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Abstract 

An extensive literature search to identify and collect all relevant literature on the oral toxicity of furan 

and its methyl analogues, 2-methylfuran and 3-methylfuran was performed in the two databases 
PubMed and Web of Science for four Areas. The literature search resulted for Area 1 (toxicokinetics) in 

1,674 hits from PubMed and 2,318 hits from Web of Science; for Area 2 (oral toxicity in experimental 
animals) in 2,329 hits from PubMed and 3,914 hits from Web of Science; for Area 3 (in vitro and in 
vivo genotoxicity and mode of action) in 1,100 hits from PubMed and 2,290 hits from Web of Science; 

and for Area 4 (observations in humans) in 639 hits from PubMed and 1,073 from Web of Science. 
After removal of the duplicates, the total number of hits for Area 1 was 3,184, for Area 2 was 4,883, 

for Area 3 was 2,588, and for Area 4 was 1,295. The evaluation of all retrieved references for 
relevance by screening the title and abstract (if available) and applying eligibility criteria 

(inclusion/exclusion) resulted in a total number of relevant references for Area 1 of 33, for Area 2 of 

44, for Area 3 of 75 (including two relevant references located in the Area 2 literature search), and for 
Area 4 of 5.  
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Summary 

The overall aim of this assignment was to identify and collect all relevant literature on the oral toxicity 
of furan and its methyl analogues, 2-methylfuran and 3-methylfuran to support preparatory work for 

the human risk assessment of these substances. 

Initially, four tailored search strings were designed to retrieve all potentially relevant studies for the 

hazard identification and characterisation of furan and its methyl analogues. The four tailored search 
strings covered the following four areas: 

 Area 1: Data on toxicokinetics (absorption, distribution, metabolism and excretion (ADME)) in 

experimental animals and humans and from in vitro studies. 

 Area 2: Data on oral toxicity in experimental animals. 

 Area 3: Data on in vitro and in vivo genotoxicity and mode of action (MoA). 

 Area 4: Data on observations in humans (including epidemiological studies, case reports and 

biomarkers of exposure). 

The search strings were tailored to the databases PubMed and Web of Science and consisted of two 

major steps each designed to search titles and abstracts in PubMed and Web of Science, as well as 
full text in PubMed. Combinations of search terms were used, starting with a broad search for each 

compound (furan, 2-methylfuran and 3-methylfuran) and its synonyms (step 1) and followed by an 

Area specific step with the addition of search terms relevant to each Area (step 2). 

Then the four tailored search strings were employed to retrieve all relevant studies from the two 

databases. Data published since 1990 were retrieved for Area 1-3 and since 2004 for Area 4. All 
retrieved references were exported as separate files into EndNoteTM. Duplicate studies were then 

removed after combining the two EndNoteTM files per Area into one single combined file per Area. 

The literature search resulted for Area 1 in 1,674 hits from PubMed and 2,318 hits from Web of 

Science; for Area 2 in 2,329 hits from PubMed and 3914 hits from Web of Science; for Area 3 in 1,100 

hits from PubMed and 2,290 hits from Web of Science; and for Area 4 in 639 hits from PubMed and 
1,073 from Web of Science. After removal of the duplicates, the total number of hits for Area 1 was 

3,184, for Area 2 was 4,883, for Area 3 was 2,588, and for Area 4 was 1,295. 

All retrieved references were then evaluated for relevance by applying eligibility criteria 

(inclusion/exclusion). The selection for relevance was conducted by screening the title and abstract (if 

available) and all the retrieved references were ultimately sorted into one of the following two 
categories: 

 Relevant to the research objectives: References ultimately evaluated to be relevant were 

included in this category. In case the relevance could not be evaluated because e.g. of 
missing or vague abstracts individual full texts were obtained if possible to evaluate if the 

study was truly relevant. If relevance remained uncertain, the references were also included 
in this category, as a conservative approach. 

 Not relevant to the research objectives: References ultimately evaluated not to be in-scope 

were included in this category. 

The results of the reference selection process were reported in summary tables (Excel files), one table 
per Area. The summary tables include all pertinent information for each of the references in the 

‘Relevant’ category as identified by the eligibility criteria and which could be retrieved from the title 
and abstract (when available). The summary tables also include references in the ‘Not relevant’ 

category, including the reason for exclusion, but without any study details.  

The evaluation for relevance resulted in a total number of relevant references for Area 1 of 33, for 
Area 2 of 44, for Area 3 of 75 (including two relevant references located in the Area 2 literature 

search), and for Area 4 of 5.  



ELS for furan and its methyl analogues 
 

 

 
www.efsa.europa.eu/publications 4 EFSA Supporting publication 2017:EN-1066 

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in 
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is 
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The 
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, 
without prejudice to the rights of the authors. 
 

 

 

Table of contents 

 

Abstract ......................................................................................................................................... 1 
Summary ....................................................................................................................................... 3 
1. Introduction ........................................................................................................................ 5 

 Background and Terms of Reference as provided by the requestor ........................................ 5 1.1.

1.1.1. Background as provided by EFSA ......................................................................................... 5 
1.1.2. Objectives as provided by EFSA ........................................................................................... 5 
2. Methodologies .................................................................................................................... 6 

 Objective 1 ......................................................................................................................... 6 2.1.

2.1.1. Task 1 Developing tailored search strategies and search strings for collecting relevant studies 6 
 Objective 2 ......................................................................................................................... 7 2.2.

2.2.1. Task 2 Execution of four extensive literature searches using the tailored search strings 

developed in task 1 ............................................................................................................. 7 
 Objective 3 ......................................................................................................................... 7 2.3.

2.3.1. Task 3 Selection of all relevant studies retrieved by the extensive literature searches .............. 7 
2.3.2. Task 4 Preparation of EndNoteTM files, summary tables and reference lists ............................. 8 
3. Results ............................................................................................................................... 9 

 Objective 1 ......................................................................................................................... 9 3.1.
3.1.1. Task 1 Developing tailored search strategies and search strings for collecting relevant studies 9 

 Objective 2 ....................................................................................................................... 10 3.2.
3.2.1. Task 2 Execution of four extensive literature searches using the tailored search strings 

developed in task 1 ........................................................................................................... 10 
 Objective 3 ....................................................................................................................... 13 3.3.

3.3.1. Task 3 Selection of all relevant studies retrieved by the extensive literature searches ............ 13 
3.3.2. Task 4 Preparation of EndNoteTM files, summary tables and reference lists ........................... 13 
4. Conclusions ...................................................................................................................... 14 
References ................................................................................................................................... 15 
Appendix A – Tables Regarding Eligibility Criteria as provided by EFSA in the technical 

specifications .................................................................................................................... 16 
Appendix B – Identified relevant references for each area ......................................................... 20 
 

  



ELS for furan and its methyl analogues 
 

 

 
www.efsa.europa.eu/publications 5 EFSA Supporting publication 2017:EN-1066 

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in 
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is 
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The 
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, 
without prejudice to the rights of the authors. 
 

 

 

1. Introduction  

 Background and Terms of Reference as provided by the requestor 1.1.

This contract was awarded by EFSA to: 

Contractor: National Food Institute, Technical University of Denmark 

Contract title: Identifying and collecting relevant literature related to the oral toxicity of furan and its 

methyl analogues, 2-methylfuran and 3-methylfuran 

Contract number: RC/EFSA/BIOCONTAM/2016/02 

1.1.1. Background as provided by EFSA 

The Unit on Biological Hazard and Contaminants (BIOCONTAM Unit) supports the Panel on 
Contaminants in the Food Chain (CONTAM Panel), which provides scientific advice on contaminants in 

the food chain and undesirable substances such as natural toxicants, mycotoxins and residues of 

unauthorised substances.  

In January 2016 EFSA received a mandate from the European Commission for a scientific opinion on 

the health risks related to the presence of furan and its methyl analogues in food. The mandate was 
allocated to the CONTAM Panel. A Working Group will be established to develop the draft opinion.  

To support preparatory work for the hazard identification and characterization steps in the human risk 

assessment, EFSA wishes to outsource an extensive literature search (ELS) related to the toxicity of 
furan and its methyl analogues, 2-methylfuran and 3-methylfuran.  

The contractor should ensure that all the steps for conducting the ELS are properly documented and 
reported.  

The present Call is based on EFSA’s 2016 Work Programme for Grants and operational Procurements 
Financing Decision found in Annex II of the Programming Document 2016-2018, available on the 

EFSA’s website1. 

1.1.2. Objectives as provided by EFSA 

The overall aim of the assignment is to identify and collect all relevant literature on the oral toxicity of 

furan and its methyl analogues, 2-methylfuran and 3-methylfuran to support preparatory work for the 
human risk assessment of these substances. 

The three specific objectives in this assignment include: 

Objective 1: 

To design four tailored search strategies to retrieve all potentially relevant studies for the hazard 

identification and characterisation of furan and its methyl analogues, 2-methylfuran and 3-
methylfuran. The four tailored search strategies will cover the following four areas: 

 Area 1: Data on toxicokinetics (absorption, distribution, metabolism and excretion (ADME)) in 

experimental animals and humans and from in vitro studies. 

 Area 2: Data on oral toxicity in experimental animals. 

 Area 3: Data on in vitro and in vivo genotoxicity and mode of action (MoA). 

 Area 4: Data on observations in humans (including epidemiological studies, case reports and 

biomarkers of exposure). 

 

                                                           
1 http://www.efsa.europa.eu/sites/default/files/mb151203-a2.pdf 
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Objective 2: 

To retrieve all potentially relevant studies for the hazard identification and characterisation of furan 

and its methyl analogues, 2-methylfuran and 3-methylfuran by execution of four extensive literature 

searches (ELSs) using the tailored search strings for the four areas developed under objective 1. 

Objective 3: 

To determine the relevance of the retrieved studies by screening titles and abstracts according to 
preselected eligibility criteria and prepare the outcome of the project for presentation to EFSA. 

 

2. Methodologies  

The methodology for systematic reviews including guidance for development and optimisation of a 

search strategy and for selecting relevant studies has been described by EFSA (2010). This 
methodology has been implemented as appropriate in the Tasks described below.   

 Objective 1 2.1.

2.1.1. Task 1 Developing tailored search strategies and search strings for 
collecting relevant studies 

Four tailored search strings on the four areas described below were developed for identifying all 

potentially relevant studies for the risk assessment of furan and its methyl analogues, 2-methylfuran 
and 3-methylfuran.  

The four search strings are driven by the eligibility criteria for each Area (1-4) as provided by EFSA in 
the technical specifications which are copied in Appendix A of this external report. The search strings 

were tailored to the databases PubMed and Web of Science2. They consisted of two major steps each 
designed to search titles and abstracts in PubMed and Web of Science, as well as full text in PubMed. 

