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ARTICLE INFO ABSTRACT

Keywords: The Fusarium toxin zearalenone (ZEN) is of concern due to its pronounced estrogenic effects in mammalian
Bangladesh species. ZEN contaminates various cereal crops and grain-based food along with modified forms which con-
Biomarkers tribute to overall mycoestrogen exposure. As no data exist on the occurrence of ZEN in food commodities
Exposure consumed in Bangladesh, we have analyzed ZEN and its main metabolites a-and -zearalenol (a-ZEL, B-ZEL) by
rreiibohtes targeted LC-MS/MS method as biomarkers of exposure in urines (n = 62) from rural and urban residents in
Zearalenone Rajshahi district collected in two seasons and from a pregnant women cohort (n = 20) in Dhaka district. Average

levels of a-ZEL, the far more potent estrogenic metabolite, were clearly higher than those of ZEN and (-ZEL.
Biomarker levels in urban and rural residents showed some seasonal fluctuation: In winter urines, ZEN mean
level was 0.040 + 0.037, o-ZEL 0.182 + 0.047 and B-ZEL 0.018 + 0.016 ng/mL; in summer urines, ZEN
mean was 0.028 + 0.015, a-ZEL 0.198 + 0.025 and B-ZEL 0.013 =+ 0.005ng/mL. In pregnant women, mean
levels were: ZEN 0.057 + 0.041, a-ZEL 0.151 *+ 0.026 and (3-ZEL 0.055 *+ 0.057 ng/mL, thus similar to levels
found in the Rajshahi cohort in winter season. Estimates of probable dietary mycoestrogen intake in the

Bangladeshi adults reveal an exposure below the tolerable daily intake of 0.25 pg/kg b.w. set by EFSA.

1. Introduction

The mycotoxin zearalenone (ZEN) is produced by several Fusarium
species which infect primarily crops in the field, e.g. corn (maize),
wheat, barley, and other cereals, including rice (Maragos, 2010;
Zinedine et al., 2007). Contamination of cereal-based food and feed is
of concern due to the estrogenic activity of ZEN and its major meta-
bolites a- and B-zearalenol (a- and B-ZEL), and undesirable effects on
the endocrine system of humans and animals (reviewed in (EFSA, 2011;
Metzler et al., 2010). Based on a no-observed-effect level (NOEL) for
estrogenic effects in female piglets and an uncertainty factor of 40 (to
account for inter- and intra-species variability), the EFSA Panel on
Contaminants in the Food Chain derived for humans a tolerable daily
intake (TDI) for ZEN of 0.25pg/kg b.w/day (EFSA, 2011). In 2011,
EFSA conducted also a detailed assessment of chronic dietary exposure,
based on ZEN occurrence in major food categories and on food con-
sumption data for different consumer groups. But, there were major
uncertainties in this assessment, due to important data gaps for ZEN
occurrence data (mostly left censored analytical data) and little con-
sideration of special consumer groups and of biotransformation (Lorenz

