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ABSTRACT 

The work describes a stability study of hydroxytyrosol (HTyr) in aqueous solutions carried out varying the following 
parameters: HTyr concentration, temperature and ionic content in the aqueous solution. First, an analytical method 
based on the use of ultra performance liquid chromatography (UPLC-MS) as analytical technique was developed and 
validated. The equation of the linear model was A/AISTD = –0.0013 + 0.0117 · [HTyr], with a very good linearity, since 
the R-Squared was 99.9% and the P value of the lack of fit test was higher than 5%. Limits of quantification estimated, 
CC ( = 0.05%) and CC ( = 0.05%), were 0.2 and 0.4 g/L respectively. As well, the relative standard deviation in 
the intra-day precision was lower than 3%. Therefore, the method is reproducible. We have applied this methodology to 
study the stability of HTyr and have observed that the most critical aspect turned to be the ionic content of the aqueous 
solutions. A tap water with high contents of calcium and magnesium (52 and 21 mg/L) degraded HTyr up to 64% in 48 
hours whereas a low mineralization water with low contents of calcium and magnesium (4 and 2 mg/L) produced only 
19% degradation. 
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1. Introduction 

Epidemiological studies indicate that the consumption of 
natural phenolic compounds produces beneficial health 
effects and these substances are now considered as being 
potentially therapeutic [1]. In fact, it has been reported 
that polyphenols are endowed with interesting biological 
activities such as anti-inflammatory [2], cardioprotective 
[3], antibacterial [4], and anticarcinogenic activities, and 
they have been applied for pharmacological purposes [5]. 
Those bioactive phenolic compounds have been associ-
ated with a reduced incidence of cardiovascular disease 
and cancer [6-8]. Brain aging and the most diffused neu-
rodegenerative diseases of the elderly are characterized 
by oxidative damage, redox metals homeostasis impair-
ment and inflammation. In fact, some authors have sug-
gested potential benefits from these antioxidants [9]. Hy-
droxytyrosol (HTyr), one of the most important com-
pounds of this group, has been proposed to prevent neu-
rodegenerative diseases [10]. At the same time, in vivo 

studies on rabbits have revealed that this compound is 
effective in cardioprotection [11]. 

Administration of HTyr in animal studies has normally 
been carried out as part of an extra virgin olive oil [12], 
as an olive oil mill waste water extract [13] or as an 
aqueous solution of a drug for daily animal consumption 
[11]. Recently, our group has participated in an in vivo 
study on the biological activity of HTyr where the com-
pound was administered as an aqueous solution. How-
ever, we noticed that the HTyr solution darkened after 
several hours, most probably due to degradation through 
oxidation. We decided to carry out a stability study of 
HTyr in aqueous solutions varying the concentration of 
the compound, the temperature and the ionic content in 
the aqueous solution. HTyr has been analyzed using gas 
chromatography in biological samples, such as plasma 
[14] and urine [15]. Liquid chromatography has also 
been used to measure HTyr in olive oil [16], olive mill 
waste waters [17] and also in plasma and urine [18,19]. 
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The main objective of the present work is to study the 
stability of HTyr in aqueous solutions at different con-
centration, temperature and with different ionic content. 
An ultra performance liquid chromatography coupled 
mass spectrometry method (UPLC-MS) without any pre-
treatment of sample was developed, validated and ap-
plied. 

2. Methods 

2.1. Reagents and Standards 

All reagents were of analytical grade unless stated oth-
erwise. Water was purified with a Milli-Q plus system, 
conductivity 18.2 MΩ·cm−1 (Millipore, Bedford, USA). 
Methanol, acetonitrile, o-phosphoric acid and acetic acid 
were supplied by Panreac (Barcelona, Spain). Formic 
acid and tyrosol were purchased from Sigma-Aldrich 
(Sigma-Aldrich, St. Louis, USA).  

