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Introduction

Background

In 2002 the Committee on Toxicity of Chemicals in Food, Consumer Products and the Environment (COT) published a report from a COT Working Group on the Risk Assessment of Mixtures of Pesticides (WiGRAMP) on the risk assessment of mixtures of pesticides and similar substances (COT, 2002). 

Many pesticides and veterinary medicines are in use, and some may contain more than one active ingredient. Individuals may, therefore, be exposed to a number of different pesticides or veterinary products through dietary and other routes of exposure. While little is known about any possible human health risks posed by long-term, combined exposures to trace amounts of pesticides, the COT report concluded that the likelihood of human disease arising from such exposure is very low. Nonetheless, there continues to be concern that the presence of multiple chemical residues in foods may cause adverse health effects, including effects that would not be predicted from consideration of single exposures to individual compounds. 

WiGRAMP recognised that the regulatory system for pesticides and veterinary products found in foods does not routinely address the toxic effects of different substances in combination. The implications, both for risk assessment and for approval processes, of exposure to mixtures of pesticides and veterinary medicines are among the topics examined in the COT report. 

Among its conclusions, WiGRAMP recommended that the nature and extent of combined exposure to pesticides and related chemicals, together with the likelihood of any adverse effects that might result, should be evaluated, when carrying out risk assessment. Furthermore, a scientific and systematic framework should be established to decide when it is appropriate to carry out combined risk assessments of exposures to more than one pesticide and/or veterinary medicine. WiGRAMP also recommended that groups of pesticides having common targets of toxicological action should be identified. 

Some classes of pesticides and veterinary medicines work, toxicologically, through the same mechanism. The identification of such common mechanism groups would, therefore, facilitate combined risk assessments. Combined exposures to pesticides and veterinary medicines may be both cumulative (multiple pesticides) and aggregate (multiple pathways), and cumulative risk assessment is dependent on the identification of common mechanism groups.

Approaches to identifying common mechanism groups for pesticides and related chemicals are already being established in the USA, and the International Life Sciences Institute has been developing a framework for guiding the conduct of cumulative risk assessment, based on five key stages (EPA, 1999; ILSI, 1999). Some common mechanism groups have already been proposed by EPA — the organophosphates (EPA, 1998), N-methylcarbamates (EPA, 2001) and triazines (EPA, 2002). 

The EPA approach to the establishment of common mechanism groups for organophosphates and 
N-methylcarbamates has been reviewed for the Science Group of the Food Standards Agency. The Science Group has also prioritised the triazines and four additional classes of pesticides/veterinary medicines — avermectins, conazoles, phenoxy herbicides, and pyrethroids and natural pyrethrins — to be assessed for possible common mechanism grouping.

Given the extensive resource requirements to collect and assess the toxicological and other relevant data necessary to establish common mechanism groups for these classes of compounds, it was decided to conduct a scoping study to:

· identify the amount of work required to establish common mechanism groups for each of the prioritised classes of pesticides and veterinary medicines — this would include an evaluation of the amount and quality of data available on each substance belonging to each class;

· estimate the resources (cost and person years) required to identify and establish common mechanism groups for the prioritised classes of pesticides and veterinary medicines.

This report describes a project conducted by the MRC Institute for Environment and Health (IEH), as a pilot study for the scoping exercise. The pilot study was designed to test procedures for gathering and evaluating data on a selected number of compounds from each of the five prioritised classes and to estimate resource requirements for the fuller scoping exercise.

Subsequent to the pilot study and in the light of its results, the Food Standards Agency decided that the originally planned, larger, scoping study to identify the resource requirements for establishing common mechanisms groups would not be necessary. The pilot study was considered to provide adequate information to guide the data collection and data analysis and to estimate resources required to identify common mechanism groups for the prioritised classes of pesticides and veterinary medicines.
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1 Design of Pilot Study

1.1 Selection of pilot compounds

Following consultation with the Food Standards Agency it was agreed that IEH would carry out an initial pilot study, in order to test data gathering procedures for a subsequent more extensive scoping study, which would identify the amount of work and estimate the resources required to establish common mechanism groups for prioritised classes of pesticides and veterinary medicines. 

The Food Standards Agency identified five classes of pesticides for evaluation. For each class a number of candidate compounds (65 in total) were identified by the Agency; from these, two pilot compounds for each class were selected for evaluation as described below. The five pesticide classes and 65 candidate compounds are listed in Appendix 1.

An approach to gathering relevant data was developed. In consultation with the Agency, three groups of expert committee/national/international reviews, which were thought likely to be the principal quality sources of reviews of relevant toxicological and mechanistic data, were identified. These are described in Figure 1.1 as List A (Joint FAO/WHO Expert Committee on Food Additives / Joint Meeting on Pesticides Residues (JECFA/JMPR) or European Medicines Evaluation Agency Committee for Veterinary Medicinal Products (CVMP) reviews, described herein as a ‘major expert committee review’), List B (UK Advisory Committee on Pesticides (ACP), Committee on Carcinogenicity of Chemicals in Food, Consumer Products and the Environment (COC) or other expert committee review) and List C (Hazardous Substances Data Bank (HSDB), Integrated Risk Information System (IRIS), Agency for Toxic Substances and Disease Registry (ATSDR), International Agency for Research on Cancer (IARC), International Programme on Chemical Safety (IPCS), UK Veterinary Products Committee (VPC) or other national/international review). Figure 1.1 also outlines the approach to gathering relevant data from the major reviews and other data sources that was devised by IEH and agreed with the Agency.
Two pilot compounds from each of the five pesticide groups were chosen for the data gathering exercise. One compound from each group was to be a ‘major’ compound, which was defined as a compound with a List A review within the last 10 years (taken as dated 1995–2004). The other was to be a ‘minor’ compound (with no List A review). The dates of principal reviews for all candidate compounds are given in Appendix 1, which also includes crude information on the relative size of the databases for each compound (assessed by the number of ‘hits’ on a simple OVID search by compound name from 1966 to 2004). This information was used to ensure that, where possible, the major pilot compound for each group was representative of a number of possible ‘major’ compounds, and did not necessarily simply reflect a compound about which the most had been published. Following the choice of the 10 pilot compounds, the Food Standards Agency confirmed that these were still chemicals on the candidate lists.

