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Introduction 
The drug, propofol (2,6-diisopropylphenol), is an 

intravenous anaesthetic which arose from the family of alkylphenols 
and showed to have sedative-hypnotic properties in animals [1,2] and 
in humans [3,4], by interacting with GABA receptors [5]. Propofol 
acquired great acceptation worldwide being extensively used for 
induction and maintenance of anaesthesia in human and veterinary 
practice. Moreover, propofol has been given in lower doses to critically 
ill patients for stabilization and titratable sedation in intensive care 
units (ICU) [6]. Since it is known to produce mild euphoria and 
hallucinations, the use of propofol for recreational purposes has been 
an issue. Furthermore, many deaths have occurred due to its abuse 
and misuse [7]. Some case reports are available in literature related to 
suicides by using propofol alone or in mixtures [8,9].

Propofol has a rapid and extensive biotransformation 
into multiple non-conjugated and conjugated metabolites. The non-
conjugated metabolites result from propofol ring hydroxylation (CYP 
P450) and consist in two inter-conversable isomers: 2,6-diisopropyl-
1,4-quinol and 2,6-diisopropyl-1,4-quinone (Figure 1). As for propofol, 
they can be found in the blood stream (plasma and serum) and organ 
tissues and are suspected to have one third of propofol hypnotic activity 

[10,11]. Furthermore, the infusion of propofol in higher doses and for 
long periods has been associated with a rare but potentially fatal set 
of clinical and toxicological features in critically ill patients: Propofol 
Infusion Syndrome (PRIS). This syndrome has already been described 
in humans [3,12], rabbits [13] and dogs [14]. The onset mechanism 
of this syndrome is not well understood but the non-conjugated 
metabolites of propofol may be implied as trigger compounds 
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Abstract
Propofol is an important compound used for anaesthetic purposes in clinical practice. Nevertheless, in the re-

cent years, the use of propofol has also been reported for recreational, abusive or even for suicidal and criminal 
purposes. So far, there is a lack of practical techniques validated for simultaneous quantification of propofol and 
its non-conjugated metabolites (2,6-diispropyl-1,4-quinol and 2,6-diispropyl-1,4-quinone) in plasma and organs, to 
optimize therapeutics, to prevent undesired effects, and for application in forensic settings. 

A simple gas chromatography/ Ion trap – mass spectrometry method was optimized for the detection and quanti-
fication of propofol and its non-conjugated metabolites in plasma and organ (liver, heart, kidney and lungs) samples. 
All compounds were simultaneously extracted from 0.5 mL of plasma and 0.2 g of each organ, following a straight-
forward and rapid procedure using thymol as internal standard. This method was validated according to international 
guidelines for analytical methods. 

The standard curve ranged from 0.005 to 100 µg/mL for propofol and 0.005 to 50 µg/mL for the non-conjugated 
metabolites. Intra and inter-assay variability for propofol and its metabolites was less than 15% and the average 
recovery was greater than 90%. The proof of applicability of this methodology allowed the successful measurement 
of propofol and its non-conjugated metabolites in plasma and solid tissues from seven New Zealand White rabbits 
that were submitted to a long-term anaesthesia protocol with a continuous infusion of propofol ranging from 20 to 
60 mg/kg/h.

This optimized and validated assay may also be suitable in the monitoring of sedated or anaesthetised animals 
and humans with continuous infusions of propofol and for use in pharmacokinetic and toxicological studies.
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[12,13,15]. A huge diversity of clinical signs (asystole, hyperlipidaemia, 
metabolic acidosis, fatty liver, etc) has been related with this pathology, 
reinforcing the need of a close monitoring of patients. Nevertheless, 
there is a lack of practical techniques validated for simultaneous 
quantifications of propofol and its metabolites, in order to optimize 
therapeutics, prevent undesired effects and determine the real causes of 
intoxications or deaths due to propofol use. 

Propofol quantification in human blood or plasma was already 
described using high-performance liquid chromatography (HPLC) 
[16-21], liquid chromatography with tandem mass spectrometry (LC-
MS/MS) [22], gas chromatography-mass spectrometry (GC-MS) [23-
25] and gas chromatography quadrupole (EI-MS/MS) [26]. In humans, 
the quantification of propofol has been performed in blood or plasma, 
brain, liver and adipose tissue using GC-MS [23,27]. The quantification 
of non-conjugated metabolites of propofol was previously done in rat 
liver microssomes [28] using GC-MS and in human blood and urine 
using HPLC [29]. However, none of these cited methods determine 
simultaneously propofol and its non-conjugated metabolites in plasma 
and several organ matrices (liver, lung, heart and kidney). 

Hence, the present work aims to develop, optimize and validate 
the analytical method initially described by Guitton and co-authors 
[23,28] to allow the simultaneous quantification of propofol and 
its non-conjugated metabolites (2,6-diisopropyl-1,4-quinol and 
2,6-diisopropyl-1,4-quinone), using GC/IT-MS, in plasma and organ 
tissues, in clinical settings or toxicological studies. The method 
validation will follow the European Medicine Agency (EMA), the 
Food and Drug Administration (FDA) and the High Conference 
Harmonization (ICH) guidelines for analytical methods.