Abbreviations: ZEN, zearalenone; a-ZEL, alpha-zearalenol; 3-ZEL, beta-zearalenol

et al., 2019; Mally et al., 2016). Biotransformation is important as es-
trogenic potency is known to differ considerably in vitro (e.g. Frizzell
etal., 2011) and in vivo (Everett et al., 1987) with a-ZEL being 60 times
more potent than ZEN, whilst 3-ZEL is 5 times less potent than ZEN.
Then in 2014, in light of some new data on the presence of modified
forms of ZEN (i.e. glucose and sulfate conjugates of ZEN, and glucosides
of its reduced forms a- and -ZEL in contaminated food commodities),
EFSA doubled its previous intake estimates for ZEN alone to account for
such additional sources of mycoestrogen exposure (EFSA, 2014). This
was based on findings that modified forms (mainly ZEN-14-Sulfate,
ZEN-14-Glucoside, ZEN-16-Glucoside, a-ZEL-14-Glucoside, B-ZEL-14-
Glucoside) are hydrolyzed during digestion to the estrogenic parent
compound and its metabolites a- and B-ZEL (Dall’Erta et al., 2013;
Gareis et al., 1990), now corroborated by more recent in vivo and in vitro
studies (Binder et al., 2017; Yang et al., 2018). In light of the complex
exposure scenario, EFSA reassessed in 2016 the TDI for ZEN and de-
fined it now as “group TDI” for ZEN and its modified forms (EFSA,
2016). The current health-based guidance value was set by considering
relative estrogenic potency factors for ZEN and its phase I metabolites
and assuming that conjugated fungal and plant metabolites are cleaved
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Table 1
Demographic characteristics of the urine donors.
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Characteristics Adult cohort (Rajshahi) Pregnant women cohort (Dhaka)
All Rural Urban All Rural Suburban
Participant(n) 62 30 32 20 11
Male 31 15 16 - - -
Female 31 15 16 20 11 9
Age (years) 39 = 11 (60) 41 + 12 (60) 36 = 9(57) 26 = 5(36) 27 = 6 (36) 24 * 4 (30)
BMI (kg/m?) 22.6 + 3.2(32.9) 21.4 + 2.6 (27.3) 23.8 + 3.2% (32.9) 20.6 + 2.7 (25.5) 21.6 * 1.9°(25.5) 19.3 = 3.1 (24.9)
Creatinine (g/L)*
Summer 0.40 = 0.44 0.40 = 0.41 0.41 = 0.47 - - -
Winter 0.80 * 0.55" 0.72 + 0.41 0.87 + 0.66 0.53 + 0.34 0.51 + 0.23 0.55 + 0.46

*Value presented as Mean + SD.

In Rajshahi district. p < 0.01 when compared to suburban cohort in Dhaka district. P-value obtained from independent sample t-test.

Values in parentheses indicate the maximum of the respective parameter.
2 p < 0.001 when compared to rural cohort.
> p < 0.05 when compared to summer season.

in the gastrointestinal tract to the unconjugated forms (EFSA, 2016).
This pragmatic approach is described in more detail in a recent review
along with further research needs (Table 1 in (Lorenz et al., 2019). In
short, comprehensive estimates of external exposure to ZEN and its
modified forms are presently hampered by insufficient data on their
occurrence in food commodities and a lack of commercially available
analytical standards for quantifying the levels of all modified forms.

Human biomonitoring (HBM), ie. analysis of ZEN and its main
metabolites in body fluids, is considered an attractive approach to as-
sess overall internal exposure and obtain also more insight into the
biotransformation of modified forms (Lorenz et al., 2019). HBM re-
quires suitable methods for detecting biomarkers of exposure (parent
compound and relevant metabolites) in human sample material (urine
or blood) and also some knowledge on the toxicokinetics of the my-
cotoxin under investigation (Ali and Degen, 2018). ZEN itself is rapidly
absorbed after oral intake and metabolized by a-and 3f-hydroxysteroid
dehydrogenases to the stereoisomers a-ZEL and (3-ZEL, the major phase
I metabolites (Mally et al., 2016; Metzler et al., 2010; Zinedine et al.,
2007). ZEN, a-ZEL and (-ZEL are converted by uridine diphosphate-
glucuronosyltransferase (UGT) and sulfotransferase (SULT) enzymes in
liver and intestinal cells to polar conjugates (phase II metabolites), the
predominantly excreted forms in urine. Other known metabolites, re-
sulting in either from CYP-mediated aliphatic or aromatic hydroxyla-
tion of ZEN or from a reduction of the olefinic double bond in ZEN, a-
ZEL and B-ZEL to the fully reduced forms (ZAN, a-ZAL, 3-ZAL) are
quantitative of minor importance (EFSA, 2017; EFSA, 2011).

Thus, analysis of ZEN, a-ZEL and 3-ZEL (aglycones plus conjugates)
in urine provides a good and comprehensive approach to monitor
human (and animal) exposure to mycoestrogens. Methods applied for
biomarker analysis in human urine (reviewed in Mally et al., 2016) can
be grouped in two main categories, according to sample preparation
prior to LC-MS/MS analysis in: a) direct ‘dilute-and shoot’ approaches
without prior enzymatic hydrolysis of conjugates which minimize
sample preparation, but require (commercially not available) standards
for the glucuronide/sulfate conjugates, and b) indirect approaches
which determine the total aglycones after enzymatic deconjugation
with B-glucuronidase/sulphatase and sample clean-up with enrichment
of analytes by immunoaffinity and/or solid phase extraction. Com-
parative analysis of human urines from a South African and a Nigerian
cohort (by both approaches) found far higher percentages of positive
detects for the indirect method due to higher sensitivity (Sarkanj et al.,
2018; Shephard et al., 2013). Thus, in our recent study, a targeted LC-
MS/MS-based indirect method has been used to determine ZEN and its
metabolites a-ZEL and B-ZEL (‘total ZEN’) in urines from German adults
(Ali and Degen, 2018).

