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a b s t r a c t

In this work, an application of an enzymatic reaction for the determination of the highly hydrophobic
drug propofol in emulsion dosage form is presented. Emulsions represent a complex and therefore
challenging matrix for analysis. Ethanol was used for breakage of a lipid emulsion, which enabled optical
detection. A fully automated method based on Sequential Injection Analysis was developed, allowing
propofol determination without the requirement of tedious sample pre-treatment. The method was
based on spectrophotometric detection after the enzymatic oxidation catalysed by horseradish
peroxidase and subsequent coupling with 4-aminoantipyrine leading to a coloured product with an
absorbance maximum at 485 nm. This procedure was compared with a simple fluorimetric method,
which was based on the direct selective fluorescence emission of propofol in ethanol at 347 nm.

Both methods provide comparable validation parameters with linear working ranges of 0.005–
0.100 mg mL�1 and 0.004–0.243 mg mL�1 for the spectrophotometric and fluorimetric methods,
respectively. The detection and quantitation limits achieved with the spectrophotometric method were
0.0016 and 0.0053 mg mL�1, respectively. The fluorimetric method provided the detection limit of
0.0013 mg mL�1 and limit of quantitation of 0.0043 mg mL�1. The RSD did not exceed 5% and 2% (n¼10),
correspondingly. A sample throughput of approx. 14 h�1 for the spectrophotometric and 68 h�1 for the
fluorimetric detection was achieved. Both methods proved to be suitable for the determination of
propofol in pharmaceutical formulation with average recovery values of 98.1 and 98.5%.

& 2013 Elsevier B.V. All rights reserved.

1. Introduction

Sequential Injection Analysis (SIA) is a technique which is
valued for its simplicity, easy control, versatility, repeatability,
easy manipulation with solutions in a closed system, and the
possibility of automation of complex analytical protocols. All these
features make this technique suitable for the analysis of samples
with complex matrices, such as pharmaceutical formulations or
food [1], where a fully automated sample pre-treatment would
bring a significant benefit.

Several methods using SIA system as a tool for analysis
of different pharmaceutical formulations have been suggested,
measuring the drug content or evaluating various pharmaco-
technological parameters stated in Pharmacopoeias such as

dissolution [2] or liberation; even applications to semi-solid
formulations such as ointments have been reported [3].

Emulsions are often used as pharmaceutical dosage form due
to their capacity to dissolve and stabilize lipophilic compounds,
while achieving a high applicability and bioavailability of the
active substance. They are a heterogeneous mixtures of two
immiscible liquids, one forming microdroplets within the other
liquid. Emulsions can be administered either by the oral, topic, or
parenteral route. If a pharmaceutically active substance possesses
lipophilic properties and has to be administered intravenously, oil-
in-water emulsion is generally prepared as a dosage form.

Usually, a pharmaceutical emulsion represents a complex
matrix for analysis, as it contains, apart from the active substance,
two different solvents, generally water and vegetable oil as main
constituents and further additives such as antimicrobials, anti-
oxidants and surfactants which are necessary to maintain the
required stability of the active substance and the matrix over
the declared time. Both, the main emulsion constituents as well as
the additives can significantly affect the analysis and therefore,
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separation or extraction of the substance of interest is often
required. Potential co-extraction of matrix constituents together
with the active substance can require a selective reaction or
detection technique. Enzymatic reactions can further be carried
out to improve the selectivity or reaction rate.

Also, the oil content in the sample matrix increases the risk of
analysis performance deterioration, since it can stick to hydro-
phobic surfaces and lead to cross over. Therefore, a more thorough
and thus time consuming cleaning step is required. Additionally,
emulsions are generally turbid, which disables the direct use of
spectrophotometry or fluorimetry as the most commonly used
detection techniques. In consequence, a tedious and time consum-
ing sample pre-treatment process prior to analysis is needed in
many analytical methods to avoid matrix effects, which can
require as much as 80% of the total analysis time [4,5].

Organic solvents can be effectively used to overcome the
formerly mentioned problems as their addition can lead to a
homogeneous solution by breaking the surfactant micelles, which
permits the use of all optical detection techniques [6].