Material and Methods
Drugs and reagents

Propofol (2,6-diisopropylphenol) and thymol (2-isopro-
pyl-5-methylphenol) were obtained by Sigma-Aldrich (Portugal). 
Thymol was used as an internal standard (IS). The non-conjugated 
metabolite standards (2,6-diisopropyl-1,4-quinol and 2,6-diisopro-
pyl-1,4-quinone) were synthesised according to an optimized and pub-
lished procedure [5]. The chloroform and the methanol were provided 
by Fisher Scientific (Portugal) and ethylacetate was from Fluka (Buchs, 
Switzerland). Boric acid used in the preparation of the buffer was ob-
tained from Sigma (Sintra, Portugal). Solid NaOH and KCl were ac-
quired from Merck (Darmstadt, Germany). Ultra-pure water was from 
Milli-Q system (Millipore, Bedford, MA, USA).

Equipment and software

The quantification of propofol and its non-conjugated metabolites 

in plasma and organ tissues samples was performed using a GC Vari-
an CP-3800 (California, USA) equipped with a selective ion trap mass 
detector (Varian Saturn 4000, California USA). The chromatographic 
column was a VF-5 Factor Four model (30 m×0.25 mm×0.25 µm) from 
Varian. A Combi-PAL autosampler (Varian Pal Autosampler, Switzer-
land) and Cycle Composer software (CTC Analytics System Software, 
Switzerland) were used for all experiments. The software used to man-
age data was the Saturn GC/MS Workstation software 6.8 (California 
USA). The ionization was performed by electronic impact at 70 eV. The 
carrier gas was Helium C-60 from Gasin (Porto, Portugal).

The Precellys24® tissue homogenizer (Precellys24® technology, 
Bertin Technologies, Villeurbanne, France) was used for the 
homogenization process of organ samples.

Stock and working solutions

Stock solutions of propofol (1 mg/mL), 2,6-diisopropyl-1,4-qui-
none (1 mg/mL), 2,6-diisopropyl-1,4-quinol (1 mg/mL) and thymol 
(1 mg/mL) were prepared in methanol. Borate buffer solution (0.1 M) 
was prepared by dissolution of boric acid in ultra-pure water. It was 
adjusted to pH=9 with a sodium hydroxide solution (1 M). A 0.2 M 
potassium chloride (KCl)/ 0.2 M sodium hydroxide (NaOH) solution 
was prepared by dissolution of KCl and NaOH separately and mixed 
immediately after preparation, totalling a final solution of 100 mL. 
The pH was adjusted till 12.4 with NaOH solution (1M). A mixture of 
chloroform: ethylacetate (70:30 v:v) was used to extract propofol and 
free-metabolites from the matrix. All solutions were prepared daily. 
For stability tests, propofol and thymol stock solutions were stored at 
-80°C for three weeks.

Standard solutions, quality controls (QC) and blank samples

Each analyte prepared from the stock solutions was added to the 
blank matrix (plasma, liver, kidney, lungs and heart matrix). The fi-
nal concentrations of the standard solutions were: 0, 0.5, 1, 5, 10, 50 
and 100 µg/mL for propofol and 0, 0.1, 0.5, 1, 5, 10 and 50 µg/mL for 
propofol non-conjugated metabolites. Four quality controls (QC) were 
selected for each analyte and prepared like standard solutions: propo-
fol – 0.005 (Lower limit of quantification - LLOQ), 1, 10 and 100 µg/
mL; non-conjugates metabolites of propofol – 0.005 (LLOQ), 0.5, 5 and 
50 µg/mL. Control samples were prepared by adding 50 µL of IS (0.01 
mg/mL) in 0.5 mL of drug-free plasma and organ samples, followed by 
the extraction procedure. Blank samples were obtained from drug-free 
plasma and organ samples, followed by the extraction procedure. Dai-
ly standard solutions and quality controls were prepared in ice. Some 
aliquots (containing the organic phase) were stored at 4°C (one week) 
for stability tests.

CYP P450

Propofol 2,6-diisopropyl-1,4-quinol 2,6-diisopropyl-1,4-quinone
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Figure 1: Molecular structure of propofol (2,6-diisopropylphenol), 2,6-diisopropyl-1,4-quinol and 2,6-diisopropyl-1,4-quinone. Propofol hydroxylation originates via 
CYP P450 two inter-conversable non-conjugated metabolites [5,22,27].
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Chromatographic conditions

The organic phase obtained from the extraction procedure 
was injected (2 µL) into the Gas Chromatography/Ion Trap-Mass 
Spectrometry (GC/IT-MS) injector in split mode 1:10, at 250°C. 
The setting of column temperature was 100°C (during 1 min), then 
raised 15°C/min until 300°C (kept for 10 min). In the first 4 min 
of the analysis the ion source was maintained off to avoid solvent 
overloading. The temperature of transference line, manifold and ion 
trap were respectively 280, 50 and 180°C. Only the ions with m/z >50 
and <600 were analysed in the ion trap. The emission current was 50 
µA and maximum analysis time was 3500 µ. The detection of thymol, 
propofol and non-conjugated metabolites was conducted in Fullscan 
mode, and the quantification performed by reprocessing the Fullscan 
chromatogram with the characteristic m/z fragments of each molecule. 
For propofol the m/z used were m/z=163 and m/z=178, for thymol the 
m/z=150 and m/z=135, for 2,6-diisopropyl-1,4-quinol m/z=179 and 
m/z=194 and for 2,6-diisopropyl-1,4-quinone m/z=149 and m/z=192 
[23,25,28]. 

