13 2.10 0.06 2.78

Pool serum B
ET 18 55.0 51.6 53.53 53.45 1.07 2.00
PB 18 19.2 17.6 18.35 18.35 0.49 2.66
PT 18 2.7 2.5 2.61 2.60 0.08 3.08
CBZ 18 3.3 2.8 3.03 3.00 0.12 4.08

Pool serum C
PB 18 24.2 23.2 23.72 23.70 0.25 1.04
DM 18 26.8 25.7 26.34 26.30 0.30 1.13
PT 18 4.0 3.7 3.85 3.80 0.08 2.04
CBZ 18 1.3 1.0 1.08 1.10 0.08 7.25

TABLE VI

DAY-TO-DAY PRECISION OF DIRECT SERUM INJECTION

n x max xmin X m S.D. C.V. (%)

Pool serum A
PE 20 6.9 5.8 6.32 6.30 0.26 4.13
PR 20 6.1 4.5 5.41 5.45 0.39 7.26
PB 20 23.8 21.4 22.67 22.60 0.65 2.88
PT 20 6.0 5.2 5.72 5.75 0.21 3.65
CBZ 20 2.8 2.2 2.49 2.55 0.14 5.61

Pool serum B
ET 20 60.1 52.3 55.12 54.85 2.09 3.79
PB 20 19.9 18.1 18.65 18.65 0.42 2.23
PT 20 3.0 2.7 2.76 2.75 0.09 3.38
CBZ 20 3.4 3.1 3.26 3.25 0.10 3.11

Pool serumC
PB 23 24.4 22.1 23.27 23.25 0.69 2.96
DM 23 27.0 23.2 25.16 25.30 1.03 4.10
PT 23 4.2 3.7 3.90 3.90 0.14 3.48
CBZ 23 1.2 0.9 1.04 1.05 0.08 7.55
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The coefficients of variation for the day-to-day control of precision lay,
with three exceptions, always below 5% (see Table VI). For the very low CBZ
in pool serum C, already mentioned above, the C.V. is 7.55%. Likewise, for the
relatively low CBZ concentration (mean value 2.5 ,ugjml) of the pool serum A
the C.V. is 5.61% and for the PR (mean concentration 5.4 ,ugjml) in the same
serum is 7.26%.

This shows that PR as well as to a less extent PE and ET, all three of which
lie in the early eluted range of the chromatogram, are exposed to disturbing
influences to a somewhat greater degree than are the substances that are eluted
later.

CONCLUSION

A column-switching technique with purification and enrichment of the
samples enables sera of epileptic patients to be injected directly. A large
number of possible sources of error in the otherwise necessary extraction,
enrichment and evaporation steps can thereby be eliminated in the pretreat­
ment of samples for HPLC analysis. Under the technical and chromatographic
conditions described in the experimental section more than 100 samples can
be analysed in 24 h. Direct injection of serum is especially suitable for the
analysis of small quantities of sample (less than 50 ,ul). In routine analysis there
is normally enough serum to enable 50 ,ul to be injected. Thereby the
reproducibility of the results is improved.

Considering the values given in Table V for within-day precision and those in
Table VI for day-to-day precision, the method described is sufficiently suitable
for purposes of routine analysis. The avoidance of pretreatment of the samples
results in a great saving of costs of reagents and laboratory staff.

ACKNOWLEDGEMENTS

The author is greatly indebted to Mr. G.S. Macpherson, B.Sc., for translating
the paper, to Dr. T. May for developing the statistical programs, to Dr. B.
Rambeck for helpful discussions, and to Mrs. G. Kunert for technical
assistance.

REFERENCES

1 S.J. Soldin and J.G. Hill, Clin. Chem., 22 (1976) 856.
2 P.M. Kabra, B.E. Stafford and L.J. Marton, Clin. Chem., 23 (1977) 1284.
3 P.M. Kabra, D.M. McDonald and L.J. Marton, J. Ana!. Toxico!., 2 (1978) 127.
4 H.M. Neels, J.A. Totte, R.M. Verkerk, A.J. Vlietinck and S.L. Scharpe, J. Clin. Chem.

Clin. Biochem., 21 (1983) 295.
5 M. Riedmann, B. Rambeck and J.W.A. Meijer, Ther. Drug Monit., 3 (1981) 397.
6 G.K. Szabo and T.R. Browne, Clin. Chem., 28 (1982) 100.
7 M. Eichelbaum and L. Bertilsson, J. Chromatogr., 103 (1975) 135.
8 S.H. Atwell, V.A. Green and W.G. Haney, J. Pharm. Sci., 64 (1975) 806.
9 B. Salvesen and E. Lyngbakken, Medd. Nor. Farm. Selsk., 43 (1981) 45.

10 S. Kitazawa and T. Komuro, Clin. Chim. Acta, 73 (1976) 31.
11 R.F. Adams, G.J. Schmidt and F.L. Vandemark, J. Chromatogr., 145 (1978) 275.
12 J.E. Evans, Ana!. Chem., 45 (1973) 2428.





























119

Journal of Chromatography, 310 (1984) 119-127
Biomedical Applications
Elsevier Science Publishers B.V., Amsterdam - Printed in The Netherlands

CHROMBIO. 2179

DETERMINATION OF TIAPAMIL AND OF ITS TWO MAIN METABOLITES
IN PLASMA AND IN URINE BY HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY

P. HEIZMANN*, G. WENDT, R. VON ALTEN, K. ZINAPOLD and Ch. BUSER

Biological and Pharmaceutical Research Department, F. Hoffmann-La Roche & Co. Ltd.,
Basle (Switzerland)

(First received August 22nd, 1983; revised manuscript received April 13th, 1984)

SUMMARY

Selective high-performance liquid chromatographic methods for the determination of
tiapamil and its two main metabolites in plasma and urine are described. Tiapamil together
with its metabolites is extracted at alkaline pH into dichloromethane. Separation is carried
out using normal-phase high-performance liquid chromatography with ultraviolet detection
(278 nm). The unchanged drug and the desmethyl metabolite are analysed simultaneously.
The second metabolite is analysed separately under more polar conditions. The sensitivity
limits are 50 ng/ml for tiapamil, 100 ng/ml for the desmethyl metabolite and 75 ng/ml for
the second metabolite, using 0.5 ml of plasma. The sensitivity limits in urine are 100 ng/ml
for all three compounds using a 0.5 ml specimen. The method has been applied to the
analysis of human plasma and urine after intravenous (70 mg) and oral (400 mg) administra­
tion of tiapamil.

INTRODUCTION

Tiapamil, [I], N-(3,4-dimethoxyphenethyl)-2-(3,4-dimethoxyphenyl)-N­
methyl-m-dithiane-2-propylamine 1,1,3,3-tetraoxide, is a new calcium antag­
onist, which is undergoing clinical evaluation as an antiarrhythmic and anti­
hypertensive drug [1, 2]. Tiapamil is extensively metabolized in man [3]. The
two main plasma and urine metabolites are the N-desmethyl derivative [II] and
another secondary amine [III] (Fig. 1). Both metabolites have low pharma­
cological activity and do not contribute significantly to the effect of the parent
drug.

Tiapamil is structurally related to verapamil. Several analytical procedures
have been reported for determining verapamil in plasma, including sensitive

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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methods such as gas chromatography-mass spectrometry (GC-MS) and high­
performance liquid chromatography (HPLC) with fluorescence detection [4,
5]. However, due to its two sulphone groups, tiapamil cannot be determined
readily by GC methods and has only poor fluorescence.