Although SIA systems are primarily applied to handling with
aqueous solutions, the usage of organic solvents in automated flow
systems has been reported, especially for sample pre-treatment,
e.g. solid-phase extraction, [7] liquid–liquid extraction [8] or when
a specific detection techniques such as atomic spectrometry are
used [9]. While sticking on the hydrophobic surfaces can be
desirable to coat the tubing walls with an organic film to perform
extractions [10], it can also be a source of problems in analysis as it
may impair the spectrometric measurement due to a different
refractive index compared to aqueous solutions [11]. Therefore,
analytical methods comprising an organic solvent are usually
more complex than others where only aqueous solutions are
used, requiring an additional/external component and a more
laborious clean-up step, leading to the decrease in sample
throughput and larger effluents production. Also, organic solvents
can represent a limitation for implementation of specific reagents,
such as enzymes, in the analysis, since they can affect their
activity [12].

The application of enzymatic reaction in the analytical proce-
dures has been studied very intensively [13]. The use of an enzyme
generally provides the method with higher selectivity and offers a
green alternative to inorganic catalysers which might possess toxic
properties [14].

For the analysis of highly hydrophobic substances employing
an enzymatic reaction, ionic liquids (IL) were suggested [15] as an
alternative to organic solvents that can affect the enzyme activity.
However, the cost of analysis represents a significant drawback for
the combination of enzyme and IL in one analytical procedure.

In this work, the application of an enzymatic reaction for the
determination of a highly hydrophobic drug propofol (2,6-diiso-
propylphenol) in a complex emulsion matrix in the presence of
ethanol as a dissolving agent was presented.

Propofol is applied in medicine as an intravenous anaesthetic
drug. Its chemical structure is not related to any other anaesthetic
[16]. It is valued for its pharmacodynamic properties such as a
rapid onset and offset of anaesthesia and a fast recovery of the
patients without severe side effects due to a fast elimination from
the human body [17]. The drug has lately increased attention after
several death cases reports related to its application [18,19].

Due to the physical properties of propofol such as being an oily
liquid at room temperature and an octanol: water partition
coefficient of 6761:1 [20], the drug is administered in the form
of an oil-in-water emulsion as a bolus in intravenous injection.

Although there are many works dealing with propofol deter-
mination in body fluids in the literature, only a limited number of
papers were found referring to its determination in pharmaceu-
tical formulation. The first method for propofol determination in

bulk form was proposed in 1991 [21] and is based on the second
derivative UV spectroscopy and HPLC.

Almost 10 years later, Kariem and Abounassif [22] developed
a colorimetric method for propofol determination in emulsion
dosage form. In this method, propofol reacted with 2,6-dichloro-
quinone-4-chlorimide (DCQ) and the reaction product was devel-
oped within 15 min.

Pickl et al. [23] used a more sophisticated instrumentation
to determine propofol in emulsions, allowing very low detection
limits. Headspace-solid phase microextraction was used as a
sample pre-treatment technique prior to GC-MS analysis.

Here, the fully automated spectrophotometric method based
on SIA for the determination of propofol in emulsion matrix
without any sample preparation requirement but simple dilution
is described and compared to a simple fluorimetric determination.
The proposed method is focused on the handling of emulsion to
enable the quantification of the analyte in such complex drug
formulation as a matrix using SIA system.

The first method is based on an enzymatic reaction where
horseradish peroxidase (HRP) was chosen as a catalyst of the
enzymatic reaction applied in its determination, since it exhibits
selectivity towards phenolic compounds [24]. Subsequently, the
oxidation product reacts with 4-aminoantipyrine to give a
coloured product, which can be spectrophotometrically measured
at its absorbance maximum of 485 nm. This method was com-
pared with respect to sensitivity, linear range, recovery and
repeatability with a simple automated method with fluorimetric
detection.

The development, optimization, and the achieved analytical
performances and figures of merit of both methods are discussed
in detail. The complexity of the first method including the
problems arising from the handling of both aqueous and organic
solutions in one system is described.

2. Material and methods

2.1. Reagents and solutions

Analytical grade reagents were used to prepare all solutions
throughout the study. All aqueous solutions were prepared in
ultra-pure water provided from a Millipore Milli-Q RG system
(EMD Millipore Corporation, Billerica, MA, USA).