Combinations of search terms were used, starting with a broad search for each compound (furan, 2-

methylfuran and 3-methylfuran) and its synonyms (step 1). The next step was Area specific with the 
addition of search terms relevant to each Area (step 2). The eligibility criteria contained both inclusion 

and exclusion criteria. Use of the Boolean operator “NOT” was avoided as a relevant reference can 
contain discussions on both relevant and excluded search terms. Instead exclusion criteria such as 

language (only English) and publication type (only peer reviewed primary research studies, systematic 

reviews and meta-analyses) were implemented in the search strategy.   

Step 1 was designed to capture titles and abstracts in PubMed and Web of Science, as well as full text 

in PubMed containing furan, 2-methylfuran or 3-methylfuran. This step included compound name and 
synonyms, e.g. for furan:  

 Furan  

 OR Divinylene oxide  

 OR Furfuran 

 OR Oxacyclopentadiene 

 OR Oxole 

 OR Tetrole 

 OR … 

                                                           
2 Including the following databases: Web of ScienceTM Core Collection, BIOSIS Citation IndexSM, CABI: CAB Abstracts®, 

Current Contents Connect®, Data Citation index SM, FSTA®- the food science resource, MEDLINE®, SciELO Citation Index 
and Zoological Recored®. 
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“OR” is a Boolean operator that expands the amount of references returned when used in a search 
string as just one of the search terms need to be present in the returned references. 

Step 2 was designed to capture titles and abstracts in PubMed and Web of Science, as well as full text 

in PubMed containing Area specific search terms. This step could for Area 2 include: 

 Oral  

 OR gavage 

 OR feed 

 OR liver 

 OR hepato* 

 OR cancer 

 OR carcino* 

 OR … 

“*” symbolises truncation and is used for finding singular and plural forms of words and various 

endings. Both PubMed and Web of Science use an asterisk as their truncation symbol. 

Search terms were identified in collaboration with the entire project team to identify as many as 

possible. The search terms were combined and tested in the two databases to develop the most 
sensitive and appropriate search string.  

The search strings were also tested by assessing whether it retrieved relevant papers already known 

to the project team (e.g. (Moser et al., 2009; Gill et al., 2010; Terrell et al., 2014; Churchwell et al., 
2015)) as recommend in EFSA (2010).  

 Objective 2 2.2.

2.2.1. Task 2 Execution of four extensive literature searches using the tailored 
search strings developed in task 1 

The four tailored search strings developed in Task 1 and agreed upon by EFSA were employed to 
retrieve all relevant studies from the databases PubMed and Web of Science on furan and its methyl 

analogues, 2-methylfuran and 3-methylfuran.  

Data published since 1990 were retrieved on toxicokinetics (ADME) in experimental animals, humans 
and in vitro (Area 1), oral toxicity in experimental animals (Area 2) and in vitro and in vivo 

genotoxicity and mode of action (Area 3). Data published since 2004 were retrieved on observations 
in humans (including epidemiological studies, case reports, biomarkers of exposure) (Area 4). 

All references located in the extensive literature searches in PubMed and Web of Science were 
exported as separate files into EndNoteTM. Title, author, journal, year of publication and abstract were 

included for each study imported to EndNoteTM and the number of hits resulting from each of the four 

tailored search strings in each of the two databases were recorded in a log file. Duplicate studies were 
then removed after combining the two EndNoteTM files per Area into one single combined file per 

Area. 

 Objective 3 2.3.

2.3.1. Task 3 Selection of all relevant studies retrieved by the extensive 
literature searches 

All studies retrieved by the extensive literature searches and imported into the combined EndNoteTM 

files, one file per Area (Task 2), were evaluated for relevance by applying eligibility criteria 
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(inclusion/exclusion) as described by EFSA in the technical specifications (see Appendix A of this 
external report) for each subject Area (1-4). The selection for relevance was conducted by screening 

the title and abstract (if available) and all the retrieved studies were ultimately sorted into one of the 

following two categories: 

 Relevant to the research objectives: References ultimately evaluated to be relevant were 

included in this category. In case the relevance could not be evaluated because e.g. of 

missing or vague abstracts individual full texts were obtained if possible to evaluate if the 
study was truly relevant, as recommended by EFSA (2010). If relevance remained uncertain, 

the references were also included in this category, as a conservative approach. 

 Not relevant to the research objectives: References ultimately evaluated not to be in-scope 

were included in this category. 

To ensure a uniform understanding of the eligibility criteria in the four Areas, these were discussed in 

an internal meeting before all references were assessed for relevance. 

According to the original protocol proposed by the Contractor, “Each will be individually assessed by 
two reviewers in order to prevent the introduction of errors and personal bias. In the possible event of 
disagreements between reviewers a third member of the project team will assist in solving the specific 
issue as recommended by EFSA (2010).” However, as a result of the very broad search strings for 

each Area, a huge number of irrelevant hits were retrieved in the ELS for each Area. It was therefore 
decided that one principal team member for each Area performed an initial sorting of the hits into one 

of the following three categories: 1) Relevant, 2) possibly relevant, and 3) not relevant. All the 
references considered as possibly relevant were then assessed by another principal team member for 

each Area and the references were included either in the ‘Relevant’ category or in the ‘Not relevant’ 

category. The project coordinator also assisted in the evaluation of the possibly relevant references. 
In case relevance still remained uncertain, the references were included in the ‘Relevant’ category, as 

a conservative approach.  

This deviation from the original protocol is not considered to invalidate the outcome of the selection 

for relevance of the studies retrieved from the ELSs as both the principal team members for each Area 
have an extensive experience within the specific Area and as the project coordinator has an extensive 

experience within all four Areas.  

The results of the reference selection process were reported in summary tables, one table per Area. 
The information included in the summary tables ensures that all eligibility criteria of the studies were 

considered. Additional fields for relevance (answered by yes/no based on the eligibility criteria), the 
person(s) responsible for the screening and comments were also included in the summary tables.   

To ensure a uniform reporting in the four summary tables, five representative references within each 

Area were assessed by all principal team members and discussed in an internal meeting before all 
references were reported in the summary tables.  

2.3.2. Task 4 Preparation of EndNoteTM files, summary tables and reference lists 

EndNoteTM files 

All references found relevant for the risk assessment of furan and its methyl analogues, 2-methylfuran 

and 3-methylfuran within Area 1-4 were collected in a single EndNoteTM file including all indexed fields 
per reference (i.e. title, author, publication year, journal and abstract). 

Summary tables 

Summary tables (Excel files) were prepared, one table for each Area.  

Reference lists 

All relevant references were collected in a reference list (see Appendix B).  
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3. Results 

 Objective 1 3.1.

3.1.1. Task 1 Developing tailored search strategies and search strings for 
collecting relevant studies 

The search strings that resulted in the largest number of potentially relevant studies on furan and its 
methyl analogues, 2-methylfuran and 3-methylfuran within Area 1-4 were submitted to EFSA on 8 

April 2016 (email) as part of Deliverable 1. The proposed search strings were discussed with EFSA at 
the kick-off meeting on 11 April, revised and agreed on 15 April (email). The agreed search strings for 

Area 1-4 are presented below. 

In the proposed search strings, “OR” is the Boolean operator that expands the amount of references 

returned when used in a search string as just one of the search terms need to be present in the 

returned references. “*” symbolises truncation and is used for finding singular and plural forms of 
words and various endings. Both PubMed and Web of Science use an asterisk as their truncation 

symbol. 

Step 1: 

The search strings agreed for step 1 are as follows: 

Furan: 
(Furan OR Furane OR Furfuran OR Furfurane OR Tetrole) 

2-Methylfuran: 
(2-Methylfuran OR 2-Methylfurane OR 5-Methylfuran OR 5-Methylfurane OR Silvan OR Sylvan) 

3-Methylfuran: 
(3-Methylfuran OR 3-Methylfurane) 

Step 2: 

The Area specific search strings agreed for step 2 are as follows: 

Area 1: Data on toxicokinetics (ADME) in experimental animals and humans and from in vitro studies. 

(Furan OR Furane OR Furfuran OR Furfurane OR Tetrole OR Silvan OR Sylvan OR 2-Methylfuran OR 2-
Methylfurane OR 3-Methylfuran OR 3-Methylfurane OR 5-Methylfuran OR 5-Methylfurane) AND 

(absor* OR tissue* OR metaboli* OR excret* OR kinetic* OR toxicokinetic* OR pharmacokinetic* OR 

degrad* OR biotrans*) 

Area 2: Data on oral toxicity in experimental animals. 

(Furan OR Furane OR Furfuran OR Furfurane OR Tetrole OR Silvan OR Sylvan OR 2-Methylfuran OR 2-
Methylfurane OR 3-Methylfuran OR 3-Methylfurane OR 5-Methylfuran OR 5-Methylfurane) AND (oral 

OR diet* OR gavage OR feed OR food OR organ* OR tissue* OR cancer* OR carcino* OR tumor* OR 

tumour* OR tox* OR immun* OR teratogen* OR rat OR mouse OR mice OR rabbit*) 

Area 3: Data on in vitro and in vivo genotoxicity and MoA. 

(Furan OR Furane OR Furfuran OR Furfurane OR Tetrole OR Silvan OR Sylvan OR 2-Methylfuran OR 2-
Methylfurane OR 3-Methylfuran OR 3-Methylfurane OR 5-Methylfuran OR 5-Methylfurane) AND 

(genotox* OR mode OR action OR mechanism* OR muta* OR DNA OR damage OR repair OR 
clastogen* OR aneugen* OR chromosom*) 

Area 4: Data on observations in humans (including epidemiological studies, case reports and 

biomarkers of exposure). 
(Furan OR Furane OR Furfuran OR Furfurane OR Tetrole OR Silvan OR Sylvan OR 2-Methylfuran OR 2-

Methylfurane OR 3-Methylfuran OR 3-Methylfurane OR 5-Methylfuran OR 5-Methylfurane) AND 
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(epidemio* OR biomarker* OR exposure* OR case* OR poison* OR cohort* OR cross-sectional OR 
random* OR work*) 

 Objective 2 3.2.

3.2.1. Task 2 Execution of four extensive literature searches using the tailored 
search strings developed in task 1 

The number of hits resulting from each of the four tailored search strings in each of the two 

databases PubMed and Web of Science were recorded in a log file: 

 

OBJECTIVE: Log file for the four tailored search strings to retrieve all relevant data on furan and its methyl 
analogues, 2-methylfuran and 3-methylfuran. 