(l CH
0-<: so 1

3

CHO~2NH3 ~

0-.
1

CH:p metabolite [III]

(l CH3

CH:P~OzSS02 ~~
~ I 1 1
0-. N .....-;

CH:p internal standard H
[IV]

Fig. 1. Chemical structure of tiapamil, its main metabolites and of the internal standard.

In this paper we describe simple and selective normal-phase HPLC methods
with ultraviolet (UV) detection for the determination of tiapamil and its two
main metabolites in plasma and urine. Tiapamil and metabolite [II] were
determined simultaneously. The analogous compound [IV] was used as
internal standard. Metabolite [III] was assayed separately by external
standardization.

EXPERIMENTAL

Reagents
Chloroform, methanol, dichloromethane, aqueous ammonia (25%), boric

acid, and 1 M hydrochloric acid were all p.a. grade from E. Merck (F.R.G.).
Other reagents were 0.2 mollI buffer (sodium borate-sodium hydroxide)
pH 10, and double-distilled water.

Chromatography
The following modular system was used: Altex Model 110 pump, injector

Rheodyne 7125, 10 mV recorder W+W 1100 (all from Kontron Analytik,
Switzerland), Knauer UV-detector type 8700 (0.02-0.04 a.u.f.s.) (Knauer,
F.R.G.), autosampler ISS-100 (Perkin-Elmer, F.R.G.), computing integrator
SP 4100 (Spectra Physics, U.S.A.).

Chromatography of tiapamil and metabolite [II]. A prepacked column (12.5
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cm X 4 mm), Hibar RT 125-4, LiChrosorb Si 60, 5 Mm, (Merck) was used.
The mobile phase was a mixture of chloroform-methanol-25% ammonia
(964:35:1) with a flow-rate of 1.2 ml/min at room temperature (90 bars). The
monitoring wavelength was 278 nm. Under these conditions, the following
retention times (in min) were obtained: tR [I] = 4.5, tR [II] = 7.0, internal
standard tR = 10.0.

Chromatography of metabolite [III] . Separations were carried out on a pre­
packed column Polygosil 60-5, 12.5 cm X 4 mm (Macherey-Nagel, F.R.G.).
The mobile phase was a mixture of chloroform-methanol-25% aqueous
ammonia (600:400:1) with a flow-rate of 2 ml/min at room temperature. The
monitoring wavelength was 278 nm. Under these conditions the compound
eluted at 4.5 min.

Solutions
Tiapamil* (10.64 mg HCI salt, corresponding to 10 mg of free base) was dis­

solved in 10 ml of water (Solution A).
Metabolite [II] * (11.07 mg fumarate salt, corresponding to 10 mg of free

base) was weighed into a 10 ml flask and dissolved in water (6-7 ml) with the
aid of sonication. The volume was then made up to 10 ml with water (Solution
B).

Metabolite [III] * (10 mg free base) was dissolved in 10 ml of methanol
(Solution C).

Internal standard* (10.68 mg HCI salt) was dissolved in 10 ml of methanol.
This methanolic solution was then further diluted with water to obtain the
concentrations suitable for internal standardization.

Calibration standards
Plasma standards for tiapamil and metabolite [II]. A stock plasma was

prepared by adding 200 MI of both Solution A and Solution B (Hamilton
syringe) to 50 ml of drug-free plasma (4 Mg/ml). This stock plasma was then
used to prepare lower concentration standards by stepwise dilution with drug­
free plasma. The following standards were prepared: 4 Mg/ml (stock plasma), 2,
1,0.5,0.25,0.125 and 0.062 Mg/ml.

Plasma standards for metabolite [III]. A stock plasma was prepared by
adding 50 MI of Solution C (Hamilton syringe) to 25 ml of drug-free plasma (2
Mg/ml). By stepwise dilution of this stock plasma, the following standards were
prepared: 2 Mg/ml (stock plasma), 1, 0.5,0.25 and 0.125 Mg/ml.

Urine standards for tiapamil and metabolite [II]. A stock urine was prepared
by pipetting 5 ml of both Solution A and Solution B into a 50 ml flask and
making up to the mark with drug-free urine, resulting in a concentration of
100 Mg/ml for both compounds. The following standards were prepared by
stepwise dilution with drug-free urine: 100 Mg/ml (stock urine), 50, 25,10,5,
2.5, 1, 0.5 and 0.25 Mg/ml.

Urine standards for metabolite [III]. A stock urine was prepared by adding
100 MI of Solution C to 25 ml of drug-free urine, resulting in a concentration

*Tiapamil (base): Ro 11-1781/00. Metabolite [II] (base): Ro 11-5398/00. Metabolite [III]
(base): Ro 11-5220/00. Internal standard: Ro 11-6415.
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RESULTS

Recovery
Spiked plasma and urine samples of various concentrations were prepared

and extracted as described above, except that the internal standard was not
added. Another series of standards was prepared by adding solutions of the free
bases of tiapamil, [II] and [III] in the eluent to extracts of drug-free plasma
or urine. The peak heights obtained from this latter experiment provided the
100% values, which could be compared with the peak heights obtained from
the extracted spiked standards. The mean recoveries were as follows: tiapamil,
plasma 72%, urine 101%; metabolite [II], plasma 79%, urine 90%; metabolite
[III], plasma 99%, urine 95%.

Linearity
Linear correlations between peak height ratios and the concentrations of

tiapamil and [II] (respectively between peak height and the concentration of
[III]) were found in the range of the above-mentioned calibration standards.

Reproducibility
Inter-assay reproducibility was calculated from spiked plasma and urine

samples of various concentrations, which were analysed as replicates on
different days, using a new calibration each day. Tables I and II present the

5.0

E 1.0

---­'""-

" "
'"" "

0.1

0.05

0.5 1 3 4

Time (hours)

Fig. 2. Plasma levels of tiapamil and metabolites after a single oral administration of 400 mg
of tiapamil to a healthy volunteer. (- - -), tiapamil; (--), metabolite [II]; (- • - .),
metabolite [III].
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TABLE III

CONTENT OF TIAPAMIL AND OF ITS METABOLITES IN URINE AFTER A SINGLE
INTRAVENOUS DOSE OF 70 mg OF TIAPAMIL TO A HEALTHY VOLUNTEER

Time after Urine Concentration (/-lg/ml) Cumulative amount excreted
administration volume (mg)
(h) (ml) Tiapamil [1] [II ] [III]

Tiapamil [I] [II] [III]

0-8 1300 11.20 0.30 3.0 14.56 0.39 3.90
8-24 850 1.23 n.d.* 1.55 15.61 0.39 5.05

24-32 525 0.24 n.d. 0.49 15.74 0.39 5.31
32-48 900 n.d. n.d. 0.21 15.74 0.39 5.50

*n.d. = below limit of detection.

b}

a}

10
Time (min)

Fig. 3. Determination of tiapamil and [II] in plasma. Chromatograms of plasma extracts of
a volunteer having received an intravenous dose of tiapamil (1 mg/kg). Detector range
setting: 0.02 a.u.f.s. (a) drug-free plasma; (b) plasma, 45 min after administration. Tiapamil
[I] = 210 ng/ml; metabolite [II] = 100 ng/ml.
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inter-assay reproducibility (C.V., %) and accuracy (difference between found
and added concentration) at different concentrations. The overall precision of
the plasma and of the urine assay was about 5%. In the low concentration range
(~ twice the limit of detection) the coefficient of variation was about 10%.
Accuracy was better than two times the standard deviation (S.D.).

