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Abstract

Many substances of natural origin are contained in pharmaceutical and cosmetic formulations, but lately extra virgin
olive oil (EVOO) or EVOO-derived compounds like tyrosol, hydroxytyrosol or oleuropein, thanks to their renowned and
long-established outstanding therapeutic and health giving virtues, have made them some of the most interesting
products in this field. Nowadays many hydroxytyrosol-based topical formulations are commercialized and over time
several analytical methods have been developed. However, new cosmetic formulations containing an olive extract
tritated in hydroxytyrosol conveyed in EVOO have recently appeared on the market creating the need to develop and
validate a new method that allows the active compound to be extracted and analyzed precluding any interference due
to the presence of other compounds naturally present in the EVOO as well as from the co-formulant agents employed,
and this has been the goal of our study.

Analytical determination was performed by RP-HPLC coupled with DAD detection. Various chromatographic
parameters, namely column stationary phase, mobile phase, pH and solvent composition, oven temperature and
different clean-up variables were studied. The best chromatographic separation was obtained under the following
conditions: a reverse phase C18 column maintained at 25°C with a gradient elution program using acetic acid 0.2%
and methanol as mobile phase pumped at 1.5 mL min~". Detection wavelength was set at 280 nm and the total run time
required was 15 min. The high degree of accuracy (98.8%-100.1%) and precision (1.44%-1.68%) achieved using the
evaluated method along with the low limits of detection and quantification (2.49 ppm and 3.97 ppm respectively) and
the broad linear range observed allowed the target analyte to be satisfactorily determined in new semi-solid formulation
containing hydroxytyrosol conveyed in EVOO while avoiding any matrix effect.
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Introduction

There is now increasing scientific evidence to support the
hypothesis that some foods and food components have beneficial
physiological and psychological effects over and above the provision
of basic nutrients. Research focus has shifted increasingly towards the
identification of biologically active components in foods that have the
potential to optimize physical and mental well-being and may also
reduce the risk of disease. The aim is to increase life expectancy and to
improve the quality of life while reducing healthcare costs [1,2].

Extra Virgin Olive Oil (EVOO) represents a rich source of nutrient
and non-nutrient compounds. From the non-nutrient fraction,
representing about 1-2% of EVOO composition, polyphenols have

always aroused interest not only because they are partly responsible
for the stability of EVOO against autoxidation and its organoleptic
characteristics, but also because several EVOO polyphenols seem
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to explain some important effects on human health by interacting
selectively with one or more physiological functions of the organism
(biomodulation) thereby improving a person’s state of health and/or
reducing risk of disease [3-6].

Unlike other vegetable oils, EVOO is obtained from fruits and
not from seeds; the seeds are dormant organisms with low metabolic
activity while the fruit has high metabolic activity, which gives to the
derived product greater complexity. Another difference is that it is not
produced by solvent extraction, but rather by a cold-press mechanical
process that preserves both its chemical nature and the natural
antioxidants produced by the plant in response to environmental stress.

EVOO is one of the main ingredients of the Mediterranean diet
and the European and Food Safety Authority (EFSA) has officially
recognized its health properties by publishing a scientific opinion
on the substantiation of health claims related to polyphenols [7].
EVOO contains a large number of phenolic compounds, including
phenolic acids, phenolic alcohols such as tyrosol and hydroxytyrosol,
flavonoids, and secoiridoids that may contribute to its overall health
benefits together with monounsaturated fatty acids, squalene and
a-tocopherol [8-11]. Polyphenols, in particular, exhibit potent free
radical-scavenging properties and a range of biological activities e.g.,
antimicrobial, anti-carcinogenic and anti-inflammatory responses
[12]. According to the EFSA statements, the oleuropein complex
contributes significantly to the polyphenolic profile of EVOO and
although this decreases over time, it remains fairly high due to the
formation of degradation products such as oleuropein and tyrosol
from more complex molecules.

