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Abstract

Introduction. Ochratoxin A (OTA) and citrinin (CIT) are toxic compounds produced by
fungi that may contaminate a variety of food, posing significant health risks, particularly
following chronic exposure. OTA, a potent nephrotoxin, is widely present in cereals,
dried fruits, coffee and animal-derived products; CIT, which often co-occurs with OTA,
also exhibits nephrotoxic effects.

Methodology. This project aims to evaluate the exposure to OTA and CIT in adults and
children of both sexes, and in breastfeeding women, and to investigate OTA toxicological
effects using a juvenile animal model. The biomonitoring study analyzed OTA and CIT
in urine, and OTA in breast milk. It also involved the evaluation of biomarkers of effect
and the administration of food frequency questionnaires to assess dietary intake. The
toxicological study employed an innovative animal model to identify early biomarkers of
renal and endocrine effects and to elucidate OTA’s mechanisms of action.

Results. The findings contribute to a deeper understanding of risk characterization and
support the development of public health strategies aimed at minimizing OTA and CIT
exposure.
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INTRODUCTION

Mycotoxins are toxic chemical compounds produced
by certain fungal species under specific environmental
conditions [1]. The toxigenic fungi colonize agricultural
commodities, spreading mycotoxin contamination into
the food chain. These contaminants persist through
food processing, and the contamination is also trans-
ferred to the derived food products posing significant
risk to both humans and animals [2, 3].

Dietary exposure to mycotoxins represents a signifi-
cant health concern, especially in cases of chronic expo-
sure, which has been linked to a range of adverse health
effects [4]. Due to cumulative exposure over a lifetime,
mycotoxins can profoundly impact human health, caus-
ing a broad spectrum of toxic effects including carci-
nogenicity, nephrotoxicity, hepatotoxicity, estrogenic ef-
fects, neurotoxicity, and disruption to reproductive and
immune system functions [1, 5].
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Among the mycotoxins of greatest concern to risk as-
sessors, ochratoxin A (OTA) is one of the most widely
distributed. It is produced by ubiquitous fungal genera
such as Aspergillus and Penicillium and several toxigenic
species (e.g., A. niger, A. ochraceus, A. carbonarius and P,
verrucosum) can occur in a broad range of plant derived
foods products all entering human and animal diets.
These commodities include cereals, dried nuts, spices,
dried fruits, coffee, cocoa, licorice and food deriva-
tives, including supplements (e.g., green coffee, goose-
berry, and licorice derived supplements). Furthermore,
OTA contamination has also been detected in certain
cured animal-derived products (such as ham, salami).
In these cases, contamination can occur during meat
maturation and curing process, where storage condi-
tions may be viable to OTA production. Like many
other mycotoxins, OTA is highly resistant to process-
ing and heat treatments, contributing to its persistence
in the food chain [6].

In vivo studies showed that OTA has been associated
with nephrotoxic, carcinogenic, teratogenic, immuno-
toxic and developmental effects, with kidney represent-
ing the critical target organ. OTA has been identified
as a key causative agent in the development of porcine
nephropathy, but the available epidemiological evi-
dence remains insufficient to definitively classify it as a
renal carcinogen in humans or directly link it to Balkan
Endemic Nephropathy (BEN) or other unexplained
endemic nephropathies [7-10]. Indeed, OTA is able to
bindplasma-proteins, mainly albumin, with consequent
reduction of excretion rate and accumulation in renal
tissue. Albeit to a lesser extent, liver, muscle and fat are
also involved in OTA toxicity in terms of signalling mod-
ulation of apoptosis, inflammation and stress responses
(7, 11].

