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Abstract

Ahigh performance liquid chromatographic assay for the quantitative determination of apomorphine in human plasma s described. Sample cle
up and concentration was optimised using solid-phase extraction on C18 cartridges, enabling rapid and sensitive determination of apomorphine
potential metabolites. The limit of apomorphine quantification, using fluorescence detection, was 0.5 ng/mL. The assay was stability-indicati
and allowed the detection of analytes in the presence of commonly co-administered anti-Parkinsonian drugs. Apomorphine was stable in frc
plasma containing 0.14% (w/v) ascorbic acid for 98 days, and through four freeze-thaw cycles. The assay has been used in clinical phar
cokinetic studies of apomorphine in patients with Parkinson’s disease, and in preliminary studies of novel apomorphine delivery devices
volunteers.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Enantiomeric interconversion, methylation, sulphation and
glucuronidation of R{)-apomorphine (the licensed product)
R(-)-apomorphine (IFig. 1) isapotent D1 and D2 dopamine have each been proposed as minor metabolic pathways in vivo.
receptor agonist used in the management of Parkinson’s digx previous investigation using chiral chromatography found
ease. Apomorphine is used primarily as an adjunct to oral antiko evidence of racemic interconversi@®]. Auto-oxidation
Parkinsonian therapies and has been shown to reliably controf apomorphine to quinone species (IRig. 1) is a poten-
the disabling motor fluctuations that affect patients with Parkin-ially important factor in apomorphine metabolism, however the
son’s disease, despite the optimisation of other anti-Parkinsoniasignificance of such species in terms of an anti-Parkinsonian
medication[1-4]. Due to extensive first-pass metabolism apo-response remains to be establisiédb]. Several methods
morphine is administered parenterally, usually as multiple interhave been described for the determination of apomorphine in
mittent subcutaneous injections or as a continuous subcutaneoplesmal5,10-16] These were associated with various limita-
infusion during waking hours. The main adverse effect of subcutions mainly related to analyte instability during liquid-liquid
taneous apomorphine treatment is the development of cutaneoestraction procedures. Apomorphine readily undergoes oxida-
nodules at the injection site. Recently the use of alternativéion, especially in solution under alkaline and acidic conditions
administration routes such as sublingual, buccal and needle-fréthe latter commonly used for liquid-liquid extractions of apo-
injection have been investigated, in an attempt to improve drugnorphine from plasma), and in the presence of oxygen and
delivery. light. M?*-catalysis of apomorphine auto-oxidation has also
been reported7-9]. We have developed a new apomorphine
assay addressing these stability issues for use in pharmacokinetic
studies of existing and novel apomorphine delivery systems. The
* Corresponding author. Tel.: +44 1752 315259; fax: +44 1752 315254, ~ @SSay is stability-indicating, and allows the low-level detection
E-mail address: wendy.ingram@pms.ac.uk (W.M. Ingram). of apomorphine and potential metabolites (Il and Fify. 1)
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Fig. 1. Structure of apomorphine and selected related compounds.

in the presence of co-administered anti-Parkinsonian drugs. Wautosampler vials were employed (Chromacol Ltd., Welwyn
have also addressed the stability and long-term storage of clinGarden City, UK). The chromatography method was adapted

cal samples. from Priston and Sewe[lL5]. Separation was achieved using
a Columbus (octyldecylsilane mm 110,&) analytical column

2. Experimental (150 mmx 4.6 mm 1.D.) purchased from Phenomenex (Mac-
clesfield, UK). The pre-column consisted of a Security Guard

2.1. Reagents cartridge system (octyldecylsilane) (containing 2 cartridges of

dimensions 4mnx 3mm 1.D.) (Phenomenex, Macclesfield,

R(—)-apocodeine HCI (purity 99% minimum), Rf-  UK). Analyte retention on the Columbus column was achieved
apomorphine HCI (purity 99% minimum), ascorbic acid primarily with hydrophobic interactions between the analytes
(ACS reagent), 2-mercaptoethanol (electrophoresis reagent), Rhd bonded phase. Polar interactions were minimised by exten-
propylnorapomorphine HCI (NPA) (purity 99%) and Sigmacotesive capping of residual silanol groups. The combination of
(silanising agent) were purchased from Sigma—Aldrich Com¢this, combined with high carbon loading, resulted in the res-
pany Ltd. (Poole, UK). olution of apomorphine degradation peaks that co-eluted with

