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ABSTRACT

An automated method for the determination of pholcodine in plasma and wholc blood is described. The technique combines dialysis
and trace enrichment prior to high-perfermance liquid chromatography. Dialysis. trace enrichment on a weak cation-exchange column,
separation on a cyano column and fluorescence detection was shown to be an extremely selective and sensitive method. The method has
been used successfully in the analysis of real samples after administration of pholcodine. The automated method can be used, afler
minor modification. to determine other basic drugs in whole blood and plasma.

INTRODUCTION

The opiate derivative pholcodine (3-O-mor-
pholinoethylmorphine) (Fig. 1) is widely used as
an antitussive in paediatric medicine and it has
been reported to cross-react when biological
samples are screened for opiate abuse by immun-
ological methods [1]. The usc of non-specific im-
munological methods has introduced the need
for sensitive, specific and simple confirmation
methods. We have recently reported two different
chromatographic methods for the determination
of pholcodine and metabolites in urine using cap-
tllary gas chromatography (GC) and column-
switching high-performance liquid chromatogra-
phy (HPLC) [2,3]. Only one chromatographic
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method has been reported for the specific deter-
mination of pholcodine in plasma [4]. The meth-
od was based on HPLC and included time-con-
suming liguid-liquid extraction.

There have been no reports on the specific de-
termination of pholcodine in whole blood. By us-
ing dialysis as a purification step prior to HPLC,
whole blood and plasma analysis is considerably
simplified and fully automated methods can be
developed. Only low-molecular-mass compounds

Fig. 1. Structure of the antitussive opiate pholcodine.
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diffuse through the dialysis membrane and the
analytes collected in the dialysate are concentrat-
ed on a trace enrichment column. The trace en-
richment column is connected to the HPLC unit
with a column-switching system. This is the prin-
ciple of the fully automated ASTED (automated
sequential trace enrichment ol dialysales) system.
The purpose of this study was to develop an au-
tomated method for the determination of pholco-
dine in human plasma and whole blood based on
the ASTED system for sample preparation. The
method was to be used in analysis of real samples
after administration of pholcodine.

EXPERIMENTAL

Chemticals

Pholcodine was obtained from Weiders Far-
masaytiske (Oslo, Norway). HPLC-grade aceto-
nitrile was supplied from May and Baker (Da-
genham, UK). Triton X-100, orthophosphoric
acid (H3PO,4) and sodium acetate, all of analyt-
ical-rcagent grade, were purchased from Merck
(Darmstadt, Germany). Sodium azide of AnalaR
grade was obtained from BDH (Poole, UK).
HPLC-grade water was obtained from a Milli-Q
water purification system (Millipore, MA, USA).
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Fig. 2. Schematic diagram of the automated ASTED system.
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Preparation of standards

Stock standard solutions {0.2 umol/mt) of
pholcodine were prepared in distilled  water.
Working standard solutions of pholcodine
(0.10-2.0 nmol/ml) in 0.02 M acctate buffer were
prepared from the stock standard solution. Plas-
ma was prepared by centrifuging citraled whole
blood for 15 min at 1920 g. Spiked plasma and
whole blood samples (0.10-2.0 nmol/ml) were
prepared from the standard solution and kept at
—24°C until analysis.

ASTED method

The sample preparation system shown in Fig. 2
was a Gilson ASTED unit (Gilson Medical Elec-
tronics, Villiers-le Bel, France) consisting of a
Model 231 auto-sampling injector, two Model
401 diluters equipped with 1-ml syringes and a
flat-bed dialyser with a donor channel volume of
375 ul and a recipient channel volume of 650 ul,
fitted with a cuprophane membrane of molecular
mass cut-off 15 kilodalton. A Model 7010 auto-
mated six-port valve (Rheodyne, Berkeley, CA,
USA) connected a trace enrichment column ei-
ther with the recipient channel of the dialyser or
with the mobile phase used in the analytical col-
umn of the HPLC system. A Shimadzu (Kyoto,
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Japan) Model LC-9A external solvent delivery
pump was used to wash the trace enrichment col-
umn. This pump was programmable and able to
communicate with the ASTED system. A tec-
piece was coupled between the diluter (2) and the
six-port valve, allowing the washing solvent to go
to waste after the washing procedure. The two
trace enrichment columns (TEC), each 10 mm X
2 mm I.D. from Chrompack (Middelburg, Neth-
erlands), were connected in series and packed
with Bond Elut 40-um wecak cation-cxchange
(CBA) material from Analytichem International
(Harbor City, CA, USA).