Peroxidase from horseradish (HRP), Type I, and propofol
standard (Z97%) were purchased from SAFC™ (Steinheim,
Germany). Hydrogen peroxide was purchased from Fluka
(Buchs, Germany). 4-Aminoantipyrine (4-AAP), sodium hydroxide
and potassium phosphate were purchased from Sigma-Aldrich
(Steinheim, Germany).

Propofol 1% MCT/LCT “Fresenius” i.v. emulsion (Fresenius Pharma,
Graz, Austria) was used for recovery evaluation as reference material.
The emulsion constituents and additives are soybean oil, purified egg
lecithin, medium long chain saturated triacylglyceroles, glycerol, oleic
acid, sodium hydroxide and purified water (aqua pro-injectione).

For spectrophotometric batch experiments, a propofol stock
solution of approx. 1.4 mg L�1 was prepared by the following
procedure: 60 mL of the substance was dissolved in 20 mL of
ethanol 96% (V/V) and then diluted with water to 50 mL to reach
a final ethanol concentration of 40% (V/V). Propofol working
solutions were prepared by dilution of the stock solution with
40% (V/V) ethanol.

A 0.2 mol L�1 phosphate buffer was prepared from dihydrogen
potassium phosphate and adjusted to pH 7.4 by addition of
0.2 mol L�1 sodium hydroxide solution.

Solutions of 4-AAP, H2O2, and HRP were prepared dissolving
the adequate amounts of individual substances in buffer solution.
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For SIA measurements with spectrophotometric detection,
propofol was dissolved in 96% (V/V) ethanol. Reagents solutions
were prepared dissolving the appropriate amounts of each sub-
stance in water, and buffer was used as a carrier.

For both batch and SIA studies, H2O2 and 4-AAP solutions were
prepared daily prior to use. The propofol stock solution was used
for preparation of fresh working solutions. The HRP solution was
stable for over 3 days.

For the SIA measurements with fluorimetric detection, propofol
stock solution of approx. 1.4 mg L�1 was prepared dissolving 60 mL
of the substance in ethanol 96% (V/V). The working solutions were
prepared diluting the stock solution with ethanol 96% (V/V).
Ethanol was also used as a carrier.

The sample solution was treated in the same way as the
propofol standard solution.

All prepared solutions were stored in dark at 4 1C.

2.2. Apparatus

For batch spectrophotometric experiments, spectra were
acquired using an HP diode array spectrophotometer Agilent
8453 UV–vis. All SIA experiments were performed using a com-
mercially available FIAlabs 3500 system (FIAlabs Instrument
Systems Inc., Bellevue, USA, http://www.flowinjection.com). It
consists of a Cavro syringe pump equipped with a 5 mL glass
syringe with a rotary three-way head valve to connect the syringe
either with the solution reservoir (carrier, IN) or the tubing
manifold (OUT) and an 8-port Cheminert selection valve. All
connections were made using PTFE tubing of 0.75 mm i.d. The
central port of the selection valve was connected to the OUT port
of the syringe head valve via a holding coil (HC) of approx. 1.5 m
length. Lateral ports of the selection valve were used for solution
discharge to waste (port 1), aspiration of sample and reagents
(ports 2–6) and propelling the reaction mixture to a detection flow
cell (port 7) of 1 cm optical path length (Z-cell, PEEK). The detailed
manifold configuration for spectrophotometric detection is indi-
cated in Fig. 1.

In the system with spectrophotometric detection, the holding
coil was placed into a vessel of a thermostat to maintain the
temperature at 40 1C for the enzymatic reaction.

A USB 2000 spectrophotometer (Ocean Optic Inc., Dunedin,
USA, http://www.oceanoptics.com) was used for signal detection.
A Mikropack DH-2000 Deuterium–Tungsten Halogen lamp was
used as a light source. Both instruments were coupled to the

detection cell via optical fibres of 400 mm diameter (I.D.) A home-
made de-bubbling device, shown in the Fig. 1, was used further. It
consisted of two pieces of PMMA (3�2�1 cm). The first com-
prised a milled flow channel of 20 mm in length, 3 mm in width,
and 1 mm in depth, which was sealed with one layer of gas
permeable PTFE tape. The second piece was used to seal the cell by
the help of four metal screws and had four holes for air exit. It was
placed in between the selection valve and the detection flow cell,
fixed by means of commercially available fittings.

