
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Electrochemical Detection of 2,6-Diisopropylphenol (Propofol) in Reversed
Phase HPLC at High pH
Diego E. Pissinisa; Juan M. Mariolia

a Departamento de Química, Facultad de Ciencias Exactas, Fisicoquímicas y Naturales, Universidad
Nacional de Río Cuarto, Río Cuarto, Argentina

To cite this Article Pissinis, Diego E. and Marioli, Juan M.(2007) 'Electrochemical Detection of 2,6-Diisopropylphenol
(Propofol) in Reversed Phase HPLC at High pH', Journal of Liquid Chromatography & Related Technologies, 30: 12, 1787
— 1795
To link to this Article: DOI: 10.1080/10826070701360475
URL: http://dx.doi.org/10.1080/10826070701360475

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/10826070701360475
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Electrochemical Detection of
2,6-Diisopropylphenol (Propofol) in
Reversed Phase HPLC at High pH

Diego E. Pissinis and Juan M. Marioli

Departamento de Quı́mica, Facultad de Ciencias Exactas, Fisicoquı́micas y

Naturales, Universidad Nacional de Rı́o Cuarto, Rı́o Cuarto, Argentina

Abstract: The electrochemical response of propofol (2,6-diisopropylphenol) at glassy

carbon electrodes was studied by cyclic voltammetric experiments under different

experimental conditions. The voltammetric peak current and potential for the

oxidation of propofol were analyzed at different scan rates, pHs, propofol concen-

trations, and organic modifier amounts. The results obtained helped to optimize the

setup parameters for the amperometric detection of propofol in HPLC. The use of

mobile phases at high pH significantly lowered the detection potential and chromato-

graphic capacity factors. The effect of the organic modifier amount on the chromato-

graphic capacity factor of propofol was also evaluated.

Keywords: Propofol, Cyclic voltammetry, Amperometric detection, HPLC, Polymeric

columns

INTRODUCTION

Propofol (2,6-diisopropylphenol) is a short acting intravenous administered

anesthetic largely used for induction and maintenance of anesthesia in

human and veterinary medical practice.[1] Propofol has two important advan-

tages as an anesthetic: a short induction period and a relatively short and pre-

dictable action.[2] Also, its rapid metabolism and large distribution clearance

relative to distribution volume result in a unique disposition that is well suited
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for both the induction and maintenance of anesthesia.[3] Given the widespread

use of propofol, precise analytical methods are required to monitor its concen-

tration in body fluids.

A variety of methods have been published describing the quantification

of propofol. These procedures have generally employed reversed phase high

performance liquid chromatography (RP-HPLC) on silica based C18 columns

with either UV,[4] fluorimetric,[5–7] or mass spectrometric detection tech-

niques.[8] However, they often have low sensitivity, the equipment employed

is expensive, and/or require highly trained personnel for their use.

Electrochemical detection in flowing solutions offers a selective and

sensitive tool for the determination of a wide variety of compounds in body

fluids and tissues.[9] For example, norepinephrine, other catecholamines and

their major metabolites were analyzed by capillary electrophoresis with

electrochemical detection in the amperometric mode. The analytical system

showed good response sensitivity, low mass limits of detection, and

excellent response reproducibility.[10] Moreover, electrochemical detection

has been previously employed for the quantification of propofol after chroma-

tographic separations.[11,12] The electrochemical detector consisted of porous

graphite working as flow-through electrodes in coulometric mode, which

offers good sensitivity and selectivity. The chromatographic separations

were achieved with phenyl[11] and C18
[12] reversed phase columns and

acidic mobile phases containing over 60% (v/v) organic modifiers to facilitate

the elution of the solute.

Propofol is a weakly acidic compound (pKa ¼ 11.65),[13] which can be

ionized at high pH. Retention of acidic, as well as basic, solutes in reversed

phase chromatographic columns is strongly influenced by the pH of the

mobile phase,[14,15] ionized compounds eluting earlier than unionized ones.

