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 Part 1: Procedure and timelines 

 

The procedure followed by the Joint Food and Agriculture Organization of the United Nations 

(FAO)/World Health Organization (WHO) Meeting on Pesticide Residues (JMPR) is focused around 

two meetings: the meeting of the Codex Committee on Pesticide Residues (CCPR), held in April each 
year, and the JMPR meeting itself, held in September each year. The procedure to be followed before 

and after a JMPR meeting to be organized for year X (e.g. 2022) is explained below, and the timeline 

is illustrated in Fig. 1. 

 

Fig. 1. Timeline for the JMPR procedure for a meeting in year X 

Year X − 1 X X + 1 

Month 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 

Tasks A Prioritization Call for data 

and 

monographer 

assignment 

Preparation of the 

monograph 

B  C Publication of the report and monographs 

A: CCPR meeting  

B: JMPR pre-meeting teleconference 

C: Physical JMPR meeting 

 

Step 1: Prioritization and framing from April to September year X − 1 

A CCPR working group on prioritization is established to work electronically between two meetings 
of CCPR and to report to CCPR during its physical meeting in April. The priority list for JMPR year 

X is formally adopted by CCPR. Consequently, the preparation for a JMPR meeting in year X will 

last for about 18 months (from April year X − 1 to September year X). 

From April to September, the sponsors prepare the submissions to JMPR (in anticipation of the call 

for data in October; see Step 2 below). During that period, the JMPR monographers as well as the 

JMPR Secretariat are active on the JMPR meeting for September year X – 1. 

 

Step 2: Call for data and assignment of monographers from October to December year X − 
1 

Based on the CCPR priority list, the JMPR Secretariat finalizes the agenda for JMPR as a function of 
the resources available. A call for data is published early in October on both the FAO and WHO 

websites, with a deadline for the sponsors to submit their toxicological dossiers to the WHO Joint 

Secretary by 1 December.
1

 Before December, each compound is assigned to a monographer. In 
general, a monographer prepares only one monograph, but in special circumstances one monographer 

could be asked to deal with two compounds. Each compound is also assigned to a reviewer. In 

general, a reviewer deals with two compounds, except for the Chair and the Rapporteur, who review 
only one each. Informal electronic working groups, including the sponsor, the monographer, the 

reviewer and the WHO Joint Secretary, are established for each compound. The WHO Joint Secretary 

provides the monographer with the standard templates for the JMPR monographs and the JMPR 

report items. 

In December, the sponsors provide the monographer, the reviewer and the WHO Joint Secretary with 

copies of the toxicological dossiers, including a review of the literature and a selection of the relevant 

papers by the sponsor. This review should contain the criteria and keywords used for the literature 
search. The dossiers should be provided as electronic copies (PDF documents on a suitably indexed 

CD or DVD). The sponsors are sent an acknowledgement of receipt of the dossiers from the 

                                                
1

 http://www.who.int/foodsafety/call-data-expert/en/ 
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respective recipients. Incomplete dossiers may necessitate rescheduling the compound through the 

Codex working group on prioritization. The submitted data are archived by WHO for 5 years and then 
destroyed. 

 

Step 3: Preparation of the draft monograph and interaction with the informal working 
group from December year X – 1 to August year X 

During the 9-month period from December year X – 1 to August year X, the monographer produces a 

first draft and interacts with the informal working group as much as needed to request clarification or 

missing information. The monographer is responsible for a critical review of the published literature. 
This review should be documented in terms of the search strategy used (databases searched, keywords 

used, exclusion criteria applied) and the final results (total number of studies retrieved, number of 

studies excluded). At the end of June year X, a first draft of the monograph is distributed for each 
compound, first to the reviewer and then, after inclusion of the reviewer’s comments, to all 

monographers and members. Each monograph includes an “Explanation” section, a “Comments” 

section and a “Toxicological evaluation” section, which will be used as the basis for the report item 
for the compound. The “Toxicological evaluation” should be provided by the reviewer. In early July 

year X, a series of teleconferences is organized by the WHO Joint Secretary for each compound, 

involving at least the monographer, the reviewer, the Chair and the WHO Joint Secretary. All other 

monographers and members are also invited to participate in the discussion. At the end of the series of 
teleconferences, a list of any outstanding questions is established for each compound and sent to each 

corresponding sponsor. A final draft of the monograph is sent by each monographer to the WHO Joint 

Secretary before the end of August year X. A copy of the draft monograph, excluding the 
“Comments” section and the “Toxicological evaluation” section (in which the acceptable daily intake 

[ADI] and acute reference dose [ARfD] are established, as necessary), is also sent to the sponsor for 

an accuracy check within 2 weeks. Formatted PDF copies and, when needed, printed copies of all 

monographs are distributed to JMPR participants at least a week before the beginning of the physical 
meeting in September year X. 

 

Step 4: JMPR physical meeting and publications from September year X to August year X + 
1 

The physical meeting is organized jointly by FAO and WHO. All the experts mentioned previously – 

i.e. the monographers and the reviewers – participate in the meeting, as well as the scientific editor 
and the WHO Secretariat. At the start of the meeting, a chairperson and a rapporteur are proposed by 

the Secretariat and elected by the JMPR participants. The responsibility of the chairperson is to lead 

the discussions, search for a consensus and ensure that the agenda is respected. The rapporteur works 
together with the editor, who acts as assistant rapporteur. The responsibility of the rapporteur is to 

ensure the scientific completeness and validity of the report items before they are distributed to the 

Meeting. The responsibility of the editor/assistant rapporteur is to ensure the consistency of the report 

items with WHO policy as well as with common practices of JMPR. 

During the meeting, the monographers prepare the report item for each compound under their 

responsibility. The report item is elaborated from the “Explanation” and the “Comments” sections of 

the monograph and should incorporate the results of the meeting discussions. In parallel, the 
monographer updates the draft monograph, which includes much more detailed information than is 

included in the “Comments” section, to be consistent with the report item and to reflect decisions 

taken during the meeting. General considerations as well as responses to CCPR requests (e.g. 
responses to CCPR concern forms – see step 5) are also drafted to be included in the report. During 

the meeting, each first draft section of the report is edited by a professional editor present at the 

meeting. At the end of the meeting, the report is adopted by the entire Meeting. Following the 

meeting, the monographer provides the final draft of the monograph to the editor. There is no need for 
the monographer to update the “Explanation”, “Comments” or “Toxicological evaluation” sections of 
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the monograph during the final session, as the editor will insert the final versions of those sections 

from the meeting report into the monograph during the editing process. 

In the month following the meeting (October–November year X), a summary report is published and 

posted on the FAO and WHO websites. It includes the main conclusions, the health-based guidance 

values (i.e. ADIs and ARfDs) and the proposed maximum residue levels. 

At least 2 months before the CCPR meeting (i.e. before the end of January year X + 1), the JMPR 
report is edited, printed by FAO (as FAO Plant Production and Protection Paper xyz – Pesticide 

Residues in Food Year X), posted on the FAO and WHO websites and distributed to the Codex 

contact points. 

In the months following the meeting, the toxicological monographs are edited by a professional 

editor. The monographers are responsible for answering any queries raised during the editing process 

in a timely fashion (generally within 1–2 months after receiving the monograph back from the editor). 
Before the end of August year X + 1, the compilation of all the edited toxicological monographs is 

posted on the WHO website (as Pesticide Residues in Food – Year X Evaluations. Part II. 

Toxicological). 

 

Step 5: Presentation of JMPR report to CCPR and adoption of MRLs, April year X + 1 

Each of the maximum residue levels recommended by JMPR is proposed to CCPR Member States for 
adoption as maximum residue limits (MRLs). In the case of a disagreement, a Member of CCPR can 

send a concern form to JMPR via the JMPR Secretariat. The concern form can be a simple request for 

clarification with adoption of the proposed maximum residue levels or can be a disagreement 
supported by additional data blocking the adoption of the proposed maximum residue level. The 

concern forms are considered by JMPR year X + 1, and responses are included in the JMPR report for 

that year (see step 4). 
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Part 2: Guidance for preparing the monographs and report items 
 

1. Introduction 

This section of the guidance is intended for those who prepare the monographs for the WHO panel of 

the JMPR. It also provides background that is useful to companies sponsoring compounds regarding 

what they might be expected to provide. The section covers key aspects related to: 

 identification of monographers and reviewers and assignment of compounds 

 dealing with the initial submission of data 

 handling contacts with the sponsoring company 

 evaluating data 

 preparing the draft monograph 

 preparing the report item at the meeting 

 participating at the meeting. 

Although the evaluation of each individual compound is unique in some respects, JMPR uses a 

number of standardized approaches, and evaluations should follow these wherever possible. These 

standard practices are used to help ensure that information is presented in a consistent manner. This 
facilitates discussions at the physical JMPR meeting and also helps those who use JMPR reports and 

evaluations to find the relevant information easily. 

 

2. Identification of monographers and reviewers and assignment of compounds 

The WHO Joint Secretary will contact potential monographers and reviewers within the existing 
roster of experts (see also step 2 of Part 1). Reviewers and monographers will be asked if they are 

interested in particular compounds that are to be evaluated at the next JMPR. In addition, the WHO 

Joint Secretary will ask if there are any compounds for which there is a conflict of interest, such that 

monographers should not be involved with a particular compound. Such conflicts of interest include 
the following examples: 

 Monographers have worked for or have an interest in the sponsoring company. 

 Monographers have performed some of the studies to be evaluated.  

 Monographers have recently been involved closely with preparing an evaluation of a 

compound for a national or another supranational body. 

The last point is important as, although familiarity with a compound and the supporting data can make 
preparation of the monograph easier, there is the potential perception that the JMPR evaluation might 

not be entirely independent of the previous evaluation. 

 

3. Dealing with the data submission 

After a compound has been assigned to a monographer and a reviewer, the sponsoring company will 
contact them to arrange submission of the dossier containing the study reports (including the relevant 

papers from the literature review) and the company overview. As a good practice, the sponsoring 

company is asked to alert the monographer, the reviewer and the WHO Joint Secretary when the data 

have been sent. Normally, the data are submitted as PDF documents on a suitably indexed CD or 
DVD. Sponsoring companies should submit editable PDFs whenever possible; when documents are 

scanned, these should be converted using OCR to editable format, if at all possible. This facilitates the 

accurate transfer of information to the monograph. Sponsors are encouraged to submit the dossier for 
their compound at the latest by 1 December (see Part 1). Companies should be aware that, due to the 

workload of experts reviewing the dossiers, delay of a submission may cause the compound to be 

removed from the JMPR agenda.  

When the data are received, it is important for the monographer to confirm receipt to the sponsor and 
the WHO Joint Secretary. If the data submission seems to be taking a long time to arrive, the 
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monographer should contact the sponsor and the WHO Joint Secretary, as it is not unknown for items 

to go missing in transit. On opening the package, it is recommended that the monographer perform 
some basic checks on the quality and usability of the documentation: 

 For electronic submissions 

o Do the document files open properly? 

o Are the pages legible, especially older study reports that have been scanned? 

o Are the titles of the files helpful? Titles of files should be descriptive; for example, a 
title of “xyz 33564-05” is not going to help the monographer locate a 90-day dog 

study by Jones et al. (2001).  

 Check the company overview 

o Is it in the JMPR style and in a suitable format (PDF and/or Microsoft Word) to 
permit the copying and pasting of text or tables into the monograph? 

o Does it contain a reference list in the JMPR style (see section 6.3)? 

If the monographer identifies any of these issues (or others) where it is believed that the sponsor could 
provide an improved submission, then the monographer should contact the sponsor (copying the 

WHO Joint Secretary) and make the request. It is in the sponsor’s interest to provide a usable 

submission. If the monographer cannot read data in a key study report, this might prevent the 

identification of a no-observed-adverse-effect level (NOAEL) and establishment of a reference dose. 

Two of the three data packages provided by the sponsoring company to the monographer and 

reviewer will be destroyed following the publication of the JMPR report. One copy of the data 

package will be kept by WHO for 5 years.  

 

4. Handling contacts with the sponsor 

To ensure transparency, it is important that, where feasible, any contacts the monographer has with 

the sponsor are documented and copied to the WHO Joint Secretary. With respect to contact with the 

sponsor: 

 It is preferable to use email rather than telephone. Emails should be cc’ed to the WHO Joint 

Secretary.  

 If the sponsor telephones to discuss an issue, the monographer should consider whether the 

discussions can be performed by email. If the monographer chooses to proceed with the call, 

the monographer should notify the WHO Joint Secretary about the contact, with a brief 

outline of the details. Notification to the WHO Joint Secretary is unnecessary only if the call 
deals with minor (e.g. administrative) topics.  

 If a teleconference is requested or considered useful, the monographer should involve the 

WHO Joint Secretary.  

 The sponsor should assist the monographer by providing information required to perform 

a thorough and independent evaluation. The sponsor should never pester a monographer 
with repeated requests for progress updates or for information that is not appropriate to be 

shared, such as the ADI; if this occurs, the monographer should notify the WHO Joint 

Secretary. 

 
5. Evaluating data 

A JMPR monographer will already be an experienced assessor of toxicological data and will have his 
or her own ways of working through the toxicology database on a compound, including both 

published studies and the submitted dossier. Based on the monographer’s experience and on a 

systematic search, the monographer should in particular identify previous evaluations of the 
compound or of its metabolites, even if such an assessment was based on a different denomination or 

chemical name. The JMPR process should not require any significant changes to the monographer’s 

normal way of working through the data. One important difference for monographers from a 
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regulatory agency background is that “stop the clock” and demand for new studies are not foreseen; a 

monograph, possibly identifying any major deficiencies, would normally need to be produced. All 
that is asked is that the data are evaluated in a thorough and independent manner, taking account of 

specific guidance prepared for JMPR monographers on the interpretation of toxicological data.  

The depth of investigation will clearly vary with the study type, the results and the impact on the 

overall conclusion. For example, it can be valuable to go down to individual animal-level data for a 
dog study with a small group size and a marginal response, but this is not normally required for a 

rodent study with a larger group size and clear effects (e.g. 8/10 animals with grade 3 versus 3/10 

controls with grade 1). In general, the monographer should always check at least the results in the 
main study report, and not just the sponsor’s summary. If the study report authors have discounted 

particular findings as not treatment related or not adverse, the monographer should pay particular 

attention to these to see if he or she agrees or disagrees with the conclusion. If the monographer 
disagrees with the conclusions of the study report authors, this should be highlighted in the 

monograph. 

In presenting findings where descriptive terms are used, it is important to use the precise terms as 

given in the study report (e.g. in the histopathology tables or descriptions of anomalies in 
developmental studies). If for any reason a revised term is used, there should be some commentary 

about this, as it can produce confusion for someone comparing reviews with the study report. If the 

term is an unfamiliar or unusual one that is not clarified in the study report, then there is the option to 
ask the sponsor to clarify and/or provide pictures. Standard texts and websites are available that 

provide descriptions of pathological and developmental toxicity terminology (e.g. 

http://www.devtox.org; http://www.goreni.org; see also the guidance below under specific systems 
and effects). 

General texts on the evaluation and interpretation of toxicological data are available, such as the 

WHO Environmental Health Criteria (EHC) monographs (e.g. EHC 240; IPCS, 2009a). JMPR has 

developed specific criteria for the interpretation of certain effects observed in toxicity studies (e.g. 
inhibition of cholinesterase and hepatotoxicity); these may be found in Part 3 of this guidance 

document. Where JMPR has its own criteria for interpretation of end-points, these should always be 

used in the preparation of monographs in preference to those from national or other supranational 
bodies. Where JMPR does not have its own criteria, then it is expected that standard approaches will 

be applied (e.g. statistical significance, clear dose–response relationship, change outside the normal 

biological range). If a conclusion in a monograph is based on a non-standard approach (e.g. the use of 

a specific cut-off), then the basis for this cut-off should be provided (or a publicly available 
supporting guidance document should be cited). 

It is important to remember that JMPR considers the establishment of both chronic (ADI) and acute 

(ARfD) guidance values. In respect of the ARfD, it is important to consider data at the earliest 
measurement period in a study and the results of short-term or acute studies if appropriate 

measurements have been performed. It is also important to confirm that the level of investigation in 

targeted studies, such as the acute neurotoxicity study, is adequate to address the end-points seen in 
longer-term studies. For example, if the critical finding in a 90-day rat study is haemolysis, but blood 

samples were not taken in the acute neurotoxicity study, then the acute neurotoxicity study might not 

be an appropriate basis for establishing an ARfD. Further guidance on establishing ARfDs is provided 

in section 3 of Part 3. 

 

6. Preparing the monograph 

The monograph contains the detailed study descriptions and numerical data used to underpin the 

report item (see section 6.3). The monograph must therefore contain all the elements identified in the 

report item, together with additional details that permit an independent evaluation of the conclusions 
made. A table of contents or template for the monograph (for the JMPR current year) will be provided 

to monographers when they are allocated a compound. An example is included in Annex A. The 
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layout and sequence of the template must be followed. The template for the current year should 

always be used, as modifications may have been introduced following the previous meeting. 

In cases where new or additional data are provided to complete the evaluation of, or to re-evaluate, a 

compound previously considered by JMPR or to establish an ARfD that was not previously 

considered, an addendum to the original monograph should be prepared with the summaries of the 

new studies. It will be decided on a case-by-case basis whether the tables for levels relevant to risk 
assessment and critical end-points (see below) should be updated. Normally, a short monograph 

addendum should be prepared, even when the number of studies submitted is low. However, in 

specific instances, this may be considered unnecessary – for example, where the additional 
information is restricted to a narrow aspect of the evaluation and does not have an impact on the 

previously established health-based guidance value. 

The monograph will be professionally edited and will become the published toxicological evaluation 
for the compound. Examples of recent toxicological evaluations can be found on the WHO website 

(http://www.who.int/foodsafety/publications/jmpr/en/). 

 

6.1 Monographer/reviewer responsibilities 
6.1.1 Before the meeting 

It is the responsibility of the monographer to prepare the main body of the monograph and the 
“Comments” section. The first draft of the monograph is then passed on to the reviewer.  

The reviewer should receive the first draft of the monograph at least 4 weeks before the 

teleconference (by the end of June). It is the responsibility of the reviewer to assess the text of the 

monograph for both scientific consistency and clarity, which should include cross-checking critical 
studies. Examples of issues that should be considered include the following: Is it possible to follow all 

of the explanations given? Are any of the terms used obscure? Are observations in a 90-day study 

consistent with those in a 2-year study? Are clinical chemical findings consistent with 
histopathological observations? Is the explanation for the mode of action for a toxicological effect 

clear and scientifically robust? The reviewer should suggest appropriate amendments to the text and 

tables to address any such issues and, where this is not possible, should bring them to the attention of 
the monographer for resolution. If this is not feasible, it may be necessary to consult the sponsor or to 

raise the issue in discussion either via the June teleconference or at the main JMPR meeting. The 

reviewer should also finalize the “Comments” and “Toxicological evaluation” sections. 

The reviewer returns the monograph to the monographer, who incorporates the reviewer’s comments 
and sends the monograph to the WHO Joint Secretary. In addition, the monographer is responsible for 

sending a copy of the final draft monograph, excluding the “Comments” and “Toxicological 

evaluation” sections, to the sponsor for an accuracy check. The WHO Joint Secretary is responsible 
for sending the draft monograph to all monographers and reviewers before the meeting. 

 

6.1.2 During the meeting  

All the experts mentioned previously – i.e. the reviewers and the monographers – participate in the 

physical meeting. 

At the JMPR meeting, the primary roles of the monographer are to: 

 lead the discussions on his or her compound(s),  

 prepare the report item(s) on his or her compound(s) (see section 7), and 

 finalize the monograph, including any changes or additions that have come out of discussions 

during the meeting, to ensure that the final version is consistent with the report item and to 

include any extra details found to be useful in reaching the conclusions of the Meeting. 
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The primary role of reviewers is to comment on the draft monographs, to check drafts of “their” 

report items prior to general circulation and to contribute to the preparation of the report and final 
monographs.  

During the meeting, conclusions and decisions are reached by consensus from all participants (and 

any minority opinions from monographers or reviewers should be spelled out in the meeting report). 

Monographers and reviewers are responsible for adopting the entire report on the last day of the 
meeting. Therefore, all monographers and reviewers should contribute to discussions on all the 

compounds and general items, not just the compounds they were assigned. This is particularly the 

case if the monographers or reviewers have expertise in a specific area of toxicology (e.g. 
histopathology, genotoxicity, developmental toxicity), such that they can bring additional insights and 

views to the discussions. 

It is also important that monographers ask questions when they are unclear about the basis for a 
decision or if the text relating to a topic is not well presented. However, monographers need to 

balance the requirement for the timely preparation of drafts of their report item and contributing to 

discussions on other compounds. 

During the meeting, the rapporteur is responsible for ensuring that all necessary corrections resulting 
from discussions on the first draft of the meeting report item have been made to the draft before 

passing the meeting report item to the editor for editing. The editor (who also serves as assistant 

rapporteur at the meeting) is responsible for editing the first draft of the report item and for tracking 
onscreen all subsequent changes to the meeting report item, once it has reached an appropriate stage 

of agreement (usually after the first draft), for acceptance by participants. 

 

6.2 General aspects 
General aspects to be considered while preparing the monograph are outlined below. 

 

6.2.1 Formatting 

 The monograph (or monograph addendum) should be prepared using a recent version of 

Microsoft Word or a compatible word processing package. Details of the formatting 

requirements (e.g. font size, line spacing, line numbering, margins) should be obtained from 
the monograph template (see Annex A). 

 Details of the format for preparing tables are provided in section 6.2.5. 

 

6.2.2 Units of measurement 

 Le Système international d’unités (SI units) should be used throughout. One exception to SI 

units is the use of parts per million (ppm) for dietary exposure levels. This convention is used 
to reduce potential for confusion between dietary incorporation levels, when expressed as 

mg/kg, and doses to the animals, expressed as mg/kg body weight (bw). Another exception is 

mmHg for pressure (the equivalent in kilopascals should be given in parentheses). 

 There are no hyphens between numbers and units, but there is a space. For example, 0.5 kg rat 

(not 0.5-kg rat or 0.5kg rat) is used. 

 There should be no words between units and the solidus (/). For example, 3 µg/kg bw Pb, not 

3 µg Pb/kg bw, is correct. 

 Only one solidus should be used. For example, 3 mg/kg bw per day, not 3 mg/kg bw/day, is 

used. 

 Figures with more than four digits use a space (not a comma) to separate groups of three 

digits (e.g. 12 050; 0.004 56). Note that the WHO rule is that in tables, figures with more 

than three digits use a space. 
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6.2.3 Presentation of doses 

 Parentheses, rather than commas, are used when presenting dose conversions: X and Y ppm 

(equal [or equivalent] to x and y mg/kg bw per day for males and a and b mg/kg bw per day 

for females, respectively).  

 “Equal to” is used when the conversions have been calculated using feed consumption and 

body weight data, and “equivalent to” is used when default values have been used to calculate 

the doses. 

 Where accurate doses cannot be calculated on the basis of measured body weights and feed 

consumption, approximate doses can be estimated using the dose conversion factors in Table 
1, adapted from EHC 240 (IPCS, 2009a). 

 When doses are converted from ppm to mg/kg bw per day, up to two additional significant 

figures are allowed for the converted dose, to avoid introducing additional uncertainty in the 

calculation of the final rounded ADI or ARfD.  

 Equivalent doses should be corrected for the purity of the compound, but only when this is 

less than 90%. 

 Doses should be corrected for non-continuous dosing (e.g. 5 days/week dosing). 

 

Table 1. Approximate relationship of mg/kg (ppm) in the diet to mg/kg bw per day 

Species Weight (kg) 

Feed 

consumed per 

day (g)
a
 Type of diet 

1 mg/kg in 

feed = x mg/kg 

bw per day 

1 mg/kg bw 

per day = x 

mg/kg of diet 

Mouse 0.02 3 Dry 
laboratory 

chow diets 

0.150 7 

Chick 0.40 50 0.125 8 

Rat (young) 0.10 10 0.100 10 

Rat (multigeneration studies) 0.10–0.40 10–20 0.066 15 

Rat (old) 0.40 20 0.050 20 

Guinea-pig 0.75 30 0.040 25 

Rabbit 2.0 60 0.030 33 

Dog 10.0 250 0.025 40 

Cat 2 100 Moist, semi-
solid diets 

0.050 20 

Monkey (e.g. Rhesus, 
Cynomolgus) 

5 250 0.050 20 

Dog 10 750 0.075 13 

Human 60   1 500 0.025 40 

Pig or sheep 60   2 400 Relatively 
dry grain 

forage 

mixtures 

0.040 25 

Cow (maintenance) 500   7 500 0.015 65 

Cow (fattening) 500 15 000 0.030 33 

Horse 500 10 000 0.020 50 

bw: body weight; ppm: parts per million 
a Liquids omitted. 

Source: Adapted from IPCS (2009a) 
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6.2.4 Presentation of point of departure (POD) 

 Health-based guidance values (i.e. an ADI or an ARfD) are most often established using a 

point of departure (POD) from a toxicity study in experimental animals. The most frequently 

used POD is the NOAEL. However, if the data are adequate to permit dose–response 
modelling, a lower 95% confidence limit on the benchmark dose for an x% response 

(BMDLx) or similar POD can (and should) be used. In such cases, the basis for the derivation 

of the POD should be provided (for details, see IPCS, 2009a,b).  

 Past tense should be used when presenting the POD: The NOAEL/BMDLx was 10 mg/kg bw 

per day. 

 The POD used in risk assessment by the Meeting should be that identified by the 

monographer/Meeting. When this differs from the POD identified by the study author, the 

latter should also be reported, with an explanation for the difference. 

 When deriving the dose from a dietary concentration, the feed consumption and body weight 

data from the study should always be used, if available, and the POD should be expressed as 
“equal” to x mg/kg bw per day; if predefined equivalence factors (see Table 1 above) need to 

be used, justification should be provided, and the POD should be expressed as “equivalent” to 

x mg/kg bw per day. 

 The POD, as either “equal to” or “equivalent to” doses, can be provided for both males and 

females in the main text, but only the lower value of the two (usually the value for males) is 

used in the “Comments” section, unless an effect is sex specific, in which case the appropriate 

POD is provided. 

 The general statement will read as follows: When the POD is the NOAEL: The NOAEL was x 

ppm (equal to y mg/kg bw per day), based on [effects] observed at z ppm (equal to a mg/kg 

bw per day). z ppm is, of course, the lowest-observed-adverse-effect level (LOAEL), but this 

does not need to be stated explicitly in the text. When the POD is the BMDLx or similar: The 

BMDLx [or similar] was y mg/kg bw per day, based on [the effects that serve as the basis of 
the benchmark response x]. 

 When no effects are observed up to the highest dose tested, it is not possible to determine a 

BMD. In such cases, the highest dose tested is the NOAEL, which serves as the POD for this 

study. Consistent language should be used when expressing the NOAEL in such 
circumstances: The NOAEL was x mg/kg bw per day, the highest dose tested. OR The 

NOAEL was x ppm (equal [or equivalent] to y mg/kg bw per day), the highest concentration 

tested. 

 When effects are observed at all doses, it is not possible to identify a NOAEL. In such cases, 
it might be possible to determine a BMDLx or similar POD. Otherwise, the POD for the study 

is the LOAEL. Consistent language should be used in such circumstances: No NOAEL could 

be determined, as effects were observed at all doses. The LOAEL was x mg/kg bw per day, 

the lowest dose tested. OR The LOAEL was x ppm (equal [or equivalent] to y mg/kg bw per 
day), the lowest concentration tested. 

 If an effect has been disregarded in determining the POD for a study, a statement should 

always be made on the reason for this – for example, the effect was considered not to be 

toxicologically relevant or the effect was considered not to be substance related (with an 
explanation as to why, if possible; see Part 3) – to make the basis for POD derivation clear to 

the reader. 

 Determination of overall NOAELs/BMDLxs is reserved for the “Comments” section (see 

section 5 in Part 3). 
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6.2.5 Tables 

 It is often preferable to present numerical information in the form of a table rather than in the 

text.  

 It is the choice of the monographer as to whether data are presented in tables or text, as long 

as it is easy for readers of the monograph to perform an independent evaluation and come to 
their own conclusions.  

 Pasting tables from PDF documents into the monograph is not recommended and should be 

done only if there is no realistic alternative (in which case the editor will need to reenter the 

tables in Microsoft Word format). If the sponsoring company has not provided tables in Word 
format, it should be requested to do so by the monographer. Tabs should not be used to create 

the table columns. 

