A

ELSEVIER

Available on]ine at www.sciencedirect.com
*.” ScienceDirect

Journal of Pharmaceutical and Biomedical Analysis 42 (2006) 367-371

JOURNAL OF
PHARMACEUTICAL
AND BIOMEDICAL
ANALYSIS

www.elsevier.com/locate/jpba

LC-MS Determination of remifentanil in maternal and neonatal plasma

Elena Bossu®™*, Annalisa Montinaro?, Raffaele Lecce®, Anna Farina?,
Ennia Suppab, Gaetano Draisci®, Gianluca Gostoli®

2 Istituto Superiore di Sanita, Viale Regina Elena n. 299, Rome 00161, Italy
b Istituto di Anestesiologia e Rianimazione, Policlinico A. Gemelli, Universita Cattolica Sacro Cuore (UCSC),
Largo A. Gemelli 8, Rome 00168, Italy

Received 2 February 2006; received in revised form 6 April 2006; accepted 8 April 2006
Available online 30 June 2006

Abstract

An HPLC-MS with electrospray ionization method for the determination of remifentanil in human plasma samples, pre-treated with SPE

cartridge, has been developed and validated.

Ionisation was performed by positive-ion electrospray and quadrupole filter mass spectrometer operated in the single ion-recording mode.
Pre-treatment was performed using Waters Oasis® SPE cartridges. Chromatographic separation was achieved in isocratic elution using a X-Terra
C8 5 pm, 150 mm x 2.1 mm i.d. column. The mobile phase consisted of a mixture of water, methanol and acetonitrile (86:10:4, v/v/v) containing
0.1% of formic acid. The method showed to be linear in the range between 0.5 and 48.0 ng/ml, the estimated LOD is 0.18 ng/ml and the LOQ
is 0.5 ng/ml. The method can be used to quantify remifentanil in plasma samples taken from adult and newborn patients in a range suitable for

clinical studies.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Remifentanil (R), methyl-3-[4-methoxycarbonyl-4-[(1-0xo0-
propyl)-phenylamino]-1-piperidine]-propanoate (Fig. 1), is an
ultra short-acting opioid which binds p receptors. It belongs to
the family of phenyl-piperidine derivatives and it is the only one,
among the components of this family, which is not metabolised
by liver.

R undergoes extra hepatic metabolism being its N-substituted
group hydrolysed by blood and tissue non-specific esterase,
resulting in extremely rapid clearance [1,2]. The metabolite
resulting from hydrolysis, formerly known as GR90291, is
almost completely inactive and excreted in the urine [3,4].

Among available opioids, R may be ideally suited for use in
obstetric analgesia, because of its rapid onset, rapid metabolism
and short context-sensitive halftime irrespective of the duration
of the infusion in both mother and neonate [5]. R was introduced
into obstetric analgesia, during labour [6,7] or caesarean section
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[8-10], towards the end of the last decade but further studies are
considered necessary before future routine use [11].

Therefore, in order to investigate placental transfer of R, it
was decided to develop and validate a novel analytical method
able to quantify R in parturient and newborn plasma samples.

Several methods, which can determine R in blood samples
were published: HPLC-UV, GC-Nj selective detector, GC-MS,
HPLC-MS/MS [12-15]. The HPLC-UV method is not enough
sensitive to quantify R in samples with expected concentra-
tion ranging between 1 and 40ng/ml after infusion rate of
0.04-0.2 pg/kg/min.

GC-MS methods require time-consuming sample prepara-
tion and analytical procedure. HPLC-MS/MS methods have
lower detection limits and analytical run times but the disad-
vantage is the high cost of instrumentation. In order to use a
lower cost single quadrupole detector, more available in routine
laboratory environment, a simple and sensitive RP-HPLC/MS
method, applicable to the analysis of R at therapeutic concen-
tration in human plasma was developed. After validation, the
method, based on solid phase extraction (SPE), was applied to
determine R in plasma obtained from parturient and newborn
patient. The small blood volume of the samples collected from
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Fig. 1. Chemical structures of remifentanil (R) and pethidine (IS).

umbilical vein and artery, strongly influenced the development
of the method.