OTA showed also genotoxic effects both in vitro and in
vivo studies, although the mechanisms are still unclear,
and direct and indirect genotoxic and non-genotoxic
modes of action may contribute to tumor development
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/;.
efsa.2020.6113. The International Agency for Research
on Cancer (IARC) classified OTA as “possibly carcino-
genic for humans” (Group 2B), with carcinogenicity be-
ing the result of interactions among several epigenetic
mechanisms [12, 5]. Because recent studies have raised
uncertainty regarding the mode of action for kidney
carcinogenicity, the European Food Safety Authority
(EFSA) deemed it inappropriate to maintain the tol-
erable weekly intake (TWI) established in 2006 as the
health-based guidance value (HBGV) [13]. Indeed, the
Margin of Exposure (MOE) approach was considered
most appropriate, providing a safety margin (10000 for
carcinogenic compounds) below which the public health
concern can be considered low, even considering overall
uncertainties [7]. The use of the Benchmark Dose Low-
er Confidence Limit (BMDL,;), the dose that causes a
10% increase in the incidence of a specific effect in an
animal population, was proposed for neoplastic and non-
neoplastic effects (BMDL10G 14.5 pg/kg body weight
(bw) and BMDL10ONG 4.75 pg/kg bw, respectively).

Citrinin (CIT), a mycotoxin with well-documented
nephrotoxic properties, is commonly detected in food

in the co-occurrence with OTA, and it is known to have
synergistic effects with OTA, potentially exacerbating
kidney damage [6, 14, 15]. It is produced by several
species of Aspergillus, Penicillium, and Monascus, and it
is commonly found in stored grains. A No-Observed-
Adverse-Effect Level (NOAEL) of 20 pg/kg bw per day
was identified from a 90-day study in rats. However,
due to a lack of data, EFSA did not establish a HBGV
for CIT. Instead, a level of no concern for nephrotoxic-
ity was set at 0.2 pg/kg bw per day, reflecting the limited
understanding of its potential effects. Despite this pro-
visional threshold, concerns about CIT possible geno-
toxic and carcinogenic properties remain unresolved.
Risk characterization for CIT has therefore focused
on limiting its concentrations in grains to levels that
would keep dietary exposure levels below the no con-
cern threshold for nephrotoxicity. EFSA emphasized
the need for further research to better define the risk
associated with CIT and since then several studies have
expanded the understanding of CIT toxic effect con-
firming its impact on multiple organs and systems [16].
In fact, in addition to nephrotoxicity, which remains the
major effect, also hepatotoxic, cardiotoxic, neurotoxic,
and reproductive effects have been reported [17-21].
Studies reported CIT-induced liver and heart toxicity,
including fatty liver disease and cardiac tissue dam-
age, linked to mitochondrial impairment and oxidative
stress confirming hepatotoxicity and cardiotoxicity [17-
19], while the genotoxic and mutagenic potential of
CIT remains controversial. Some in vitro studies show
DNA damage, cell cycle arrest, and autophagy induc-
tion [17]. However, IARC classifies CIT as “not classifi-
able as to carcinogenicity in humans” (Group 3) due to
insufficient evidence [21].

EFSA has emphasized the need for more compre-
hensive data on human exposure to OTA and CIT,
particularly in vulnerable populations like children and
adolescents, who are more susceptible to the toxic ef-
fects of these contaminants [7, 13]. In this respect,
human biomonitoring studies (HBM) using biological
fluids are useful for assessing internal doses of contami-
nants because of combined exposure. Moreover, HBM
together with dietary exposure assessment represent an
integrated approach for a more accurate and compre-
hensive evaluation of human exposure.

The Italian National Committee for Food Safety,
which addresses urgent and critical topics public health
issues, has raised concerns about the exposure of
younger age groups to OTA through the consumption
of certain foods, particularly cereals, cheeses and pork
derived cured meats [22]. National official control and
monitoring plans have consistently reported the pres-
ence of OTA in a variety of foodstuff, in particular cof-
fee, cocoa, ham and more recently certain varieties of
hard cheese. Among the different exposure scenarios,
particular attention should be given to breastfed in-
fants, who may be exposed to mycotoxins such as OTA
through lactation. Breast milk can serve as a potential
exposure pathway, transferring OTA from mothers to
their children and thus representing an additional risk
for this especially vulnerable population group [7]. This
is particularly concerning since children have higher

33



https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2020.6113

34

Lucia Coppola, Giuseppina Sciald, Francesca Debegnach et al.

metabolic rates and immature detoxification system,
making them potentially more vulnerable to the accu-
mulation of mycotoxins in their developing organs.