Diaminoethanetetra-acetic acid sodium salt, methanochpomorphine when alternative stationary phases were used. The
(HPLC Grade), orthophosphoric acid, sodium dihydrogerconstituents of the mobile phase, expressed as final concen-
orthophosphate and sodium metabisulphite were obtained frofiations in the mobile phase, were: 0.25M sodium dihydro-
Fisher Scientific (Loughborough, UK). Heptanesulphonic acidgen orthophosphate and 0.25% (w/v) heptane sulphonic acid
sodium salt “HiPerSolv for HPLC” was purchased from BDH (adjusted to pH 3.30 with orthophosphoric acid), 0.003% (w/v)
Merck (Leicester, UK), and R{)-apomorphine orthoquinone EDTAand 40% (v/v) methanol. The flow rate was 1 mL/min and
was supplied by SPA Contract Synthesis (Coventry, UK). Allthe system was run at ambient temperature. Data acquisition was
water used was 18 Mcm~1 water prepared using an Elga performed using Borwin Chromatography software (v. 1.22.3,

UHQ?2 unit (Vivendi Water Systems, Wirksworth, UK). JMBS Developpements, Grenoble, France) and Chromquest
(ThermokElectron, Manchester, UK). Typical chromatograms of
2.2. Chromatography system extracted plasma samples are giveifrig. 2

The HPLC system consisted of a ConstaMetric 3200 is02.3. Preparation of standard solutions
cratic solvent delivery system (ThermoElectron, Manchester,
UK), an AS-950 autosampler and FP-920 spectrofluorometer Inorder to prevent auto-oxidation, stock standard solutions of
(excitation and emission wavelengths of 270 nm 450 nm, respe@pomorphine, NPA (the internal standard), apomorphine ortho-
tively) (Jasco, Great Dunmow, UK), and a UV6000P photo-quinone and apocodeine (I-1V, respectively) were prepared in
diode array detector (wavelength range of 198—798 nm) fronthe following diluent: 0.10% (w/v) EDTA and 0.15% (w/v)
ThermoElectron (Manchester, UK). Gold grade glass (2 mL)ascorbic acid (referred to as diluent A). The concentration of
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Fig. 2. Typical chromatograms (A) 10 min prior to apomorphine dose (1.2 mL of plasma extracted); (B) 181 min after subcutaneous administratiphaii®.0 m

apomorphine (2.0 mL of plasma extracted, containing 0.6 ng/mL apomorphine); (C) pooled plasma from healthy volunteers spiked to 1.0 ng/mlnagaronhi
of plasma extracted).
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stock standard solutions was 1 mg/mL, except for NPA, whichpH 3.30 with orthophosphoric acid), into an autosampler vial
was 0.1 mg/mL. Silanised amber borosilicate glassware wasontaining 20Q.L 2% (w/v) sodium metabisulphite in diluent
used. Standards, and diluent A, were stored at°G-8&r up  A. This optimised eluting solvent with the addition of additional
to 28 days. (Diluent A was also employed as the autosamplanti-oxidants resulted in the preservation of apomorphine dur-

flushing solution.) ing the extraction procedure. The vial was sealed and placed at
A working solution of 5ug/mL NPA in diluent A was pre- 4°C prior to assay by HPLC.

pared and multiple aliquots of 1.2 mL were stored at 4=8or In order to avoid contamination of subsequent extractions

up to 20 weeks. with residual analyte, the “elution port” was primed by washing

Standards for assay validation and quality control (QC) weravith 5 mL of 0.01 M HCI in 50% (v/v) methanol:distilled water,
prepared in pooled plasma obtained from at least three healthHgllowed by 10 mL of distilled water and then air-dried using
volunteers. QC standards were stored-&0°C in multiple  suction generated by the vacuum pump.