Date of 
search 

Substance 
name 

Databases & 
Search Engines  

Search terms  Limitations 
applied to 

search 

No of 
'hits' 

Comments & 
follow-up 
actions 

April 14, 
2016 

Furan PubMed (Furan OR furane OR 
furfuran OR furfurane 
OR tetrole OR silvan 

OR sylvan OR 2-
methylfuran OR 2-
methylfurane OR 3-
methylfuran OR 3-
methylfurane OR 5-
methylfuran OR 5-
methylfurane) AND 
(absor* OR tissue* 
OR metaboli* OR 

excret* OR kinetic* 
OR toxicokinetic* OR 
pharmacokinetic* OR 

degrad* OR 
biotrans*) 

Year: 1990- 
Language: 

English 

1,674 AREA 1 
 

Has been 
exported to 
EndNoteTM 

April 14, 
2016 

Furan PubMed (Furan OR furane OR 
furfuran OR furfurane 
OR tetrole OR silvan 

OR sylvan OR 2-
methylfuran OR 2-
methylfurane OR 3-
methylfuran OR 3-
methylfurane OR 5-
methylfuran OR 5-
methylfurane) AND 
(oral OR diet* OR 

gavage OR feed OR 
food OR organ* OR 
tissue* OR cancer* 

OR carcino* OR 
tumor* OR tumour* 
OR tox* OR rat OR 
mouse OR mice OR 
rabbit* OR immun* 

OR teratogen*) 

Year: 1990- 
Language: 

English 

2,329 AREA 2 
 

Has been 
exported to 
EndNoteTM 



ELS for furan and its methyl analogues 
 

 

 
www.efsa.europa.eu/publications 11 EFSA Supporting publication 2017:EN-1066 

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in 
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is 
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The 
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, 
without prejudice to the rights of the authors. 
 

 

 

Date of 
search 

Substance 
name 

Databases & 
Search Engines  

Search terms  Limitations 
applied to 

search 

No of 
'hits' 

Comments & 
follow-up 
actions 

April 14, 
2016 

Furan PubMed (Furan OR furane OR 
furfuran OR furfurane 
OR tetrole OR silvan 

OR sylvan OR 2-
methylfuran OR 2-
methylfurane OR 3-
methylfuran OR 3-
methylfurane OR 5-
methylfuran OR 5-
methylfurane) AND 
(genotox* OR mode 

OR action OR 
mechanism* OR 

muta* OR DNA OR 
damage OR repair OR 

clastogen* OR 
aneugen* OR 
chromosom*) 

Year: 1990- 
Language: 

English 

1,100 AREA 3 
 

Has been 
exported to 
EndNoteTM 

April 14, 
2016 

Furan PubMed (Furan OR furane OR 
furfuran OR furfurane 
OR tetrole OR silvan 

OR sylvan OR 2-
methylfuran OR 2-
methylfurane OR 3-
methylfuran OR 3-
methylfurane OR 5-
methylfuran OR 5-
methylfurane) AND 

(epidemio* OR 
biomarker* OR 

exposure* OR case* 
OR poison* OR 

cohort* OR cross-
sectional OR random* 

OR work*) 

Year: 2004- 
Language: 

English 

639  AREA 4 
 

Has been 
exported to 
EndNoteTM 

April 18, 
2016 

Furan Web of Science (Furan OR furane OR 
furfuran OR furfurane 
OR tetrole OR silvan 

OR sylvan OR 2-
methylfuran OR 2-
methylfurane OR 3-
methylfuran OR 3-
methylfurane OR 5-
methylfuran OR 5-
methylfurane) AND 
(absor* OR tissue* 
OR metaboli* OR 

excret* OR kinetic* 
OR toxicokinetic* OR 
pharmacokinetic* OR 

degrad* OR 
biotrans*) 

Year: 1990- 
Language: 

English 

2,318 AREA 1 
 

Has been 
exported to 
EndNoteTM 
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Date of 
search 

Substance 
name 

Databases & 
Search Engines  

Search terms  Limitations 
applied to 

search 

No of 
'hits' 

Comments & 
follow-up 
actions 

April 18, 
2016 

Furan Web of Science (Furan OR furane OR 
furfuran OR furfurane 
OR tetrole OR silvan 

OR sylvan OR 2-
methylfuran OR 2-
methylfurane OR 3-
methylfuran OR 3-
methylfurane OR 5-
methylfuran OR 5-
methylfurane) AND 
(oral OR diet* OR 

gavage OR feed OR 
food OR organ* OR 
tissue* OR cancer* 

OR carcino* OR 
tumor* OR tumour* 
OR tox* OR rat OR 
mouse OR mice OR 
rabbit* OR immun* 

OR teratogen*) 

Year: 1990- 
Language: 

English 

3,914 AREA 2 
 

Has been 
exported to 
EndNoteTM 

April 18, 
2016 

Furan Web of Science (Furan OR furane OR 
furfuran OR furfurane 
OR tetrole OR silvan 

OR sylvan OR 2-
methylfuran OR 2-
methylfurane OR 3-
methylfuran OR 3-
methylfurane OR 5-
methylfuran OR 5-
methylfurane) AND 
(genotox* OR mode 

OR action OR 
mechanism* OR 

muta* OR DNA OR 
damage OR repair OR 

clastogen* OR 
aneugen* OR 
chromosom*) 

Year: 1990- 
Language: 

English 

2,290 AREA 3 
 

Has been 
exported to 
EndNoteTM 

April 18, 
2016 

Furan Web of Science (Furan OR furane OR 
furfuran OR furfurane 
OR tetrole OR silvan 

OR sylvan OR 2-
methylfuran OR 2-
methylfurane OR 3-
methylfuran OR 3-
methylfurane OR 5-
methylfuran OR 5-
methylfurane) AND 

(epidemio* OR 
biomarker* OR 

exposure* OR case* 
OR poison* OR 

cohort* OR cross-
sectional OR random* 

OR work*) 

Year: 2004- 
Language: 

English 

1,073 AREA 4 
 

Has been 
exported to 
EndNoteTM 
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For Area 1, 1,674 hits resulted from the ELS in PubMed and 2,318 hits in Web of Science. For Area 2, 

2,329 hits resulted from the ELS in PubMed and 3,914 hits in Web of Science. For Area 3, 1,100 hits 

resulted from the ELS in PubMed and 2,290 hits in Web of Science. For Area 4, 639 hits resulted from 
the ELS in PubMed and 1,073 hits in Web of Science.  

After removal of the duplicates, the total number of hits for Area 1 was 3,184, for Area 2 was 4,883, 
for Area 3 was 2,588, and for Area 4 was 1,295. 

The results of the ELS and an initial selection of potentially relevant studies on furan and its methyl 

analogues, 2-methylfuran and 3-methylfuran for Area 1-4 were submitted to EFSA on 11 May (emails) 
as Deliverable 2 and then uploaded to the DMS on 13 May. 

For each of Area 1-4, three EndNote files were submitted: one including all hits from PubMed (named: 
My EndNote Library_AREA X_PubMed.enlx), one including all hits from Web of Science (named: My 

EndNote Library_AREA X_Web of Science.enlx), and one including the combined hits from PubMed 
and Web of Science with duplicate records removed (named: My EndNote Library_AREA X.enlx). 

In the combined EndNote files, one file per Area, all hits were separated into 4 folders and named as 

follows:  

 ‘Relevant’: Containing hits initially evaluated to be of relevance for this procurement 

 ‘Maybe relevant’: Containing hits where relevance initially was considered uncertain, as a 

conservative approach. Hits in this folder were afterwards sorted into either the ‘relevant’ or 

‘not relevant’ following further scrutiny before submission of the draft final deliverable. 

 ‘Not relevant’: Containing hits initially evaluated not to be in-scope for this procurement 

 ‘Trash’: Containing the removed duplicates 

For Area 2 a 5th folder contained 3 hits initially considered of relevance for Area 3; these were further 

scrutinized before submission of the draft final deliverable. 

 Objective 3 3.3.

3.3.1. Task 3 Selection of all relevant studies retrieved by the extensive 
literature searches 

A proposal for the information to be included in the summary tables for each area (Excel file) was 
submitted to EFSA on 8 April (email) as part of Deliverable 1. The proposed summary tables were 

discussed with EFSA at the kick-off meeting on 11 April. EFSA had a number of suggestions for 
revisions which were agreed and reflected in the revised version of the summary tables submitted to 

EFSA on 15 April (email).  

According to the tender specifications, the summary tables should only include the relevant studies. 

However, for transparency reasons, it was agreed at the kick-off meeting also to include the non-

relevant studies (including the reason for exclusion), but without any study details. 

The total number of relevant references for Area 1 was 33, for Area 2 44, for Area 3 75 (including two 

relevant references located in the Area 2 literature search), and for Area 4 5. 

3.3.2. Task 4 Preparation of EndNoteTM files, summary tables and reference lists 

The EndNoteTM files, the summary tables and the reference lists were submitted to EFSA on 31 May 

(uploaded to the DMS) as part of the draft final deliverable.  

The final protocol and project plan implemented by the Contractor to carry out the project was also 

submitted to EFSA on 31 May (uploaded to the DMS and by email) as part of the draft final 
deliverable. 
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EndNoteTM files 

For each of Area 1-4, three EndNote files were submitted: One file per Area including all hits from 

PubMed (named: My EndNote Library_AREA X_PubMed.enlx) which are identical to the files submitted 

as part of Deliverable 2; one file per Area including all hits from Web of Science (named: My EndNote 
Library_AREA X_Web of Science.enlx) which are identical to the files submitted as part of Deliverable 

2; and one file per Area including the combined hits from PubMed and Web of Science (named: My 
EndNote Library_AREA X_deliverable 3.enlx). 

In the combined EndNote files, one file per Area, all hits were separated into 2 folders and named as 

follows:  

 ‘Relevant’: Containing all the references evaluated to be of relevance for the research 

objectives, including the references of uncertain relevance 

 ‘Not relevant’: Containing all the references evaluated not to be in-scope for the research 

objectives 

For Area 2, a 3rd folder contains hits of relevance for Area 3. 

Summary tables 

Summary tables (Excel files) were prepared, one table for each Area 1-4. The summary tables include 

all pertinent information for each of the references in the ‘Relevant’ category as identified by the 

eligibility criteria described by EFSA in the technical specifications (see Appendix A of this external 
report) which could be retrieved from the title and abstract (when available). The summary tables also 

include references in the ‘Not relevant’ category, including the reason for exclusion, but without any 
study details. All references included in the ‘Relevant’ category appear on a green background; all 

references included in the ‘Not relevant’ category appear on a white background.  

Reference lists 

All relevant references were collected in a reference list (Word file), one file per Area. The reference 

lists are included in Appendix B. 

 

4. Conclusions 

An extensive literature search to identify and collect all relevant literature on the oral toxicity of furan 
and its methyl analogues, 2-methylfuran and 3-methylfuran was performed in the two databases, 

PubMed and Web of Science, for four Areas.  