In this context, exposure evaluation through biomon-
itoring studies in the general population and vulnerable
groups, such as children, is essential to address existing
gaps in risk assessment. In this framework, the project
“Ochratoxin A: risk assessment in population groups
through biomonitoring and toxicological characteriza-
tion” (OTABioTox Project) aims to assess the exposure
and toxicological effects of OTA and CIT through an
integrated approach which includes: a) a biomonitor-
ing study in adults and children of both sexes, as well
as lactating mother-child pairs, including evaluation of
selected kidney biomarkers; b) a dietary exposure evalu-
ation, with a focus on foods that are particularly suscep-
tible to OTA and CIT contamination, such as cereals,
dried fruits, and cured meats; c) a toxicological study
using male and female rats in the juvenile phase of life,
corresponding to the childhood/peripubertal age in hu-
mans, treated at realistic dose levels of OTA derived
from children exposure.

Upon the evidence of gender-based differences in
the absorption and detoxification of contaminants, the
project will possibly explore potential sex differences in
human internal dose content and toxicological suscep-
tibility [23, 24].

By combining biomonitoring, exposure assessment,
and toxicological studies, this research seeks to bridge
the knowledge gap in the exposure risks posed by OTA
and CIT, considering adults and also vulnerable groups,
such as young population and breastfeeding women.

METHODOLOGY
Biomonitoring study

The HBM in OTABioTox Project aims to measure
the internal doses of OTA and CIT in urine and milk
samples. The internal dose provides data at an individ-
ual level that helps to overcome the limitations asso-
ciated with the heterogeneous contamination of food,
sampling variability and constraints, and the availability
of food and consumption data.

The elimination of OTA from the body is slow and
incomplete, with variable rates of excretion through
urine, blood, and breast milk collectively contributing
to its persistence and potential for chronic health ef-
fects. OTA is typically excreted in urine with very low
rates ranging approximatively 2-3% of the ingested
dose. In kidney, OTA is partially reabsorbed due to its
binding with albumin [25]. Importantly, OTA has also
an excretion route via breast milk, albeit at low concen-
trations (lower than in blood, comparable with urine)
and it provides a route of exposure for nursing infants.
The presence of OTA in breast milk underscores the
risk of early-life exposure, especially in regions where
dietary contamination is common [26].

CIT and its main metabolite dihydrocitrinone (DH-
CIT) exhibit a high urinary excretion rate with about
40% of the ingested dose eliminated within 24 hours.
This makes urine a particularly reliable matrix for CIT
exposure assessment [20, 27, 28]. There is currently
insufficient evidence to confirm significant transfer of

CIT to breast milk, so this pathway remains negligible.
To assess exposure to OTA and CIT, including their

metabolites, a total of 350 subjects has been recruited

across diverse demographic groups. The recruitment

details are as follows:

e children aged 5-14 years: 70 boys and 70 girls;

e adults aged 18-65 years: 70 men and 70 women;

¢ breastfeeding women: 70 subjects.

In recent years, HBM studies have increasingly fo-
cused on evaluating biomarkers of effect, which can
provide a link between internal exposure to contami-
nants and the related adverse health effects or diseases.
They can increase the biological plausibility of the asso-
ciations and indicate a possible mode of action. In this
respect, the biomarkers of effect can improve the risk
assessment of chemicals [29].

In OTABioTox project, albumin, creatinine and be-
ta2-microglobulin are considered as kidney biomarkers
associated to OTA and CIT exposure and measured in
urine samples of the enrolled subjects. OTA is known
binding serum albumin with a reduction of the clear-
ance and a persistence of OTA in the body. However, a
lower level of albumin increased OTA hepatoxicity and
nephrotoxicity [30]. Higher levels of beta2-microglob-
ulin in the urine, affecting renal reabsorption function,
was associated to higher OTA level in human [31]. Cre-
atinine values will be also used to normalize OTA and
CIT concentration values.

