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Abstract A new method for the simultaneous quantitative
determination in human urine of 3-monochloropropane-1,2-
diol (3-MCPD), a toxic food contaminant, and its metabo-
lite, 2,3-dihydroxypropyl mercapturic acid (DHPMA), was
developed and validated. After urine dilution, the analytes
were separated on an Atlantis®dC,g column and quantified
by liquid chromatography—tandem mass spectrometry using
isotopically labelled internal standards. The limits of quan-
tification (S/N=10) were 1.90 and 2.21 pg/L for 3-
MCPD and DHPMA, respectively. Intra- and inter-day
precision were lower than 6 % for each compound. Matrix
effects were evaluated. Due to the high sensitivity and good
accuracy of the method, 3-MCPD and DHPMA were found in
67 and 100 % of urine samples of healthy subjects,
respectively.
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Introduction

3-Monochloropropane-1,2-diol (3-MCPD), a contaminant
formed during processing and manufacture of foods, could

P4 Roberta Andreoli
roberta.andreoli@unipr.it

Laboratory of Industrial Toxicology, Department of Clinical and
Experimental Medicine, University of Parma, via Gramsci 14,
43126 Parma, Italy

Department of Food Science, University of Parma, via Parco Area
delle Scienze 95/A, 43124 Parma, Italy

derive from the reaction of chloride salts with various glycer-
ides or from the direct reaction of hydrochloric acid with the
residual vegetable oil in food and from 3-MCPD esters by
lipase-catalysed hydrolysis during digestion in the gastrointes-
tinal tract in vivo [1]. 3-MCPD was classified by the European
Scientific Committee on Food in 2001 as a non-genotoxic,
threshold carcinogen with a tolerable daily intake (TDI) of
2 ug/kg body weight per day [2], and its toxicity has been
reviewed by the Joint FAO/WHO Expert Committee on Food
Additives (JECFA) [3]. Genotoxicity data available for 3-
MCPD suggest different effects related to different metabo-
lism of this compound in bacteria [4] and mammals [5].

3-MCPD is excreted unchanged in urine (8.5 %), exhaled
as CO, (30 %), or metabolized to glycidol, followed by glu-
tathione conjugation to raise N-acetyl-S-(2,3-
dihydroxypropyl)cysteine (DHPMA), the first metabolite
identified in rat urine [6]. Another pathway converted 3-
MCPD in {3-chlorolactic acid and finally in oxalic acid
(23 %). Recently, in a 90-day toxicological study with 3-
MCPD and its dipalmitate ester in rats [7], a similar urinary
metabolic profile was observed for both compounds, indicat-
ing that dipalmitate ester is rapidly hydrolysed and enter in the
same metabolic pathway as 3-MCPD, confirming the ester
forms as a source of 3-MCPD intake.

3-MCPD was quantified both in food and biological
samples, mainly by gas chromatographic mass spectro-
metric techniques [1]. The methods described different
sample purification steps and derivatization approaches,
necessary due to the matrices complexity and analytical
characteristics of the compound. Even if 3-MCPD and its
esters are widespread food contaminants and their toxic-
ity is studied, no data on human biological samples are
available for 3-MCPD. DHPMA, the mercapturic acid of
3-MCPD, was quantified in human urine using a liquid
chromatography tandem mass spectrometry method [8].
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The aims of this study were to develop and validate a new
LC-MS-MS method for the simultaneous determination of 3-
MCPD and DHPMA in human urines and to quantify the
background concentrations in the healthy general population.

Experimental
Subjects and sampling

Spot urine samples were collected from 255 healthy subjects
(114 males), mean aged 39.9+11.4 (range 24-68)years en-
rolled among students, professors and employees of the
University of Parma. There were 51 current smokers (20 %).
Health status was assessed by collection of medical history,
medical examination and general laboratory tests. The study
was carried out according to the Declaration of Helsinki. Spot
urine samples were divided into several aliquots and frozen at
—20 °C until analysis.

Materials

The analytical reference standards of 3-chloropropane-1,2-di-
ol (3-MCPD, 98 %), 3-chloropropane-1,2-diol-1,1,2,3,3-d5
(3-MCPD-ds, 97 %) as all the reagents utilized in the synthesis
procedure as L-cysteine hydrochloride (>98 %), triethylamine
(>98 %), acetic anhydride, sulphuric acid, butanol, acetone,
ethanol and acetic acid were purchased from Sigma-Aldrich.
HPLC-grade water, methanol and acetonitrile, used for pre-
paring the mobile phase and for sample treatments, were sup-
plied by Merck (VWR International srl). All the standards
were used without further purification. Mercapturic acid of
3-MCPD, N-acetyl-S-(2,3-dihydroxypropyl)cysteine
(DHPMA) as its isotope-labelled DHPMA-ds, were synthe-
sized in our laboratory [7].