Limit of detection
Using 0.5 ml of plasma, the limits of detection were 50 ngjml for tiapamil,

100 ngjml for [II] and 75 ngjml for [III]. For 50 ngjml tiapamil a 5 mm peak
height was obtained, the signal-to-noise ratio being 6:1. Using 1 ml of plasma,
a lower detection limit could possibly be obtained. For urine samples, the limit
of detection was found to be 100 ngjml for all three compounds.

Stability of the drug in plasma
Tiapamil and its metabolites were found to be stable in plasma at -lSoC

for at least six months.

Application of the method to biological samples
The method has been applied to the analysis of tiapamil and its main metab­

olites in plasma and urine of volunteers and patients after intravenous and oral

bl

aJ

1

bJ

J

[I) [II]

1 1
[II]

o
Time (min)

time (minI
,.---,----,,.-. i,.---.-----~ir-·

10 0 10

Time (min)

Fig. 4. Determination of [III] in plasma. Chromatograms of plasma extracts of a volunteer
having received an intravenous dose of tiapamil (70 mg). Detector range setting: 0.02 a.u.f.s.
(a) pre-dose sample, (b) plasma, 40 min after administration. Metabolite [III] =240 ng/ml;
* = minor metabolite.

Fig. 5. Determination of tiapamil and [II] in urine. Chromatograms of urine extracts of a
volunteer having received an intravenous dose of tiapamil (70 mg). Detector range setting:
0.02 a.u.f.s.; flow-rate 2.3 ml/min. (a) Pre-dose urine; (b) collection period 24-32 h after
administration. Tiapamil [I] = 270 ng/ml; metabolite [II] = 150 ng/ml.











131

(II), 6.2; 3-hydroxy-ABBP (III), 9.0; bromazepam (I), 10.0; internal standard
(V), 11.5; ABBP (IV), 19.5.

Solutions
Methanolic solutions (0.5 mg/ml) of compounds I, II, III and V (internal

standard) were prepared. The bromazepam solution (I) was further diluted with
water to a concentration of 0.05 mg/ml. From the solution of the internal
standard (V), further dilutions in water were made to be used for internal
standardization.

Plasma standards. A 200-pl volume of the aqueous solution of bromazepam
(I) was added to drug-free plasma (50 ml). Starting from this stock plasma (200
ng/ml), the standards 100, 50, 25 and 12.5 ng/ml were prepared by stepwise
dilutions with drug-free plasma.

Urine standards. A 200-pl volume of each of the methanolic solutions of II
and III was added to drug-free urine (50 ml). Further dilutions from this stock
urine (2000 ng/ml) with drug-free urine were made to obtain the concentra­
tions 1500, 1000, 500 and 250 ng/ml.

Extraction of plasma samples
The extraction was carried out using solid extraction columns Extrelut 1.

First, 1 M sodium hydroxide (100 pI), plasma (1 ml) and 100 pI of the aqueous
solution of the internal standard, in that order, were applied to the column.
Then the mixture was allowed to stand for 10 min and the drug was then
extracted twice, each time with a 5-ml portion of dichloromethane. The
extracts were combined in a conical glass tube and then evaporated to dryness
under a gentle stream of nitrogen. The residue of the extract was redissolved in
the eluent (200 pI) and injected for analysis (100 pI).

Extraction of urine samples
Urine (1 ml), buffer (1 ml), internal standard (100 pI of an aqueous solution)

and enzyme were mixed and then allowed to incubate overnight at 37° e in a
shaking water bath. The buffer was either acetate (0.2 M, pH 5) for Suc d'Helix
pomatia (20 pI of enzyme solution per ml of urine) or phosphate (0.5 M, pH 5)
for the Serva enzyme (1500 units/ml of urine). The pH of the mixture was then
adjusted to 6 by dropwise addition of 1 M sodium hydroxide. After the
addition of dichloromethane (10 ml), the sample was extracted by shaking on a
rotating shaker (10 min, 40 rpm) and then centrifuged (1000 g) at 100 e for
5 min. The upper aqueous layer was carefully aspirated and discarded. An
aliquot of the organic phase (8 ml) was transferred into a new conical tube.
Then 3 M hydrochloric acid (1 ml) was added and the mixture again shaken on
a rotating shaker (10 min). After centrifuging (5 min), the organic phase was
carefully aspirated and discarded. Then 3 M sodium hydroxide (1 ml) and 1 M
phosphate buffer pH 6 (1 ml) were added to the remaining aqueous phase. The
resulting aqueous solution (pH 6) was allowed to stand for 20 min and was
then extracted with dichloromethane (10 ml). The aqueous phase was again
aspirated and discarded. A 9-ml volume of the remaining organic phase was
transferred into a new conical glass tube and evaporated to dryness under a
gentle stream of nitrogen (35°C). The residue of the extract was redissolved in
the eluent (300 pI) and injected for analysis (50 pI) (Fig. 2).
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TABLE I

RECOVERY OF BROMAZEPAM (I) FROM SPIKED PLASMA SAMPLES

Concentration Replicates Recovery
(ng/ml) (n) (%)

12.5 4 87
50.0 4 91

200 4 95

C.V.*
(%)

10.5
8.4
3.2

*C.V. = coefficient of variation.

TABLE II

RECOVERY OF 3-HYDROXYBROMAZEPAM (II) AND 3-HYDROXY-ABBP (III) FROM
SPIKED URINE SAMPLES

Concentration
(ng/ml)

250
400

1000
2000

Replicates
(n)

4
4
4
4

II III

Recovery C.V. Recovery C.V.
(%) (%) (%) (%)

53 2.8 49 10.8
62 4.8 51 7.6
60 9.0 58 9.6
56 4.6 59 5.4

recovery of II and III from urine was between 53% and 62%, and between 49%
and 59%, respectively (Table II).

Linearity
A linear correlation between peak height ratios and the concentration of I

in plasma or II and III in urine was found in the range of the calibration
standards used (12.5-200 ng/ml in plasma, 250-2000 ng/ml in urine).

TABLE III

INTER-ASSAY PRECISION OF BROMAZEPAM (I) IN PLASMA

Experiment was performed with volunteer plasma samples.

Sample Replicates
(n)

101 4
103 3
104 3
105 4
107 3
110 4
112 3
113 4
114 3
115 3

Mean concentration
found (ng/ml)

88
77
72
71
74
61
50
26
16

8

C.V.
(%)

4.0
2.6
2.8
3.3
1.6
2.3
3.1
7.8
9.4
8.3
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TABLE IV

INTER-ASSAY PRECISION OF 3-HYDROXYBROMAZEPAM (II) AND OF
3-HYDROXY-ABBP (III) IN URINE

Experiment was performed with volunteer urine samples.

II III

Mean concentration C.V. Mean concentration C.V.
found (ng/ml) (%) found (ng/ml) (%)

213 8.2 266 8.3
338 7.0 560 5.9
429 1.6 797 6.5
648 8.9 897 6.5
864 6.5 1170 3.9

1080 7.9 2090 6.8
1360 4.8 6330 8.2

n

3
4
3
3
3
3
3

Reproducibility
Inter-assay precision was calculated from volunteer plasma or urine samples,

which were analysed as replicates on different days using a new calibration
each day. For plasma samples, the mean coefficient of variation was found to
be ± 2.8% (concentrations> 25 ng/ml) and ± 8.5% (concentrations < 25
ng/ml) (Table III). For urine samples, the mean coefficient of variation was
found to be ± 6.4% (II) and 6.6% (III) (Table IV).