HTyr was prepared from their corresponding carbox-
ylic acid by reduction with lithium aluminum hydride, 
purified by column chromatography and stored at –20˚C 
[20,21]. A concentrated stock solution (10.0 g/L) of the 
compound in milli Q water was freshly prepared to ob-
tain the calibration curve and also right before each sta-
bility experiment. 

A standard solution of 11.0 g/L of tyrosol in milli Q 
water after adequate dilution to a final concentration of 
1.0 g/L was added to samples, as internal standard, just 
before injection.  

2.2. Instrumentation and Software 

A Waters UPLC liquid chromatograph (Mildford, MA, 
USA) equipped with a quaternary pump, a vacuum mem- 
brane degasser, a thermostated column compartment, an 
automatic autosampler, an automatic injector and con-
nected “on-line” to a Micromass Premier XE triple 
quadrupole mass spectrometer with an electrospray ioni-
zation source was used. The mass spectrometer was op-
erated in the negative ion mode. Nebulizing gas (nitrogen) 
flow was 70 L·hr–1. Nitrogen desolvation gas was used at 
a flow rate of 400 L·hr–1 and 350˚C. MS parameters were 
optimized to the following: capillary voltage = 3.5 kV, 
extraction cone = 3 V, RF lens = 0.5 V, source tempera-
ture = 120˚C, cone voltage 20 V, LM Resolution = 15.0, 
HM Resolution = 15.0 and multiplier = 650 V. Samples 
were injected as diluted solutions in water. 

As liquid chromatographic columns, an Acquity BEH 
C18 (10 mm × 2.1 mm i.d., 1.7 m particle size) from 
Waters (Milford, MA, USA), a Gemini C18 (150 mm × 
4.6 mm i.d., 5 m particle size) from Phenomenex (Tor- 
rance, CA, USA) and a Zorbax Eclipse XDB-C8 (150 
mm × 4.6 mm i.d., 5 m particle size) from Agilent 

Technologies (Palo Alto, CA, USA) were tested. 
Data acquisition and processing was performed using 

MASSLYNX 4.0 software (Micromass Ltd.). All mass 
spectra were smoothed twice using Savitzky-Golay algo-
rithm with 0.75 Da peak width. Statgraphics software 
was used for the statistical analysis of data.  

2.3. Sample Preparation 

Experiment 1. In volumetric flasks of 50 mL of capacity, 
three solutions of HTyr containing 2.75, 27.5 and 275.0 
mg/L of the compound in Milli-Q water were prepared 
and divided into three portions into Falcon tubes of 15 
mL of capacity. The fractions obtained were stored for 
one week under different conditions. The first one was 
stored in a freezer at –20˚C, the second in the fridge at 
4˚C and the third at room temperature (RT, about 25˚C). 
Aliquots of 100 µL were picked up at initial time and 
after 0.5, 1, 2, 4, and 7 days and analyzed by UPLC-MS 
in order to study the stability of compounds in the dif-
ferent storage conditions. 10 µL of the internal standard 
solution (11 g/L) was added previous to injection in 
UPLC-MS system in order to get a final concentration of 
1 g/L.  

Experiment 2. In volumetric flasks of 25 mL of capac-
ity, four aqueous solutions of HTyr containing 220 mg/L 
of the compound with different ionic content were pre-
pared. The solutions were stored at room temperature and 
aliquots of 100 µL of each solution were taken at differ-
ent time intervals (1, 3, 6, 9, 12, 24, 48 and 120 h). 10 µL 
of internal standard was also added just before injection 
(final volume 110 µL of 200 mg/L solution of analyte) 
and the aliquots were analyzed without delay. The 
changes in analyte concentration in the samples were 
monitored using the proposed method. The stability of 
Htyr was assayed in Milli-Q water, tap water from the 
city of Granada (Spain), bottled high and low mineraliza-
tion water. The bottled mineral water was obtained from 
a supermarket. The ionic content data of waters was ob-
tained from the label of bottles in case of mineralized 
water and from the regional water company (Emasagra, 
Granada, Spain) for tap water. 