Up to now, no data exist on the occurrence of ZEN and its modified
forms in food commodities consumed in Bangladesh. Thus, the present

277

study conducted biomonitoring by a targeted method to assess exposure
to mycoestrogens in the Bangladeshi population. Samples collected
earlier for biomarker-based studies of other mycotoxins (Ali et al.,
2015b, 2015a; 2016a) were used now for ZEN biomarker analysis, i.e.
urines from rural and urban residents in Rajshahi district collected in
two seasons and from a pregnant women cohort in Dhaka district. Our
new results will be discussed in the context of biomarker data from
other countries and with regard to provisional dietary intake estimates
for ZEN and its modified forms in relation to the current ‘group TDI’ set
by EFSA.

2. Materials and methods
2.1. Chemicals and materials

Certified standard solutions of ZEN and U-['3C;5] ZEN were pur-
chased from Romer Labs (Tulln, Austria); a-ZEL and (-ZEL were ob-
tained from Sigma-Aldrich (Taufkirchen, Germany). All standard so-
lutions were stored at —80 °C. The B-glucuronidase/arylsulfatase (f-
Gluc/ArylS) enzyme from Helix pomatia (with specific activity 5.5 U/
mL B-Gluc, 2.6 U/mL ArylS at 37°C) was from Roche Diagnostics
(Mannheim, Germany) and used with 10-fold hydrolysis buffer (13.6 g
sodium acetate hydrate, 1.0 g ascorbic acid, 0.1 g EDTA in 100 mL
deionised water, adjusted to pH 5.0 with acetic acid 98%) for treatment
of urine samples. The working standard solutions were prepared weekly
as dilutions in methanol/water (1:1, v/v) in a range from 0.01 to 5ng/
mL. ZearalaTest™ (VICAM) columns were purchased from Ruttmann
(Hamburg, Germany). Acetonitrile, methanol and acetic acid were of
LC/MS grade (Merck, Darmstadt, Germany).

2.2. Sampling areas and study populations

Urine samples were collected in two seasons (May 2013, and
February 2014) from adult volunteers who are either residents of a
rural area (Mongol Para, Puthia) or an urban area (Rajshahi University
region) in the Rajshahi district of Bangladesh. Overall, 62 volunteers
provided urines in both sampling rounds to account for possible sea-
sonal fluctuations in exposure (see Ali et al., 2016b, 2016a). Further-
more, urine samples from pregnant women of a rural and a suburban
area of Savar region in Dhaka district were collected in winter (Feb-
ruary-March 2014) for mycotoxin analysis (see Ali et al., 2016c,
2015a). Samples of the volunteers in Rajshahi district who enrolled in
both sampling periods and the urine aliquots of pregnant women
(n = 20) residents in Dhaka district were analyzed for ZEN biomarkers.
All participants had been informed about the study and written consent
was obtained prior to inclusion in the study. Individual's body weight
and height were measured by trained personnel and recorded in a short
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questionnaire form along with other anthropometric information of the
participants such as age, gender, occupation and food habits. First-
morning urine samples collected into non-sterile disposable containers
were stored at — 20 °C at Rajshahi University and then sent on dry ice to
IfADo, Dortmund and stored there at —20 °C for subsequent biomarker
analysis. The study was approved by the Institute of Biological Sciences
of Rajshahi University, Rajshahi-6205, Bangladesh and by the Institu-
tional Internal Review Board of IfADo, the Leibniz Research Centre for
Working Environment and Human Factors, Germany.

2.3. Creatinine analysis

Creatinine concentration in urine was determined to correct for
differences in urine dilution between individual spot urines by a mod-
ified Jaffe method (Blaszkewicz and Liesenhoff-Henze, 2002). Creati-
nine analysis was carried out in a 96 well plate reader with an auto-
mated chemistry analyzer (TecanGenios’, Salzburg, Austria). The mean
levels of urinary creatinine are given in Table 1; levels of most in-
dividuals were in the range of values (0.3-3.0 g/L) considered accep-
table by WHO for biomonitoring (WHO, 1996). The ZEN biomarker
concentrations in urines are also expressed as ng/mg creatinine to fa-
cilitate a comparison with values reported in other studies.