The literature search resulted for Area 1 (toxicokinetics) in 1,674 hits from PubMed and 2,318 hits 

from Web of Science; for Area 2 (oral toxicity in experimental animals) in 2,329 hits from PubMed and 

3,914 hits from Web of Science; for Area 3 (in vitro and in vivo genotoxicity and mode of action) in 
1,100 hits from PubMed and 2,290 hits from Web of Science; and for Area 4 (observations in humans) 

in 639 hits from PubMed and 1,073 from Web of Science. 

After removal of the duplicates, the total number of hits for Area 1 was 3,184, for Area 2 was 4,883, 

for Area 3 was 2,588, and for Area 4 was 1,295. 

The evaluation of all retrieved references for relevance by screening the title and abstract (if available) 

and applying the eligibility criteria (inclusion/exclusion) as described by in the technical specifications 

(see Appendix A of this external report) for each subject Area (1-4) resulted in a total number of 
relevant references for Area 1 of 33, for Area 2 of 44, for Area 3 of 75 (including two relevant 

references located in the Area 2 literature search), and for Area 4 of 5. 
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Appendix A – Tables Regarding Eligibility Criteria as provided by EFSA in 
the technical specifications 

Table 1A: Eligibility criteria for the selection of studies in humans 

Study design 

In 

Cross-sectional studies 

Cohort studies 

Case-control studies (retrospective and nested) 

Case series/Case reports(c) 

Out 
Animal studies 

In vitro studies 

Study 

characteristics: 

In 
Any study duration 

Any number of subjects 

Out - 

Population 
In 

All populations groups, all ages, males and females 

Study location: all countries  

Out - 

Exposure/ 

intervention 

In 

All routes of exposure (dietary, dermal, inhalation, transplacental exposure) 

 

Studies in which levels of the following target compounds have been measured in human 

tissues (including by bioassays), 

 

OR 

 

Studies in which the total exposure to the following target compounds has been estimated(a) 

 

 furan 

 2-methylfuran  

 3-methylfuran 

Out Studies on compounds other than furan, 2-methylfuran and 3-methylfuran 

Specific outcome of 

interest 

In All endpoints, including hormone levels  

Out 
Studies on gene expression only 

Studies on drug metabolising enzyme activity/levels only 

Language In English 

Time In From 2004 onwards 

Publication type 

In 
Peer-reviewed primary research studies (i.e. studies generating new data) 

Systematic reviews, reviews  and meta-analyses(b) 

Out 

Expert opinions, editorials, and letters to the editor 

PhD Theses 

Extended abstracts, conference proceedings 

(a): Although these studies will not serve for the hazard characterisation, they are informative and serve as supporting 
information. 

(b): Systematic reviews, reviews and meta-analysis will be included and used as background information for the hazard 
characterisation.  

(c): Case series/case report studies will be included to inform the hazard identification.  

 



ELS for furan and its methyl analogues 
 

 

 
www.efsa.europa.eu/publications 17 EFSA Supporting publication 2017:EN-1066 

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in 
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is 
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The 
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, 
without prejudice to the rights of the authors. 
 

 

 

Table 1B: Eligibility criteria for the toxicity in experimental animals 

Study design 

In 

Experimental animal studies (e.g. rats, mice, monkeys, guinea pig, mini pigs, rabbit, 

hamster, dog, cat, mink, pigs) 

 

Out 

Studies on transgenic animals 

Human studies 

In vitro studies 

Study 

characteristics: 

In 
Any study duration 

Any number of animals 

Out - 

Population 
In Any experimental animal study, all ages, males and females 

Out - 

Exposure/ 

intervention 

In 

Route of administration: Oral (feeding, gavage studies) 

 

Exposure regime: single or repeated administration 

 

Number of doses: any 

 

Compounds:  

 furan 

 2-methylfuran  

 3-methylfuran 

Out 
Route of administration: dermal, inhalation, subcutaneous, intraperitoneal, intramuscular 

Studies on compounds other than furan, 2-methylfuran and 3-methylfuran 

Specific outcome 

of interest 

In All endpoints  

Out 

Studies on enzyme induction only (e.g. CYP modulation) 

Studies on gene expression only 

Studies on co-administration of pro-carcinogens (CON A, DMBA, NKK) only 

Studies on -omics profiles 

Studies on the protective effects of certain substances against methyl/2-methyl/3-methyl 

toxicity 

Language In English 

Time In From 1990 onwards 

Publication type 

In 
Peer-reviewed primary research studies (i.e. studies generating new data) 

Systematic reviews, reviews  and meta-analyses(a) 

Out 

Expert opinions, editorials, and letters to the editor. 

PhD Theses 

Extended abstracts, conference proceedings 

(a): Systematic reviews, reviews and meta-analysis will be included and used as background information.  
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Table 1C: Eligibility criteria for the Toxicokinetics 

Study design 

In 

Experimental animal (e.g. rats, mice, monkeys, guinea pig, mini pigs, rabbit, hamster, dog, 

cat, mink, pigs), human and in vitro studies  

 

in relation to: 

 absorption 
 distribution 
 metabolism  
 excretion 

Out - 

Study 

characteristics: 

In 
Any study duration 

Any number of animals 

Out - 

Population 
In Any experimental animal (all ages, males and females), human or in vitro study 

Out - 

Exposure/ 

intervention 

In 

Route of administration: Oral (feeding, gavage studies), inhalation, subcutaneous, 

intraperitoneal, intramuscular 

 

Compounds:  

 furan 

 2-methylfuran  

 3-methylfuran  

 

Number of doses: any 

 

Exposure regime: single or repeated administration 

Out 
Dermal application  

Studies on compounds other than furan, 2-methylfuran and 3-methylfuran  

Specific outcome 

of interest 
In Any outcome in relation to absorption, distribution, metabolism and excretion  

Out - 

Language In English 

Time In From 1990 onwards 

Publication type 

In 
Peer-reviewed primary research studies (i.e. studies generating new data) 

Systematic reviews, reviews  and meta-analyses(a) 

Out 

Expert opinions, editorials, and letters to the editor. 

PhD Theses 

Extended abstracts, conference proceedings 

(a): Systematic reviews, reviews and meta-analysis will be included and used as background information.  
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Table 1D: Eligibility criteria for the genotoxicity and mode of action 

Study design 

In 

Experimental animal studies (e.g. rats, mice, monkeys, guinea pig, mini pigs, rabbit, 

hamster, dog, cat, mink, pigs) and in vitro studies  

 

In relation to: 

 genotoxicity,  

 mode of action 

Including studies on transgenic animals(a) 

 

Out - 

Study 

characteristics: 

In 
Any study duration 

Any number of animals 

Out - 

Population 
In Any experimental animal (all ages, males and females) or in vitro study 

Out - 

Exposure/ 

intervention 

In 

Route of administration: Oral (feeding, gavage studies), inhalation, subcutaneous, 

intraperitoneal, intramuscular. 

 

Compounds:  

 furan 

 2-methylfuran  

 3-methylfuran  

 

Number of doses: any 

 

Exposure regime: single or repeated administration 

 

Out 
Dermal application  

Studies on compounds other than furan, 2-methylfuran and 3-methylfuran   

Specific outcome 

of interest 
In Genotoxicity and mechanistic studies  

Out - 

Language In English 

Time In From 1990 onwards 

Publication type 

In 
Peer-reviewed primary research studies (i.e. studies generating new data) 

Systematic reviews, reviews  and meta-analyses(b) 

Out 

Expert opinions, editorials, and letters to the editor. 

PhD Theses 

Extended abstracts, conference proceedings 

(a): It is considered that studies on transgenic animals are helpful in terms of mechanism of action. 
(b): Systematic reviews, reviews and meta-analysis will be included and used as background information. These types of 

publications will not go through the data extraction process. 
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Appendix B – Identified relevant references for each area 

 

AREA 1 

Reference list with all relevant references identified for AREA 1: Data on toxicokinetics (absorption, 

distribution, metabolism and excretion) in experimental animals and humans and from in vitro studies 
published in English since 1990. 

 
Becalski, A.T., A. M.; Cooke, G. M.; Gill, S. S., 2013. Investigation of possible endogenous formation 

of furan in Fischer-344 rat. Toxicological and Environmental Chemistry 95, 814-822. 

Brus, L.A.L., D.; Peterson, L. A., 2011. Oxidation of furan to a reactive metabolite by human 

cytochrome P450 enzymes. Abstr. Pap. Am. Chem. Soc. 242. 

Burka, L.T.W., K. D.; Irwin, R. D., 1991. Disposition of [14C]furan in the male F344 rat. Journal of 

toxicology and environmental health 34, 245-257. 

Chen, L.J.H., S. S.; Peterson, L. A., 1995. Identification of cis-2-butene-1,4-dial as a microsomal 

metabolite of furan. Chemical research in toxicology 8, 903-906. 

Chen, L.J.H., S. S.; Peterson, L. A., 1997. Characterization of amino acid and glutathione adducts of 

cis-2-butene-1,4-dial, a reactive metabolite of furan. Chemical research in toxicology 10, 866-874. 

Churchwell, M.I.S., R. C.; Von Tungeln, L. S.; Gamboa da Costa, G.; Beland, F. A.; Doerge, D. R., 
2015. Evaluation of serum and liver toxicokinetics for furan and liver DNA adduct formation in male 

Fischer 344 rats. Food and chemical toxicology : an international journal published for the British 
Industrial Biological Research Association 86, 1-8. 

Ferguson, L.J.H., S. S.; Peterson, L. A., 1996. Identification of cis-2-butene-1,4 dial as a furan 

metabolite and its reactions with biologically relevant molecules. Abstr. Pap. Am. Chem. Soc. 212, 
94-TOXI. 

Garle, M.J.F., J. R., 1990. Reactive metabolite formation catalysed by cytochrome P-450j. Toxicology 
in vitro : an international journal published in association with BIBRA 4, 493-496. 

Gates, L.A.L., D.; Peterson, L. A., 2012. Trapping of cis-2-butene-1,4-dial to measure furan 

metabolism in human liver microsomes by cytochrome P450 enzymes. Drug metabolism and 
disposition: the biological fate of chemicals 40, 596-601. 

Gates, L.A.P., M. B.; Matter, B. A.; Peterson, L. A., 2014. Comparative metabolism of furan in rodent 
and human cryopreserved hepatocytes. Drug metabolism and disposition: the biological fate of 

chemicals 42, 1132-1136. 

Grill, A.E.S., T.; Gates, L. A.; Lu, D.; Bandyopadhyay, D.; Yuan, J. M.; Murphy, S. E.; Peterson, L. A., 

2015. Abundant Rodent Furan-Derived Urinary Metabolites Are Associated with Tobacco Smoke 

Exposure in Humans. Chemical research in toxicology 28, 1508-1516. 

Hamberger, C.K., M.; Schauer, U. M.; Dekant, W.; Mally, A., 2010. Hepatobiliary toxicity of furan: 

identification of furan metabolites in bile of male f344/n rats. Drug metabolism and disposition: the 
biological fate of chemicals 38, 1698-1706. 