1.1.1 Avermectins 

Six candidate compounds were identified by the Food Standards Agency. All had been reviewed by the CVMP within the last 10 years. However, the full assessment reports are not yet in the public domain. Four of the six compounds had JECFA/JMPR reviews published within the last 10 years


Figure 1.1 Data gathering decision tree 
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(abamectin, doramectin, enamectin, eprinomectin). Abamectin was chosen as the major compound for the group as it had an average number of OVID ‘hits’ when compared with the other four compounds. Selamectin was the only compound with no List A review, and was therefore chosen as the minor compound. 

1.1.2 Conazoles 

Of the 19 candidate compounds, 11 had a List A review published within the last 10 years. It was clear from the number of OVID ‘hits’ that there would not be a large literature database for any of these compounds, and prochloraz was therefore chosen as the major compound, as it had more ‘hits’ than most of the other compounds, but fewer ‘hits’ than imazalil. Since all compounds had a List A review published since 1987, compounds which had List A reviews dated 1987 to 1994 were deemed possible minor candidates (n = 5). Owing to the suspected small size of the database for the whole group, the compound amongst these five with the most ‘hits’ on OVID — triadimenol — was chosen as the minor compound. 

1.1.3 Phenoxy herbicides 

Only one of the five candidate compounds — 2,4-D — had a List A review published within the last 10 years; it was therefore deemed the major compound. Two compounds had no List A review 
(2,4-DB and MCPB) and both had a similar number of ‘hits’ on the OVID database. MCPB was chosen as the minor compound for this group. 

1.1.4 Pyrethrins and pyrethroids 

Of the 28 candidate compounds, 16 had a List A review within the last 10 years. Of these 16 compounds, deltamethrin had the third highest number of ‘hits’ on OVID, and was chosen as the major compound. Of the six compounds with no List A review, resmethrin had the second highest number of ‘hits’ on OVID and was chosen as the minor compound. 

1.1.5 Triazines 

In the absence of any recent (1995–2004) List A reviews across the seven candidate compounds, atrazine was chosen as the major compound on the basis that it had an ACP 1993 review and the greatest number of ‘hits’ on OVID. All five compounds with no List A review had similar numbers of OVID ‘hits’ and therefore prometryn was chosen as the minor compound, as the average number of OVID ‘hits’ it had was the closest to the average number for the five compounds. 

It should be noted that two (metamitron, metribuzin) of the candidate compounds listed in Appendix 1 as triazines are not triazines but triazinone herbicides.

1.2 Literature searches

1.2.1 Strategy

On line literature searches were carried out on these 10 pilot compounds, in July 2004, as described below. Mechanistic searches were carried out on all major compounds from the date of their most recent JECFA/JMPR review or, in the case of atrazine, the ACP review. Full toxicity and mechanistic searches were carried out on all minor compounds from the date of their most recent List B or List C review. If there was no List B or C review, a full toxicity and mechanistic database search was carried out from 1984. This approach was agreed in consultation with the Food Standards Agency, in the light of experience already gained though previous work on the evaluation of common mechanisms groups for organophosphate and carbamate pesticides (see Background, above). It was anticipated that recent List A reviews (post-1994) would include adequate toxicological (and mechanistic) information; therefore mechanistic searches were undertaken to identify material published subsequent to the date of the List A review. Full toxicological database searches (which would include terms for locating mechanistic data) were undertaken if the List A review was pre-1994, or if List B or C reviews were to be used in the absence of a List A review. Searches were performed in the major biomedical databases (see Section 1.2.2 for further details).

Titles, only, were downloaded from the literature searches, in the first instance. One member of the IEH project team (KK) searched through the title lists and marked titles of possible relevance to mechanistic information; abstracts were requested for these titles. Exclusion criteria used for rejecting downloaded titles are listed in Table 1.1. If there was any doubt about the relevance of the title, an abstract was requested. 

Table 1.1 Exclusion criteria for downloaded titles 

Exclusion criteria

Extraction methodology 

Electrochemical membrane studies

Synthesis methodology/molecular structure studies

Cell adhesion/signal transduction studies in which ‘Selectin’ refers to p-Selectin glycoprotein ligands (avermectins)

Ecological fate/environmental dissipation/biodegradation studies

Invertebrate susceptibility studies

Epidemiological studies

Veterinary efficacy studies/comparative trials of different treatments

Field studies on insecticide/herbicide resistance

Requested abstracts were downloaded, and these were checked (again by KK) to indicate papers of relevance to be ordered through the British Library or downloaded from the Internet. Exclusion criteria for not requesting full papers from abstracts (in addition to those listed above) are listed in Table 1.2 

Table 1.2 Exclusion criteria for downloaded abstracts

McpB chemoreceptor, stress shock protein and polymer binding studies (phenoxyherbicides)

Comparative pharmacokinetics in domestic animals (avermectins)

Endocrine disrupter biomarker and pesticide metabolising enzyme studies (atrazine)

Genetics of invertebrate resistance to pyrethroids

Calcineurin/secretory granule studies (deltamethrin)

Where appropriate, additional articles, which were identified during the review of the initially selected articles, were also obtained. The results of the literature searches are summarised in Table 1.3; the numbers of titles, abstracts and papers located for each pilot compound, by the above methods, are given in column VII of the Table. 