2. Experimental
2.1. Chemicals and reagents

Acetonitrile, methanol and formic acid (98-100%) were
obtained from Riedel-de Haén; water was obtained from BDH
(Poole, England). All reagents were of HPLC or analytical grade.
Remifentanil (Ultiva® 1) manufactured by GlaxoSmithKline
S.p.A. contains 1 mg/vial of R. Pethidine hydrochloride active
pharmaceutical ingredient, as internal standard (IS), was sup-
plied from Sigma (St Louis, USA).

X-TerraMS, C8, 5 pm, 150 mm x 2.1 mmi.d. HPLC column
and Oasis® HLB (1 cm?; 30 mg) solid phase extraction (SPE)
cartridge were obtained from Waters.

2.2. Instrumentation

HPLC-MS analysis was performed using a Waters Alliance
2695 Separation Module coupled to a Waters Micromass ZQ sin-
gle quadrupole mass spectrometer (Waters, Milford, MA, USA).
WATERS MILLENNIUM?3? software (version 4.00) was used
for HPLC-MS system control and data collection.

2.3. Method

2.3.1. Analytical HPLC-system
Chromatographic separation was achieved using isocratic
elution with a mobile phase consisting of water, methanol

and acetonitrile (86:10:4, v/v/v) containing 0.1% of formic
acid. The flow rate and injection volume were 0.2 ml/min and
20 pl, respectively. Degassing of the mobile phase was carried
out continuously with an on-line degasser. The autosampler
and the column temperature were set respectively at 5°C and
32°C.

2.3.2. MS-system

MS operated in electrospray ionization (ESI) positive ion
mode under the following source conditions: source tempera-
ture 150 °C, desolvation temperature 300 °C, capillary potential
3.4 kV, sampling cone potential 30 V, extractor 3 V, nitrogen flow
rate 500 1/h. LC/MS chromatograms were obtained in the single
ion recording mode (SIR) at 377 m/z (protonated R) and at 248
m/z (protonated IS).

2.4. Stock solutions and spiked samples

2000 ng/ml R stock solution in 0.1% formic acid to prevent R
degradation, stored at —20 °C, was used as spiking solution. This
solution was prepared using remifentanil Ultiva® 1. Calibration
standards were prepared by the addition of appropriate amounts
of stock solution to 250 1 of blank human plasma. The final
concentration of R in the calibration standards were: 0.96, 2.4,
4.8, 9.6, 24.0 and 48.0 ng/ml. IS stock solution was prepared at
a concentration of 50 ng/ml in 0.1% formic acid in water and
stored at +4 °C. About 50 pl of this solution were added to each
calibration standard, clinical plasma sample and spiked blank
plasma sample.

2.5. Clinical samples

Approval was obtained from research ethics committee of
Policlinico A. Gemelli, UCSC, Rome and all patients gave writ-
ten informed consent. Subjects (parturients or patients under-
gone to gynecological surgery) were administered Ultiva® 1
by intravenous infusion. Blood samples were collected prior
and during administration of drug in heparinized tube con-
taining 50% (w/w) citric acid solution (10 wl/ml of blood),
these samples were centrifugated at +4°C for 10min at
2000 rpm. The obtained plasma was stored in Eppendorf vials
at —70°C until analysis. Umbilical venous (UVP) and umbil-
ical arterial (UAP) cord blood samples, taken from a seg-
ment umbilical cord, were collected and treated as above
described.

2.6. Extraction procedure

Aliquots of 250wl of calibration standards, spiked blank
plasma samples and clinical plasma samples were acidified with
5 plof phosphoric acid (85%) to release bound drug from plasma
proteins, and diluted to 500 wl with water. Then, the solutions
were vortexed and centrifugated at +8 °C for 10 min (3000 rpm).
The samples were loaded onto Oasis® HLB SPE cartridges,
previously conditioned with 1 ml of methanol followed by 2 ml
of water. The column was washed with water containing 2%
acetic acid, followed by 1 ml of water containing 5% methanol
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and 2% acetic acid. Finally, the analytes were eluted with 1 ml
of methanol 60% containing 2% acetic acid. The eluates were
evaporated to dryness under nitrogen, reconstituted in 125 pl
of water containing 0.1% formic acid, filtered though a 0.2 pm
filter and injected onto the HPLC system.