On the other hand, the oxidation potential of phenol and phenol derived

molecules is strongly influenced by their ionization state. The potential for

the oxidation of phenol like molecules shifts to lower values when they lose

the phenolic proton.[16] This dropping of the oxidation potential means that

a lower potential will be necessary at the working electrode of the ampero-

metric detector, and a smaller baseline noise may be obtained. Smaller

baseline noises imply that enhanced signal-to-noise ratios, i.e., better sensi-

tivity, may be observed. Thus, it seems reasonable to think that the manipu-

lation of the ionization state of propofol can be conveniently used to control

the chromatographic capacity factor, and to enhance the sensitivity for its

amperometric detection. Consequently, in this work we studied the effect

of pH on: a) the electrochemical response of propofol at glassy carbon elec-

trodes, b) the current response of propofol to an electrochemical detector

working in the amperometric mode, and c) the retention behavior of

propofol on reversed phase columns. We also studied the effect of the

amount of an organic modifier on the current response of propofol in a

mobile phase of pH 13.8, and the current response of the amperometric cell

against the concentration of propofol.
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EXPERIMENTAL

Equipment

A conventional three compartment cell was used for the voltammetric experi-

ments. The working electrode was a 3 mm diameter glassy carbon disk (GC)

inserted into a teflon tube. The electrode was polished thoroughly with

alumina and cleaned in an ultrasonic bath before each measurement. The

counter electrode was a stainless steel foil. All potentials were corrected for

iR drop by positive feedback techniques. The cyclic voltammetric experiments

were carried out with an Eco Chemie Autolab PGSTAT 30 potentiostat. The

signals were processed using the Autolab General Purpose Electrochemical

Software (GPES).

The chromatographic system consisted of a Gilson 307 solvent delivery

module (Gilson, France), a Rheodyne 7125 injection valve with a 20 mL loop

(Rheodyne, USA), and a Hamilton PRP-1 column of 150 � 4.1 mm packed

with 5 mm particles (Hamilton, USA) coupled with a guard column with the

same stationary phase. A homemade potentiostat was used as an amperometric

detector. The electrochemical signal was fed to a PC compatible computer

equipped with Peak Simple data processing software (SRI, USA). The electro-

chemical flow cell for the liquid chromatographic experiments consisted of a

Bioanalytical SystemsmodelMF-1000 glassy carbonworking electrode (Bioa-

nalytical Systems, USA), a stainless steel auxiliary electrode, and a saturated

calomel electrode (SCE) as the reference electrode. The dead volume of the

thin layer flow cell was approximately 5 mL.

pH measurements were made with an Orion model 720A bench top

pH/ISE meter. The pH meter was calibrated at pH 7.00 and pH 10.00 before

its use.

Reagents

Propofol was purchased from Aldrich (USA). Phosphoric acid, acetonitrile

(HPLC grade), and sodium hydroxide were purchased from Merck

(Argentina). Solutions were prepared in HPLC grade water. HPLC quality

water was obtained from a Labconco (USA) WaterPro Mobile reverse

osmosis system. All experiments were performed at 298 K.

RESULTS AND DISCUSSION

Cyclic Voltammetry

The electrochemical behavior of propofol (5.0 � 1024 M) in a 90:10 (v/v)
mixture of buffer-ACN at glassy carbon electrodes (GC) and different
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pHs was studied by cyclic voltammetry. The potential at the working

electrode was scanned from 20.2 V to 0.9 V and back to 20.2 V. A typical

cyclic voltammogram of propofol at pH ¼ 3.0 is shown in Figure 1. A well

defined oxidative wave can be observed at approximately 0.68 V on

the positive going potential scan (peak I) with no reversal peak on the

negative going potential scan, even at the highest potential scan speed

used in this study. This behavior suggests that the oxidation of propofol

is an irreversible process where a chemical reaction follows the initial

electro transfer.

