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Abstract 2-Hydroxy-4-methoxybenzophenone (HMB),
which is one of the most commonly used UV filters in
sunscreen cosmetics to protect skin from the deleterious
effects of the sun, can be percutaneously absorbed, further
metabolized, and finally excreted or bioaccumulated. An
analytical method for the sensitive determination of HMB
and its three metabolites in both human urine and semen is
developed. The presented analytical method is based on a
solid-phase extraction (SPE) procedure to clean-up and
preconcentrate the target analytes from the urine and semen
samples followed by liquid chromatography–tandem mass
spectrometry (LC-MS/MS) detection. The methodology
was fully validated and the standard addition calibration
method was used to quantify the target analytes in order to
correct the matrix effects observed. Considering this
approach, the accuracy of the method was evaluated and
the recoveries ranged from 98% to 115% and from 86% to
111% in urine and semen samples, respectively, depending
on the analyte. For urine samples, the limits of detection
ranged between 0.027 and 0.103 ng mL−1 and the
repeatability of the method, expressed as relative standard
deviation, was in the range of 7.2–9.2%, depending on the
analyte. In the case of semen samples, the limits of
detection ranged between 1 and 3 ng mL−1 whereas the
repeatability was in the range of 2.2–6.4%, depending on
the analyte. The described SPE-LC-MS/MS method was
satisfactorily applied to both urine and semen samples from
a male volunteer who applied a sunscreen cosmetic product

containing HMB. HMB and its metabolites were found and
quantified in the low ng mL−1 range in both urine and
semen samples, although at a different extent.
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Introduction

2-Hydroxy-4-methoxybenzophenone (HMB), also called
benzophenone-3, is commonly used as a broad-band UV
filter in sunscreen cosmetic products alone or in combination
with other UV filters to protect from the deleterious effects of
the UV radiation coming from the sun. This substance is
currently regulated in cosmetic products by different legis-
lations around the world. Hence, HMB can be used up to a
maximum authorized content, which may be 10%, 6%, and
5% (w/w) in the final product, according to legislation in force
in the European Union, the United States, and Japan,
respectively [1]. Moreover, the legislation in the European
Union forced to include a warning on the label about its
presence in the cosmetic. Based on the available data related
with safety considerations [2], HMB is considered safe for
topical application on human skin in the specified practices
of use and concentrations in cosmetics.

Nevertheless, some observations suggest that HMB is
not as harmless as it may seem. A number of evident
positive reactions to HMB clearly shows that this cosmetic
ingredient can be considered as a potential allergen [3] and
contact photoallergen [4]. On the other hand, both in vitro
and in vivo studies clearly show that HMB is absorbed
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through the skin to a certain extent [5]. In fact, sufficiently
high penetration through human epidermis for HMB,
among other UV filters, has been demonstrated to warrant
further investigation of its continued application [6]. In
studies concerning the hormonal activity, it was found that
daily exposure to sunscreen formulations including HMB
may have estrogenic effects in humans [7–9]. In addition, a
certain kind of endocrine disruption that is not assessed by
classical estrogenic markers is indicated for HMB [10, 11].

As an immediate consequence of this percutaneous
penetration, a series of biotransformation reactions take
place in the organism involving changes in the physical
properties of the external chemical that enters the body.
These processes are performed by a limited number of
enzymes, which are divided into two classes depending on
the catalyzed reaction, namely Phase I and Phase II
enzymatic reactions [12]. Thus, toxicokinetic studies
carried out in rats [13] and humans [14] indicate that
HMB is readily biotransformed into its three Phase I
metabolites, namely 2,4-dihydroxybenzophenone (DHB),
2,2′-dihydroxy-4-methoxybenzophenone (DHMB), and
2,3,4-trihydroxybenzophenone (THB). Concerning Phase
II enzymatic reactions, HMB and its Phase I metabolites
have been identified in their free and conjugated forms,
mainly via glucuronidation [15]. Due to the fact that the
concentration of these metabolites in human fluids decrease
much more slowly over time compared to that of the parent
compound, it has been pointed out that metabolites might
have more long-term adverse effects than HMB [16]. In
vitro studies identified DHB as an estrogenic metabolite of
HMB and showed that it had more anti androgenic activity
than the parent compound [17]. Furthermore, it was
confirmed that HMB and DHMB display estrogenic
activity [18] and that both DHB and THB present stronger
activity than potent and well-established endocrine disrup-
tors, such as bisphenol A [19].