High-performance liquid chromatography

The ASTED was coupled to the HPLC system
via the six-port valve as shown in Fig. 2. The
HPLC pump was a Model LC 6A (Shimadzu).
The fuorescence detector (Model RF 335, Shi-
madzu) was operated with high sensitivity at an
excitation wavelength of 280 nm and an emission
wavelength of 345 nm monitoring pholcodine.
The optimum excitalion and emission wave-
lengths for monitoring pholcodine were deter-
mined with a Perkin-Elmer (Norwalk, CT, USA)
LS 30 luminescence spectrometer. Signals from
the detector were recorded on a Chromatopac C-
R4A integrator (Shimadzu). The analytical cva-
no column (100 mm x 4.6 mm 1.D.), Brownlee
Columns, Spheri 3, was packed with 5-um parti-
cles. The mobile phase was acctonitrile—0.005 A
H1PO4 (20:80, v/v) (pH 2.5) delivered at a flow-
rate of 1.0 ml/min. The New Guard cyano precol-
umn (15 mm x 3.2 mm L[.D.), Brownlee Col-
umns, Spheri 7, was packed with 7-um particles.

ASTED procedure

Sample loading. One diluter was used to inject
plasma or whole blood into the donor channel of
the dialyser cell, with the six-port valve in the
load position. The sample was held static in the
donor channel.

Dialysis, trace enrichment and washing proce-
dure. The sample was held static in the donor
channel while the other diluter pulsed 2.6 ml of
0.002 M sodium acetate buffer solution (pH 6.0)
through the recipient channel of the dialyser and
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into the trace enrichment column, with the in-
jection valve still in the load position. The recip-
ient solution was transported through the dialys-
er in four pulses of 650 ul, corresponding to an
average low-rate of .32 ml/min. The total dialy-
sis time was 8 min 15 s. After trace enrichment
the column was washed with 1.5 ml of water—
acetonitrile (50:50, v/v) at 0.5 ml/min with thc
HPLC pump (see Fig. 2, pump 2).

Imjection and purging. On switching the six-
port valve to the inject position, the analytes on
the trace enrichment column were [ore-lushed
into the analytical column by clution for 4 min
with the HPLC mobile phase. The recipient side
of the dialyser was washed with 4 ml of 0.002 M
sodium acetate buffer solution (pH 6.0) (flow-
rate 6 mi/min). The donor side of the dialyser was
simultaneously washed with 4 ml of 0.02 M sodi-
um acetate solution containing 100 mg/! Triton
X-100 and 0.05 g/l sodium azide (low-rate 6 ml/
min).

Regeneration. After 4 min, the six-port valve
was switched back to the load position to bring
the trace enrichment column back to the recipient
channel of the dialyser. Aflter regeneration of the
trace enrichment column with 2 ml of 0.002 2/
sodium acetate buffer (pH 6.0) (flow-rate 0.32 ml/
min), the next sample was injected into the dialys-
er. Automated injecticns were performed every
20 min.

Validation of the procedure

The calibration graphs, accuracy and precision
of the method were evaluated by analysis of
manually spiked plasma and whole blood sam-
ples. The calibration graphs were based on ex-
ternal calibration standards, measuring peak
height versus concentralion in plasma or whole
blood.