For the second system, FIAlab 3500 system equipped with a
Flow Through Photomultiplier based Detector (PMT-FL, FIAlabs)
was used. The detector comprises a photomultiplier for data
readout, a commercial fluorescence quartz flow cell with a cuvette
support and fibre optic connection to the same UV light source
as described above. Wavelength selectivity was achieved using
optical filters. A UV 330 band pass filter with wide wavelength
interval of 140 nmwas used for excitation and a 295 Long Pass Filter
with cut off at any wavelength under 265 nmwas used for emission
light filtering (Edmund Optics, Barrington, New Jersey, USA).

Control of the whole flow system as well as data acquisition
and data collection evaluation was carried out using FIAlab soft-
ware for Windows, version 5.9.290 (FIAlabs).

2.3. SIA – spectrophotometric procedure

The operational protocol is given in Table 1. It started with the
aspiration of 600 mL of the carrier (buffer), from the reservoir at a
flow rate of 50 mL s�1, followed by the aspiration of H2O2, propofol,
HRP, and 4-aminoantipyrine solutions (50 mL of each reagent) at the
same flow rate. Solution mixing was improved using four flow
reversals under the flow rate of 50 mL s�1 in the holding coil, heated
to 40 1C. By this step, efficient mixing and heating were ensured
and the peak shape and signal repeatability were improved.

The reaction was allowed to proceed in the holding coil (HC)
for another minute to enhance the reaction product yield. In
the following step, the mixture was propelled through the
de-bubbling device and the detection flow cell to waste at a flow
rate of 25 mL s�1.

2.4. SIA – fluorimetric procedure

Fluorimetric determination of propofol was done using a very
simple control programme, which started with the aspiration of
1000 mL carrier (ethanol 96%, V/V) from the reservoir at a flow rate

40°C
H2O2

DBD

HC

MV

SPV 1
2 8

3 7
4 65

Sample D Waste

Enzyme

4-AAP

Carrier
SP

Membrane

Channel for air 
bubbles release

Inlet Outlet

Fig. 1. Automated SIA system for determination of propofol in emulsion with spectrophotometric detection. SP: syringe pump, SPV: syringe pump valve, HC: holding coil,
MV-multiposition valve, DBD: de-bubbling device, and D: detector.
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of 80 mL s�1, followed by 50 mL of propofol standard or sample
dissolved in ethanol 96% (V/V) from the selection valve and
propelling it towards the detector at a flow rate of 50 mL s�1 while
the fluorescence emission signal was registered. By the appro-
priate selection of excitation and emission filters, interferences of
the emulsion components were significantly reduced, as described
in the Results Section.

3. Results and discussion

3.1. Preliminary batch experiments

The optimum reaction conditions were investigated in batch
using propofol standard solution before transferring the reaction
procedure to the SIA system. This was done due to the complexity
of the reaction including four components (HRP, propofol standard
or sample solution, H2O2 and 4-AAP solutions).

The parameters to be optimized in batch were the concentra-
tions of reagents, the temperature, and the reaction time. Once the
chemical parameters were optimized in batch, hydrodynamic
parameters such as solution volumes, flow rate and mixing mode
had to be studied in the SIA system.

For batch, equal volumes of all reagents were used to perform
these studies. All the reagents were prepared by dissolution in
0.2 mol L�1 phosphate buffer, adjusted to pH 7.4, which is the
reported activity optimum of HRP, and as further proven by a
preliminary test (data not shown). The value is also in good
agreement with an earlier report [25]. The ethanol content was
intended to be kept as low as possible in order not to affect the
enzyme activity. Thus, propofol was at first dissolved in pure
ethanol and then diluted with water to set the final ethanol
concentration to 40% (V/V). This was the lowest concentration,
for which two non-miscible phases were not observed. Later
experiments revealed that for the analysis of a propofol emulsion,
96% ethanol was required to eliminate the matrix effects, as
described in Section SIA – spectrophotometric method.