There is currently a great deal of interest in the health benefits of
hydroxytyrosol and its metabolites (Figure 1) [13]. It would seem that
this small molecule, in its natural state or as a hydrolysis product of
several polyphenols, is easily absorbed in the intestine via a passive
diffusion mechanism, bidirectionally and in a dose dependent manner
[14].

Hydroxytyrosol influences the melanin pigments in human cells,
lightening the skin and making dark patches disappear, showing
interesting anti-aging effects on skin and can also prevent wrinkle
formation [15]. Recently, Salucci et al. [16,17] suggested that Tyrosol
and Hydroxytyrosol play an important role in protecting cells from
apoptotic cell death, thus encouraging the use of these phytochemicals
as biological ingredients in topical preparations as a possible tool
to prevent skin damage. Most skin lighteners currently used are of
botanical or natural origin. Hydroxytyrosol seems to work by enhancing
the body’s own antioxidant ability, increasing the intracellular
glutathione levels which shifts melanin production towards the more
soluble and lighter pheomelanin and at the same time lightens skin
color significantly by reducing overall melanin production [18].

In nature, hydroxytyrosol is found in olives and olive leaves and its
extraction is complex and costly. Therefore, normally native olive oil
has often been used in cosmetic formulations.
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Figure 1: Chemical structure of hydroxytyrosol.

Hydroxytyrosol has often been incorporated in pharmaceutical
and cosmetics formulations due to its higher antioxidant potential
compared to other polyphenols with similar structures or other
antioxidant molecules such as Vitamin E or C [19] in the form of olive
leaf extract or recently as olive extract titrated in hydroxytyrosol and
conveyed in EVOO. Hydroxytyrosol conveyed in EVOO would appear
to be much more bioavailable than other formulations; probably also
as a result of the synergic effect explicated by other naturally present
polyphenols [20].

The peculiar characteristics of EVOO i.e., oxidative stability and
sensory health-giving properties derive from its remarkable and well-
balanced chemical composition [3]. This is beneficial not only to
human skin but also conserves its shelf life when used in emulsions
and cream bases.

In light of the above, the aim of our research was to develop a
validated, selective and reproducible extraction procedure and RP-
HPLC-DAD method to evaluate hydroxytyrosol content in a semi-
solid pharmaceutical formulation.

Materials and Methods
Chemicals

Hydroxytyrosol (2-(3,4-di-hydroxyphenyl)ethanol) > 98% was
purchased from Extrasynthese (Genay, France) and used as reference
compound. Glacial acetic acid, methanol, acetonitrile and ethanol
were HPLC grade and purchased from Merck (Darmstadt, Germany).
Sulfuric acid was purchased from Sigma-Aldrich (Milan, Italy). Water
used in all experiments was passed through a Milli-Q (Millipore, Milan,
Ttaly) water purification system (18 mQ).

Apparatus

An Agilent high performance liquid chromatography system (1100
series) equipped with an LC binary pump, an autosampler, a degasser
and a thermostated column oven coupled with a UV-Vis photodiode-
array detector (DAD) was used. The column used was an Ascentis C18
(150 x 4.6 mm, 5 um) (Supelco, Milan, Italy).

An ultrasonic bath (117 V, 60 Hz) from VWR (USA) was used to
facilitate the extraction procedure of the active compound.

An Agilent Vac Elut 20 Manifold was used for solid phase
extraction (SPE) and a 30 mg Strata-X cartridge (Phenomenenx) was
employed. A Basic 20 pH meter from Crison (Alella, Spain) was used
for pH adjustments.

Extraction procedure

A semi-solid pharmaceutical formulation  containing
hydroxytyrosol as active compound conveyed in EVOO was subjected
to the extraction procedure. Briefly, 1.0 g of sample was weighed in a 10
mL volumetric flask to which was added a mixture consisting of acetic
acid 0.2% and methanol 75/25 (v/v) (pH 3.30). This solution was placed
in an ultrasonic water bath for five minutes to facilitate the dissolution
of sample and relative extraction process.