 Monographers are requested to restrict the total number of tables cited in the monograph to 

20. All tables must be cited in the text, in consecutive numerical order from 1 to x.  

 Tables should be placed in the text immediately following the paragraph in which they are 

first cited, or as near to this as is practical.  

 The contents of a table should be restricted to the data relevant to decision-making. If a 200-

row table contains 16 rows of data that show no changes with dosing, it is difficult to identify 

the data that are important.  

 There should be no blank cells in the table (except in a heading row). If a cell does not 

contain text or figures, then a 0, en dash, NA (for not applicable or not available) or ND (for 
not determined or no data), or something along these lines, is needed, depending on the table, 

with a definition of the terms used included below the table, if necessary. 

 Data in tables should be quoted to an appropriate number of significant figures (e.g. quoting 

organ weights relative to body weight to six significant figures is not appropriate, as it implies 
spurious accuracy – six significant figures implies that a change of 0.0001% could be 

biologically significant). The appropriate number of significant figures to be used may vary 

with the situation but should be sufficient to show differences in outcome while being 

proportionate to the variance.  

 In some instances, it may be useful to include the standard deviation (or ranges) in addition to 

mean values. 

 An indication of statistical significance should be included wherever appropriate. Boldface 

type to indicate a statistically significant treatment-related effect can be used, but must be 

explained in a footnote. Alternatively, superscripts such as * may be used to indicate 
statistical significance, with definitions included below the table (see next bullet point). 

 A listing of all abbreviations used in the table is included below the table, in alphabetical 

order (e.g. BUN: blood urea nitrogen; Hb: haemoglobin), immediately followed, on the same 

line, by a description of any P values used (e.g. *: P < 0.01), together with a description of the 
statistical test used in parentheses (e.g. Fisher exact test).  

 Table footnotes (given with lowercase superscripted letters: a, b, c…) appear immediately 

below the listing of abbreviations. Within the table itself, table footnotes are to appear in 

order, reading across the table (i.e. row by row). 

 The table source (Source: Smith & Jones (1999)) is given below the abbreviations and any 

table footnotes. Note that permissions to reprint (to be requested by the WHO Joint Secretary) 
are required for any tables (or figures) that are taken from published sources. 

 Additional miscellaneous points relating to table formats follow:  

o Columns of figures are aligned to the decimal point, where possible. Columns of text 

are left justified (aligned left-hand side). The alignment of columns of figures and 
text combined should be decided on a case-by-case basis.  
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o Column headings may be set left or centred over the columns as appropriate (usually 

centred when the columns contain figures, set left when columns contain text). 
Column headings should increase in number from the top to the bottom (e.g. one 

column heading over three subheadings, each of which is itself over two sub-

subheadings). The first column heading is normally set left and aligned with the 

bottom line of column headings.  
o Column headings are in boldface type for monograph tables only. 

o Figures with more than three digits should have a space inserted after each group of 

three (e.g. 3 500; 0.002 3). This rule applies to tables only (a different rule applies to 
text). 

o Each table entry should occupy its own row to ensure that alignment remains correct 

when the table is edited. 
o It is preferable to have only one or two row heading levels, in which case the first row 

heading is flush left and the subheading is indented below it. 

o Where several different row heading levels are needed in the first column, the general 

order of heading is (1) bold, (2) italics, (3) roman, (4) indented roman, (5) roman 
following a dash. 

 

Some examples of table formats (in no particular order) follow. 
 

Table 2. Inhibition of cholinesterase activity in F0 and F1 parental rats  

ChE 

% inhibition relative to the concurrent negative control group 

5 mg/L 20 mg/L 80 mg/L 

Males Females Males Females Males Females 

Plasma       

F0 4 12 29* 55* 41* 83* 

F1 15* 9 26* 54* 58* 81* 

Erythrocyte       

F0 7 23* 29* 39* 57* 60* 

F1 14* 17* 32* 42* 55* 58* 

Brain       

F0 1 6 15* 26* 53* 59* 

F1 1 2 6* 32* 40* 60* 

ChE: cholinesterase; F0: parental generation; F1: first filial generation; *: P < 0.01 (Fisher exact text) 

Source: Tyl, Myers & Marr (1992, 1993) 

 

Table 3. Summary of acute toxicity studies with dinotefuran 

Species Strain Sex Route Purity (%) LD50 / LC50 Reference 

Rat Crl:CD[SD]BR M + F Oral 96.5 2 450 mg/kg bw Glaza (1997a) 

Mouse Crl:CD-1[ICR]BR M + F Oral 96.5 2 371 mg/kg bw Glaza (1997b) 

Rat Crl:CD[SD]BR M + F Dermal 96.5 > 2 000 mg/kg bw Glaza (1997c) 

Rat Crl:WI[Glx/BRL/Han]BR M + F Inhalation 93.0 > 4.09 mg/L Shepherd (1999) 

F: female; LC50: median lethal concentration; LD50: median lethal dose; M: male 
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Table 4. Summary of the cumulative radioactivity found in bile, urine and faeces (bile duct–

cannulated rats) 

Sampling 

time (h) 

Cumulative excreted radioactivity  SD (% of dose) 

2 mg/kg bw 20 mg/kg bw 

Bile Urine Faeces Bile Urine Faeces 

Males       

0–3  4.1  4.81 – – 1.8  1.54 – – 

0–6  9.5  7.34 0.9  0.62 – 4.8  2.81 0.6  0.32 – 

0–12  18.3  8.24 1.5  0.59 – 10.7  6.80 1.1  0.56 – 

0–24  30.1  11.3 4.0  1.25 9.7  9.58 17.4  9.14 5.5  3.42 18.8  15.5 

Females       

0–3  4.7  3.07 – – 1.4  0.60 – – 

0–6  11.5  4.22 0.8  0.59 – 4.7  0.94 0.8  0.47 – 

0–12  19.6  7.73 2.0  1.23 – 9.8  2.61 1.8  0.77 – 

0–24  24.1  8.03 4.8  2.29 2.3  2.40 19.9  7.35 4.4  1.70 10.8  6.31 

–: not assayed; bw: body weight; SD: standard deviation 

Source: Smith & Jones (1999) 

 

Table 5. Summary of acute toxicity studies with dinotefuran 

Species Strain Sex Route Purity (%) LD50 / LC50 Reference 

Rat Crl:CD[SD]BR M + F Oral 96.5 2 450 mg/kg bw Glaza (1997a) 

Mouse Crl:CD-1[ICR]BR M + F Oral 96.5 2 371 mg/kg bw Glaza (1997b) 

Rat Crl:CD[SD]BR M + F Dermal 96.5 > 2 000 mg/kg bw Glaza (1997c) 

Rat Crl:WI[Glx/BRL/Han]BR M + F Inhalation 93.0 > 4.09 mg/L Shepherd (1999) 

F: female; LC50: median lethal concentration; LD50: median lethal dose; M: male 

 

Table 6. Summary of acute dermal and eye irritation and skin sensitization studies with 

dinotefuran 

Species Strain Sex End-point Purity (%) Result Reference 

Rabbit New Zealand White M + F Skin irritation 96.5 Not irritating Glaza (1998a) 

Rabbit New Zealand White M + F Eye irritation 96.5 Slightly irritating Glaza (1998b) 

Rabbit New Zealand White M + F Eye irritation 98.9 Minimally irritating Kuhn (2004) 

Guinea- 

pig 

Crl:[HA]BR M Skin 

sensitization 

(M&K test) 

96.5 Not sensitizing Glaza (1997d) 

F: female; M: male; M&K: Magnusson and Kligman 
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Table 7. Overview of genotoxicity tests with glufosinate-ammonium
a
 

End-point Test object Concentration Purity (%) Results Reference 

In vitro      

Point 

mutations 

Salmonella 
typhimurium strains 

TA98, TA100, 

TA1535, TA1537; 

Escherichia coli WP2 

uvrA 

1.6–5 000 µg/plate 
(±S9) 

 

99.2 Negative Ballantyne 

(2001a)b,c 

 

Forward 

mutation 

Schizosaccharomyces 
pombe strain SP ade 

6-60/rad 10-1998, h- 

125–1 000 µg/mL 

(±S9) 

95.3 Negative Mellano 

(1984a)b,d 

Mitotic 

recombination  

Saccharomyces 

cerevisiae D4 

1 000–10 000 µg/mL 

(±S9) 

95.3 Negative Mellano 

(1984b)b,e 

Chromosomal 

aberrations 
 

Human lymphocyte 1 000– 4 640 µg/mL 

(−S9)  

2 150–10 000 µg/mL 

(+S9) 

97.0 Negative 

 

Mosesso 

(1990)
f
 

Gene 

mutation  

Mouse lymphoma 

L5178Y Tk locus 

50–5 000 µg/mL 
(−S9), 300–5 000 

µg/mL (+S9) 

95.3 Negative Cifone 

(1985)g 

Gene 

mutation 

V79 Chinese hamster 

cells, HPRT test 

625–10 000 µg/mL 

(−S9) 

625–8 000 µg/mL 

(+S9) 

97.0 Negative Seeberg 

(1989)h 

Unscheduled 

DNA 

synthesis 

Male Fischer 344 rat 

hepatocytes 

26.2–5 240 µg/mL 95.3 Negative Cifone 

(1984)i 

In vivo      

Chromosomal 

aberrations 

NMRI mouse bone 

marrow  

100, 200 or 350 

mg/kg bw (gavage) 

96.9 Negative Jung & 
Weigand 

(1986)j
 

bw: body weight; DNA: deoxyribonucleic acid; HPRT: hypoxanthine–guanine phosphoribosyltransferase; S9: 

9000 × g supernatant fraction from rat liver homogenate; Tk: thymidine kinase 
a  Positive and negative (solvent) controls were included in all studies. 
b Statements of adherence to quality assurance and good laboratory practice were included. 
c  Batch 26880-125-M29. Performed in accordance with OECD Test Guideline No. 471. Toxicity was observed 

at and above 200 µg/plate.  
d  Batch Lfd 12027.  
e Batch Lfd 12027. Test design resembles OECD Test Guideline No. 481, with some minor deviations. 
f  Batch 27/85. Performed in accordance with OECD Test Guideline No. 473. In the absence of S9, marked 

cytotoxicity was observed at 10 000 µg/mL.  
g  Batch Lfd 12027. Study design resembles OECD Test Guideline No. 476. 
h  Batch 27/85. Performed in accordance with OECD Test Guideline No. 476. In the presence of S9, marked 

cytotoxicity was observed at concentrations of 5000 µg/mL and higher.  
i  Batch Lfd 12027. Study design resembles OECD Test Guideline No. 482. Cytotoxicity was observed at doses 

of 2620 µg/mL and higher. 
j  Glufosinate-ammonium (batch 13999) was administered by gavage to groups of NMRI mice (15 of each sex). 

The mice were killed at 24, 48 or 72 hours after administration of the test compound and negative control and 

at 24 hours after administration of the positive control. The frequencies of micronuclei in bone marrow 

polychromatic erythrocytes were determined. At 350 mg/kg bw, increased spontaneous activity, 

aggressiveness, tactile hyperaesthesia, motor excitation, uncoordinated gait, narrowed palpebral fissures and 

clonic convulsions were observed. At this dose, two females died. The study design generally resembles 

OECD Test Guideline No. 474; however, only 1000 immature erythrocytes per animal were scored for the 

incidence of micronuclei.  
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Table 8. Genotoxicity studies with fluxapyroxad 

End-point Test object Concentration Purity (%) Results Reference 

In vitro 

Reverse 

mutation 

Salmonella 
typhimurium and 

Escherichia coli 

0, 20, 100, 500, 2 500 or 

5 000 µg/plate (±S9) 

99.4 Negative Schulz & 
Landsiedel 

(2008a) 

Mammalian 

cell gene 

mutation 

Chinese hamster 

ovary cells (HPRT 

locus assay) 

0, 5.0, 6.3, 10.0, 12.5, 20.0, 

25.0, 50.0, 75.0 or 100.0 

µg/mL (±S9) 

99.7  Negative Schulz & 

Landsiedel 

(2007a) 

Chromosomal 

aberration  

Chinese hamster lung 

cells 

0, 3.1, 6.3, 12.5, 25.0, 50.0, 
100.0, 200.0 or 400.0 

µg/mL (±S9, 4 or 18 h) 

99.7 Negative Schulz & 
Landsiedel 

(2008b) 

In vivo 

Mouse 

micronucleus 

NMRI mice, male  0, 500, 1 000 or 2 000 

mg/kg bwa 

Sampling time: 24 h 

99.6 Negative Schulz & 
Landsiedel 

(2006) 

Unscheduled 
DNA 

synthesis 

Wistar rats, male 0, 1 000 or 2 000 mg/kg bw 

Sampling times: 3 h, 14 h 

99.7 Negative Schulz & 
Landsiedel 

(2008c) 

bw: body weight; DNA: deoxyribonucleic acid; HPRT: hypoxanthine–guanine phosphoribosyltransferase; S9: 
9000 × g supernatant fraction from rat liver homogenate 
a  Given as two doses 24 hours apart. 

 
Table 9. Acute neurotoxicity study in rat 

Parameter  

0 mg/kg bw 45 mg/kg bw 90 mg/kg bw 180 mg/kg bw 

M F M F M F M F 

No. of rats  10 10 10 10 10 10 10 10 

Mortality 0 0 0 0 0 0 2 2 

Body weight (g) 302.4 222.4 314.6 210.6 307.6 213.9 290.1 223.5 

Motor activity         

Movements: mean change scorea         

Day 1 −45.6 −60.3 −39.0 −50.6 −61.0 −60.8 −55.2 −60.4 

Day 8 11.9 −23.4 31.4 −19.1 4.2 −7.4 14.3 −4.1 

Day 15 −1.8 −9.8 23.6 −23.7 22.4 4.3 29.4 1.2 

Functional observational battery         

Open-field observations (day 1)         

Locomotion impaired (slightly) 1 – – – 1 – 5 3 

Gait incoordination (body 

drags) 

– – – – – – 3  – 

Arousal (low) 1 – – 1 2 – 5 3 

Reflex/physiological/manipulative 

observations 

        

Touch response: no reaction 1 – – – – – – – 

Aerial righting response: 

slightly uncoordinated 

 – – 2  – 1  – 2 – 

bw: body weight; F: female; M: male; *: P < 0.05; **: P < 0.01 (Fisher exact test) 
a  Algebraic difference between the post-treatment movement score and corresponding scores at pretreatment. 

Source: Brown et al. (2004) 
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6.2.6 Historical control data 

 Historical control data should be reported if considered useful and appropriate for interpreting 

study findings (see Part 3).  

 Historical control data are often presented for tumours and developmental effects, but can be 

used in an attempt to place any results in test animals within the normal biological range.  

 Historical control data should be on the same strain of animal, come from the same laboratory 

and be reasonably contemporary to the study with which they are being compared (ideally 

from 2 years before the start of the study to 2 years after the end of the in-life phase). If they 

do not match these criteria, this should be identified in the text.  

 If possible, the historical control data should have been submitted such that the results in each 

study in the database can be seen separately. As an absolute minimum, the number of studies 

must be given together with the mean and range (just the upper range is not acceptable, as this 

could be skewed by one atypical study).  

 Confirmation should be provided that there were no changes in interpretative or investigative 

techniques between the historical control studies and the one on the test compound.  

 If the submitted historical control data do not match these criteria, the sponsor should be 

asked to address the issues and make any shortcomings clear in the monograph. 

 

6.2.7 In-text references 

 References are cited by one (Brown, 1999), two (Brown & Jones, 1999) or three authors 

(Brown, Smith & Jones, 1999), or first author plus et al. for four or more authors (Brown et 
al., 2000).  

 If the same author(s) published more than one reference in the same year, a, b, etc. should be 

used to differentiate between the references (Jones & Brown, 1999a,b; Smith, 2000c).  

 In the rare case where different authors with the same surname have published a paper in the 

same year, initials are used to differentiate between the references (Y. Li et al., 2000; R. Li et 
al., 2000).  

 References are cited in the text in increasing chronological order (but all references by the 

same author(s) are given together) and alphabetically when published in the same year 

(Brown, 1988, 2003; Brown & Smith, 1989; Smith & Brown, 1989, 1991; Brown, Smith & 

Jones, 1990; Brown et al., 1991; Jones, 1999a,b).  

 Reports and monographs from previous JMPR meetings are cited in the text as “(Annex 1, 

reference xxx)” and are not included in the reference list. 

 For information on the formatting of references for the reference list at the end of the 

monograph, see section 6.3. 

 

6.2.8 Miscellaneous 

 Monographs are getting too long, with too much detailed description of irrelevant studies and 

too many non-critical tables. Monographers need to make every effort to reduce the length of 
their monographs without eliminating essential information.  

 The physical meeting is referred to as “the meeting” (e.g. the meeting was held in April); the 

group of meeting participants is referred to as “the Meeting” (e.g. the Meeting concluded that 

the overall NOAEL was 3.2 mg/kg bw per day). As well, “JMPR” is referred to, rather than 
“the JMPR”.  
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 Where the POD is a NOAEL, this is “identified”, as it is one of the dose groups used – for 

example, “0.5 mg/kg bw per day was identified as the NOAEL”. Health-based guidance 

values (ADI, ARfD) are “established” – for example, “the Meeting established an ADI of 0–
0.1 mg/kg bw”. 

 Species information goes from smallest to largest species (this differs from many other 

organizations, where the rat is presented before the mouse). Headings for each species should 

be included when there is more than one species discussed ((a) Mice, (b) Rats, (c) Rabbits), 

but no species heading is necessary if only one species is being discussed.  

 Each study summary should provide a short description of the methodology used in the study. 

Most studies will comply with an Organisation for Economic Co-operation and Development 

(OECD) or equivalent national guideline, so there is no need to provide lengthy descriptions 

of the methodology. Attention should be drawn to any deviations from the test guideline, 
either omissions or significant additions. If in-life examinations such as ophthalmoscopy and 

blood sampling are performed at multiple time points, these time points should be identified.  

 Any non-oral repeated-dose study will be considered only if performed according to good 

laboratory practice (GLP) standards or accepted guidelines. 

 JMPR style is to use free-flowing text rather than large numbers of subheadings for each 

particular level of investigation. 

 Meeting conclusions should generally be reserved for the “Comments” section. 

 WHO uses a mix of British and North American spelling. Examples of spellings of some 

commonly used words in JMPR monographs are as follows: anaesthetize, analyse, 

antimicrobial, caesarean, centre, coenzyme, colour, cooperate, criticize, decision-making, 

diarrhoea, end-point, estrogen, et al., etiology, faeces, feed (for animals, not food), fetus, 
haemoglobin, homepage, hypocalcaemia, in vitro, in vivo, leukocyte, litre (L, not l), meta-

analysis, metabolize, modelled, neurobehavioural, oedema, oesophagus, oxidize, paralyse, 

pharmacopoeia, postmortem, postnatal, postpartum, pretreatment, programme, re-examine, 
reopen, side-effect, subgroup, sublethal, sulfur, webpage, website, worldwide, X-ray. 

 Monographs will be edited according to the most recent version of the WHO style guide. 

Monographers can request a copy of the WHO style guide from the WHO Joint Secretary. 

 

6.3 Detailed content of the monograph 
The guidance in this section approaches the content of the monograph from the viewpoint of the end 
result – that is, the production of the report item. 

As mentioned above, the monograph should contain sufficient information to permit all the details 

required for the report item to be identified and independently confirmed. If a monographer is in 
doubt about whether to include extra detail, it should be added to the monograph so that it is available 

for others to see; it can always be deleted later. 

Until the final changes are made by the monographer at the end of the meeting, the monograph is a 

draft document to support the discussion. It is therefore perfectly acceptable to include comment 
boxes or highlighted text that draws attention to potentially important or controversial aspects of the 

evaluation, as long as these are subsequently deleted. 

If no studies were submitted for one of the headings in the template, this should be noted in the 
monograph. 

For periodic reviews and monograph addenda, it is not always sufficient just to consider new data, 

especially if there have been changes in evaluation criteria since the last review (e.g. check for 
findings early on in studies that might be relevant to establishing an ARfD). An appropriate 

description of any such studies that were considered in the present evaluation should be included in 
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the monograph. Sometimes, it may be sufficient to copy and paste relevant sections from the previous 

monograph, in which case they should be so indicated (e.g. indented, italics). 

Details that should appear in each section of the monograph are described below: 

 

Explanation  

 This part of the monograph will form the basis for the first few paragraphs of the 

report item. The editor will insert the final version of the Explanation (following the 
adoption of the meeting report) into the final draft of the monograph. The 

monographer can indicate whether any detailed information that was deleted from the 

Explanation during the preparation of the report item should be retained in the final 
monograph. 

 The International Organization for Standardization (ISO)–approved name for the 

compound as well as the International Union of Pure and Applied Chemistry 

(IUPAC) chemical nomenclature and the Chemical Abstracts Service (CAS) number 
for the compound are given. These should be consistent with the information used by 

FAO if FAO is also preparing a monograph for the meeting. 

 Information on development codes can be useful, especially if the codes are used in 

the text of study summaries. 

 A comment on any isomerism that might exist and the isomer ratios, especially if not 

50 : 50, are given, if appropriate. 

 Any unusual aspect of the chemistry that affects the interpretation of studies or the 

risk assessment (e.g. for certain salts or esters, dose levels are specified as the free 

acid) should be noted. This can be important in ensuring that the ADI and ARfD are 

expressed on the same basis as the intake assessment values. 

 An indication of the use (e.g. herbicide, fungicide) and general chemical class (e.g. 

phenoxy acid or imidazole) is included. The latter can be obtained from FAO if not 

provided with the dossier. 

 An indication of the pesticidal mode of action, if known, should be included. (This 

can be important in identifying potential toxicological end-points if the pesticidal 
mode of action is also relevant to mammals.) 

 More detail on the chemistry, particularly on isomers or alternative salts and esters, 

can be valuable, where relevant to the assessment of the compound. 

 A statement on whether the compound is new or has been evaluated previously by 

JMPR is included. There should also be a comment on why the compound is being 

reviewed – normally at the request of CCPR (for standard phrases covering these two 
points, see Annex B). For periodic review compounds, the dates (years) of the earlier 

reviews should be given.  

 For periodic reviews, the ADI previously established by JMPR, the POD on which is 

was based, the critical effect and the type of study should be provided. 

 For periodic reviews and monograph addenda, the types of new data or studies that 

are available should be indicated. 

 It should be indicated whether or not all pivotal studies were performed according to 

agreed test guidelines and complied with GLP. This is particularly important for older 

compounds undergoing periodic review. For standard phrases, see Annex B. For 
studies that did not meet these requirements, details should be provided under the 

description of the individual studies. 

 If human studies were performed, a comment on prior informed consent and 

compliance with the Declaration of Helsinki should be included. 

 A figure of the chemical structure of the compound should be included (this will 

appear only in the monograph, not in the report item). This will often include an 
indication of the position(s) of the radiolabel(s) used in the absorption, distribution, 

metabolism and excretion (ADME) studies. The figure is normally provided by the 

sponsor, but must be of suitable quality. 
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Evaluation for acceptable daily intake 

 

1. Biochemical aspects 

 

1.1 Absorption, distribution and excretion 

 The position(s) and type(s) of any radiolabel used (e.g. [3-
14

C]compound) should be 

given. If compounds have been labelled at different positions, the text should make it 
clear whether the results apply to all label positions or to one specific label. 

 The descriptions will normally be in terms of the amount of radiolabel as a proportion 

of the total dose of radioactivity administered, and not the compound (as it will 

probably have been metabolized, and the molecular weights will change).  

 The test species (normally rat), sex and number of animals used are given.  

 Dose levels used (normally a single low, repeated low [either repeated unlabelled 

followed by a single labelled dose or, particularly in more recently conducted studies, 

all radiolabelled doses] and a single high dose are used) and if there are any 

differences in the results (especially if absorption is saturated at high dose levels or 
there is a marked change on repeated administration, as these can be important when 

considering any dose–response relationships).  

 If tests used a non-oral route of exposure, an indication of the conversion to an 

equivalent oral dose level should be provided. 

 The timing of any blood, urine and faecal collections is given. 

 The time course (over what period) of absorption and its extent (percentage of dose 

administered) are provided. The basis for the conclusion on the absorption (e.g. blood 
samples or urinary excretion) should be explained. 

 If kinetic parameters such as peak plasma concentration (Cmax) and area under the 

plasma concentration–time curve (AUC) have been calculated, these should be 

presented. There is no need for the monographer to perform such calculations. It must 
be clearly indicated whether these relate to the parent compound or radiolabelled 

material.  

 If data on kinetics are obtained from samples taken during the toxicity studies, the 

conclusions should be mentioned briefly in this section, but the details should be kept 
with the summary of the respective study. 

 Information on mass balance (recovery) should be given (i.e. total percentage of the 

administered dose accounted for). 

 Details on levels of radiolabel in excreta, tissues and organs are normally given in 

tables (as % of administered dose or concentration). 

 Organs with particularly high concentrations (not percentages, as a small organ with a 

high concentration can still have a small percentage of the total radiolabel) of 
radiolabel are noted, particularly if these are also toxicological target organs or 

tissues. 

 If information on depletion rates of radiolabel or parent compound from specific 

tissues is available (e.g. half-lives or percentage/concentration change over time), this 
should be provided. Where clearance in general (i.e. systemically) or from a 

particular organ or tissue is very slow and might lead to accumulation of the 

compound or its metabolites, this should be noted. 

 The proportion of the radiolabel excreted via the various routes (urine, faeces, 

exhalation [not always just as carbon dioxide] and bile) is given, as well as an 

indication of the rate (e.g. 86% in urine in 24 hours).  

 Any results that change with dose level, sex or radiolabel position should be clearly 

identified. Sex differences in ADME results are important, especially if these might 

explain any sex differences in the toxicological effects. 

 Any information available on stereochemical differences in the kinetics of the 

compound should be provided. 
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1.2 Biotransformation 

 Information should be available on the nature and extent of formation of metabolites 

in mammalian species, most often the rat. 

 The analytical technique used to determine metabolites (e.g. radiometric high-

performance liquid chromatography; liquid chromatography—mass spectrometry) 

should be provided. 

 A brief outline of the extent of metabolism and the main metabolic reactions is 

provided. 

 Any major metabolites (e.g. representing over 10% of the administered dose) should 
be identified. If there are many low-level metabolites, a general statement (e.g. there 

were over 20 metabolites, no individual one representing over 7% of the administered 

dose) should be given. 

 If there is information available on plant metabolites, it should be checked whether 

these are also formed in the mammalian species tested (e.g. rat); if so, this should be 
noted in the monograph, with the percentage formed, even if less than 10% (this 

information is useful when assessing the relevance of plant metabolites). 

 Metabolite codes can be used, but it is preferable to provide some indication of the 

structure of the metabolite (e.g. 4-desmethyl or 3,5-dihydroxy) and its route of 
formation (e.g. hydrolysis, aromatic hydroxylation).  

 If there are many metabolites or there are no simple descriptors and full IUPAC 

chemical names are very complex, it is possible to use footnotes or a table of 

metabolite codes and names to preserve the readability of the text. For compounds 

with many metabolites, the tables can get very complicated if data on all metabolites 
are provided, and it is recommended that only major metabolites and those also 

present in plants are included. It may also be possible to cross-reference the FAO 

monograph. 

 Any changes in metabolism associated with repeated dosing that might indicate 

induction or inhibition of metabolism of the compound should be indicated. 

 Any information available on stereochemical differences in the metabolism of the 

compound or on its enantiomeric interconversion should be provided. 

 Special studies on substance metabolism (e.g. species comparison in vitro, identity of 

enzymes involved) should be included, and not just studies limited to, for example, 
enzyme induction. 

 A figure illustrating the metabolic pathway is normally included. This should be 

provided by the sponsor and needs to be of good quality. 

 

1.3 Effects on enzymes and other biochemical parameters 

 Information is included under this heading only if available and relevant. Previous 

monographs can be checked for the type of information that might be included, 

although this section is rarely included (see toxicological monograph on dicamba in 

WHO 2012, for one example). 

 If there is no relevant information, this heading does not need to be retained in the 

monograph. 

 

2. Toxicological studies 

 

General study details that should be provided for each toxicological study described in the 

monograph include the following: 

 

 species and strain of animal used; 

 the method of dosing (e.g. gavage, capsule, variable dietary concentration);  

 vehicles used for gavage studies (and if there appear to be any findings that change 

with different vehicles); 
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 purity of the test material and its batch and/or lot number, and the nature of any 

potentially toxicologically important impurities; 

 sex and number of animals in each group (if there are satellite groups, numbers for 

the main group and satellites are given separately); 

 whether a study is non-guideline or a range-finding study with limited investigations. 