2.7. Validation of the method

2.7.1. Linearity, accuracy and precision assessment

Linearity was tested using six concentration levels of R: 0.96,
2.4,4.8,9.6,24.0 and 48.0 ng/ml. Linear regression analysis was
carried out on the standard curve generated by plotting peak
areas ratio of R and Internal standard (Ryrea/ISarea) VErsus con-
centration of R.

Accuracy was assessed by spiking three different levels of
R in blank plasma samples 3.6, 14.4 and 36 ng/ml, respec-
tively in order to cover the range of concentrations to be tested
(a £15% from the theoretical value was set as acceptance
criteria).

The intra-day precision was assessed by injecting blank
plasma samples spiked with three different concentrations of R
in triplicate (the same concentrations used for accuracy calcula-
tion) and the inter-day precision was assessed by spiking blank
plasma samples at the same concentrations used for accuracy
study in three different analytical run. During each analytical
run spiked blank plasma samples, calibration standards and new
eluent were prepared. Different column batch was used during
the first analytical run.

2.7.2. Limit of detection and quantitation

Limit of detection (LOD) and limit of quantitation (LOQ)
were estimated by extrapolation of a calibration curve by means
of the lower concentration standard curve points using the fol-
lowing formulas: LOD =3.3 ¢/S; LOQ =10 /S, where o is the
residual standard deviation of the regression line [16] and S is
the slope of the regression line.

2.7.3. Samples stability

All stability studies were conducted by using spiked blank
plasma samples at two concentration levels (3.6 and 36 ng/ml)
with three determination for each point.

To assess stability of extracted samples in the autosampler
(T=+5°C %3 °C) spiked blank plasma samples were analysed
immediately and after 3, 6, 9 and 12 h of residence time.

To assess bench top stability, unextracted spiked blank plasma
samples were kept at room temperature for 24 h. Samples were
extracted and analysed as described above.

Long-term stability was assessed by storing spiked blank
plasma samples at —70 °C for 1 month.

3. Results and discussion

The aim of the study was to set up areproducible and sensitive
method to quantify R in plasma samples in order to obtain data
useful to assess its safety and efficacy, before routine use in
obstetrics.

3.1. Development of the method

SPE technique was chosen in order to concentrate and purify
plasma samples from interfering components considering that
SPE methods are easy to perform and reproducible.

Pethidine was used as internal standard due to its similarity
to R in chemical structure.

Waters Oasis® HLB 1cm? SPE cartridge were used and a
protocol based on that proposed by the manufacturing company
was developed. No washings with basic solutions were carried
out considering that R is prone to very fast degradation under
basic conditions, therefore acidic and neutral solutions were used
in development phase. Different percentage of methanol were
tested for washing and eluting solutions in order to optimise
cleaning and recovery of the samples. The chosen pre-treatment
method was tested using several blank plasma samples spiked
with R at a final concentration of 10ng/ml and the recovery
was always about 90%. Recovery was calculated by comparing
extracted spiked samples with un-extracted sample prepared in
water containing 0.1% formic acid.

Chromatographic method was developed with the aim to
separate R and IS from other interfering blood components
not removed in the pre-treatment step. Isocratic elution condi-
tions using RP-HPLC column was chosen in order to minimise
variability of MS response. On-line MS detection technique
was chosen due to its high sensitivity and selectivity. Due
to the presence of amine moiety in the IS and R chemical
structures, positive electrospray MS ionization conditions were
chosen.

3.2. Validation of the method

Specificity of the method was tested using blank plasma from
11 different patients, pre-treated and not spiked with R and IS.
No interferences at the retention time of R or IS were found
(Fig. 2).