Jun, H.J.L., K. G.; Lee, Y. K.; Woo, G. J.; Park, Y. S.; Lee, S. J., 2008. Correlation of urinary furan with 

plasma gamma-glutamyltranspeptidase levels in healthy men and women. Food and chemical 
toxicology : an international journal published for the British Industrial Biological Research 

Association 46, 1753-1759. 

Kedderis, G.L., 1997. Extrapolation of in vitro enzyme induction data to humans in vivo. Chemico-

biological interactions 107, 109-121. 



ELS for furan and its methyl analogues 
 

 

 
www.efsa.europa.eu/publications 21 EFSA Supporting publication 2017:EN-1066 

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in 
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is 
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The 
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, 
without prejudice to the rights of the authors. 
 

 

 

Kedderis, G.L.C., M. A.; Held, S. D.; Batra, R.; Murphy, J. E.; Gargas, M. L., 1993. Kinetic analysis of 
furan biotransformation by F-344 rats in vivo and in vitro. Toxicology and applied pharmacology 
123, 274-282. 

Kedderis, G.L.H., S. D., 1996. Prediction of furan pharmacokinetics from hepatocyte studies: 
comparison of bioactivation and hepatic dosimetry in rats, mice, and humans. Toxicology and 

applied pharmacology 140, 124-130. 

Kellert, M.W., S.; Lutz, U.; Lutz, W. K., 2008. Biomarkers of furan exposure by metabolic profiling of 

rat urine with liquid chromatography-tandem mass spectrometry and principal component analysis. 

Chemical research in toxicology 21, 761-768. 

Kellert, M.W., S.; Schlatter, J.; Lutz, W. K., 2007. Search for biomarkers of furan exposure by 

metabolite profiling of rat urine with LC-MS/MS and principal component analysis. Naunyn-
Schmiedebergs Archives of Pharmacology 375, 98-98. 

Lee, Y.K.J., S. W.; Lee, S. J.; Lee, K. G., 2009. Analysis of Residual Furan in Human Blood Using Solid 
Phase Microextraction-Gas Chromatography/Mass Spectrometry (SPME-GC/MS). Food Sci. 

Biotechnol. 18, 379-383. 

Lu, D.P., L. A., 2010. Identification of furan metabolites derived from cysteine-cis-2-butene-1,4-dial-
lysine cross-links. Chemical research in toxicology 23, 142-151. 

Lu, D.S., M. M.; Peterson, L. A., 2008. Characterization of Furan Metabolites and Their Potential Role 
in Furan-Derived Protein Binding. Chemical research in toxicology 21, 2442-2442. 

Lu, D.S., M. M.; Phillips, M. B.; Peterson, L. A., 2009. Degraded protein adducts of cis-2-butene-1,4-

dial are urinary and hepatocyte metabolites of furan. Chemical research in toxicology 22, 997-
1007. 

Moro, S.C., J. K.; Wegener, J. W.; Hamberger, C.; Dekant, W.; Mally, A., 2012. Furan in heat-treated 
foods: formation, exposure, toxicity, and aspects of risk assessment. Molecular nutrition & food 

research 56, 1197-1211. 

Palmen, N.G.M.E., C. T. A., 1996. Glutathione depletion in human erythrocytes and rat liver: A study 

on the interplay between bioactivation and inactivation functions of liver and blood. Toxicology in 

Vitro 10, 273-281. 

Parmar, D.B., L. T., 1993. Studies on the interaction of furan with hepatic cytochrome P-450. Journal 

of biochemical toxicology 8, 1-9. 

Peterson, L.A., 2013. Reactive metabolites in the biotransformation of molecules containing a furan 

ring. Chemical research in toxicology 26, 6-25. 

Peterson, L.A.C., M. E.; Chan, J. Y.; Vu, C. C.; Matter, B. A., 2006. Identification of a cis-2-butene-1,4-
dial-derived glutathione conjugate in the urine of furan-treated rats. Chemical research in 

toxicology 19, 1138-1141. 

Peterson, L.A.C., M. E.; Vu, C. C.; Matter, B. A., 2005. Glutathione trapping to measure microsomal 

oxidation of furan to cis-2-butene-1,4-dial. Drug metabolism and disposition: the biological fate of 

chemicals 33, 1453-1458. 

Peterson, L.A.C., M.; Vu, C. C.; Matter, B., 2004. Identification of the urinary metabolites of furan. 

Chemical research in toxicology 17, 1764-1764. 

Peterson, L.A.G., L. A.; Phillips, M. B.; Matter, B. A., 2012. Comparative metabolism of furan in rodent 

and human cryopreserved hepatocytes. Abstr. Pap. Am. Chem. Soc. 244. 

Peterson, L.A.P., M. B.; Lu, D.; Sullivan, M. M., 2011. Polyamines are traps for reactive intermediates 

in furan metabolism. Chemical research in toxicology 24, 1924-1936. 

Phillips, M.B.S., M. M.; Villalta, P. W.; Peterson, L. A., 2014. Covalent modification of cytochrome c by 
reactive metabolites of furan. Chemical research in toxicology 27, 129-135. 



ELS for furan and its methyl analogues 
 

 

 
www.efsa.europa.eu/publications 22 EFSA Supporting publication 2017:EN-1066 

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in 
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is 
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The 
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, 
without prejudice to the rights of the authors. 
 

 

 

Sullivan, M.M.P., M. B.; Lu, D.; Peterson, L. A., 2010. Furan Metabolites React with Polyamines and 
Their Precursors. Chemical research in toxicology 23, 282-282. 

 

AREA 2 

Reference list with all relevant references identified for AREA 2: Data on oral toxicity in experimental 
animals published in English since 1990. 

 

1995. Furan. IARC monographs on the evaluation of carcinogenic risks to humans / World Health 
Organization, International Agency for Research on Cancer 63, 393-407. 

2004. Furan. Report on carcinogens : carcinogen profiles / U.S. Dept. of Health and Human Services, 

Public Health Service, National Toxicology Program 11, III127-128. 

2007. Update on the progress in acrylamide and furan research. Proceedings of the DG Sanco/CIAA 

sponsored workshop "Acrylamide" and joint DG Sanco/EFSA/DG JRC workshop "Furan in food." 
March 16-17, 20006 and May 19, 2006, respectively. Brussels, Belgium. Food additives and 

contaminants 24 Suppl 1, 1-142. 

Butterworth, B.E.S., C. S.; Goldsworthy, S. M.; Wilson, D. M.; Goldsworthy, T. L., 1994. Expression of 

myc, fos, and Ha-ras in the livers of furan-treated F344 rats and B6C3F1 mice. Molecular 

carcinogenesis 9, 24-32. 

Carthew, P.D., M.; Setzer, R. W., 2010. Application of the margin of exposure (MoE) approach to 

substances in food that are genotoxic and carcinogenic: example: furan (CAS No. 110-00-9). Food 
and chemical toxicology : an international journal published for the British Industrial Biological 

Research Association 48 Suppl 1, S69-74. 

Cooke, G.M.T., M.; Bourque, C.; Curran, I.; Gurofsky, S.; Gill, S., 2014. Effects of furan on male rat 
reproduction parameters in a 90-day gavage study. Reproductive toxicology (Elmsford, N.Y.) 46, 

85-90. 

Cordelli, E.L., P.; Villani, P.; Marcon, F.; Macri, C.; Caiola, S.; Siniscalchi, E.; Conti, L.; Eleuteri, P.; 

Malchiodi-Albedi, F.; Crebelli, R., 2010. Toxic and genotoxic effects of oral administration of furan 

in mouse liver. Mutagenesis 25, 305-314. 

Dong, H.G., S.; Curran, I. H.; Williams, A.; Kuo, B.; Wade, M. G.; Yauk, C. L., 2015. Toxicogenomic 

assessment of liver responses following subchronic exposure to furan in Fischer F344 rats. Archives 
of toxicology. 

Elmore, L.W.S., A. E., 1991. Phenotypic characterization of metaplastic intestinal glands and ductular 
hepatocytes in cholangiofibrotic lesions rapidly induced in the caudate liver lobe of rats treated 

with furan. Cancer research 51, 5752-5759. 

Elmore, L.W.S., A. E., 1992. Sequential appearance of intestinal mucosal cell types in the right and 
caudate liver lobes of furan-treated rats. Hepatology (Baltimore, Md.) 16, 1220-1226. 

Elmore, L.W.S., A. E., 1993. "Intestinal-type" of adenocarcinoma preferentially induced in 
right/caudate liver lobes of rats treated with furan. Cancer research 53, 254-259. 

Gill, S.B., G.; Lefebvre, D. E.; Becalski, A.; Kavanagh, M.; Hou, Y.; Turcotte, A. M.; Barker, M.; Weld, 

M.; Vavasour, E.; Cooke, G. M., 2010. Subchronic oral toxicity study of furan in Fischer-344 rats. 
Toxicologic pathology 38, 619-630. 

Gill, S.K., M.; Barker, M.; Weld, M.; Vavasour, E.; Hou, Y.; Cooke, G. M., 2011. Subchronic oral toxicity 
study of furan in B6C3F1 Mice. Toxicologic pathology 39, 787-794. 



ELS for furan and its methyl analogues 
 

 

 
www.efsa.europa.eu/publications 23 EFSA Supporting publication 2017:EN-1066 

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in 
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is 
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The 
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, 
without prejudice to the rights of the authors. 
 

 

 

Gill, S.K., M.; Cherry, W.; Barker, M.; Weld, M.; Cooke, G. M., 2015. A 28-day gavage toxicity study in 
Fischer 344 rats with 3-methylfuran. Toxicologic pathology 43, 221-232. 

Gill, S.S.K., M.; Cherry, W.; Barker, M.; Weld, M.; Cooke, G. M., 2014. A 28-day gavage toxicity study 

in male Fischer 344 rats with 2-methylfuran. Toxicologic pathology 42, 352-360. 

Heppner, C.W.S., J. R., 2007. Data requirements for risk assessment of furan in food. Food additives 

and contaminants 24 Suppl 1, 114-121. 

Hickling, K.C.H., J. M.; Chipman, J. K.; Evans, J. G.; Hammond, T. G., 2001. Cell metaplasia and 

altered cell-cell and cell-matrix interactions in rat liver following oral administration of furan. 

Toxicology 168, 110-111. 

Hickling, K.C.H., J. M.; Chipman, J. K.; Hammond, T. G.; Evans, J. G., 2010a. Induction and 

progression of cholangiofibrosis in rat liver injured by oral administration of furan. Toxicologic 
pathology 38, 213-229. 

Hickling, K.C.H., J. M.; Oreffo, V.; Mally, A.; Hammond, T. G.; Evans, J. G.; Chipman, J. K., 2010b. 
Evidence of oxidative stress and associated DNA damage, increased proliferative drive, and altered 

gene expression in rat liver produced by the cholangiocarcinogenic agent furan. Toxicologic 

pathology 38, 230-243. 