Studies about the pharmacokinetics of HMB after oral
administration in rats showed that urine was the major route of
excretion [20]. Different methods have been proposed to
determine HMB in urine [21]. The most commonly used
techniques are both liquid (LC) and gas chromatography (GC)
coupled to mass spectrometry (MS) detection with previous
sample pretreatment procedures, such as solid-phase micro-
extraction (SPME) [22], on-line solid-phase extraction (SPE)
[23], stir bar sorptive extraction [24] and hollow-fiber-
assisted liquid-phase microextraction [25]. LC-UV detection
has also been used after the preconcentration and clean-up
steps based on single-drop microextraction [26] or on-line SPE
by means of the principle of sequential injection analysis [27].

In the literature, methodologies that provide adequate
limits of detection (i.e., in the low ng mL−1 range) to monitor
the dermal penetration and excretion processes of HMB can
be found. However, most of them do not consider the

contribution of its metabolites [23–25]. Moreover, the
methods that take into account this contribution have
considerably high limits of detection [14, 28] or do not
consider all the main primary metabolites (i.e., THB) [22].
On the other hand, both LC-MS and GC-MS methodologies
have also been extensively applied to the sensitive analysis
of HMB in water samples [21, 29]. Nevertheless, the more
complex urine matrix in comparison to water makes more
difficult to obtain validated methods to determine simulta-
neously HMB and all its metabolites in urine with low limits
of detection. Finally, it should be mentioned that HMB has
been also determined in other biological fluids, such as
plasma [14, 16, 28], human milk [30, 31], and serum [32,
33], but the determination of its metabolites is ignored.

On the other hand, some controversial results have been
obtained when specific reproductive toxicity parameters were
studied after HMB administration to rats and/or mice. Thus,
the potential of HMB to cause reproductive toxicity in male
mice was assessed and the results indicated that topically
applied HMB had no reproductive toxic potential under the
conditions tested [34]. However, on the contrary, consistent
findings from a toxicity report [35] showed that HMB
produced generally similar effects following topical and oral
administration to rats and mice, including decreases in
epididymal sperm density and lengthening estrous cycle. Direct
lines of evidence showing that the most potent estrogen (17β-
estradiol) and other environmental estrogens significantly affect
the function of mature sperm in mice by stimulating its
capacitation and its fertilizing ability have been provided [36].
Thus, considering the potential estrogenic activity of HMB,
and especially of its metabolites, further investigation focused
on human semen could be of great interest, since relationships
between semen quality and contents of these compounds
could be found. However, to our knowledge, no analytical
methods have been developed to determine HMB and/or its
metabolites in either human or animal semen.

This report focuses on the development and validation of an
analytical method based on SPE prior to liquid chromatography–
tandemmass spectrometry (LC-MS/MS) analysis that allows the
sensitive determination of the parent compound (HMB) and its
three metabolites (i.e., DHB, DHMB, and THB) in human urine
and, for the first time, in human semen. In order to determine the
content of the analytes in their free and glucuronide-conjugated
forms, urine and semen samples were treated with β-
glucuronidase to carry out an enzymatic hydrolysis.

Experimental

Reagents and samples

HMB 98%, DHB 99%, DHMB 98%, and THB 99%
were all purchased from Sigma-Aldrich (Steinheim,
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Germany) and used as standards. 2,2′-dihydroxy-4,4’
-dimethoxybenzophenone 98% (DHDMB) was also from
Sigma-Aldrich and used as internal standard. It should be
mentioned that this compound was chosen as internal
standard due to DHDMB presenting a chemical structure
similar to the target analytes and analogous chromato-
graphic behavior with analytes may be expected. Besides
this, preliminary experiments showed that DHDMB is
not potentially present in the analyzed samples. The
chemical structures and some properties of relevance of
these compounds are given in Table 1.

Absolute ethanol (EtOH) LC grade, methanol (MeOH)
LC grade, acetone extrapure, hydrochloric acid (HCl) ca.
37% reagent grade and sodium hydroxide (NaOH)
reagent grade were from Scharlab (Barcelona, Spain).
Formic acid was from Fluka Chemie (Steinheim, Germany).
β-glucuronidase solution (116,300 IUmL−1), type HP2, from
Helix pomatia was also from Sigma-Aldrich. Deionized
water was obtained by using a NANOpure II device from
Barnstead (Boston, USA).

Multicomponent (HMB, DHB, DHMB, and THB) and
internal standard (DHDMB) stock solutions were prepared

separately in EtOH at 200 μg mL−1 and kept at 4 °C in the
refrigerator.