After scanning the whole spectrum range (200–700 nm),
485 nm was chosen as optimum wavelength representing max-
imum absorbance. It should be pointed out that after reaching the
reaction’s steady-state the second maximumwas found at 436 nm.
However, the reaction kinetics studied at this wavelength was
slower and the blank value significantly higher, indicating that this
absorbance corresponds to a side product, most likely, the oxida-
tion of 4-AAP with H2O2.

3.1.1. Study of the enzyme concentration
HRP was prepared and used in solution to ensure a fresh

portion of the catalyst for each run [14]. The concentration of
the enzyme was investigated in the range of 0.16–5.10 mg mL�1,
with a multiplying factor of 2. Other solutions were prepared
in the following concentrations: cH2O2 ¼ 18 mmol L�1, c4-AAP¼

1.36 mmol L�1, and cpropofol¼ 0.2 mg mL�1. The reaction was
performed at room temperature and the absorbance was mea-
sured after 20 min. An excess concentration of the substrate
(propofol) was used to ensure that the enzyme activity was not
dependent on the substrate amount but only on the enzyme
concentration.

The signal increased up to 2.56 mg mL�1 while for higher
concentration of HRP, a similar absorbance was observed, and so
further experiments were performed with 2.56 mg mL�1 of the
enzyme.

3.1.2. Study of the reaction time
After the optimum enzyme concentration was found, the influ-

ence of the reaction time was studied under the same conditions
mentioned in the previous paragraph. All reagents were mixed at
room temperature in a test tube. Then, an aliquot was taken and
the absorbance was measured. This was repeated every 5 min over
the next 45 min. The signal increased during the first 15 min and
then remained stable without significant changes. So, 20 min was
chosen to ensure that the reaction time is long enough to reach the
steady state.

3.1.3. Study of the temperature and reaction time correction
Since the rate of enzymatic reactions is highly temperature

dependent, it was necessary to choose an adequate reaction
temperature. The conditions were identical as in the previous
experiments: cHRP¼2.56 mg mL�1, cH2O2 ¼ 18 mmol L�1, c4-AAP¼
1.36 mmol L�1, and cpropofol¼0.2 mg mL�1. The test tube was
placed in a thermostat for temperature control. The influence
of temperature was studied in the range of 25–45 1C, with 5 1C
increments. A signal increase was observed up to 40 1C, while
beyond that the signal decreased rapidly, which can be attributed
to the thermic denaturation of the enzyme.

Regarding this observation, the reaction time was re-examined,
setting the temperature to 40 1C. The results revealed that at a
higher temperature, the reaction reached the steady state after
10 min. Therefore, further batch experiments were performed at
40 1C with a reaction time of 10 min.

3.1.4. Study of the 4-AAP and H2O2 concentration
The 4-AAP concentration was studied in the range of

6.0–11.0 mmol L�1 with an increment of 1 mmol L�1. The highest
response was obtained when a concentration of 8 mmol L�1 was
used (Fig. 2A), so this concentration was chosen for all following
experiments.

The influence of the concentration of hydrogen peroxide was
tested between 16.0–20.0 mmol L�1. As demonstrated in Fig. 2B,
the reaction with 18 mmol L�1H2O2 yielded the highest signals, so
this concentration was adopted for next trials.

Table 1
Operation protocol for spectrophotometric determination of propofol.

Step Port Flow rate (mL s�1) Operation Description

1 – 100 Aspirate 600 mL Syringe pump Valve in position; aspiration of the carrier
2 2 50 Aspirate 50 mL Syringe pump Valve out position; aspiration of hydrogen peroxide
3 3 50 Aspirate 50 mL Aspiration of sample
4 4 50 Aspirate 50 mL Aspiration of enzyme
5 5 50 Aspirate 50 mL Aspiration of 4-AAP
6 6 100 Aspirate 50 mL, Dispense 50 mL Mixing, repeated 4 times
7 – Delay 1 min
8 7 25 Empty Propelling to the detection cell
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3.2. SIA – spectrophotometric method

Once the reaction conditions were established, they were trans-
ferred to the SIA system for automation of propofol determination.

In the automated system, other parameters had to be opti-
mized. The crucial role in the analysis performance had the
sequence of reagents aspiration, mixing conditions, and the reac-
tion time. Heating could not be omitted because it increases
significantly the reaction rate, as confirmed by batch experiments.