Hitchcock, J.M.H., K. C.; Chipman, J. K.; Coleman, R.; Evans, J. C.; Hammond, T. G., 2001. Persistent 

cellular changes in rat liver following exposure to furan. Toxicology 168, 110-110. 

Hitchcock, J.M.H., K. C.; Oreffo, V.; Chipman, J. K.; Coleman, R.; Evans, J. G.; Hammond, T. G., 2003. 

Cell specific changes associated with furan induced cholangiocarcinoma in the rat. Toxicology 192, 

71-72. 

Karacaoglu, E.S., G., 2010. Effects of heat-induced food contaminant furan on reproductive system of 

male rats from weaning through postpuberty. Food and chemical toxicology : an international 
journal published for the British Industrial Biological Research Association 48, 1293-1301. 

Karacaoglu, E.S., G.; Kilic, A., 2012. Histopathological effects of the food contaminant furan on some 
endocrine glands of prepubertal male rats. Turkish Journal of Medical Sciences 42, 1207-1213. 

Kockaya, E.A.K., A.; Karacaoglu, E.; Selmanoglu, G., 2012. Does furan affect the thymus in growing 

male rats? Drug and chemical toxicology 35, 316-323. 

Kus, E.S., G., 2008. Investigation of reproductive effects of furan in growing male rats. Toxicology 

letters 180, S70-S70. 

Mally, A., 2014. Carcinogenicity and genotoxicity of furan in rats in vivo. Toxicology letters 229, S27-

S27. 

Mally, A.G., C.; Schmal, O.; Moro, S.; Hamberger, C.; Schauer, U. M.; Bruck, J.; Ozden, S.; Sieber, M.; 
Steger, U.; Schrenk, D.; Hard, G. C.; Chipman, J. K.; Dekant, W., 2010. Functional and proliferative 

effects of repeated low-dose oral administration of furan in rat liver. Molecular nutrition & food 
research 54, 1556-1567. 

Mariotti, M.S.G., K.; Rozowski, J.; Pedreschi, F., 2013. Furan: a critical heat induced dietary 

contaminant. Food & function 4, 1001-1015. 

Maronpot, R.R.G., H. D.; Dykes, D. J.; Irwin, R. D., 1991. Furan-induced hepatic cholangiocarcinomas 

in Fischer 344 rats. Toxicologic pathology 19, 561-570. 

Moro, S.C., J. K.; Wegener, J. W.; Hamberger, C.; Dekant, W.; Mally, A., 2012. Furan in heat-treated 

foods: formation, exposure, toxicity, and aspects of risk assessment. Molecular nutrition & food 
research 56, 1197-1211. 

Morton, L.D.Y., A. F.; Lloyd, E.; Kiorpes, A. L.; Goldsworthy, T. L.; Fort, F. L., 2002. Evaluation of 

carcinogenic responses in the Eker rat following short-term exposure to selected nephrotoxins and 
carcinogens. Toxicologic pathology 30, 559-564. 



ELS for furan and its methyl analogues 
 

 

 
www.efsa.europa.eu/publications 24 EFSA Supporting publication 2017:EN-1066 

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in 
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is 
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The 
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, 
without prejudice to the rights of the authors. 
 

 

 

Moser, G.J.F., J.; Burnett, M.; Goldsworthy, T. L.; Maronpot, R., 2009. Furan-induced dose-response 
relationships for liver cytotoxicity, cell proliferation, and tumorigenicity (furan-induced liver 

tumorigenicity). Experimental and toxicologic pathology : official journal of the Gesellschaft fur 

Toxikologische Pathologie 61, 101-111. 

National Toxicology, P., 1993. Toxicology and Carcinogenesis Studies of Furan (CAS No. 110-00-9) in 

F344 Rats and B6C3F1 Mice(Gavage Studies). National Toxicology Program technical report series 
402, 1-286. 

National Toxicology, P., 2002. Furan. Report on carcinogens : carcinogen profiles / U.S. Dept. of 

Health and Human Services, Public Health Service, National Toxicology Program 10, 130-131. 

Polimeno, L.B., M.; Azzarone, A.; Iacobellis, A.; Zeng, O. H.; Subbotin, V.; Carr, B.; Starzl, T. E.; 

Francavilla, A., 1995. ONCOGENES EXPRESSION AFTER BILE-DUCT LIGATION IN RATS TREATED 
WITH FURAN. Hepatology (Baltimore, Md.) 22, 1482-1482. 

Ravindranath, V.B., M. R., 1991. Effect of modulators of glutathione synthesis on the hepatotoxicity of 
2-methylfuran. Biochemical pharmacology 41, 1311-1318. 

Selmanoglu, G.K., E.; Kilic, A.; Kockaya, E. A.; Akay, M. T., 2008. Evaluation of furan toxicity on liver 

and kidney in male rats. Toxicology letters 180, S57-S57. 

Selmanoglu, G.K., E.; Kilic, A.; Kockaya, E. A.; Akay, M. T., 2012. Toxicity of food contaminant furan 

on liver and kidney of growing male rats. Environmental toxicology 27, 613-622. 

Sirica, A.E., 1996. Biliary proliferation and adaptation in furan-induced rat liver injury and 

carcinogenesis. Toxicologic pathology 24, 90-99. 

Sirica, A.E.E., L. W., 1991a. EARLY APPEARANCE OF INTESTINAL METAPLASIA, CHOLANGIOFIBROSIS 
AND DUCTULAR HEPATOCYTES IN THE CAUDATE LIVER LOBE OF RATS ADMINISTERED THE 

CHOLANGIOCARCINOGEN, FURAN. Faseb Journal 5, A707-A707. 

Sirica, A.E.E., L. W.; Williams, T. W.; Cole, S. L., 1991b. EARLY INDUCTION OF 4 INTESTINAL-CELL 

TYPES IN THE RIGHT AND CAUDATE LIVER LOBES OF FURAN-TREATED RATS. Hepatology 
(Baltimore, Md.) 14, A103-A103. 

Stadler, R.H.A., E., 2007. Update on the progress in acrylamide and furan research. Food additives 

and contaminants 24 Suppl 1, 1-2. 

Wasser, S.T., C. E., 1999. Experimental models of hepatic fibrosis in the rat. Annals of the Academy of 

Medicine, Singapore 28, 109-111. 

Wilson, D.M.G., T. L.; Popp, J. A.; Butterworth, B. E., 1992. Evaluation of genotoxicity, pathological 

lesions, and cell proliferation in livers of rats and mice treated with furan. Environmental and 

molecular mutagenesis 19, 209-222. 

 

AREA 3 

Reference list with all relevant references identified for AREA 3: Data on observations on in vitro and 
in vivo genotoxicity and mode of action published in English since 1990. 

Banda, M.R., L.; Parsons, B. L., 2013. ACB-PCR measurement of spontaneous and furan-induced H-ras 

codon 61 CAA to CTA and CAA to AAA mutation in B6C3F1 mouse liver. Environmental and 
molecular mutagenesis 54, 659-667. 

Brink, A.R., I.; Kellert, M.; Schlatter, J.; Lutz, W. K., 2008. Genotoxicity and mutagenicity of the furan 
metabolite cis-2-butene-1,4-dial in L5178Y mouse lymphoma cells. Naunyn-Schmiedebergs 

Archives of Pharmacology 377, 82-82. 

Brueck, J.S., T.; Schrenk, D., 2009. In vitro toxicity of furan and its metabolite(s) in liver cells. 

Toxicology letters 189, S231-S232. 



ELS for furan and its methyl analogues 
 

 

 
www.efsa.europa.eu/publications 25 EFSA Supporting publication 2017:EN-1066 

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in 
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is 
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The 
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, 
without prejudice to the rights of the authors. 
 

 

 

Burka, L.T.W., K. D.; Irwin, R. D., 1991. Disposition of [14C]furan in the male F344 rat. Journal of 
toxicology and environmental health 34, 245-257. 

Butterworth, B.E.S., C. S.; Goldsworthy, S. M.; Wilson, D. M.; Goldsworthy, T. L., 1994. EXPRESSION 

OF MYC, FOS, AND HA-RAS IN THE LIVERS OF FURAN-TREATED F344 RATS AND B6C3F(1) MICE. 
Molecular carcinogenesis 9, 24-32. 

Byrns, M.C.P., D. P.; Peterson, L. A., 2002. Characterization of nucleoside adducts of cis-2-butene-1,4-
dial, a reactive metabolite of furan. Chemical research in toxicology 15, 373-379. 

Byrns, M.C.V., C. C.; Neidigh, J. W.; Abad, J. L.; Jones, R. A.; Peterson, L. A., 2006. Detection of DNA 

adducts derived from the reactive metabolite of furan, cis-2-butene-1,4-dial. Chemical research in 
toxicology 19, 414-420. 

Byrns, M.C.V., C. C.; Peterson, L. A., 2004. The formation of substituted 1,N6-etheno-2'-
deoxyadenosine and 1,N2-etheno-2'-deoxyguanosine adducts by cis-2-butene-1,4-dial, a reactive 

metabolite of furan. Chemical research in toxicology 17, 1607-1613. 

Carfagna, M.A.H., S. D.; Kedderis, G. L., 1993. Furan-induced cytolethality in isolated rat hepatocytes: 

correspondence with in vivo dosimetry. Toxicology and applied pharmacology 123, 265-273. 

Carthew, P.D., M.; Setzer, R. W., 2010. Application of the margin of exposure (MoE) approach to 
substances in food that are genotoxic and carcinogenic: example: furan (CAS No. 110-00-9). Food 

and chemical toxicology : an international journal published for the British Industrial Biological 
Research Association 48 Suppl 1, S69-74. 

Chen, T.H., K.; Hamberger, C.; Mally, A.; Chipman, K., 2009. Modulation of hepatic gene expression 

and DNA methylation in furan treated Sprague-Dawley rats. Toxicology letters 189, S137-S137. 

Chen, T.M., A.; Ozden, S.; Chipman, J. K., 2010. Low doses of the carcinogen furan alter cell cycle 

and apoptosis gene expression in rat liver independent of DNA methylation. Environmental health 
perspectives 118, 1597-1602. 

Chen, T.W., T. D.; Mally, A.; Hamberger, C.; Mirbahai, L.; Hickling, K.; Chipman, J. K., 2012. Gene 
expression and epigenetic changes by furan in rat liver. Toxicology 292, 63-70. 

Chipman, K.C., T.; Hickling, K.; Dekant, W.; Mally, A., 2009. Role of genotoxic and non-genotoxic 

mechanisms in furan carcinogenicity. Toxicology letters 189, S41-S41. 

