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a b s t r a c t

Candida albicans is generally one of the most commonly isolated fungal pathogen from human body.
It is a frequent cause of nosocomial infections, bloodstream infections, urinary infections and mucosal
infections of oral cavity and vagina C. albicans can grow as hyphae, pseudohyphae, or budding yeast. Mor-
phological conversion of a yeast form to pseudohyphal or hyphal one is often characterized by the change
of commensal status to an invasive form. Farnesol and tyrosol can participate in these transformation
processes as quorum sensing molecules together with some physical–chemical factors.

A new analytical method for identification and quantification of biologically active substances farnesol
and tyrosol using ultra high performance liquid chromatography (UHPLC) in connection with tandem
mass spectrometry was developed. The analytes were separated on Acquity BEH C18 analytical col-
umn using binary mobile phase consisting of acetonitrile and formic acid 0.075% (75:25) at flow-rate
0.20 ml/min. SRM (selected reaction monitoring) mode was applied in order to ensure sufficient selectiv-
ity and sensitivity using the first most intensive transition as a quantitative (121 > 77 and 205 > 121) and
second one for the confirmation purposes (121 > 93 and 205 > 109). The method was validated in terms of
linearity (>0.9994), precision (0.5–3.8% RSD), accuracy (78.9–106.0%), LOD (limit of detection) and LOQ
(limit of quantitation). The method can serve as an analytical tool for the detection and determination of
quorum-sensing molecules in biological samples.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The polymorphic fungus Candida albicans is one of the most
important yeast in medicine. It is a member of the indigenous
microbiota of mucosa and skin in humans and animals and is
thought to be acquired during passage through the birth canal.
C. albicans has been recently used as a model for studying the
basic biology of fungi as well. For fungi exhibiting yeast–mycelium
dimorphism the dependence of cell morphology on initial cell
density has been termed an inoculum size effect. The inoculum
size effect in the dimorphic yeast results from the production of
quorum-sensing molecules (QSMs). The QSMs indentified in C. albi-
cans are farnesol, farnesic acid, and tyrosol [1–6].

QSMs are extracellular chemical signals, and are produced con-
tinuously in response to increasing density of microbial population
to coordinate action of the cells. Their production is usually not
dependent on the type of carbon source or nitrogen source or on
the chemical nature of the growth medium. In general, these signals
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can regulate some important virulent, morphological, and phys-
iological properties through activation of proper genes. Majority
of studies concern QSM of bacteria [7,8], but there is a growing
number of reports about QSM in fungi, especially yeasts. The main
two QSMs in Candida under study are farnesol and tyrosol, their
structures are shown in Fig. 1. While farnesol blocks the yeast-
to-mycelial dimophic transition of C. albicans, tyrosol supports the
development of filamentous form of this yeast [5,6,9].

Originally, analytical methods for the determination of farnesol
and tyrosol were developed separately. Farnesol was first discov-
ered to be QSM of C. albicans [1], while tyrosol function in the QS
was described later [2]. It would be however highly convenient to
develop one analytical method being able of simultaneous deter-
mination of farnesol and tyrosol, because such method would give
direct information about the concentrations of both QSM indepen-
dently of sample origin and thus enable better identification of
cell morphology and description of invasive stadium. This could
be helpful in diagnostic and treatment approaches, e.g. in vaginal
candidosis.

Farnesol is a volatile molecule of terpenoid structure, therefore
GC–MS (gas chromatography with mass spectrometry detection)
was often a method of choice for its determination [1,10,11]. Both
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P. Greguš et al. / Journal of Pharmaceutical and Biomedical Analysis 53 (2010) 674–681 675

Fig. 1. Chemical structures of farnesol and tyrosol.

chemical ionization and electron ionization were employed. These
methods however were developed only for qualitative purposes to
confirm a presence of farnesol molecule in various matrices includ-
ing C. albicans strains [1], Mycastor coypus anal scent glands [10]
or tobacco smoke [11]. Further, HPLC–UV (high performance liq-
uid chromatography with ultra-violet detection) was used for the
identification purposes using retention times [1], however in com-
plicated matrices this approach might miss sufficient selectivity.
Further, farnesol metabolites (farnesyl-glucuronide) and farnesol
with other related compounds were determined using HPLC in con-
nection with ESI-MS (electrospray ionization mass spectrometry)
[12,13]. Ionization was typically performed in negative ion mode.
[M−H]− served as a precursor ion for further MS/MS quantitation of
farnesol or its glucuronide. According to our knowledge, only one
method was developed for quantitative purposes and fully vali-
dated for the determination of farnesol in rat liver and testis [12].
ESI-MS/MS detection is highly advantageous from the selectivity
and sensitivity point of view. However, the procedure reports a nec-
essary derivatization step in order to reach sufficient sensitivity,
which complicates the method and makes the application time-
consuming. No fast, simple and sensitive method for the qualitative
and quantitative analyses of farnesol was found in the literature.
An overview of analytical methods used for the determination of
farnesol and its related compounds is shown in Table 1.

Tyrosol was often determined with other phenolic compounds
in virgin olive oils [14,15] or in human LDL-fraction after digestion
of olive oil [16,17] or in olive mill wastewaters [18]. HPLC using
UV (typically 280 nm) or MS detection was a method of choice
[14–22]. MS detection is unequivocally more convenient, because
it provides better sensitivity and selectivity especially in compli-
cated matrices. Most of HPLC methods were developed and fully
validated for quantitative purposes using ESI-MS/MS which pro-
vides very high selectivity in complicated matrices [14,16–18]. ESI
was performed in negative ion mode using [M−H]− as a precursor
ion for further SRM (selected reaction monitoring) quantitation.
Typical sensitivity of such methods reached LOQ (limit of quantita-
tion) around 1 ng/ml levels. Other methods for the determination of
tyrosol employed GC–MS with EI [21] or MEKC (micellar electroki-
netic chromatography) [22]. An overview of analytical methods
used for the determination of tyrosol and its related compounds
is shown in Table 2.

The aim of this work was to develop fast, reliable, sensitive and
selective analytical method for the simultaneous determination of
farnesol and tyrosol as quorum-sensing molecules of C. albicans
using UHPLC–MS/MS method. While tyrosol was quite successfully
evaluated in terms of quantity using specific ESI-MS/MS methods
(although not all method provided all quantitative and validation
results), mostly only qualitative analysis of farnesol was typically
performed. According to our knowledge, simultaneous determi-
nation of farnesol and tyrosol has never been performed before.
Analytical approaches employed various instrumentations for the
analysis of the two analytes. GC was often used for the analysis of Ta
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