The identification of each compound in each sample was performed 
in the same chromatographic conditions, by comparative analysis 
between the retention times of pure compounds with the compounds 
in the injected samples. 

Extraction procedure in plasma and organ tissues

Arterial blood samples were collected into heparinized tubes and 
then centrifuged at 4000 rpm for 15 minutes in order to obtain plasma. 
Plasma and organ samples from liver, lungs, kidneys and heart were 
preserved at -80°C till analysis.

Extraction procedures were based on previous works [23,27,28] 
and which were modified, extended and validated. Concerning 
quantification in organ tissue, to 0.2 g of each tissue sample 0.6 mL 
of KCl/ NaOH buffer solution was added in a 1.5 mL Precellys24® 
lysing tube with ceramic beads. Samples were homogenized using the 
Precellys24®tissue homogenizer by applying 2 cycles at speeds ranging 
from 4000 rpm to 6800 rpm during 30 seconds. After, the homogenised 
samples were centrifuged at 1500 rpm for 2 min and 0.5 mL of the 
supernatant was collected to a 5 mL tube. To a 0.5 mL aliquot of 
plasma, 0.5 mL organ supernatant or to the propofol/non-conjugated 
metabolites calibration standards, 50 µL of thymol (0.01 mg/mL) and 1 
mL of ultra-pure water were added. To each processed sample 0.5 mL 
of borate buffer (pH=9) was added and mixed by inversion for 5 min. 
Then, 300 µL of chloroform: ethylacetate (70:30 v:v) were added and 
also mixed by inversion for 20 min. After a 10 min centrifugation, 2 µL 
of the organic phase were injected into the Gas Chromatography/Ion 
Trap-Mass Spectrometry (GC/IT-MS) [23].

Bioanalytical method validation

GC/IT-MS method validation: The GC/IT-MS method was validated 
according to international guidelines produced by European Medicine 
Agency (EMA) [30], Food and Drug Administration (FDA) [31] and 
International Conference Harmonization (ICH) [32]. Accordingly 
to these guidelines, to ensure the acceptability of the performance 
and reliability of the analytical results, the following characteristics 
were considered: selectivity, carry-over, lower limit of quantification 
(LLOQ), detection limit (DL), calibration range, accuracy, precision, 
stability of the analyte in each biological matrix and stability of the 
analyte and of the internal standard in the stock and working solutions 
under the entire period of storage and processing conditions. The proof 
of applicability of the developed methodology, ensuring its simplicity, 

sensitivity, specificity, accuracy, reproducibility and fastness, was 
performed to determine propofol and free-metabolites in plasma and 
tissues organs samples of rabbits submitted to general anaesthesia with 
propofol. 

The selectivity was proved by the analysis of six blank matrices (plasma 
and organ tissues), with the absence of interfering components with an 
observable limit of less than 20% of the lower limit of quantification for 
propofol and its metabolites and 5% for thymol (IS) [30].

The carry-over study was assessed by analysing six blank matrices, 
after the injection of a high concentration standard solution. Carry 
over should not be greater than 20% of LLOQ for propofol and its non-
conjugated metabolites and 5% for thymol [30]. The matrix effects were 
investigated using 6 blank matrix from individual donors. For each 
analyte and IS, the matrix factor and CV (coefficient of variation, %) 
was calculated as indicated in the EMA guideline and the overall CV 
calculated for all low and high level of concentration which should be 
lower than 15%.

The lower limit of quantification (LLOQ) is the lowest concentration 
of analyte in a sample, which can be reliably quantified, with acceptable 
accuracy and precision. The LLOQ signal should be at least 5 times the 
signal of a blank sample [30].

The detection limit (DL) is determined by the analysis of samples 
with known concentrations of analyte and by establishing the 
minimum level at which the analyte can be reliably detected [32]. The 
DL was calculated using the following equation: DL=(3.3 s)/ S, where 
s is the standard deviation of the mean value resulting from analysis of 
an appropriate number (N=20) of blank samples and S is the slope of 
the calibration curve [30].

A six-point calibration curve was constructed for propofol by 
plotting the ratio of propofol/ IS areas (y) vs propofol concentration (x) 
(carried out in triplicate). The concentration range for the calibration 
curve was defined according to expected propofol plasma and organs 
concentration. Results for blank samples were not used as part of the 
calibration curve [30]. Slope, intercept and linearity were determined 
by calculating the regression equation from the plot of peak area ratio 
vs concentration, for six standard solutions using the linear least 
squares method [31]. The same procedure was done for each one of the 
non-conjugated metabolites of propofol. Propofol and non-conjugated 
metabolites solutions concentrations were also back calculated, using 
the calibration curve, and mean accuracy values were determined. 

The accuracy was tested by calculating the percentage of the 
nominal value (relative error, %) of the four QC (quality control) of 
propofol and non-conjugated metabolites concentrations defined. 
Accuracy was evaluated within a single run (within-run accuracy) and 
in different runs (between-run accuracy). Within-run accuracy was 
determined by analysing, in a single run, a minimum of 5 samples per 
propofol and non-conjugated metabolites concentration level. For the 
validation of the between-run accuracy, samples, from at least three 
runs, were analysed on three different days [30]. 