In such cases, a conclusion on the value of the study in evaluating the toxicological 

profile of the compound (e.g. provides useful information on repeated-dose effects; 

end-points studied too limited to provide useful information) can be provided; 

 any additions to the standard test protocol, such as measurement of specified hormone 
levels or evaluation of toxicokinetics during the dosing period; 

 all the administered dose levels, including 0 for controls; for dietary studies, this 

should include both ppm values and the equivalent mg/kg bw per day dosage for both 

males and females; 

 whether the study used dose patterns that did not involve dosing every day (e.g. 5 

days/week rather than 7 days/week). If so, it should be checked whether the stated 
dose levels are given only for the days of dosing or averaged over the whole duration 

of the study. JMPR gives dose levels averaged over the entire study duration; 

 whether there were any complications associated with dosing, such as solubility, 

stability and palatability; 

 duration of the study; 

 details of any recovery group (e.g. numbers, duration of dosing, interval between last 

dose and termination, extent of investigation of animals in this group); 

 any mortalities seen during the study, both in treated and in control groups, and 

information on the causes of mortality, if known (e.g. dosing errors in gavage studies, 

which are not compound related); 

 description of compound-related findings, if any, identifying the effect, its severity or 

magnitude and, for dichotomous data, an indication of the number of animals 

affected. This is often presented in tabular form. If no significant effects were seen at 

a particular dose level, a simple statement to that effect should be made; 

 any findings that are statistically significant but are discounted as not adverse or not 

relevant to a human risk assessment; 

 anything else of note in the study (e.g. high morbidity in controls); 

 the POD, such as the NOAEL (if one was identified), and the critical findings on 

which the POD was based (e.g. at the LOAEL), given at the end of the study 

description;  

 the author(s) and date of preparation of the study report, given at the very end of the 

study description. 
  

Where relevant information is identified in the peer-reviewed literature that provides 

insight into the toxicity of the compound additional to that provided by the studies 

submitted by the sponsor, it should be summarized under the appropriate heading below. 
In general, the same format should be followed as for a submitted study, highlighting any 

important details that are missing (e.g. details of dosing regimen), and also any additional 

observations to those that might be found in a typical guideline study, which may be of 
value in evaluating the compound. 

 

2.1 Acute toxicity 

 In the majority of cases, acute dermal and inhalational studies, skin and eye irritation 

studies, and skin sensitization studies are not directly relevant to the work of JMPR 

(i.e. dietary risk assessment purposes). In some cases, however, these studies can 

provide useful supplementary information to assist with the hazard assessment (e.g. 

confirmation of localized irritation of the gastrointestinal tract by observations of skin 
and/or eye irritation). On this basis, a concise summary of the results of these non-

oral toxicity studies will generally be included in the monograph. 
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 In the initial draft of the monograph, a description of details such as clinical signs 

seen in the acute toxicity studies should be provided, if any.  

 The data for acute toxicity are presented in a simple tabular format. Examples of such 

tables are provided in section 6.2.5 (Tables 4 and 5). 

 The skin and eye irritancy studies are described briefly, with no or minimal 

methodological details. 

 The skin sensitization description should include the numbers of any animals 

responding and the test method used. 

 Details of the associated classification under any particular scheme (e.g. compound is 

classifiable as a skin irritant) are not given. 

 Any special single-dose studies relevant to establishing an ARfD should be 

summarized in this section unless they are immunotoxicity or neurotoxicity 

investigations, in which case they are summarized in the appropriate section below. 

 

2.2 Short-term studies of toxicity 

 Short-term studies include, for rodents, studies up to 90 days’ duration; for dogs, 

studies up to 2 years’ duration are included. 

 It can be useful to comment on findings that were not seen in a study if they were 

present in a similar one. For example, if a certain effect were seen in a 28-day rat 

study, it would be expected that it would also be present in the 90-day study at similar 
dose levels. 

 Any findings that were considered not relevant to humans and the reasons why (e.g. 

kidney findings in male rats only, supported by investigations of α2u-microglobulin) 

should be indicated. 

 Any early findings of possible relevance to an ARfD, even if at doses above the 
LOAEL, should be identified, together with the time and the lowest dose at which 

they are seen.  

 

2.3 Long-term studies of toxicity and carcinogenicity 

 Long-term studies include studies with a duration of at least half the lifetime of the 

species of interest (e.g. at least 1 year for rodents). 

 Because certain animal strains have high background levels or susceptibilities to 

developing certain tumour types, it is very important to give the strain details. 

 If the nature of the dose–response relationship is not clear (e.g. response is marginal 

and is not monotonic), historical control data should be provided. These should be 
requested from the sponsor, if necessary (see section 6.2.6). 

 It should be indicated if the survival rate is adequate in the top-dose animals (there 

should normally be a minimum of 25 animals [50%] in each group surviving to 

termination). If survival did not meet this level, it should be indicated if the deaths 

were mainly towards the last few weeks of the study. 

 Is there any indication of findings occurring earlier in treated animals? This can be 

important for lesions that have a high background incidence. 

 If there were no increases in tumour incidences, a clear statement should be made.  

 

2.4 Genotoxicity 

 Although the final monograph will normally contain only limited details, usually in 

tabular form (see examples in section 6.2.5, Tables 6 and 7), it can be useful to 

include in the draft monograph additional details of studies where the results were 

considered positive or equivocal (e.g. colony counts, size of colony, survival rates or 
aberrant cell numbers). These details will normally be deleted (or substantially 

reduced) subsequently.  
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2.5 Reproductive and developmental toxicity 

 
 (a)  Multigeneration studies 

 With dietary exposures at constant parts per million concentrations, the achieved 

intakes vary greatly with reproductive stage. Achieved intakes are normally 

determined for various stages of the study (e.g. premating, lactation). When 

determining NOAELs, JMPR policy is to use the lowest achieved intake of any of the 
measured stages, unless a critical stage and associated intake can be determined.  

 Data should be presented for each stage and generation separately (e.g. parental 

generation for first generation, first mating pups, parental second generation, etc.). 

Some indication of whether findings were consistent across the generations should be 
provided subsequently. 

 It should be indicated if litters were standardized in size at around day 4. 

 If pup weights are different in treated groups, it should be determined if this relates to 

litter size and if there are effects on total litter weight.  

 If pup mortality is increased in treated groups, it should be determined if there were 

more pups in the litters to start with (e.g. control litter mean of 10.8 pups with 0.9 
dying gives 9.9 alive; test group mean of 12.1 pups with 2.1 dying might be 

statistically significant, but still gives 10.0 alive; more than in controls). 

 For developmental end-points (e.g. tooth eruption), it should be determined if there 

are effects on the time to achievement; the body weight at that time should also be 

checked.  

 PODs, usually NOAELs, are to be identified for reproductive toxicity (e.g. 

impairment of fertility, parturition, lactation), parental toxicity (usually systemic 

toxicity, such as effects on body weight or feed consumption) and offspring toxicity 

(e.g. effects on pup body weights or pup viability). 
 

 (b)  Developmental toxicity 

 The days of dosing should be indicated (i.e. which days of gestation). 

 Details of the investigative techniques (e.g. dissection, staining, X-ray) and the 

proportion of fetuses being examined by each technique should be given. 

 If a range-finding study has been submitted, it can be described separately if there are 

important findings. If it adds nothing to the discussions, it can just be mentioned in 

the introduction to the main study. 

 If there are developmental anomalies in the main test, it should be determined if they 

were seen in the range-finding study as well (if submitted). Range-finding studies 

normally include only limited examinations of maternal toxicity, external 
malformations and fetal viability. 

 It should be indicated if there were any increases in malformations even at maternally 

toxic doses. 

 Any effects that occur within the first day after dosing should be noted, as they could 

be used as the basis for setting an ARfD. 

 PODs, usually NOAELs, are to be identified for maternal toxicity (usually systemic 

toxicity, such as effects on body weight or feed consumption) and for embryo and 

fetal toxicity (e.g. effects on fetal weight, fetal mortality, incidence of skeletal and 

visceral anomalies or variants). 

 [Guidance on interpretation of variations, anomalies and malformations to be 

developed] 

 



24 

 

 

 

2.6 Special studies 

 
 (a)  Neurotoxicity 

 Three different study types in rodents may be submitted: acute, repeated dosing of 

adult animals (up to 90 days) and developmental neurotoxicity. Delayed neurotoxicity 

studies in hens may be submitted for organophosphorus pesticides. 

 Investigative techniques can vary, so a more detailed description of methodology is 

normally required for these studies. This does not mean that precise details are 
necessary. A generic comment such as “a range of locomotor activity measurements 

was made” will be adequate, as any specific tests showing changes should be 

identified later in the results text. 

 Measurements are often taken at various time points; the days on which they were 

performed should be given. 

 For developmental neurotoxicity, it should be indicated if pups were dosed directly or 

if the level of the compound in milk was investigated (additional details on 

developmental neurotoxicity studies can be found in Part 3). 

 For the acute neurotoxicity study, it should also be indicated if there are any findings 

of general toxicity that are relevant to establishing an ARfD.  

 The PODs, usually NOAELs and LOAELs, for both neurotoxicity and general 

toxicity should be given. 

 Results of many neurotoxicity tests can vary considerably even in controls, so 

provision of standard deviations or ranges of data as well as means should be 

considered. 
 

 (b)  Immunotoxicity 

 It is important to give some details of the methodology and immunotoxicity end-

points measured (including immune-related tissues, not just immunoglobulin data), as 
there can be considerable variation between studies. 

 Immunoglobulin titres can vary considerably even in controls, so provision of 

standard deviations or ranges of data as well as means should be considered. 

 
 (c)  Studies on metabolites 

 An explanation of why the metabolite or other chemical has been tested and what its 

relationship is to the overall risk assessment (e.g. environmental contaminants not 

found in plants versus significant plant metabolite) should be provided. The latter is 

of more importance to JMPR and will normally merit greater discussion (additional 
information on metabolites can be found in Part 3). The sponsor should explain the 

relevance of the compound, particularly whether or not it is likely to be a residue of 

relevance to consumer exposures, by providing exposure estimates. 

 Studies on impurities or metabolites will normally be summarized only briefly unless 

they are of relevance to the residue definition. In the latter case, they should be 

described in the same manner as the equivalent study on the active substance. 

 Metabolite codes can be used, but some indication of the structure of the metabolite 

(e.g. 4-desmethyl or 3,5-dihydroxy) should be given, if possible. If there are many 
metabolites or there are no simple descriptors and full IUPAC chemical names are 

very complex, it is possible to use footnotes or a table of metabolite codes and names 

to preserve the readability of the text. Alternatively, it might be appropriate to cross-

reference the FAO monograph. 

 The studies should be reviewed and summarized in the same manner as for the parent 

pesticidal compound. 

 

 (d)  Mode of action/investigative studies 

 The studies involved should be summarized as for other studies, paying particular 

attention to aspects that are critical to the comparison with the standard regulatory 
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study that found the effects being investigated (e.g. strain, dose level, investigative 

techniques, duration of treatment). 

 Full International Programme on Chemical Safety (IPCS) mode of action frameworks 

for either cancer or non-cancer end-points (IPCS, 2007) may be submitted for some 

pesticides. These are often lengthy and are not normally included in the monograph. 

The full text should be available to the Meeting for review and will be made available 

as an annex to the final monograph. 

 If a mode of action has been proposed by the sponsor, but no formal framework has 

been submitted, the sponsor should be requested to provide such a document, which 

can then be critiqued. 

 In the monograph, the conclusions of each of the key elements of the framework 

should be presented (e.g. dose concordance – the mechanistic studies used different, 
higher dose levels than the LOAEL for tumours).  

 

3. Observations in humans  

 For some compounds for which the critical end-point could be readily measured in 

humans (e.g. for acetylcholinesterase inhibition), human volunteer studies may be 

available. Details of group size and demographics, including age, sex and ethnicity, 

can be important to determining the relevance of the results to the wider population. 

 JMPR will use human data in establishing reference doses if the study is scientifically 

valid and performed ethically, according to the principles of the Declaration of 
Helsinki. 

 Sponsors should provide up-to-date information on production plant worker 

monitoring. This is a legal requirement in most parts of the world, so if it is not 

provided, the monographer should ask for it – for new compounds, it can be the only 
data on humans available. An idea of the size of the workforce and duration/level of 

exposure should be provided (if available). It is also important that explicit negative 

data are submitted (e.g. no effects were reported when x subjects were monitored for 
y years). 

 Data on poisoning cases can be difficult to interpret, as the actual dose is often 

unknown (was the bottle full or half empty to start with?), and symptoms can be due 

to other components of the formulated product. Nevertheless, if information is 

available on poisoning cases, it should be summarized here.  
 

Comments  

 This is essentially a draft of the “Comments” section in the report item (see section 7 

below). For the first draft, it can be useful to highlight the controversial/critical 
aspects where discussion should be focused. 

 

Toxicological evaluation (including tables) 

 This is essentially a draft of the “Toxicological evaluation” section in the report item 

(see section 7 below). For the first draft, it can be useful to highlight the 

controversial/critical aspects where discussion should be focused. 

 

References 

 These should be presented at the end of the monograph; the sponsor should be asked 

to provide the references in the JMPR style. 

 In the reference list itself, all authors should be given if there are six or fewer; if there 

are more than six authors, the first six authors are given, followed by et al. 

 Order of references in reference list: single author by increasing year, two authors 

alphabetically by second author, three authors alphabetically by second or third 
author, more than three authors by increasing year: 

Brown J (1999a). 

Brown J (1999b). 
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Brown J (2000). 

Brown J, Jones F (2001). 
Brown J, Smith M (1988). 

Brown J, Jones F, Smith M (2012). 

Brown J, Smith M, Jones F (2010). 

Brown J, Jones F, Smith M, Kennedy B, Lewis M (1999). 
Brown J, Smith M, Kennedy B, Lewis M, Clark T, Jones F et al. (2010). 

 Abbreviated journal names as given by the United States National Library of 

Medicine (e.g. Am J Toxicol) are used. Note that the abbreviated journal name ends 

with a period, before the volume number. 

 Page ranges use en dashes and are abbreviated (only those digits that change in the 

higher page number are given): e.g. 310–7; 252–66; 296–305. 

 Examples
2

 of references in reference list: 

o Journal reference 

Andersen HR (2002). Effects of currently used pesticides in assays for 
estrogenicity, androgenicity, and aromatase activity in vitro. Toxicol Appl 

Pharmacol. 179:110–2. 

o Book reference 

Jerne NK, Nordin AA, Henry C (1963). The agar plaque technique for 
recognizing antibody-producing cells. In: Amos B, Koprowski H, editors. 

Cell bound antibodies. Philadelphia (PA): Wistar Institute Press; 245–79. 

o Unpublished study (there is room for flexibility in the format of these 
unpublished studies). 

Mellert W, Smith W (1994a). MCPA-DMA salt – Subchronic oral dietary 

toxicity and neurotoxicity study in Wistar rats. Unpublished report no. 
50C0189/91140 by BASF Aktiengesellschaft, Ludwigshafen, Germany. 

Submitted to WHO by the MCPA Task Force Three.  

Twomey K (1999c). ZA1963 metabolite 8 (R408509): acute oral toxicity 

study in rats. DuPont Report No. CTL/P/6163. Unpublished. Zeneca Central 
Toxicology Laboratory, Alderley Park, Macclesfield, Cheshire, England, 

United Kingdom. Submitted to WHO by E. I. du Pont de Nemours and 

Company, Wilmington, DE, USA.  

o Secondary reference 

add [cited in Brown & Smith, 1969] at the end of the reference.  

o Reference found online 

Give URLs, with access dates, for as many references as possible, 
particularly WHO products. Example: 

Maher D, Ford N (2011). Action on noncommunicable diseases: balancing 

priorities for prevention and care. Bull World Health Organ. 89:547A 
(http://www.who.int/entity/bulletin/volumes/89/8/11-091967.pdf, accessed 3 

August 2011). 

o Databases, electronic publications and website references 
Derry S, Moore RA (2012). Topical capsaicin (low concentration) for chronic 

neuropathic pain in adults. Cochrane Database Syst Rev. 9:CD010111. 

WHO Regional Office for Europe (2012). European health for all database 

[online database]. Copenhagen: WHO Regional Office for Europe 
(http://www.euro.who.int/hfadb, accessed 3 August 2012). 

                                                
2 

Additional examples may be found in the reference lists provided in this guidance document. 
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HBSC International Coordinating Centre (2012). HBSC: Health behaviour in 

school-aged children: World Health Organization crossnational study 
[website]. St Andrews: Child & Adolescent Health Research Unit, University 

of St Andrews (http://www.hbsc.org, accessed 11 October 2012). 

Section of a website 

WHO Regional Office for Europe (2012). Towards a new European public 
health action plan. In: WHO/Europe public health forum [website]. 

Copenhagen: WHO Regional Office for Europe 

(http://discussion.euro.who.int/forum/topics/towards-a-new-european-public-
healthaction-plan, accessed 21 June 2012). 

Online journals 

Garrett L, Chowdhury AMR, Pablos-Mendez A (2009). All for universal 
health coverage. Lancet. 374:1294–9. doi:10.1016/S0140-6736(09)61503-8. 

 

7. Preparing the report item 

In the meeting, the main discussions revolve around the preparation and wording of the report item. 

The report item consists of an introductory section (which will become the “Explanation” section in 
the monograph), sections on Biochemical aspects, Toxicological data, Toxicological data on 

metabolites and/or degradates and Human data (which will become the “Comments” section in the 

monograph), Toxicological evaluation and summary tables (which will follow the “Comments” 
section in the monograph). Following adoption of the report, the editor will insert the final 

Explanation at the beginning of the final draft of the monograph and the Comments, Toxicological 

evaluation and summary tables at the end of the monograph, before the references. The report item 

does not normally contain any references, tables or figures within the main text. However, there might 
be circumstances where it could be necessary to incorporate data from previous monographs 

particularly if no monograph addendum is to be produced. The report item also contains a number of 

standardized phrases that give the Meeting’s conclusions on certain aspects, such as the potential 
carcinogenicity to humans (a selection of these phrases is available in Annex B). The report item 

forms the text that goes into the meeting report on a compound or general item and is probably the 

most important output of the meeting for a particular topic. 

It is the responsibility of the monographer (assisted by the appropriate reviewer) for a 

particular compound or general item to prepare the first draft of the report item and 

incorporate changes arising from discussions into the subsequent draft (which will then be 

edited before being discussed further).  

At the meeting, a copy of the most up-to-date report item template will be made available on the 

shared drive. It is essential that this contemporary template (not one from a previous compound 

evaluated by the monographer) forms the basis of the first draft of the report item. The current version 
of the report item template is available in Annex C. 

A recently published JMPR meeting report (available at http://www.who.int/entity/foodsafety/ 

areas_work/chemical-risks/jmpr/en/index.html) should be read alongside this guidance, as it will 
contain several examples of report items to illustrate the concepts addressed in this text. 

The report item consists of the following main sections: 

 Initial compound description (no heading) 

 Biochemical aspects 

 Toxicological data  

 Toxicological data on metabolites and/or degradates 

 Human data 

 Toxicological evaluation 

 Levels relevant to risk assessment (table) 



28 

 

 

 

 Critical end-points for setting guidance values (table). 

Details regarding the content of each of these sections are included in the following text. The 

descriptions are based on a compound with a standard toxicological dataset and no highly unusual 
findings. The standard format can be adapted to an atypical dataset if there is good reason. Additional 

details can always be presented where they are important to the decision-making. 

It is noted that a toxicological monograph or monograph addendum, as appropriate, will almost 

always be prepared for compounds considered by WHO at the meeting, even if it is only one or two 
pages in length, unless no new data have been submitted on the compound.  

  

7.1 Initial compound description 
This section will become the “Explanation” section of the monograph, with the addition of a figure 

containing the chemical structure of the compound as well as any other detailed information that the 
Meeting decided not to include in the report item. Details on the information to be included in the 

Explanation are provided in section 6.3 above. 

The initial description should not contain the following (unless it is essential to an aspect of the report 
item): 

 development codes for the compound  

 CAS or non-IUPAC chemical names 

 an extensive list of the crops to be treated and pests controlled 

 references to reviews by other organizations 

 names of sponsoring or producing companies. 

There is only a single “Explanation” section in the report, whether or not there is a residues section. 

Hence, it is important that the monographer liaise with his or her counterpart in the FAO group, if the 
compound is also being evaluated for residues, to ensure consistency and agreement on the content of 

the “Explanation” section. 

 

7.2 Biochemical aspects 
This section summarizes the ADME studies on the compound. Unless specific information is 

available on the compound itself, the descriptions will normally be in terms of the amount of 

radiolabel as a proportion of the administered dose, and not the compound (as it will probably have 

been metabolized). 

It should contain brief textual information on the following (if appropriate data are available): 

 dose levels used (normally a single low, repeated low [either unlabelled followed by a single 

labelled dose or repeated labelled doses] and a single high dose) and if there are any 

differences in the results; 

 the position(s) and type(s) of any radiolabel used (e.g. [3-
14

C]compound); 

 the time course of absorption and its extent;  

 basic kinetic parameters if available, such as bioavailability and half-life, noting if these relate 

to the parent compound or total radioactivity;  

 any organs with particularly high concentrations of radiolabel, particularly if these are also 

toxicological target organs or tissues; 

 the proportion of the radiolabel excreted via the various routes (urine, faeces and bile), and an 

indication of the rate (i.e. over what period);  

 information on any stereospecific aspects of metabolism or kinetics;  

 a brief outline of the extent of metabolism, the main metabolic reactions and the major 

metabolites (representing over 10% of the administered dose), as well as information on any 

other metabolites of toxicological concern; and 

 any other information on metabolism or kinetics that are relevant to the toxicological 

evaluation of the compound. 
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7.3 Toxicological data 
This is the main section of the report item, with each section appearing in a new paragraph in the 

order described below. 

1. A brief summary of the acute toxicity by all routes and a comment on the irritancy to skin and 

eyes plus the potential for skin sensitization. 

o The lowest median lethal dose (LD50), not the combined one, is indicated, irrespective 
of the test method and sex differences. Any observations of note prior to death that 

might assist in evaluating the need for an ARfD should be briefly described. 

o Irritation is described qualitatively (e.g. none, slight, severe, persistent). 

o The species tested and, for skin sensitization, the method used (e.g. Buehler method, 
maximization test, local lymph node assay) are given. 

o Details of the associated classification under any particular scheme are not given. 

 
2. A brief outline summary of the repeated-dose toxicity profile covering species tested, 

common target organs or effects, and any marked species or sex differences. Any deficiencies 

in the repeated-dose toxicity database may be mentioned. It should be indicated if there are 

any unusual aspects of the dosing (e.g. all doses expressed as acid equivalents for salts or if 
some studies were on related compounds, such as racemate versus resolved isomers). 

 

3. There are then a number of paragraphs describing succinctly the repeated-dose toxicity data, 
carcinogenicity, genotoxicity, reproductive toxicity and developmental toxicity, by species. 

Each species has its own paragraph within a section, starting with the smallest and moving to 

the largest species. The paragraphs on repeated-dose toxicity will normally start with the 
shortest-duration study. Each study description should contain: 

o the species (not strain, unless relevant); 

o all the administered dose levels, including 0 for controls. For dietary studies, this 

should include both ppm values and the equivalent mg/kg bw per day values for 
males and females; 

o the duration of the study; 

o the method of dosing (e.g. gavage, capsule or variable dietary concentration); 
o the POD, such as the NOAEL (if one was identified), and the critical findings on 

which the POD was based (e.g. at the LOAEL)  

 Findings at doses above the LOAEL are not normally included for the 
repeated-dose toxicity studies (but can be included for the carcinogenicity, 

reproductive toxicity and developmental toxicity studies – see below).  

 The general statement will read as follows: The NOAEL was x ppm (equal 

[or equivalent] to y mg/kg bw per day), based on [effects] observed at z ppm 
(equal to aa mg/kg bw per day), or the equivalent for some other POD.  

 Note that only the lower of the two doses for males and females is given here, 

unless the NOAEL is based on an effect seen in one sex only, in which case 
the dose for that sex would be provided.  

 When no effects are observed at the highest dose tested, the text will read: 

The NOAEL was x mg/kg bw per day, the highest dose tested. OR The 

NOAEL was x ppm (equal [or equivalent] to y mg/kg bw per day), the 
highest concentration tested.  

 When effects are observed at all doses tested, the text will read: No NOAEL 

could be identified, as effects were observed at all doses. The LOAEL was x 
mg/kg bw per day, the lowest dose tested. OR The LOAEL was x ppm (equal 

[or equivalent] to y mg/kg bw per day), the lowest concentration tested. 

Alternatively, it might be possible to determine a BMDLx, which should be 
provided. 

o when alternative PODs (e.g. BMDLx) are used, the basis for their derivation; 

o an overall NOAEL, when a particular finding occurs in more than one study. To 

apply such an approach, similarities among studies (study design, duration, species 
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and strain) need to be evaluated (see section 5 in Part 3). An overall NOAEL should 

always be provided for 3-month and 12-month dog studies, if appropriate. 

 
4. For the specific sections on carcinogenicity, genotoxicity, reproductive toxicity, 

developmental toxicity and special studies, such as neurotoxicity or immunotoxicity (if 

performed), additional details and standard phrases are required: 
o For the section on long-term toxicity and carcinogenicity studies, there should be a 

description of any increases in tumours (or an explicit statement that there were no 

increases) and the doses at which tumours were and were not seen. 
 After the carcinogenicity section, an appropriate standard phrase for the 

carcinogenicity in the test species is added (see Annex B). 

o For genotoxicity, a comment on the adequacy of the database is needed. Any 
positive/equivocal studies should be identified and described. Choose a standard 

phrase on the adequacy of the database and the compound’s genotoxicity (see Annex 

B). 

 After the genotoxicity section, a conclusion on the carcinogenic risk to 
humans should be given. If specific mechanistic or mode of action studies 

have been performed, the critical aspects of these would normally be 

presented before the standard phrase on the risk to humans (see Annex B). 
o For reproductive toxicity, any effects on reproductive function or offspring 

development and general toxicity to parental animals should be reported separately. 

The text should make it clear what the PODs (e.g. NOAELs) are for all three end-

points (parental toxicity, reproductive toxicity and offspring toxicity). 
o For developmental toxicity, maternal toxicity and embryo and fetal toxicity should be 

described separately. It should be made clear what the PODs (e.g. NOAELs) are for 

each end-point. Whether the compound produces malformations (irrespective of any 
maternal toxicity) should be commented on.  

o Note that the unit of assessment for most end-points in developmental toxicity is the 

litter and not the fetus; that is, the primary statistical comparison should be on the 
number of litters affected, rather than the number of fetuses. 

 After the developmental toxicity study description, an appropriate statement 

on teratogenicity should be added (see Annex B). 

o For neurotoxicity, acute and repeated-dose studies (and developmental neurotoxicity 
and delayed neurotoxicity, if submitted) should appear in separate paragraphs. If there 

were any neuropathological findings, these should be indicated, in addition to 

describing any other indications of neurotoxicity. For the acute neurotoxicity study, it 
should also be indicated if there are any findings of general toxicity that are relevant 

to establishing an ARfD. The PODs (e.g. NOAELs) for both neurotoxicity and 

general toxicity should be given. 
 After the neurotoxicity paragraph(s), a standard phrase is added (see Annex 

B). 

o For immunotoxicity, the end-point used (e.g. immunoglobulin M response to sheep 

red blood cells) should be indicated. It should be noted if any immunotoxicity seen 
was at doses also producing general toxicity. 

 

5. Mechanistic or mode of action studies are summarized briefly on a case-by-case basis. It 
should be indicated if any standard frameworks were used (e.g. IPCS), and the conclusion in 

terms of human relevance should be noted. Any shortcomings or findings that did not support 

the proposed mode of action should be identified. The text might be best presented directly 

following the text for the study showing the effect being investigated (e.g. carcinogenicity or 
malformations). 

 

7.4 Toxicological data on metabolites and/or degradates 
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 Unless they have been provided with the initial submission of data, the monographer should 

ask the company to provide studies on metabolites, degradates or impurities and their 

exposure estimates.  

 The monographer should identify any previous JMPR evaluations of the metabolites, whether 

as pesticides themselves or as metabolites of previously evaluated pesticides. 