During the course of the project, it became clear that references to mechanistic information on whole candidate groups had not been picked up during searches on individual compounds. A second literature search was therefore carried out in September 2004 to retrieve data, published since 1994, on the mechanism of action of whole groups. As indicated in Table 1.3 (column VIII), this generated a number of extra papers for avermectins and pyrethroids, but none for the other three classes of pesticide. 

All List A, B or C reviews were accessed. Original papers and review articles were obtained and details were entered onto Reference Manager; such articles are identified herein by a Reference Manager code and the name of the first author. In total, 42 expert committee reviews or summary reports and 151 original papers or reviews were located. Data record tables were completed for each of the 10 pilot compounds and data quality was assessed, as outlined in Section 2. 

Table 1.3 Common mechanisms literature search strategy – Pilot study 
I 
Group
II 
Compound
III 
CAS number
IV 
Most recent major review / summary
V Mechanism search from
VI
Full toxicity search from
VII
Titles/Abstracts/Papers
VIII
Extra papers on group search
Comments

Avermectins
Abamectin 


71751-41-2
ID 10477 JMPR 1997
1997

50/30/16
7
Expert Committee reviews did not include mechanistic data


Selamectin
165108-07-6


1984
31/16/3



Conazoles
Prochloraz


67747-09-5
ID 10482 JMPR 2001
2001

9/8/5
0
Expert Committee reviews did not include mechanistic data


Triadimenol


55219-65-3
ID 10484 JMPR 1989

1989
131/40/18



Phenoxy Herbicides
2,4-D

2,4-Dichlorophenoxyacetic Acid
94-75-7
ID 10485 JMPR 1996
1996

284/65/28
0



MCPB

2-Methyl-4-chlorophenoxy gamma-butyric Acid
94-81-5
ID 10507 IRIS 1990

2002
8/6/0

IRIS 1990 not a quality review

Pyrethrins and Pyrethroids
Deltamethrin


52918-63-5
ID 10486 JMPR 2000
2000

103/56/37
8
Good recent ATSDR 2003 review of whole group


Resmethrin
10453-86-8
ID 10510 IRIS 1998

2002
6/3/2



Triazines
Atrazine


1912-24-9
ID 10487 ACP 1993

ID 10511 ATSDR 2003

ID 10475 EPA 2002
1993

270/83/58
0
Common mechanism group proposed by EPA for 4 triazines and 4 dealkylated metabolites


Prometryn
7287-19-6
ID 10504 HSDB 1998

ID 10509 IRIS 1992

1998
135/10/5

Limited toxicity data available

1.2 2 Toxicity and mechanisms searches

Searches were performed in the major biomedical databases (Table 1.4) available on Datastar in July 2004 to identify papers reporting the toxicity and/or mechanisms of action of the 10 pesticides. As outlined above and in accordance with the data gathering procedure agreed with the Food Standards Agency (outlined in Figure 1.1), mechanistic searches were carried out on those compounds with a major post-1994 List A review, commencing from the date of the List A review. Full toxicological and mechanistic database searches were carried out on those compounds without a List A review but with a List B or C review, commencing from the date of the List B or C review. A full toxicological and mechanistic literature search from 1984 was carried out on the one compound (selamectin) that had no List A, B or C review. Table 1.5 summarises the type of search performed and the year limits applied. Table 1.6 summarises the descriptors, search phrases and operators used. 

A further search was performed in September 2004 to retrieve articles reporting the mechanism of action of specific classes of pesticides — the avermectins, pyrethroids, triazines, phenoxy herbicides and conazoles. The search terms used were the same as those used in the original mechanisms searches (Table 1.6). All searches were restricted to papers published from 1994 onwards. Owing to the large number of ‘hits’ retrieved for the triazines’ search, this search was also restricted to ‘reviews’ only.

Table 1.4 Database searched
Database
Producer
Coverage

Biosis Previews
Biosis
1969–present

CA Search: Chemical Abstracts
Chemical Abstracts Service
1967–present

Cancerlit
National Cancer Institute
1967–2003

Embase
Elsevier BV
1974–present

Medline
US National Library of Medicine
1951–present

Pascal
INIST-CNRS
1984–present

SciSearch
ISI - Thomson Scientific
1980–present

ToxFile
Dialog Corporation AG
1965–present

Table 1.5 Types of searches performed
Pesticide
CAS Number and Synonyms
Toxicity
search
Mechanisms search
Year Limit

Abamectin
71751-41-2

Y
1997+


avermectin B1a





avermectin B1b




Atrazine
1912-24-9

Y
1993+

2,4-D
94-75-7

Y
1996+


2 4 dichlorophenoxyacetic acid





2 4 dichlorophenoxy acetic acid





acetic acid 2 4 dichlorophenoxy




Deltamethrin
52918-63-5

Y
2000+

MCPB
94-81-5
Y
Y
2002+


2 methyl 4 chlorophenoxy gamma butyric acid





4 4 chloro 2 methylphenoxy butanoic acid




Prochloraz
67747-09-5

Y
2001+

Prometryn
7287-19-6
Y
Y
1998+


Prometryne




Resmethrin
10453-86-8
Y
Y
2002+

Selamectin
165108-07-6
Y
Y
1984+

Triadimenol
55219-65-3
Y
Y
1989+

Table 1.6 Search summary
Medline, ToxFile, CancerLit

pesticide synonyms and CAS number
AND
mechanism$11.ti,de,ab.2
mode near3 action.ti,ab.