The method showed to be linear in the tested range.

The equation of the curve was (Rarea/ISarea)=(9.04 x
1073)[R]+4.55 x 107,

The slope standard deviation, the intercept standard devia-
tion [16] and R? were 3.66 x 1073; 1.60 x 10~* and 0.9999,
respectively.

The recovery of standard curve points using curve equation
ranged from 98.4% to 112.9%.

The estimated LOD was 0.18 ng/ml and estimated LOQ
was 0.50ng/ml. Analysis of blank plasma samples spiked with
0.5 ng/ml R and 0.18 ng/ml R were carried out and the LOD and
LOQ data were confirmed (recovery of 0.5 ng/ml samples was
in the same range of the standard curve points).

Intra-day and inter-day precision and accuracy data are sum-
marised in Tables 1 and 2, all the data obtained from analyses of
spiked blank plasma samples did not exceed 15% of difference
from nominal value.

The calculated concentration of the spiked blank plasma sam-
ples stored at different conditions for stability assessment did not
exceed the 15% difference from nominal value, thus showing
that the samples are stable through the whole analytical process.
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Fig. 2. SIR chromatograms of extracted plasma: (a and c¢) blank plasma; (b and
d) plasma spiked with 1 ngml~! of R and IS at 10 ng ml~!, respectively.

Table 1
Intra-day and inter-day precision

Nominal Intra-day precision n=3  Inter-day precision n=3
concentration (ng/ml) (R.S.D.%) (R.S.D.%)
3.6 5.1 5.3
14.4 4.1 6.9
36 3.2 3.5
40000.0 1 @)
20000.0
0.0
40000.0 -
1 (b)
R
20000.0
0.0
(c)
20000.0 | R\
0.0 ;—J
30000.0 (d)
20000.0 | R
it JW
0.0 — — T
000 500 1000 1500 20.00
Minutes

Fig. 3. SIR chromatograms at 377 m/z of: parturient extracted plasma collected
30 min before the infusion with Ultiva® 1 (a); parturient extracted plasma col-
lected during the infusion with Ultiva® 1 (b); UVP extracted sample (c) and
UAP extracted sample (d).

3.3. Clinical samples

To evaluate the applicability of validated method to real sam-
ples, plasma from mother and newborn patients were analysed
and exemplary chromatograms are reported in Fig. 3.

Furthermore plasma from two patients (A and B), which
underwent gynecological operations were analyzed. An intra-
venous infusion of Ultiva® 1 administered at a concentration of
50 wg/ml was administered to both patients; the infusion rate

Table 2

Accuracy

Nominal concentration Day 1 Day 2 Day 3

(ng/ml)
Mean found Recovery% Mean found Recovery% Mean found Recovery%
concentration (n=3) concentration (n=3) concentration (n=23)

3.6 3.6 98.7 39 109.6 3.7 102.2
14.4 134 92.8 14.7 102.2 14.2 98.6
36 343 95.4 36.1 100.3 352 97.9
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Table 3
Clinical samples patients infusion rate

Time (min) Infusion rate (pg/kg/min)
0-1 1
1-11 0.5
11-21 0.25
25 4 B Patient A
20 | O Patient B
E 15 1
D
c
o 10 -
| ._\
0 T T ,

1 11 21
Infusion time (min.)

Fig. 4. Remifentanil plasma concentration in patients A and B vs. time (see
Table 3 for the rate and dose infusion).

was varied during the administration (see Table 3) and different
samples were collected at different time. The R plasma concen-
tration observed in the samples from patients A and B reflect the
expected similar fluctuations during time (Fig. 4).

4. Conclusions

Validation data show that LOD, LOQ, accuracy and preci-
sion of the developed LC-MS method for determination of R

in plasma samples, are adequate to quantify this substance. This
method is simple and do not require the use of expensive multiple
quadrupole MS detectors.

Analytical data obtained from real clinical samples demon-
strated that the developed LC-MS method is suitable to follow
the fate of R in biological fluids collected from adult and new-
born patients.
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