2.4. Sample preparation

All steps involving enzymatic hydrolysis of urines, immunoaffinity
column (IAC) extraction for sample clean-up and enrichment of ana-
lytes (aglycones) were performed in 2016 as described before (Ali and
Degen, 2018). In brief, to cleave conjugates, samples were hydrolyzed
by adding 250 pL of hydrolysis buffer (pH 5.0) and 40 pL of (3-Gluc/
ArylS to 5mL urine aliquots with internal isotope labeled internal
standard (U-[*3C;s] ZEN at 0.5 ng/mL) and incubation at 37 °C over-
night before IAC extraction. After rinsing the column with 1 mL of
water, the entire hydrolyzed urine sample was loaded on a Zear-
alaTest™ column at a flow rate of 1 drop/sec. The column was washed
with 5 mL distilled water, then ZEN, a-ZEL and 3-ZEL were eluted (flow
rate 1 drop/sec) using 2 mL of methanol. The elute was evaporated to
dryness under a stream of nitrogen at 45 °C; the residue was dissolved in
500 uL. water/methanol (30:70 v/v), vortexed and filtered through a
0.45 pum pore size Teflon syringe filter prior to LC-MS/MS analysis. The
analyte concentration factor was 10 compared to urine.

2.5. Biomarker analysis

Urinary ZEN and its metabolites a-ZEL and B-ZEL were determined
in 2016 by an in-house validated method used also for analysis of
German urines (Ali and Degen, 2018). Briefly, the instrumental analysis
was performed with a Q-Trap 5500 (ABSciex) equipped with a Turbo
V™ Ion Spray Source (ESI) and the HPLC system UFLC XR Prominence
(Shimadzu). Chromatographic separation was carried out with 10 uL
injection volume at 30 °C on a Nucleosil’ 100-5 C18 HD 125 X 3 mm
column under isocratic conditions with 30% water and 70% methanol
as mobile phase at a flow rate of 0.3 mL/min. ESI-MS/MS was executed
by multiple reaction monitoring (MRM) in negative ion mode, with the
following settings: source temperature 500 °C, curtain gas 30 psi, gasl
50 psi, gas2 50 psi, and ion spray voltage at —4500 V. The specific
transitions of precursor ion and product ion were as follows: 317.1 —
174.9 m/z (quantifier) and 317.1 — 130.9 (qualifier) for ZEN. The op-
timized collision energy (CE) was 38 and 42 eV, respectively. For both
a-ZEL and (-ZEL, the transitions of precursor and product ions were
319.1 — 275.1 (qualifier) and 319.1 — 160.0 m/z (quantifier) with an
optimized CE of 28 and 38 eV. For internal standard (*3C,4ZEN), the
transitions of precursor and product ions were 335.1 — 185 (quantifier)
and 335.1 —139.6 (qualifier) m/z with an optimized CE of 20 and
26 eV in that order. The retention times for ZEN and its metabolites a-
ZEL and B-ZEL were 6.2, 5.8 and 4.5 min, respectively. Data analysis
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was done with Analyst software 1.6.1 (ABSciex). Calibration with pure
standards in mobile phase showed linearity in the range of 0.1-20 ng/
mL for all analytes, and analysis in spiked blank urines yielded limits of
detection (LOD) of 0.01 ng/mL and limits of quantification (LOQ) of
0.025 ng/mL urine for ZEN, a-ZEL and B-ZEL (Ali and Degen, 2018).
Biomarker quantification in sample extracts was based on IS (U-[*3C1g-
ZEN), to account for a possible loss of analytes during sample pre-
paration and correcting for matrix effects.

2.6. Statistical analyses

Statistical analysis was performed using IBM SPSS, version 23. The
data are presented as means *+ standard deviation or medians and
interquartile ranges. Urines containing the analyte = LOD were used
for calculation of mean and median values. Correlation between bio-
marker levels with age and body mass index (BMI) was assessed by
Pearson's correlation coefficient test (two-tailed). Gender group com-
parison was made by independent sample t-test. The box plot represents
the central data of distribution where upper and lower limits of the box
indicate 25th and 75th percentiles (first quartile or Q1 and third
quartile or Q3, respectively) and the median value is presented as a line
inside box. A p-value < 0.05 was considered statistically significant.