Typical cosmetic-grade ingredients from Guinama S.L.
(Valencia, Spain) such as emollients, surfactants, smoothing
agents, hydrating agents, preservatives, perfumes, etc. were
used to prepare laboratory-made sunscreen creams, according
to an adapted protocol provided by Guinama S.L. [37].

Urine and semen samples used for the method
development and validation were pooled from different
male volunteers who did not use any cosmetic product
containing HMB. On the other hand, a laboratory-made
sunscreen cosmetic product containing HMB (10%) was
topically applied to the body of a male volunteer after
informed consent and his urine and semen excretions
were collected at different times after cosmetic application.

All urine and semen samples were kept at −20 °C in the
freezer until analysis.

Liquid chromatography–tandem mass spectrometry

The LC-MS/MS system consisted of a LC-10AD liquid
chromatography system from Shimadzu (Duisburg, Germany)

Table 1 Relevant data about the considered compounds

Compound Structure Molecular
weight (a.m.u.) pKa a

2-Hydroxy-4-methoxybenzophenone
(HMB)

OOH

O

228.2 7.56±0.35

2,4-Dihydroxybenzophenone
(DHB)

OOH

HO

214.2 7.53±0.35

2,2'-Dihydroxy-4-methoxybenzophenone
(DHMB)

OOH

O

OH

244.2 6.99±0.35

2,3,4-Trihydroxybenzophenone
(THB)

OOH

HO

HO

230.2 7.51±0.40

2,2'-Dihydroxy-4,4'-dimethoxybenzophenone
(DHDMB) b

OOH

O

OH

O

274.3 6.80±0.35

a Calculated using Advanced Chemistry Development (ACD/Labs) Software V8.14 for Solaris
b Used as internal standard
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and a Quattro triple quadrupole mass spectrometer from
Micromass (Beverly, USA).

The column used was a Mediterranea SEA 18 column
5×0.21 cm, 3 μm (Teknokroma, Barcelona, Spain) with an
Ultraguard SEA 18 precolumn 10×3.2 mm (Teknokroma,
Barcelona, Spain). Mobile phase consisted of solvent A
(water with 0.1% of formic acid) and solvent B (MeOH
with 0.1% of formic acid). The pumps supplied the
following gradient at 0.2 mL min−1 and room temperature:
0–1 min, 40% solvent B; 1–9.5 min linear gradient to 95%
solvent B, held for 5 min. The injection volume was 20 μL
if not otherwise stated.

The MS detector operated in positive electrospray
ionization mode (ESI+) by multiple reaction monitoring
(MRM). The ESI probe and ion source in positive ion mode
were operated at 3.5 kV of capillary voltage. Nitrogen
(99.9%), used as nebulizing and desolvation gas in the ESI
source, was provided by a high-purity generator (CLAN
Tecnológica, Sevilla, Spain). Source temperature was set at
120 °C, desolvation temperature was 350 °C, nebulizer gas
flow rate was 33 L h−1, and desolvation gas flow rate was
600 L h−1.

The MS/MS spectra were produced by collision-induced
dissociation (CID) of the selected precursor ions with
Premier helium (Carburos Metálicos, Paterna, Spain) as
the collision gas.

Standard addition calibration

For urine analysis, an internal standard solution (DHDMB)
at 5 μg mL−1 in water and a multicomponent solution of
HMB, DHB, DHMB, and THB at 5 μg mL−1 in water were
daily prepared from their respective stock solutions. The pH
of urine samples was measured and adjusted between 5 and
6 with either HCl (1 M) or NaOH (1 M; if necessary). To
prepare a standard addition calibration, five aliquots of
5 mL of urine were spiked with 0, 20, 40, 60, and 80 μL of
the multicomponent solution (5 μg mL−1), to which 100,
80, 60, 40, and 20 μL of water were added, respectively, in
order to reach the same content of water in the calibration
solutions; 100 μL of the internal standard solution
(5 μg mL−1) was also added to each calibration solution.