 If available, studies on impurities, metabolites or degradates will normally be summarized in 

the “Comments” section very briefly unless they are of relevance to the residue definition. In 

the latter case, they should be described in the same manner as the equivalent studies on the 

active substance. In the case that studies on potentially relevant metabolites or degradates are 
unavailable, conclusions on toxicological relevance should be drawn in the “Comments” 

section, indicating the methodology (threshold of toxicological concern [TTC]/read-across) 

used to drive such conclusions (see Part 3). Metabolite codes should be used only if chemical 
names are not available. Some indication of the structure of the metabolite (e.g. 4-desmethyl 

or 3,5-dihydroxy) should be given. If there are many metabolites or there are no simple 

descriptors and full IUPAC chemical names are very complex, it is possible to use footnotes 
to preserve the readability of the text. Alternatively, it may be possible to cross-reference the 

residues comments for the compound. 

 See Part 3 for more details on considerations on plant and animal metabolites. 

 

7.5 Human data 
 The human data section normally contains information on monitoring of production plant 

workers plus any information on poisoning cases (accidental or deliberate self-harm). For 

standard phrases (if applicable), see Annex B. 

 See Part 3 for more details on the use of data from human volunteers. 

 

7.6 Final statement 

 The final statement of the “Comments” section is on the adequacy of the overall database to 
characterize the risk to fetuses, infants and children (see Annex B for standard phrase). 
 

7.7 Toxicological evaluation 
This section describes the basis of the ADI and ARfD (if established). There might be cases where 

pesticides cause no or minimal acute effects, for which the ARfD would be greater than 5 mg/kg bw, 

so that the establishment of an ARfD would be unnecessary. If no ARfD is considered necessary, a 

standard phrase is added (see Annex B). The same principle can be applied to the ADI when no or 
minimal effects can be evidenced in long-term toxicity studies at limit doses that would result in an 

ADI greater than 5 mg/kg bw (see Part 3 for more details). 

Particular points to note include the following: 

 The ADI is a range, normally 0–x mg/kg bw. 

 The ARfD is just a single value, y mg/kg bw. 

 Both the ADI and the ARfD are rounded to one significant figure. Rounding is up from 5 and 

above and down from below 5 – for example, from 2.5 to 3, from 2.4 to 2, from 0.95 to 1, 

from 0.94 to 0.9, etc. 

 Neither the ADI nor the ARfD is given as “per day”. In the case of the ADI, this is included 

in the descriptor (acceptable daily intake). 

 The POD (e.g. the NOAEL) from one study or from more than one study (if the PODs are 

identical or very similar) may be used to establish the ADI. Additional PODs from other 

studies may be used to support the selected POD. 

 The safety factor must be given. If a safety factor other than 100 is used, the reason must be 

stated. 

 If the compound produced severe or irreversible effects, the margin between the upper bound 

of the ADI and the LOAEL for the severe effect should be given.  
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 If the ADI and ARfD are given for a form of the compound that differs from that of the 

pesticidal compound (e.g. as free acid when the compound is a salt or ester), this should be 

made clear. 

 It should be indicated if the ADI and ARfD apply to just the parent or if specified metabolites 

are included and if any potency factors should be applied to the metabolite exposures (see 

section 7.2 in Part 3). 

 An ARfD may be established for the entire population or for women of childbearing age only 

(when the only relevant end-point is developmental), or different ARfDs may be established 

for women of childbearing age and the general population, respectively, on the appropriate 
toxicological bases for their derivation.  

 At the end of the toxicological evaluation, a statement as to whether a toxicological 

monograph or monograph addendum was prepared is added (see Annex B). 

 

7.8 Levels relevant to risk assessment (table) 
This table contains only studies and NOAELs/LOAELs critical to the conclusions used in the risk 
assessment, for both parent compound and metabolites, if needed. For dietary studies, the NOAELs 

and LOAELs are given as both ppm and mg/kg bw per day (using “equal to” or “equivalent to”, as 

appropriate). The table will normally include the following studies (even if not used as the basis for an 
ADI or ARfD): 

 long-term toxicity and carcinogenicity studies in mice and rats; 

 reproductive toxicity studies in rats and developmental toxicity studies in rats and rabbits; 

 repeated-dose toxicity studies in dogs (usually a 3-month and a 12-month study combined, 

with a note to this effect); 

 any studies used as the basis for, or to support, the establishment of the ADI or ARfD. 

The table does not normally include repeated-dose toxicity studies of 90 days’ or shorter duration in 
rodents, unless used to establish the ARfD or ADI. 

The template for the table (see Annex C) contains footnotes to identify methods of exposure (e.g. 

dietary, gavage), where two or more studies have been combined or where the NOAEL is the highest 

dose tested or the LOAEL is the lowest dose tested. Note that there is no footnote when the LOAEL is 
the highest dose tested or the NOAEL is the lowest dose tested. Any footnotes that do not apply to a 

particular compound should be deleted. Any additional footnotes that the monographer feels are 

important to include to explain a result in the table can also be added. 

When a particular finding occurs in more than one study, an overall NOAEL can be defined. To apply 

such an approach, similarities among studies (study design, duration, species and strain) need to be 

evaluated (see section 5 in Part 3). 

After the table, the ADI and ARfD values are given, as well as a comment on additional information 

that would be useful for further evaluation of the compound. This is normally a standard phrase on 

human data (see report item template in Annex C), but it should be supplemented if there are 

significant deficiencies in the database supporting the compound. 

 

7.9 Critical end-points for setting guidance values (table) 
This is a very concise table covering all the main aspects of the toxicological database.  

 Normally, all entries will be two lines or less. 

 Doses should be presented only as mg/kg bw per day or mg/kg bw (i.e. no ppm 

concentrations given).  

 Any entries must be covered by text in the report item, except for dermal and inhalation 

studies. 

 The left-hand column must not be edited other than if a non-standard species was used in the 

acute toxicity/irritancy section. 
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 The targets should be only those that are seen at the LOAEL. Critical effects should only be 

given if very specific (e.g. methaemoglobin formation). 

 JMPR does not normally include more than one species in any one box. 

 Entries for the lowest NOAEL should be followed by the species (nothing else). 

 It should be indicated whether neurotoxicity and immunotoxicity NOAELs are specific or 

derived from general toxicity studies.  

 NOAELs that are above the limit dose should be indicated as > 1000 mg/kg bw per day. 

 If residue data are available, only relevant metabolite studies should be included. In contrast, 

if no residue data are available, all metabolite studies should be included.  

 



34 

 

 

 

Part 3: General criteria for interpretation of toxicological data 
 

1. Consideration of adaptive, species-specific and minor responses to discriminate 
between adverse and non-adverse effects  

1.1 Introduction 
In determining chemical safety for human health, a key quantitative output from toxicity studies is the 

identification of the highest dose/concentration tested that does not cause any statistically or otherwise 

significant adverse effects. The consistent interpretation of such findings from toxicity studies is 
important, as these data have significance in human health risk assessment, particularly in determining 

a “safe” level of exposure. Therefore, differentiation between adverse and non-adverse effects in 

toxicity studies is one of the most important and controversial issues in human health risk assessment.  

To discriminate between adverse and non-adverse effects, consideration should be given to whether 

the observed effect is:  

 an adaptive or trivial response,  

 transient or reversible,  

 of minor magnitude or frequency,  

 a specific response of an organ or system,  

 secondary to general toxicity. 

With respect to adversity, Goodman et al. (2010) regarded adaptive effects as non-adverse as long as 
they do not overwhelm homeostasis, which is frequently the case if they are transient, early precursors 

of an apical effect, reversible or of low severity. 

 

1.2 Definitions 
Attempts to identify and distinguish adversity from non-adversity have been made by the OECD, in 
the European Union classification and labelling system and by the United States Environmental 

Protection Agency (USEPA), which are discussed in the draft WHO/IPCS Harmonization Project 

Document on the development of guidance on interpretation of effects that may be modest or adaptive 

(IPCS, undated). The definitions used in this document are: 

 Adverse effects – Change in the morphology, physiology, growth, development, reproduction 

or lifespan of an organism, system or (sub)population that results in an impairment of 

functional capacity, an impairment of the capacity to compensate for additional stress or an 

increase in susceptibility to other influences (IPCS, 2004). 

 Adaptive effect – An initial response of the organism to maintain homeostasis; can be defined 

as those biological effects that do not cause biochemical, physiological and morphological 

changes that affect the general well-being, growth, development or lifespan of the organism 

(Williams & Iatropoulos, 2002). 

Comparable definitions have been published by Keller et al. (2012).  

 

1.3 Adaptive responses 
1.3.1 Liver hypertrophy/liver weight 

Based on the experience gained in past meetings, liver hypertrophy is one of the most common and 

frequent effects observed in toxicity experiments. Whether this liver effect is to be considered 
adaptive or adverse is often a matter of discussion. The following considerations were outlined to 

provide guidance on the toxicological interpretation of liver hypertrophy.  

In summary, a weight of evidence approach should be used to interpret liver findings (e.g. 
hepatocellular hypertrophy). Hepatocellular hypertrophy and the possibly associated increase in liver 

size and weight might be morphological reactions to a chemical substance and do not necessarily 
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characterize or indicate liver damage. The principles of this guidance (including the weight of 

evidence approach) were specifically outlined by the 2006 JMPR (FAO/WHO, 2006; see Annex D) in 
the evaluation of liver effects caused by boscalid, haloxyfop, quinoxyfen and thiacloprid (WHO, 

2008). 

The following principles should be followed in the final assessment of liver hypertrophy: 

 In the absence of histopathological damage (e.g. necrosis, inflammation and fibrosis) and 

relevant clinical chemistry changes (e.g. increased alanine aminotransferase, aspartate 
aminotransferase, alkaline phosphatase, bilirubin), at the dose that induces only hepatocellular 

hypertrophy and/or liver size/weight changes, hypertrophy should not be identified as an 

adverse effect or used for establishing health-based guidance values. The lowest dose at 
which this occurs should be identified as a lowest-observed-effect level (LOEL). Such non-

adverse effects should be mentioned for transparency and also whether pathological changes 

occur at the same dose level after longer exposure times. 

 If hepatotoxicity, as characterized by toxicologically significant changes in histopathology 

and/or clinical chemistry, occurs at doses higher than those causing liver hypertrophy, then 

the LOAEL for the study should be the dose that elicits hepatotoxicity (or some other relevant 

toxicity found in the study). 

 If other organ responses are observed that may be the secondary consequence of enhanced 

hepatic metabolism (e.g. thyroid hypertrophy as a result of increased hepatic clearance of 
thyroid hormones), the mode of action for these effects should be evaluated to determine the 

relevance of these effects to humans and the establishment of health-based guidance values. 

 The established reference value (e.g. ADI) should not be greater than the LOEL for the 

induction of xenobiotic metabolizing enzymes. If potency for induction were such that this 
would occur, the Meeting should consider the POD for induction in establishing the 

respective health-based guidance value. 

 The observation of hyperplasia or neoplasia would usually trigger consideration of the mode 

of action for this effect. Liver morphological changes can result from chemically mediated 
effects on different nuclear receptors, but not all these mechanisms are necessarily relevant to 

humans. The IPCS framework for analysing the mode of action of an agent in causing hepatic 

effects in animals and its relevance for humans should be followed (Boobis et al., 2006). 

 If there is insufficient information to determine whether the observed liver hypertrophy is an 

adaptive or an adverse response or might result in an impairment of the capacity to 
compensate for additional stress (e.g. cumulative effects) or an increase in susceptibility to 

other chemical influences, then the default is to assume that the effect is adverse. 

For additional information, the monographer is referred to the USEPA (2002) and the United 
Kingdom Pesticides Safety Directorate (Andrew, 2005) documents, as well as a paper by William & 

Iatropoulos (2002). For the interpretation of histopathology, the monographer is further referred to 

standard textbooks of pathology and the harmonized terminology of the International Society for 
Toxicopathology (Cheville, 1994; Haschek & Rousseaux, 1998) and Thoolen et al. (2010). 

 

1.3.2 Adaptive responses other than liver effects 

Adaptive effects can present some or all of the following characteristics (Williams & Iatropoulos, 

2002): 

 do not compromise viability at all levels of tissue organization; 

 constitute potentially beneficial effect on function or structure; 

 do not result in enhanced or reduced susceptibility of the target to respond to stress;  

 could be reversible or do not proliferate with continuous exposure (i.e. additional stress) or an 

increase in susceptibility to other influences (IPCS, 2004). 
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Prior exposure to toxic xenobiotics can elicit changes that confer resistance upon subsequent re-

exposure. Classically, the mechanisms underlying such responses have been assigned to either of two 
categories:  

1. Toxicodynamic alterations involve molecular changes that counteract the deleterious 

biochemical events whereby toxicants induce toxicity.  

2. Toxicokinetic alterations decrease the delivery of active moieties of the chemicals to the target 
or otherwise diminish their intracellular concentrations.  

Criteria for distinguishing adverse from other types of changes (e.g. pharmacological, adaptive, 

homeostatic or non-functional) have been addressed in ECETOC (2002) and by Lewis et al. (2002). A 
guidance document is currently under development within the WHO/IPCS harmonization project 

framework (IPCS, undated).  

 

1.4 Minor responses and statistical considerations 
In many cases, statistically significant differences in responses are observed, but the effects might not 
be biologically relevant – for instance, if these effects are only an isolated finding or are not 

accompanied by typical effects/parameter sequences or by a response pattern of a single organ or 

target system. In contrast, many minor, but biologically significant, changes or adverse effects at 
lower doses may not be discovered based on the low statistical power of the study.  

A biologically relevant effect can be defined as a response in an organism or other biological system 

that is considered by expert judgement as important and meaningful for the well-being of the 

biological system. This conclusion is generally assessed using expert judgement and a weight of 
evidence approach.  

A change labelled as “statistically significant” does not necessarily have a direct link to the 

importance or biological relevance of the effect. When considering experimental data, such as 
histological findings that are categorized as minor, mild, moderate or severe, specific adjusted 

statistical analysis can give sufficient evidence as to whether not only the total incidence but also the 

severity of an effect is dose dependent. However, it might be misleading, as is done at times, to 
conclude that any statistically significant effect is also biologically relevant. A statistically significant 

finding indicates a likely relationship to treatment, but may not automatically constitute a biologically 

adverse effect or a toxicologically significant effect (EFSA, 2011). In fact, statistically significant 

differences might occur within the range of normal biological variation (e.g. reduced red blood cell 
count in the absence of signs of a regenerative response). In contrast, it might be that biological or 

toxicological considerations may overcome statistical results (e.g. in a study in dogs with only four 

animals per group). However, care should always be used when biological significance is argued for 
statistically non-significant results, and it should be recognized that this is more a weighting of 

uncertainty than a conclusion on toxicological response. 

Dose-dependent mild or slight histopathological or histological findings without statistical 

significance are sometimes difficult to interpret in terms of whether they are treatment related and 
adverse or not. For example, slight increases in vacuoles of hepatocytes or extramedullary 

haematopoiesis in the spleen were accepted as not toxicologically relevant changes by the 2011 JMPR 

for certain compounds (WHO, 2012). However, if any associated changes suggesting toxicity are 
detected at the same dose as minor findings, they might be considered to be adverse. If a minor 

finding is found at the LOAEL in all toxicity studies, inclusive case-by-case discussion is needed. 

Therefore, all findings should be considered in the context of the toxicological profile of the 
compound. It is stressed again that expert judgement plays a significant role in the conclusions to be 

reached; in such a case, comprehensive explanation should be given for the conclusions reached. 

1.5 Historical control data: non-neoplastic and neoplastic findings 
In long-term studies, a lower than normal frequency of a non-neoplastic or neoplastic lesion in the 

concurrent control animals may lead to a statistically significant increased incidence of the lesion in 
the treated groups. In contrast, a higher than normal frequency in the concurrent control might mask a 
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toxic or carcinogenic response in dosed animals. Historical control data, which are defined as a 

compilation of the findings in control animals from a number of separate studies, have been used 
practically for simple comparisons based on the range in histopathological evaluation. Preferred 

criteria of historical control data for histopathological evaluation submitted to JMPR are described 

below.  

Some general rules for the application of historical control data for carcinogenicity studies are 
published within Commission Regulation (EU) No. 283/2013 (EC, 2013). Where submitted, historical 

control data shall be from the same species and strain, maintained under similar conditions in the 

same laboratory and from contemporaneous studies. Additional historical control data from other 
laboratories may be reported separately as supplementary information.  

The information on historical control data provided by the sponsor shall include:  

 identification of species and strain, name of the supplier and specific colony identification, if 

the supplier has more than one geographical location; 

 name of the laboratory and the dates when the study was performed; 

 description of the general conditions under which animals were maintained, including the 

type or brand of diet and, where possible, the amount consumed; 

 approximate age (in days) and weight of the control animals at the beginning of the study and 

at the time of killing or death; 

 description of the control group mortality pattern observed during or at the end of the study, 

and other pertinent observations (e.g. diseases, infections); 

 name of the laboratory and the examining scientists responsible for gathering and interpreting 

the pathological data from the study; 

 a statement of the nature of the tumours that may have been combined to produce any of the 

incidence data. 

The historical control data should be presented on a study-by-study basis, giving absolute values plus 

percentage and relative or transformed values where these are helpful in the evaluation. If combined 
or summary data are submitted, these shall contain information on the range of values, mean, median 

and, if applicable, standard deviation. 

Published control data such as the Registry of Industrial Toxicology Animal-data (RITA) database 
(based on the International Classification of Rodent Tumours: Parts I and II; Mohr, 1992–1997, 2001) 

might be acceptable for the evaluation of rare tumours in rodents; for the evaluation of non-rodents, 

reference should be made to appropriate review articles. The major difficulty in using historical 

control data is evaluating the increase or decrease in common tumours such as liver, pituitary or 
adrenal tumours, because ranges of their incidences are so wide that the incidences of concurrent 

control as well as treated groups often fit within the historical control data. Mean value or distribution 

of historical control data might be more useful than range only. Histopathology data on other 
chemicals showing a structure or mode of action similar to that of the test substance may also be very 

informative. If slight increases in tumours, including rare ones, were found in the target organs from 

test substances within the range of the historical control data, careful considerations of the occurrence 
of precancerous lesions or continuous damage to the targets are necessary for the evaluation. To 

strengthen the toxicological significance of histopathological changes, the use of the same diagnostic 

criteria, harmonized terminology and qualified pathologists is desirable. Work on the international 

harmonization of nomenclature and diagnostic criteria of proliferative and non-proliferative lesions of 
all organs in rats and mice (INHAND) by the American, British, European and Japanese societies of 

toxicologic pathology is currently in progress (Renne et al., 2009; Thoolen et al., 2010; Creasy et al., 

2012; Frazier et al., 2012; Kaufmann et al., 2012; Rudmann et al., 2012). 

 

1.6 Historical control data: fetal anomalies 
Concurrent control data are required for every study. In contrast, historical control data, which are 

generally composed of well characterized negative (vehicle) control data from multiple studies, are 

not required routinely, but may nevertheless be available and considered useful and appropriate for 
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interpreting study findings. Comparison of concurrent study control data with the data from treated 

animals should always take precedence over comparison with historical control data. 

Some general rules for the application of historical control data for fetal anomalies are published 

within Commission Regulation (EU) No. 283/2013 (EC, 2013). Where submitted, historical control 

data shall be from the same species and strain, maintained under similar conditions in the same 

laboratory and from contemporaneous studies.  

The information on historical control data provided shall include:  

 identification of species and strain, name of the supplier and specific colony identification, if 

the supplier has more than one geographical location;  

 name of the laboratory and the dates when the study was performed;  

 description of the general conditions under which animals were maintained, including the 

type or brand of diet and, where possible, the amount consumed;  

 approximate age (in days) and weight of the control animals at the beginning of the study and 

at the time of killing or death;  

 description of the control group mortality pattern observed during or at the end of the study, 

and other pertinent observations (e.g. diseases, infections); 

 name of the laboratory and the examining scientists responsible for gathering and interpreting 

the pathological data from the study;  

 diagnostic criteria for malformations and variations (Chahoud et al., 1999), based on the 

terminology by the International Federation of Teratology Societies, where possible (Wise et 

al., 1997; Makris et al., 2009). 

This information is not always available; therefore, a weight of evidence approach should apply. 

The historical control data shall be presented on a study-by-study basis, giving absolute values plus 
percentage and relative or transformed values where these are helpful in the evaluation. If combined 

or summary data are submitted, these shall contain information on the range of values, mean, median 

and, if applicable, standard deviation (EC, 2013). 

Generally, historical control data should be collected and adequately documented in each laboratory, 

and their usefulness is self-evident. For exceptional cases, such as for very rare malformations, even 

the use of historical control data from other laboratories may be appropriate. 

 

1.7 Historical control data and normal variation: clinical chemistry, biochemistry and urine analysis 
For toxicological evaluation of haematology, blood biochemistry and urine analysis data, it is very 

important to judge whether related parameters consistently go in the same direction (increase or 

decrease) or not. Considering whether effects are dose dependent is also important. Data from the 
previous 10 years or less and data from the same period as the toxicity studies conducted in the same 

test facilities or laboratories are appropriate as historical control data for haematology, blood 

biochemical and urine analysis parameters. The historical control data should be expressed as a 

statistical range (±1 standard deviation). Many factors, including age, strain, handling and feeding 
techniques or instruments for measurement, potentially affect historical control data. In dogs, changes 

of individual values throughout the study, including the pretreatment period, are more helpful than 

mean values due to wide variation in individual values. Information on haematological, blood 
biochemical and urine analysis parameters of structurally similar chemicals or chemicals with a 

similar mode of action is useful. It is noted that urine analysis results should always be interpreted in 

conjunction with other end-points as part of a weight of evidence approach, especially at high dietary 
incorporation levels, which might alter overall nutrition.  

Changes indicating that the effect might be non-adverse are as follows:  

Haematological parameters: 

 changes in the number of lymphocytes and neutrophils unaccompanied by changes in total 

number of white blood cells; 
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 changes within 3-fold of minor populations of leukocytes (basophils, eosinophils, mono-

cytes); eosinophilia is defined as a 5- to 10-fold increase in eosinophils; 

 increase/decrease within 10% of number of red blood cells, haematocrit or haemoglobin and 

increase/decrease within 20% of numbers of white blood cells or platelets; 

 slight secondary anaemia caused by hepatotoxicity at higher doses. 

 Blood biochemical parameters: 

 slight increase/decrease in enzymes originating from tissues/organs (aspartate amino-

transferase, alanine aminotransferase, alkaline phosphatase, gamma-glutamyltransferase, 

creatine kinase, etc.); a change greater than 50% is a starting point to consider adverse;  

 expression of gamma-glutamyltransferase activity as a percentage of control is often 

misleading for toxicological evaluation, because the low activity of this enzyme in young 

rodents can give rise to large percentage changes when the absolute activity has not changed 

very much at all;  

 changes of albumin to globulin ratio with no accompanying changes of total protein or 

albumin levels; 

 changes of total protein or glucose levels that are less than 10%. 

 Urine analysis parameters: 

 changes in pH that can be linked to acidic or basic compounds (parent and/or metabolites) 

being excreted; 

 alterations in urine volume and/or density (specific gravity) that are associated with changes 

in water consumption or fluid loss (e.g. vomiting or diarrhoea), particularly if the test material 
is a simple salt and normal intakes of ions such as  Na

+
, Cl

−
 or K

+
 are increased significantly. 

Slight but toxicologically significant changes are as follows: 

Haematological parameters: 

 Attention should be paid to even a slight increase in mean corpuscular volume (about 5%), 
because a greater than 5% increase in mean corpuscular volume might indicate 

morphological abnormality of erythrocytes. As there has been little recent technical variation 

in mean corpuscular volume measurement, mean corpuscular volume has been accepted as a 

stable and significant haematological parameter for assessing anaemia. However, if data from 
before 1995 are used, when technical standardization was insufficient, this should be taken 

into consideration in the evaluation. 

 Haematological parameters are useful indicators of anaemia. A decrease in haemoglobin 

value by more than about 10% is a starting point to judge anaemia.  

 Understanding the mechanisms of various types of induced anaemia (e.g. anilines, proton 

inhibitors, secondary effects to hepatotoxicity) is useful for the evaluation.  

 Although methaemoglobin is present in normal situations, an increased level of 

methaemoglobin (> 5% in dogs and > 1.5% in rats) in treated groups is considered adverse. 

 The appearance of Heinz bodies, which indicate degenerated haemoglobin, is also a 

toxicologically important parameter. 

 Detection of sulfhaemoglobin indicates an abnormal situation, because there is little or none 

present in normal blood.  

Blood biochemical parameters: 

 A decrease in immunoglobulin G levels is a good indicator for an immunosuppressive effect 

of a compound. 

 Urine analysis parameters: 

 The presence of increased levels of cells (blood, renal epithelial or bladder) is indicative of 

damage to the kidneys/urinary tract. 

 Blood in the urine can be indicative of systemic bleeding or local damage to the kidneys, 

urinary tract or male reproductive system. 
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1.8 General conclusions on effects within normal biological variation 
If these effects refer mainly to body weights or body weight gains, organ weight changes, or 

haematological, clinical chemistry or urine analysis parameters, published values for normal ranges 
should be used only if the methods by which they were obtained are specified in order to ensure 

comparability with the methods used in the study under consideration. Taking into consideration the 

pattern of such effects, the magnitudes of such changes could be considered as a rough estimate for 
the adversity of a number of toxicological effects: 

 Body weights or body weight gains: 10% 

 Acetylcholinesterase inhibition: 20% 

 Organ weight changes: 

Organ weight changes are frequently the most sensitive indication of treatment-related effects 

observed in toxicity studies. The analysis of organ weight data should be based on both 

absolute and relative organ weights. Organ weight changes, both absolute and relative, are the 
differences, expressed in percentages, between non-treated (control) and treated groups. If 

body weight changes are substantial, it may be preferable to express the relative organ weight 

values with respect to brain weight rather than body weight. 

Organ weight changes should be evaluated in terms of whether the absolute weights, the 

relative weights or both are altered. The changes should be expressed as a mean percentage 

change (increase or decrease) compared with the appropriate control mean values. The proper 
evaluation of organ weight changes should include examination of both individual animal 

values and group means.  

An evaluation conducted to determine which end-point (organ weight, organ to body weight 

ratio or organ to brain weight ratio) is likely to most accurately detect target organ toxicity in 
rats showed that organ to body weight ratios were predictive for evaluating effects on liver 

and thyroid gland weights, and organ to brain weight ratios were predictive for evaluating 

compound-related effects on ovary and adrenal gland weights (Bailey, Zidell & Perry, 2004). 
Brain, heart, kidney, pituitary gland and testes weights were not modelled well by any of the 

choices, and alternative methods, such as analysis of covariance, should be utilized. 

For the identification of treatment-related organ weight changes in mice, age-related increases 

in absolute liver, kidney, lung and heart weights and the relatively stability of brain and testis 
weights must be considered. A general trend in variability in absolute organ weights of brain 

< testis < kidney < heart < liver < lung < spleen < thymus has been reported for mice 

(Marino, 2012a).  

For rats, age-related increases in absolute weights and decreases in relative weights for brain, 

liver, kidney, lung, heart, thyroid and testis must be considered. A general trend in variability 

in absolute organ weights of brain < testis < heart < kidney < liver < lung < thymus < 
thyroid has been reported for rats (Marino, 2012b). 

Organ weight data must be interpreted in an integrated fashion with gross pathology, clinical 

pathology and histopathology findings. Organ weight changes without macroscopic or 

microscopic correlation should be interpreted with caution. Regardless of the study type or 
organs evaluated, organ weight changes must be evaluated within the context of the 

compound class, mechanism of action and the entire dataset for that test substance.  

For decision-making regarding whether organ weight changes are treatment-related effects, 
the following additional points should be considered: 

o Is the change dose related? 

o Is the change statistically significant? 
o Is the change noted in both sexes or only in one sex? 

o What is the incidence at each dose? 

o Are the values out of the range of the control values? 
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o Are the organ weight changes mainly due to changes in body weight? 

o Is the effect partially or completely reversible within a recovery period? 
o Are there any correlations with clinical pathology, gross or microscopic findings? 

For decision-making regarding the adversity of organ weight changes, the magnitude of the 

effect and the normal biological variation should be considered. As a rough estimate, the 

absolute and relative organ weight coefficients of variation from control animals should be 
taken as a basis for the normal range. However, as the absolute and relative organ weight 

distributions are age related and differ between organs, with mostly higher coefficients of 

variation for smaller organs, it is not possible to give a single figure for the magnitude of 
changes to be considered adverse that would be valid for all organs and species. 