Detection limit
Under the conditions described, the limit of detection for I in plasma was

I
"

b)

,j JlJUAt
20 10 0..' , ,

time (min)t t tt t
IV V 1111 II

Fig. 3. Chromatograms of plasma extracts after a 6-mg oral dose of bromazepam to a
volunteer. The arrows indicate the retention times of the compounds from Fig. 1. Peak 1 =

impurity from plasma; peak 2 = impurity from the Extrelut material. (a) Pre-dose plasma,
(b) plasma, 48 h after administration. Bromazepam concentration = 11 ng/ml.
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SUMMARY

The chromatographic behaviour of cadralazine and its potential metabolites and degrada­
tion products with respect to pH, buffer molarity and composition of eluent is described. A
selective method with an adequate sensitivity for the determination of the drug in human
plasma and urine is also reported. The method includes extraction of biological fluids with
chloroform and the analysis of extracts on a reversed-phase column with isocratic elution and
detection at 254 nm. The method has been applied to the analysis of plasma and urine of a
patient administered a single oral dose of 30 mg of cadralazine.

INTRODUCTION

Cadralazine (Fig. 1), ethyl 2- {6-[ethyl-(2-hydroxypropyl)amino] -3­
pyridazinyl}hydrazinecarboxylate, is a new antihypertensive agent [1] which
has shown its long-lasting activity in animals and man at very low dosages
[2-6]. Studies of degradation in aqueous solutions [7] at different conditions
of pH, temperature, concentration and in the presence or absence of light and
oxygen, showed the formation of the following main degradation products:
the pyridazine (PY), the pyridazinone (PYO) and the triazolone (TZO)
derivatives (Fig. 1).

Metabolic investigations in rat and dog have shown that the drug is trans­
formed into several metabolites [8, 9]. The main metabolites besides PY, PYO
and TZO, are methyltriazole (MTZ), triazole (TZ), the N-deethyl derivative
(PPY), the N-deisopropanol derivative (EPY), the oxopropyl derivative (OPY)
and the deethoxycarbonyl derivative (HPY) (Fig. 1).

This paper describes a high-performance liquid chromatographic (HPLC)

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

pKa VALUES OF CADRALAZINE AND ITS POTENTIAL METABOLITES AND
DEGRADATION PRODUCTS IN AQUEOUS SOLUTION

Compound

Cadralazine
PYO
TZ
HPY
MTZ
PY
EPY
PPY
OPY
TZO

6.0
0.6
2.5
3.0 and 7.1
4.5
5.5
6.7
6.7
9.0
9.25

*Values were calculated by photometric titration.

Buffer molarity
The screening of the buffer molarity (Fig. 3) showed that the retention of all

the considered products is largely influenced when the molarity is below
0.05, while it is practically insensitive above that value. Nevertheless at higher
molarity the peaks sharpen, so the value of 0.1 M was selected in order to have
the greatest sensitivity.

Effect of eluent composition
The composition of the eluent was explored between 10% and 20% of

acetonitrile (Fig. 4). As expected, an increase in acetonitrile decreases the

k'
8

6

2

o 0.05 0.1 M

Fig. 3. Effect of buffer molarity on capacity ratio (buffer pH 6.0-acetonitrile, 85 :15).
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Linearity of response and detection limits
The calibration curves (in the ranges mentioned above) were calculated using

the peak area ratios versus drug concentrations by the method of least squares.
The straight lines were: Y = 0.07731 + 0.00720X for plasma; and Y =
-0.02410 + 0.18762X for urine. The goodness of fit of linear models was
verified by analysis of variance [11] (Table II).

The detection limit for the drug in spiked plasma samples, based on a
reproducibility of about 20%, was 10 ngjml.

Reproducibility
The reproducibility of the method was evaluated over a concentration range

of 50-330 ngjml of plasma and over a concentration range of 1-35 /-Lgjml of
urine. Each plasma specimen was analysed in triplicate over nine days within

TABLE III

PRECISION AND ACCURACY IN THE DETERMINATION OF CADRALAZINE IN
PLASMA AND URINE

Conc.added Conc. found C.V. Difference between found
(plasma ng/ml; (plasma ng/ml; (%) and added conc.
urine Ilg/ml) urine Ilg/ml) (%)

Plasma (n = 3)
99.7 97.3 3.45 -2.41

303.2 285.6 2.92 -5.80
404.4 391.9 0.84 -3.09

49.7 48.4 8.66 -2.62
187.0 187.0 0.75 0
331.0 338.2 2.31 +2.18
196.0 198.7 2.77 +1.38
216.0 217.7 1.29 +0.79
263.0 257.2 1.52 -2.21

Urine (n = 6)
71.0 70.4 3.46 -D.8
28.2 27.9 2.42 -1.1
17.7 17.1 2.16 -3.4

1.4 1.3 4.21 -7.1

a period of about twelve weeks, while each urine specimen was analysed six
times within a period of one week.

The data for precision (C.V. of replicate analyses) and accuracy (difference
between found and expected concentrations) are presented in Table III.

Application
The described method was used for the determination of cadralazine in both

plasma and urine of a subject administered the drug. The cumulative urinary
excretion and the plasma levels found are shown in Fig. 8.
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Fig. 1. Study of the rate of derivative formation.• , 0.5 mg of 5-FU in 20 ml of acetone is
derivatized with 5 mg of Br-Mmc and 1 mg of 18-erown-6 in the presence of potassium
carbonate at room temperature. 0, 0.5 mg of 5-FU in 20 ml of acetone is derivatized in the
above conditions at 75°C. 0-0, 0.5 mg of 5-FU in 20 ml of the solvent mixture acetone­
acetonitrile (1 :2) is derivatized in the above conditions, a - - 0,0.5 mg of FT is derivatized in
the above optimal conditions.

than 60 min were needed when the mixture was reacted in acetone at 75°C,
and at room temperature the reaction was not complete after 2 h. The reaction
of Br-Mmc with FT proceeded rapidly compared with 5-FU and only 10 min
were needed when FT was derivatized under the optimal conditions for 5-FU.

The yield of the reaction was not investigated. However, as will be discussed
in a later section, a linear relationship exists between the reaction yield and
the amount of 5-FU and FT present in blood serum. Therefore, the present
procedure is suitable for purposes of quantitation.

Structure of the derivatives
The structure of the alkylated derivatives has been confirmed by many

workers [15-18], and it can be concluded that the possible equations for the
labelling reaction of 5-FU and FT are

Br-Mmc

o

cmM""'--N~F

h AJ
o N

I
Mmc

Br-Mmc
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Fig. 3. Fluorescence spectra of FT-Mmc derivative. Fluorescence spectra are not corrected.
Ex; excitation, Em ; emission. Solvent; 70% methanol.

Fig. 4. Separation of 5-FU-Mmc and FT-Mmc derivatives in a serum sample. A, Serum blank.
B, Serum spiked with 10 J.Lg each of 5-FU and FT per ml. Mobile phase; 70% methanol;
flow-rate; O. 8 ml/min. 1 ; Ft-Mmc derivative, 2 ; 5-FU-Mmc derivative, 3 ; n-valeric-Mmc
derivative.

The fluorescence properties of the Mmc derivatives are very favourable for
reversed-phase work as a signal can be observed in an aqueous mobile phase.

Separation by HPLC
Fig. 4B shows a chromatogram of the 5-FU-Mmc and FT-Mmc derivatives in

serum and Fig. 4A shows the separation of a serum extract free from 5-FU and
FT (blank sample). The blank sample shows that the serum constituents do
not interfere with the separation of the 5-FU and FT derivatives. The
identification of each compound was made by cochromatography with pure
derivatives and comparing retention times. The blank peaks in Fig. 4 increased
when using Br-Mmc stock solution that was exposed continuously to light.
When the derivatizing reagent was protected from light, the 5-FU-Mmc and
FT-Mmc derivatives obtained were almost completely separated from blank
peaks as can be seen in Fig. 4A and B. It should be emphasized that the deriva­
tization reaction was carried out under protection from light.