3. Results
3.1. Baseline characteristics of the urine donors

The baseline characteristics of the study participants are given in
Table 1. The number of male and female urine donors was equal in rural
and urban residents in Rajshahi district. Their mean age was 39 + 11
years with no significant differences between gender or region. Mean
BMI of the urban (23.8 + 3.2 kg/mz) was higher than that of the rural
(21.4 = 2.6 kg/mz) cohort (p < 0.001). Urinary creatinine levels
were not significantly different between rural and urban residents,
whilst a significant (p < 0.05) difference was found between summer
(0.40 = 0.44g/L) and winter (0.80 * 0.55g/L) urines, related to
more fluid intake in the hot season. The mean age of pregnant women
in Dhaka district was 26 *+ 5 years (range 19-36 years) with no sig-
nificant difference between rural and suburban residents. Their mean
BMI was 20.6 + 2.7 kg/m? with women in the rural subgroup having
clearly higher BMI (21.6 + 1.9kg/m?) than those in the suburban
(19.3 + 3.1kg/m?) group (p < 0.01). The mean urinary creatinine
level of this cohort was 0.53 + 0.34 with no significant difference
between subgroups.

3.2. Urinary levels of ZEN and its metabolites by cohort and season

Our biomarker analysis documents widespread dietary exposure of
Bangladeshi adults to ZEN and its plant/fungal modified forms. The
urinary levels of ZEN, o-ZEL and (-ZEL of all individuals in the rural
and urban Rajshahi cohort in two sampling periods and those of the
pregnant women cohort from Dhaka are depicted in Fig. 1. Plotting data
for individual urine donors illustrates best biomarker variability within
a given cohort along with possible influences of region and season on
analyte levels and composition. Overall, it is readily apparent that le-
vels of a-ZEL far exceed those of ZEN whilst 3-ZEL is only a minor
metabolite in Bangladeshi adults, albeit more present in pregnant
women urines. Moreover, stacking graphs summing up all analytes
(‘total ZEN’) help to identify individuals with a higher than average
exposure to ZEN and its metabolites. For instance, the majority of ur-
ines collected in summer season from rural and urban participants
contained no more than 0.25 ng/mL ‘total ZEN’; in winter season more
urines were found to contain higher analyte levels, in particular, those
of the rural cohort. Also several of the pregnant women urines (8 of 20)
contained ‘total ZEN’ levels above 0.25ng/mL. The individual bio-
marker data (Fig. 1) and the box-plot for ‘total ZEN’ in the Bangladeshi
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Fig. 1. Urinary exposure biomarkers ZEN, a-ZEL and -ZEL and their sum in ng/mL. Only positives samples included in the graph. In rural participants 1-15 are
males and 16-30 are females; in urban participants 1-16 are males and 16-32 are females. In pregnant women participants 1-11 are rural and 12-20 are suburban

participants.

cohorts (Fig. 2) suggest region of residence and season of sampling as
variables which can affect urine analyte levels, with some statistically
significant differences between the median values (ng/mL). On the
other hand, when adjusting ‘total ZEN’ levels for urinary creatinine
content, differences are no longer statistically significant.

The analytical data for ZEN and its metabolites a-ZEL and (3-ZEL are
summarized in Table 2 for the Rajshahi cohorts, grouped by region,
gender and season. Biomarker levels are given in ng/mL and ng/mg
creatinine, along with descriptive statistics. Biomarker values for male
and female urine donors were not significantly different. Yet, some
differences, marked by superscripts, were observed for other sub-
categories. For example, in summer, mean levels for ZEN and B-ZEL in
the urban cohort were apparently higher than in the rural cohort, yet
the difference was not significant when comparing median levels (ng/
mL) or crea-adjusted (ng/mg) values. Mean levels in winter urines of
the rural and urban subgroup showed also some differences, yet not
significant for median and crea-adjusted values. Also, seasonal differ-
ences in analyte levels were comparatively small. As summer urines
were on average more dilute than winter urines (Table 1) this may
explain apparent seasonal differences in the crea-adjusted biomarker
values (Table 2).