The precision of the analytical method describes the closeness of 
repeated individual measures of analyte expressed as the coefficient of 
variation (CV). For precision determination, samples were analysed 
within a single run and in different runs, using the same runs and data 
as for the demonstration of accuracy [30].

Stability was evaluated by using three QC solutions under distinct 
periods of storage (stock solutions maintained at -80°C for 3 weeks) 
and processing conditions (organic phase maintained at 4°C during 
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one week) for both propofol and the non-conjugated metabolites.

Extraction procedure validation: Absolute recovery (%) was 
performed according to Hikiji et al. [27] and calculated by comparing the 
concentration of extracted propofol and non-conjugated metabolites 
in organ samples and plasma (n=4 for each tissue) containing 0.5 µg 
of analyte per gram or mL of tissue, respectively, after the extraction 
procedure.

Method applicability

The described method was applied to the simultaneous analysis 
of different analytes in biological samples with different matrices, 
collected from anaesthetised animals with propofol. An analytical run 
consisted of a blank sample (processed matrix sample without analyte 
and without IS), a zero sample (processed matrix with IS), 6 calibration 
standards, 4 levels of QC samples (in triplicate), plasma samples taken 
during the anaesthetic period and organ tissues taken at the end of 
anaesthesia and after animals’ euthanasia. As indicated before, the 
calibration standards and QC samples have been spiked independently 
using separately prepared stock solutions [30]. All samples were 
analysed in triplicate, except when indicated otherwise. The optimized 
and validated method was used to quantify propofol concentrations in 
plasma and organs from our study population. 

Experimental protocol: Seven healthy male New Zealand White 
rabbits, average weight 3.67 ± 0.15 Kg, approximately 3 months old, 
were used. The animals were properly housed, in a room with controlled 
temperature, ventilation and light/dark cycle. Commercial pellet food 
and water were provided ad libitum. Animal welfare, behaviour and 
health were daily evaluated by a specialized technician. 

This study was conducted in agreement with the European animal 
welfare laws for care and use of experimental animals and with the 
ARRIVE guidelines for animal research, being approved by the national 
regulatory office: Direcção Geral de Alimentação Veterinária (DGAV), 
with the protocol N° 0420/000/000/2009.

Each animal was prepared for propofol administration and 
blood samples withdraw (vein and arterial cannulation, respectively). 
Blank blood samples were taken before anaesthesia in every animal. 
Induction of anaesthesia started with a propofol bolus of 20 mg/kg 
[13] followed by an infusion rate of 60 mg.kg-1.h-1. Oxygen support 
was ensured during the entire anaesthesia. According to the IoC values 
and reflexes responses, infusion rates (20, 30, 40, 50 and 60 mg/kg/h) 
were adjusted in order to maintain a similar level of anaesthetic depth 
along time in all animals. The anaesthesia was kept during twenty 
consecutive hours with arterial blood samples collected every 3 h for 
propofol quantification (0, 3, 6, 9, 12, 15, 18 and 20 h). Blood gases 
measurements were also performed. At the end, the animals were 
euthanized and organ samples from liver, lungs, kidneys and heart 
were taken.

Results
Bioanalytical validation

GC/IT-MS method validation: GC/IT-MS acquisition was performed 
in Fullscan mode. After acquisition chromatograms were processed 
by using the characteristic m/z of propofol and its non-conjugated 
metabolites. Four individual and distinctive peaks were observed in 
every chromatogram (Figure 2). The first peak observed was from 
thymol, at 4.9 ± 0.2 min, followed by propofol at 5.5 ± 0.2 min, 
2,6-diisopropyl-1,4-quinone at 5.8 ± 0.2 min and 2,6-diisopropyl-

1,4-quinol at 7.8 ± 0.15 min. The peak area of each analyte resulted 
from the abundance of the monitoring ions related to each compound: 
for propofol the m/z ions used were 163 and 178, for thymol m/z 
135 and 150, for 2,6-diisopropyl-quinone m/z 192 and 149 and for 
2,6-diisopropyl-quinol the m/z ions 179 and 194 [23]. These non-
conjugated metabolites of propofol are described as inter-convertible 
compounds in tautomeric equilibrium [23]. So as to, the study of the 
non-conjugated metabolites was performed using the sum of the area 
obtained for each metabolite. Only for the LLOQ and DL determination 
they were treated separately.

Selectivity: The method selectivity was analysed by comparing the 
chromatograms of six blank matrices to the chromatogram of the 
calibrator used to quantify the LLOQ (0.005 µg/mL) of propofol 
and its non-conjugated metabolites. No other confounding peaks at 
the retention time of each analyte were observed. A representative 
chromatogram showing the separation of the analytes from the matrix 
is shown in Figure 2. As acceptance criteria, the absence of interfering 
components was validated when signal is lower than 20% of the LLOQ 
for the analyte and 5% for the IS. The results obtained are represented 
in Table 1. Generally, obtained data indicate that the method is selective 
as no potential interfering peaks were detected. 