1.2 mL aliquots for assay with each analytical run.
2.6. Validation
2.4. Blood sample pre-treatment
2.6.1. Assay selectivity

Venous blood was collected into a 7 mL EDTA k3 vacutainer  Plasma samples collected from six healthy volunteers were
tube (Southern Syringe Services, Bristol, UK). Blood was tl’anSsubjected to the assay procedure and the Chromatograms
ferred into a polypropylene tube containing ascorbic acid (tdnspected for the presence of interference by endogenous com-
give afinal concentration of 5mM ascorbic acid), gently mixed,pounds. In addition, the following potentially co-administered
then centrifuged (4C, 1250x g x 5min). The resulting plasma  drugs were tested for chromatographic interference: bromocrip-
was removed and stored in a polypropylene tube2@°C until  tine, cabergoline, co-beneldopa, co-careldopa, domperidone,
required for HPLC analysis. When required, plasma was thawegntacapone, lisuride, paracetamol, pergoline, pramipexole,
at 4-8°C, and 1% (v/v) 2-mercaptoethanol in water added toselegiline, co-danthrusate and co-danthramer as were the pro-
give a final concentration of 0.01% (v/v). This was found to beposed apomorphine metabolites -R{apocodeine HCI and
the most effective anti-oxidant for preservation of apomorphiner(—)-apomorphine orthoquinon€ig. 3.
in plasma prior to extraction, but due to its strong odour was not  Peak purity values for apomorphine and NPAwI/mL), as
suitable for use outside the laboratory. This mixture was themon-extracted standards in diluent A and also following extrac-
centrifuged (4C, 1250x g x 5min) in order to pellet precipi-  tion from plasma, were obtained. Peak purities were calculated
tated protein and the resultant supernatant was transferred tauging a scan threshold of 5mAU and a peak coverage require-
polypropylene tubgl5]. Plasma was then spiked with internal ment of 95%, and were expressed as a spectral similarity index
standard (to give afinal concentration of 100 ng/mL), mixed gen{S S.1.), where S.S.1. = 1 represents a pure peak. In the compari-
tly and left to equilibrate at 4-8C for 5 min prior to solid-phase  son of spectra for identification purposes, a S.S.I. of greater than
extraction. or equal to 0.980 was indicative that a match has been obtained

[17].
2.5. Extraction procedure

) ) 2.6.2. Stability-indication study
The extraction method was adapted from Priston and Sewell p stability-indication study was performed to establish

[15]. Apomorphine was extracted under vacuum using Bondynether apomorphine and NPA could be distinguished from

Elut octyldec_ylsilane 1mL 100 mg solid phase extractiondegradation products, particularly those produced during the
columns (Varian Sample Preparation Ltd., Surrey, UK). The

hydrophobic characteristics of this bonded phase gave excellent

retention of the analytes, enabling thorough washing to remove 8.0

interferences. The vacuum manifold used was a Techelut unit E 2 ]
(HPLC Technology, Macclesfield, UK). The solid-phase extrac- < - 2
tion column was conditioned with 2 mL methanol followed by w @ e
2mL water. The plasma sample (between 0.25 and 2.5mL in =

volume) was then applied to the solid phase extraction column %

and washed with 2 mL water followed sequentially by 1 mL 10% )

(v/v) methanolin water, 1 mL 20% (v/v) methanol inwater, 1 mL &

50% (v/v) methanol in water, and finally, 20@Q of 2% (w/v) o

sodium metabisulphite in diluent A (an additional step, neces- N

0 ‘

sary to prevent apomorphine degradation during elution). The minute 20
column matrix was not allowed to dry out at any of the con-
ditioning and Washing stages. The column was transferred to lag. 3. Assay selec_tivity With re_spect to proposed apomorphine meta_bolites.

. . . - (A) R(—)-apomorphine HCI in diluent A (50 ng/mL); (B) R{)-NPA HCl in
prlmed elution man_IfOId port (See l?elow) ar,]d ar?alytes WerediluentA(lOO ng/mL); (C) R¢)-apocodeine indiluent A (50 ng/mL); (D) R{-
eluted to dryness with 8Q0L of eluting solution, i.e. 40:60  apomorphine orthoguinone in diluent A (140 ng/mL). Retention times given as
(v/v) methanol: 0.25 M sodium dihydrogen orthophosphate (tgpeak labels.
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“clean-up” procedure. Thus apomorphine (1 mL of @mL in The criteria used for acceptable assay precision were that

distilled water) and NPA (1 mL of 1.@g/mL in distilled water)  the C.V. should not exceed 15%, and the mean value should be

were incubated separately with each of the following: (i) 1 mL ofwithin +15% of the nominal value for accurafdg].