What is consistently found in all samples of the Rajshahi cohorts (for
both regions and seasons) are the high urine concentrations of meta-
bolite a-ZEL compared to parent mycotoxin, present at up to 7.1-fold
higher levels in summer and 4.6-fold higher levels in winter than ZEN.
This underlines the importance of a-ZEL as a biomarker of mycoes-
trogen exposure, despite some individual variability in the ratio of ZEN
to a-ZEL and B-ZEL in our cohorts (Fig. 1). Yet, the analyte composition
was quite similar in male and (non-pregnant) female urine donors.
Furthermore, there was no significant correlation of urinary biomarkers
with age and BMI of the study participants from Rajshahi district.

3.3. Urinary levels of ZEN and its metabolites in pregnant women cohort

Whilst the analyte composition in either male or (non-pregnant)
female urine donors in Rajshahi district is rather similar, the pattern of
ZEN biomarkers in pregnant women (of Dhaka district) differs appar-
ently (Fig. 1): Although a-ZEL and ZEN are also main analytes, 3-ZEL is
present in each urine sample, and often found at clearly higher con-
centrations than in the other cohorts. On the other hand, the levels of
‘total ZEN’ biomarkers excreted by pregnant women resemble those of
the other cohorts (Fig. 2), indicative of an overall similar dietary
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Fig. 2. Urinary biomarker levels of total ZEN (ZEN + a-ZEL + B-ZEL) in sam-
ples from rural and urban cohorts in Rajshahi district and the pregnant women
cohort in Dhaka district.

% < 0.01 when compared to summer in rural cohort and also compared to
winter in urban cohort.

’p < 0.01 when compared to winter in urban cohort.

‘p < 0.01 when compared to winter in urban cohort.

p-value obtained from independent sample t-test. Only positive samples con-
sidered in the graph.

mycoestrogen exposure. Table 3 summarizes results for ZEN, a-ZEL and
B-ZEL in the pregnant women cohort: Biomarker levels for the sub-
groups are given in ng/mL and ng/mg creatinine. Although levels of all
three analytes tend to be slightly higher in residents of the suburban
than those of the rural area, the difference is not significant.

4. Discussion

Biomonitoring is an effective approach to investigate human my-
cotoxin exposure by various routes and from all dietary sources (Degen,
2011; Marin et al., 2013; Vidal et al., 2018). It is particularly useful for
developing countries such as Bangladesh where food contaminant data
is rather scarce (Bhuiyan et al., 2013; Dawlatana et al., 2002; Roy et al.,
2013). Biomonitoring studies on aflatoxins, citrinin, deoxynivalenol,
and on ochratoxin A provide now data on exposure to these mycotoxins
in the Bangladeshi population, also in relation to cohorts of other
countries, e.g. Germany (Ali et al., 2018, 2016d; 2016a, 2016b; 2016c,
2016a; 2015a, 2015b; 2014; Gerding et al., 2015).

The new data document widespread exposure to ZEN and its mod-
ified forms and shed also some light on the variability among
Bangladeshi adults. Urines from individuals in Rajshahi district col-
lected in winter and summer, showed some variation in analyte levels
between seasons (Fig. 1), more pronounced in rural than urban re-
sidents. On the other hand, no significant gender-related differences in
biomarker levels were found between male and female urine donors in
Rajshahi district (Table 2). Notably, in their urines, a-ZEL levels far
exceed those of ZEN whereas B-ZEL is only a minor metabolite, albeit
more present in urines of the pregnant women cohort. The levels of
‘total ZEN’ biomarkers excreted by pregnant women resemble those of
the other cohorts (Fig. 2), indicative of an overall comparable dietary
exposure to mycoestrogens. When we assume similar food habits and
thus similar external exposure to contaminants for pregnant women
and the other cohort, the observed ‘shift’ in urine analyte pattern (with
an increase in 3-ZEL) deserves a comment: ZEN is a substrate of a-and
B-hydroxysteroid dehydrogenases (Malekinejad et al., 2006), enzymes
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of the aldo-keto reductase superfamily which metabolize various en-
dogenous steroid hormones (Penning and Drury, 2007; Thomas et al.,
2004). Since endogenous steroid hormone levels change in pregnancy
compared to non-pregnant females, this (‘hormonal status’) may affect
the conversion of the (alternative) substrate ZEN. Yet, also a change of
food habits in pregnancy and/or the food contaminant pattern might
have influenced the observed analyte composition.