A 500 pl aliquot of the above solution was added to 1.5 ml sulfuric
acid 50 mM. Solid phase extraction (SPE) to purify the sample solution
was carried out on a Strata-X 33 pum polymeric reversed phase, 30
mg/mL (Phenomenex, Germany). The cartridge was placed in a
vacuum system device fitted with a small vacuum pump. Pressure was
monitored during the critical cartridge conditioning, equilibration,
and sample loading steps, thereby preventing fluctuations in separation
efficiency due to variations in flow rate. The cartridge was conditioned
at a flow rate of 2-3 mL/min, and the analyte was loaded, washed, and
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eluted at 1.0-1.5 mL/min. Prior to use, the cartridge was conditioned
with 1 mL of methanol followed by equilibration with 1 mL of H,O.

The sample solution, prepared as described above, was loaded
slowly into the cartridge. The SPE cartridge was washed with 0.5 mL
of water followed by 1 mL of 5% (v/v) methanol in water and then
eluted under vacuum with 1.5 mL of methanol. The eluted fraction was
filtered through a 0.22 um nylon membrane filter and placed in a 1.5
mL injection vial.

A 500 ug mL™" standard stock solution containing hydroxytyrosol
was prepared using a mixture of acetic acid 0.2% and methanol 75/25
(v/v) (pH 3.30). From this solution, freshly working standard solutions
from 3 to 100 ug mL™" were prepared in the same solvent.

Chromatographic analysis

The analysis was performed following the method reported by
Miralles et al. [21] with some modifications. 20 uL of the reference
compound or sample solution was injected into the column. The
column oven was set at 25°C. The mobile phase included a solvent A,
consisting of acetic acid 0.2% and solvent B methanol. Elution was
performed at a flow rate of 1.5 mL min™'. Separation was performed
using the following gradient elution program: 0 min, 95% A and 5%
B; 10.0 min, 75% A and 35% B; 13.0 min, 95% A and 5% B; 15.0 min,
95.0% A and 5.0% B. Hydroxytyrosol was recognized and quantified
at 280 nm based on the supplier’s standard, comparing retention time
and relative UV-VIS spectra (range 200-400 nm).

Method validation

For validation of analytical method, the guidelines of the
International Conference on the Harmonization of Technical
Requirements for the Registration of Pharmaceuticals for Human Use
[22] and the United States Pharmacopeial Convention [23] recommend
the accomplishment of linearity and range, accuracy and precision,
LOD and LOQ and selectivity.

Linearity and range: Linearity is the ability of a method to elicit
test results that are directly proportional to the analyte concentration
within a given range. Five concentration levels used along with certain
minimum specified ranges are required. The acceptance criterion
for linearity is that the correlation coefficient (r?) should not be less
than 0.990 for the least squares method of the analysis of the line
[24]. To evaluate the linearity of the method, several concentrations
of hydroxytyrosol reference compound were analyzed by HPLC-
DAD, and the responses were recorded. Plotting the peak areas of the
hydroxytyrosol versus concentration (in ppm), the method was found
(Figure 2) to be linear in the range of 3 - 100 ppm with r>0.999.

Accuracy (percentage recovery) and precision: Accuracy of the
method was measured as the percentage of analyte recovered after
spiking sample in a blank solution. To determine accuracy, a minimum
of nine determinations of three different concentration levels covering
the specified range (three concentrations, three replicates for each)
were collected. The relative standard deviation (RSD) of the replicates
provides the analysis variation and gives an indication of the precision
of the test method; while the mean of replicates indicates the accuracy
of the test method [25,26]. For determination of the percentage
recovery of hydroxytyrosol in sample, it was added to a placebo sample
at a specified concentration and analyzed using HPLC-DAD. Results
showed the current method to achieve good recovery rates (from 98.8%
to 100.1%) for hydroxytyrosol at the three concentration levels studied
(3, 25 and 100 ppm), and with an RSD under 0.5% (Table 1).