Analysis of real samples

Three healthy volunteers received single oral
doses of 100 and 400 mg of pholcodine and blood
samples were collected 4, 8, 12, 24, 48 and 72 h
after administration. Plasma samples were pre-
pared as described above. The plasma and whole
blood samples were kept at — 24°C until analysis.
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RESULTS AND DISCUSSION

Truce enrichment

During method development, several packing
materials were investigated for trace enrichment.
The reversed-phase materials polystyrenc—divi-
nylbenzene and sitica-based C;g, Cg and C; gave
cither unsatisfactory clean-up or poor recovery.
However, as pholcodine is a basic compound it
can be retained on a cation-exchange column
used in combination with a recipient solution
having a low ionic strength at a pH where the
isolates and the calion exchanger are charged. A
sitica-based weak cation exchanger (CBA) was
chosen as the packing material in the trace en-
richment column because desorption of basic
drugs from a weak cation exchanger is easily
achieved by using an HPLC mobile phase which
is sufficiently acidic {(pH < 3) to protonate the
cation exchanger. In this study 0.002 M acetate
buffer (pH 6.0) was selected as the recipient sol-
vent and flushing eluent.

Different lengths of the trace enrichment col-
umn (10, 20 and 30 mm * 2 mm [.D.) packed
with CBA were tried. In the ASTED system a
syringe pump is used to bring the dialysate into
the trace enrichment column. This syringe pump
can only operate with trace enrichment columns
having a low back-pressure (below 1.2 p.s.i.). The
30-mm trace enrichment column showed too
high a back-pressure to be operated in Lhe
ASTED system. The 10-mm column had insuffi-
cient capacity, which resulted in breakthrough of
pholcodine. The 20-mm trace enrichment column
gave complete retention of pholcodine and no
problems with back-pressure.

An extra washing step of the trace enrichment
column with 1.5 ml of acetonitrile-walter (50:50.
v/v) was necessary before column switching and
elution of the enriched drug by the HPLC mobile
phase. Without this washing step both the trace
enrichment column and the analytical column
were seriously contaminated and clogging of the
HPLC system occurred after only a few imjec-
tions. The cut-off value of the dialysis membrane
{15 kilodalton) was too large to avoid clogging of
both the trace enrichment and the analytical col-
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umn without a proper washing procedure. Aceto-
nitrile-water removes impuritics that are retained
by the CBA material by secondary interactions
and rcplaces acctate buffer in the trace enrich-
ment column before column switching. Column
switching with acetate buffer in the trace enrich-
ment column will give rise to a solvent cflcct
which disturbs the HPLC determination of phol-
codine.

The chromatograms of drug-free whole blood
without and with washing of the trace enrich-
ment column with acetonitrilc—water shown in
Fig. 3 demonstrate that the washing step also re-
moved impurities which may co-¢lute with phol-
codine. No breakthrough of pholcodine was ob-
served when up to 10 ml of acetonitrile water
were pumped through the trace enrichment col-
uran. The trace enrichment column was repacked
after 130 analyses with thc CBA material being
in-line with the acidic mobile phase for 4 min per

(1) 8 16 0 ] 16
min min

tipg. 3. Chromatograms of a drug-free whole blood sample {(A)
without washing of the (race enrichment column and (B) with
washing of the trace curichment column before column switch-
ing.



A. T. Andresen et ol [ J. Chromarogr. 382 (1992) {23-130

analysis. Degradation of the CBA material was
observed after 200 analyses.

The use ol a weak cation exchanger and wash-
ing with acctonitrile—water resulted in a very se-
lective and robust clean-up procedure with no en-
dogenous substances being detected from whole
blood or plasma afier elution of the solvent front.