The data collected from United States National Cancer Institute/National Toxicology Program 

studies (mouse: Marino, 2012a; rat: Marino, 2012b) could be used as a basis for the normal 
organ weight distribution. As most data were reported for studies with an average duration of 

3 months (i.e. the average age at necropsy was about 20 weeks), the data from this subset of 

studies should be considered primarily. The following coefficients of variation have been 

reported and could provide a rough estimate for the threshold of adversity of a toxicological 
effect on organ weights: 

 Mouse 

o Brain, absolute weight: < 10% 

o Testis, absolute weight: < 10% 

o Liver, relative weight: < 15% 

o Kidney, relative weight: < 15% 

o Heart, relative weight: < 20% 

o Spleen, relative weight: < 25% 

Rat 

o Brain, absolute weight: < 10% 

o Testis, relative weight: < 10% 

o Liver, relative weight: < 15% 

o Kidney, relative weight: < 15% 

o Heart, relative weight: < 15% 

o Spleen, relative weight: < 15% 

Effects observed in toxicological studies within the range of normal biological variation should be 

reported and discussed carefully in the health evaluation, but these effects will normally not be 
regarded as adverse, for the purpose of identifying reference points for establishing health-based 

guidance values. Particularly useful would be the comparison of measurements taken at different time 

points during the study. 

 

1.9 Effects with no alteration in function of the test organism or of the organ affected  
There may be effects in toxicity studies that do not represent any functional impairment in the test 

organism. Such effects are considered not to be adverse (Lewis et al., 2002). However, they may be a 

consequence of toxicity, reflected by other effects. They include: 

 inhibition of plasma butyrylcholinesterase;  

 limited reductions in some standard haematological parameters, such as prothrombin time 

(but within normal ranges); 

 decreased activities of aspartate aminotransferase and alanine aminotransferase in plasma;  
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 decreased concentrations of cholesterol and bilirubin in blood; 

 decreased activity of alkaline phosphatase in dogs. 

The following examples illustrate this point. Butyrylcholinesterase activity is reduced by a well 

known mode of action by anticholinesterase compounds, such as organophosphate and carbamate 
insecticides. However, unlike acetylcholinesterase, which plays a role in regulating neuro-

transmission, butyrylcholinesterase does not have a recognized neurochemical role. Plasma 

butyrylcholinesterase activity may be a useful qualitative indicator of exposure to a substance with 

anticholinesterase activity, but there is no association between its activity and cholinergic effects or 
signs of toxicity. Therefore, plasma butyrylcholinesterase inhibition is a toxicologically insignificant 

finding and is not considered an adverse effect. 

Increased activities of certain enzymes in blood, such as alanine and aspartate aminotransferases, may 
identify organ (e.g. liver) toxicity. However, decreased activity of these enzymes can be observed in 

long-term studies with reduced feed intake and body weight gain and is usually of no toxicological 

importance (Willard & Twedt, 1994). 

Concentrations of cholesterol and other clinical parameters (triglycerides) or activities of serum 

enzymes (alkaline phosphatase) may decrease naturally with the age of the animals. The concentration 

or activity decrease is generally considered to be of no toxicological importance, especially if treated 

in isolation; however, the decreases may sometimes be part of a more complex picture. For instance, 
there are cases where low levels of cholesterol were reported for certain chemicals that are 

acknowledged to be peroxisome proliferator–activated receptor activators (Schoonjans, Staels & 

Auwerx, 1996). Taking into consideration differences of cholesterol metabolism between rodents and 
humans, a case-by-case approach is recommended when dealing with low levels of cholesterol. Low 

levels of bilirubin are not generally of concern and in most cases can be explained by microsomal 

enzyme induction. However, such enzyme induction can result in adverse effects – for example, by 
increasing the elimination of thyroid hormones. 

 

1.10 Transient and reversible effects 
An effect is transient if it disappears during the course of treatment. Such transient effects are 

common and can result from: 

 nonspecific responses to dosing, such as non-palatability of diets immediately following 

initiation of treatment;  

 stress from gavage dosing. When no chemical-specific toxicity occurs, it is possible for 

effects on body weight, clinical signs and so forth in such circumstances to disappear 

following a brief acclimation period;  

 reduction of feed intake with increasing age and body weight. Effects may also disappear 

because in feeding studies the first doses are the highest doses and thereafter the dose 
decreases significantly because of the increasing body weight. Therefore, the disappearance 

of effects may be due to the reversibility of effects at lower doses rather than an adaptation to 

treatment. 
There is a need to make a distinction between transient effects that disappear during exposure and 

effects that recover after exposure ceases. In the first case, the effect may be adverse after acute 

exposure and therefore considered relevant for establishing acute reference values, such as an ARfD. 

In the latter case, the effect may be adverse throughout the period of exposure, and, at least in cases 
where continuous exposure occurs, the effect must be considered in the assessment for establishing 

chronic reference values for the test substance.  

In cases where transient effects on body weight can be related to changes in feed consumption 
because of, for example, an alteration of taste of the feed, leading to initial reduction in feed intake 

accompanied by reduced growth (effects disappear with adaptation of animals), these effects are not 

considered adverse. However, it is important that this conclusion is reached only if it is possible to 
establish clearly that reduced growth is a direct consequence of reduced palatability only. 
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1.11 Age-associated lesions (pathological findings) 
1.11.1 Chronic progressive nephropathy 

Chronic progressive nephropathy is a commonly diagnosed rat-specific condition that is naturally 

occurring in strains used in toxicology, but has no human counterpart. Chronic progressive 
nephropathy development often begins at an early age, and it might be exacerbated by many factors, 

including exposure to xenobiotic chemicals (Hard & Khan, 2004; Hard, Johnson & Cohen, 2009; 

Hard et al., 2013). Advanced stage, severe chronic progressive nephropathy is an important risk factor 
for the development of low-grade renal tubule cell tumours and their obligate precursor, atypical 

hyperplasia. If it is demonstrated that such proliferating lesions are often associated with end-stage or 

other advanced chronic progressive nephropathy (e.g. stages 6–8 on a 0–8 scale), then their 
occurrence should be noted, but they could be considered as being without significance for humans in 

most cases. Association with chronic progressive nephropathy per se, without consideration of 

severity grade, is not sufficient justification for this action. For additional information and scientific 

comprehensive background, the monographer is referred to Annex E. 

 

1.11.2 Leydig cell tumours 

Leydig cell tumours in untreated rats are almost always due to increased incidences of adenomas or of 

enlarged focal hyperplasia of Leydig cells. Their incidence is variable, may be very high in different 

strains and may be supplier source dependent. Progression to carcinoma is always rare in untreated 
rats as well as rats in which incidences of adenomas have been increased. Reported mean adenoma 

incidences at age 24 months in the RITA database differ considerably between the most frequently 

used rat strains; for example, for Sprague-Dawley, Wistar and Fischer 344 strains, incidences were 
4.2%, 13.7% and 83%, respectively. In mice, any testicular tumour occurrence is unusual in untreated 

old animals. In a number of mouse strains at ages 24–32 months, the range has been reported as 0–

6%. In rats, development of the tumour is age dependent, the earliest being found at about 1 year. 

Differential diagnosis of Leydig cell hyperplasia and adenoma is arbitrary, based on lesion size. 
Leydig cell adenomas in rats are considered to be non-functional, because accessory sex glands are 

usually atrophic in rats bearing Leydig cell adenomas.  

Leydig cell adenoma incidences in rats can be increased by a broad range of chemical treatments with 
different modes of action, whereas in mice, increases are mainly associated with chemicals having 

clearly estrogenic properties. Prenatal estrogenic exposure of mice can increase cryptorchidism and 

Leydig cell hyperplasia. Surgical cryptorchidism can induce Leydig cell adenomas in mice, but 
inhibits tumour appearance in rats. 

Leydig cell activity and focal hyperplasia in rats are under hormonal control involving the 

hypothalamus, which releases gonadotrophin releasing hormone, which acts on the adenohypophysis, 

which in turn releases luteinizing hormone, thereby stimulating Leydig cell activity to produce 
testosterone. Testosterone, either directly or after conversion to dihydroxytestosterone or to estradiol, 

inhibits luteinizing hormone release. Disruption of this feedback loop is a fundamental key event in 

several possible modes of action in rats. Of seven modes of action that have been formulated, many 
that are dependent on luteinizing hormone release (androgen receptor antagonism, 5α-reductase 

inhibition, testosterone biosynthesis inhibition, aromatase inhibition) have theoretical human 

relevance. Continuous stimulation of increased luteinizing hormone level is an important key event 
for Leydig cell tumour induction in rats. Good examples are the inhibitory effect of testosterone 

(Chatani et al., 1990) and the promotive effects of cadmium (testicular toxicity agent) (Waalkes, 

Rehm & Devor, 1997) and oxolic acid, a pesticide (Yamada et al., 1994a,b, 1995). A common 

phenomenon following exposure to these compounds was increased luteinizing hormone levels. 
Several other modes of action include estrogen agonism and antagonism, which are active in mice but 

not in rats, dopamine agonism, which is without human relevance, and gonadotrophin releasing 

hormone agonism, which is active in rats but not in mice or humans.  
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Human testicular cancers are uncommon, and clinically identified Leydig cell tumours specifically are 

rare. No specific risk factors for human testicular cancers have been identified. Epidemiology has not 
associated any evidence for human testicular cancers with any substances that induce Leydig cell 

tumours in rats. The epidemiology is probably best considered uninformative because of the normally 

very low incidence in humans and the consequential requirement for very large studies to provide 

sufficient cases for analysis. For all known non-genotoxic modes of action, there are clear quantitative 
susceptibility differences between species, with rat being the most susceptible. Thus, it is possible for 

a no-observed-effect (or -adverse-effect) level for tumour induction in rats to provide an adequate 

margin of safety protective of human health.  

For additional information and scientific background, the monographer is referred to Annex F. 

 

2. Safety/uncertainty/assessment factors  

In deriving health-based guidance values (i.e. ADI and ARfD) for exposure-based risk assessment, 

JMPR uses the paradigm developed by IPCS and widely adopted by risk assessment bodies 
throughout the world. For toxicological effects that would be anticipated to have a biological 

threshold and for which there is an experimentally observable threshold, the ADI or ARfD, as 

appropriate, is derived from the NOAEL, or other suitable POD or reference point, by application of 

an appropriate safety factor.
3

 The safety factor allows for interspecies and human interindividual 
differences in sensitivity attributable to both toxicokinetics and toxicodynamics. When using data 

obtained from experimental animals, the default safety factor is 100. This comprises a factor of 10 to 

allow for interspecies differences and a factor of 10 for intraspecies (human interindividual) 
differences. The overall safety factor is the product of these two factors (i.e. 10 × 10), under the 

assumption of independence. 

There might be situations where data on effects are still deemed to be of sufficient quality to be used 
for risk assessment, despite the lack of certain information in the database (e.g. there was only limited 

investigation of reproductive toxicity), the less-than-lifetime duration of the critical study or the 

detection of effects at all doses tested so that a NOAEL cannot be established. In these cases, an ADI 

could be derived by applying an appropriate “extra” safety factor of 3, 5 or 10 to the LOAEL, to 
account for the use of a LOAEL instead of a NOAEL, or to the NOAEL for short-term toxicity, to 

account for the short duration of the study and/or deficiencies in the database. The actual value of the 

safety factor is a matter of expert judgement and depends on the nature of the effect and the dose–
response relationship. Alternatively, the application of an extra safety factor to the LOAEL may be 

avoided using a BMD approach with a 5% or 10% benchmark response, depending on the type of 

data.  

While this approach allows for the use of data either from experimental animals (safety factor of 100) 
or from humans (safety factor of 10), it does not allow quantitative incorporation of specific 

information on toxicokinetic or toxicodynamic differences for a chemical, either between or within 

species, in the risk assessment. To overcome this limitation, IPCS recommended that the two 10-fold 
factors each be further subdivided into toxicokinetic and toxicodynamic subfactors. The subfactors 

agreed were 4-fold and 2.5-fold for interspecies toxicokinetic and toxicodynamic differences, 

respectively, and 3.16 (10
0.5

) each for human interindividual toxicokinetic and toxicodynamic 
differences. The resulting subfactors were termed “default subfactors” or uncertainty factors (IPCS, 

2005). Where available, information on one or more specific sources of variability and uncertainty 

could be used to enable derivation of one or more chemical-specific adjustment factors, replacing the 

defaults. The other subfactors are maintained at their default values, and the combined uncertainty 
factor is obtained by taking the product of all of the subfactors. 

                                                
3

 Safety factors are also known as “assessment factors”, “adjustment factors” or “uncertainty factors”. In the 

IPCS (2005) document on chemical-specific adjustment factors, the term “uncertainty factor” applies to default 

factors, whereas “adjustment factor” applies to data-derived factors. In this IPCS terminology, the overall safety 

factor is known as the “combined uncertainty factor”. 
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3. Guidance on the establishment of acute reference doses (ARfDs)
4
 

3.1 Introduction 
JMPR has established ARfDs for a number of pesticides since 1995. In 2001, WHO established an 
international working group consisting of scientists who had developed the concept of the ARfD. The 

working paper prepared by this group served as the basis for the JMPR guidance on the establishment 

of ARfDs (FAO/WHO, 2004). The related scientific publication (Solecki et al., 2005) and later the 
OECD guidance for the derivation of an ARfD (OECD, 2010) were derived from this original 

guidance. Current JMPR considerations regarding the establishment of an ARfD follow the OECD 

guidance for the derivation of an ARfD (OECD, 2010).  

 

3.2 Definition of the ARfD 

The following definition of the ARfD was adopted by the 2002 JMPR: “The ARfD of a chemical is an 

estimate of the amount of a substance in food and/or drinking-water, normally expressed on a body-

weight basis, that can be ingested in a period of 24 h or less, without appreciable health risk to the 
consumer, on the basis of all the known facts at the time of the evaluation”. 

 

3.3 General considerations in setting an ARfD 
The establishment of an ARfD should be considered for all pesticides whose uses may lead to 

residues in food and drinking-water. The suggested numerical cut-off for setting ARfDs for pesticides 
was 5 mg/kg bw; that is, if calculations indicated that an ARfD would be greater than this value, then 

it would not be necessary on practical grounds to set an ARfD, as residue levels necessary to achieve 

this intake would be highly unlikely to occur in practice, under any conceivable use scenarios. 

 

3.4 Biological and toxicological considerations 
The appropriateness or otherwise of using end-points from short-term and long-term toxicity studies 
to establish ARfDs needs to be carefully considered. The pertinent biology of the system affected 

should be considered in order to determine the plausibility that an acute exposure could compromise 

the ability of the organ to compensate and maintain homeostasis. Particular weight should be given to 
observations and investigations at the beginning of studies of repeated doses (i.e. after 1 or a few 

days). Isolated findings showing no specificity or clear pattern are not necessarily indications of 

toxicity. In the absence of information to the contrary, all toxic effects seen in repeated-dose studies 
should be evaluated for their relevance in establishing an ARfD (i.e. the likelihood that they could 

occur after a single dose). In studies on compounds showing toxicity after repeated doses, the 

adequacy of investigations (including the duration of the follow-up of the animals to see if there are 

any delayed effects) must be shown to be adequate before it can be concluded that the compound does 
not have any acute toxic potential. The end-points to which such considerations apply are described in 

OECD (2010). The POD (e.g. NOAEL) from the most sensitive species should be used, unless there 

is evidence to demonstrate that it is not appropriate for a human risk assessment. 

 

3.5 Stepwise process in setting an ARfD 
The first step is to consider whether, on the basis of the acute toxicity profile and potency of effects, 

an acute health-based guidance value is really necessary. The following process for setting ARfDs is 

suggested: 
 

1. Evaluate the total database on the substance and establish a toxicological profile for the active 

substance. 

                                                
4

 Much of the text in this section is taken from FAO/WHO (2004). 



46 

 

 

 

2. Consider the principles for not establishing an ARfD: 

 No findings indicative of effects elicited by an acute exposure are seen at doses up to 

500 mg/kg bw per day; and/or 

 No substance-related mortalities are observed at doses of up to 1000 mg/kg bw in 

single-dose studies after oral administration. 

 If mortality is the only trigger, the cause of death should be confirmed as being 

relevant to human exposures. 

 If the above criteria do not exclude the establishment of an ARfD, then further 

consideration should be given to establishing a value, using the most appropriate end-
point. 

3. Select appropriate end-points for establishing an ARfD: 

 Select the toxicological end-points that are most relevant for a single (day) exposure. 

 Select the most relevant or adequate study in which these end-points have been 

adequately determined. 

 Identify the NOAELs or other PODs for these end-points. 

 Select the most relevant end-point providing the lowest NOAEL or other POD. 

 Use an end-point from a repeated-dose study of toxicity if the critical effect of the 

compound has not been adequately evaluated in a single-dose study, but effects seen in a 
repeated-dose toxicity study could reasonably have occurred after a single dose. This is 

likely to be a more conservative approach and should be stated. This does not mean that 

a safety factor other than the default value should be applied. A refinement of such a 
POD (e.g. in a special single-dose study) may be necessary if the acute intake estimation 

exceeds such a conservatively established ARfD. 

 If, after consideration of all the end-points, an ARfD is not established, justify and 

explain the reasons. 
4. Select appropriate safety factors for establishing an ARfD. Establish the ARfD using 

appropriate safety factors. 

 

3.6 Different ARfDs for different population subgroups 
It is preferable to establish a single ARfD to cover the whole population, and this is normal practice 

by some authorities. It is important to ensure that any ARfDs established are adequate to protect the 
embryo and fetus from possible effects in utero. Although an ARfD based on developmental effects 

(on the embryo or fetus) would necessarily apply to women of childbearing age, JMPR recognizes 

that such an ARfD may be conservative and not relevant to other population subgroups. This is 
particularly the case for children aged 1–6 years, for whom specific data on acute consumption are 

available (and thus can be modelled separately with respect to acute dietary intake of residues); the 

use of such a conservative ARfD for children who generally have a higher intake of food commodities 
per unit body weight compared with adults could lead to an unreasonably conservative acute dietary 

risk assessment. Thus, in those situations in which a developmental end-point drives an ARfD that 

would be very conservative for the population other than women of childbearing age,5 it may be 

necessary to establish a value based on another non-developmental end-point. 

Alternatively, if the prenatal developmental end-point is the only acute effect of concern, there may be 

no need to perform an acute dietary risk assessment for children. The single ARfD based on a 

developmental end-point (in the embryo or fetus) would only be used to undertake acute dietary risk 
characterization for the adult population, which includes women of childbearing age. 

 

3.7 When an initial estimate of the ARfD is less than the established ADI 

                                                
5

 Strictly speaking, such an ARfD applies only to pregnant women, but as it is not possible to identify this group 

reliably (as pregnancy can go unnoticed for some months), in practice it is considered to apply to all women of 

childbearing age.  
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If an ARfD established using the principles outlined in this guidance document has a numerical value 

that is lower than the upper bound of the ADI, then the ADI should be reconsidered. In such 
circumstances, the upper bound of the ADI would normally be established at the same numerical 

value as the ARfD. 

 

3.8 Specific guidance on the derivation of ARfDs 
Particular toxicology end-points that are relevant to the establishment of ARfDs are listed below: 

 Immunotoxicity  

 Neurotoxicity  

 Effects on liver and kidney 

 Endocrine effects 

 Developmental effects 

 Haematotoxicity. 

Particular haematotoxicity end-points that are relevant to ARfD establishment include the following:  

 Methaemoglobin formation 

 Acute haemolytic anaemia 

o Mechanical damage 

o Immune-mediated anaemia 
o Oxidative damage of the red blood cells 

o Non-oxidative damage 

o Effects on circulating cells and precursor cells. 

Note that this list is not intended to comprehensively cover all potentially relevant end-points, but 
focuses on those that have proved to be problematic in reaching a decision as to whether an effect is 

relevant to an acute exposure. For more comprehensive considerations on their interpretation, the 

monographer is referred to FAO/WHO (2004), Solecki et al. (2005) and the OECD guidance 
document (OECD, 2010). 

 

3.9 Single-dose study protocol 
ARfDs established using existing databases of repeated-dose toxicity studies may be overly 
conservative, and it may be possible to refine the ARfD by conducting an appropriately designed 

single-dose study. The protocol for a single-dose study of toxicity is outlined as an annex in the 

detailed OECD guidance document for the derivation of an ARfD (OECD, 2010).  

 

4. Use of data from human volunteers  

Volunteer studies on the same or structurally similar compounds can provide useful data to help 
establish ARfDs and ADIs. The use of data from human volunteers in chemical risk assessment is a 

controversial issue, with a range of views held by different countries and organizations. However, it is 

recognized that the use of such data can reduce the level of uncertainty inherent in extrapolating from 
animal models. There needs to be adequate consideration of both scientific and ethical issues (e.g. 

Declaration of Helsinki, as discussed above). JMPR has considered human data at many of its 

meetings, following the principle that end-points from studies in human volunteers could be used to 
establish health-based guidance values if they had been conducted in accordance with relevant ethical 

guidelines. The study should be assessed for the quality and integrity of the data and the adequacy of 

the documentation of methods (including statistics and control values) and results. A poorly designed 

or conducted study in humans should not be used for risk assessment. Additionally, because the 
designs of studies in humans have some limitations in comparison with those in experimental animals, 

their use should always be considered in the context of the overall toxicological database.  

The representativeness of the study subjects for the general population should be considered. For 
example, if only one sex or a particular age group has been used in the study, the general applicability 
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of the results should be verified (e.g. an animal study can be used to determine whether males and 

females are likely to respond differently to the test material).  

ARfDs and ADIs based on studies in humans should provide a sufficient margin of safety for those 

toxicological end-points that cannot be readily addressed by such studies (e.g. developmental toxicity 

observed in experimental animals). 

 

5. Definition of “overall NOAEL” and ADI setting 

5.1 Overall NOAEL 
JMPR generally uses the lowest NOAEL in the most sensitive species, usually among mice, rats and 

dogs, to establish the ADI; however, there might be situations where there is more than one study in 

which the same end-points have been addressed. In such situations, the dose spacing may be different, 

resulting in different NOAELs and LOAELs. In such circumstances, it might be appropriate to 
consider the studies together. When they are comparable, including consideration of study design, 

duration, end-points addressed and species and strain of animal, an “overall NOAEL” is identified, 

which is the highest NOAEL in the available studies, provided that there is a reasonable margin (≥ 2) 
over the lowest LOAEL and that due consideration is given to the shape of the dose–response curve.  

 

5.2 Use of 1-year dog studies in establishing an ADI 
A recent USEPA report of a survey conducted on a pesticide database comprising 304 chemicals 
showed that 38% of the ADIs were derived from dog studies (Baetcke, Phang & Dellarco, 2005). A 

retrospective analysis of the results from 13-week and 1-year (or more) dog studies showed that when 

studies were comparable, in terms of study design, end-point addressed and dose selection and 

spacing, NOAELs and LOAELs from the 13-week dog studies were equivalent to those from the 
longer-term dog studies. Few cases were identified (2%) where additional toxic effects identified in 

the 1-year study were not observed in the 13-week study and/or in the rodent studies. In 8% of the 

cases, the 1-year dog study had a lower NOAEL and/or LOAEL than the 13-week study, but there 
would have been no regulatory impact if the 1-year dog study had not been performed (Dellarco, 

Rowland & May, 2010).  

On the basis of such evidence, the Meeting concluded that a dog study longer than 13 weeks (i.e. up 
to 1 year) has no impact in the establishment of the ADI. Where both a 13-week and longer-term 

(usually 1-year) dog studies are provided, an overall NOAEL and LOAEL should be identified, unless 

this is not feasible (e.g. NOAELs are not consistent). 

 

5.3 “ADI unnecessary” 
In recent years, JMPR has noted that a number of pesticides cause no or minimal effects at limit doses 

in the extensive suite of repeated-dose mammalian toxicity tests required to support their regulatory 

approval and provided to JMPR for assessment. One such chemical is the new fungicide 
ametoctradin, which was evaluated by JMPR for the first time in 2012. In the toxicology studies on 

this compound, NOAELs were observed at or near the limit dose of approximately 1000 mg/kg bw 

per day, there was no evidence of genotoxicity and there were no metabolites of any toxicological 
significance. Thus, the Meeting concluded that there was no need to establish an ADI for this 

compound. This decision was based on a reasonable estimate of a likely maximal daily intake of 

residues arising from the diet. The ADI for ametoctradin was recorded as “ADI unnecessary”, and the 

margin of exposure between the intake resulting from the proposed maximum residue levels and the 
highest dose tested was reported (FAO/WHO, 2012). 

The Meeting considered that it would be possible to suggest an extreme upper-bound limit for when it 

was necessary to establish an ADI, analogous to the principle previously adopted by JMPR for when 
it was necessary to establish an ARfD (i.e. a maximum cut-off of 5 mg/kg bw). This value, which 

equates to a NOAEL of 500 mg/kg bw per day in an animal study and use of a safety factor of 100, 

was suggested following consideration of food consumption estimates and maximum residue levels in 
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foods for a range of pesticides. The Meeting noted that the long-term 24-hour dietary intake of 

residues of a pesticide will be less than the international estimate of short-term dietary intake (IESTI) 
of residues from that pesticide, and hence the cut-off for concluding that establishment of an ADI is 

necessary could be refined by taking into account long-term high-level consumption.  

 

6. Developmental neurotoxicity studies  

Questions are sometimes raised about the adequacy of the usual toxicological databases for assessing 

the safety of pesticides for developing fetuses, infants and children. In recent years, developmental 
neurotoxicity studies have been performed on several neurotoxic chemicals. In contrast to other 

toxicity studies, a developmental neurotoxicity study comprehensively examines neuropathological 

and neurobehavioural parameters (e.g. functional observational battery, motor activity, learning and 
memory, and sensory function) in young animals.  

In a recent review (Burns et al., 2013), a survey was conducted on published and unpublished 

regulatory developmental neurotoxicity studies performed according to the current USEPA (1998) 
and OECD (2007) guidelines to evaluate their sensitivity and potential utility for risk assessment of 

pesticide chemicals. Among all pesticides, both developmental neurotoxicity studies conducted on 

chemicals already registered (organophosphate pesticide data call-in) and developmental neuro-

toxicity studies conducted prior to the completion of the risk assessment were taken into 
consideration. In addition, the survey included comparative acetylcholinesterase inhibition studies 

following single and/or repeated doses of organophosphates or N-methyl carbamates administered 

directly to pups and adults. For each chemical study review, NOAELs and LOAELs for effects on 
offspring and maternal animals were compared. Neurobehavioural and neuropathological offspring 

parameters occurring at LOAELs were evaluated to understand whether some of the end-points are 

more sensitive than others.  

Although the majority of the developmental neurotoxicity studies have not been published in peer-

reviewed journals, Burns et al. (2013) cited a review by Makris et al. (2009), which showed that for 8 

of 75 pesticides, developmental neurotoxicity studies were used to identify the POD, 4 of which were 

based on effects related to offspring behavioural and neuropathology parameters (i.e. motor activity, 
functional observational battery, auditory startle and morphometric measurements). An analysis 

conducted on the same database by Raffaele et al. (2010), also included in the assessment by Burns et 

al. (2013), showed that among 69 acceptable developmental neurotoxicity studies evaluated, 15 were 
used to identify the POD for risk assessment; of these, 13 showed body weight changes at the 

LOAEL, and only two developmental neurotoxicity studies were used for chronic risk assessment, 

both showing weight changes. Similar results had been previously reported by Middaugh et al. (2003), 

who conducted a retrospective review of studies (175 compounds) including neurobehavioural 
parameters (neurodevelopmental reflex, activity level, and learning and memory) in F1 offspring 

exposed during development.  

Data from developmental neurotoxicity studies on six pyrethroids (one type I, four type II and one 
mixed syndrome pyrethroid) suggested that neurobehavioural and morphometric end-points are not 

more sensitive than other end-points from repeated-dose developmental, reproductive or chronic 

toxicity studies (USEPA, 2010). In such a survey, weight changes were observed to be more sensitive 
than neurological effects. However, it has been observed that auditory startle and motor activity could 

serve as relatively sensitive end-points for acute neurotoxic effects. 

In 2007, a USEPA report on cumulative risk assessment on N-methyl carbamates evidenced that in 

studies on acetylcholinesterase inhibition following acute and repeated direct dosing of N-methyl 
carbamates, the BMD10s (BMDs for a 10% response) for brain acetylcholinesterase inhibition in pups 

were 2- to 4-fold lower than the BMD10s for adult brain acetylcholinesterase inhibition, and the lowest 

BMD estimates for brain, red blood cell or plasma butyrylcholinesterase inhibition were used to 
derive PODs for individual N-methyl carbamate risk assessments. 