0.1 M hydrochloric acid; (ii) 1 mL of 0.1 M sodium hydroxide;

(iif) 1 mL of 6 vol hydrogen peroxide; (iv) 1 mL distilled water; 2.7. Stability studies

(v) 1 mL distilled water at 4-8C (as a control for the effects

of heating). The acidic and alkaline solutions were neutralised The stability of apomorphine (1 ng/mL and 20 ng/mL) in

after the incubation period by addition of 1 mL of 0.1 M sodium pooled control plasma was tested under the following conditions:

hydroxide and 0.1 M hydrochloric acid, respectively. Finally, (i) storage at-20°C for 161 days (using sampling intervals of

each test mixture and control solution was made up to volumday =0, 1, 2,4, 7, 10, 14, and weekly thereafter); (ii) freeze-thaw

with distilled water to give a final concentration of 50 ng/mL for cycles (over four consecutive days) in which a single aliquot

apomorphine, and 100 ng/mL for NPA. Solutions of apomor-of spiked plasma was assayed, placed-20°C overnight,

phine (50 ng/mL) and NPA (100 ng/mL) in diluent A stored at then thawed to 4—8C, re-assayed and re-frozen. QC standards

4-8°C acted as controls for the use of distilled water as a diluenf(stored at-20°C) were assayed each day as controls, not having
The stability-indication study was repeated with apomor-been subjected to multiple freeze-thaw cycles.

phine and NPA standards prepared in diluent A in the first The stability of apomorphine and internal standard in solid-

instance, instead of distilled water. phase extraction eluate stored at 4€8vas tested over 31 days

(using sampling intervals of day =0, 1, 4, 7, 10, 14, 21, 28 and

31). The apomorphine:NPA peak arearatio, rather than the abso-

2.6.3. Calibration ute potency of the analytes, was used as a marker of stability of

Calibration standards were prepared in control-poole
lasma (range: 0.50-70ng/mk,=9). The volume of stock he extract. . -
P o S o The stability at 4-8C of 5ug/mL NPA in diluent A was
R(—)-apomorphine HCI solution used for spiking was between ; : . o
) . Investigated over a 24-week period. A fortnightly sampling inter-

0.30 and 2.50% of the total volume of the calibration standards L .
. —yal was employed. Injections of test solutions (100 ng/mL) were
%racketed injections of freshly prepared NPA in diluent A.

The acceptable limits for analyte stability were obtained from
the precision experiments given in Sect®@6.4 i.e. limits for

he long-term storage of frozen QC samples wePex standard

least-squares linear regression.
The limit of detection (LOD) was defined as the lowest con-

centration of apomorphine that could be distinguished from th

noise level at a signal:noise ratio of 3:1. The limit of quantitation | ~ .~ . . : e

(LOQ) was defined as the lowest concentration of apomorphin%:\:”?;'on obtained for the intra-day precision of QC samples

that could be measured with a relative erroet#0% from the '

nominal concentration, and with a coefficient of variation (C.\/.)3 Results

of <20%][19]. )
Absolute recovery of analyte in plasma were calculated for,

all 1 mL extractions of comparing the peak area of the standard

in plasma to that of a standard in diluent A which had not beer}

Zu:bg)ected to solid phase extraction (range: 1-70ng/mL ng/m., Although co-danthrusate and co-danthramer are not licenced

. . for use in Parkinson’s Disease, these laxatives are occasionally
The linearity of response overa volume range 0f 0.25-2.5 ml, sed in practice. Co-elution and interference from these drugs
of plasma was also examined. Volumes of 0.25, 0.5, 1.0, 2.8 P | 9

L . . 0 i
and 2.5 mL of plasma, at apomorphine concentrations of 3 ang 2> eliminated by increasing the 50% (v/v) methanol:water

) . : ashes from k 1 mLto 3x 1 mL. This had the effect of remov-
20 ng/mL, were assayed (incorporating the internal standard), . . : .
. ng the interfering compounds from the solid phase extraction
This equates to an analyte mass range of 25-300 ng.