AND
health adj4 effect$1.ti,ab.
adverse adj effect$1.ti,ab.
toxicology#5
toxicity-tests#
toxic$8.ti,ab.
carcinogen$5.ti,de,ab.
teratogen$5.ti,de,ab.
mutagen$5.ti,de,ab.
mutagenicity-tests#
neurotoxic$5.ti,de,ab.
cytotoxic$8.ti,de,ab.
genotoxic$8.ti,de,ab.
poison$3.ti,ab.
toxicokinetic$1.ti,ab.
pharmacokinetics#
metabolism#
neurological with6 effect$1
pesticid$2 (action or effect$1).ti,ab.
structure activity relationships.ti,de,ab.
(behaviour$2 or behaviour$2) with effect$1.ti,ab.


Biosis, SciSearch, Pascal, CA Search

pesticide synonyms and CAS number
AND
mechanism$1.ti,de,ab.
mode near (action).ti,ab.



AND
health adj effect$1.ti,de,ab.
adverse adj effect$1.ti,de,ab.
225#7
13002.cc.8
toxic$8.ti,de,ab.
carcinogen$5.ti,de,ab.
teratogen$5.ti,de,ab.
mutagen$5.ti,de,ab.
neurotoxic$5.ti,de,ab.
cytotoxic$8.ti,de,ab.
genotoxic$8.ti,de,ab.
poison$3.ti,de,ab.
toxicokinetic$1.ti,de,ab.
pharmacokinetic$1.ti,de,ab.
neurological with effect$1
pesticid$2 (action or effect$1).ti,ab.
structure activity relationships.ti,de,ab.
(behaviour$2 or behaviour$2) with effect$1.ti,ab.










Embase

pesticide synonyms and CAS number
AND
mechanism$1.ti,de,ab.
mode near (action).ti,ab.



AND
health adj effect$1.ti,de,ab.
adverse adj effect$1.ti,de,ab.
toxicology#
toxic$8.ti,de,ab.
toxicity#
toxicity-testing#
carcinogen$5.ti,de,ab.
mutagen$5.ti,de,ab.
teratogen$5.ti,de,ab.
neurotoxic$5.ti,de,ab.
cytotoxic$8.ti,de,ab.
genotoxic$8.ti,de,ab.
poison$3.ti,de,ab.
pharmacokinetics#
toxicokinetic$1.ti,de,ab.
neurological with effect$1
pesticid$2 (action or effect$1).ti,ab.
structure activity relationships.ti,de,ab.
(behaviour$2 or behaviour$2) with effect$1.ti,ab.


1 $1 – truncation symbol – a number following indicates the number of characters allowed
2 .ti,de,ab. – indicates the fields searched – ti = title, de = descriptors, ab = abstract
3 NEAR – proximity operator – words must be within 5 words of each other in any order
4 adj – proximity operator – adjacent to
5 # the term was exploded to include all other terns below in the descriptor tree
6 WITH - proximity operator- in the same sentence
7 225# - concept code for toxicity
8 13002 - concept code for metabolism

2 Completion of Data Record Tables 

The literature identified was evaluated and, as described below, assessments of the quality of data relevant to an evaluation of a common mechanism group for each class of pesticide were made according to pre-established criteria, which were agreed with the Food Standards Agency and are outlined in Appendix 2. 

Data record tables were completed for each pilot compound (Appendix 3–7). The tables include brief summaries of each report/original article/review indicating whether each article contained information on toxic effects, mode of pesticidal action, mechanism of toxicity, study quality and/or common mechanisms. 

It rapidly became apparent that, within the time frame and resources of the pilot study, it was not possible to ascertain the scientific quality of each particular study. For the majority of original studies, information was not easily located on whether the study had been carried out to Organisation for Economic Co-operation and Development (OECD) guidelines or within a laboratory registered to Good Laboratory Practice (GLP) standards. This is clearly important information, which will need to be gleaned by any future study, and sufficient time should be allocated for this. 

For the purposes of the pilot study, the following coding, to describe what material was included or discussed in each article, was used for completion of the data record tables: 0 = No; 1 = Yes; 
2 = Assumed Yes; 3 = Discussed; 4 = Not Applicable; 5 = Not Known. 

On completion of each data record table, a summary report was prepared for each compound and an attempt was made to assess the quality of data relevant to an evaluation of any possible common mechanism of toxicity for each class of pesticide, as described in Sections 3–7. The quality of data on mammalian toxicity and mechanisms of toxicity for each individual pilot compound was assessed by similar criteria to those outlined in Appendix 2, modified to be applicable to a single compound within a group rather than a class of pesticides taken together.

The criteria (derived from Appendix 2) underpinning each data assessment for an individual compound and each summary assessment of the quality of the available database for each pesticide group are listed as bullet points, under the headings ‘data assessment’ and ‘summary’ in the following sections.