2.4. Description of the Analytical Method 

For chromatographic separation of compounds, the Ac- 
quity BEH C18 was the selected column. This column 
showed the best resolution (tyrosol/HTyr) and the short- 
est chromatographic times. As mobile phase, in order to 
optimize peak separation and shapes of compounds, two 
organic solvents (methanol and acetonitrile) commonly 
used in liquid chromatography were evaluated. Both of 
them gave very similar results and acetonitrile was se- 
lected. Moreover, acidification of the LC eluent was as- 
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sayed. Formic acid, acetic acid and o-phosphoric acid 
were tested as additives. Good results were obtained us-
ing a mobile phase composed of 0.1% (v/v) acetic acid 
aqueous solution modified (solvent A) and acetonitrile 
(solvent B). An isocratic mobile phase was used to obtain 
a good resolution for HTyr and internal standard in a low 
time. The composition was 95% of A and 5% B and held 
for 6 min. The flow-rate was 0.4 mL·min–1 and the col-
umn temperature 30˚C.  

Lastly, in order to improve the sensitivity of the method, 
a study was performed to evaluate the possibility of in-
creasing the injection volume. A range from 2 to 10 L 

was studied and no extra broadening of the peak was 
observed, even at 10 L. Accordingly, 10 L was chosen 
as the injection volume.  

For mass spectrometry detection, atmospheric-pressure 
chemical ionization (APCI) and Electrospray ionization 
(ESI) interfaces were evaluated for the compound in 
positive and negative modes. ESI interface in negative 
mode was selected because presents, in general, higher 
sensitivity for the studied compound. SIM mode was 
used for quantitative analysis. Figure 1 shows the chro-
matographic profile and the mass spectra for the com-
pound and internal standard in water.  

 

 

Figure 1. Chromatogram and mass spectra in SCAN mode of HTyr (100 mg/L of a distilled water solution) and tyrosol (1 g/L).  
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HTyr shows a chromatographic peak at 2.30 minute, 

while internal standard appears at 4.05 minutes. The 
mass spectra in SCAN mode shows the base peak at 153 
m/z corresponding to the molecular ion in negative mode 
[M-1]– for HTyr and for internal standard tyrosol, the ion 
used was the corresponding to the molecular peak at 137 
m/z in negative mode. No matrix effect or ion suppres-
sion was observed. 

3. Results and Discussion 

3.1. Analytical Performance 

Calibration graphs were made using SIM mode in UPLC- 
MS. Six concentration levels ranging from 0.4 to 250 
mg/L were prepared in distilled water (each level by du-
plicate, and the central calibration standard was analyzed 
three times). Calibration curves were constructed using 
analyte/internal standard peak area ratio versus concen-
tration and the equation of the fitted model was A/AISTD 
= –0.0013 + 0.0117 · [HTyr], with a regression standard 
deviation of 0.0302. Linearity of the calibration graphs 
was tested using the lack-of-fit test and the regression 
coefficient according to the Analytical Methods Com-
mittee [22]. The values obtained show that the results fit 
a linear model to describe the relationship between vari-
ables, since the R-Squared statistic indicates that the 
model as fitted explains 99.9% of the variability in signal 
and the P value of the lack of fit is higher than 5% (Plof 
20.5%). 

Limits of quantification were also estimated. The deci-
sion limit, CC, and the detection capability, CC were 
calculated [23]. The decision limit is the limit from 
which it can be inferred that a sample is contaminated 
with an error probability of . The detection capability is 
the smallest content of analyte that may be detected, 
identified and/or quantified in a sample with an error 
probability of . Decision limit and detection capacity 
which are better adjusted to a statistical evaluation are 
implemented. Thus, LOQs, CC ( = 0.05%) and CC ( 
= 0.05%), were 0.2 and 0.4 g/L respectively. Finally, to 
assess intra-day precision of the assay, standard samples 
at three concentration levels were analyzed by duplicate. 
The procedure was repeated on five consecutive days to 
determine inter-day-variability. Each day, stock solutions 
of the analyte were prepared in distilled water. The rela-
tive standard deviations were lower than 3% in all cases. 
Therefore, the method is reproducible. 