Carry-over and matrix effects: The carry-over was not observed in the 
six blank samples, analysed after the higher concentration standard 
solution. In agreement with the guidelines, a noise signal of the blank 
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Figure 2: Representative Fullscan chromatograms showing a blank sample 
and the separation of the analytes from the matrix. The first peak observed 
was from IS (thymol), at 4.9 ± 0.2 min, followed by propofol at 5.5 ± 0.2 min, 
2,6-diisopropyl-1,4-quinone at 5.8 ± 0.2 min and 2,6-diisopropyl-1,4-quinol at 
7.8 ± 0.15 min.
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plasma showed to be lower than 20% of the LLOQ and lower than 5% 
of the IS (Table 2).

No matrix effects were found for all matrix and compounds studied 
with CV (%) lower than 15% (Table 2).

Lower limit of quantification (LLOQ) and detection limit (DL): In 
the current study, the LLOQ was defined according to bibliography 
and the expected concentrations in the different matrices. As a 
favourable criterion for the LLOQ of propofol and its non-conjugated 
metabolites, the signal should be at least 5 times the signal of a blank 
sample [31]. The DL was calculated from the standard deviation (SD) 
of the mean value obtained from the analysis of 20 blank samples and 
the slope of the calibration curve, as previously described. The LLOQ 
was defined as 5 ng/mL for all analytes whereas the DL was 2.95 ng/mL 
for propofol, 0.98 ng/mL for 2,6-diisopropyl-quinol and 0.68 ng/mL 
for 2,6-diisopropyl-quinone in all biological matrices.

Linearity studies: Linearity was analysed in the concentration range of 
0.005-100 µg/mL and 0.005-50 µg/mL for propofol and non-conjugated 
metabolites, respectively. Firstly, a visual inspection of the calibration 
curves plot was observed and then, the square correlation coefficient 
(R2) was calculated by the least squares method. A high correlation 
coefficient of 0.99 is often used as criterion of good linearity [27]. 
Moreover, linearity of the regression line was evaluated by a procedure 
based on the residual sum of squares (RSS): taking the regression 
line as the mean, a RSS calculated for all data points, revealing values 
<2.0%, respectively a mean of 0.78% for propofol and 0.68% for non-
conjugated metabolites.

The construction of the calibration curves included seven standard 
solutions. For propofol the set concentrations were: 0.005, 0.5, 1, 5, 
10, 50 and 100 µg/mL and for the non-conjugated metabolites were 
used the following concentrations: 0.005, 0.1, 0.5, 1, 5, 10 and 50 µg/
mL. Four different runs were carried out, in four consecutive days, 
first for propofol and then, for the non-conjugated metabolites. The 
linear regression of the ratio of the analyte area to that of the IS versus 
the propofol or non-conjugated metabolites were used. The mean 
equations (n=6) of the calibration curve obtained from mean of these 
seven points were: propofol: Y=1.204 (± 0,010) X + 0.959 (± 0.486), 
R2=0.9989 and for non-conjugated metabolites: Y=0.916 (± 0.006) X 
– 0,183 (± 0.130), R2=0.9981, where Y is the ratio of propofol or non-
conjugated metabolites peak area/IS peak area and X is the real propofol 
or non-conjugated metabolites concentration in µg/mL. Mean and SD 
values for Y and X are indicated inside brackets.

Back-calculated concentrations: Back-calculated concentrations of 
standard solution are a useful procedure to validate or reject some 
points of the concentration range used, during the bioanalytical method 
validation. Table 3 shows, in terms of accuracy, the relative error (RE; 
%) of the back calculated concentrations from the standard solutions 
used in the calibration curve. All back calculated concentrations 
complied with the acceptance criterion defined internationally [30].

Accuracy: The accuracy of an analytical method is described as the 
closeness of the determined value obtained by the optimized method, 
by calculating the percentage recoveries of the mean concentration 
of each analyte at four different concentrations. The four QC were: 
0.005 (LLOQ), 1, 10 and 100 µg/mL for propofol and 0.005 (LLOQ), 
0.5, 5 and 50 µg/mL for the non-conjugated metabolites. The results 
for the within-run accuracy (n=5) are expressed in Table 4 whereas 
Table 5 shows the between-run accuracy (n=3), demonstrating the 

Analyte (n=6 for each) Carry-over Matrix effects

LLOQ Area (Mean) Blank Area (Mean) Result (%) Acceptance criteria
CV  (%) Acceptance criteria

LC HC
Propofol 4518.98 314.04 6.95 <20% 6.46 7.12 <15%
2,6-diisopropyl-quinol 1756.64 14.14 0.80 <20% 8.32 5.43 <15%
2,6-diisopropyl-quinone 3379.48 23.48 0.69 <20% 10.22 7.43 <15%
IS 116069.2 746.1 0.64 <5% 4.82 5.19 <15%

IS – internal standard; LLOQ – Lower limit of quantification; LC – lower concentration; HC – High concentration
Table 2: Carry-over and matrix effects validation of propofol, 2,6-diisopropyl-1,4-quinone and 2,6-diisopropyl-1,4-quinol.