Dialysis

Pholcodine was found Lo adsorb strongly to
the cellulose acctate membrane. This was shown
by soaking a cuprophane membrane (52 cm?) in
9 ml ol aqueous solution containing 1 nmol/ml
pholcodine. After 10 min only one third of the
pholcodine remained in solution. the remainder
being adsorbed on the membrane. The strong ad-
sorption of pholcodine caused problems during
the dialysis process and serious carry-over effects
between analysis were cbserved. A water sample
analysed after a standard solution of 1 nmol/ml
pholcodine was contaminated with 30% of the
pholcodine concentration. Between these injec-
tions the donor channel of the dialyser was
washed with water and the recipient channel with
0.002 M acetate bufler (pH 6.0) according to the
cxperimental procedure. Dialysis of pholcodine
in acetate buffer solutions (pH 6.0) of increasing
molarity diminished the adsorption on the mem-
brane and increased the peak heights of pholco-
dine. as shown in Fig. 4. The peak heights were
almost doubled in acetate buffer solutions stron-
gcr than 0.025 M as compared with waler. These
results show that acetate buffer greatly reduces
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Fig. 4. Peak heights of pholcodine versus added molarity of ace-
tate buffer prior to dialysis.
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the binding of pholcodine to the membrane. Ace-
tate buffer was thercfore tried as solvent for
washing of the donor side of the dialyser between
analyses. Washing of the donor side with (.02 M
acetate buffer (pH 6.0) between injections com-
pletely washed out adsorbed pholcodine from the
membrane. In biological samples, however, the
situation was morc complex. Addition of acetate
buffer to plasma and whole blood samples re-
duced the pecak heights of pholcodine due to dilu-
tion. Biological samples were therefore dialysed
without addition of acetale builer and the donor
channel of the dialyser was washed with 0.02 A
acetate buffer (pH 6.0) containing Triton X-100
between each injection while the acceplor side of
the dialyser and the trace enrichment column was
washed and regenerated with 0.002 M acetate
buffer (pH 6.0). This procedure ensured no carry-
over effect between analyses. The detergent Tri-
ton X-100 was added to reduce surlace tension
and ensure reproducible results.

In a lixed dialysis cell the dialysis efliciency is
influenced by the dialysis time and the concentra-
tion gradient across the membrane. By maintain-
ing a steep concentration gradient across the
membrane such as in static-pulsed dialysis or
static-continuous dialysis, high dialysis efficien-
cics are obtained in a short time [3,6]. In this
study the sample was held static in the donor
channel of the dialyser while 2.6 ml of 0.002 M
acetate huffer (pH 6.0) were delivered in pulses of
650 ul through the recipient channel. No break-
through of pholcodine was observed when up to
10 ml of 0.002 M acetate buffer were pumped
through. The recovery of pholcodine [rom plas-
ma and whole blood was about 60% when the
sample was dialysed for 8 min 15 s.

We have previously developed automated
methods [or antibiotics such as quinolones and
tetracyclines [7.8] and very polar drugs such as
the X-ray conlrast agent iopentol [3]. Several opi-
ates and other alkaline drugs were also run
through the system described here. With these
substances ne adsorption to the dialysis mem-
branc was [ound. We are not able to explain why
pholcodine adsorbs so strongly to cellulose ace-
tate.
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HPLC separation

A satisfactory scparation ol pholcodine from
endogenous substances in plasma and whole
blood was obtained with ¢ CN column and a mo-
bile phase consisting of 20% acctonitrile in 0.005
M phosphoric acid. Clution of pholcodine from
the CBA matenial was achieved by adjusting the
pH of the mobile phase to 2.5. The chromato-
grams i Fig. 5 of drug-free plasma. plasma
spiked with 1 nmol/ml pholeodine, drug-free
whole blood and whole blood spiked with |
nmol/ml pholcodine show that only pholcodine
is detected after elution of the solvent front.

Validation of the method

The calibration graphs for plasma and whole
blood were based on peak-height measurements
of external standards. The calibration graphs
were linear in the pholcodine concentration
range (.10-2.0 nmol/ml (¢ = 574x + 10and y =
598x + 7; v = peak height and x = concentra-
tion of pholcodine) with correlation coeflicients
r—0.997 and 0.998 for plasma and whole blood,
respectively. Table I shows the intra- and the in-
ter-assay variations of the ASTED method. The
relative standard deviations are satisfactory con-

TABLE ]
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min min min min

Fig. 5. Chromatograms of {A) drug-free plasma. (B) plasma
spiked with 1 nmol/ml pholcodine. (C) drug-free whole blood
and (D) whole blood spiked with | nmeol/ml pholcodine after
dialysis and trace enrichment of the dialysate on the trace enrich-
ment column. For chromatographic conditions, sce text. Ph =
pholeodine.

sidering the low concentrations and the adsorp-
tion of pholcodine on the membrane.