Churchwell, M.I.S., R. C.; Von Tungeln, L. S.; Gamboa da Costa, G.; Beland, F. A.; Doerge, D. R., 

2015. Evaluation of serum and liver toxicokinetics for furan and liver DNA adduct formation in male 
Fischer 344 rats. Food and chemical toxicology : an international journal published for the British 

Industrial Biological Research Association 86, 1-8. 

Cordelli, E.L., P.; Villani, P.; Marcon, F.; Macri, C.; Caiola, S.; Siniscalchi, E.; Conti, L.; Eleuteri, P.; 
Malchiodi-Albedi, F.; Crebelli, R., 2010. Toxic and genotoxic effects of oral administration of furan 

in mouse liver. Mutagenesis 25, 305-314. 

de Conti, A.K., T.; Escudero-Lourdes, C.; Montgomery, B.; Tryndyak, V.; Beland, F. A.; Doerge, D. R.; 

Pogribny, I. P., 2014. Dose- and Time-Dependent Epigenetic Changes in the Livers of Fisher 344 

Rats Exposed to Furan. Toxicological Sciences 139, 371-380. 

de Conti, A.K., T.; Tryndyak, V.; Burnett, S. D.; Han, T.; Fuscoe, J. C.; Beland, F. A.; Doerge, D. R.; 

Pogribny, I. P., 2015. Persistence of furan-induced epigenetic aberrations in the livers of F344 rats. 
Toxicological sciences : an official journal of the Society of Toxicology 144, 217-226. 

Deferme, L.W., J.; Claessen, S.; Briede, J.; Kleinjans, J., 2015. Oxidative Stress Mechanisms Do Not 
Discriminate between Genotoxic and Nongenotoxic Liver Carcinogens. Chemical research in 

toxicology 28, 1636-1646. 

Ding, W.P., D. M.; Latendresse, J. R.; Pearce, M. G.; Muskhelishvili, L.; White, G. A.; Chang, C. W.; 
Mittelstaedt, R. A.; Shaddock, J. G.; McDaniel, L. P.; Doerge, D. R.; Morris, S. M.; Bishop, M. E.; 



ELS for furan and its methyl analogues 
 

 

 
www.efsa.europa.eu/publications 26 EFSA Supporting publication 2017:EN-1066 

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in 
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is 
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The 
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, 
without prejudice to the rights of the authors. 
 

 

 

Manjanatha, M. G.; Aidoo, A.; Heflich, R. H., 2012. In vivo genotoxicity of furan in F344 rats at 
cancer bioassay doses. Toxicology and applied pharmacology 261, 164-171. 

Dong, H.G., S.; Curran, I. H.; Williams, A.; Kuo, B.; Wade, M. G.; Yauk, C. L., 2015. Toxicogenomic 

assessment of liver responses following subchronic exposure to furan in Fischer F344 rats. Archives 
of toxicology. 

Doyle, M.S., K. G.; Jeffries, H.; Jaspers, I., 2007. Atmospheric photochemical transformations enhance 
1,3-butadiene-induced inflammatory responses in human epithelial cells: The role of ozone and 

other photochemical degradation products. Chemico-biological interactions 166, 163-169. 

Durling, L.J.S., K.; Abramsson-Zetterberg, L., 2007. Furan is not genotoxic in the micronucleus assay 
in vivo or in vitro. Toxicology letters 169, 43-50. 

Fransson-Steen, R.G., T. L.; Kedderis, G. L.; Maronpot, R. R., 1997. Furan-induced liver cell 
proliferation and apoptosis in female B6C3F1 mice. Toxicology 118, 195-204. 

Glatt, H.S., H.; Liu, Y., 2005. V79-hCYP2E1-hSULT1A1, a cell line for the sensitive detection of 
genotoxic effects induced by carbohydrate pyrolysis products and other food-borne chemicals. 

Mutation research 580, 41-52. 

Hamadeh, H.K.J., S.; Gaillard, E. T.; Huang, Q.; Stoll, R.; Blanchard, K.; Chou, J.; Tucker, C. J.; 
Collins, J.; Maronpot, R.; Bushel, P.; Afshari, C. A., 2004. Integration of clinical and gene 

expression endpoints to explore furan-mediated hepatotoxicity. Mutation research 549, 169-183. 

Hamberger, C.M., S.; Malfatti, M.; Turteltaub, K.; Mally, A.; Dekant, W., 2009. Analysis of DNA binding 

of furan in rat liver by accelerator mass spectrometry. Toxicology letters 189, S229-S229. 

Hickling, K.C.H., J. M.; Oreffo, V.; Mally, A.; Hammond, T. G.; Evans, J. G.; Chipman, J. K., 2010. 
Evidence of oxidative stress and associated DNA damage, increased proliferative drive, and altered 

gene expression in rat liver produced by the cholangiocarcinogenic agent furan. Toxicologic 
pathology 38, 230-243. 

Huang, Q.J., X.; Gaillard, E. T.; Knight, B. L.; Pack, F. D.; Stoltz, J. H.; Jayadev, S.; Blanchard, K. T., 
2004. Gene expression profiling reveals multiple toxicity endpoints induced by hepatotoxicants. 

Mutation research 549, 147-167. 

Jackson, A.F.W., A.; Recio, L.; Waters, M. D.; Lambert, I. B.; Yauk, C. L., 2014. Case study on the 
utility of hepatic global gene expression profiling in the risk assessment of the carcinogen furan. 

Toxicology and applied pharmacology 274, 63-77. 

Jackson, A.F.W., A.; Recio, L.; Waters, M.; Lambert, I. B.; Yauk, C. L., 2013. Elucidating Furan's 

Molecular Mode-of-Action Using Global Gene Expression Data from Livers of Subchronically 

Exposed B6C3F1 Mice. Environmental and molecular mutagenesis 54, S38-S38. 

Jeffrey, A.M.B., K. D.; Duan, J. D.; Schlatter, J.; Williams, G. M., 2012. Furan induction of DNA cross-

linking and strand breaks in turkey fetal liver in comparison to 1,3-propanediol. Food and chemical 
toxicology : an international journal published for the British Industrial Biological Research 

Association 50, 675-678. 

Johansson, E.R., S.; Anderson, M.; Maronpot, R., 1997. Frequency of Ha-ras-1 gene mutations 
inversely correlated with furan dose in mouse liver tumors. Molecular carcinogenesis 18, 199-205. 

Kedderis, G.L.H., S. D., 1996. Prediction of furan pharmacokinetics from hepatocyte studies: 
comparison of bioactivation and hepatic dosimetry in rats, mice, and humans. Toxicology and 

applied pharmacology 140, 124-130. 

Kellert, M.B., A.; Richter, I.; Schlatter, J.; Lutz, W. K., 2008a. Tests for genotoxicity and mutagenicity 

of furan and its metabolite cis-2-butene-1,4-dial in L5178Y tk+/- mouse lymphoma cells. Mutation 

research 657, 127-132. 



ELS for furan and its methyl analogues 
 

 

 
www.efsa.europa.eu/publications 27 EFSA Supporting publication 2017:EN-1066 

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in 
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is 
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The 
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, 
without prejudice to the rights of the authors. 
 

 

 

Kellert, M.W., S.; Lutz, U.; Lutz, W. K., 2008b. Biomarkers of furan exposure by metabolic profiling of 
rat urine with liquid chromatography-tandem mass spectrometry and principal component analysis. 

Chemical research in toxicology 21, 761-768. 

Lai, G.H.S., A. E., 1999. Establishment of a novel rat cholangiocarcinoma cell culture model. 
Carcinogenesis 20, 2335-2340. 

Leopardi, P.C., E.; Villani, P.; Cremona, T. P.; Conti, L.; De Luca, G.; Crebelli, R., 2010. Assessment of 
in vivo genotoxicity of the rodent carcinogen furan: evaluation of DNA damage and induction of 

micronuclei in mouse splenocytes. Mutagenesis 25, 57-62. 

Li, Y.T.X., Q. W.; Pearson, K.; Ferraro, C.; Loughlin, A.; Xu, E.; Guan, P.; Bailey, W.; Ozer, J.; 
Bhandari, N.; Sina, J.; Sachs, J.; Askovich, P.; Sistare, F.; Schaefer, W. H., 2008. METABOLOMIC 

ANALYSIS OF URINE FROM RATS TREATED WITH FURAN TO REVEAL BIOMARKERS OF 
HEPATOBILIARY TOXICITY. Drug metabolism reviews 40, 108-108. 

Lisa, A.P., 2008. Mechanisms of Furan Toxicity and Carcinogenicity. Chemical research in toxicology 
21, 2434-2434. 

Lu, D.S., M. M.; Phillips, M. B.; Peterson, L. A., 2009. Degraded protein adducts of cis-2-butene-1,4-

dial are urinary and hepatocyte metabolites of furan. Chemical research in toxicology 22, 997-
1007. 

Mally, A., 2014. Carcinogenicity and genotoxicity of furan in rats in vivo. Toxicology letters 229, S27-
S27. 

Mally, A.G., C.; Schmal, O.; Moro, S.; Hamberger, C.; Schauer, U. M.; Bruck, J.; Ozden, S.; Sieber, M.; 

Steger, U.; Schrenk, D.; Hard, G. C.; Chipman, J. K.; Dekant, W., 2010. Functional and proliferative 
effects of repeated low-dose oral administration of furan in rat liver. Molecular nutrition & food 

research 54, 1556-1567. 

Malyarchuk, S.C., R.; Harrison, L., 2009. Apex1 can cleave complex clustered DNA lesions in cells. 

DNA repair 8, 1343-1354. 

McDaniel, L.P.D., W.; Dobrovolsky, V. N.; Shaddock, J. G., Jr.; Mittelstaedt, R. A.; Doerge, D. R.; 

Heflich, R. H., 2012. Genotoxicity of furan in Big Blue rats. Mutation research 742, 72-78. 

McDaniel, L.P.M., R. A.; Dobrovolsky, V. N.; Doerge, D. R.; Ding, W.; Heflich, R. H., 2010. 
Genotoxicity of Furan in Big Blue Rats. Environmental and molecular mutagenesis 51, 728-728. 

Moro, S.C., J. K.; Antczak, P.; Turan, N.; Dekant, W.; Falciani, F.; Mally, A., 2012. Identification and 
pathway mapping of furan target proteins reveal mitochondrial energy production and redox 

regulation as critical targets of furan toxicity. Toxicological sciences : an official journal of the 

Society of Toxicology 126, 336-352. 

Morton, L.D.Y., A. F.; Lloyd, E.; Kiorpes, A. L.; Goldsworthy, T. L.; Fort, F. L., 2002. Evaluation of 

carcinogenic responses in the Eker rat following short-term exposure to selected nephrotoxins and 
carcinogens. Toxicologic pathology 30, 559-564. 