column (to waste), without detriment to the isolation and subse-
guent elution of apomorphine.
2.6.4. Assay precision Assay of selegilene solution resulted in the detection of a
The intra-batch precision of apomorphine and NPA as solidpeak at the retention time window of apomorphine. However,
phase extraction eluate was determined at each QC concentfallowing solid phase extraction the interference was entirely
tion. Thus eluate resulting from two separate 1 mL extractionsemoved from the extract, with approximately 93% (in terms
of plasma was pooled (to give a sufficient volume for multipleof peak area compared to the non-extracted solution) of the
injections on to the analytical column) and five injections wereinterfering compound eluted in the 50% methanol wash and
made. approximately 6% in the 2% (w/v) sodium metabisulphite
Intra- and inter-day coefficients of variation for the assay weravash.
determined by the analysis of seven QC samples (seven times in Peak spectra analysis revealed high peak purity (S.S.I>
one day, or once a day for seven days, respectively, analysed 990) for apomorphine and NPA (/mL) as non-extracted
duplicate). Absolute recoveries at each QC concentration wergtandards in diluent A, and also following extraction from
determined by comparing the peak area of the standard in plasnmpéasma. Furthermore, the spectra of non-extracted and extracted
to that of a standard in diluent A. analyte exhibited high similarity (S.S.l.>0.992).

1. Assay validation

.1.1. Assay selectivity
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Table 1 by the linearity of the response with increasing mass of analyte
Fraction of initial analyte peak area remaining (%) following forced degradation(y =13x 10Px—1.9x% 10°, R2= 0.9936p < 0_001)_

Reaction conditions Apomorphine NPA

Diluent A (control) 4-8C  100% after 30min  100% after 30min  3.1.4. Assay precision
Distilled water 4-8C  81%after 30min  98% after 30 min Precision for the apomorphine:NPA peak area ratio following
60°C  65% after 30min  25% after 30min  Multiple injection of pooled eluate compared well with the intra-

0.1M hydrochloricacid  60C 4% after 10 min 10% after 10 min batch precision of peak arearatios for non-extracted standards in

25°C 4% after 3 _ diluent A (for the Iatter,.C.V. was 0.36% and 0.52% for 1 ng/mL
0.1 M sodium hvdroxide 606G 2% after 10 mi 4% after 10 mi and 20 ng/mL, respectively=5) (Table 2.
=+ V sodium hydroxide 250C 80/2 Zﬁz:ssmm _ o afier Zomin The intra-day C.V. of the QC standards was less than 8.2%,

6 vol hydrogen peroxide 6C  79% after 30min  76% after 3omin  With a mean absolute relative error less than 8.8%. The inter-day
C.V. was less than 5.8%, with a mean absolute relative error less
than 1.7%.

3.1.2. Stability-indication study In summary, the assay operated within predefined limits for
Apomorphine and NPA degraded under each the four reagrecision and accuracfible 2.

tion conditions, and degradation products were observed in each
case Table landFig. 4). Both apomorphine and the internal
standard NPA were clearly resolved from all hydrolytic and
oxidative degradation products. The stability-indication study

was repeated, using the same conditions as described, eXC%P

3.2. Stability studies

Each stability study chromatogram was scrutinised for the

. o ésence of peaks with equivalent retention times to those result-
that apomorphine and NPA standards were prepared in dilue P 9

: . . L ) from the f tion of hine; h k
A in the first instance instead of distilled water. Degradation otiNgr:;(r)nunde orced degradation of apomorphine; no such peaks

each analyte was markedly reduced compared to standards in

distilled water.
3.2.1. Stability of Apomorphine in Plasma at —20°C

3.1.3. Calibration Containing Ascorbic Acid

The standard plot was linear for a concentration range of 1he limits for analyte stability were defined #2S.D. from
0.50-70 ng/mL ¥=0.015& + 0.0034,R?=0.9951,1 = 9). The the analyte concentration gt time =0, Wh_er_eby the S.D. use_d was
mean (S.D.) relative error of the observed versus calculated datgat demonstrated for the intra-day precision of apomorphine in
points was-4.2 (9.4)%. The mean absolute value of the relativePlasma. - _
error of the observed versus calculated data points was 8.1%, Based on these criteria, apomorphine was stable for 98 days
The LOD was 0.03 ng/mL (extracted from 2.5 mL of plasma).(Table 3.