The assessment of data quality reflects only the availability of good quality reviews and original papers of relevance to the establishment of a common toxic effect and common mechanism for the effect; it does not reflect the strength of the evidence for any effect or mechanism of effect or the scientific quality of individual studies per se. 

3 Avermectins

3.1 Major pilot compound: Abamectin

3.1.1 Data gathering exercise

Brief summaries of all articles identified are given in Appendix 3.1.

Mammalian toxicological effects

Three expert committee (ID 10478 ACP 1992; ID 10474 CVMP 2002; ID 10477 JMPR 1997) reviews were assessed and found to be deficient for the purposes of evaluating toxicity. JMPR (1997) focussed on a limited number of acute and reproductive rodent studies, with no mechanistic data, and included data on ivermectin rather than abamectin. ACP (ID 10478 1992) is a substantial but unreferenced and out-of-date review; for example, the mechanism of insecticidal action is given as activation of GABA-gated chloride channels, which is no longer the accepted mechanism of action (these channels have been shown to be glutamate-gated in invertebrates). CVMP (ID 10474 2002) is a two-page unreferenced summary report; the full assessment reports are not in the public domain. 

Of 16 original papers located since 1997 (the date of the most recent List A review), only five mentioned toxicological effects; this was unsurprising as the literature search had been restricted to mechanisms. 

The main toxicological effect of abamectin is neurotoxicity.

Toxic effect and species: Abamectin
Reference ID

Neurotoxicity (tremors, decreased activity, ptosis, bradypnoea) –sensitive mouse strain (CF-1)

Neurotoxicity – rats, rabbits, mice, monkeys, dogs

Emesis - monkeys

Reproductive/developmental (cleft palate) – mice

Reproductive/developmental (reduced pup weight) – rats, rabbits

Skin dermatitis – mice

Coma, hypotension, emesis, mydriasis – accidental ingestion in humans
ID 10477 JMPR 1997; ID 10479 CVMP 2002; ID 10478 ACP 1992; ID 10473 ETN-PIP 1996; ID 10480 HSDB 2001; ID 10481 IRIS 1989



Cleft palate – sensitive mouse strain (CF-1)
ID 10171 Wise et al., 1999

Raised serum AST levels and NO levels - rats
ID 10178 Hsu et al., 2001

Hypotension, coma, tachycardia, salivation – human
Hypotension - rats
ID 10179 Hsu et al., 2003

Neurotoxicity - mice
ID 10181 Lankas et al., 1997

Neurotoxicity – mice
ID 10187 Umbenhauer et al., 1997

Mammalian mechanistic data

None of the expert committee reviews included mechanistic data. A single paper was located in which 25 avermectin analogues were tested in a mouse seizure model and a proposal was made that mammalian neurotoxic effects are mediated through GABAA receptors. 
Pesticidal action

Only one expert committee review included data on pesticidal action (ID 10478 ACP 1992) but, as described above, this review needs updating since it gives the mechanism of insecticidal action as activation of GABA-gated chloride channels, when more recent evidence has shown these to be glutamate-gated. Three papers published since 1997 were located on pesticidal mode of action of abamectin, with discussion of avermectin pesticidal action in a further eight original or review articles. The currently accepted mechanism of pesticidal effect is activation of glutamate-controlled chloride channels present in invertebrate nerve and muscle cells, leading to paralysis and death. 

3.1.2 Data assessment

Quality of database for Abamectin: Limited 

· JMPR published within last 10 years, but does not include mechanistic information, and only covers a limited number of toxicity studies

· Other major reviews and/or individual studies available, based on which, together with any relevant data on other compounds in the group, a common toxic effect (neurotoxicity via chloride channel activation) could be proposed 

3.2 Minor pilot compound: Selamectin

3.2.1 Data gathering exercise

Brief summaries of all articles identified are given in Appendix 3.2.

Mammalian toxicological effects

Selamectin was developed five years ago as an endectocide for companion animals; it combines anthelmintic and ectoparasiticidal activity with a good margin of safety in avermectin-sensitive Collie dogs. No expert committee reviews were located for selamectin. A full toxicological search on this compound from 1984 located two original papers and one review. In addition, a special issue of Veterinary Parasitology devoted to the efficacy and safety of selamectin in dogs and cats was located (Vol 91 part 3–4, 2000), containing three relevant papers. A search of the grey literature, using the Google search engine, located the summary of one relevant additional study, which remains unpublished. 

Selamectin is extremely well tolerated in cats, dogs and mice; one paper was located on ptosis and piloerection in mice, detected over the first 24 hours following treatment with an oral dose of 300 mg/kg. There is little information available to determine the main toxic effect in mammals, although the study of Bishop (ID 10461 2000) suggests this to be neurotoxicity in mice and dogs. 

Toxic effect and species: Selamectin
Reference ID

Mild toxicity (ptosis and piloerection) at high doses (300 mg/kg) – mice
Neurotoxicity (salivation, mydriasis, tremors) at high doses 
(>15 mg/kg) – sensitive Collie dogs
ID 10461 Bishop et al., 2000

No-side effect dose up to 114 mg/kg – beagle dogs
No-side effect dose up to 40 mg/kg (topical)– sensitive Collie dogs
ID 10459 Novotny et al., 2000

No-side effect dose up to 367 mg/kg – kittens 
ID 10462 Krautmann et al., 2000

Mammalian mechanistic data

Two articles were located on mechanistic data underpinning the effects of selamectin in mammals. One is a review article with unsubstantiated references. The other was a website summary of an unpublished study on the greater tolerance of pGp transporter-deficient Collie dogs to selamectin compared with ivermectin. The study found selamectin interacted with mammalian pGp transporter protein in a similar way to ivermectin, and suggests greater Collie tolerance of selamectin may be due to different receptor pharmacology and pharmacokinetics. 