INTRA- AND INTER-ASSAY VARIATIONS AFTUR ASTED SAMPLL PREPARATION, EXPRESSED AS MEAN OF PAR-

ALLEL SAMPLES + SAMPLL STANDARD DEVIATION (S.D.) AND RELATIVE STANDARD DEVIATION (R.S.D)

Calculated
concentrailon
(nmol;ml)

Matrix
(mean £ S.D.)
(nmol/ml)

Intra-assay (h=235)

Measured concentration

Plasma .20 0.177L0.017
0.40 0.337+£0.034
1.00 0.994 £ 0.0008

Whole blood 0.20 0196+ 0.008
0.40 0.3964 0.007
1.00 0.984+£0.010

{nter-asyay (n=3)

Plasma 0.20 0,194 1 0.006
0.40 0.363£0.025
1.00 0.994+ 0013

Whole blood 0.20 0.204 +£0.023
(.40 0.390+0.036

0.9944+0.017

R.5.D.
%)

9.6
10.1
88
38
3.8
1.7
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Fig. 6. Whole blood concentrations of pholcoding lor three sub-
Jects after admimstration of 100 mg of pholcodine: 0 = subject
I, & = subject 2; A = subject 3.

Limit of detection

The limit of detection is determined by the
sample size injected into the dialyser. In this
method a dialyser with a 375-ul donor channel
volume was selected. The limit of detection at a
sighal-to-noisc ratio of 3 was 0.1 nmol/ml phol-
codine in both plasma and whole blood, which
was considered satisfactory for the determination
of pholcodine in real samples. The limit of detce-
tion could be improved by pulsing the sample
through the donor channel. This method signif-
icantly reduced the membrane lifetime and was
therefore rejected.

Analvsis of real samples

Three healthy volunteers, one woman and two
men, received 100 and 400 mg of pholcodine in
single oral doses of Tuxi linctus with an interval
of two months betwecn the two treatments.
Blood samples were collected for 72 h after each
dosage administration. The recommended daily
dosc of pholcodine as an antitussive is 100 mg.
The single oral dose of 400 mg of pholcodine was
administered in order to be able to detect any
differences between plasma and whole blood con-
centrations and to be able to detect possible me-
tabolites of pholcodine. Fig. 6 shows plots of
whole blood concentration versws time for all
three subjects after administration of 100 mg of
pholcedine. The concentration of pholcodine af-
ter 72 h was below the limit of detection. The
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Fig. 7. Whole blood () and plasma { L} concentrations of phol-
codine for (A) subject 1, (B) subject 2 and (C) subject 3 after
administration of 400 mg of pholcodine.

plasma concentration versus the whole blood
concentration for all three subjects after a single
400-mg oral dosc are shown in Fig. 7. The plasma
concentrations measured arc of the same order as
those reported by Chen ez al. [4], but analysis of
whole blood was not included in their study. The
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Fig. 8. Chromatograms of a corresponding () plasma and (B)
whole blood sample collected 24 h after administration of 400
mg of pholcodine (Ph).

observed plasma concentrations were lower than
the concentrations in haemolysed whole blood
for all three subjects.

Chromatograms of corresponding plasma and
whole blood samples obtained 24 h after admin-
istration of 400 mg ol pholcodine are shown in
Fig. 8.

We have previously reported morphine Lo be a
metabolite of pholcodine [2]. In this system mor-
phinc had a retention time of about 4 min and
any morphine present in the samples would co-
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elute with the solvent front. No other metabolites
of pholcodine were detected.

CONCLUSIONS

A [ully automated HPLC method for the de-
termination of pholcodine in human plasma and
whole blood has been developed. The method in-
cludes on-line dialysis and column switching and
was shown to be highly reliable, The method has
been successlully used in analyses of real samples
after administration of pholcodine. The method
can also be used, with minor modifications, for
the determination of other basic drugs in whole
blood and plasma. The only requirement is a mo-
bile phase with a pH < 3 to desorb the cations
from the CBA material. In this system HPLC
separations can also be optimized by using ion-
pair chromatography on reversed-phasc columns
with sulphonic acids as counter ions at pH 2.5.
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