Family pediatricians in the National Health System
and hospital pediatricians collaborated in recruiting pa-
tients. This physician network was established under the
European LIFE PERSUADED biomonitoring project
(Phthalates and bisphenol A biomonitoring in Italian
mother-child pairs: link between exposure and juvenile
diseases; ENV/IT/000482) and the Finalized Research
program (Integrated Approach to Evaluate Children
Agricultural Pesticide Exposure and Health Outcome;
RF-2016-02364628) therefore, the healthcare profes-
sionals possess extensive experience in conducting such
studies across the national territory.

Healthcare professionals were provided with informa-
tive materials to instruct themselves, and subsequently
recruited subjects and their families for enrollment in
the study:
¢ food frequency questionnaire;

e description of the study for the physicians;

e description of the study for enrolled adults and chil-

dren;

a fact sheet for children and mothers;

instructions on how to complete the FFQ;

instructions for collecting urine and breast milk sam-

ples;

e privacy information and legal basis for processing
personal data;

¢ informed consent for parents.

Food Frequency Questionnaire and dietary exposure
A paper-based questionnaire was designed to collect
personal, residential information, as well as dietary hab-
its. The first section requested personal details such as
age, body weight and physical activity level. The second
section consisted of a specially tailored Food Frequen-
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cy Questionnaire (FFQ) aimed at capturing participant
dietary habits. The FFQ included tables for each food
category covered in national and European control ac-
tivities [13]. In the FFQ, each participant was asked
to specify the food items consumed, indicating the fre-
quency (daily, weekly, monthly) and usual portion size
(small, medium, large, or specific quantity). Once vali-
dated, the final version of the FFQ was distributed to
the pediatricians overseeing participant enrollment.

The completed FFQs were reviewed for consistency,
and the data were entered into an online database. This
database was designed to efficiently manage the vol-
ume of data and ensure consistency during data entry.
Due to the extensive number of fields in each question-
naire (more than 130), general-purpose software such
as spreadsheets was considered inadequate. Therefore,
a custom web application was developed to provide
an optimized and user-friendly interface, specifically
designed to minimize input errors and allow full data
editing capabilities. The application was built using the
HTMUL-Javascript-PHP-MySQL-Apache stack, utiliz-
ing open-source software. Data entered into the appli-
cation were stored in a relational database on a server
and subsequently exported serialized via dedicated
functions into Tab-Separated Values (TSV) files, which
could then be processed further using scientific statisti-
cal analysis software.

Analytical determination of OTA and CIT

Urine and breast milk are valuable biological matrices
for assessing exposure; however, it is essential to have
appropriate, validated and accurate analytical methods
to reliably measure the targeted biomarkers [25, 32].
The most important challenge in the analysis of my-
cotoxins in biological fluids is the extremely low con-
centrations of the analytes in the specimen. The choice
of suitable analytical protocol shall be focused on the
identification of appropriate limits of detection (LOD)
and quantification (LOQ) values [33]. Liquid chroma-
tography coupled with tandem mass spectrometry (e.g.,
LC-MS/MS) enable a sensitive and accurate detection
of biomarkers in biological fluids also in condition of
low excretion rate, such as the one of the OTA in urine
samples. These capabilities of modern analytical tech-
niques are essential for reliable biomonitoring studies
[34].

In OTABioTox Project, urinary OTA and CIT, as well
as OTA in breast milk, were analyzed in a two-step ana-
lytical approach. In the first step, a screening method
was employed to detect the presence of OTA, CIT and/
or other biomarkers in the biological matrices. Upon
obtaining a positive result in the screening, a second
step for specific quantification was performed applying
sample dilution in phosphate-buffered saline (PBS) fol-
lowed by immunoaffinity columns (IAC) cleanup prior
injection.