The LOQ was 0.5 ng/mL (extracted from 2 mL of plasma).

The mean absolute recovery of apomorphine was 72% (S.[3.2.2. Freeze-thaw cycles: apomorphine in plasma
5%, C.V. 7%) (= 8). The mean absolute recovery of NPAwas The limits for analyte stability were defined #2S.D. from
67% (S.D. 2%, C.V. 3%)(=8). The recovery of each analyte, the analyte concentration at time =0, whereby the S.D. used
whilst being less than maximal, was considered to be acceptvas that obtained for the precision of the experimental controls.
able given the consistency in recovery throughout the calibratioDuring the course of four freeze-thaw cycles, apomorphine con-
standard rangg20]. centration did not exceed the defined acceptable limible 3.

The mean concentrations of apomorphine for the extracAt a nominal apomorphine concentration of 1 ng/mL the mean
tions of 3 and 20ng/mL from 0.25 to 2.5mL plasma were(S.D.) observed concentration was 0.96 (0.07) ng/mL for the
calculated to be 3.0ng/mL (S.D. 0.2ng/mL, C.V. 5.3%) andtest solutions and 1.0 (0.02) ng/mL for the controls. At a nom-
19.0ng/mL (S.D. 0.5 ng/mL, C.V.=2.4%), respectively=(6).  inal apomorphine concentration of 20 ng/mL the mean (S.D.)
There was no indication that the capacity of the solid phaseoncentration was 17.52 (0.62) ng/mL for the test solutions and
extraction bonded phase had been reached. This was evidencE104 (0.43) ng/mL for the controls.
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Fig. 4. Forced degradation of apomorphine: (AHRapomorphine HCI (50 ng/mL) and R{-NPA HCI (100 ng/mL) in diluent A (60 mins at 4=&, control); (B)
Reaction of apomorphine with HCI (3 s at 25); (C) Reaction of apomorphine with)®, (60 mins at 60C). Retention times are given as peak labels.
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Table 2
Assay precision for Rf)-apomorphine HCI extracted from pooled plasma from healthy volunteers
Nominal concentration (ng/mL) Observed concentration C.V. (%) Mean relative Mean recovery (%)
(meantS.D.) (ng/mL) error (%) -
Apomorphine NPA
Pooled eluater{=5 injection)
1 0.4
2 0.8
Individual extacts{=7)
Intra-day
0.50 0.54+ 0.09 8.1 7.1 73.4 58.6
20.00 18.26+ 0.76 2.1 -8.7 74.4 70.9
50.00 48.23t 0.79 1.6 -35 67.6 55.9
Inter-day
0.50 0.49+ 0.03 15 -1.1 75.6 65.9
1.00 0.87+ 0.03 3.9 -1.1 78.3 55.9
20.00 19.69+ 1.10 5.7 -1.6 66.1 60.9
50.00 50.46+ 2.10 4.1 0.9 73.1 65.0
Table 3
Summary of stability studies of apomorphine and NPA
Experimental conditions Analyte concentration Limits: 100% Period of stability %Remaining at end %Remaining
(ng/mL) remaining+ x% of period of stability CV (%)
Apomorphine in plasma at 1 7.88% 98 days 95.0 5.1 €27)
—20°C
20 11.32% 98 days 93.4 6.0%27)
Apomorphine in plasma at 1 4.38% 4 cycles 98.0 1.9€5)
—20°C, freeze-thaw cycle
20 4.72% 4 cycles 96.8 3.5 €5)
NPA in diluent A at 4-8C 100 1.44% 20 weeks 101.0 14513)
Plasma extract at 4°&. 1 2.98% 31 days 97.4 3.8€9)
20 1.66% 31 days 98.3 0.#€9)

x% ==+2S.D. from the analyte concentration at time 0, calculated using the C.V. of the precision of the experimental control.

3.2.3. NPA in diluent A at 4-8°C. selegiline.Fig. 5 shows the plasma concentration-time profile

The limits for analyte stability were defined as2S.D.  following subcutaneous bolus administration of 2.0mg (i.e.
from the analyte concentration at time =0, whereby the S.D35u.g/kg) apomorphine (Britaje®t Britannia Pharmaceuticals
used was that demonstrated for the intra-day precision of NPAtd.) to a patient with Parkinson’s disease. Other medications
(200 ng/mL) in diluent A. It was demonstrated that for a periodadministered to this patient were domperidone, co-beneldopa
of 20 weeks, NPA concentration did not exceed the pre-definednd ropinerole. Concentration-time data were modelled using
acceptable limitsTable 3.