Instrumentation and analysis

All samples and calibrators were analysed on a Agilent HP
1100 Series HPLC apparatus coupled with an AB Sciex API
4000™ triple-quadrupole mass spectrometer equipped with a
TurbolonSpray® (TISP) source. Analyst® software 1.5.1 was
employed for instrument control. Chromatography was per-
formed on an Atlantis®dC;g column (2.1x 100 mm i.d., 3 pm;
Waters, Milford, MA, USA) using variable proportion of
20 mM aqueous acetic acid and methanol/acetonitrile (95/5,
v/v; MeOH/AcCN) as the mobile phase [7]. The injection
volume was 5 nL and each analysis required 22 min, includ-
ing the re-equilibration time.

TISP-MS-MS parameters were optimized by infusing a 1
mg/L solution of 3-MCPD in 0.1 % aqueous acetic acid and a
1 mg/L solution of DHPMA in 50/50 (v/v) 0.1 % aqueous
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acetic acid/MeOH. The analytes were ionized in negative
ion mode, and the detection was obtained in selected reaction
mode (SRM) monitoring the transitions m/z 169—95 and m/z
236— 107 for 3-MCPD and DHPMA, and m/z 174—95 and
m/z 241 — 112 for 3-MCPD-ds and DHPMA-ds, respectively.
Stable isotope-labelled compounds were used as internal stan-
dards (ISs).

The concentration of DHPMA in urine samples was
expressed as a function of creatinine concentration, measured
by the Jaffe’s method [9].

Standard stock solutions of 3-MCPD (1000 mg/L) and
DHPMA (2000 mg/L) were prepared in methanol. A fresh
working solution containing 2 mg/L of 3-MCPD and
40 mg/L of DHPMA was prepared daily in aqueous acetic
acid solution (0.2 %). ISs mixture (Mix ISs) was prepared
in the same way (200 pg/L of 3-MCPD-ds and 4 mg/L of
DHPMA-ds).

Sample preparation

After thawing, the sample was centrifuged at 10,000 rpm for
5 min and 45 pL of supernatant were added with 5 puL of Mix
ISs, diluted (1:5, v/v) with aqueous acetic acid solution
(0.2 %), and then injected into the HPLC system.

Method validation
Linearity and limits of detection

Calibration standard curves were obtained by spiking a
urine sample with standard mixtures at five different con-
centration levels, 5-200 pg/L for 3-MCPD and 100-
4000 pg/L for DHPMA, respectively, with fixed concen-
tration of Mix ISs and diluted 1/5 with aqueous acetic acid
solution. Since a “blank” urine for DHPMA is not avail-
able, the detection limits (LODs, S/N=3) and the limit of
quantifications (LOQs, S/N=10) of the analytes were de-
termined in water and compared with those obtained in
matrix using the internal standards.

Precision

The intra- and inter-day precision were calculated at two
concentration levels (corresponding to the lowest and the
highest values of the calibration ranges) by determining the
concentrations of the analytes in a urine sample injected six
fold on the same day and three fold on five different days,
respectively.

Matrix effects and accuracy

Spot urine samples from five healthy subjects, chosen in
order to cover the normal range (0.30-3.00 g/L) of the
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creatinine concentration, were collected to evaluate matrix  Statistical analysis

effects, spiking each sample with the same levels of the
calibration range. Matrix effects were reported as the var-
iation coefficient of the slopes (slope CV%). Accuracy
was calculated by subtracting the background concentra-
tion of the respective 3-MCPD and DHPMA obtained by
analysing the un-spiked sample from analyte concentration

in the spiked ones.

Statistical analysis was carried out using the SPSS/PC+ (20.0
for Windows) software. Distribution of variables was assessed
by the one-sample Kolmogorov—Smirnov test. Due to the not-
normal distribution of the data, urinary 3-MCPD and
DHPMA concentrations were expressed as median and inter-
quartile range [25th—75th percentile]. Differences between
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Fig. 1 Q1 scans (/eff) and product ion scans (right) of 3-MCPD (a), DHPMA (c¢) and related deuterated compounds (b 3-MCPD-ds and d DHPMA-ds,
respectively)
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groups were assessed by the Mann—Whitney test for indepen-
dent samples. Relationships between urinary 3-MCPD and
DHPMA levels and creatinine and age were assessed by
two-sided nonparametric methods (Spearman’s correlation).

Results and discussion
Liquid chromatography—mass spectrometry

LC-MS-MS operative parameters were carefully optimized.
In particular, to increase sensitivity for 3-MCPD, [M+
CH;COOH-H] " was selected by first mass filter adding acetic
acid to the mobile phase. The optimal concentration of acetic
acid in the mobile phase was set at 20 mM. Moreover, the
urine samples were diluted 1/5 with aqueous acetic acid solu-
tion (0.2 %) in order to standardize the formation of acetic
adduct of 3-MCPD. Mass spectra of compounds and related
ISs were reported in Fig. 1. We selected the transitions m/z
169—95 and m/z 236— 107 as quantifier ions for 3-MCPD
and DHPMA, respectively, and the m/z 171 —97 and m/z
236—89 as qualifier ones. For 3-MPCD, the most intensive
fragment was m/z 59, corresponding to [CH3;COO] ; we de-
cided to monitor the transition m/z 169— 95, considered more
specific because it included the chlorine atom.