The precision of the analytical method was determined as inter and

intra-day variability expressed as relative standard deviation (%RSD).
The precision of the current method was evaluated by calculating the
RSD% of the peak areas of six replicate injections of three standard
solutions (3, 25 and 100 ppm) (Table 2).

LOD and LOQ: LOD was determined by preparing a solution
that produced a response of about 3 and 10 times the baseline noise.
The solution was injected three times, and the S/N ratio recorded for
each injection. Solution concentration is considered LOD if S/N ratio
is between 3-10. LOQ was determined in the same manner but with
an S/N ratio of 10-20. The LOD and LOQ of hydroxytyrosol using this
method were determined by preparing differently diluted solutions and
injecting these into the liquid chromatograph, recording the S/N ratio
for hydroxytyrosol peak at each concentration. Results showed LOD
and LOQ of hydroxytyrosol to be 2.49 ppm and 3.97 ppm, respectively
(Table 2).

Selectivity: The selectivity of the current method was demonstrated
by a good separation of hydroxytyrosol from other interfering peaks
(EVOO compounds and co-formulant agents) present in sample with
good resolution. Figure 3 shows a representative chromatogram of the
reference compound (3A) and sample analyzed (3B).

Results and Discussion

Preliminary studies were conducted to find the best analytical
conditions to separate hydroxytyrosol using C8 and C18 columns
and different compositions of the mobile phase. Parameters such as
peak tailing minimized, good symmetry and good resolution between
hydroxytyrosol and adjacent peaks were taken into account for the
selection of analytical conditions. On this basis was chosen an Ascentis
C18 column (150 x 4.6 mm, 5 pm) as stationary phase and a mixture
consisting of acetic acid 0.2% and methanol (pH 3.30) as the mobile
phase using a gradient elution program (see section 2.4). The best
separation was obtained at a flow rate of 1.5 ml/min at a wavelength
of 280 nm.

The presence of acetic acid in the mobile phase achieves a very
sharp peak for hydroxytyrosol, while the mobile phase without acid
gives very wide peaks (low theoretical plates) and poor resolution.

Different organic solvents were also tested in order to keep analysis
time to a minimum. Solvents tested included methanol, acetonitrile
and ethanol with acetic acid solution. The best separation along with a
short stroke chromatography was achieved using methanol as organic
solvent, with acetic solution (run time 15 minutes). Table 1 shows
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Figure 2: Calibration curve for hydroxytyrosol determination by the proposed
method (area vs. concentration in ppm).
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Figure 3: Representative chromatogram of reference compound (A) and
of semi-solid pharmaceutical formulation containing hydroxytyrosol (B)
analyzed by the proposed method.

C18 column Ascentis
(150 x 4.6 mm, 5 pm)

C8 column Prodigy
(150 x 4.6 mm, 5 ym)

Organic solvents
used in the mobile

phase* Rs Rt Peak Shape Rs Rt | Peak Shape
Methanol 1.73 | 8.05 Good 230 845 Good
Acetonitrile 145  7.54 Poor 154  7.78 Poor
Ethanol 160 @ 7.65 Poor 1.81 7.82 Poor

*The organic solvent only was replaced in the gradient elution program reported
in section 2.4.

Table 1: Chromatography data of different solvents and stationary phases used
for development and optimization of the analytical method. Rt: Retention time; Rs:
Resolution.

the chromatographic parameters taken into account to develop and
optimize the analytical method.