3.2.4. Plasma extract at 4-8°C

The acceptable limits for analyte stability were defined as
+2S.D. from the apomorphine:NPA peak area ratio at time =0,
whereby the S.D. used was that obtained for the intra-batch pre-
cision of the apomorphine:NPA peak area ratio of the extract.
The solid-phase extraction eluate remained stable up to and
including day 31 {able 3.

Plasma [apomorphine] (ng/mL)

3.3. Application of the assay

0O 30 60 90 120 150 180 210 240 270 300
Eleven patients with Parkinson’s disease and eighteen Time (minutes)
healthy volunteers participated in our studies of apomorphine. o _ -
. . . . . ... Fig. 5. Apomorphine kinetics following 2.0 mg subcutaneous injectior&t
pharmacoklnetlcs. Co-administered drugs included: amlmptyfo a patient with Parkinson’s disease (filled squares), and 7.4 mg apomorphine
line, benzhexol, co-beneldopa, co-caroldopa, diazepamgministered viathe buccal mucosa over 0—120 min to a healthy volunteer (open
domperidone, entacapone, paracetamol, pergolide, ropinerolgjuares).
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a two-compartment model with first-order input, first-orderaccurate and precise. In addition, the method was suitable for
output, and a lag time. Also shown is the profile following a dosethe quantitation of two apomorphine metabolites (apomorphine
of 7.4 mg apomorphine administered via the buccal mucosarthoquinone and apocodeine), although neither were detected
over 0—120 min to a volunteer. These concentration-time data any clinical samples analysed in this study. This method

were modelled using a one compartment model with first-ordehas been used in studies of apomorphine pharmacokinetics

input, first-order output, and a lag-time. in Parkinson’s disease, and also in preliminary studies of
novel delivery devices in healthy volunteers where the dose
4. Discussion (i.e. 1.6—7.4 mg delivered over 120 mins) was lower than that

encountered in the clinical Parkinson’s disease studies (2—10 mg

Evaluation of previously published LC methods for the quan-subcutaneous bolus).
tification of apomorphine in plasma revealed significant limita-
tions. The main difficulty was apomorphine degradation duringp eferences
liquid-liquid extraction, giving rise to LC peaks additional to the
analyte and internal standard. This degradation was observef] J.0. 0'sullivan, Lees.F A.J., Hosp. Med. 60 (1999) 816.
with several methodgl2,14] and was probably attributable to  [2] R.B. Dewey Jr,, J.T. Hutton, P.A. LeWitt, S.A. Factor, Arch. Neurol. 58
M2* catalysed oxidation under the acidic extraction conditions. _ (2001) 1385. ,
The recovery of apomorphine was a particular concern with(®! g'iefiw;‘:ﬂ;o'l" ;’;CCZ""Z’ '(Vz"g(')gegg andis, L. Barbato, M. Valente, S. Rug-
other meth0d$ll’21] where recovery from pooled plasma at [4] P. K;anovsky,. D. kubova, M. Bafes, H. Hortova, H. Streitova, |. Rektor,
20ng/mL concentration was 47% and 4%, respectively. This V. Znojil, Movement. Disord. 17 (2002) 188.
level of recovery was not deemed acceptable for PK studies on5] R. van der Geest, T. van Laar, P.P. Kruger, J.M. Gubbens-Stibbe, H.E.
prolonged infusion of apomorphine where plasma concentra- Bodde, R.A. Roos, M. Danhof, Clin. Neuropharmacol. 21 (1998) 159.
tions were expected to be low, particularly post-infusion. (6l (Fi;e?oz'gge”’ W.F. Van Bever, J.E. Leysen, Int. Rev. Neurobiol. 19
The assay was selective for apomorphine, with the exceptiorm P, Lundgrer}, L. Landersjo, Acta Pharm. Suec. 7 (1970) 133.
of dantron. Dantron was identified as a source of assay inter{s] m.J. Priston, G.J. Sewell, Pharm. Sci. 1 (1995) 91.
ference, however the interference could be eliminated from thd9] T. van Laar, Pharmacokinetics and Clinical Efficacy of Apomorphine
solid-phase extraction eluate by employing additional 50% (v/v) in Patients with Parkinson’s Disease, Leuven University Press, Leuven,

. . .y . Belguim, 1996.
methanol:water washes during solid-phase extraction. [10] E. Ameyibor, J.T. Stewart, J. Chromatogr. B 686 (1996) 297.