Calibration curves and detection limit
To be useful in quantitative analysis, the amount of ester formed in the

derivatization reaction should be related to the amount of FT and 5-FU. Serum
samples were spiked with increasing amounts of FT and 5-FU (final concen­
trations 0.02, 0.05, 0.1-10 pg of each drug per ml of serum). The samples
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Fig. 5. Calibration curves of Mmc-derivatized 5-FU (.) and FT (0) extracted from serum.

were submitted to the extraction procedure described and standard curves were
generated for each series of determination by plotting peak height against
known drug concentration (Fig. 5). The linear relationships indicate that the
procedure described here can be used to quantitate FT and 5-FU in serum.
Recoveries for the method including extraction, Mmc derivatization and
quantitation averaged 85 ± 5% for FT and 55 ± 5% for 5-FU.

The detection limits were found to be a function of the column condition,
the mobile phase and the flow-rate. Under the present separation conditions,
typical detection limits were 384 fmol for FT and 100 fmol for 5-FU.

Since the derivatization reaction can be scaled down to a reaction volume
of 10 tIl [19], it is possible to determine a few fmoles of the derivatized
compounds.
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Fig. 2. Peak area-potential curves for desmethylmisonidazole (1), misonidazole (2) and
internal standard (3).

Fig. 3. Chromatograms of a plasma sample of a patient 24 h after oral intake of 2.85 g/m2

misonidazole (A) and of the control plasma sample before drug intake (B). Concentrations
of desmethylmisonidazole and misonidazole were 6.8 mg/l and 27.5 mg/l, respectively. Injec­
tion volume: 50 Itl. Peaks: 1 = desmethylmisonidazole; 2 = misonidazole; 3 = internal
standard.

97.8-99.0% obtained for desmethylmisonidazole indicate a complete recovery
of both nitroimidazoles from plasma. Calibration curves constructed from the
five plasma standards demonstrated good linearity. Equations of the linear
regression lines of typical calibration curves are for desmethylmisonidazole Y =
0.034X + 0.005 (r = 0.9999) and for misonidazole Y = 0.037X + 0.062 (r =
0.9997), where Y is the peak area ratio of drug to internal standard, X is the
plasma drug concentration in mg/l and r is the correlation coefficient.

Sensitivity and detection limit
Allowing a signal-to-noise ratio of 2 and measuring peak heights the absolute

limits of detection for desmethylmisonidazole, misonidazole and internal
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standard are 2, 3 and 4 pg, respectively. Detection limits were determined at a
detector sensitivity of 2 nA full scale deflection, a time constant of 0.5 sec, a
noise equal to 60 pA and an injection volume of 5 pI. At a signal-to-noise
ratio of 2 the limits of quantitation are 1.0 pg/l for desmethylmisonidazole and
1.6 pg/l for misonidazole. If necessary these limits may be lowered by
increasing the injection volume or by choosing another procedure, which makes
use of solvent extraction. Such extraction procedures have been described for
spectrophotometric [15], polarographic [15, 16], TLC [17] and LC-UV
[28] procedures for misonidazole and desmethylmisonidazole in biological
fluids.

Electrochemical detection versus UV absorbance detection
Comparative detection limits for electrochemical detection at -0.60 V and

UV absorbance detection at 323 nm are given in Table 1. For the studied
nitroimidazoles the detection limits determined at a signal-to-noise ratio of
2 were 10-20 times lower using electrochemical detection at -o.60V than
those obtained with UV detection at 323 nm being the wavelength of maximal
absorbance.

TABLE I

DETECTION LIMITS OF NITROIMIDAZOLES WITH ELECTROCHEMICAL AND UV
ABSORBANCE DETECTION

Nitroimidazole Detection limit* (pg)

Electrochemical detection UV absorbance detection
at -0.60 V at 323 nm

Desmethylmisonidazole 2
Misonidazole 3
Internal standard 4

*Determined at a signal-to-noise ratio of 2.

35
50
55

Clinical application
Chromatograms of plasma samples of a patient before and 24 h after oral

intake of 2.85 g/m2 misonidazole are shown in Fig. 3. Using the described
procedure we were able to study the pharmacokinetics of nitroimidazoles in
patients undergoing radiation therapy of tumours. Results of these studies will
be published soon.

Other nitro compounds
This technique also proved to be applicable to the sensitive electrochemical

detection of other nitroimidazoles such as 2-nitroimidazole, metronidazole,
nimorazole and tinidazole and nitro compounds such as nitrofurantoin. Under

.the conditions of this method these compounds eluted as sharp and
symmetrical peaks with retention times between 2.7 and 5.9 min. For 100
pmol injected compound the current response at -0.60 V ranged between 8
and 10 nA for the 5-nitroimidazole drugs and nitrofurantoin, while the
response for the 2-nitroimidazole compounds varied from 16 to 28 nA.
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silica plates (100 ngjspot) was measured immediately after development and
drying of the plate. Then one plate was exposed to light and air and a second
plate was kept as a reference in vacuum and darkness (ambient temperature).
The fluorescence intensity was measured twice a day over a period of four
days.

RESULTS AND DISCUSSION

Reaction products
Numerous primary and secondary amines and aliphatic alcohols can easily be

converted to well-detectable compounds by activated benoxaprofen.

TABLE I

R F VALUES AND RETENTION TIMES OF SEVERAL DERIVATIVES USING
DIFFERENT STATIONARY AND MOBILE PHASES

Chromatographic conditions are described in the text. For composition of solvent systems
I-V and VII, see section TLC conditions. For composition of HPLC solvent systems, see
section HPLC conditions.

R F values on TLC platesSubstance

Silica gel 60

II III

RP-18
VII

Retention times
in HPLC (min)

System a
(silica gel)

Silica gel 60

'" -Methylbenzylamine

Tranylcypromine

Amphetamine

Methamphetamine

{3·Phenylethylamine
Tolylethylamine
Phenylbutylamine
Benzylamine
Maprotiline
Procaine
Benoxaprofen
Benoxaprofen chloride

0.16
0.28
0.16
0.21
0.14
0.21
0.27
0.33
0.16
0.18
0.18
0.19
0.25
0.08
0.09
0.64

I

0.45
0.56
0.39
0.45
0.53
0.59
0.65

0.49
0.49
0.48
0.44
0.69
0.14
0.05
0.84

II

0.81

0.76

0.81

0.79

0.79
0.79
0.80
0.77
0.82
0.30
0.68
0.85

IV

0.31

0.32

0.29

0.23

0.33
0.30
0.26
0.37
0.13
0.04
0.43

RP-8
V

6.7
10.8

9.0
10.7

8.0
9.5

10.5
11.5
11.8
10.9
11.3
10.3

8.6
8.5
4.3
4.3

RP-18 System a System b
VII (silica gel) (RP-8)

Methanol
Ethanol
Propanol
Butanol
Isoamyl alcohol
Choline
Scopolamine

N-butylbromide
Benoxaprofen
Benoxaprofen chloride

0.69
0.73
0.79
0.81
0.83

0.09
0.64

0.44
0.48
0.51
0.53
0.54

0.05
0.84

0.36

0.86
0.86

0.21

0.09
0.45
0.20

0.32
0.29
0.25
0.22
0.20

0.48

11.4
9.9
8.5
7.3
6.7

4.3
4.3

7.5

8.3
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Benoxaprofen chloride and benoxaprofen imidazolide show good reactivity.
The derivatives of amines can be prepared at room temperature in various dried
solvents (e.g. dichloromethane, chloroform, acetonitrile, toluene).