A thorough penetration of, first, the sample with HRP and its
substrate H2O2, and then the chromogenic reagent was intended.
To accomplish this requirement, the following sequences of
aspiration were tested: 1st H2O2–sample–HRP–4-AAP; 2nd
H2O2–4-AAP–sample–HRP; 3rd H2O2–HRP–sample–4-AAP. The
most satisfying results in terms of peak height and peak shape
were obtained when the solutions were aspirated in the 1st order.
This was accomplished by the sample aspiration in between the
zones of H2O2 and HRP solutions to react first with the analyte.

Regarding the volume of the solutions, range from 25 mL to
50 mL was tested for each reagent. With the smaller one we did not
obtain peaks of symmetric shape, probably due to high level of
dispersion in the carrier.

Peaks of favourable shapes were obtained with the reagents´
volume of 50 mL, thus this volume was chosen for further experi-
ments. The behaviour with higher volumes was not investigated,
since large volumes caused very high consumption of reagents,
especially the enzyme.

The optimal temperature was ensured placing the HC into a
double-wall thermostatic glass beaker connected to a thermostat
with a water bath and the temperature set to 40 1C.

In the SIA system, buffer solution was used as a carrier ensuring
a stable pH value (optimal for the enzyme activity, i.e. 7.4).
Solutions (H2O2, 4-AAP, and enzyme) were prepared in water
and for sample preparation 96% (V/V) ethanol was used to obtain
higher solubility of propofol in real sample (emulsion). Using these
conditions the emulsion matrix was completely dissolved in
ethanol, which was important to achieve high recovery in case
of formulation analysis.

One consequence of increasing ethanol content (in comparison
to batch) and especially at increased temperature is the air bubbles
formation inside the flow system. This affected the spectrophoto-
metric measurements in the SIA system significantly. This problem
was overcome by placing a simple de-bubbling device depicted in
Fig. 1 right before the detection flow cell. It showed that the
bubbles were effectively removed and the spectrophotometric
detection was not affected by a baseline drift.

The main attractiveness of flow techniques is that a reaction
steady state does not have to be reached as long as high repeat-
ability can be achieved by careful optimization and timing. Due
to the fact, that a reaction time of 10 min was required to reach
steady-state in the previously described batch method, special
effort was given to achieve high repeatability and sensitivity
within a shorter time in the automated method.

To achieve efficient zone mixing for a homogeneous solution
and to achieve a better repeatability, four flow reversals were
performed at a flow rate of 50 mL s�1 using 50 mL zones and were
followed by an additional reaction time of 5 min.

However, this mode did not bring the expected results. Double
peaks and unacceptable repeatability were observed, indicating
that the solutions were not yet thoroughly mixed. Increasing
the number of flow reversals did not improve the results either.
Using a higher flow rate of 100 mL s�1 for mixing, the shape of the
recorded peaks improved considerably. It was found that applying
the flow reversals over a period of 1 min was sufficient for
complete mixing of all aspirated zones.

In the second step, the time of reaction after stopping the
carrier flow was examined. It was observed that a reaction time of
5 min lowered the measurement repeatability while not increas-
ing the method's sensitivity significantly. Based on these observa-
tions, only one additional minute of stop flow was applied. The
peak heights at a given analyte concentration and repeatability
achieved using the optimized conditions were within the expected
limits and no carry-over between the individual measurements
was observed.

3.2.1. Figures of merit of spectrophotometric method
Linearity was obtained over the range of 0.005–0.100 mg mL�1

for the enzymatic method with spectrophotometric detection. LOD
value was calculated as three times the standard deviation of ten
blank measurements divided by the calibration curve slope. LOQ
value was then calculated as 3.3-fold LOD. In the spectrophoto-
metric detection technique values of 0.0016 and 0.0053 mg mL�1

expressed LOD and LOQ, respectively. This method revealed good
repeatability, with RSD not exceeding 5% (Table 2). Regarding the
analysis time, a single run was completed within 5 min. For the
spectrophotometric determination, only 50 mL of ethanol (as a
sample diluent) and 50 mL of the enzyme solution (as the reagent
of highest cost) were consumed. Less than 1 mL of waste was
produced in a single run.