The TAC cleanup employs monoclonal antibodies to
selectively isolate and concentrate the mycotoxin while
removing matrix interferences. This approach is partic-
ularly well-suited for targeting and quantify single or a
limited number of analytes in complex biological matri-
ces such as urine and milk [35].

The determination was performed by LC-MS/MS;
the triple quadrupole, set in positive mode with MRM
(Multiple Reaction Monitoring) acquisition mode, en-
ables high accuracy, selectivity and sensitivity which is
necessary as the concentration of mycotoxins in biologi-
cal matrices is generally lower than the contamination
levels found in food. The method was validated and met
satisfactory performance of precision and trueness in
both urine and breast milk matrices. The LOQ was es-
tablished at 0.004 ng/g for OTA and 0.009 ng/g for CIT
in urine and 0.008 ng/g for OTA in breast milk.

Toxicological study

An in vivo toxicological study is proposed, using an in-
novative juvenile animal model that corresponds to the
pre- and peri-pubertal developmental stages in children
[36]. This stage of the life cycle is particularly vulner-
able and susceptible to the potential adverse effects of
chemical substances, as body systems are still develop-
ing and maturing, while dietary exposure is higher com-
pared to adults. This model enables the early detection
of alterations, the study of underlying mechanisms and
the identification of early effect biomarkers through
the analysis of tissue, serum and molecular markers,
and transcriptomics [37, 38]. The animal study was ex-
ecuted in accordance with Directive 2010/63/EU, the
Italian Legislative Decree n. 26 of 4 March 2014, the
OECD Principles of Good Laboratory Practice. The
design and sample size of the animal studies were cho-
sen according to 3R principles and ARRIVE guidelines
2.0 [39].

18 dams of CD1 mice (Envigo, Italy) with offspring
will be kept under standard laboratory conditions
(22+40.5 °C room temperature, 50%-60% relative hu-
midity, 12 h of dark-light alternation with 12-14 air
changes per hour) with water and food available ad li-
bitum. Specific rodent diet was select to minimize the
OTA e mycotoxin exposure (AIN-76A Purified Diet
NOT RADIABLE purchased from Mucedola, Italy).
After seven days of acclimatizing, weaning F1 mice
were separated by the dams and housed in cages to ob-
tain 4 groups of 18 mice/sex/group, treated with 3 dose
levels of OTA dissolved in corn oil and a control group
treated with vehicle only for 28 days (5 days/week) per
os by gavage, from weaning (postnatal day, PND, 22 to
sexual maturity PND60).

The selected dose levels are 1 (low), 100 (medium)
and 1000 (high) pg/kg bw per day. The low dose level
was derived based on dietary exposure to OTA at the
95th percentile (i.e., among high consumers), which
was estimated to reach up to 0.0517 pg/kg bw per day
[7] that corresponds to 0.63 pg/kg bw per day in mice
[40], rounded to 1 pg/kg bw per day as a practical value.
The medium dose level derived from the LOAEL (Low-
est Observed Adverse Effect Level) of 8 pg/kg bw day
in pigs, corresponds to 93 pg/kg in mice, assuming in-
terspecies extrapolation [40] and rounded to 100 pg/
ke bw per day as a practical value. High dose level was
obtained by a toxicological study on mice where OTA
was administered orally for 28 days with toxicological
effect in systems other than the renal one without clini-
cal sign of toxicity [41].

35




36

Lucia Coppola, Giuseppina Sciald, Francesca Debegnach et al.

Body weight, feed consumption, kidney, liver, thyroid,
ovary, uterus, testis, hypothalamus absolute and relative
weights will be measured. Serum clinical and biochemi-
cal parameters (albumin, globulin, total bilirubin, gam-
ma-glutamyl transferase, aspartate aminotransferase,
alkaline phosphatase, lactate dehydrogenase, creatine
kinase, creatinine, glucose, triglycerides, calcium, phos-
phate, magnesium, potassium, and sodium) will be also
assessed. In addition, a proteomic analysis of liver tissue
will be conducted.

