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Abstract:

In the article current internationally accepted approaches to risk assessment of chemicals in food are described and

relevant in silico (computational) methods that may be employed at different steps of risk assessment process for different types of

chemicals in food are considered.
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INTRODUCTION

Food is composed of thousands of chemicals naturally
occurring in particular food item as well as added by man
along food chain or introduced unintentionally due to con-
tamination from environment. Intentionally added chemi-
cals are regulated with legal requirements for most of
them regarding their toxicological assessment before add-
ing into the food chain. Other ones, unintentionally intro-
duced to food from the environment, naturally occurring
or man-made, raise concerns for public health and are also
extensively studied. Finally, the most numerous group of
food chemicals are those which toxicological/biological
properties are not fully understood or not understood at
all. This article deals with consideration of internationally
accepted approaches to risk assessment of chemicals in
food and the role of the so-called “in silico” methods and

future perspectives for their use.
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2 PURPOSES, SUBJECTS AND METHODS:

2.1 Purpose

The aim of this study was to describe current
internationally accepted approaches to risk assessment of
chemicals in food and determine relevant in silico methods
that may be employed at different steps of risk assessment

process for different types of chemicals in food.

Object of the study is in silico methodology and its

application in risk assessment process of chemicals in food
2.2 Subjects & Methods

The study involved a review of regulatory governing
acts with risk assessment of food safety issues and
recent scientific literature on application of in silico
methods for chemical hazard identification and

characterization.
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3 RESULTS AND DISCUSSION

Risk assessment of chemicals in food. Definition,

requirements, main steps and international guidelines

On the one hand, modern society substantially benefits
from chemicals in everyday life, but on the other hand it

faces a challenge of not introducing dangerous ones into
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the environment or diet. For example, nearly 100,000
commercial chemicals have been inventoried in the USA,
including 8,600 food additives, 3,400 cosmetic ingredients,
1,800 pharmaceuticals, and 1,000 active pesticide
ingredients. [1]. Each year, estimated 2,000 new ones are
introduced for use in such everyday items as foods,
personal care products, prescription drugs, household
cleaners, and lawn care products. We do not know the
effects of many of these chemicals on our health, yet we
may be exposed to them while manufacturing, distributing,
using, and disposing them or when they become pollutants
in our air, water, or soil. [2] To date, FAO-WHO Joint Expert
Committee on Food Additives has evaluated more than
2600 food additives, approximately 50 contaminants and
naturally occurring toxicants, and residues of
approximately 75 veterinary drugs. [3]

Figure 1 presents a scheme classifying the types of food

chemicals.
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Figure 1. Food as a mixture of chemicals

Since food is a subject of international trade, its safety is
regulated by multilateral agreements within World Trade
Organization, namely WTO Agreement on the Application of

Sanitary and Phytosanitary Measures (SPS Agreement).

According to SPS Agreement, implementation of any
requirements on food safety and “measures are based on
an assessment, as appropriate to the circumstances, of the
risks to human, animal or plant life or health, taking into
account risk assessment techniques developed by the
relevant international organizations” [4].

Being a member of WTO and in path to the European
Union (EU), Ukraine has obligation to follow the rules of
the SPS agreement. Accordingly, basic principles of the EU
legislation on food safety include risk analysis as the
cornerstone of food safety policy. [5] In Ukraine, Article 15
of the Law of Ukraine [6] provides that all food safety
requirements should be based on scientific principles and
current scientific justification and should be developed
according to the results of risk assessment employing the
methods of risk assessment elaborated by relevant
international organizations. The Procedural Manual of the
FAO/WHO Codex Alimentarius Commission provides
internationally accepted definition of the relevant terms

concerning risk analysis related to food safety [7].

It defines Risk Assessment as a scientifically based
process comprising the following steps: (i) hazard
identification, (ii) hazard characterization, (iii) exposure
assessment, and (iv) risk characterization.

Figure 2 provides schematic representation of the
whole process of risk analysis in food safety, as adapted
from [8].

In_silico methods used in risk assessment of food

chemicals. Definition and types

According to the definition of the Royal Society of Chem-

ists (2012), Predictive toxicology is concerned with the
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Figure 2. Risk Analysis framework for food safety
(adapted from [8])

development of new non-animal tests that do not simply
duplicate existing animal tests but which provide a new
scientific basis for safety testing.lt reflects a paradigm
shift from adverse effects observed in experimental ani-
mals, sometimes at high doses, to analyzing the effects of
chronic exposures to low concentrations on cells and organ
systems. It involves identification of significant perturba-
tions of biological pathways at a molecular level to a cellu-
lar or organ level to predict outcomes [9].

Predictive toxicology is described as follows: “In predic-
tive toxicology, we try to develop procedures (algorithms
in computer science terms) that are capable to predict
toxic effects (the output) from chemical and biological
information (the input)” [10].

Tools of predictive toxicology include computational (in
silico) modelling of biological activity (including toxicologi-
cal endpoints), in vitro methods, OMICS technologies etc.
The term “in silico” is used as an analogy to a generally
used phrases in vivo and in vitro to describe any process
performed on a computer or via computer simulation [11].