3.2. Stability of Hydroxytyrosol Aqueous  
Solutions at Different Concentration  
and Temperature 

In this experiment, three concentrations of HTyr (2.5, 25 

and 250 mg/L) and three different temperatures (–20˚C, 
4˚C and room temperature) were assayed. Aliquots of 
100 µL of each solution were analyzed at different times 
adding 10 µL of an ethanol solution (11.0 g/L of internal 
standard) just before injection. In all cases, no changes in 
the signal obtained for the samples stored at –20˚C were 
observed after a week. However, when the samples were 
stored at 4˚C or room temperature a notable decrease in 
concentration was observed. For the most diluted sample 
(2.5 mg/L) the signal completely disappeared after 2 days 
at room temperature and after 4 days at 4˚C. It seems that 
the compound gets oxidized quite rapidly at low con-
centrations. The disappearance of HTyr in aqueous so-
lutions has previously been related to the consumption 
of oxygen [24]. Cilliers and Singleton [25] proposed 
that phenolate anions directly react with triplet oxygen 
to form a semiquinone. Some authors have proposed 
that Htyr autoxidise to o-quinone or tautomeric p-quinone 
methides that after water addition undergo coupling 
with a second o-quinone leading to the formation of 
dimmers (methanooxocino benzodioxinone derivatives) 
[26,27]. 

When the concentration is higher (25 and 250 mg/L) 
the compound is much more stable and degradation is 
low. For the 25 mg/L sample, 10% of H degraded at 4˚C 
and about 25% at room temperature after one week. In 
the case of 250 mg/L the loss of compound is quite simi-
lar to the case of 25 mg/L, both at 4˚C and at room tem-
perature. 

3.3. Stability of Hydroxytyrosol in Aqueous  
Solutions with Different Ionic Content 

Based on the results obtained in the previous stability 
study at different concentration and at different tempera-
tures, a second assay was developed to test the impor-
tance of the different ionic content in the aqueous solu-
tions. Since the stability is quite similar at 25 and 250 
mg/L, a high concentration (200 mg/L) was used for bet-
ter analytical performance. At the same time, since the 
behavior of compound at 4˚C and RT is also quite com-
parable, the second assay was carried out at RT (25˚C). 
Therefore, the results would be relevant for future animal 
studies with the compound and for predicting the stabil-
ity of the compound when it is used with pharmaceutical 
purposes in aqueous solutions. Table 1 shows the four 
types of water used in the study: milli-Q water, bottled 
low mineralization water, bottled high mineralization 
water and tap water from the city of Granada (Spain). 
They were selected due to the increasing concentration of 
the most important ions such as sulphate, chloride, cal-
cium, magnesium and sodium. Contents of heavy metals 
such us iron, copper, zinc or cobalt were below 0.3 mg/L  
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Table 1. Ionic content of water solutions used in this study. 

Ionic Contenta 
Ion Type 

Milli Q Water LMWb HMWb Tap Water

Bicarbonate <0.01 18 105 180 

Sulphate <0.01 <0.01 17.3 65 

Chloride <0.01 <0.05 208 10 

Calcium <0.01 4 27.2 52 

Magnesium <0.01 2 8.8 21 

Sodium <0.01 1 4.8 6.2 

Silica <0.01 11.4 n.d. n.d. 

aData are in ppm. bLMW: Low Mineralization Water; HMW: High Miner-
alization Water. 

 
in all cases. 

The stability study was carried out for a period of 5 
days and samples were analyzed at different time points. 
The results are shown in Figure 2.  