For semen analysis, an internal standard solution (DHDMB)
at 1 μg mL−1 in water and a multicomponent solution of
HMB, DHB, DHMB, and THB at 1 μg mL−1 in water were
daily prepared from their respective stock solutions. Two
milliliters of semen were acidified in a 15-mL conical tube by
adding 300 μL of HCl (1 M) to denature proteins present in
the matrix. Then, the mixture was vortexed and centri-
fuged at 6,000×g for 3 min at room temperature. To
prepare a standard addition calibration, five aliquots of
340 μL of the semen supernatant were spiked with 0, 20,
40, 60, and 80 μL of the multicomponent solution

(1 μg mL−1), to which 100, 80, 60, 40, and 20 μL of
water were added, respectively, in order to reach the same
content of water in the calibration solutions. To adjust the
pH to 6.5 in order to obtain the adequate conditions for the
enzymatic hydrolysis, 60 μL of NaOH (1 M) were added
followed by 100 μL of the internal standard solution
(1 μg mL−1).

Enzymatic hydrolysis

In order to determine the total content of the analytes (i.e.,
both free and glucuronide-conjugated forms), an aliquot
of a β-glucuronidase solution was added to sample
solutions. In the case of urine samples, 50 μL of the
commercial β-glucuronidase solution were added. In the
case of semen samples, 250 μL of a β-glucuronidase
aqueous solution obtained by 50-fold dilution of the
commercial solution were added. To determine the
analytes just in their free forms, an aliquot of water (i.e.,
50 or 250 μL for urine or semen analysis, respectively)
instead of the β-glucuronidase solution was used. Then,
sample solutions were vortex mixed and incubated at
37 °C for 12 h. Once incubation was accomplished, 30 μL
and 20 μL of formic acid (resulting pH=3) were added to
the urine and semen samples, respectively, and afterwards
they were loaded to the SPE cartridges. The final volume
values of both urine and semen solutions were 5,280 μL
and 870 μL, respectively.

Then, semen and urine solutions were subjected to the
respective SPE procedures described below.

Solid-phase extraction procedure

Bond Elut™ C18 SPE cartridges (100 mg, 5 mm i.d.) from
Varian (Barcelona, Spain) were conditioned with 2 mL of
EtOH followed by 2 mL of water.

For urine analysis, cartridges were then loaded with
5 mL of the incubated samples at a flow rate of about
0.5 mL min−1, washed with 8×1 mL of water and dried
under full vacuum for 10 min by using a SPE vacuum
manifold from Varian (Barcelona, Spain). The analytes
were eluted with 3×0.35 mL of acetone.

For semen analysis, cartridges were loaded with 0.7 mL
of the incubated samples at a flow rate of about
0.5 mL min−1, washed with 3×0.7 mL of water and dried
under full vacuum for 10 min. The analytes were eluted
with 3×0.35 mL of acetone.

For both urine and semen analysis, eluates were
evaporated to dryness under a gentle stream of air and
redissolved in 60 μL of a 1:1 (v/v) mixture of LC
solvents A and B. Finally, the redissolved extracts were
placed in a conical insert and injected by means of a
conventional LC autosampler into the LC-MS/MS system
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with the conditions aforementioned. The ratio of the peak
area of each target analyte to DHDMB (internal standard)
was plotted versus the added analyte concentration, and
the obtained concentration values were obtained by
extrapolation of the standard addition calibration line
[38]. Results were expressed in absolute mass by considering
the corresponding dilution factor and the total volume of
sample collected.

Results and discussion

Optimization of LC-MS/MS parameters

The ESI-MS/MS collision-induced dissociation (CID) of all
considered compounds was investigated by infusion experi-
ments of single standards of 500 μg mL−1 prepared in
EtOH, operating the electrospray source in both positive
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Fig. 1 MS/MS spectra including the proposed MS/MS fragmentations mechanisms of HMB (a), DHB (b), DHMB (c), THB (d), and DHDMB as
internal standard (e). All compounds were analyzed in electrospray ionization positive mode
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(ESI+) and negative (ESI−) modes. However, the most
intense products appeared in the positive mode in all cases,
yielding the corresponding protonated ([M+H]+) parent
ions. Figure 1 shows the MS/MS fragmentation pattern of
the targeted compounds and the internal standard, showing
the molecular structure of the fragments.

Chromatographic separation was achieved for all com-
pounds within a runtime of 17 min. The respective retention
times were as follows: THB at 12.4 min, DHB at 14.2 min,
DHMB at 14.6 min, DHDMB at 15.7 min, and HMB at
16.1 min.

Study of the experimental variables involved in the SPE
procedure

According to their pKa values (Table 1) corresponding to
the ionization of the –OH moiety, the targeted com-
pounds are quantitatively not ionized (i.e., uncharged) at
pH values lower than 5, which correspond approximately
to a pH of 2 units below their pKa values. As not ionized
analytes are more likely to be affected by hydrophobic
interactions, they can be retained more satisfactorily in
C18 cartridges. Hence, pH was adjusted to 3 by adding
formic acid to the sample solution before being loaded to
the SPE cartridges.