Experiments were performed to optimize the reaction conditions. In the case
of ex-methylbenzylamine, the influence of bases on the reaction was
investigated. Without bases the yield of reaction product with ex-methylbenzyl­
amine was about 91% after 1 h. If sodium or potassium carbonate or triethyl­
amine (freshly distilled) was added, the yield was nearly 100%. After 12 h
identical yields of reaction product (~100%) were obtained in all cases. If
triethylamine was used as proton acceptor in the reaction mixture even trace
amounts of contaminating ethylamine and diethylamine were detected and
interfered in the determination of the substrates. Addition of carbonates in­
creased the standard deviation and sometimes had an unfavourable influence on
the TLC behaviour of the reaction mixtures. Therefore, in the case of
ex-methylbenzylamine and tranylcypromine, it is preferable to perform the
derivatization without the addition of bases.

Reaction times can be shortened by heating the reaction mixture to
50-60° C. For the reaction with some drugs which contain OH groups, higher
temperatures (e.g. 110°C) are sometimes necessary. The optimal reaction
conditions (reaction time and temperature, addition of bases, solvent) for the
derivatization with activated benoxaprofen have to be investigated for each
substrate.

Examples of the formation of derivatives with benoxaprofen chloride and
the chromatographic properties of the derivatives are given in Table I. Thin­
layer chromatograms of the reaction mixtures of benoxaprofen chloride with
five different alcohols (C1-Cs) are shown in Fig. 2A and B.

For the development of analytical methods it is advantageous if highly
purified reference substances are available in a sufficient amount. In general,
derivatives of amines and alcohols with benoxaprofen can easily be synthesized

A

«= «= «= «= «= «=

«= «=
«=

«=«=

0 0 0 0 0 0

0 1 2 3 4 5

front

start

B

«= «= «= «= «= «=

«= «= «= «= «=

1 2 3 4 5 0

front

start

Fig. 2. (A) Chromatogram of benoxaprofen chloride reaction mixtures of five different
alcohols from C, to C" directly applied to a silica gel plate (mobile phase: cyclohexane-­
dichloromethane-tetrahydrofuran (5:4:1, v{v), ammonia atmosphere). 0 = without alcohol
(blank sample), 1 = methanol, 2 = ethanol, 3 = propanol, 4 = butanol, 5 = isoamyl alcohol.
(B) Chromatogram of reaction mixtures of the five alcohols (C,-C,) on an RP-18 TLC plate
(mobile phase: methanol-water (9:1, v{v».
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under normal circumstances of daily routine using plantar callus. (3) Polar
phases of the amino type show poor reproducibility and stability after
prolonged use. (4) The mechanical homogenization of plantar callus, by
means of perchloric acid, is a very tricky and time-consuming procedure
and a significant decomposition of UCA may occur.

In our experiments, we used the reversed-phase mode, which is in principle
capable of separating Z and E isomers [13] .

A new HPLC procedure for the determination of (Z)- and (E)-UCA in 1-2
mg of the horny layer of human skin has been developed, which is sensitive
enough to measure concentrations of UCA down to 150 ng/mg wet weight of
human stratum corneum. This makes the method particularly attractive for
paediatric work, especially in the diagnosis of histidinaemia, in which a
decreased concentration of UCA in the stratum corneum has been reported
[14-16] .

A disturbance of the epidermal UCA content may be one of the etiological
factors in hydroa vacciniformia, a very rare skin disease [17] .

EXPERIMENTAL

All chemicals used were of the highest purity available. The mobile phase
was filtered through a 0.45-Mm filter and degassed by ultrasonication prior to
use.

Procedure
With an ordinary fingernail clipper a small amount of stratum corneum (1-2

mg) was removed from the fingertips, weighed and transferred to a centrifuge
tube. Then 100 MI of potassium hydroxide solution (1 mol/I) were added and
the tube was vortexed briefly. After 10 min, the tube was centrifuged for 10
min at 6000 g and 4°C. Subsequently the supernatant was transferred to a 5-ml
volumetric flask. This step was repeated. The residue was washed with 200 Ml
of water followed by 10 min centrifugation. The combined supernatants were
acidified with 200 MI of orthophosphoric acid solution (2/3 molfl) and made up
to 5 ml with mobile phase; 50 MI were injected on the column.

Standard aqueous solutions were prepared using authentic UCA (anhydrous,
stored desiccated in the dark at 4°C; Sigma, Munich, F.R.G.), under protection
against light, in the range 20 Mg per 0.5 ml to 0.31 Mg per 0.5 ml and stored at
-20°C. Samples were stahle for at least two months.

Liquid chromatography
The analyses were performed using a liquid chromatograph consisting of a

Beckman 112 solvent delivery module, a Beckman 420 controller, and a Beck­
man 340 organizer fitted with an Altex 210 inject system with 100-Ml sample
loop. Two columns, an Ultrasphere TM ODS, 25 cm X 4.6 mm J.D., 5 Mm
(Altex), and a MPLC® -microbore separation cartridge with an RP-18 3 cm X
2.1 mm, 5-Mm guard column and an RP-18 22 cm X 2.1 mm, 5-Mm main
column (Kontron, Eching, F.R.G.), were tested. A Uvikon 720 LC spectro­
photometer (Kontron) combined with a plotting integrator (C-R2AX,
Shimadzu, Dusseldorf, F.R.G.) was used as detector; this was operated at 277
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nm. The mobile phase was a mixture of potassium dihydrogen phosphate
(0.02 mol/I) pH 3.7 with 1 gil heptanesulphonic acid (sodium salt) and aceto­
nitrile 93:7 (v/v). The flow-rate was 0.8 ml/min.

Mass spectrometry
Mass spectra were recorded on a double-focussing mass spectrometer (Varian

Mat 311 A, Varian, Bremen, F.R.G.) in the electron impact mode with an
electron energy of 70 eV.

RESULTS AND DISCUSSION

During the experiments the Dltrasphere ODS column showed slight tailing.
Thus for quantitative analyses the MPLC-system was used. The accuracy of the
method was tested with a standard sample containing 5 fJ.g per 0.5 ml of water
irradiated for 2 h with sunlight. The total amount of DCA was 5.02 ± 0.14
(S.D.) fJ.g per 0.5 ml.

The coefficient of variation (C.V.) was 2.8% (n = 10, within-assay). The
corresponding data for the between-assay were: 5.50 ± 0.19 fJ.g per 0.5 ml,
C.V. = 3.8%. Recovery was determined by adding 10, 20 and 30 fJ.g of DCA
to three preextracted stratum corneum samples of 1.2, 1.3 and 1.9 mg wet
weight. A mean recovery of 96.0 ± 2.4%, C.V. = 2.5%, was found.

B

A

>
E

l \ \.

RET. TIME ( min)
Fig. 1. Typical chromatogram of a stratum corneum extract of a 4-year-old girl. Peak A is
(Z)-urocanic acid, peak B (E)-urocanic acid. For chromatographic conditions see
experimental section.
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The calibration was linear between 0.31 pg per 0.5 ml and 20 pg per 0.5 ml.
Solid authentic DCA and its aqueous solution protected from light had the E

configuration. This could be proved by HPLC and infrared (IR) spectroscopy.
Only one peak at 5.6 min appeared in the chromatogram. In the IR spectrum
(solid material) a sharp absorption at 966 cm -1 is apparent, which is
characteristic for the E configuration at a ===C__C==- double bond. After 2 h
exposure in sunlight in a plastic vessel, the 966 cm -1 band decreased, coinciding
with a diminution of the peak at 5.6 min. A second peak, at 4.8 min, appeared.
Control samples, protected from light with aluminium foil, did not show these
alterations. After irradiation, the chromatogram resembled that in Fig. 1, which
is a chromatogram of a normal human stratum corneum extract.