Standard solutions Mean (n=6) RE (%) Acceptance criteria

Propofol 0.005 0.0059 18.03 <20%
0.5 0.5118 2.36

<15%

1 1.0099 0.99
5 5.5973 11.9

10 10.6835 6.84
50 50.8894 1.78

100 100.4091 0.41
Non-conjugated 

metabolites
0.005 0.0052 4.86 <20%

0.1 0.1095 9.53

<15%

0.5 0.5101 2.20
1 1.0461 4.61
5 5.1012 2.02

10 10.0772 0.77
50 51.1131 2.23

RE- relative error
Table 3: Back-calculated concentration of standard solution using calibration 
equation for propofol and non-conjugated metabolites.

Analyte
(n=6 each 

matrix)

Matrix LLOQ Area Blank Area
(mean)

Result (%)
(mean)

Acceptance 
criteria

Propofol

Plasma
Liver

Kidney
Lung
Heart

4422.2
6637.3
3171.8
4462.8
3900.8

311
290.3
299

487.7
182.2

7.03
4.40
9.42
10.93
4.70

<20%

2,6-diisopro-
pyl-1,4-quinol

Plasma
Liver

Kidney
Lung
Heart

734.5
1664.3
2103

2436.2
1845.2

16.2
17.3
nd

22.7
14.5

2.20
1.04

-
0.93
0.79

<20%

2,6-diisopro-
pyl-quinone

Plasma
Liver

Kidney
Lung
Heart

1363.7
4807.2
3650

3792.5
3284

41
32.7
nd

31.7
12

3.0
0.67

-
0.83
0.36

<20%

IS (Tymol)

Plasma
Liver

Kidney
Lung
Heart

109169
119696
114529
121898
115054

683.3
874.2
928.8
490.5
753.7

0.62
0.73
0.81
0.40
0.66

<5%

IS – internal standard; LLOQ – Lower limit of quantification; nd – not detected
Table 1: Selectivity validation of propofol, 2,6-diisopropyl-1,4-quinone and 
2,6-diisopropyl-1,4-quinol in different matrices (plasma, liver, kidney, lung and 
heart).
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concordance between experimental and nominal data. Once again, the 
obtained results fulfil the internationally acceptance criteria: the mean 
should be within 15% of the nominal values for the QC samples, except 
for the LLOQ which should be within 20% of the nominal value [30].

Precision: Precision ensures the ability of the method to generate 
reproducible results. Method precision was validated for within-run 
and between-run, in terms of variation (CV - coefficient of variation, 
%) as demonstrated in Tables 4 and 5, respectively. The obtained results 
point that the developed and optimized GC/IT-MS method presents 
good precision, since it fulfils the acceptance criteria internationally 
established [30].

Stability: The stability of propofol and its non-conjugated metabolites 
together with IS was evaluated under similar conditions to those 
that occur in a real time analysis. In agreement with the validation 
requirements for bioanalytical methods, to validate the storage 
conditions, we evaluated the stability of frozen stock solutions (three 
weeks at -80°C) and also the stability of the organic phase stored at 4°C 
during one week. These tests were performed by preparing in triplicate 
the lower (0.005 µg/mL) and the higher (100 µg/mL for propofol 
and 50 µg/mL for non-conjugated metabolites) QC. Accuracy results 
(Table 6), represented as RE (%), shows that the GC/IT-MS method 
developed and optimized has good stability and can be used to analyse 
fresh and frozen samples. Moreover, these results are in agreement 
with international guidelines (RE<2%) [30].

Extraction validation: Propofol and its non-conjugated metabolites 
were recovered from each matrix (plasma, liver, lung, kidney and 
heart) supplemented at 0.5 µg/mL or 0.5 µg/g. Concerning propofol 
the recovery (%) was greater than 95% in plasma and heart whereas the 
higher recuperation of non-conjugated metabolites was observed also 
in plasma and the lungs (Table 7).

Discussion

In this study, we adapted, optimized and validated the methods 
previously described by Guitton et al. (1995, 1997) [23,28] and from 
Hikiji et al. [27]. The hereby proposed method was improved to 
provide a simple and fast procedure, with reduced time and costs. 
We simplified some aspects related to sample preparation and 
simultaneous quantification of different analytes in the same sample 
and in different matrices in one GC/IT-MS run. In less than one 
hour, the final results are obtained (mean time need for one sample 
is approximately 50 min) comprising propofol and non-conjugated 
metabolites extraction. The chromatographic run is less than 20 min, 
being the injection an automatic process. Several chromatographic 
parameters were evaluated, specifically, peak separation, resolution, 
peak area and retention time of the different analytes. 

The GC/IT-MS technique optimized for the simultaneous 
quantification of propofol and of its two main metabolites has proved 
to be simple, precise, accurate, linear, reliable, stable and reproducible 
for a wide range of concentrations in plasma, liver, heart, lung and 
kidney. Diverse methods have demonstrated the quantification of 
propofol in biological fluids and solid tissues but not much address to 
the study of non-conjugated metabolites [23,27,29]. 

The GC conditions and the steps of the extraction procedure were 
adjusted to increase selectivity, minimise carry-over and monetize time 
by analysing different analytes in the same sample. Vree and co-authors 
[29] have shown the simultaneous quantification and validation 
method of propofol and its metabolites in plasma and urine, using 
HPLC with UV detection however this method revealed low sensitivity 
and was more time consuming compared to ours.