The United States Environmental Protection Agency

(USEPA) defines in silico toxicology as the integration of
modern computing and information technology with mo-
lecular biology to improve agency prioritization of data
requirements and risk assessment of chemicals. Broader
understanding of in silico methodologies may be envisaged
as anything we can do with a computer in toxicology. [12]
Thus, the following types of in silico tools in toxicology
may be distinguished:

1. Planning of experiments and power analysis

2. Data analysis procedures

3. Data mining and data-rich methods (e.g. data analysis
procedures for omic and image analysis technologies)
Prediction models

Expert systems

(Quantitative) structure activity relationship (QSAR)
Modelling tools

@ N o v A

Models of kinetics of substances (e.g. physiologically

based toxicokinetic models)

Schematic representation of tools, steps to generate
prediction models, and categories of prediction models
adapted from [13] is given in Figure 3.

Speaking about hazard identification and characteriza-
tion steps of risk assessment, Table 1 illustrates some of
the currently available software and range of endpoints
relevant to dietary risk assessment, as presented in [14].

European Food Safety Authority (EFSA - risk assessment
agency in the field of food safety for EU) has thoroughly
assessed applicability of in silico methods (namely QSAR,
read across combined with threshold of toxicological con-
cern (TTC) approach) for Evaluation of the Toxicological
Relevance of Pesticide Metabolites for Dietary Risk Assess-
ment [15].

For this purpose genotoxicity and carcinogenicity of
such metabolites is a very important endpoint. Thus, appli-
cation of integrated computational approaches including
combined (Q)SAR models and read-across should be ex-
plored in future studies for the evaluation of genotoxicity
alerts [16].
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Figure 3. In silico toxicology tools, steps to generate prediction models, and categories of prediction models [13]

Table 1.
Software capable of predicting toxicological endpoints relevant to dietary risk assessment [14]
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ACD/Tox Suite (ToxBoxes) ) * '
ADMET Predictor (Simulations . . . . .
Plus Inc.)
BioEpisteme * ) *
Caesar project models (Mario N N N
Negri Institute)
Derek (Lhasa Ltd) * * * * * * * *
HazardExpert (CompuDrug) ¥ ¥
Lazar (In Silico Toxicology; . . .
Freiburg university)
Leadscope (Leadscope) * * ) * *
MCASE/MC4PC (MultiCASE) * * * * *
MDL QSAR (MDL) * * * *
OASIS-TIMES  (Laboratory of
Mathematical Chemistry, Bourgas N N
University)
OncoLogic (US EPA) *
Pallas Suite including ToxAlert, . . . .
Cytotoxicity (CompuDrug)
TerraQSAR (TerraBase) * *
TOPKAT (Accelrys) * * * * *
Toxtree (JRC) ) ) )
Molcode Toolbox ( Molcode Ltd) * * * * *




INTER COLLEGAS, VOL. 4, No. 1 (2016) ~27

ISSN 2409-9988

US Food and Drug Administration (FDA) currently uses QSAR
as a decision support tool in the safety evaluations of food-
contact substances. This is a premarket evaluation in
which the QSAR predictions are used in conjunction with
literature search results and submitted toxicity tests. Oc-
casionally, an impurity in a FCS with low dietary exposure
may have only one genetic toxicity test submitted. In this
case, QSAR results along with the genetic toxicity test and
SAR analyses can be used to make a safety determination
on the compound or provide sufficient support for recom-
mending additional toxicity testing. [17]

Exposure assessment step of risk assessment also em-
ploys a number of in silico tools. One of them is MCRA
(Monte Carlo Risk Assessment), which is a web-based sys-
tem for probabilistic exposure and risk assessment of
chemicals in the diet. Examples of this model and software
validation for acute and chronic exposure assessment of
pesticide residues in food are given in [18; 19]

Given that chemicals in food are regulated by different
legislative acts, it is worth to mention that any method
used for regulatory purposes should be validated and ac-
cepted. Rules for validation of QSAR methods are devel-
oped by Organization of Economic Cooperation and Devel-
opment (OECD). The agreed OECD principles are as follows:

“To facilitate the consideration of a (Q)SAR model for
regulatory purposes, it should be associated with the fol-
lowing information:

1. a defined endpoint;

2. an unambiguous algorithm;

3. a defined domain of applicability;

4. appropriate measures of goodness-of-fit, robustness and
predictivity;

5. a mechanistic interpretation, if possible” [20].

Furthermore, for a QSAR prediction to be adequate, it
should be not only reliable (i.e. derived from a valid
(Q)SAR model and within its applicability domain), but also
relevant for regulatory decision. [21]

Figure 4 provides graphical representation of the crite-

ria for identifying an adequate (Q)SAR model.

Model used is
applicable to the
chemical of interest;

Reliable results

Model used is shown
to be scientifically valid

Adequate results

prediction (result) is relevant
for the regulatory purpose

Figure 4 The overlapping considerations of validity,
applicability and relevance needed to demonstrate
(Q)SAR adequacy

4 CONCLUSIONS

Scientifically based risk assessment is required by

legislation when new chemical food safety parameters are

introduced. Huge number of chemicals to be assessed
needs prioritization. Furthermore, toxicological testing of
chemicals needs to be data driven. Both this tasks could be
achieved and/or assisted by appropriately validated and
adequate in silico tools. In fact, at each step of risk
assessment process one or another computational tool has

its role to play.
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