These results provided strong evidence for E to Z isomerization due to light
energy. The effluents of peaks A and B were collected separately and
evaporated in the dark in a vacuum desiccator over anhydrous calcium chloride.
Mass spectra of the residues were then recorded. Both spectra showed the
same fragmentation pattern and were identical with authentic DCA. Residues
from a second run were redissolved in 50 pI of water and reinjected. In both
residues only one appropriate peak could be found. Thus, no reisomerization
occurred. The conclusion of all the experimental results is that peak A (4.8
min) is (Z)-DCA and peak B (5.6 min) is (E)-DCA.

Quantification of (Z)- and (E)-DCA was made as follows: a 5 pg per 0.5 ml
sample of authentic DCA (pure E isomer) was injected and the area under the
single peak (peak B) recorded. Subsequently, the sample was irradiated and re­
injected. The area of the now arising peak A was compared to standard samples
of pure (E)-DCA. This is possible because the difference between (Z)- and (E)­
DCA in terms of spectrum shape and absorption intensity is negligible within
the limits of analyti~al error.

The described method was tested in eight children between the ages of
1.5 and 8 years (mean 4.6 ± 2.3 years) with the informed consent of their
parents. Samples were taken in winter. The results are shown in Table I.

The method presented offers the opportunity to determine both geometrical
isomers of DCA in human skin in one step without lengthy solvent extraction

TABLE I
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or derivatization procedures. Furthermore, seasonal variations in DCA content
as well as alterations in the isomer ratio can be delineated in a very convenient
manner.

Another practical aspect of this method, besides the diagnosis of
histidinaemia, would be the possibility of evaluating the efficacy of sun-pro­
tective agents.

DCA determinations with the described method are currently being used to
elucidate the role of DCA in hydroa vacciniformia. The results will be
published at a later date.
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In summary, it can be concluded that the described procedure offers a reliable
analytical method for the determination of morphine in biological fluids, and
had proved to be a suitable procedure for studying the pharmacokinetics and
metabolism of the drug.
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presence of aluminium chloride of benzoyl chloride with eH6 ] benzene gave
[2Hs] benzophenone. Stock standard solutions of the reference compounds
prepared in ethyl acetate at a concentration of 1 mgjml were stored at 00 C.
These solutions were diluted in ethyl acetate (1 :20) before use. Solvents (ethyl
acetate, methylene chloride, hexane) were BDH (Poole, U.K.) AnalaR grade
and were used without further purification. Methyl iodide (laboratory reagent
grade) was also obtained from BDH. Tetrabutylammonium hydrogen sulphate
(TBAH, Aldrich Chemical) was prepared as a 0.5 M solution in 1.0 M sodium
hydroxide.

Gas chromatography
The instrument used for the GC determinations was a Carlo Erba Fractovap

4160 equipped with an electrically heated alkali-bead nitrogen-phosphorus
detector. Separations were made on a 20 m X 0.3 mm aV-1 (cross-linked) glass
capillary column prepared according to the procedure of Grob et al. [6].
The column was maintained at 1000 C for 3 min, then programmed at
300 Cjmin to 3200 C. Helium was used as carrier gas at a linear flow-rate of 2
mljmin measured at 1000 C. Samples were injected using a split injection system
(10:1 split ratio). The nitrogen-phosphorus detector was operated at an air
flow-rate of 120 mljmin and a hydrogen flow-rate of 4 mljmin. Quantitation
was by determining peak heights computed with an electronic integrator
(Hewlett-Packard, Model 3390A).

Gas chromatography-mass spectrometry
Analysis by gas chromatography-mass spectrometry (GC-MS) was carried

out on a 70-70 VG Micromass double-focusing mass spectrometer interfaced to
a Pye Unicam Series 204 gas chromatograph. The column used was a 25 m X
0.3 mm SE52 (cross-linked) fused-silica capillary. The outlet end of the column
was located up to the entrance of the ion source. Samples were introduced into
the capillary using an on-column injector or a split injection system (10:1 split
ratio). Helium was used as carrier gas at a flow-rate of 2 mljmin. The column
was maintained at 1000 C for 30 sec followed by a 160 Cjmin programme to
2500 C. The temperatures of the injection port, GC-MS interface and ion
source were 250, 300 and 2200 C, respectively. The mass spectrometer was
operated in the electron impact mode with an ionisation potential of 70 eV and
a trap current of 200 pA. For SIM the ions at m/z 280, 285 and 294 were
measured (50 msec per mass channel) using as lock mass the ion m/z 295 from
a constant septum bleed of heptacosafluorotributylamine. The ion intensity
was recorded using a Rikadenki Series DBE-6 Multi-Pen recorder. The
resolution of the mass spectrometer (10% valley) was 650.

Extraction and derivatization procedure
All operations were carried out in Eppendorf disposable microcentrifuge

tubes. A 200-pl aliquot of plasma was spiked with 1 pg of the internal standard
PTH and 500 pI hexane were added. After vortex mixing and centrifugation
the hexane layer was removed and discarded. The plasma was then extracted
twice by vortex mixing and centrifugation with 500-pl aliquots of ethyl
acetate. The solvent extracts were combined and blown to dryness under
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MATERIALS AND METHODS

Reagents
The following analytical grade reagents (Fluka, Buchs, Switzerland) were

used: heptanoic acid, 1,3,5-tricarboxybenzene (trimesic acid), polyethylene
glycol (PEG) 20 M. Stock solutions of sodium valproate (Labaz, Maassluis, The
Netherlands) were prepared by dissolving the salt in water to give concen­
trations of 6.4, 2.4, 0.8, 0.4, and 0.2 mmol/l. Blood standards were prepared
by adding 10 ,ul of the stock solutions to 100 ,ul of drug-free blood. The
working internal standard was prepared by diluting heptanoic acid with 0.01
molll hydrochloric acid to give a concentration of 0.10 ,ug/ml. A second
internal standard solution was prepared by dissolving octanoic acid in methanol
to give a concentration of 30 ,ug/ml. Carbopack Band C (Supelco, Bellefonte,
PA, U.S.A.) were 80-100 mesh.

Procedure
A 10-,u1 freshly collected blood sample is placed in a glass tube containing

1 ml of 0.01 molll hydrochloric acid and 0.1 ,ug/ml heptanoic acid. The
mixture is well agitated and applied to a glass column filled with 0.25 g of
Carbopack B. The bed (3 X 0.6 em) of Carbopack B is prepared by suspending
the material in water and introducing the suspension into a 15 X 0.6 em glass
column with a small flock of glass wool in the bottom. After the sample is
passed, the column is washed with 10 ml of 0.05 mollI hydrochloric acid
followed by 1 ml of water-methanol (50:50, v/v) and 0.01 molll hydrochloric
acid. Valproic acid is eluted by applying to the top of the column 2 ml of
methanol, discarding the first 0.5 ml of the effluent, which is the residue of
the previous washing phase, and subsequently collecting 1.5 ml. The collected
fraction is made alkaline with 20 ,ul of methanol, 1.5 molll potassium
hydroxide and evaporated under nitrogen at 500 C. The residue is dissolved with
40 ,ul of 0.5 molll oxalic acid and 1.6 ,ul are injected into the gas chromato­
graph.