Moser, G.J.F., J.; Burnett, M.; Goldsworthy, T. L.; Maronpot, R., 2009. Furan-induced dose-response 

relationships for liver cytotoxicity, cell proliferation, and tumorigenicity (furan-induced liver 
tumorigenicity). Experimental and toxicologic pathology : official journal of the Gesellschaft fur 

Toxikologische Pathologie 61, 101-111. 

Mugford, C.A.C., M. A.; Kedderis, G. L., 1997. Furan-mediated uncoupling of hepatic oxidative 

phosphorylation in Fischer-344 rats: An early event in cell death. Toxicology and applied 
pharmacology 144, 1-11. 

Muller, A.B., K.; Graf, V.; Greiner, R.; Herrmann, C.; Kuballa, T.; Stahl, M. R., 2013. UV-C treatment 

using a Dean vortex technology - impact on apple juice enzymes and toxicological potential. 
Innovative Food Science & Emerging Technologies 20, 238-243. 



ELS for furan and its methyl analogues 
 

 

 
www.efsa.europa.eu/publications 28 EFSA Supporting publication 2017:EN-1066 

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in 
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is 
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The 
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, 
without prejudice to the rights of the authors. 
 

 

 

National Toxicology, P., 1993. Toxicology and Carcinogenesis Studies of Furan (CAS No. 110-00-9) in 
F344 Rats and B6C3F1 Mice(Gavage Studies). National Toxicology Program technical report series 
402, 1-286. 

Neuwirth, C.M., P.; Pepe, G.; Fiore, M.; Malfatti, M.; Turteltaub, K.; Dekant, W.; Mally, A., 2012. Furan 
carcinogenicity: DNA binding and genotoxicity of furan in rats in vivo. Molecular nutrition & food 

research 56, 1363-1374. 

Pandir, D., 2015. Assessment of the DNA Damage in Human Sperm and Lymphocytes Exposed to the 

Carcinogen Food Contaminant Furan with Comet Assay. Brazilian Archives of Biology and 

Technology 58, 773-780. 

Peterson, L.A., 2006. Electrophilic intermediates produced by bioactivation of furan. Drug metabolism 

reviews 38, 615-626. 

Peterson, L.A., 2013. Reactive metabolites in the biotransformation of molecules containing a furan 

ring. Chemical research in toxicology 26, 6-25. 

Peterson, L.A.N., K. C.; Predecki, D. P., 2000. A reactive metabolite of furan, cis-2-butene-1,4-dial, is 

mutagenic in the Ames assay. Chemical research in toxicology 13, 531-534. 

Peterson, L.A.P., M. B.; Lu, D.; Sullivan, M. M., 2011. Polyamines are traps for reactive intermediates 
in furan metabolism. Chemical research in toxicology 24, 1924-1936. 

Pluskota-Karwatka, D.M., M.; Hoffmann, M.; Kuta, M.; Kronberg, L., 2015. Studies on the reactions 
between the DNA bases and a model alpha,beta-unsaturated oxoaldehyde. New Journal of 

Chemistry 39, 9171-9180. 

Radaeva, S.F.-G., A.; Sirica, A. E., 1999. Overexpression of C-NEU and C-MET during rat liver 
cholangiocarcinogenesis: A link between biliary intestinal metaplasia and mucin-producing 

cholangiocarcinoma. Hepatology (Baltimore, Md.) 29, 1453-1462. 

Ramos-Marquez, M.E.G., G.; Armendariz-Borunda, J., 2002. Ductular hyperplasia is characterized by 

an over expression of c-Myc in bile duct ligation plus furan injured rats: possible role of interleukin-
6. Hepatology Research 22, 127-138. 

Ravindranath, V.B., M. R., 1991. Effect of modulators of glutathione synthesis on the hepatotoxicity of 

2-methylfuran. Biochemical pharmacology 41, 1311-1318. 

Recio, L., 2013a. Case Studies of Chemicals That Produce Genetic Damage via Direct and/or Indirect 

Mechanisms: Furan. Environmental and molecular mutagenesis 54, S22-S22. 

Recio, L.P., S. L.; Maynor, T.; Waters, M.; Jackson, A. F.; Yauk, C. L., 2013b. Differential Expression of 

Long Noncoding RNAs in the Livers of Female B6C3F1 Mice Exposed to the Carcinogen Furan. 

Toxicological Sciences 135, 369-379. 

Sirica, A.E.R., S.; Caran, N., 1997. NEU overexpression in the furan rat model of 

cholangiocarcinogenesis compared with biliary ductal cell hyperplasia. American Journal of 
Pathology 151, 1685-1694. 

Sprankle, C.S.G., T. L.; Goldsworthy, S. M.; Wilson, D. M.; Butterworth, B. E., 1994. EXPRESSION OF 

THE HEPATOCYTE GROWTH-FACTOR AND C-MET GENES DURING FURAN-INDUCED 
REGENERATIVE CELL-PROLIFERATION IN THE LIVERS OF B6C3F(1) MICE AND F344 RATS. Cell 

Proliferation 27, 529-539. 

Stevens, K.M., A., 2009. Furan-modified oligonucleotides for fast, high-yielding and site-selective DNA 

inter-strand cross-linking with non-modified complements. Nucleic acids research 37, 1555-1565. 

Terrell, A.N.H., M.; Grill, A. E.; Kovi, R. C.; O'Sullivan, M. G.; Guttenplan, J. B.; Ho, Y. Y.; Peterson, L. 

A., 2014. Mutagenicity of furan in female Big Blue B6C3F1 mice. Mutation research. Genetic 

toxicology and environmental mutagenesis 770, 46-54. 



ELS for furan and its methyl analogues 
 

 

 
www.efsa.europa.eu/publications 29 EFSA Supporting publication 2017:EN-1066 

The present document has been produced and adopted by the bodies identified above as authors. This task has been carried out exclusively by the authors in 
the context of a contract between the European Food Safety Authority and the authors, awarded following a tender procedure. The present document is 
published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The 
European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, 
without prejudice to the rights of the authors. 
 

 

 

Vu, C.C.P., L. A., 2005. Synthesis of a 2'-deoxyguanosine adduct of cis-2-butene-1,4-dial, a reactive 
metabolite of furan. Chemical research in toxicology 18, 1012-1017. 

Wang, E.C., F.; Hu, X.; Yuan, Y., 2014. Protective effects of apigenin against furan-induced toxicity in 

mice. Food & function 5, 1804-1812. 

Webster, A.F.W., A.; Recio, L.; Yauk, C. L., 2014a. Bromodeoxyuridine (BrdU) treatment to measure 

hepatocellular proliferation does not mask furan-induced gene expression changes in mouse liver. 
Toxicology 323, 26-31. 

Webster, A.F.W., A.; Recio, L.; Yauk, C. L., 2014b. Gene expression analysis of livers from female 

B6C3F1 mice exposed to carcinogenic and non-carcinogenic doses of furan, with or without 
bromodeoxyuridine (BrdU) treatment. Genomics data 2, 117-122. 

Wilson, D.M.G., T. L.; Popp, J. A.; Butterworth, B. E., 1992. Evaluation of genotoxicity, pathological 
lesions, and cell proliferation in livers of rats and mice treated with furan. Environmental and 

molecular mutagenesis 19, 209-222. 

Yauk, C.L.B., J. K.; Williams, A.; Swartz, C. D.; Recio, L.; Li, H. H.; Fornace, A. J., Jr.; Thomson, E. M.; 

Aubrecht, J., 2016. Application of the TGx-28.65 transcriptomic biomarker to classify genotoxic and 

non-genotoxic chemicals in human TK6 cells in the presence of rat liver S9. Environmental and 
molecular mutagenesis. 

Yuan, Y.W., S. J.; Liu, X.; Zhang, L. L., 2013. Antioxidant effect of salidroside and its protective effect 
against furan-induced hepatocyte damage in mice. Food & function 4, 763-769. 

 

AREA 4 

Reference list with all relevant references identified for AREA 4: Data on observations in humans 
(including epidemiological studies, case reports and biomarkers of exposure) published in English 

since 2004. 

Bakhiya, N.A., K. E., 2010. Toxicity and carcinogenicity of furan in human diet. Archives of toxicology 
84, 563-578. 

Jun, H.J.L., K. G.; Lee, Y. K.; Woo, G. J.; Park, Y. S.; Lee, S. J., 2008. Correlation of urinary furan with 

plasma gamma-glutamyltranspeptidase levels in healthy men and women. Food and chemical 

toxicology : an international journal published for the British Industrial Biological Research 
Association 46, 1753-1759. 

Mariotti, M.S.G., K.; Rozowski, J.; Pedreschi, F., 2013. Furan: a critical heat induced dietary 
contaminant. Food & function 4, 1001-1015. 

Moro, S.C., J. K.; Wegener, J. W.; Hamberger, C.; Dekant, W.; Mally, A., 2012. Furan in heat-treated 

foods: formation, exposure, toxicity, and aspects of risk assessment. Molecular nutrition & food 
research 56, 1197-1211. 

Sahlberg, B.G., M.; Soon, A.; Jogi, R.; Gislason, T.; Wieslander, G.; Janson, C.; Norback, D., 2013. 
Airborne molds and bacteria, microbial volatile organic compounds (MVOC), plasticizers and 

formaldehyde in dwellings in three North European cities in relation to sick building syndrome 

(SBS). The Science of the total environment 444, 433-440. 

 

 

 

 


	Abstract
	Summary
	1. Introduction
	1.1. Background and Terms of Reference as provided by the requestor
	1.1.1. Background as provided by EFSA
	1.1.2. Objectives as provided by EFSA


	2. Methodologies
	2.1. Objective 1
	2.1.1. Task 1 Developing tailored search strategies and search strings for collecting relevant studies

	2.2. Objective 2
	2.2.1. Task 2 Execution of four extensive literature searches using the tailored search strings developed in task 1

	2.3. Objective 3
	2.3.1. Task 3 Selection of all relevant studies retrieved by the extensive literature searches
	2.3.2. Task 4 Preparation of EndNoteTM files, summary tables and reference lists
	EndNoteTM files
	Summary tables
	Reference lists



	3. Results
	3.1. Objective 1
	3.1.1. Task 1 Developing tailored search strategies and search strings for collecting relevant studies
	Step 1:
	Step 2:


	3.2. Objective 2
	3.2.1. Task 2 Execution of four extensive literature searches using the tailored search strings developed in task 1

	3.3. Objective 3
	3.3.1. Task 3 Selection of all relevant studies retrieved by the extensive literature searches
	3.3.2. Task 4 Preparation of EndNoteTM files, summary tables and reference lists
	EndNoteTM files
	Summary tables
	Reference lists



	4. Conclusions
	References
	Appendix A – Tables Regarding Eligibility Criteria as provided by EFSA in the technical specifications
	Appendix B – Identified relevant references for each area