ZEN biomarker analysis in human samples reflects both, the intake
of ZEN and its modified forms (fungal/plant metabolites) with food
commodities, but also ZEN conversion to a-ZEL and [3-ZEL in the or-
ganism (Ali and Degen, 2018). In other words: The analyte pattern
detected in a particular matrix (here: urine) is the net result of the
composition of the external exposure (the ‘pattern’ of ZEN forms in
food) and internal metabolism in a given individual or species (Lorenz
et al.,, 2019). Thus, the pattern observed in Bangladeshi (or German)
urines, with a-ZEL as the predominant analyte, could be due mainly to
ZEN metabolism in the human subjects and/or result from a-ZEL forms
present in food (Ali and Degen, 2018). Either way, regarding overall
exposure, it is indicated to consider not ZEN alone, but the sum of urine
biomarkers determined (‘total ZEN’). Summing up ZEN, a- and B-ZEL in
individual urine samples can also identify persons with a higher than
average mycoestrogen exposure (Fig. 1; also Fig. 2 in Ali and Degen,
2018). Yet, the analyte pattern is also important, in light of pronounced
differences in estrogenic potency between ZEN and its reduced meta-
bolites, with a-ZEL being 60 times more potent in vivo than ZEN, whilst
B-ZEL is 5 times less potent than ZEN (Everett et al., 1987; EFSA, 2016).

Biomonitoring data, compiled earlier, document a wide range of
ZEN biomarker levels and variable patterns in cohorts from different
countries (Ali and Degen, 2018; Mally et al., 2016). An overview of this
data, updated by present study and more recent studies (Li et al., 2018;
Mitropoulou et al., 2018), is given in the Supplementary Material
(Supplementary Table 1). The highest exposure to mycoestrogens was
found in Nigeria, with ZEN as the major analyte in urine (Sarkanj et al.,
2018), and in a cohort of female farmers in Transkei with ZEN, a-ZEL
and B-ZEL (Shephard et al., 2013). The biomarker concentrations found
in European cohorts from Germany (Ali and Degen, 2018), Italy
(Solfrizzo et al., 2014), and Sweden (Mitropoulou et al., 2018; Wallin
et al., 2015), are clearly lower than those in the African cohorts. The
analyte patterns vary, yet a-ZEL levels often exceed those of ZEN and [3-
ZEL, similar to our Bangladeshi cohorts who present overall lower
biomarker levels than German adults. A study in Henan province,
China, reported the occurrence of ZEN in 71.1% of urines (Li et al.,
2018); the reported mean value of 0.24 ng/mL and the range (between
0.02 and 3.7 ng/mL) were higher than those found in Bangladeshi
adults.

The observed ranges in urine biomarker levels for various countries
indicate high or low mycoestrogen exposures, likely a result of differ-
ences in ZEN contamination of major crops and differences in food
habits of the populations studied: For instance, in African countries,
maize is a staple food, and known to be frequently contaminated by
Fusarium toxins. Lower levels of ZEN biomarkers found in European
countries are in accord with exposure estimates based on ZEN occur-
rence and food consumption data (EFSA, 2011). The new finding that
total ZEN exposure is apparently lower in Bangladesh than in Europe is
in line with the following: ZEN is mainly a contaminant of wheat,
maize, barley and derived products (EFSA, 2011), commodities which
are consumed far more frequently in Europe than in Bangladesh, where
rice is the main staple food and wheat or maize intake is still low (Ali
et al., 2017, 2016a; FAOSTAT, 2013). ZEN has been found in South
Korean rice samples which contain only small amounts of deox-
ynivalenol (DON), but higher levels of nivalenol (Lee et al., 2011; Ok
et al., 2014). Thus, rice could be a source of ZEN and co-occurring
Fusarium toxins in Bangladesh.

DON biomarker levels in Bangladeshi cohorts are far lower than in
German adults, indicative of low dietary intake with rice or other crops
in Bangladesh, and well below the TDI set for this Fusarium toxin (Ali
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Table 3

Food and Chemical Toxicology 130 (2019) 276-283

Occurrence and urinary levels of ZEN and its metabolites in pregnant women in Dhaka district.