Method validation

No “blank” urine samples were found for DHPMA.
Therefore, both LODs and LOQs were estimated directly in
urine matrix, by using the corresponding deuterated ISs.
LODs for 3-MCPD and DHPMA were 0.73 and 0.71 pg/L,
respectively, and the corresponding LOQs being 1.9 and
2.21 pg/L, respectively. The intra- and inter-day precision,
expressed as CV%, were 3.8 and 5.9 % for 3-MCPD and
2.2 and 4.0 % for DHPMA, respectively.

To quantitatively assess the relative matrix effect, we deter-
mined the slopes of standard curves constructed in five urine
samples, characterized by different creatinine concentrations
during the method validation, and calculated as “slope CV
(%).” For 3-MCPD, this parameter was 4.6 %, the

Table 1 Median and interquartile range [25th—75th] of urinary 3-
MCPD and DHPMA levels in the studied population and distinguished
according to gender. Urinary 3-MCPD values were expressed as

corresponding figure for DHPMA being 3.1 %. Considering
that the inter-day precision was higher than the slope CV%
and that the sample manipulation required only a centrifuga-
tion step followed by dilution before the injection in the LC—
MS-MS system, the method could be considered practically
free from any matrix effect.

Application

This study reported for the first time the background levels of
3-MCPD in human urines using an LC-MS-MS method. The
identity of the analytes (3-MCPD and DHPMA) was con-
firmed using specific mass transitions and retention times in
association with the deuterated internal standards. Moreover,
for the 3-MCPD, the chlorine isotopical ratio was monitored.

The concentrations of 3-MCPD and of its metabolite,
DHPMA, in urines from 255 healthy subjects (45 % men)
are summarized in Table 1, reporting median and interquartile
range. Although the method is quite sensitive, 3-MCPD con-
centration was below the LOQ (1.90 pg/L) in 85 urine sam-
ples (33.3 %), 36.0 % of which from males and 31.2 % from
females. DHPMA was detectable in all urine samples.

As an ancillary study of a 90-day toxicity experimental
exposure by gavage [7], four groups of rats (10 males and
10 females) were treated with corn oil or 3-MCPD (1.84,
7.37 and 29.5 mg/kg b.w.). At all dose levels, the concentra-
tions of free 3-MCPD were higher in female than in male rats,
whereas the opposite trend was observed for DHPMA; more-
over, the amounts of 3-MCPD and DHPMA excreted in urines
were inversely correlated with the administered doses. In
humans, 3-MCPD concentrations were similar in urines from
male and female subjects (2.46 vs 2.54 ug/L, respectively).

A weakly positive correlation between creatinine and
DHPMA was observed (Spearman coefficient 7=0.265,
p<0.0001), such a correlation being accounted for by samples
from males only (#=0.521, p<0.0001). The weakly positive
correlation between 3-MCPD and DHPMA found in the
whole group (r=0.176, p<0.022) was mostly accounted for
by samples from females (r=0.257, p<0.011). Age and
smoking habits did not influence the urinary excretion
amounts of both 3-MCPD and DHPMA (data not shown).

micrograms per liter (1 g=9 mmol), whereas urinary DHPMA levels as
micrograms per gram creatinine (1 pg/g creatinine=0.48 pmol/mol
creatinine)

Whole (n=255)

Male (n=114)

Females (n=141)

Median Range (25th-75th) <LOQ (%) Median Range (25th-75th) <LOQ (%) Median Range (25th-75th) <LOQ (%)

3-MCPD (ug/L) 2.52
DHPMA (ng/g creat) 296

<LOQ-3.81 333 2.46
233-388 281

<LOQ-3.56 36.0 2.54
231-392 307

<LOQ-3.99 31.2
234-387

3-MCPD 3-monochloropropane-1,2-diols, DHPMA N-acetyl-S-(2,3-dihydroxypropyl)cysteine, LOQ limit of quantification
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Under free dietary conditions, we observed that in human
urines, DHPMA concentrations were hundred times higher
than those of 3-MCPD, the median of DHPMA/3-MCPD ratio
being 133. This ratio is 1 order of magnitude higher than that
observed in the study on both control rats and animals treated
with low doses (1.84 mg/kg b.w.). Although DHPMA is a
metabolite of 3-MCPD and of its esters, it could also derive
from metabolism of glycidol and glycidol-related fatty acid
esters, both food contaminants [1].

Even if there is a lack of information about diet and food
consumption, data collected in this study confirm that 3-
MCPD is a widespread food contaminant, the intake of which
can be monitored relying on both DHPMA and 3-MCPD in
urine as suitable biomarkers of exposure.

Conclusions

The developed LC-MS-MS method enabled for the first time
the simultaneous determination in urine of both 3-MCPD, a
toxic contaminant associated with food processing, and its me-
tabolite DHPMA.. Determination was accomplished using iso-
topically labelled internal standards of both the analytes, which
proved to be a successful method to compensate matrix effects.
The method showed adequate sensitivity and selectivity for their
quantitative determination in the vast majority of spot urine
samples from a healthy group of the Italian general population,
thus suggesting that 3-MCPD is a widespread food contaminant.
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