Hydroxytyrosol extraction from lipophilic samples was carried
out using different concentrations of acid solution but the best results
were obtained using acetic acid 0.2%. The effect of extraction solvent
pH and extraction volume were also studied. A sample cleaning step is
needed before HPLC analysis and we tested various stationary phases,
such as C18 Sep-pak and others (recovery < 88.70%). However, the
best purification, in terms of recovery, was obtained using a Strata-X
cartridge (see Table 2). In order to evaluate the extraction yield, a
standard solution (containing 10 ug mL™ of analyte) was analyzed
directly and after performing the SPE extraction procedure under the
conditions selected (see Section 2.3). The results were compared and
showed that extraction yields of 100.5 + 3% for hydroxytyrosol (date
not shown).

The quality of the analytical parameters of the chosen method was
evaluated using standard solutions of hydroxytyrosol. At the range
recorded (3.0 to 100 pg mL™") the method showed a high degree of
linearity (R> 0.9998).

The respective LOD and LOQ of this method were 2.49 and 3.97
ppm. These low limits of detection and quantification along with the
broad linear range observed allow the target analyte to be determined

in a variety of semi-solid pharmaceutical formulations containing
different amounts of hydroxytyrosol.

The accuracy of the analytical method proposed, understood as
measures of the agreement between the value, which is accepted either
as a conventional true value or an accepted reference value, and the
value found (i.e., accuracy is a measure of the exactness of an analytical
method), showed a recovery rate > of 98.8% and a RSD % value > to
0.5% [25-27].

Furthermore, the method showed a good degree of precision (see
Table 3). All experiments were performed in triplicate and repeated at
least three times.

Recovery rates were evaluated by determining the analyte
concentrations of both spiked and non-spiked samples applying the
proposed method. The recovery rates obtained (Table 2) ranged from
98.6 to 100.2%, thus showing that there was no matrix effect.

Conclusions

Hydroxytyrosol is a very interesting compound used as an
ingredient in several pharmaceutical formulations due to its beneficial
properties on skin. The proposed method provides a simple and
effective means to determine hydroxytyrosol in a diverse range of
samples, enabling the direct analysis of hydrophilic samples after
dilution and filtration or after performing a liquid-liquid extraction for
lipophilic samples. Thus, the proposed method can be considered safe
for both the operator and the environment according to the principles
of the ‘Green Analytical Chemistry’. The proposed method is also useful
in quality control of the whole industrial process to obtain the final
pharmaceutical formulation. In the present study, a new formulation
of topical cream containing hydroxytyrosol conveyed in EVOO was
studied and this represents the most innovative aspect of our study,
because for the first time a method has been developed and validated
for the determination of hydroxytyrosol in a semi-solid formulation
containing contextually extra virgin olive oil. Although EVOO contains
several compounds structurally related to hydroxytyrosol; the method
was found be selective in that hydroxytyrosol is well separated from
other polyphenols naturally present in the EVOO with good resolution.

However, it is expected that the proposed method could be valid
for the analysis of other creams containing the same active compound.
It is worth mentioning that a very important step in the manufacture
of a new cosmetic formulation is the study of its stability when stored
under normal conditions. The antioxidant activity of hydroxytyrosol,
like other polyphenols present in EVOO, contributes significantly

Concentration

(ppm) Recovery (%) Mean SD RSD (%)
3 98.6 99.3 98.5 98.8 0.44 0.44
25 100.1 99.3 100.2 99.9 0.49 0.49
100 100.2 100.3 99.8 100.1 0.26 0.26

RSD: Relative standard deviation; SD: Standard deviation.

Table 2: Percentage recovery of hydroxytyrosol at three different concentrations
(2, 25 and 100 ppm).

Parameters
Compound | RSD (%), n=6 | RSD (%), n=6
inter-day intra-day LOD (ppm) | LOQ (ppm)
Hydroxytyrosol 1.44 1.68 2.49 3.97

RSD: Relative standard deviation; LOD: Limit of detection; LOQ: Limit of
quantification

Table 3: Precision, LOD and LOQ of the proposed method.
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to the stability of this kind of semi-solid formulation at different
temperatures and conditions of exposure to light. Therefore, the good

a

nalytical performance of the proposed method allows it also to be used

for carrying out these studies.
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