Although, for the majority of cases, developmental neurotoxicity end-points have not been more 

sensitive than other end-points from other toxicity studies, these results highlight that developmental 
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neurotoxicity studies can play a role in risk assessment as part of a weight of evidence approach. 

However, JMPR concludes that the absence of developmental neurotoxicity studies does not preclude 
a toxicological evaluation of a compound. Burns et al. (2013) concluded that the effects observed in 

neurodevelopmental toxicity studies generally occurred at or above effect levels measured in 

repeated-dose toxicology studies submitted to the USEPA. 

For certain chemicals, such as pyrethroids, organophosphates and carbamates, for which acute 
exposure scenarios are of concern, sensory behavioural end-points and acetylcholinesterase inhibition 

appear to be valuable end-points for evaluating developmental neurological effects.  

 

7. Considerations on plant and animal metabolites 

The Meeting has developed an approach to assess the toxicological relevance of metabolites and 
degradates, applying a non-testing assessment scheme. This scheme consists of a decision-tree using 

the TTC and read-across approaches as tools (see Fig. 1).  

 

7.1 Threshold of toxicological concern (TTC) and read-across 
The TTC is a valuable tool with which to evaluate the toxicological relevance of pesticide metabolites 

for which there are few or no relevant toxicity data in the context of dietary risk assessment (Cramer, 

Ford & Hall, 1978; Munro, 1990; Munro, Kennepohl & Kroes, 1999; Kroes et al., 2004). TTC values 
for potentially genotoxic (0.0025 μg/kg bw per day) and non-genotoxic compounds (0.3 μg/kg bw per 

day for organophosphate and carbamate compounds, 1.5 μg/kg bw per day for Cramer class III 

compounds [see Munro, Renwick & Danielewska-Nikiel, 2008], 9 μg/kg bw per day for Cramer class 

II compounds and 30 μg/kg bw per day for Cramer class I compounds) are sufficiently conservative to 
evaluate the toxicological relevance of metabolites. 
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Fig. 1. Plant and animal metabolite assessment scheme 
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ADI: acceptable daily intake; ARfD: acute reference dose; bw: body weight; TTC: threshold of toxicological concern 

 

Read-across is a tool to evaluate a novel compound on the basis of appropriate toxicological 

information of compounds considered to have sufficient structural similarity to the compound in 

question to justify read-across to be performed. In the case of metabolites, the judgement is often 
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whether the metabolite is sufficiently similar to the parent in structure that toxicological information 

on the latter can be used in its evaluation. 

 

7.2 Assessment scheme 
The assessment scheme, as illustrated in Fig. 1, consists of the following 17 steps: 

 Step 1: The first step of the decision-tree consists of evaluating, where available, the 

metabolite results of acute and/or repeated-dose toxicity studies, to determine whether the 

compound is less toxic than, of similar toxicity to or more toxic than the parent: 

1) If it is less toxic than the parent, the metabolite is of no toxicological concern. 

2) If it is of similar toxicity to the parent, establish the same ADI/ARfD, as necessary, for 

the metabolite as for the parent. 

3) If it appears to be more toxic than the parent, calculate potency relative to the parent. The 
relative potency factor (RPF) is used to calculate exposure equivalents for use in the 

dietary risk assessment (occurrence = [parent] + RPF1 × [Metabolite 1] + RPF2 × 

[Metabolite 2] + ….).  If this is a metabolite common to several pesticides, consider the 
option to set separate reference values for this metabolite. 

4) If acute and/or repeated-dose toxicity studies do not allow a conclusion on the toxicity of 

the metabolite, proceed to step 2. 

 Step 2: The second step of the decision-tree consists of evaluating whether the metabolite of 

interest is formed in mice and/or rats and/or dogs, and hence whether it will have been tested 
for toxicity with the parent compound.  

 Step 3: Evaluate the possible role of the metabolite in the toxicity of the parent compound, 

providing a qualitative and quantitative assessment, to the extent possible. If it can be 

concluded that the metabolite contributes at least to an appreciable extent to the toxicity of the 
parent compound, use the ADI and ARfD of the parent, as necessary, for the metabolite. If 

conclusions cannot be drawn, proceed to step 5. 

 Step 4: For compounds that are unique plant or livestock metabolites, the read-across 

approach is used to evaluate the toxicological information of compounds considered to have 
sufficient structural similarities to the parent/known compound(s) to permit read-across. In 

particular, does the metabolite resemble the parent sufficiently in structure to permit read-

across? Deciding on whether structural similarity is sufficient for read-across requires expert 

judgement, and it may not be possible to finalize a conclusion until discussion at the meeting. 
If there is any doubt, flag this as a point for discussion. If read-across is considered possible, 

health-based guidance values (ADI and ARfD, as necessary) can be established, based on 

those of the compound from which read-across is being performed. If read-across is deemed 
not possible, proceed to step 5.  

 Step 5: The fifth step starts with consideration of whether specific exposure estimates are 

available at the time of toxicological evaluation. 

If no, list all available relevant information, such as: 

o read-across with related substance(s) 

o genotoxicity alert 

o Cramer class 

o estimate of upper bound of exposure, if available 
o other relevant information 

then conclude on whether or not the metabolite is potentially of toxicological concern, if 

possible, and provide advice for further assessment. 

If specific exposure estimates are available, proceed to step 6. 
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 Step 6: Substances not suitable for assessment by the TTC approach are non-essential metals 

or metal-containing compounds, aflatoxin-like, azoxy-, benzidine- or N-nitroso- compounds, 

pyrollizidine alkaloids, polyhalogenated dibenzodioxins, dibenzofurans or biphenyls, 
proteins, steroids, chemicals that are known or predicted to bioaccumulate, insoluble 

nanomaterials, radioactive chemicals or mixtures of chemicals containing unknown chemical 

structures. 

 Step 7: The TTC value (expressed per kilogram body weight) is based on data for chemicals 

that have specific structural alerts for genotoxic carcinogenicity and with positive 
carcinogenicity data in the Carcinogenic Potency Database, but excludes the most potent 

genotoxic carcinogens identified in step 6 (aflatoxin-like, azoxy-, benzidine- or N-nitroso- 

compounds and pyrollizidine alkaloids). This value is considered conservative because it was 
derived by linear extrapolation from the carcinogenic potency or TD50 values (defined as 

daily dose rate in milligrams per kilogram body weight per day for life to induce tumours in 

half of test animals that would have remained tumour-free at zero dose) combined with the 
analysis of the proportions of chemicals with each structural alert that had an upper-bound 

estimated lifetime cancer risk of greater than one in a million. 

 Step 8: Structural alert models are available that are suitable for this step, as they tend to 

overpredict the likelihood of genotoxicity and genotoxic carcinogenicity. 

 Steps 9/10: Adequate in vitro and in vivo genotoxicity data are required to provide assurance 

that a DNA-reactive carcinogenic effect would not occur despite the presence of the structural 
alert. 

 Step 11: Identifies whether the chemical has the potential to act as an acetylcholinesterase-

inhibiting pesticide, such as carbamates, trialkyl phosphates, phosphorothionates and 

phosphonates. 

 Step 12: Identifies chemicals in Cramer class III. 

 Step 13: Gives the TTC value expressed per kilogram body weight and per person. 

 Step 14: Identifies chemicals in Cramer class II. 

 Step 15: Gives the Cramer class III TTC value expressed per kilogram body weight and per 

person (based on Munro, Renwick & Danielewska-Nikiel, 2008). 

 Step 16: Gives the Cramer class II TTC value expressed per kilogram body weight and per 

person. 

 Step 17: Gives the Cramer class I TTC value expressed per kilogram body weight and per 

person (note that any chemical not assessed under steps 1–11 must be in Cramer class I). 

 

8. Considerations on “compounds no longer supported by the original sponsor”  

The most usual reason for referring an item to JMPR is to obtain recommendations for maximum 

residue levels for pesticides, for consideration by CCPR. These would normally be products in 

commerce, with a commercial sponsor (i.e. an agrochemical company) that would be expected to 

generate and provide the appropriate data for consideration of the establishment of health-based 
guidance values and maximum residue levels.  

There may be a need for use of pesticides no longer under patent and produced by generics companies 

or other manufacturers, with no support from the companies that generated the original data. 
Sometimes, older active ingredients have changed sponsor through merger or acquisition of 

companies on numerous occasions. As a consequence, the raw data generated many years ago for 

original registration, according to now-outdated protocols and standards, may not be available or may 
be only partially available and of limited utility for a modern evaluation. Nevertheless, JMPR may be 

asked, in the context of the periodic re-evaluations by CCPR, to consider such active ingredients for 
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recommendations of maximum residue levels. Recent examples include dicofol, dichlorvos, propylene 

oxide and fenvalerate. In formulating the problem to be addressed by the risk assessment, it is of 
paramount importance that a dialogue be maintained between JMPR (WHO and FAO Joint 

Secretaries) and the risk managers requesting advice. Among the issues that will need to be resolved 

are: 

1. Is the compound supported by the data owner? 
2. Is the compound or one of its isomers registered, reviewed or likely to be registered in a 

country or region? 

3. Is there sufficient information available to enable a meaningful evaluation? 
4. What is the specific concern (duration of exposure, population exposed, source of residue in 

food)? 

5. What form of advice would be most helpful to the risk manager? 
6. If such advice cannot be provided (e.g. because of data limitations), is there alternative advice 

that might be of value? 

In situations where the active ingredient is supported by a data owner, JMPR would expect and 

require all relevant study reports as described in EHC 240 (IPCS, 2009a) to be submitted for 
consideration and that these would be of an adequate quality. For situations where a company no 

longer sponsors the product (typically older active ingredients), the information available may not 

comprise a full data package. In these cases, in order to maintain consistency in the quality of its 
assessments, JMPR would adhere to the following principles: 

 The requesting country should be responsible for providing information on the intended uses, 

specification of the technical active substance used in the country and a justification for an 

assessment by JMPR. 

 The information required would be such that it would be possible to address the key questions 

for the human health assessment, including establishment of an ADI and/or ARfD, when 

required, and the definition of residues and dietary risk assessment.  

 It is the responsibility of the requesting country to provide the available data and other 

relevant information, such as available assessments by supranational and national authorities 

and publications from a recently conducted literature search. 

 If literature studies are to be relied upon, JMPR will weigh such studies for their quality and 

design. Because raw data will not be available, there needs to be sufficient information on 

methods and results to enable the study findings to be reconstructed. 

 If critical data are missing, then JMPR may still determine whether an assessment is possible; 

in such cases, however, it is likely that conservative assumptions will be used to address the 
missing information. For example, in the evaluation of propylene oxide in 2011, JMPR used 

an additional safety factor of 10 in establishing the ADI and the ARfD, because of limitations 

in the database. 

 If sufficient information is not available to enable the establishment of health-based guidance 

values, JMPR may provide alternative guidance, such as characterization of the margin of 

exposure, or may conclude that it is not possible to provide any guidance in the absence of 

additional information. 

The suitability of the submitted information can be assessed only on a case-by-case basis. 
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1.1 Absorption, distribution and excretion 
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1.2 Biotransformation 

1.3  Effects on enzymes and other biochemical parameters 
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(a) Lethal doses 

(b) Dermal irritation 
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 (c) Exposure by inhalation  
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 Mice 
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 (a) In vitro studies 

 (b) In vivo studies 
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Comments 

 

Biochemical aspects 
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(Including tables of “levels relevant to risk assessment” and “critical end-points for setting guidance 
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Annex B: Report item standard phrases 
 

Why on agenda 

[Compound] has not previously been evaluated by JMPR and was reviewed by the present Meeting at 

the request of CCPR. 

or 

[Compound] was previously evaluated by JMPR in ….. It was reviewed by the present Meeting as 

part of the periodic review programme of CCPR. 

 

GLP statement 

All critical studies contained statements of compliance with GLP. 

or 

All critical studies contained statements of compliance with GLP, unless otherwise specified. 

or 

Some of the critical studies do not comply with GLP, as the data were generated before the 
implementation of GLP regulations. Overall, however, the Meeting considered that the database was 

adequate for the risk assessment. 

 

Carcinogenicity 

The Meeting concluded that [compound] is not carcinogenic in mice or rats. 

or 

The Meeting concluded that [compound] is carcinogenic in mice/rats, but not in rats/mice. 

or 

The Meeting concluded that [compound] is carcinogenic in [female/male] rats, but not in 

[male/female] rats or mice. 

or 

The Meeting concluded that [compound] is carcinogenic in [female/male] mice, but not in 
[male/female] mice or rats. 

 

Genotoxicity 

[when no positive/equivocal results] 

[Compound] was tested for genotoxicity in an adequate range of in vitro and in vivo assays. No 
evidence of genotoxicity was found. 

The Meeting concluded that [compound] is unlikely to be genotoxic.  

or 

[when positive/equivocal in vitro results] 

[Compound] was tested for genotoxicity in an adequate range of in vitro and in vivo assays. It gave a 

positive/equivocal response in the in vitro [names of assays], but it was negative in the in vivo [names 

of assays]. [There is considerable flexibility here in the description of the positive/equivocal test 
results] 
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The Meeting concluded that [compound] is unlikely to be genotoxic in vivo.  

or 

[when positive in vivo and in vitro results] 

[Compound] was tested for genotoxicity in an adequate range of in vitro and in vivo assays. It gave a 

positive response in the in vitro [names of assays] and in the in vivo [names of assays]. [There is 

considerable flexibility here in the description of the positive/equivocal test results] 

The Meeting concluded that [compound] is genotoxic.  

or 

[when database is inadequate] 

The Meeting concluded that the available database on the in vivo and in vitro genotoxicity of 

[compound] was inadequate to allow a conclusion on genotoxicity. 

 

Carcinogenicity and genotoxicity 

[when not carcinogenic and no positive genotoxicity results] 

In view of the lack of genotoxicity and the absence of carcinogenicity in mice and rats, the Meeting 

concluded that [compound] is unlikely to pose a carcinogenic risk to humans.  

or 

[when not carcinogenic and positive in vitro genotoxicity results] 

In view of the lack of genotoxicity in vivo and the absence of carcinogenicity in mice and rats, the 

Meeting concluded that [compound] is unlikely to pose a carcinogenic risk to humans at levels 
occurring in the diet.  

or 

[when carcinogenic and no positive genotoxicity results] 

In view of the lack of genotoxicity, the absence of carcinogenicity in [species] and the fact that only 
[tumours] were observed and that these were increased only in [sex] [species] at the highest dose 

tested, the Meeting concluded that [compound] is unlikely to pose a carcinogenic risk to humans from 

the diet. [There is considerable flexibility in the wording used here.] 

or 

[when carcinogenic and positive in vitro genotoxicity results] 

As [compound] is unlikely to be genotoxic in vivo and there is a clear threshold for [tumour type] in 
[sex] [species], the Meeting concluded that [compound] is unlikely to pose a carcinogenic risk to 

humans from the diet. [There is considerable flexibility in the wording used here.] 

or 

[when carcinogenic and positive in vitro and in vivo genotoxicity results] 

As [compound] is genotoxic in a variety of in vivo and in vitro tests and there is no clear threshold for 

[tumour type] in [sex] [species], the Meeting concluded that [compound] should be considered a 

carcinogen acting by a genotoxic mode of action. 

 

Teratogenicity 

The Meeting concluded that [compound] is not teratogenic. 

or 
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The Meeting concluded that [compound] is teratogenic in rats, but not in rabbits. 

or 

The Meeting concluded that [compound] is teratogenic in rabbits, but not in rats. 

 

Neurotoxicity 

The Meeting concluded that [compound] is not neurotoxic. 

or 

The Meeting concluded that [compound] is neurotoxic. 

 

Immunotoxicity 

The Meeting concluded that [compound] is not immunotoxic. 

or 

The Meeting concluded that [compound] is immunotoxic. 

 

Metabolites and degradates 

The Meeting concluded that [metabolite(s)/degradate(s)] is(are) toxicologically not relevant.  

or 

The Meeting concluded that [metabolite(s)/degradate(s)] is(are) toxicologically relevant and of equal 
potency to the parent. 

or  

The Meeting concluded that [metabolite(s)/degradate(s)] is(are) toxicologically relevant and x-fold 

more potent than the parent. 

or  

Based on the available data, the Meeting could not conclude on the toxicological relevance of 

[metabolite(s)/degradate(s)]. 

[There is considerable flexibility in the wording used here.] 

 

Effects on humans 

In reports on manufacturing plant personnel, no adverse health effects were noted. 

or 

No information was provided on the health of workers involved in the manufacture or use of 
[compound].  

and 

No information on accidental or intentional poisoning in humans is available. 

 

Phrase before Toxicological evaluation 

The Meeting concluded that the existing database on [compound] was adequate to characterize the 

potential hazards to fetuses, infants and children. 
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ARfD unnecessary 

The Meeting concluded that it was not necessary to establish an ARfD for [compound] in view of its 

low acute oral toxicity and the absence of developmental toxicity and any other toxicological effects 
that would be likely to be elicited by a single dose. 

or 

[when an ARfD has been established for women of childbearing age only based on a developmental 

toxicity end-point] 

The Meeting concluded that it was not necessary to establish an ARfD for [compound] for the 

remainder of the population in view of its low acute oral toxicity and the absence of any other 

toxicological effects that would be likely to be elicited by a single dose. 

 

Preparation of monograph 

A toxicological monograph was prepared. 

or 

A toxicological monograph was not prepared. [to be used if no data were provided, but compound 
was briefly discussed at meeting] 

or 

An addendum to the toxicological monograph was prepared. [to be used if a toxicological monograph 

had been prepared for the compound at a previous meeting] 

or 

An addendum to the toxicological monograph was not prepared. [to be used if no new data were 

provided for a compound for which a toxicological monograph had been prepared at a previous 
meeting and which was discussed briefly at the current meeting] 
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Annex C: Report item template 
 

The final report item will form the “Explanation”, the “Comments” and the “Toxicological 

evaluation” sections of the monograph. Specifications for the text are as follows: paper size A4, 1 

inch margins, 11 point Times New Roman, 1.5 line spacing, 6 pt spacing between paragraphs, first 
paragraph flush left under a heading, subsequent paragraphs indented 0.5 inches, right-hand 

justified. 

 

5.xx  COMPOUND (XXX) 

TOXICOLOGY 

(introductory paragraphs: identification of compound, reason why compound is on agenda – use 

standard phrase as in Annex B) 

(add GLP statement using standard phrase as in Annex B) 

 

Biochemical aspects 

(ADME, effects on enzymes, etc.) 

 

Toxicological data 

(gives short summary of the key toxicological data relevant for the evaluation, in the same order as in 
the monograph, using standard phrases as indicated in Annex B) 

 

Toxicological data on metabolites and/or degradates 

(gives short summary of available toxicological data on metabolites) 

 

Human data 

(gives short summary of available surveillance and/or poisoning reports – use standard phrases as in 
Annex B if applicable) 

(add standard phrase that precedes Toxicological evaluation) 

 

Toxicological evaluation 

(gives the Meeting’s conclusion, with derivation of health-based guidance values) 

(Note if a toxicological monograph or monograph addendum has been prepared – see standard 

phrases in Annex B) 

 

Levels relevant to risk assessment 

These templates provide a rough outline of the tables and will have to be modified to take into 
account the situation specific to each individual pesticide. The first table is less standardized than the 

second one, and entries may have to be added for other species, studies and effects. All of the 

footnotes will not be included in many cases. 
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Levels relevant to risk assessment of [compound name] 

Species Study Effect NOAEL LOAEL 

Mouse Two-year study of toxicity 

and carcinogenicitya 

Toxicity xxx mg/kg bw per 

day 

xxx mg/kg bw per 

day 

Carcinogenicity xxx mg/kg bw per 

day 

xxx mg/kg bw per 

day 

Rat Two-year studies of 
toxicity and 

carcinogenicityb 

Toxicity xxx ppm, equal to 
zzz mg/kg bw per 

day 

xxx ppm, equal to 
zzz mg/kg bw per 

day 

Carcinogenicity xxx ppm, equal to 
zzz mg/kg bw per 

dayc 

– 

Two-generation study of 

reproductive toxicitya 

Reproductive 

toxicity 

xxx ppm, equal to 

zzz mg/kg bw per 

dayc 

– 

Parental toxicity xxx ppm, equal to 
zzz mg/kg bw per 

dayc 

– 

Offspring toxicity xxx ppm, equal to 

zzz mg/kg bw per 

dayc 

– 

Developmental toxicity 

studyd 

Maternal toxicity xx mg/kg bw per day xxx mg/kg bw per 

day 

Embryo and fetal 

toxicity 

xx mg/kg bw per day xxx mg/kg bw per 

day 

Acute neurotoxicity studya Neurotoxicity – zzz mg/kg bwe 

Rabbit Developmental toxicity 

studyd 

Maternal toxicity xxx mg/kg bw per 

day 

xxx mg/kg bw per 

day 

Embryo and fetal 

toxicity 

xxx mg/kg bw per 

day 

xxx mg/kg bw per 

day 

Dog Thirteen-week and 1-year 

studies of toxicityb,f 
Toxicity xxx ppm, equal to 

zzz mg/kg bw per 

day 

xxx ppm, equal to 
zzz mg/kg bw per 

day 

Metabolite X 

Rat Four-week study of 

toxicitya 
Toxicity xxx ppm, equal to 

zzz mg/kg bw per 

day 

xxx ppm, equal to 
zzz mg/kg bw per 

day 
a Dietary administration. 
b Two or more studies combined. 
c Highest dose tested. 
d Gavage administration. 
e Lowest dose tested. 
f Capsule administration. 

 

Estimate of acceptable daily intake (ADI)  

 0–x.xx mg/kg bw 

 

Estimate of acute reference dose (ARfD) 

 x.xx mg/kg bw 
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Information that would be useful for the continued evaluation of the compound 

Results from epidemiological, occupational health and other such observational studies of 
human exposure  

 

Critical end-points for setting guidance values for exposure to [compound name] 

Absorption, distribution, excretion and metabolism in mammals 

Rate and extent of oral absorption  

Dermal absorption  

Distribution  

Potential for accumulation  

Rate and extent of excretion  

Metabolism in animals  

Toxicologically significant compounds in 

animals and plants  

 

Acute toxicity  

Rat, LD50, oral  

Rat, LD50, dermal  

Rat, LC50, inhalation  

Rabbit, dermal irritation Irritating/Not irritating/Mildly irritating/Moderately irritating 

Rabbit, ocular irritation Irritating/Not irritating/Mildly irritating/Moderately irritating 

Guinea-pig, dermal sensitization  Sensitizing/Not sensitizing/Weakly sensitizing (Magnusson 

and Kligman maximization test or Buehler method) 

Mouse, dermal sensitization Sensitizing/Not sensitizing/Weakly sensitizing etc. (local 

lymph node assay) 

Short-term studies of toxicity 

Target/critical effect  

Lowest relevant oral NOAEL  

Lowest relevant dermal NOAEL  

Lowest relevant inhalation NOAEC  

Long-term studies of toxicity and carcinogenicity 

Target/critical effect  

Lowest relevant NOAEL  

Carcinogenicity Not carcinogenic/Carcinogenic in mice/rats 

Unlikely to pose a carcinogenic risk to humans/Unlikely to 

pose a carcinogenic risk to humans from the diet 

Genotoxicity 

 Genotoxic/Unlikely to be genotoxic/Unlikely to be 

genotoxic in vivo/Not genotoxic 

Reproductive toxicity 

Target/critical effect  

Lowest relevant parental NOAEL  

Lowest relevant offspring NOAEL  

Lowest relevant reproductive NOAEL   
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Developmental toxicity  

Target/critical effect  

Lowest relevant maternal NOAEL  

Lowest relevant embryo/fetal NOAEL  

Neurotoxicity  

Acute neurotoxicity NOAEL  

Subchronic neurotoxicity NOAEL  

Developmental neurotoxicity NOAEL  

Other toxicological studies [include only as 
appropriate and delete heading if there are 

none] 

 

Immunotoxicity  

Studies on toxicologically relevant metabolites  

Mechanistic/mode of action studies  

Medical data  

  

 

Summary 

 Value Study Safety factor 

ADI 0–xxx mg/kg bw e.g. Two-year study of toxicity (rat) x 

ARfD y mg/kg bw 

y mg/kg bwa 

Unnecessary 

e.g. Acute neurotoxicity study (rat) 

e.g. Developmental toxicity study (rabbit) 

– 

x 

x 

– 
a Applies to women of childbearing age only.
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Annex D: Guidance on the interpretation of hepatocellular hypertrophy 6 
 

D.1 Introduction 

This annex is focused on the histological observation of hepatocellular hypertrophy, a change to the 

liver that is commonly observed in toxicological studies, particularly in rodents. The purpose of this 

annex is to provide general guidance for determining whether the observation of hepatocellular 
hypertrophy in different laboratory species is indicative of an adaptive or an adverse event,

7

 so that the 

most appropriate reference dose can be identified for the establishment of health-based guidance 

values. This annex is intended to facilitate consistent and transparent decisions in pesticide 
evaluations and to promote international harmonization in human risk assessment. This guidance 

should not be regarded as prescriptive; as with any assessment, scientific judgement and consideration 

of all pertinent information should be used. Because findings of liver effects can encompass a wide 

range of observations, reported effects should be considered individually and in combination in an 
overall weight of evidence assessment. This guidance places attention on the description of effects 

that are not adverse and therefore should not contribute towards the selection of a no-observed-

adverse-effect level (NOAEL); and on those effects that are typically considered to represent evidence 
of biologically significant toxicity and can contribute towards the selection of a lowest-observed-

adverse-effect level (LOAEL). 

 

D.2 Characteristics of hepatocellular hypertrophy 

Hepatocellular hypertrophy is a general increase in the size of the liver because of cell enlargement 
and accumulation of fluids. It is not attributable to tumour formation or to an increase in the number 

of cells (hyperplasia). An indication that hypertrophy is occurring in hepatocytes is usually an 

increase in the size and weight of the liver. At the cellular level, the response is a proliferation of the 

smooth endoplasmic reticulum that would be evident microscopically at an early stage at the tissue 
level as an increase in acidophilia (e.g. eosinophilia). Proliferation of smooth endoplasmic reticulum 

would be confirmed by electron microscopy. 

Hepatocellular hypertrophy is typically related to increased functional capacity. To maintain 
homeostasis in the whole organism, the hepatocyte frequently responds to xenobiotic exposure by 

increasing its metabolic capacity via induction of xenobiotic metabolizing enzymes. Such hepatic 

adaptive responses usually result from chemical interaction with cellular regulatory pathways (often 
receptor mediated), leading to changes in gene expression and protein synthesis and eventually to cell 

growth and alteration of microsomal enzyme activities. Adaptive responses are potentially beneficial, 

in that they enhance the capacity of the organism to respond to chemical-induced stress and are 

reversible. However, there are limits to these homeostatic responses, and it is important to recognize 
when these limits have been exceeded. Because toxicity is an exposure-related phenomenon, there are 

lower exposures that produce effects within the control of homeostatic mechanisms and higher 

exposures that result in effects that exceed the capacity of these mechanisms to return the organism to 
its previous condition once exposure has ceased. 

 

                                                
6 Adapted from FAO/WHO (2006). 
7

 Adverse effects are considered to be functional impairments or pathological lesions that may affect the 

performance of the whole organism or that reduce an organism’s ability to cope with an additional challenge 
(USEPA, 2002). In contrast, an adaptive effect is an initial response of the organism to maintain homeostasis 

and can be defined as those biological effects that do not cause biochemical, physiological and morphological 

changes that affect the general well-being, growth, development or lifespan of the organism (Williams & 

Iatropoulos, 2002). 
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D.3 Weight of evidence approach: factors to consider 

No single effect is generally sufficient to support a determination that liver hypertrophy is adaptive or 

adverse. Determination of hepatotoxicity involves a detailed consideration of clinical chemistry and 
histopathology (or other relevant information, such as histochemistry, morphometry and electron 

microscopy). The type, severity or magnitude, and dose–response relationship of observed effects, as 

well as the progression of observed lesions with duration of dosing, should be considered. It is 

important to evaluate whether the observed effects present a biologically plausible and consistent 
pattern of changes in clinical chemistry and histopathology indicative of hepatotoxicity. Sustained 

effects should be given more weight than transient effects. The key questions that should be addressed 

in the analysis are listed below. 