Specific effects of endocrine system will be analyzed
by:
¢ hormones serum levels (e.g., thyroid-stimulating hor-

mone, TSH, thyroxine, estradiol, testosterone);

e histopathological analysis (thyroid, reproductive or-
gans and liver);
® gene expression of selected hypothalamus marker

(TSH, luteinizing hormone, follicle-stimulating hor-

mone).

Renal toxicity endpoints will be studied by:
¢ kidney DNA damage by comet assay;

e renal oxidative stress enzymes (e.g., catalase, super-

oxide dismutase, glutathione peroxidase 1);
¢ serum renal toxicity markers (e.g., proliferating cell

nuclear antigen, vimentin);
¢ kidney expression of DNA repair and general toxicity

genes (e.g., Erccl, ERCC excision repair 1; Oggl,
8-oxoguanine DNA-glycosylase 1; and Kim1, Kidney

Injury Molecule 1; respectively);
¢ kidney histopathological analysis.

The sample size calculation is performed using the
G*Power 3.1.9.7 software on a comparison between
two groups (treatment dose s control) using the Mann-
Whitney test, with a one-tailed significance level of al-
pha=0.0167 (corresponding to alpha=0.05 with Bonfer-
roni correction applied to the three comparisons between
each treatment dose and the control) and a power of
1-beta=0.80. The key endpoint used for the sample size
estimation was the change in the activity of renal oxi-
dative stress-related enzymes, as reported in a previous
study involving oral administration of OTA to male mice
for 45 days [42]. Table 1 shows the results of the sample
size calculation (N) based on the selected enzymes.

Table 1
Calculation of sample size (N) according to decreased activity
of renal oxidative stress enzymes

Endpoint Control OTA N
(0 mg/kg (1.5 mg/kg
bw day) bw day)
(means=SD) (means=SD)
Catalase activity (umoles 32.72+1.26 26.824+0.72 4

H,O, consumed/mg

protein/min)

Superoxide dismutase 3.34+0.15 2.79+£0.06 4
activity (units/mg

protein)

Glutathione peroxidase 0.38+0.09 0.25+0.03 8

activity (umoles NADPH
consumed/mg protein/
min)

OTA: ochratoxin A.

GSH activity is most conservative condition and a
34% reduction in the mean value is observed, corre-
sponding to a Cohen’s d effect size of 1.94 (very large
effect). However, considering the selected dose levels
and the short time of administration, it is important to
detect smaller differences, starting from 20%, which
are plausibly expected to occur in the groups treated
with lower doses. For example, comparing 0.38+0.09
(control group) vs 0.30+0.03 (20% reduction) to GSH
activity, the sample size is N=15. The final sample size
per sex/group is increased to 18, taking into account
that the expected mortality rate is no more than 5%
and high the number of biomarkers to be measured in
mouse serum.

Data analysis plan

Statistical analyses will be performed using Stata 16.0
software (StataCorp), setting significance at p <0.05.
Descriptive statistics will be calculated for each group
of population. Sex-stratified analysis will be performed
both in adults and children using parametric or non-
parametric tests, when non normal distribution is veri-
fied (Mann-Whitney test). The same tests will be used
to compare the population groups. Confounders (e.g.,
age, breastfeeding frequency, renal function variability,
diet reporting bias) will be considered in the analysis.
Age will be considered as covariate to obtain age-ad-
justed estimates in all groups, whereas breast feeding
frequency will be included in data from breastfeeding
women. Urinary OTA and CIT concentrations will be
normalized to creatinine concentration, measured in
the corresponding urine sample.