Cohorts N Positive n (%) Mean * SD ng/mL Median (range) ng/mL Mean *+ SD ng/mg crea
Rural

ZEN 11 11 (100) 0.044 + 0.018 0.051 (0.009-0.061) 0.123 + 0.098
a-ZEL 11 11 (100) 0.147 + 0.014 0.143 (0.129-0.170) 0.385 + 0.263
B-ZEL 11 11 (100) 0.040 + 0.045 0.023 (0.010-0.166) 0.103 + 0.117
Suburban

ZEN 9 9 (100) 0.072 + 0.056 0.056 (0.024-0.209) 0.262 + 0.242
a-ZEL 9 9 (100) 0.157 + 0.036 0.158 (0.073-0.188) 0.677 + 0.646
B-ZEL 9 9 (100) 0.074 = 0.066 0.064 (0.012-0.198) 0.204 + 0.165
Both subgroups

ZEN 20 20 (100) 0.057 + 0.041 0.052 (0.009-0.209) 0.185 + 0.187
a-ZEL 20 20 (100) 0.151 + 0.026 0.156 (0.073-0.188) 0.516 + 0.484
B-ZEL 20 20 (100) 0.055 + 0.057 0.032 (0.010-0.198) 0.148 + 0.146

Only positive samples (analyte = LOD 0.01 ng/mL) were considered during calculation of mean and median values.

et al., 2016b). As a high fraction of ingested DON is excreted in urine
(about 70% per day), conversion of biomarker levels to provisional
daily intake gives reasonably accurate estimates. For ZEN and its
modified forms, such calculations involve far more uncertainty, since
present knowledge on the toxicokinetics of ZEN and its derivatives in
humans is very limited (Ali and Degen, 2018; Lorenz et al., 2019). One
male volunteer who ingested 100 mg ZEN has excreted ZEN, and its
reduced metabolites a-ZEL and B-ZEL, mainly as glucuronides (Mirocha
et al., 1981). Based on this urine analyte data, it was estimated that
about 10-20% are excreted within a day (Metzler et al., 2010). Another
study measured ZEN excretion in a male volunteer exposed to a daily
dose of 10 ug ZEN (about 2/3 of the TDI of 0.25ug/kg b.w.) in a
naturally contaminated diet (Warth et al., 2013). During the exposure
phase (4 days), ZEN levels in urine ranged between 0.30 and 0.59 ng/
mL (mean 0.39ng/mL); this corresponded to an excretion rate of
7.0-13.2% (mean 9.4%), yet without a-ZEL and B-ZEL. These studies
which inform on a) ZEN urine levels found during exposure below the
current TDI value and b) urine excretion rates of 10-20% for the sum of
ZEN, a-ZEL and B-ZEL, helped to assess mycoestrogen intake of German
adults: The mean level for ‘total ZEN’ in the German cohort of 0.32 ng/
mL corresponds to an exposure below the ‘group TDI’ of 0.25 pg/kg b.w.
set by EFSA; yet an individual with a ‘total ZEN’ urine level of up to
1.6 ng/mL had a higher intake (details in Ali and Degen, 2018). As
mean ZEN biomarker levels in the present study, measured in two
seasons and in different regions (Tables 2 and 3), as well as ‘total ZEN’
concentrations in all individuals (Fig. 1 max. 0.55ng/mL) are lower
than those in German adults, the exposure of Bangladeshi adults to ZEN
and its modified forms is apparently lower than the present group TDI
set by EFSA. Yet, one has to keep in mind that these results are a
‘snapshot’ of two seasons a few years ago, and the situation might be
different nowadays due to the mutability of mycotoxin levels in food.
Annual variability of food contamination, as well as dietary habits,
should be considered when comparing various biomarker data sets on
human exposure to mycotoxins.

Moreover, exposure to contaminants can vary between age groups,
and has been found to be higher in young consumers (infants, toddlers,
children) as compared to adults, which is explained by a higher food
intake per kg body weight in younger age groups (EFSA, 2011; Mally
et al.,, 2016; Marin et al., 2013). A new biomonitoring study from
Sweden reported more frequent detection of ZEN, a-ZEL and -ZEL in
urines of children (age 11-12 years) and at higher mean concentrations
than in urines from adults (Mitropoulou et al., 2018). It is of interest to
conduct also biomonitoring in young (er) children of other countries,
including Bangladesh, to assess mycoestrogen exposure in vulnerable
groups of the population.
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