Bubble formation which aroused from mixing of organic
and aqueous solutions was effectively overcome using a simple
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membrane device. Additionally, although the sample matrix was
complex, direct determination with only dilution as a sample pre-
treatment was possible due to the selective enzymatic reaction. To
evaluate potential interferences, the effect of the sample matrix
(soybean oil, purified egg lecithin, medium long chain saturated
triacylglyceroles, glycerol, oleic acid, and sodium hydroxide) was
tested at three different concentration levels (0.050, 0.075 and
0.100 mg mL�1) using the standard addition method. Recovery
values ranged from 94.7% to 103.8% with the average recovery of
98.1%. These results (Table 2) did not show any interference of the
additives from the pharmaceutical matrix with the proposed
method. The spectrophotometric method was found to fulfil the
requirements for all tested parameters and additionally, higher
selectivity of the enzymatic reaction could be expected (that is
important mainly in case of real samples of biological material).

3.3. SIA – fluorimetric method

Since fluorimetric detection has been often used for propofol
determination [27, 28], fluorimetric determination in the SIA
system was carried out for comparison with the developed
spectrophotometric determination. For this determination, the
sample was prepared in ethanol 96% (V/V). Therefore, the possi-
bility of reducing the organic waste production using water as a
carrier was examined. However, a strong baseline drift was
observed in this case which affected the detection considerably.
Comparing the results obtained with standard solutions and real
samples of the same concentration level (as declared by the
producer of the pharmaceutical formulation), significantly differ-
ent results were observed. For this reason, ethanol was used as a
carrier, which improved the repeatability and analyte recovery
(evaluated with real samples) significantly.

Hence, the primary radiation from 260 nm was applied and
emission at λZ295 nm was measured. This led to recovery values
near to 100%, so the matrix effects were eliminated by the
wavelength selection.

3.3.1. Figures of merit of fluorimetric method
Fluorimetry as a commonly used detection in other propofol

determinations was tested in the SIA system, too. The linear range
of 0.004–0.243 mg mL�1 for the fluorimetric method was found.
LOD and LOQ values were 0.0013 and 0.0043 mg mL�1,

respectively. The analysis time of 1 min was needed and about
1.05 mL of waste was produced in a single run. The fluorimetric
determination required approx. 1 mL of ethanol per analysis as
environmentally harmless and economic organic solvent. The
fluorimetric method showed excellent repeatability, with RSD less
than 2%.

The recovery values in case of spiked matrix of pharmaceutical
emulsion ranged from 97.5% to 99.1% with average recovery
of 98.5% (Table 2). Simple fluorimetric determination revealed
similar values of all tested parameters which were within the
required limits. Only low selectivity of this detection decreases its
application in real biological samples analysis.

3.4. Comparison of spectrophotometric and fluorimetric methods

The parameters characterizing the analytical performance of
both methods were evaluated and compared in Table 2.

Linearity of both tested methods was found in similar range.
The fluorimetric method showed broader range towards the
higher concentration levels. Limits of detection and quantitation
were comparable and the described values were more than
three orders of magnitude smaller than the content of propofol
in the pharmaceutical formulation declared by the producer, being
10 mg mL�1.

The time of analysis per run was longer for the complex
spectrophotometric method which included the enzymatic reac-
tion. However, this did not lead to higher solvent and reagent
consumption, compared to other flowmethods. Lowwaste volume
generation was proved in both methods. As for repeatability,
the RSD values of the spectrophotometric method were found to
be a little bit higher but did not exceed the common values found
in automated determinations using different flow techniques.
The difference in RSD values was caused by higher number of
steps in the spectrophotometric system compared to the simple
fluorimetric one.

The recovery values from the tests with real samples (pharma-
ceutical emulsion matrix) showed a slightly wider range in case of
spectrophotometric method but the average values were found to
be very similar. The data obtained from real sample measurement
proved that the suggested spectrophotometric method did not
exhibit the problems that are highly likely to occur when an
organic solvent and/or highly hydrophobic substance is handled in
a flow system, such as carry-over, Schlieren effect or the need of an
external device.