The assay was stability-indicating for degradation pmd'[ll] A. Bolner, L. Barbato, F. Tagliaro, A. Monge, F. Stocchi, G. Nordera,
ucts produced under acidic, alkaline and oxidative conditions.  Forensic. Sci. Int. 89 (1997) 81.
Marked degradation of apomorphine and NPA occurred unde#2] F. Durif, E. Beyssac, F. Coudore, M. Paire, A. Eschalier, M. Aiache, J.
the reaction conditions of the stability-indication test, most strik- - Ea\\;ag;?tﬁ' ('\il"g- héeeuﬁglarf?afoéhlrzrﬁﬁf? ‘;i- (1983) 376
mgl)_/ under acidic and a”.(?'lme COI’]dItIOI’.lS \_NhIISt I.n the abs‘?”c 14] E.. éam, S.'Salrre., Y. Michotte: N.. Verbeke, Egu.r. J. Pharmacol. 3;29 (1997)
of diluent A. Assay conditions were optimised with these find-~ ~ o
ings in mind, in fact the inclusion of a anti-oxidant wash step[15] m.J. Priston, G.J. Sewell, J. Chromatogr. B 681 (1996) 161.
(sodium metabisulphite in diluent A) was critical to the preser{16] T. van Laar, R. van der Geest, M. Danhof, H.E. Bodde, P.H. Goossens,
vation of analyte levels in the final extract. We issue caution _ R-A- Roos, Clin. Neuropharmacol. 21 (1998) 152.

against the use of acidified solvents in the extraction of apo-’! ghrlogrgg“z“ Lo ere Guide, ThermoFlectron, Manchester, UK, Revision

morphine from plasma, such as in the methods of Bolbg}, [18] F. Bressolle, M. Bromet-Petit, M. Audran, J. Chromatogr. B 686 (1996)
Priston and Sewe]lL5], and Sam et aJ14], and especially in the 3.
absence of anti-oxidants. We recommend that a stability indicg9] T.C. Paino, A.D. Moore, Pharm. Technol. 9 (1999) 86.
tion is performed in order to recognise degradation productg20] V-P- Shah, K.K. Midha, S. Dinhe, .. McGilvery, J.P. Skelly, A. Yacobi,
The use of fluorescence detection, as opposed to electrochem- ; "Sagg:ftfércgh;/r'fnwaé‘:;hzn’(fégEé)Cgogg' R.D. McDowall, K.A. Pittman,
ical detectior{14,21,22] allows the detection of apomorphine [21] R'. van der’ Geest,. P. K'ruger, J.M. Gijbens-Stibbe, T. van Laar, H.E.
oxidisation products. Bodde, M. Danhof, J. Chromatogr. B 702 (1997) 131.

In conclusion, the method presented for the determination d@2] E. Nicolle, P. Pollak, F. Serre-Debeauvais, P. Richard, C.L. Gervason,

R(—)-apomorphine in human plasma was shown to be specific, E. Broussolle, M. Gavend, Fundam. Clin. Pharmacol. 7 (1993) 245.



	Improved assay for R(-)-apomorphine with application to clinical pharmacokinetic studies in Parkinsons disease
	Introduction
	Experimental
	Reagents
	Chromatography system
	Preparation of standard solutions
	Blood sample pre-treatment
	Extraction procedure
	Validation
	Assay selectivity
	Stability-indication study
	Calibration
	Assay precision

	Stability studies

	Results
	Assay validation
	Assay selectivity
	Stability-indication study
	Calibration
	Assay precision

	Stability studies
	Stability of Apomorphine in Plasma at -20°C Containing Ascorbic Acid
	Freeze-thaw cycles: apomorphine in plasma
	NPA in diluent A at 4-8°C.
	Plasma extract at 4-8°C

	Application of the assay

	Discussion
	References