A reductive wave can be observed at approximately 0.27 V on the

negative going potential scan (Figure 1, peak II). Another well defined

oxidative wave is observed at approximately 0.47 V on the second scan

toward positive potential values (Figure 1, peak III). This peak can be con-

sidered complementary of peak II. Taking into account the proposed

mechanism of electrochemical oxidation of phenol like molecules,[17]

it may be anticipated that the electrochemical oxidation of propofol

produces a radical, which reacts to produce another molecule (a dimeric

product in principle) that is further oxidized at potentials around that of

peak I. Then, the reduction of this product may be detected as the potential

of the working electrode is scanned toward negative values, and its

oxidation observed on successive oxidative cycles. This reaction

mechanism, known as ECE (electron transfer–chemical reaction–electron

transfer) is frequent in organic electrochemistry,[18] particularly of phenol

like molecules.[19] Moreover, these steps are repeated on repetitive cycling

of the electrode potential, producing the progressive fouling of the electrode

surface and a decrease of the electrochemical response, as can be observed

in Figure 1, dotted line trace (third voltammetric scan).

Figure 1. Cyclic voltammetric response of 5.0 � 1024 M propofol in 90:10 (v/v)
buffer-ACN pH 3. Scan rate 0.040 V/s. (—) first, and (. . .) third voltammetric cycles.
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The dependence of the peak current ofwave Iwith the scan ratewas studied at

different proportions of buffer-ACN. The results of the linear regression of ip vs

v1/2 (peak current versus the square root of the scan rate) are summarized in

Table 1. There is a linear relationship between ip and v1/2 (Figure 2A and

Table 1). Thus, it may be proposed that the electron transfer between propofol

and the GC electrode is reversible. Also, the shape of the plot of the current

function:

C ¼
ip

v1=2 � C� ;

where C� is the molar concentration of the solute against v1/2, exhibits a shape

indicative of chemical reactions coupled to the electron transfer reaction

(Figure 2B).[20]

A decrease of the peak current of wave I can be observed as the amount of

ACN in the electrolyte solution is increased. These results are implicit in the

smaller slopes observed in the study of the dependence of ip vs v
1/2 (Table 1).

They mean that higher sensitivities may be obtained with a decrease in

the amount of ACN in the mobile phase. Thus, from an analytical point of

view, it is important to keep the amount of ACN in the mobile phase as low

as possible.

The electrochemical response of propofol at GC electrodes in 90:10 (v/v)
buffer-ACN electrolytes at pH ¼ 13.8 (not shown) is similar to that at pH ¼ 3.0,

but the peak potentials of the equivalent waves are shifted toward negative

potential values. The pKa value for propofol in 90:10 (v/v) buffer-ACN

mixtures is approximately 11.93.[13] Thus, propofol is mainly present as an

anion at pH 13.8, the phenolate derived ion. It is known that phenolate ions are

oxidized at lower electrode potentials as compared to the neutral species.[19] As

a consequence, it may be proposed that propofol oxidation is observed at approxi-

mately 0.10 V, while those related to the reduction/oxidation of the product of the
coupled chemical reaction are detected at approximately20.28 V and20.20 V,

respectively. It is worth noting the lower oxidation potential of propofol at

pH ¼ 13.8, as compared to that obtained at pH ¼ 3.0. This smaller oxidation

Table 1. Parameters obtained from the linear regression

(y ¼ B * x) of the voltammetric peak current versus the square

root of the potential scan rate at different amounts of organic modi-

fier. Propofol concentration: 5.0 � 1024 M

Organic modifier amount (v/v)

90:10 70:30 50:50

B 4,31 � 1025 2,83 � 1025 2,06 � 1025

r 0,9946 0,9956 0,9941

B: slope; r: correlation coefficient.
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potential may be conveniently used for the constant potential amperometric

detection of this molecule in HPLC.

Liquid Chromatography

Liquid chromatographic experiments were performed to evaluate various

analytical parameters, such as working electrode potential, capacity factor,

and linear range of the working electrode response. Thus, we analyzed the

hydrodynamic voltammograms (HDVs) of propofol at different pHs, the

effect of the amount of organic modifier in the mobile phase on the capacity

factor of propofol, and propofol calibration curves.