Thus, preliminary studies showed that the employed
Bond Elut™ C18 cartridges presented a good capacity to
retain adequately and simultaneously the most lipophilic

(HMB) and the most polar (DHB, DHMB, and THB)
analytes.

Then, SPE conditions were studied for the extraction and
preconcentration processes of the targeted compounds.
Different volumes (1–5 mL) of an aqueous multicomponent
standard solution (1,000 ng mL−1) adjusted to pH 3 with
formic acid were passed through the SPE cartridges to
study the loading capacity. Cartridges were dried and eluted
with 3×0.35 mL of acetone, which were enough to elute
the retained analytes, according to preliminary experiments.
Extracts from the SPE cartridges were then evaporated to
dryness and reconstituted with 60 μL of 1:1 (v/v) mixture of
LC solvents A and B.

The obtained extraction yields in the SPE cartridges were
estimated against external calibration when 5 mL of an
aqueous multicomponent standard solution (1,000 ng mL−1)
adjusted to pH 3 with formic acid were loaded. They
were around 100% for HMB, DHB, DHMB, and around
40% for THB. The lowest extraction yield obtained for
the most polar compound (i.e., THB) stands in good
accordance with the nature of retention by the C18 SPE
cartridge, which is based on reversed-phase and non-
polar interactions.

Similar results were obtained by using the polymer-
based SPE cartridges Bond Elut™ Plexa™ (100 mg, 5 mm
i.d.) from Varian (Barcelona, Spain). Taking into account
the greater availability of C18 cartridges, this type of
sorbent was preferred.

Table 2 Comparison of aqueous and standard addition calibrates for HMB, DHB, DHMB and THB

Analyte Parameter Urine analysis Semen analysis

Aqueous
calibratea

Standard addition
calibratea

R
(%)b

Aqueous
calibratea

Standard addition
calibratea

R
(%)b

HMB Slope
(mL μg−1)

17.2±0.6 14.1±0.5 82 19.6±0.4 16.9±0.2 86

Intercept −0.00±0.03 0.02±0.02 −0.01±0.03 0.13±0.02

R2c 0.997 0.997 0.998 0.9994

DHB Slope
(mL μg−1)

6.1±0.3 1.08±0.02 18 10.1±0.3 6.6±0.2 65

Intercept −0.01±0.01 0.001±0.001 0.02±0.02 0.04±0.01

R2 c 0.997 0.998 0.9993 0.998

DHMB Slope
(mL μg−1)

9.2±0.2 2.60±0.04 28 10.8±0.4 6.5±0.2 60

Intercept 0.000±0.007 0.010±0.003 0.13±0.03 0.00±0.01

R2 c 0.9991 0.9992 0.998 0.998

THB Slope
(mL μg−1)

0.56±0.02 0.078±0.002 14 0.47±0.02 0.115±0.004 24

Intercept 0.001±0.001 0.0002±0.0001 −0.001±0.001 −0.0008±0.0003
R2 c 0.997 0.998 0.995 0.997

a Number of points, n=5
b Recovery, calculated as a ratio of the slopes between standard addition calibrate and aqueous calibrate
c Regression coefficient
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Study of matrix effects

Matrix effects, which can be caused by the extraction and/or
detection processes, were assessed by comparing the differ-
ences between responses obtained for a set calibration of five
aqueous multicomponent standard solutions (20–100 ng mL−1;

aqueous calibrate) with those prepared in free-analytes urine
or semen from male volunteers (standard addition calibrate)
according to the procedure described above. All solutions
were also spiked with the internal standard solution at
100 ng mL−1 and the pH was set to 3 by adding formic acid
before the SPE procedure.