If data are missing from the subject’s questionnaire,
the operators responsible for data quality control will
identify the pediatrician who enrolled the subject
through the alphanumeric code of questionnaire and
will request the completion of the unanswered ques-
tions. The pediatrician will then contact the patient to
obtain the missing information. This process ensures
that all fields are completed, thus avoiding the exclusion
of data. If no response is received, the incomplete data
will be excluded. Correlations between OTA/CIT levels
and renal biomarkers will be assessed using Pearson/
Spearman coefficients and multiple regression models.
The association between dietary intake and OTA/CIT
levels will be analyzed through linear/logistic regression
and multivariate analysis (PCA). Data from toxicologi-
cal study will be analyzed using ANOVA with post-hoc
tests. Risk assessment will be conducted by calculating
the Margin of Exposure (MOE) for OTA and CIT com-
paring the estimated provisional dietary intake of OTA
and CIT with established safety thresholds.

State of the art

Ethical approval was obtained by the National ethics
committee for clinical trials of public research bodies
(EPR) and other national public institutions at the Istitu-
to Superiore di Sanita (AOO-ISS-30/06/2023-0030990
Class: PRE BIO CE 01.00). To date, the enrollment
of the subjects was completed, obtaining samples and
FFQ:s filled in. The FFQs were reviewed and, in case
of missing data, the pediatricians involved in the en-
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rolment asked the subjects. All the data has now been
transferred to the online database.

The animal study protocol was approved by the Italian
Ministry of Health (879/2023-PR). The study has been
completed, and general toxicological data are summa-
rized in the Excel file. Statistical analysis is currently
ongoing. Animal serum and tissues have been stored.

Analytical tests of human biological fluids and serum
and tissues of mice are currently in progress.

EXPECTED RESULTS
The main outcome of the OTABioTox Project will be

the development of a model to evaluate the exposure

and toxicological effects of OTA and CIT through an
integrated approach. The integration of the scientific
results will provide an estimate of the predictive risk of
the potential effects of exposure to OTA and CIT on
the health of different population groups, taking into
account age and sex.

Relevant results will be achieved for OTA and CIT in
the frame of risk assessment:

As for human exposure:

evaluation of CIT and OTA urinary levels in children
and adults of both sexes, as well as in breastfeeding
women;

e association of the internal levels with the food con-
sumed according to data acquired from the FFQ to
ascertain if group of foods are triggers for internal
levels;

e estimation of OTA and CIT provisional dietary ex-
posure upon standard daily urine volumes, excretion
data and body weights values;

e association between the observed exposure levels and
effect biomarkers of renal function to highlight po-
tential health impacts in children and adults, consid-
ering sex differences;

* evaluation of the OTA levels in breast milk of the en-
rolled breastfeeding women;

¢ estimation of exposure to OTA and CIT in breastfeed
children, who have breast milk as the sole food;

e correlation between OTA and CIT levels in breast
milk with the corresponding values measured in the
urine of the same breastfeeding woman to identify
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possible associations of critical ratios of contamina-

tion levels in the two biological matrices;

calculation of the Margin of Exposure (MOE) for

OTA, based on the comparison of BMDL10 for non-

neoplastic and neoplastic effects with the calculated

exposure values; whereas for CIT, comparison of the

tolerable dose for nephrotoxicity with the calculated

exposures.

As for toxicological characterisation:

evaluation of OTA effects in a juvenile rodent model

at dose levels compatible with estimated exposure

levels in children;

identification of early effect biomarkers for the renal

and endocrine systems;

e evaluation of sex-related differences in susceptibility;

¢ study of the mechanisms by specific omics technolo-
gies.

The selected endpoints will primarily focus on the en-
docrine system. Additionally, the mechanisms of action
and DNA damage induction by OTA at the renal level
will be investigated to identify and characterize early
markers of damage associated with carcinogenesis pro-
cesses. Finally, the use of both male and female mice
will allow the identification of sex-specific effects on the
endocrine system and renal damage.

In conclusion, these findings will provide new insights
into OTA and CIT exposure in adults and children, in-
creasing the understanding of their toxicological effects
and supporting the development of evidence-based
strategies for risk mitigation and public health protec-
tion.
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