Comparing both methods (spectrophotometric and fluorimetric
detections), it can be seen that the more complex one (spectro-
photometric) provided a sensitivity comparable to the simple
fluorimetric detection. Higher selectivity is expected due to the
enzymatic reaction. As the recovery measurements revealed, in
both cases, the components of the studied emulsion sample did
not influence the analysis.

3.5. Comparison with the formerly reported methods

Most of the analytical parameters were found to be better than
the first reported method for propofol determination in pharma-
ceutical formulation [21]. The detection limits were almost 100
times lower; also higher recovery and better repeatability were
achieved with the automated SIA methods.

In comparison with the manual spectrophotometric method
reported by Kariem and Abounassif [22], we observed an about
four times higher LOD. However, only one organic solvent (ethanol)
was used in the SIA method, unlike in their method, where two
solvents (2-propanol and dimethylsulphoxid) were necessary to
perform the analytical reaction. Moreover, the analysis time is

Table 2
Summary of analytical parameters of the spectrophotometric and fluorimetric
methods.

Method Spectrophotometry Fluorimetry

Slope (mL mg�1) 3.05470.161 2.865�10670.308�106

Intercept 0.01670.004 26.90�1037723.9�103

Correlation coefficient 0.993 0.997

Linear range (mg mL�1) 0.005–0.100 0.004–0.243

LOD (mg mL�1) 0.0016 0.0013

LOQ (mg mL�1) 0.0053 0.0043

Repeatability (RSD%,
n¼10)

4.45 (0.075 mg mL�1) 1.66 (0.050 mg mL�1)
4.29 (0.125 mg mL�1) 0.83 (0.200 mg mL�1)

Recovery (%) 103.8
(0.050 mg mL�1)

97.5 (0.025 mg.mL�1)

94.7 (0.075 mg mL�1) 98.9 (0.050 mg mL�1)
95.7 (0.100 mg mL�1) 99.1 (0.075 mg mL�1)

Sample throughput (h�1)a 14 68

a Expressed for single injection.
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about three-times shorter and the determination is carried out
fully automatically.

Pickl [23] presented a highly sensitive method, enabling the
detection of very small quantities of analyte in the sample
(emulsion). This was possible due to the use of a very sensitive
but very costly detection technique (mass spectrometry) which is
not accessible to all laboratories. Sample pre-treatment was
carried out prior to analysis (solid phase microextraction). This
step, however, increased the analysis time significantly.

Other separation methods with spectrophotometric and fluori-
metric detection were designed for propofol determination in
biological fluids matrix. They provided low detection limits,
required for such kind of samples. In [26], SPE pre-concentration
step is followed by HPLC/UV detection with total analysis time of
20 min. The HPLC/fluorimetry method developed by Boulieu at al.
[27] required less than 6 min for the elution of propofol, using
500 mL of the sample and producing 3.6 mL of waste in a single
injection. Similarly, an HPLC method with fluorimetric detection
was proposed by Cox et al. [28]. Double liquid–liquid extraction
using 1.5 mL of acetonitrile–methanol mixture was performed to
increase the sensitivity. The following separation step took then
almost 10 min, with almost 15 mL of organic waste per analysis. In
comparison to these methods, the proposed SIA procedure offers a
faster, simpler, more economic and especially automated alter-
native for the determination of propofol.

In comparison with formerly published methods, this work
resulted in lower detection limits. SIA is a technique based on flow
where the steady state is not reached, unlike in batch methods.
Other methods might have reached lower detection limits than
the proposed method; however, the SIA method offers other
advantages (low solvent consumption, feasibility, automation, high
sample throughput, and easy manipulation with solutions).

4. Conclusion

The use of a fully automated system with spectrophotometric
detection for the determination of a highly hydrophobic substance
in a complex matrix, and the application of the selectivity of an
enzymatic reaction to eliminate sample matrix effects, was
demonstrated. The obtained results were described and compared
with an automated method with fluorimetric detection in terms of
analytical performance.

Both methods and the used analyser system stand out by
simplicity, rapidness, and high sensitivity, and were proven to be

applicable to the determination of the lipophilic analyte propofol
in emulsion taking advantage of both organic solvent and an
enzymatic reaction.
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