The retention times observed for propofol and IS in our method 
are less when compared with those already published in other GC-MS 
methods [23,27,33] with the exception of Stetson’s method [24] that 
retained propofol around 4.1 min and thymol at 3.5 min, but all failed 
at quantifying the non-conjugated metabolites. On the contrary, some 
HPLC methods showed even smaller retention times than ours but, 

Stock solution stability frozen at -80°C for 3 weeks
QC Mean  (n=3) RE; %

Propofol Q+OH Propofol Q+OH Propofol Q+OH
0.005 0.005 0.0051 0.0051 1.22 1.76
100 50 100.53 50.52 0.53 1.63

Organic phase stability at 4°C for 1 week
QC Mean (n=3) RE; %

Propofol Q+OH Propofol Q+OH Propofol Q+OH
0.005 0.005 0.0050 0.0050 0.96 0.37
100 50 101.01 50.11 1.01 0.22

QC- Quality control; Q+OH – Non-conjugated metabolites; RE – relative error
Table 6: Results from stability studies of propofol and its non-conjugated me-
tabolites (Q+OH) stock solutions and ethyl acetate/ chloroform organic phase.

Matrix (n=4) Amount added
(µg/mL or µg/g )

Recovery, % (CV, %)
Propofol Non-conjugated metabolites

Plasma 0.5 116.7 (1.6) 101.8 (2.5)
Liver 0.5 91.5 (1.9) 91.8 (1.7)
Lung 0.5 88.5 (7.7) 97.8 (3.5)

Kidney 0.5 94.4 (1.2) 93.3 (1.3)
Heart 0.5 108.1 (6.1) 87.9 (0.4)

Table 7: Propofol and its non-conjugated metabolites were recovered from each ma-
trix (plasma, liver, lung, kidney and heart) supplemented at 0.5 µg/mL or 0.5 µg/g.

QC 
(µg/mL)

Mean measured 
concentrations 
(µg/mL) (n=5)

RE 
(%)

CV 
(%) Acceptance 

criteria

Propofol

0.005 0.0059 18.03 3.07 <20%
1
10
100

1.0099
10.6835
100.4091

0.99
6.84
0.41

0.83
0.84
0.54

<15%

Non-conjugated 
metabolites

0.005 0.0052 4.87 7.00 <20%
0.5
5
50

0.5110
5.1013
51.1131

2.20
2.03
2.23

1.07
2.64
0.19

<15%

QC- Quality control; RE- Relative error; CV- Coefficient of variation
Table 4: Within-run accuracy and within-run precision data. QC means quality 
control, RE relative error and CV is the coefficient of variation (n =5).

QC 
(µg/mL)

Mean measured 
concentrations 
(µg/mL) (n=5)

RE 
(%)

CV 
(%) Acceptance 

criteria

Propofol

0.005 0.0055 9.00 8.13 <20%
1
10
100

0.9207
11.0485
106.1178

3.45
10.48
6.12

4.14
5.73
11.67

<15%

Non-conjugated 
metabolites

0.005 0.0051 2.38 6.37 <20%
0.5
5
50

0.4488
5.0943
50.6116

0.68
1.89
1.22

2.58
6.75
2.85

<15%

QC- Quality control; RE- Relative error; CV- Coefficient of variation
Table 5: Between-run accuracy and between-run precision data. QC means 
quality control, RE relative error and CV is the coefficient of variation (n =3).
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only for propofol and IS [16,17,22]. Concerning the non-conjugated 
metabolites acquisition retention times, Guitton and colleagues 
obtained different retention times in two different studies [23,28]. In 
the first study, 2,6-diisopropyl-quinone was detected at 9.6 min and 
2,6-diisopropyl-quinol at 12.0 min, which is consistent with ours [23]. 
However, in this study by Guitton [23], the non-conjugated metabolites 
of propofol were not quantified and the extraction procedure was 
only validated for propofol. In the other study of Guitton [28], 
2,6-diisopropyl-2,4-quinol showed a retention time at 8.0 min but, 
this quantification resulted from the conversion of 2,6-diisopropofol-
1,4-quinol in quinone, in alkaline conditions, and was not defined 
a conversion ratio of one metabolite into the other, as they are in 
tautomeric equilibrium. Moreover, these two studies of Guitton were 
conducted in vitro using rat liver microssomes, which do not include 
the physiological mechanisms from in vivo animals or humans.

The extraction procedure is simple and repeatable. A battery of samples 
can be easily prepared and analysed. Furthermore, this method do not 
demand a large amount of organic solvents or injection volume into 
the GC column compared with the extraction procedures found on 
literature [22,24,29,34]. In our study, with a small volume of plasma (500 
µL), we were able to provide a low limit of quantification. Nevertheless, 
we recognize that the volume of plasma used in this method does have 
the potential to be reduced (250 µL or less), turning it feasibly useful for 
smaller animals (like exotic animals), paediatric patients or in forensic 
scenarios with limited samples amount.