There is at present insufficient data to propose a mechanism underpinning selamectin toxicity. 

Pesticidal action

There is insufficient information to propose a mechanism of pesticidal action for selamectin, although it has been postulated that selamectin acts via glutamate- (and possibly also GABA-) gated chloride ion channels. 

3.2.2 Data assessment

Quality of database for Selamectin: Poor

· Published reviews and individual studies on toxicity and mechanisms available, but

· Data not adequate to compare toxicity with other compounds in the group in order to propose any common effect or mechanism

3.3 Additional information of possible relevance to the establishment of a common mechanism group

· An extra mechanistic literature search on the whole group (avermectin[s]) located seven reviews and original papers published since 1994 (see Appendix 3.3), which, taken together, propose a common mechanism of avermectin-induced mammalian neurotoxicity via increased membrane conductance to chloride ions (possibly via GABAA receptors)

· Accepted mechanism of common toxic pesticidal effect identified and similar to common mechanism proposed for at least two named compounds within group — abamectin and ivermectin (activation of glutamate-controlled chloride channels present in invertebrate nerve and muscle cells, leading to paralysis and death)

· Some evidence that GABA- and histamine-gated chloride channels may also be involved in insecticidal action 

· Avermectins have effects in vertebrates, although vertebrates do not appear to have glutamate-gated chloride channels; good evidence that P-glycoprotein is involved in transport of avermectins across intestinal and blood-brain membranes, effectively lowering their intracellular concentration; this is a major factor contributing to the wide safety margin for avermectins in mammals, and explains the high sensitivity of pGp-deficient animal strains (CF-1 mice, Collie dogs) 

· Avermectins have anticonvulsant effects in animal seizure models, an effect thought to be mediated via GABAA receptors

· Some evidence that avermectins act as antagonists at invertebrate and vertebrate glycine receptors, and recent evidence for ivermectin action on mammalian glycine receptors via a novel mechanism

· Abamectin consists of a mixture of avermectin B1a (at least 80%) and avermectin B1b (not more than 20%); avermectin B1a is often used synonymously with ‘abamectin’; abamectin is structurally very similar to ivermectin, containing an unsaturated double bond at the C22-23 position, while ivermectin contains a saturated single bond at this position 

· Consideration of structure activity relationships (SAR) for avermectins is complicated by the fact that they are active against a very broad spectrum of helminths and arthropods  

· Avermectins and milbemycins are believed to have a common mode of pesticidal action

3.4 Avermectins: Summary

Pilot compounds: Abamectin and Selamectin
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3 Limited
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5 Strong
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Quality of database
: Limited 

· 5/6 Compounds have major expert committee review (JMPR/JECFA) within last 10 years (selamectin does not have a recent major review) – however, abamectin reviews do not include mechanistic data. 

· Mechanism of common mammalian toxicity (neurotoxicity) proposed – increased membrane conductance to chloride ions – but limited data to support proposition 

4 Conazoles

4.1 Major pilot compound: Prochloraz

4.1.1 Data gathering exercise

Brief summaries of all articles identified are given in Appendix 4.1.

The mechanistic database search for prochloraz, from the date of the last major review (ID 10482 JMPR 2001), identified eight papers of limited relevance. An additional search by group name (conazoles) for papers published since 1994 on mechanisms of mammalian toxicity failed to find any further information. 

Mammalian toxicological effects

The 2001 major review by the JMPR summarised studies on the main toxicological effects of prochloraz very well. The significant toxicological effects include CNS depression (acute toxicity study in mice and short-term rat study), hepatotoxicity (mice), increased liver weights (rats and dogs), increased testes and prostate weights (dogs), possible liver carcinogenicity (mice only) and embryo- and fetotoxicity at maternally toxic doses (rats and rabbits). 

Toxic effect and species: Prochloraz
Reference ID

Possible carcinogen – humans
Acute neurotoxicity (CNS depression) - rats 
Dermal toxicity (erythema, oedema) - rabbits 
Emesis, diarrhoea, anorexia - dogs 
Hepatotoxicity (histopathological changes) – mice, rats
Reversible increases in weights of liver, testes and prostate and reversible increase in alkaline phosphatase and aminopeptidase activity – dogs
Carcinogenesis (liver adenomas and carcinomas) – mice
Reproductive toxicity (embryo/fetal toxicity at maternally toxic doses) – rats, rabbits
ID 10482 JMPR 2001; ID 10483 IRIS 1997

Neurotoxicity (increased motor activity) – rats 
ID 10295 Hornychová et al., 1999

Mammalian mechanistic data

There was some relevant information in the individual studies suggesting a mechanism of action for prochloraz as an inducer and inhibitor of cytochrome P450s/mixed function oxidases. An in vitro study showed CYP19 aromatase inhibition in human placental microsomes (conversion of androgens to oestrogens). Also, another in vivo study showed that prochloraz has anti-androgenic effects in rats and an in vitro study in MCF-7 cells showed both androgen and oestrogen antagonism. 