Table 3 Determination of HMB, DHB, DHMB and THB in fortified analyte-free urine samples

Analyte Parameter Urine samples

1 2 3 4 5

HMB μ (ng mL−1)a 20 52 100 152 200

C±s (ng mL−1)b 23±2 51±1 105±4 159±6 208±10

t calculated
c 2.91 2.17 2.85 2.34 1.78

Recovery (%) 115±10 98±2 105±4 105±4 104±5

Instrumental LOD (ng mL−1)d 5 2 5 5 8

Sample LOD (ng mL−1)e 0.065 0.027 0.065 0.069 0.096

Instrumental LOQ (ng mL−1)f 16 7 16 17 23

Sample LOQ (ng mL−1)e 0.196 0.083 0.196 0.208 0.291

DHB μ (ng mL−1)a 20 52 100 152 200

C±s (ng mL−1)b 21±1 52±3 106±5 158±7 197±6

t calculated
c 2.57 0.04 2.57 2.02 0.91

Recovery (%) 105±5 100±6 106±5 104±5 98±3

Instrumental LOD (ng mL−1)d 3 5 6 6 5

Sample LOD (ng mL−1)e 0.035 0.064 0.080 0.075 0.065

Instrumental LOQ (ng mL−1)f 8 15 19 18 16

Sample LOQ (ng mL−1)e 0.106 0.194 0.241 0.227 0.197

DHMB μ (ng mL−1)a 19 50 96 146 192

C±s (ng mL−1)b 20±2 50±2 99±6 149±10 200±6

t calculated
c 1.19 0.24 0.97 0.67 2.78

Recovery (%) 105±11 100±4 103±6 102±7 104±3

Instrumental LOD (ng mL−1)d 4 4 8 8 4

Sample LOD (ng mL−1)e 0.049 0.044 0.096 0.099 0.049

Instrumental LOQ (ng mL−1)f 12 11 23 24 12

Sample LOQ (ng mL−1)e 0.148 0.133 0.292 0.300 0.148

THB μ (ng mL−1)a 21 54 104 158 208

C±s (ng mL−1)b 24±2 61±4 112±7 170±9 211±9

tcalculated
c 2.36 2.91 2.77 3.04 0.70

Recovery (%) 114±10 113±7 108±7 108±6 101±4

Instrumental LOD (ng mL−1)d 3 7 8 8 7

Sample LOD (ng mL−1)e 0.043 0.085 0.095 0.103 0.085

Instrumental LOQ (ng mL−1)f 10 21 23 25 20

Sample LOQ (ng mL−1)e 0.131 0.258 0.287 0.312 0.257

a Fortified concentration
b Found concentration
c ttabulated(0.05, n−2=3)=3.18
d Estimated as 3.3sA/b, where b is the slope of the calibration curve and sA is the value corresponding to the standard deviation of y intercept of the
calibration curve
e In the urine samples, taking into consideration the dilution factor during sample pretreatment
f Estimated as 10sA/b, where b is the slope of the calibration curve and sA is the value corresponding to the standard deviation of y intercept of the
calibration curve
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For both urine and semen samples, statistically different
slopes were obtained when both aqueous and standard
addition calibrates were compared for all the analytes
(Table 2). The recoveries obtained (as a ratio of the slopes)
ranged from 14% to 82% and from 24% to 86% for urine
and semen samples, respectively, depending on the analyte.
On the basis of these data, the standard addition calibration
method is recommended as quantification approach to
correct the matrix interferences and to assess the levels of
targeted compounds in urine and semen samples.

Study of the accuracy

The accuracy was evaluated by applying the developed
method to the analysis of urine and semen samples from

male volunteers who were known not to use any
cosmetic product containing HMB (i.e., analyte-free
samples). Urine and semen samples were fortified with
known amounts of HMB, DHB, DHMB, and THB, and
were used as quality control (QC) samples in order to
evaluate the accuracy of the proposed method. Then,
they were analyzed with the proposed SPE-LC-MS/MS
method. Values obtained for each sample in urine and
semen with their standard deviation values are shown in
Tables 3 and 4, respectively. Standard deviations were
obtained as the standard deviation of the extrapolated
value in the standard addition calibration line [38]. As can
be seen, the recoveries ranged from 98% to 115% and
from 86% to 111% in urine and semen samples,
respectively, depending on the analyte.