GC was performed on a Carlo Erba (Milan, Italy) Model 4200 gas chromato­
graph, equipped with a flame ionization detector. The GC column adopted for
quantification was glass, 1.2 m X 2 mm LD. packed with Carbopack C coated
with 0.2% trimesic acid and 0.4% PEG 20 M, which are added to Carbopack C
from methanol-methylene chloride (50:50, v/v). Other details concerning the
preparation of the packing material and the column packing procedure were
described previously [11]. The GC column was conditioned overnight at 2300 C
with nitrogen. For quantification, the column was operated at 1600 C with a
dead time of 9 sec. The injector and detector temperatures were both 1700 C.

To ensure that the column packing was totally conditioned to water, 1.6 ,ul
of 0.5 molll oxalic acid were injected four times into the GC column. This
operation was repeated whenever the column had been left unused for some
hours.
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RESULTS AND DISCUSSION

Analytical recovery and precison of the method were determined by
analysing blood samples spiked with various known amounts of valproic acid.
Absolute recovery was assessed by adding 10 /-LI of the octanoic acid solution
to the collected fraction. Analytical and absolute recoveries were calculated by
measuring the peak height of valproate relative, respectively, to those of
heptanoic acid and octanoic acid and comparing them to those of a reference
standard. Results are given in Table 1. Relative and absolute recoveries in the
concentration range considered average 99.2% and 98.5%, respectively. The
fact that absolute recovery is not dependent upon the valproate concentration
demonstrates that, under the experimental conditions selected, neither
chemisorption nor saturation phenomena are present when the sample is
passed through the Carbopack B column. Day-to-day coefficient of variation
ranged from 5.6% at 19.5 /-Lmol/l to 1.8% at 624 /-Lmol/l. The limit of sensitivity
of our method was about 8 /-Lmol/l of blood. At this concentration, a well
defined chromatographic peak for valproate could still be obtained and the
coefficient of variation of the measurement was 7.2%. Fig. 1 shows typical
chromatograms.

TABLE I

RESULTS OF SIX REPLICATE ANALYSES OF SODIUM VALPROATE IN SPIKED
BLOOD SPECIMENS

Added Found C.V. Analytical recovery Abso!ute recovery
(/Lmo!{!) (/Lmo!{!, mean ± S.D.) (%) (%) (%)

19.5 19.2 ± 1.0 5.3 98.4 98.3
39.0 38.4 ± 1.5 3.8 99.5 98.5
78.0 76.9 ± 1.8 2.4 99.2 98.6

254 249 ± 4 1.8 99.2 98.2
624 616 ±11 1.8 99.0 98.7

Under the GC conditions selected, lactic acid among the endogenous com­
pounds and ethosuximide among the exogenous ones were taken into con­
sideration as possible interfering substances in the valproate determination.
Although lactic acid is eluted by the GC column with a broadened peak whose
retention time is close to that of valproic acid, it has been reported [9] that
lactic acid is scarcely retained by the extraction column and a few millilitres of
acidic water are sufficient to eliminate any trace of the hydroxy acid con­
sidered. A blood sample supplemented with ethosuximide at level of 100 /-Lg/ml
was carried through the procedure described. It was found that the drug was
almost completely lost during the washing step with the water-methanol
mixture and the last vestiges of ethosuximide produced a GC peak with a reten­
tion time of 10 min.

A stability test was performed by adding a blood sample spiked with valproic
acid to 0.01 mol/l hydrochloric acid and assaying aliquots in duplicate on the
day of collection and after 1, 3, 5. and 10 days' storage at 4°C. No signifi­
cant deterioration of the sample occurred during the storage (Table II).
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amidonitrazepam and nimetazepam plotted against the temperature at pH 4.0
gave a straight line (Fig. 1).

Analysis of a standard mixture
A typical chromatogram of a methanolic mixture of 7-aminonitrazepam

(100 pg/ml), 7-acetamidonitrazepam (100 pg/ml), nitrazepam (160 pg/ml)
and nimetazepam (the internal standard, 800 pg/ml) is shown in Fig. 2.

Calibration curve
Standard solutions of nitrazepam, 7-aminonitrazepam and 7-acetamido­

nitrazepam were dissolved in methanol at concentrations of 40--200 pg/ml for
nitrazepam, and 25-125 pg/ml for 7-aminonitrazepam and 7-acetamido­
nitrazepam. Nimetazepam (the internal standard) was dissolved in methanol
at a concentration of 800 pg/ml. Calibration curves were constructed by
plotting the ratio of peak area of each compound to that of the internal
standard. Regression equations were as follows: Y = 0.1421X - 0.0100 for
nitrazepam, Y = 0.2282X - 0.0015 for 7-aminonitrazepam, and Y = 0.1857X
- 0.0005 for 7-acetamidonitrazepam.

Extraction and recoveries
The recovery of nitrazepam (2.4 pg/ml), 7-aminonitrazepam (1.5 pg/ml) and

7-acetamidonitrazepam (1.5 pg/ml) added to normal human urine was
evaluated after elution with various organic solvents after adjusting the samples
to pH 10 with 0.28% ammonium hydroxide and pH 12 with 1 M sodium
hydroxide. For 10 ml of urine 30 ml of solvent were used, in which 100%
of the extractable substances was eluted. The dried residue of the eluate was
unsuitable for analysis by HPLC using ethyl acetate and dichloromethane-­
isopropanol mixture; the solvent for optimum elution was chloroform (Table
I).

TABLE I

RECOVERIES OF 7-AMINONITRAZEPAM, 7-ACETAMIDONITRAZEPAM AND
NITRAZEPAM ADDED TO NORMAL HUMAN URINE AT pH 10 AND pH 12

n = 5.

7-Amino- 7 -Acetamido- Nitrazepam
nitrazepam nitrazepam (%)
(%) (%)

88.39 ± 4.11 62.18 ± 3.54 97.24 ± 3.74
81.45 ± 3.09 56.44 ± 1.47 86.06 ± 4.65

104.92 ± 3.03 105.12 ± 4.23 96.97 ± 1.80
86.20 ± 2.61 99.06 ± 2.28 88.64 ± 2.30

93.10 ± 1.51 98.64 ± 1.58 96.92 ± 1.20
98.00 ± 4.23 99.56 ± 5.79 88.05 ± 4.89
99.39 ± 1.78 95.90 ± 2.02 99.93 ± 3.18
83.63 ± 3.72 99.52 ± 3.78 98.95 ± 3.73

Ether 10
12

Ethyl acetate 10
12

Dichloromethane-
isopropanol (85:15) 10

12
Chloroform 10

12
Hexane 10

12

Solvent pH
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Quantitation of the sample
Urine from a person suspected of having ingested nitrazepam was analysed.

After evaporation of the extracted urine, the residue was dissolved in 0.2 ml
of the internal standard solution. Usually, 5-,ul aliquots were injected into the
liquid chromatograph. The concentration of the drug and its metabolites in the
sample was determined from the calibration curves. The chromatogram and the

3

2

o 10

Retention time (min)

20

Fig. 3. Chromatogram of the extract of human urine from a person suspected of ingesting
nitrazepam. 1 = 7-Aminonitrazepam; 2 = 7-acetamidonitrazepam; 3 = nimetazepam (internal
standard). Chromatographic conditions are the same as in Fig. 2.

TABLE II

CONTENTS OF 7-AMINONITRAZEPAM AND 7-ACETAMIDONITRAZEPAM IN THE
SAMPLE

Sample 7-Aminonitrazepam 7-Acetamidonitrazepam
No. (/Lg/ml) (/Lg/ml)

1 38.34 30.37
2 37.20 30.48
3 35.71 31.13

Mean 37.08 30.66
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