Pesticidal action

The major expert committee review (ID 10482 JMPR 2001) and information from IRIS (ID 10483 1997) did not discuss the pesticidal mechanism of action for this compound. Some of the individual studies retrieved from the search on mammalian toxic mechanisms contained some information of relevance to the fungicidal mode of action of prochloraz and implicated induction and/or inhibition of cytochrome P450s. 

4.1.2 Data assessment

The JMPR review did not contain any mechanistic data and, as the individual studies that were collected for this compound were from the date of the JMPR review (i.e. 2001 only), the information available to make an accurate assessment of common mammalian toxicological effects and mechanisms of effect was limited by the search strategy. 

Consequently, it is recommended that a thorough, date-unlimited investigation of available sources of data should be made for prochloraz. When a rudimentary search of the databases (OVID, MEDLINE 1966–2004) was made for prochloraz, 12 references of interest were highlighted. Of these, approximately half were relevant to mammalian toxicology. This would suggest that, despite the limitations of the initial search strategy, there is, indeed, only a limited amount of information available on toxicological effects and mechanisms for prochloraz.

Quality of database for Prochloraz: Poor

· Published reviews and individual studies on toxicity and mechanisms available, but

· Data not adequate to compare toxicity with other compounds in the group in order to propose any common effect or mechanism

4.2 Minor pilot compound: Triadimenol
:

4.2.1 Data gathering exercise

Brief summaries of all articles identified are given in Appendix 4.2.

Full toxicological database searches for triadimenol from the date of the JMPR review (ID 10484 1989) identified 15 original articles of which 12 were of limited relevance. 

Mammalian toxicological effects

The 1989 review by the JMPR summarised studies on the main toxicological effects of triadimenol. These were identified as neurotoxicity (increased motor activity/hyperactivity), liver toxicity and embryo/feto-toxicity. An individual study published since the major review supported the embryo- toxic effects in rats.

Toxic effect and species: Triadimenol
Reference ID

Hepatotoxicity (hypertrophy) – dogs, rats 
Hepatotoxicity (hyperplastic nodules) – mice
Ocular toxicity (strongly irritating to eyes) – rabbits 
Carcinogenesis (liver tumours) mice
Fetotoxicity (slight) – rats
ID 10484 JMPR 1989

Neurotoxicity (increased motor activity) – rats
ID 10294 Frantík et al., 1996

Fetotoxicity (abnormalities in branchial apparatus, cranial nerves, migration of rhomboencephalic neural crest cells and alterations to hindbrain segmentation) – rats
ID 10350 Massa et al., 2004

Mammalian mechanistic data  

There is some evidence that triadimenol is a sterol biosynthesis inhibitor via sterol 14-demethylase (CYP51) inhibition. An in vitro study showed CYP19 aromatase inhibition in human placental microsomes (conversion of androgens to oestrogens) and another showed some evidence that triadimenol acts as an oestrogen receptor agonist. Triadimenol is also an indirectly acting dopamine agonist, which may cause the hyperactivity observed in rat studies.
Pesticidal action

The major expert committee review (ID 10484 JMPR 1989) did not discuss the pesticidal mechanism of action for this compound. Some of the individual studies retrieved from the search on mammalian toxic mechanisms contained information of relevance to the fungicidal mode of action — inhibition of 14-demethylase (CYP51) affects sterol ergosterol synthesis and hence destabilises the fungal cell wall. This may explain the disruption to mitotic segregation reported from a study of triadimenol-treated Aspergillus nidulans.

4.2.2 Data assessment

There is a limited database for mechanisms of toxicity in mammalian systems; most data come from individual in vitro studies. 

Quality of database for Triadimenol: Poor

· Published reviews and individual studies on toxicity and mechanisms available, but

· Data not adequate to compare toxicity with other compounds in the group in order to propose any common effect or mechanism

4.3 Additional information of possible relevance to the establishment of a common mechanism group 

· No common pesticidal mechanism: 

· Pesticidal action of prochloraz — inducer and inhibitor of cytochrome P450s 

· Pesticidal action of triadimenol — inhibits ergosterol synthesis resulting in faulty cell wall, inhibition of sterol 14-demethylase (CYP51), mitotic segregation in Aspergillus nidulans

Mammalian toxic effects: 

· Prochloraz — CNS depression (acute toxicity study in mice and short-term rat study), hepatotoxicity (mice), increased liver weights (rats and dogs), possible liver carcinogenicity (mice only), embryo- and fetotoxic at maternally toxic doses (rats and rabbits)

· Triadimenol — neurotoxicity (increased motor activity/hyperactivity), liver toxicity (mice, rats and dogs) and embryo- and fetotoxicity (rats)

· Tebuconazole — some evidence of cognitive alterations/neurotoxicity in rats

· Possible mechanism of mammalian toxicity:  

· Prochloraz — inducer and inhibitor of cytochrome P450s/mixed function oxidases. In vitro CYP19 aromatase inhibition in human placental microsomes (conversion of androgens to oestrogens)

· Triadimenol — sterol biosynthesis inhibitor via aromatase inhibition, sterol 14-demethylase (CYP51) inhibitor; indirectly acting dopamine agonist (may cause the hyperactivity observed in rat studies)

· Some evidence that prochloraz acts as an androgen antagonist and oestrogen agonist and some evidence that triadimenol acts as an oestrogen receptor agonist

· Some evidence of common mechanism from in vitro study of CYP19 aromatase in human placental microsomes — aromatase inhibition occurred for prochloraz, triadimenol, imazalil, propiconazole and triadimefon

4.4 Conazoles: Summary 

Pilot compounds: Prochloraz and Triadimenol 
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Quality of database
: Poor

· Published reviews and individual studies on toxicity and mechanisms available (13/19 compounds have major expert committee reviews within last 10 years and all have major reviews within last 16 years), but

· Data based on two pilot study compounds not adequate to compare toxicity in order to propose any common effect or mechanism for the group as a whole

5 Phenoxy Herbicides
5.1 Major pilot compound: 2,4-D

5.1.1 Data gathering exercise

Brief summaries of all articles identified are given in Appendix 5.1.