Analyte Parameter Semen samples

1 2 3 4 5

HMB μ (ng mL−1)a 21 41 62 73 104

C±s (ng mL−1)b 18±3 38±4 57±5 68±6 95±7

t calculated
c 2.06 1.87 2.47 1.57 2.54

Recovery (%) 86±14 93±10 92±8 93±8 91±7

Instrumental LOD (ng mL−1)d 5 8 10 12 12

Sample LOD (ng mL−1)e 1 2 2 3 3

Instrumental LOQ (ng mL−1)f 16 25 30 36 37

Sample LOQ (ng mL−1)e 4 6 8 9 9

DHB μ (ng mL−1)a 19 39 58 67 96

C±s (ng mL−1)b 17±2 35±3 53±4 65±5 90±5

t calculated
c 2.60 2.44 2.27 1.33 2.50

Recovery (%) 89±11 90±8 91±7 97±7 94±5

Instrumental LOD (ng mL−1)d 5 8 9 8 9

Sample LOD (ng mL−1)e 1 2 2 2 2

Instrumental LOQ (ng mL−1)f 15 25 28 25 27

Sample LOQ (ng mL−1)e 4 6 7 6 7

DHMB μ (ng mL−1)a 18 37 55 64 92

C±s (ng mL−1)b 16±2 35±4 53±4 61±3 87±4

t calculated
c 3.11 1.09 1.17 2.19 2.29

Recovery (%) 89±11 95±11 96±7 95±5 95±4

Instrumental LOD (ng mL−1)d 5 9 7 5 7

Sample LOD (ng mL−1)e 1 2 2 1 2

Instrumental LOQ (ng mL−1)f 15 27 20 16 22

Sample LOQ (ng mL−1)e 4 7 5 4 5

THB μ (ng mL−1)a 19 37 56 65 93

C±s (ng mL−1)b 21±3 31±6 55±5 61±4 87±7

t calculated
c 1.81 2.19 0.48 2.12 1.96

Recovery (%) 111±16 84±16 98±9 94±6 94±8

Instrumental LOD (ng mL−1)d 5 9 2 8 11

Sample LOD (ng mL−1)e 1 2 1 2 3

Instrumental LOQ (ng mL−1)f 17 28 7 24 33

Sample LOQ (ng mL−1)e 4 7 2 6 8

Table 4 Determination of HMB,
DHB, DHMB, and THB in forti-
fied analyte-free semen samples

a Fortified concentration
b Found concentration
c t tabulated(0.05, n−2=3)=3.18
d Estimated as 3.3sA/b, where b is
the slope of the calibration curve
and sA is the value corresponding
to the standard deviation of y
intercept of the calibration curve
e In the semen samples, taking into
consideration the dilution factor
during sample pretreatment
f Estimated as 10sA/b, where b is
the slope of the calibration curve
and sA is the value corresponding
to the standard deviation of y
intercept of the calibration curve

838 Z. León et al.



The Student’s t test [38] (Tables 3 and 4) confirmed that
there were no significant differences between the found
concentrations values obtained by the application of the
developed method and the added concentrations values for
both urine and semen samples, thereby showing the
accuracy of the methodology.

Extracted ion chromatograms of non-fortified and fortified
(120 ng mL−1) analyte-free urine and semen samples
subjected to the described SPE-LC-MS/MS method are
shown in Figs. 2 and 3, respectively.

Analytical figures of merit

The calibration graphs (n=5) were linear for HMB, DHB,
DHMB, and THB over a concentration range from 20 to
100 ng mL−1 (working range) with a regression coefficient
higher than 0.995 in all cases. The limit of detection (LOD)
and limit of quantification (LOQ) of the studied analytes
were determined according to International Conference on
Harmonization (ICH) guidelines [39]. All results are given
in Table 3 and Table 4 for urine and semen samples,
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Fig. 2 Multiple reaction monitoring chromatograms obtained from a
non-fortified (dotted line) and a fortified (120 ng mL−1; solid line)
analyte-free urine samples subjected to the described SPE-LC-MS/MS
method for all the analytes. Internal standard (DHDMB) was included

in both types of samples. See text for experimental conditions.
Transitions correspond to: m/z precursor ion (capillary voltage (V))→
m/z product ion (collision energy (eV))

Determination of HMB and its metabolites in urine and semen 839



respectively. It should be noted that low values were
obtained in the case of sample LOD, which ranged from
0.027 to 0.103 ng mL−1 in urine samples and from 1 to
3 ng mL−1 in semen samples depending on the compound.

The instrumental precision of both urine and semen
methodologies was determined by a repeated injection of a
worked up sample at an analyte concentration of
100 ng mL−1 (n=5). The method precision was evaluated
by extracting the analytes from five aliquots of the same
sample of urine or semen, fortified with the analytes at
100 ng mL−1 (Table 5).