 

D.3.1 Does the histological evidence support the hypothesis that the hepatocellular hypertrophy is 
an adaptive effect?  
Hypertrophy as an adaptive response should not be accompanied by other hepatic responses 

identifiable by histology, such as necrosis, apoptosis, pigment deposition or hyperplasia (an increase 

in the number of cells as a result of tissue regeneration or mitogenic stimulation). In rodents, 
hypertrophy and hyperplasia may occur together following exposure to microsomal enzyme inducers. 

Thus, it is important that the hyperplasia is histologically distinguished from the hypertrophy and 

characterized for its relevance for human risk assessment. Care should be exercised to ensure that 
eosinophilia is not attributable to the presence of eosinophilic foci of altered hepatocytes. In general 

terms, it has been stated that “To the best of our knowledge there is neither any hepatocarcinogenic 

agent which does not elicit FAH [foci of altered hepatocytes], nor is there any model of 

hepatocarcinogenesis without formation of these lesions prior to the manifestation of benign or 
malignant hepatocellular neoplasms” (Bannasch, Haertel & Su, 2003). Thus, although neoplasia is not 

an inevitable outcome of foci of altered hepatocytes, the possibility should be considered. Lesion type, 

distribution and grade of severity should also be considered in determining whether and to what extent 
a liver finding is adverse. Differentiation of the zone of damage (e.g. periportal, centrilobular) may 

provide insight into the mode of action of hepatotoxicity. Also, it should be considered whether the 

liver hypertrophy occurred secondary to damage in another organ system (e.g. as a result of exposure 
to haemolytic or nephrotoxic agents) (Andrew, 2005). 

 

D.3.2 Does the clinical chemistry support the hypothesis that the hepatocellular hypertrophy is an 
adaptive effect? If there is no evidence of histopathological change, do the clinical chemistry 
findings exclude a conclusion of hepatotoxicity? 
The following changes in clinical chemistry can be considered to be indicators of liver damage, their 

extent and relevance depending on the species: decreased concentration of plasma albumin, increased 
activities of alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase 

(ALP) and gamma-glutamyltransferase (GGT) and increased concentrations of free or total bilirubin 

and cholesterol. Increases in ALT and AST activities indicate damage to the hepatocyte, in particular 
cellular membrane leakage. In contrast, hepatocellular hypertrophy alone can be associated with some 

increase in ALT or AST activity owing to membrane leakage, with no other evidence of significant 

hepatic injury. An increase in total bilirubin, cholesterol, and ALP and GGT activities can be 

indicators of damage to the biliary system (changes in free bilirubin indicate hepatocellular damage). 
A dose-dependent response and a statistically significant change would lend weight to the 

interpretation of the significance of these changes. However, statistical significance alone is not a 

reliable indicator of hepatic toxicity, particularly in a single parameter. Marginal changes in blood 
chemistry that show a biologically plausible and consistent pattern of effects might be considered to 

be indicative of liver toxicity. However, the values should be outside the normal range for control 

animals of the species (depending on strain, breeder, testing laboratory, etc.) being examined and not 

only different from those for the concurrent controls. Therefore, robust databases on consistent trends 
in the data, group means, the number of animals examined and the number affected are necessary for 

the important considerations in the clinical chemistry analysis. 
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D.3.3 Are the liver changes transient or sustained? Is there a progression of the effect?  
The results from studies of shorter duration should be compared with those from studies of longer 

duration or long-term tests to determine the progression of effects with duration of dosing and 
whether they are transient and reversible. Thus, recovery studies are very useful. It is sometimes 

difficult to use short-term studies to determine whether hepatocellular hypertrophy or liver 

size/weight is associated with adverse effects. If long-term studies of toxicity are available and show 
no progression of liver toxicity (e.g. neoplasia, hyperplasia, degeneration, necrosis), then the observed 

cellular hypertrophy and/or increase in liver size/weight observed in short-term studies is not likely to 

be adverse. 

 

D.3.4 Is liver hypertrophy accompanied by the induction of P450 or other xenobiotic metabolizing 
enzymes? Are there any toxicological effects consequent to that induction? 
Chemicals may induce enzymes responsible for rate-limiting steps in the metabolism or elimination of 

other xenobiotic or endogenous compounds. Such interactions can potentially lead to clinically 

relevant outcomes (e.g. reducing the efficacy of a drug, increasing the toxicity of another chemical or 
altering hormonal homeostasis). To assess the adequacy of the margin between the dose that causes 

enzyme induction and the established health-based guidance value (e.g. acceptable daily intake 

[ADI]), the following factors should be considered: 

 Is the extent of induction minimal or substantial? 

 In the absence of data on enzyme induction, are there data to suggest that the hypertrophy is 

due to factors unlikely to be associated with enzyme induction (e.g. chlorinated hydrocarbon–
induced lipid accumulation)? 

 Are there data characterizing the induction (e.g. which receptors are activated or which 

isoenzymes are induced) and its human relevance? 

 Are there interspecies comparative data (e.g. from studies with human and animal hepatocytes 

in vitro) characterizing chemical interactions (both induction and inhibition)? 

 Can the evaluation of microsomal enzyme induction help to interpret the basis of effects 

found in other organs or tissues? 

The IPCS document on chemical-specific adjustment factors provides useful guidance for evaluating 

toxicokinetic and toxicodynamic data to address interspecies and interindividual differences (IPCS, 
2005). 

  

D.4 General principles 

The following principles should be followed in the final assessment of liver hypertrophy: 

 In the absence of histopathological damage and relevant clinical chemistry changes, at the 

dose that induces only hepatocellular hypertrophy and/or liver size/weight changes, 

hypertrophy should not be identified as an adverse effect or used for establishing health-based 
guidance values. This dose should be identified as a lowest-observed-effect level (LOEL). 

 If hepatotoxicity, as characterized by toxicologically significant changes in histopathology 

and/or clinical chemistry, occurs at doses higher than those causing liver hypertrophy, then 

the LOAEL for the study should be the dose that elicits hepatotoxicity (or some other relevant 
toxicity found in the study). 

 If there is insufficient information to determine whether the observed liver hypertrophy is an 

adaptive or an adverse response, then the default is to assume that the effect is adverse. 

 If other organ responses are observed that may be the secondary consequence of enhanced 

hepatic metabolism (e.g. increased hepatic clearance of thyroid hormones), these effects 
should be evaluated for their relevance to the establishment of health-based guidance values. 

 The established reference value (e.g. ADI) should not be greater than the LOEL for the 

induction of xenobiotic metabolizing enzymes. If potency for induction were such that this 
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would occur, the Meeting should consider the POD for induction in establishing the 

respective health-based guidance value. 

 The observation of hyperplasia or neoplasia would usually trigger consideration of the mode 

of action for this effect. Liver hypertrophy and a range of other morphological changes can 

result from chemically mediated effects on different nuclear receptors, but not all of these 

mechanisms are necessarily relevant to humans. The IPCS framework for analysing the mode 

of action of an agent in causing hepatic effects in animals and its relevance for humans should 
be followed (Boobis et al., 2006). 

 

In summary, a weight of evidence approach should be used to interpret findings of hepatocellular 
hypertrophy. Hepatocellular hypertrophy and the associated increase in liver size and weight are 

morphological descriptions and do not necessarily characterize or indicate liver damage. Examples of 

where this guidance (including the weight of evidence approach) was applied by JMPR can be found 
in its evaluations, conducted at the 2006 Meeting, of liver effects caused by boscalid, haloxyfop, 

quinoxyfen and thiacloprid (WHO, 2008). For additional information, the monographer is referred to 

the USEPA (2002) and the United Kingdom Pesticides Safety Directorate (Andrew, 2005) documents, 

as well as a paper by Williams & Iatropoulos (2002). For the interpretation of histopathology, the 
monographer is further referred to standard textbooks of pathology (Cheville, 1994; Haschek & 

Rousseaux, 1998). 
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Annex E: Chronic progressive nephropathy (CPN) in rats 
 

E.1 Hypothesis  

Chronic progressive nephropathy (CPN) is a rat-specific condition that is naturally occurring in 

commonly used strains of rats and, like α2u-globulin-associated nephropathy, has no strict human 

counterpart. Consequently, chemically induced exacerbation of CPN should not be acknowledged as 
an indicator of human toxic hazard (Hard & Khan, 2004; Hard, Johnson & Cohen, 2009; Hard et al., 

2013). Advanced-stage CPN is an important risk factor for the development of mild, proliferating 

lesions in rat kidneys. 

 

E.2 Definition 

CPN is one of the most commonly diagnosed conditions in ageing laboratory-bred albino rats 

(Barthold, 1979), whereas reports are rare from wild Norway rats (Gray, Weaver & Connor, 1974). 

The disease affects all conventional strains of rat used in safety evaluation studies, but is more severe 
in Sprague-Dawley and F344 strains, and there is a distinct male predisposition to CPN in respect of 

onset, incidence and severity progression. In males in particular, the disease can progress to end-stage 

kidney, which is a prelude to death from renal failure (Gray, 1977; Hard & Khan, 2004). Importantly, 
it consists of both degenerative and regenerative activities. In the advanced disease, there are marked 

changes involving the entire nephron and interstitial tissues, and the complexity of the advanced 

stages provides little indication of its pathogenesis. Detailed descriptions of the developing pathology 
are available in several texts (e.g. Barthold, 1979, 1998; Hard & Khan, 2004; Travlos et al., 2011). 

CPN is an important spontaneous renal disease of the commonly used strains of laboratory rat because 

it is a serious confounder in experimental pathology and toxicology studies and is a risk factor for 

renal tubule tumour development. 

 

E.3 Synonyms  

Diagnosis of CPN can appear under a number of synonyms, which have been listed by Barthold 

(1998): chronic progressive nephrosis, chronic nephritis, spontaneous nephrosis, chronic nephrosis, 
protein overload nephropathy, progressive glomerulonephrosis, glomerulonephrosclerosis, nephritis, 

glomerulonephritis, dietary nephritis, chronic progressive glomerulonephropathy, glomerulosclerosis 

and old rat nephropathy.  

Besides the identity of the lesion, it is usual to indicate the severity of the condition. Grades used for 
this purpose will be described at this early stage, because an understanding of them is required in the 

discussions that follow. 

 

E.4 Severity grades 

Basically, there are two severity grading systems. Conventional schemes are based on estimating the 

percentage of renal parenchyma affected by CPN using a qualitative 0–4 or occasionally 0–5 grading 

scale in which the lowest grade, grade 1 (minimal), is where less than 20% of the renal cortex and 

outer medulla are affected by CPN, consisting of several small foci of renal tubule cell degeneration 
and regeneration and occasional tubules containing proteinaceous casts; grade 2 (mild) is 20–50% 

affected; grade 3 (moderate) is 50–75% affected; and grade 4 (marked) is more than 75% affected 

(Rao, Edmondson & Elwell, 1993). These severity scores are the ones used for male rats, but because 
nephropathy in female rats is generally much less severe, half-grades are used (e.g. grade 0.5 = < 10% 

of the cortex and outer medulla are affected). In routine histopathology, it is a conventional scale that 

is commonly used.  
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A specialized research-grade system was devised by Hard and colleagues after many years of study of 

CPN (Hard & Khan, 2004; Hard, Johnson & Cohen, 2009). This scale spans from 0 to 8, is 
semiquantitative and can form a basis for statistical analysis. In this system, 0 represent no lesions 

observed in either kidney section (two sections are routinely taken, a sagittal section from one kidney 

and a transverse section from the other), 1 = minimal (≤ 5 lesions per both sections), 2 = mild (6–15 

lesions), 3 = low-moderate (16–30 lesions), 4 = mid-moderate (30–60 lesions), 5 = high-moderate 
(focal lesions/casts too numerous to count), 6 = low severe, 7 = high-severe, 8 = end-stage. Grades 1 

through 5 represent increasing numbers of focal lesions and permit differential grading in young rats. 

Grade 6 represents a stage at which the focal lesions begin to coalesce into areas. In grade 7, most of 
the cortical parenchyma is affected, whereas in grade 8, little or no normal parenchyma remains, 

representing an end-stage kidney. 

 

E.5 Natural history and etiology 

CPN develops as a naturally occurring disease of rats that is particularly pronounced in males (Elema 

& Arends, 1975). Travlos et al. (2011) found a 100% incidence of low to moderate severity CPN in 

control group male F344 rats at 2–4 months of age, the severity being greater in rats fed NIH-07 diet 

compared with NTP-2000 diet. Early disease development was also described for F344 rats by Dixon, 
Heider & Elwell (1995), whereas other studies in F344 rats found either low (< 10%) or no incidence 

(Coleman et al., 1977; Maeda et al., 1985). CPN is both a degenerative and a highly regenerative 

disease, in that cell proliferation is increased in many of the affected tubules. It is important to 
recognize that CPN develops in the absence of any chemical treatment, and it is necessary to 

distinguish its regenerative aspects from preneoplasia (atypical hyperplasia) (Hard & Seely, 2005).  

Progression involves an increase in the number of tubules affected, tubule degeneration and atrophy 

and an ongoing renal tubule cell proliferation in which mitotic figures may be frequent (Hard & Seely, 
2005). By the time that end-stage (Hard scale grade 8) CPN is reached, there are virtually no normal 

tubules remaining, and death from renal failure is highly probable, in spite of evidence from blood 

chemistry that rat kidney has a remarkable compensatory capacity (Coleman et al., 1977). The 
development of atypical hyperplasia is likely to occur in these advanced stages of this disease and in 

the same areas of the kidney. Atypical hyperplasia is distinguished from foci of regeneration by the 

absence of thickening of the tubule basement membranes and the observation of more disorganization 
and crowding, sometimes with stratification, of tubule epithelial cells. Adenomas may develop out of 

these areas of atypical hyperplasia. Apart from this spatial association of atypical hyperplasia and 

adenomas with advanced CPN, there is no relationship with a defined region of the kidney (e.g. 

proximal tubules, other cortical regions, outer stripe of the outer medulla, etc.). Tumours that arise in 
areas of kidney not severely affected by CPN or in rats that do not exhibit severe grades of CPN are 

clearly unrelated to CPN. It has never been claimed that all rat proliferative renal lesions are the 

consequence of exacerbated CPN.  

 

E.6 Pathogenesis 

It was once thought that the target in this disease process was the glomerulus and that hyperfiltration 

and functional overload ultimately led to glomerulosclerosis (Brenner, 1985), but it no longer appears 

that haemodynamic changes in glomeruli are involved (Baylis, 1994). Currently, the etiology of CPN 
and the underlying basis for disease progression are not known. The early stages of CPN are 

characterized by individual or foci of tubules, usually in the cortex, with conspicuously thickened 

basement membranes, basophilic cells and crowded nuclei indicative of simple hyperplasia (Travlos 
et al., 2011). This is followed soon afterwards by the development of single nephron tubules dilated 

with eosinophilic, hyaline casts in the descending limb of Henlé, usually in the inner stripe of the 

outer medulla, but extending into the cortex (Hard & Khan, 2004). These lesions progress to form 
increasingly larger foci involving neighbouring nephrons, which coalesce to form a network of 

diseased tissue throughout the cortex. With increasing severity of CPN, there is development of 

glomerulosclerosis, tubule atrophy and matrix expansion, as well as the frequent, but not invariable, 
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accumulation of groups of perivascular mononuclear cells (Gray, 1977; Abrass, 2000; Hard & Khan, 

2004). Prominent hyaline casts contribute to the kidney enlargement seen in end-stage CPN, which is 
characterized by involvement of virtually all of the kidney parenchyma and may be accompanied by 

secondary changes in other organs (particularly hyperplasia in the parathyroid, as well as 

mineralization in some tissues and fibrous osteodystrophy). The main blood chemistry alterations 

occurring in CPN include a decrease in albumin due to increased loss in urine, but an increase in α-
globulins (Salatka et al., 1971, confirming earlier reports), the combined effects resulting in little 

overall change in blood protein concentrations (reviewed in Barthold, 1979) and hypercholesterol-

aemia (Coleman et al., 1977). The increase in α-globulins in blood would include α2u-globulin, the 
androgen-dependent 18.5 kDa protein that is synthesized by the liver – about 50 mg/day in males of 

some rat strains – and is freely filtered by the glomeruli; about 60% undergoes tubular reabsorption, 

the remainder being excreted in urine (Neuhaus, 1986). Other blood chemistry changes, such as 
increased blood urea nitrogen and creatinine, do not become significant until advanced stages of the 

disease (Coleman et al., 1977). 

 

E.7 Modifying factors 

Disease incidence and severity can be influenced by a number of factors in addition to chemical 
treatment. The primary factors modifying CPN severity are the strain of rat, ageing, diet (Rao, 2002) 

and hormonal status (Baylis, 1994; Tanaka et al., 1995). As defined by its name, CPN is age 

associated (Coleman et al., 1977), and its development is enhanced by unilateral nephrectomy and 
contralateral irradiation (Elema et al., 1971). Reduction of caloric intake slows disease development 

(Bertani et al., 1989; Masoro & Yu, 1989; Keenan et al., 2000), whereas a high intake of dietary 

protein enhances both incidence and severity (Rao, Edmondson & Elwell, 1993). Dietary 

carbohydrates and sodium excess or amino acid toxicity have also been reported to influence disease 
progression (reviewed in Barthold, 1979). The germ-free (axenic) state can prevent CPN development 

in susceptible strains of rat, but this effect could be due in part to dietary manipulations (Pollard & 

Kajima, 1970; Bolton et al., 1976).  

Male rats are recognized as being more susceptible than female rats (Elema & Arends, 1975). 

Castration or estrogen administration reduces CPN in male rats, but ovariectomy has no effect in 

female rats (Baylis, 1994). Also, testosterone treatment markedly increased proteinuria in both female 
and castrated male Sprague-Dawley rats (Linkswiler, Reynolds & Baumann, 1952). Hypophysectomy 

also inhibits disease development (Everitt, Wyndham & Barnard, 1983), but this observation is not 

supported by any reliable measurements of specific, circulating pituitary hormones.  

 

E.8 Relationship of CPN with renal tubule cell neoplasia  

It has been suspected for many years that there is a relationship between CPN and proliferating 

lesions of the kidney. Thus, in two stocks of Sprague-Dawley rats that differed in CPN severity when 

allowed to live to senescence, the one having more severe CPN also had a higher incidence of renal 
adenoma (Anver et al., 1982). This and other observations have been the basis for the hypothesis that 

exacerbation of CPN increases the risk of renal tumours in rats and that this altered state can be 

looked upon as a mode of action. It is interesting to note that rats with grade 8 CPN are highly likely 

to die of CPN-related renal failure, not as a result of the benign neoplasms that can accompany this 
condition and are the source of much regulatory activity. Investigation of this possible relationship in 

step-sectioned kidneys of male F344 rats in 15 United States National Toxicology Program (NTP) 

studies revealed that among the 54 control and dosed groups analysed, approximately 87% had higher 
mean CPN severity grades in the 34 tumour-bearing rats than in the 261 age-matched non-tumour-

bearing rats with which they were compared. The mean severity scores were 4.44 and 4.04 in these 

two groups, respectively, a difference that was not impressive, although statistically significant (P < 
0.05) (Seely et al., 2002). Of more pathological significance, however, were the tumour incidences 

according to CPN severity grade. Initially, severity was described on the standard NTP scale of 0–4, 

but re-evaluation in this study was on a 0–5 scale. These relationships are shown in Table E1, in 
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which a clear increase in tumour incidence can be seen at the most severe CPN grades throughout the 

kidney when individual severity scores are compared. The numbers are small and unstable at severity 
grades below 3, and no interpretation can be made of them. 

 

Table E1. Association of renal adenomas with severity of CPN in male F344 rats  

CPN severity score 

Rats with renal tubule 

cell adenoma Total number of rats Tumour incidence (%) 

1 

2 

2.5 

3 

4 

5 

0 

1 

1 

7 

15 

14 

6 

30 

1 

162 

314 

102 

0 

3.3 

100 

4.3 

4.8 

13.7 

Source: Adapted from Seely et al. (2002) 

 

Kidney sections from 2-year NTP studies on 23 different chemicals in male and female F344 rats 
were analysed with respect to their CPN severity grade on the 0–8 scale and the presence of renal 

tubule cell tumours and their precursor, atypical hyperplasia (Hard, Betz & Seely, 2012a). The data 

were statistically analysed using SAS software for logistic regression. This survey of 2436 rats 

showed clear evidence of a quantitative and statistically significant association between advanced 
stages of CPN (in contrast to CPN per se) and the development of low-grade renal tubule cell tumours 

and their obligate precursor, atypical hyperplasia. Advanced CPN therefore appears to represent a risk 

factor for the development of renal tubule cell tumours and to be an underlying basis for spontaneous 
occurrence of these tumours in F344 rats. A difference in the incidence and severity of CPN between 

the sexes noted in this survey would also explain the 9 : 1 male to female difference in the 

spontaneous occurrence of atypical hyperplasia and renal tubule cell tumours that was observed in this 
population. Almost all of the foci of atypical hyperplasia and adenomas occurred in rats with grades 7 

and 8 CPN, and statistical analysis showed a significant correlation between these proliferating 

lesions and advanced CPN, particularly end-stage (grade 8) CPN. The overall incidences of atypical 

hyperplasia and adenomas in grade 8 CPN of male and female rats combined were 13% and 11%, 
respectively, whereas the averages were 2.0% and 1.2%, respectively, when based on rats with any 

grade of CPN. The survey also provided evidence that exacerbation of CPN by chemicals is a 

relatively frequent occurrence.  

Chemical-specific studies have provided evidence that chemicals exacerbating CPN to advanced 

grades, including end-stage kidney, can be associated with a marginal increase in atypical hyperplasia 

and renal tubule cell adenoma development. Examples of experiments that have been re-evaluated to 
more closely analyse CPN than would routinely be done include methyl tertiary butyl ether (MTBE) 

(Hard, 2006), tertiary butyl alcohol (TBA) (Hard et al., 2011), hydroquinone (Hard et al., 1997), 

ethylbenzene (Hard, 2002) and quercetin (Hard et al., 2007). Salient features of these reanalyses are 

summarized below. Unfortunately, the manner of data presentation differs in the various publications, 
and it has not been possible to standardize this aspect without reference to the individual rat data.  

 

E.8.1 Methyl tertiary butyl ether (MTBE) 
Kidney microscope slides from a 2-year inhalation study of MTBE conducted by Chun et al. (1992) 
and published in a journal by Bird et al. (1997) were re-evaluated by Hard (2006), using the 0–8 scale 

of severity and examining the relationship of severity with renal tubule cell adenoma occurrence. The 

data from his report are shown below in Tables E2–E4. In Table E3, we see that in the re-evaluation, 
no carcinomas were found in males or females, and no adenomas were found in females. There is a 

very strong relationship between severity scores 7 and 8 (severe and end-stage) and the occurrence of 

adenomas (Table E4). 
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Table E2. Distribution of incidence and severity of CPN in rat groups exposed to MTBE  

Dose (ppm) 

No. of 

rats/group 

No. of rats 

evaluated 

Rats with CPN of the indicated severity grade 

0–2 3 4 5 6 7 8 

Males          

0 50 49 0 0 4 9   16
a
 16 4 

400 51 51 0 1 3 5 15 15 12 

3 000 50 49 0 0 1 5 7 9 27 

8 000 50 50 0 0 0 1 5 1 43 

Females          

0 50 49 0 1 13 21 11 2 1 

8 000 50 50 0 1 3 12 15 11 8 

a Bold font indicates the numbers of rats in a particular dose group showing the highest severity incidence. 

Source: Hard (2006) 

 

Table E3. Comparison of reviewer’s renal tubule tumour incidence data with those recorded in 

Chun et al. (1992) 

Dose (ppm) 

Adenoma Carcinoma 

Report Reviewer Report Reviewer 

Males     

0 1 1 0 0 

400 0 2 0 0 

3 000 5 6 3 0 

8 000 3 5 0 0 

Females     

0 0 0 0 0 

400 0 0 0 0 

3 000 1 0 0 0 

8 000 0 0 0 0 

Source: Hard (2006) 

 

Table E4. Group distribution of renal tubule adenomas in male rats according to the severity of 

CPN in Chun et al. (1992)  

Dose (ppm) 

No. of 

rats/group 

No. of renal adenomas within each grade of CPN severity 

0–2 3 4 5 6 7 8 

0 50 0 0 0 0 1 0 0 

400 51 0 0 0 0 0 1 1 

3 000 50 0 0 0 0 0 1 5 

8 000 50 0 0 0 0 0 0 5 

Source: Hard (2006) 
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E.8.2 Unleaded gasoline alone or containing MTBE  
Benson et al. (2011) reported that renal tubule cell tumours were observed in male, but not female, 

F344 rats exposed to either unleaded gasoline vapour alone or unleaded gasoline vapour containing 
MTBE. No re-evaluation of the kidneys has been attempted. The result with gasoline alone confirms 

an earlier study (MacFarland et al., 1984) in which it was demonstrated that unleaded gasoline 

induces renal tumours. The mode of action for unleaded gasoline induction of renal tumours 
specifically in male rats is believed to be associated with α2u-globulin nephropathy. This material is 

one of the few for which all biochemical and pathophysiological criteria for this mode of action have 

been satisfied (Swenberg & Lehman-McKeenan, 1999). However, in a broader NTP database analysis 

of 90-day and 2-year studies, inconsistencies were found with this proposed mode of action that led 
the authors to conclude that “While tumor responses corresponded somewhat with a measure of 

cumulative α2u-associated nephropathy (linear mineralization of the papilla) at the end of the 2-year 

studies, the severity of chronic progressive nephropathy was generally in best agreement with the 
pattern of tumor responses” (Doi et al., 2007). In the MacFarland et al. (1984) study of unleaded 

gasoline, the incidences of renal tumours in males were as follows: adenomas – control, 0; low dose, 

0; middle dose, 2; high dose, 1; carcinomas – control, 0; low dose, 1; middle dose, 2; high dose, 6. 

This kind of result is different from those reported in other experiments in which CPN was believed to 
be involved (i.e. adenomas are induced, but not carcinomas), and it is somewhat different from the 

result obtain by Benson et al. (2011) for unleaded gasoline containing MTBE, where, for this mixed 

exposure, most renal tumours were adenomas. 

 

E.8.3 Tertiary butyl alcohol (TBA) 
The re-evaluation of the NTP drinking-water study (NTP, 1995) was performed by a group of 

pathologists organized along the lines of a pathology working group (Hard et al., 2011). On this 
occasion, the CPN grading scale was 0–4 (none, minimal, mild, moderate and marked), similar to that 

used by the NTP pathologists; thus, it is not possible to determine whether the severe and end-stage 

grades (7 and 8) were reached uniformly in the rats scored as 3 or 4. However, there was clearly a 
strong association of grades 3 and 4 CPN with adenoma/carcinoma occurrence. It is noted that 

although these different neoplasms are not separated in Table E5, there were, in fact, few renal 

carcinomas in this experiment (in the four groups, respectively: 0, 2, 1, 1 in the NTP evaluation and 0, 

1, 0, 1 in the pathology working group evaluation). The pathology working group re-evaluating the 
kidneys found that in the preliminary 13-week study, there were changes typical of α2u-globulin 

nephropathy, which included replacement of normal hyaline droplets in proximal convoluted tubules 

by angular droplet accumulation and granular casts in the outer medulla. In the subsequent 2-year 
study, linear papillary mineralization, another indicator of α2u-globulin nephropathy, was present only 

in treated male rats. The pathology working group also recognized that CPN was exacerbated in the 

high-dose males and females with a relationship between advanced grades of CPN and the occurrence 

of renal tubule cell tumours. High-dose females showed no evidence of TBA-related nephrotoxicity, 
indicating a probable lack of toxicity in the observed exacerbation of CPN. Hard et al. (2011) 

concluded (confirming, but with more authority, an earlier suggestion by McGregor [2010]) that both 

α2u-globulin nephropathy and exacerbation of CPN were modes of action, both of which were 
functioning in the induction of the renal tubule cell tumours by TBA. Hard et al. (2011) also stated 

that neither has relevance for human risk assessment. 

 

E.8.4 Hydroquinone 
Re-evaluation of the kidneys in the NTP feeding study of hydroquinone (NTP, 1989) was based on 

the 8-grade scale. No proliferative lesions were recorded in male rats in which CPN was of grade 6 or 

less (Table E6), demonstrating the strong association of high CPN grade with proliferating lesions in 

rat kidney. 