The LLOQ value observed with this method for propofol was low 
and consistent with those observed in the literature using HPLC-UV 
detection [29,35], HPLC with fluorescence detection [17,21,34,36] 
and other mass spectrometer methods [7,22,24,26,33,37]. The present 
method revealed to be 50% more sensitive than the one described by 
Cohen et al. [22] but showed the same LLOQ as Nolan’s [38] method. 
With reference to propofol LD, the values obtained in our optimized 
study are, in most cases, better than the ones already published with 
HPLC-UV [29], HPLC with fluorescent detection [16,17,21,34] and 
mass spectrometer methods [24,26,33]. Additionally, this technique 
also allows the simultaneous quantification of the non-conjugated 
metabolites in different matrices. Cussonneau et al. [16] set the LD at 3 
ng/mL of propofol in plasma using HPLC and Hikiji et al. [27] showed 
2.5 ng/mL of propofol in blood and 5 ng/mL in liver using GC-MS. For 
the non-conjugated metabolites, the LD obtained in the present study 
was lower than that defined by Loryan et al. [39] that obtained 10 ng/
mL in plasma using HPLC analysis. This value was much lower when 
compared to 25 ng/mL in blood reported by Guitton and colleagues 
[28] with the GC-MS assay. 

The calibration curves from the current study were fitted by 
plotting the peak area ratio vs the concentration, in a range between 
0.005-100 µg/mL for propofol and 0.005-50 µg/mL for non-conjugated 
metabolites. Both analytes showed a correlation coefficient greater 
than 0.99 and no changes in the slope were observed with various 
samples. The intra-day coefficient of variation oscillated from 0.54 to 
3.07% for propofol and 0.19 to 7% for the non-conjugated metabolites 
whereas the inter-day variation alternated from 5.73 to 11.67% and 
6.75 to 2.85% for propofol and its metabolites, respectively. The intra 
and inter-assay variability was less than 15%. These results are in 
agreement with the EMA and FDA guidelines for analytical methods 
validation and indicate that our method is accurate and precise for 

the simultaneous quantification of propofol and its non-conjugated 
metabolites in different matrices. 

The extraction efficiency of propofol was greater than 100% for 
plasma and heart, greater than 90% for kidney and liver and above 85% 
in lung. These mean recovery values are similar or better than other 
methods [16,17,22,23,27,34]. For the non-conjugated metabolites, the 
mean absolute recovery was more than 100% for plasma, above 95% 
for lung and greater than 85% for liver, heart and kidney which is in 
agreement with previous studies [22,28,29]. However, further recovery 
studies should be conducted with different concentrations (lower 
and higher than 0.5 µg/mL or ng/mL) in order to verify the complete 
validation of the extraction procedure.

Moreover, stability studies indicate that stock solutions are stable 
for 3 weeks at -80°C and that the organic phase remains reliable 
one week refrigerated at 4°C. This may be useful if there is a need to 
reanalyse a sample. So, this optimized method also shows to be reliable 
and applicable to clinical conditions. 

Proof Method Applicability
Propofol and its main metabolites were measured in plasma, liver, 

kidney, heart and lungs of the rabbits. These organs are involved in the 
metabolism and elimination of propofol and its metabolites [40,41]. The 
propofol and its non-conjugated metabolites plasma concentrations 
(µg/ mL) obtained every three hours during the 20 hours of anaesthesia 
and the concentrations measured in each organ, are shown as mean ± 
standard deviation (M ± SD) in Figure 3. 

A wide range of calibration concentrations was chosen because 
it was observed in previous works with rabbits plasma that high 
concentrations of propofol (± 50 µg/mL) could be detect [42]. Our 
results showed a wide variation of plasma concentrations among 
animals (Figure 3), which enhances the importance of pharmacokinetic 
and pharmacodynamic parameters to dose individualization and 
adjustments in the anaesthetic scheme when using variable infusions 
or target-controlled infusions of propofol. In addition, measuring 
propofol and its non-conjugated metabolites in organs is valuable in 
terms of metabolism, excretion and toxicokinetic studies. According 
to the obtained results, among the tested organs, liver was the one with 
higher concentration of propofol, followed by kidney, heart and the 
lungs. The extrahepatic glucuronidation of propofol to 2,6-diisopropyl-
1,4-quinol in kidney [40,43] and lungs [44] was already reported in 
humans. As CYP P450 are responsible for propofol glucuronidation 
and different organs express different CYP’s, it expected that external 
hepatic metabolism occurs in variable extent among animals and 
humans [45].

Studies of propofol and non-conjugated metabolites may benefit 
from the use of animal models, as they provide higher standardization 
and high quality results, allowing translational knowledge to humans. 
Animal and also human patients under propofol sedation or anaesthesia 
may benefit from the knowledge of real propofol concentrations, 
especially if high doses or prolonged sedations are required, as they can 
lead to propofol infusion syndrome (PRIS) [12]. 
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Figure 3: Plasma concentrations (mean ± SD) of propofol (A) and its non-conjugated metabolites (2,6-diisopropyl-1,4-quinol + 2,6-diisopropyl-1,4-quinone) (B) mea-
surements along the 20h of continuous anesthesia in the six animals; mean is represented by the middle circle and the extreme horizontal limits show the standard 
deviation range. Propofol and non-conjugated metabolites concentrations obtained in each animal (n=7), in different tissues (liver, heart, kidney and lung) are repre-
sented in plots C and D; each symbol (circle, square, triangle and rhombus) represents the propofol/ non-conjugated metabolites measured in one animal; the middle 
horizontal line show the mean and the extreme horizontal lines delimit the standard deviation (SD).
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