Real samples analysis

An amount of 13 g of a laboratory-made sun cream
containing HMB (10%) was topically applied to the body
of a male volunteer after informed consent. This dose is
included in the usual range of thickness application for
sunscreens (0.5–1 mg of cream per cm2 of skin), which is
usually below the recommended dose for a maximum sun
protection (2 mg). The total sample volume of both
biological fluids was measured to determine the excreted
amount of analytes and was kept at −20 °C in the freezer
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Fig. 3 Multiple reaction monitoring chromatograms obtained from a
non-fortified (dotted line) and a fortified (120 ng mL−1; solid line)
analyte-free semen samples subjected to the described SPE-LC-MS/
MS method for all the analytes. Internal standard (DHDMB) was

included in both types of samples. See text for experimental
conditions. Transitions correspond to: m/z precursor ion (capillary
voltage (V))→m/z product ion (collision energy (eV))

840 Z. León et al.



until be analyzed. Samples were analyzed according to the
SPE-LC-MS/MS method described above.

In the case of urine, sample 1 (U1), which corresponded
to the excretion collected 20 h after the application of the
cream, was divided in two fractions. Each fraction was
treated with either water or β-glucuronidase solution (see
“Enzymatic hydrolysis” section) in order to determine the
content of the analytes in their free forms or in both free
and glucurunonate-conjugated forms (i.e., total content),
respectively. Analogous procedure was followed for sample
2 (U2), which was collected 30 h after the application of the
cream.

In the case of semen, sample 1 (S1), which corresponded
to the pooled excretions obtained during the first 24 h after
the application of the cream, was treated only with the β-
glucuronidase solution to determine the total analytes
content due to the lack of sufficient sample. Sample 2
(S2), which corresponded to the pooled excretions obtained
during the second 24 h after the application of the cream,
was treated with either water or β-glucuronidase solution,
analogously to the urine samples.

As can be seen in Fig. 4, the amount of HMB and its
metabolites is different depending on the biological fluid.
Furthermore, the contribution of the conjugated content to

Table 5 Precision parameters for the determination of HMB, DHB, DHMB and THB

Analyte Urine analysis Semen analysis

Instrumental precision RSD (%)a Method precision RSD (%)a Instrumental precision RSD (%)a Method precision RSD (%)a

HMB 1.8 7.2 1.0 2.2

DHB 2.1 9.2 1.3 5.2

DHMB 1.5 7.4 0.8 4.8

THB 2.6 8.1 3.0 6.4

a RSD (%) relative standard deviation (n=5)
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Fig. 4 Amounts of HMB,
DHB, DHMB, and THB in
urine (a) and semen (b) samples
from a male volunteer after
topical application of a sun-
screen product containing HMB
(10%). Error bars show the
standard deviation of the results.
Results are expressed in abso-
lute mass by considering the
corresponding dilution factor
and the total volume of sample
collected. Both samples of urine
(U1 and U2) and semen (S1 and
S2) were collected at different
times, which are specified along
the text
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the total excreted amount is highly dependent on the
analyte and the considered sample.

Despite a higher number of samples from diverse people
at different periods of time should be analyzed by using the
proposed method to get a more consistent idea of the
toxicokinetics of HMB and its metabolites, some interesting
points can be extracted from this study. For example, it
should be pointed out that HMB and DHB were found to be
predominant in both urine samples when compared with the
found contents of DHMB and THB. Moreover, except to
DHMB, the free and glucuronate-conjugated contents are
different for both urine samples. For semen samples, the
trend is different, that is, HMB and THB are excreted
largely than DHB and DHMB, although the excreted mass
tends to increase with the time for all the analytes, being the
found contents in S2 higher than in S1.

Conclusions

A sensitive analytical method based on SPE combined
with LC-MS/MS for the determination of HMB, DHB,
DHMB, and THB in both human urine and semen is
presented. The standard addition calibration method was
used as a quantitative approach to correct the matrix
interferences. Full validation of the method was carried
out, giving statistically accurate results for fortified
analyte-free samples. Moreover, the methodology was
satisfactorily applied to the analysis of urine and semen
samples collected from a volunteer that had applied a
sunscreen cosmetic containing HMB.

The described analytical method can be applied to
carry out further required in vivo studies concerning the
pharmacokinetics of HMB, and especially of its metab-
olites, which might have more long-term adverse effects
than the parent compound. Furthermore, another point of
interest might be the study of how do the estrogenic
metabolites of this widely used UV filter affect the
variation of specific reproductive toxicity parameters by
establishing relationships between the found amounts and
semen quality.

In comparison to existing methods, the developed
method is the one that allows the simultaneous determina-
tion of the parent compound (HMB) and all its three
metabolites (DHB, DHMB, and THB) in human urine in
the low ng mL−1 range. Moreover, this is the first time that
a UV filter is determined in human semen.
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