The hydrodynamic voltammograms of propofol in a mobile phase of

60:40 (v/v) buffer-ACN, at different pHs, are shown in Figure 3. Trace A

in Figure 3 shows the response obtained in the study performed at

pH ¼ 8.2. The initial working potential was 20.10 V. After obtaining a

stable, drift free baseline, five separate injections of propofol were

performed and the chromatographic peak current (Ip) was computed. The

working potential was then increased by increments of 0.10 V, and the

analysis was repeated. In the region between 20.10 V and 0.40 V there is

essentially no evidence for propofol oxidation. At potentials higher than

0.50 V the peak current increases and then plateaus at values above ca.

1.10 V. The “half wave potential” (the potential at half the plateau current)

is ca. 0.80 V. The capacity factor (defined as: k0 ¼ (tr2 t0)/t0, where tr is

the solute retention time and t0 is the transit time of an unretained solute) of

propofol under the above mentioned chromatographic conditions was

around 20. Trace B in Figure 3 shows the response obtained in a similar

study performed at pH ¼ 13.8. The electrochemical oxidation of propofol is

evident at potentials above 0.20 V, and the peak current plateaus at potentials

greater than 0.70 V. The half wave potential at pH ¼ 13.8 is ca. 0.33 V,

smaller than the half wave potential at pH ¼ 8.2. The capacity factor of

Figure 2. Dependence of (A) voltammetric peak current, and (B) current function

(see text) with the square root of the potential scan rate. Propofol concentration:

5.0 � 1024 M. Solvent: 70:30 (v/v) buffer-ACN mixture, pH 3.0.
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propofol at pH ¼ 13.8 is ca. k0 ¼ 2. In conclusion, these analyses show that a

smaller capacity factor may be obtained (faster analysis time per sample) and a

smaller set potential at the working electrode of the electrochemical detector

may be set if an alkaline mobile phase is used.

A chromatographic calibration curve was made for propofol to test the

linearity of the electrode response with changes in the amount of injected

propofol. The mobile phase consisted of a 60:40 (v/v) buffer-ACN mixture

at pH ¼ 13.8. A wide linear concentration was obtained, with an excellent

correlation coefficient for the logarithmic analysis (log(Ip) vs. log (C�)). The

results of the linear regression (y ¼ Aþ B*x) are: A ¼ 4.740, B ¼ 0.820,

and r ¼ 0.999. Moreover, the signal-to-noise ratio obtained with the lowest

propofol concentration used for this study was ca. S/N ¼ 8, which means

that even lower propofol concentrations might be analyzed. Thus, a

propofol concentration of approximately 3 � 1028 M (equivalent to 5 ng/
mL or 600 fmol of injected propofol) may be taken as the limit of detection

(LOD) of the method at a S/N ratio of 3.

The dependence of the solute’s capacity factor with the volume fraction

(F) of the organic modifier in the mobile phase was also studied at

pH ¼ 13.8. The degree of reduction of a solute’s retention is related to F

by the equation:

logðk0Þ ¼ logðk0Þw � S �F

where (k’)w is the capacity factor of the solute with a completely aqueous

mobile phase and S is the slope coefficient, which defines a solvent strength

parameter. Good correlation coefficients were obtained (r � 0.99) for the

logarithmic plot. A value of ca. 0.034 was obtained for the slope coefficient

Figure 3. Hydrodynamic voltammograms of 1.0 � 1024 M propofol in 90:10 (v/v)
buffer-ACN mixtures at different pHs. Flow rate ¼ 0.50 mL/min.
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from the logarithmic plot. This value seems reasonable given the size of the

solute under study.[21]

CONCLUSIONS

Cyclic voltammetric experiments of propofol showed that this molecule

is oxidized through a complex mechanism, probably involving coupled

chemical reactions. The study of the pH effect on the voltammetric parameters

(peak current and potential for propofol oxidation) revealed that propofol can

be oxidized at low electrode potentials when high pH solutions are used. This

observation was conveniently used for the amperometric detection of propofol

in HPLC, using highly alkaline mobile phases and reversed phase polymeric

columns. The calibration curve for the amperometric detection of propofol at

pH 13.8 showed a wide linear range, with a limit of detection of approximately

3 � 1028 M at a signal-to-noise ratio of 3. The ionization of propofol at high

pH also produced a decrease in its chromatographic capacity factor, which

may be translated into lower amounts of organic modifier required for

elution of the analyte. Also, higher oxidative currents can be obtained by

using lower amounts of organic modifier in the mobile phases.
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