 

Table E5. TBA administered in drinking-water: relationship in male rats of renal tubule 

adenomas/carcinomas to CPN demonstrated by NTP and a pathology working group  



82 

 

 

 

CPN: chronic progressive nephropathy; NTP: United States National Toxicology Program; PWG: pathology 

working group 

Source: Hard et al. (2011) 

 

Table E6. Hydroquinone: Distribution of proliferative kidney lesions by CPN grade (males only)  

CPN: chronic progressive nephropathy 

Source: Hard et al. (1997) 

 

E.8.5 Ethylbenzene 
This re-evaluation of the NTP inhalation study on ethylbenzene (NTP, 1999) was done using the 8-
grade scale. The CPN data presented in Table E7 refer only to the end-stage (grade 8) lesions. It 

seems that autolysis among rats dying prematurely was a particular problem in this experiment, 

resulting in failure to assess CPN of lower grades in some rats, but this did not affect the scoring of 
high grades or of proliferating lesions. Because of this limitation on the experiment, only grade 8 CPN 

lesions are presented in any detail. There was a strong association of grade 8 CPN and proliferating 

lesions among male rats; not less than 70% of the end-stage CPN examples were associated with 

atypical hyperplasia or adenomas. As found generally, there were few renal lesions of any kind in 
females. 

Table E7. Ethylbenzene: Types of end-stage (grade 8) CPN lesions in rats
a
  

Dose (ppm) End-stage CPN No. of rats with lesion type % end-stage with 

 0 mg/mL 1.25 mg/mL 2.5 mg/mL 5.0 mg/mL 

NTP PWG NTP PWG NTP PWG NTP PWG 

Rats with renal tumours and 

100% grade 3 or 4 CPN 

8/8 

(100%) 

6/7 

(86%) 

13/14 

(93%) 

– 19/19 

(100%) 

– 12/13 

(92%) 

11/13 

(85%) 

Mean CPN grade for rats with 
renal tumours 

3.5 3.3 3.6 – 3.7 – 3.4 3.5 

Mean CPN grade for rats without 

renal tumours 

2.9 2.7 2.8 – 2.8 – 3.2 2.9 

Dose 

(mg/kg bw) 

Total 

no. of 

rats 

graded 

for CPN Proliferative lesion 

No. of rats according to CPN grades 

Minimal to 

high-

moderate Severe End-stage All grades 

0 44 Atypical hyperplasia 

Adenoma 

Either 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25 49 Atypical hyperplasia 

Adenoma 

Either 

0 

0 

0 

2 

2 

3 

0 

1 

1 

2 

3 

4 

50 51 Atypical hyperplasia 

Adenoma 

Either 

0 

0 

0 

2 

3 

4 

9 

4 

11 

11 

7 

15 

All 145 Atypical hyperplasia 

Adenoma 

Either 

0 

0 

0 

4 

5 

7 

9 

5 

12 

13 

10 

19 
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No. 

affected 

% of 

group 

Atypical 

tubule 

hyperplasia Adenoma Carcinoma 

lesion 

Males 

0  

75  

250  

750  

 6 

 4 

 10 

 34 

 12 

 8 

 20 

 68 

3 (50) 

2 (50) 

1 (10) 

11 (32) 

2 (33) 

2 (50) 

5 (50) 

14 (41) 

0 (0) 

0 (0) 

1 (10) 

2 (6) 

83 

100 

70 

80 

Females 

0  

75  

250  

750  

 0 

 1  

 0 

 4 

 0 

 2 

 0 

 8 

– 

1 (100) 

– 

1 (25) 

– 

0 (0) 

– 

2 (50) 

– 

0 (0) 

– 

0 (0) 

– 

100 

– 

75 

CPN: chronic progressive nephropathy 
a Numbers in parentheses are percentage incidences of affected rats among those with end-stage CPN. Rats are 

listed only once according to the highest grade of proliferative lesion present. 

Source: Hard (2002) 

 

E.8.6 Quercetin 
The NTP feeding study of quercetin (NTP, 1992) was re-evaluated on the 8-grade scale. In male rats, 

there was a single carcinoma in the highest dose group in a rat with grade 6 CPN and an adenoma in 
the mid-dose group in a rat with grade 4 CPN; in both of these cases, it was considered that the lesions 

had arisen spontaneously and were not related either to treatment or to CPN. Otherwise, all atypical 

tubule hyperplasia and adenomas were associated with CPN of severity grades 6–8 (Table E8). 

The hypothesis presented here is not universally accepted, and notable contrary views have been 

expressed by Melnick et al. (2012), who questioned the validity of enhanced CPN as a mode of action 

for rat renal tumorigenesis. Indeed, as the origins of CPN are not understood and as there are no 

recognized measurable key events in the process at which chemicals might interact, any presented 
evidence does not readily lend itself to the IPCS framework for data analysis (IPCS, 2007). A major 

part of the Melnick et al. (2012) argument was that there was no statistical relationship between 

increased incidences of renal tumours and the severity of CPN observed in the NTP studies. In 
arriving at this conclusion, however, the statistical analyses performed in Melnick et al. (2012) 

contained several serious deficiencies. Some of these deficiencies are the result of including 

chemicals that may enhance renal tumorigenesis by modes of action other than, or in addition to, 
CPN, a possibility that is actually recognized by the authors, yet is presented, paradoxically, as a 

criticism of the proposed hypothesis. Attention is drawn by Melnick et al. (2012) to five chemicals in 

particular that they considered provided evidence for other modes of action: anthraquinone, 

benzofuran, t-butyl alcohol, ethylbenzene and tetrafluoroethylene. The evaluation of a single chemical 
is very largely restricted to that chemical; therefore, properties of such small populations or even 

individuals need to be addressed, although such procedures may run counter to methods of statistical 

analysis. The following brief statements are offered in rebuttal to these specific examples:  

 Anthraquinone: Anthraquinone was reviewed by IARC (2012), which cites significant 

numbers of publications that provide adequate evidence for genotoxic/mutagenic activity in 

vivo.  

 

Table E8. Quercitin: Group distribution of renal tubule proliferative lesions in male rats according 

to the severity of CPN   

Dose (% in No. of renal adenomas within each grade of CPN severity 
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diet) 0–2 3 4 5 6 7 8 

Atypical hyperplasia 

0  0  0  0  0  1  1  0 

0.1  0  0  0  0  2  2  0 

1.0  0  0  0  0  2  0  2 

4.0  0  0  0  0  2  1  3 

Adenoma 

0  0  0  0  0  0  0  0 

0.1  0  0  0  0  0  0  0 

1.0  0  0    1a  0  3  1  0 

4.0  0  0  0  0  1  1  3 

Carcinoma 

0  0  0  0  0  0  0  0 

0.1  0  0  0  0  0  0  0 

1.0  0  0  0  0  0  0  0 

4.0  0  0  0  0  1a  0  0 

CPN: chronic progressive nephropathy 
a  Familial-like phenotype suggestive of spontaneous origin according to Hard et al. (2007); dismissed from 

being treatment related by Dunnick & Hailey (1992). 

Source: Hard et al. (2007) 

 

 Benzofuran: Benzofuran exposure of rats was associated with 4/50 renal cell adeno-

carcinomas in high-dose females compared with 0/50 in controls (IARC, 1995). This is a rare 
tumour in female rats, and there is no proposed hypothesis that it is a consequence of 

exacerbated CPN; therefore, some other mode of action must be considered.  

 Tertiary butyl alcohol: The likely dual modes of action of TBA have been mentioned above.  

 Ethylbenzene: The Melnick et al. (2012) assessment of ethylbenzene suffers from the absence 

of any examination of the individual rats with end-stage CPN and proliferative renal lesions. 

This has been done and published (Hard, 2002) (but not adequately considered in the Melnick 
et al. [2012] criticism) and shows that, irrespective of dose group, the proportion of end-stage 

kidneys with atypical hyperplasia, adenoma or carcinoma was never lower than 70%.  

 Tetrafluoroethylene: Of the five compounds highlighted by Melnick et al. (2012), this is the 

only one that appears to present any evidence contradicting the CPN–renal tumour association 
hypothesis, but it should also be recognized that even this case may be only a consequence of 

depth of study. The greater weakness in the counter-argument is that the statistical analysis 

conducted overlooks the importance of either the grading scheme used or the high-severity 
CPN scores for individual rats; both features can dilute the effect important to the hypothesis. 

When using a short grading scale, it may not be possible to distinguish sufficiently the 

severity that can be indicated with more precision using the 0–8 scale; for example, a top 

grade score of 5 on a short scale may be scored as 8, 7, 6 or perhaps even 5 if the longer scale 
is used; similarly, the intermediate scores can be better distinguished. Even when there is a 

statistically significant relationship between CPN score and renal tumour formation, the more 

relevant question is the number of rats with end-stage (grade 8) kidney disease and tumour 
development, an analysis that is not evident from a statistical comparison of group mean CPN 

scores and tumour incidences. 
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Annex F: Leydig cell tumours 
 

F.1 Leydig cell tumours in rats 

Leydig cell adenomas (LCA) in rats occur at variable and occasionally very high incidences in 

different strains, but progression to carcinoma is always rare. The earliest adenomas are found at 

about 12 months. Historical control LCA frequencies in the Fischer 344 strain recorded in the United 
States National Toxicology Program (NTP) studies at 24 months ranged from 74% to 98%, whereas 

there was a single Leydig cell carcinoma in this population of 1352 male control rats (Haseman, 

Hailey & Morris, 1998). 

In the Registry of Industrial Toxicology Animal-data (RITA) database, there are LCA data from three 

rat strains – Wistar, Sprague-Dawley (SD) and Fischer 344 (F344) – supplied by a number of 

breeders. The rarity of Leydig cell carcinomas in rats was confirmed here, there being a single 

diagnosis (with metastasis to iliac lymph node) in a 24-month-old Crl:WI(Han) rat among 7453 male 
rats from 134 studies. The strain mean incidences of LCAs were 13.7% in Wistar rats, 4.2% in SD 

rats and 83% in F344 rats. The LCA incidences by rat strain breeder in RITA were as shown in Table 

F1. 

 

Table F1. Incidences of LCAs by rat strain breeder 

Strain Breeder 

No. of 

studies No. of rats 

Incidence (%) 

Mean Minimum Maximum 

Wistar A 19 1 079 39.9 18 60 

B 12 800 2.8 0 6 

D1 11 608 5.8 0 29 

G 16 770 12.5 4 22 

I 30 1 609 6.8 1.1 22 

Sprague-

Dawley 

D1 10 518 5.4 0 12 

D2 5 279 5 1.7 10 

D3 8 440 2.3 1.8 3.6 

H 6 398 6.3 2.0 8.6 

Fischer 344 D6 2 100 83 76 90 

Source: Nolte et al. (2011) 

 

These RITA data were analysed by Nolte et al. (2011), who reported that in Wistar rats, LCAs 

decreased in some breeders (G and I) over the observation period and with increasing mean terminal 

body weight. The incidence of LCA increased with mean age at necropsy, as would be expected, and 
was higher in dietary studies than in those with gavage dosing. These patterns were not seen in 

breeders A and B. Rats from most breeders had considerably higher age at necropsy when LCA was 

discovered compared with the absence of the tumour (age difference 26–59 days for Wistar and SD 
strains, 224 days for the F344 strain). Also, LCAs were found at higher incidences in studies in which 

testes were sectioned longitudinally compared with those in which testes were sectioned transversely. 

In contrast, mice are less susceptible to development of this tumour, which is also unusual in humans. 
Features of rats that are likely to contribute to their greater susceptibility to adenoma induction 

compared with humans have been reviewed (Cook et al., 1999), from which the following features are 

notable: 
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 a 13-fold higher density of luteinizing hormone (LH) receptors in Leydig cells of rats 

compared with humans (Huhtaniemi, 1983); 

 rat Leydig cells respond to human chorionic gonadotrophin (a hormone equivalent to LH) by 

hyperplasia (Christensen & Peacock, 1980), whereas human Leydig cells respond only by 
hypertrophy (Heller & Leach, 1971; Simpson, Wu & Sharpe, 1987); and  

 rat Leydig cells contain gonadotrophin releasing hormone (GnRH) receptors, perhaps 

uniquely, as they are not present in human (Clayton & Huhtaniemi, 1982) or mouse (Wang et 

al., 1983) cells. 

The greater density of LH receptors found in rat Leydig cells is likely significant, as are the age-
related reductions in plasma gonadotrophins and testosterone that do not occur in humans. It would 

appear that the waning endocrine milieu of the ageing rat is a prerequisite for tumour occurrence in 

rats, whereas this pattern is not seen in humans. 

Experimentally induced Leydig cell neoplasia has been extensively reviewed on several occasions 

(Bär, 1992; Prentice & Meikle, 1995; Bosland, 1996; Cook et al., 1999), and seven hormonal modes 

of induction have been identified, five of which were considered relevant or potentially relevant for 
humans. Frequently, their fundamental mode of action is increased LH secretion stimulating Leydig 

cell activity and hyperplasia.  

It is clear that LH is the primary driver of LCA in rats because testosterone administration by silastic 

tubules decreases serum LH levels and blocks the development of both spontaneous and xenobiotic-
induced Leydig cell tumours (Chatani et al., 1990; Waalkes, Rehm & Devor, 1997). If the mode of 

LCA induction by a chemical is unknown, then, according to Clegg et al. (1997), it should be assumed 

that the increased incidence of Leydig cell tumours is of human concern. Quoting Clegg et al. (1997), 
a consensus document from a workshop dedicated to the topic, “Occurrence of Leydig cell adenomas 

in test species is of potential concern as both a carcinogenic and reproductive effect if the mode of 

induction and potential exposures cannot be ruled out as relevant for humans.” Nevertheless, it is 
doubtful whether LCA increases in rats have ever led to a chemical classification by either the 

International Agency for Research on Cancer (IARC) or the United States NTP. While such a 

statement may appear authoritative and confirmatory, it is necessary to take account of the fact that 

the majority of NTP testing has been with F344 rats, and IARC evaluations seldom, if ever, differ 
from those of the NTP. Carcinogenicity testing in industry, including the pesticides industry, is 

conducted far more commonly with SD or Wistar rats, and, due to the lack of journal publication of 

such studies, IARC seldom considers them. 

Leydig cells synthesize testosterone that either directly or after conversion to estradiol by aromatase 

can feed back and inhibit LH secretion (see Fig. F1). Disruption of this feedback loop is frequently the 

mode of action of LCA inducers: 

1. Androgen receptor antagonists (Neuman, 1991; Cook et al., 1993; Murakami et al., 1995). 
These compete with testosterone and dihydrotestosterone (DHT) and thereby reduce the net 

androgen signal to the hypothalamus and adenohypophysis, resulting in increased LH 

secretion (with concomitant elevation of testosterone secretion).  

2. 5α-Reductase inhibitors (O’Connor et al., 1998). These block conversion of testosterone to 

DHT. DHT amplifies the androgenic signal; hence, inhibition of this enzyme reduces the 

signal and leads to increased LH secretion. 

3. Testosterone biosynthesis inhibitors (Fort et al., 1995). These decrease testosterone levels, 

resulting in increased LH secretion. 

4. Aromatase inhibitors (Clegg et al., 1997; Cook et al., 1999). These block conversion of 

testosterone to estradiol, resulting in a decrease in estradiol and an increased LH secretion. 

5. Estrogen agonists/antagonists. These agents act almost exclusively in mice, rather than in rats. 

Stimulation of DNA synthesis in mouse Leydig cells by estrogen is independent of the 

presence of the pituitary (hypophysectomy is preventive). 
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6. Dopamine agonists (Prentice et al., 1992; Yamada et al., 1994, 1995). These decrease serum 

prolactin, which results in the downregulation of LH receptors on Leydig cells, which in turn 
results in decreases in testosterone and increased LH secretion. This mode of action is 

considered to have no human relevance, because human Leydig cells do not respond to 

prolactin in this way. 

7. GnRH agonists. It is believed that binding to GnRH receptors induces Leydig cell tumours. 
Although rats have such receptors, mice and humans do not. 

 

Fig. F1. Hypothalamus–pituitary–adenohypophysis–testicular Leydig cell hormonal feedback 

control system: (+) stimulation; (−) inhibition 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CNS: central nervous system; GnRH: gonadotrophin releasing hormone; LH: luteinizing hormone 

 

In addition, peroxisome proliferation (Cook et al., 1992; Liu, Hahn & Hurtt, 1996) is a common 

(although not universal) element in the modes of action of certain chemicals associated with increased 

incidences of Leydig cell tumours in rats but not mice and typically also involves increased liver 
tumour incidence in the same species. Examples are clofibrate, fenofibrate, gemfibrozil, JP-4 jet fuel, 

lansoprazole, d-limonene, oxazepam, methylclofenapate, tetrachloroethylene and trichloroethylene 

(Fitzgerald et al., 1981; Maltoni et al., 1988; NTP, 1990; Bruner et al., 1993; Fort et al., 1995; PDR, 

1998).  

 

F.2 Leydig cell tumours in mice and differences from rats 

Testicular tumours of any type are unusual in control mice; even at 24–32 months of age, the range in 

a number of strains has been reported to be from 0% to 6% (Homburger et al., 1975; Bomhard & 
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Mohr, 1989; Haseman, Hailey & Morris, 1998). Substances that have been associated with increases 

in LCA in mice are mainly chemicals with clear estrogenic properties, such as diethylstilbestrol 
(DES), methoxychlor, tri-p-anisylchloroethylene, stilbestrol, 17β-estradiol, estradiol ester, tamoxifen 

and triphenylethylene (Shimkin, Grady & Andervont, 1941; Bonser, 1942; Gardner & Boddaert, 

1950; Baroni et al., 1966; Reuber, 1979; Huseby, 1980; Tucker, Adam & Patterson, 1984; Newbold, 

Bullock & McLachlan, 1987; Greaves et al., 1993). Other compounds active in mice are finasteride, a 
5α-reductase inhibitor that also induces Leydig cell hyperplasia, but not adenomas, in SD rats 

(Prahalanda et al., 1994; PDR, 1998), and N-nitrosodiethylamine (Clapp, 1973), which would 

probably be assumed to act through a mutagenic mode of action. In contrast to its effects in mice and 
Syrian and European hamsters (Reznik-Schüller, 1979), 17β-estradiol treatment of rats does not 

induce Leydig cell tumours and inhibits the appearance of the spontaneous tumours in the F344 strain 

(Bartke et al., 1985). 

Prenatal exposure of mice to estrogens, such as ethinyl estradiol or DES, can result in a high 

frequency of cryptorchidism and impairment of spermatogenesis and Leydig cell hyperplasia 

(Yasuda, Konishi & Tanimura, 1986; Walker et al., 1990). A proportion of these mice go on to 

develop testicular tumours. Surgically produced cryptorchidism also induces Leydig cell tumours in 
mice, whereas in rats, surgically induced cryptorchidism inhibits Leydig cell tumour formation 

(Huseby, 1981) and can even prevent Leydig cell hyperplasia (Bosland, 1996). The chronic 

administration of DES to F344 rats also inhibits Leydig cell tumour formation (Huseby, 1981). 
Postnatal exposure of some mouse strains to DES implanted subcutaneously induces Leydig cell 

tumours; for example, BALB/c is susceptible, whereas C3H is not (Sato et al., 1979). In addition, 

transgenic mice that overexpress aromatase have increased estrogen production and a changed 
hormone milieu, which appear to lead to the induction of Leydig cell tumours (Fowler et al., 2000). 

Other than these estrogenic exposures, the only agent that has induced Leydig cell tumours in mouse 

is cadmium chloride, injected subcutaneously. 

Some of these characteristics of mice are shared at least in part by humans, and the question is raised: 
which, of mice or rats, is the better model for human testicular neoplasia?  

 

F.3 Human testicular cancer 

Cancers of the testis are relatively uncommon in humans. The age-adjusted incidence of testicular 
cancer is about 5 per 100 000 among whites in the USA and about 7-fold lower (0.7 per 100 000) 

among blacks in the USA (Ferlay et al., 2002). The incidence is also low among blacks living 

elsewhere. The age-adjusted incidence of clinically identified Leydig cell tumours specifically is only 

about 0.04 per 100 000 in the USA, so this must be considered to be a rare tumour. It is likely, 
however, that the real incidence rates are higher, as ultrasound examination reveals more testicular 

tumours than does palpation. 

Testicular cancers are most commonly diagnosed between the ages of 20 and 44 years. In Canada, for 
example, there is a low overall rate, but testicular cancers are the most common cancers of men 25–34 

years of age (Garner et al., 2008). 

Tumours arising from germinal elements account for about 95% of all testicular cancers, of which 
there are five basic types: seminoma, teratoma, choriocarcinoma, embryonal carcinoma and yolk sac 

tumour (endodermal sinus tumour of Teilum). In patients younger than 15 years of age, yolk sac 

tumours and teratomas predominate, whereas in patients aged 20–40 years, seminomas are most 

common. The remaining 5% of testicular tumours are sex cord–stromal tumours and include Leydig 
cell, Sertoli cell and granulosa cell tumours. 

Rates of testicular cancers are low among Japanese and Chinese living in Asia, but rates for Japanese 

Americans living in California or Hawaii are increased. Thus, environmental or lifestyle factors, as 
well as genetic factors, may be involved in testicular tumorigenesis. 

In contrast to the Japanese, Chinese Americans living in California have lower rates than Chinese 

living in Singapore or Hong Kong Special Administrative Region. International patterns show that 
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rates are 4–9 times higher in Denmark, Norway, New Zealand and North American whites, compared 

with the lower rates registered in Asian, African American and black populations in general and non-
Jews in Israel (Buetow, 1995; Gilliland & Key, 1995; Schottenfeld, 1996). In view of the relative 

cultural homogeneity in Nordic countries, it is interesting that, in contrast to the situation in Denmark 

and Norway, the incidence rate in Finland was particularly low (Ferlay et al., 2002). More recent data 

indicate that age-standardized rates remain high, but are stabilizing, in Denmark, whereas they are 
about 7-fold lower, but rising, in Lithuania (Richiardi et al., 2004). 

Few risk factors of any kind have been consistently found, but the stronger candidate is 

cryptorchidism (Morrison, 1976; Schottenfeld et al., 1980; Pottern et al., 1985; Giwercman et al., 
1987; Strader et al., 1988; Benson et al., 1991; Pinczowski et al., 1991; Swerdlow, Higgins & Pike, 

1997; Møller et al., 1998; Coupland et al., 1999; McGlynn et al., 2005). Nevertheless, cryptorchidism 

accounts for only about 10% of the cases of human testicular cancers, with the association being most 
consistently found for seminoma. All other recognized, possible human risk factors involve estrogenic 

effects upon the developing baby. Currently, the estrogen excess theory is the most frequently 

considered for the pathogenesis of testicular cancers, but evidence in favour of it is acquired, for the 

most part, only indirectly in epidemiological studies of biologically related parameters. Factors related 
to both human testicular cancer and estrogen levels during the first 3 months of pregnancy are nausea, 

hyperemesis gravidarum, twin pregnancy (especially if they are monozygotic), first pregnancy, high 

body weight of the mother during pregnancy, the use of estrogens during pregnancy and maternal age 
(Henderson et al., 1979, 1988, 1997; Depue, Pike & Henderson, 1983; Akre et al., 1996; Møller & 

Skakkebaek, 1996; Swerdlow, Higgins & Pike, 1997; Weir et al., 2000; Coupland et al., 2004). 

Prenatal exposure to DES has been shown to be a risk factor for cryptorchidism in most studies 
(Cosgrove, Benton & Henderson, 1977; Gill et al., 1979; Whitehead & Leiter, 1981; Beard et al., 

1984), and hyperplasia of Leydig cells occurs in males who have been exposed to DES in utero. Four 

case–control studies reported increased risk of germ cell tumours specifically in children exposed in 

utero to exogenous estrogens (Henderson et al., 1979; Depue, Pike & Henderson, 1983; Moss et al., 
1986; Weir et al., 2000). There are also a few case reports of seminoma, teratoma, embryonal 

carcinoma and Leydig cell tumours arising in men after postnatal treatment with DES for prostate 

cancer and after infertility treatment with clomiphene (Neoptolemos, Locke & Fossard, 1981; 
Deshmukh & Hartung, 1983; Nilsson & Nilsson, 1985; Hem, Attramadal & Tveter, 1988). 

The epidemiological evidence has not been entirely consistent in support of a role for estrogens in 

testicular cancer; however, all human studies have been hampered by small sample size and the use of 

surrogate measures of hormonal exposures (see Dieckmann & Pichlmeier, 2004; Storgaard, Bonde & 
Olsen, 2006). An added factor is that the incidence difference between black and white populations in 

the USA does not seem to be related to first-trimester in utero estrogen, whereas total testosterone 

concentrations were higher in black mothers (McGlynn et al., 2005). 

Professional and white-collar occupations have been associated with moderately elevated risks, but no 

specific risk factors have been identified. Elevated odds ratios for testicular cancers have sometimes 

been described for certain other occuptational groups (e.g. civilians engaged in aircraft repair, 
printing, leather finishing, skilled workers exposed to metals, metal dusts and cutting oils). However, 

testicular cancers have never been important in any evaluation conducted by IARC of these groups of 

workers or the substances to which they have been exposed. 

Epidemiological studies are available on a number of substances that induce Leydig cell tumours in 
rats: 1,3-butadiene, cadmium, ethanol, lactose, lead, nicotine and trichloroethylene. Although no 

evidence or suspicion of any increase in Leydig cell tumour incidence in humans has emerged from 

these studies, they should be looked upon as largely uninformative, due to the normally very low 
incidence of Leydig cell tumours in humans.  
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F.4 Murine–human comparisons  

The mouse model is a closer approximation to the human disease, at least in terms of etiological 

factors, than is the rat model of testicular cancer (Table F2), although some reservations must be 
retained, because Leydig cell tumours are very rare in humans, a factor that makes their study 

particularly difficult. 

 

Table F2. Factors associated with Leydig cells and Leydig cell tumours of rats and humans 

Rat Human 

 LCTs are relatively common or very 

common 

 LCTs are relatively uncommon or even rare 

 LCT incidence is age related  LCTs occur at any age 

  Plasma LH increases with age 

 ~ 20 000 LH receptors per Leydig cell  ~ 1 500 LH receptors per Leydig cell 

 Leydig cells have LH releasing hormone 
receptors 

 Leydig cells have no LH releasing hormone 
receptors 

 LH releasing hormone produced by 
Sertoli cells 

 No testicular LH releasing hormone 
secretion 

 Main risk factor for LCT is high LH  No clear risk factor for LCTs is recognized 

 LCTs inhibited by cryptorchidism  (cryptorchidism?) 

 Many widely used drugs induce LCTs  No evidence of LCTs in patients on long-

term therapy with the same drugs 

LCT: Leydig cell tumour; LH: luteinizing hormone 

 

 

Factors favouring the mouse as the better model of human testicular cancers are the following: 

1. Leydig cell tumours are rare in humans and mice, but common or even exceedingly common 

in rats. 

2. The only consistently found risk factors for human Leydig cell tumours are cryptorchidism 
and higher socioeconomic status. In utero exposure to estrogens and adult exposure to 

estrogens may also be important; for example, there a few case reports of seminoma, teratoma 

and Leydig cell tumours arising in men treated with DES for prostate cancer or with 
clomiphene for infertility. 

3. Prenatal exposure of mice to DES can result in very high frequencies of cryptorchidism, and a 

proportion of these mice develop Leydig cell tumours, similar to the relationship between 
cryptorchidism and Leydig cell tumours suggested by epidemiological studies. Prenatal 

exposure of rats to estrogens produces some cryptorchidism, but Leydig cell hyperplasia or 

tumours have never been produced in rats by this method; indeed, estrogens can inhibit 

Leydig cell tumour development in F344 rats. 

4. Surgically produced cryptorchidism induces Leydig cell tumours in mice, but inhibits Leydig 

cell tumours in rats. 

5. Leydig cell tumours are also produced by postnatal estrogen treatment of mice or Syrian 
hamsters, but not of rats. 

6. Of all the substances that produce Leydig cell tumours in rats, only subcutaneous injection of 

cadmium chloride has produced Leydig cell tumours in mice. 
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7. Of all the substances that produce Leydig cell tumours in rats and have been studied 

epidemiologically, it appears that none of them has increased any type of human testicular 
tumour. However, there is a difficulty in achieving sufficient statistical power in 

epidemiological studies due to the rarity of the condition. 

For all known non-genotoxic modes of Leydig cell tumour induction, there are clear quantitative 

differences between species, with rats being more sensitive than either mice or humans (Clegg et al., 
1997). Thus, it is possible for a no-observed-adverse-effect level (NOAEL) for the induction of 

Leydig cell tumours in rats to provide an adequate margin of safety for the protection of human 

health. Furthermore, the data support a non-linear mode of action. 
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