The graph shows the degradation at different rates de-
pending of the type of water employed. The concentra-
tion of HTyr in milli-Q water after five days decreased 
about 8%, and in the bottled low mineralization water the 
loss of signal was about 17%. However, when the ionic 
content of water was higher (bottled high mineralization 
water), the loss of signal clearly increased reaching val-
ues of 55% degradation. Finally, the decomposition of 
hydroxytyrosol was faster with the highest ionic content 
tested (tap water) where the signal of the antioxidant de-
creased 90% in five days. 

It is known that the stability of complexes formed be-
tween ligands and metals contribute to the lower reduc-
ing capacity of the former compounds. In fact, it has 
been described previously that this compound is capable 
of chelating transition metal ions such as iron or copper 
[28,29] and its stability was drastically reduced in their 
presence (e.g. 0.6 mM in a 65% ethanol/water solution 
was degraded up to 50% in the presence of 0.6 mM 
Fe(III)). This effect of autoxidation catalyzed by iron or 
copper ions has shown to affect the antioxidant activity 
of olive polyphenols in other matrices such as olive oil or 
oil-in-water emulsions [30-32].  

It is important to remark the low levels of iron or cop-
per ions in our aqueous solutions, which points out to 
other metal ions that may be responsible of the consump-
tion of the compound. In fact, the oxidation rate in the 
presence of calcium, has been described to be very simi-
lar to that of iron [24]. A slightly lower oxidation rate has 
been reported in the case of magnesium. The increasing 
amounts of these two types of metal ions in the four  

 

Figure 2. Degradation of hydroxytyrosol in different water 
media: ♦ milli Q water, X low mineralization water; ▲ high 
mineralization water; and ■ tap water. 
 
types of water studied seem to be related with the rate of 
degradation. Therefore, aqueous solutions containing low 
mineralization appear as the best ionic conditions for the 
antioxidant stability and the most appropriate to be used 
in future animal studies. 

4. Conclusions 

A simple and rapid UPLC-MS method for the determina-
tion of HTyr in water samples is proposed. The method 
has been validated and the analytical parameters have 
been established. The stability of the compound has been 
studied at different storage conditions and in different 
types of water. Storage is best done at –20˚C since for at 
least 1 week no significant degradation of compound is 
observed. The presence of salts in water and the tem-
perature produces the oxidation of compound and con-
sequently a notable decrease in availability and a loss in 
biological activity. Therefore, the results are of high 
relevance for future animal studies with this compound, 
for predicting the stability of potential liquid food sam-
ples containing the compound but also when performing 
quantitative determinations of this compound in biologi-
cal fluids particularly when using LC/MS. Being HTyr 
lower concentrations more prone to degrade than the 
higher ones. Therefore, we have observed changes in 
HTyr stability with concentration and temperature, but 
the most critical aspect turned to be the ionic content of 
the aqueous solutions. A tap water with high contents of 
calcium and magnesium (52 and 21 mg/L) degraded 
HTyr up to 64% in 48 hours. 
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	In this experiment, three concentrations of HTyr (2.5, 25 and 250 mg/L) and three different temperatures (–20˚C, 4˚C and room temperature) were assayed. Aliquots of 100 µL of each solution were analyzed at different times adding 10 µL of an ethanol solution (11.0 g/L of internal standard) just before injection. In all cases, no changes in the signal obtained for the samples stored at –20˚C were observed after a week. However, when the samples were stored at 4˚C or room temperature a notable decrease in concentration was observed. For the most diluted sample (2.5 mg/L) the signal completely disappeared after 2 days at room temperature and after 4 days at 4˚C. It seems that the compound gets oxidized quite rapidly at low concentrations. The disappearance of HTyr in aqueous solutions has previously been related to the consumption of oxygen [24]. Cilliers and Singleton [25] proposed that phenolate anions directly react with triplet oxygen to form a semiquinone. Some authors have proposed that Htyr autoxidise to o-quinone or tautomeric p-quinone methides that after water addition undergo coupling with a second o-quinone leading to the formation of dimmers (methanooxocino benzodioxinone derivatives) [26,27].