Mammalian toxicological effects

In addition to a substantial JMPR review published within the last 10 years, a recent HSDB evaluation (ID 10502 2002) provided summaries of a number of toxicity studies. Of the 28 original papers and reviews located in a mechanistic search since 1996 (the date of the most recent List A review), six included human or whole animal toxicity information. 

2,4-D has been used as a herbicide for over 50 years. The relative lack of mammalian toxicity is thought to reflect rapid urinary excretion of unchanged compound. There does not appear to be a single main toxicological effect of 2,4-D. Major toxic effects in rodents and rabbits are only seen at levels that exceed the anion transport capacity of the kidney (>50 mg/kg oral dose). As a group, the chlorophenoxy herbicides were classified by IARC, in 1987, as Group 2B (possibly carcinogenic to humans); the IARC evaluation reported limited evidence for human carcinogenicity and, in the case of 2,4-D, inadequate evidence for carcinogenicity to animals. 

The toxicological effects of 2,4-D in mammals include renal toxicity and neurotoxicity. There is limited evidence of carcinogenicity. 

Toxic effect and specie: 2,4-D
Reference ID

Myotoxicity/Neurotoxicity (ataxia, myotonia,) – rats, dogs, rabbits
Nephrotoxicity (histopathological renal lesions) – rats, dogs, mice, pigs, goats, sheep
Hepatotoxicity (histopathological lesions in liver) – rats
Neurotoxicity (headache, double vision, vomiting, muscle fibrillation & weakness, coma) – acute poisoning in humans
ID 10585 JMPR 1996; ID 10476 ACP 1993; ID 10493 WHO EHC 1984; ID 10502 HSDB 2002

Carcinogenicity (limited evidence) - humans
ID 10523 IARC 1987

Neurotoxicity (turning behaviour) following intra-cerebral injection– rats
ID 10142 Bortolozzi et al., 2001

Death following multi-organ failure - self-poisoning, human
ID 10145 Braco & Favre 1999 

Neurotoxicity (coma, hyertonia, ataxia, convulsions); myotoxicity (muscle weakness, myotonia); metabolic acidosis – 66 cases of acute poisoning in humans
ID 10146 Bradberry et al., 2000

Death following multi-organ failure; coma; vomiting & drowsiness – 3 cases of self-poisoning, human
ID 10147 Brahmi et al., 2003

Maternal toxicity and teratogenicity at high doses > 50 mg/kg in rats
ID 10153 Fofana et al., 2000

Renal toxicity at high doses – rats and mice
ID 10162 Ozaki et al., 2001

Mammalian mechanistic data

Only 1/8 expert committee reports/summaries mentions possible mechanisms underlying mammalian toxicity. Only 7/28 studies located following a mechanistic literature search from 1996 directly addressed mechanisms. The mechanism of 2,4-D toxicity remains unknown, with suggestions including effects on brain dopamine D2 receptor, uncoupling of oxidative phosphorylation/mitochondrial failure, inhibition of membrane ion channels and interference with cellular metabolic pathways. 

Pesticidal action

The herbicidal mode of action of 2,4-D is only addressed in 1/8 of the major reviews or toxicity summaries. Four studies were located since 1996 that address the herbicidal mode of action of 2,4-D. 

As a synthetic auxin, 2,4-D mimics the effects of indole-4-acetic acid (IAA), the principal form of auxin in higher plants, and interferes with plant hormone regulation. The initial effect on broad-leaved plants is a severe epinasty of leaves, stems and petioles. The primary modes of action are thought to involve nucleic acid and protein metabolism, as well as enzymes affecting cell wall plasticity, but no clear details have been established. A study of 2,4-D resistance in a yeast model indicates that the genes involved in 2,4-D herbicidal action code for protein folding, defence against reactive oxygen species and cell wall modification. Recent studies indicate that 2,4-D inhibits the IAA-dependent epinasty, via complex and as yet unidentified mechanisms (ID 10158 Kawano et al., 2003), and that 2,4-D is not always perceived by the same receptor as IAA or the same component of that receptor (ID 10157 Jambois et al., 2004). 

5.1.2 Data assessment

Quality of database for 2,4-D: Poor

· Published reviews and individual studies on toxicity and mechanisms available, but

· Data not adequate to compare toxicity with other compounds in the group in order to propose any common effect or mechanism 

5.2 Minor pilot compound: MCPB

5.2.1 Data gathering exercise

Brief summaries of all articles identified are given in Appendix 5.2.

Mammalian toxicological effects

The database search for MCPB-induced toxicity was restricted to papers from 2002 onwards (the date of the most recent List C review), and of six abstracts located, none were deemed relevant to the pilot study (NOTE: There was cross-contamination of the literature search with McpB, a specific bacterial chemoreceptor). Very limited data are available in the HSDB (ID 10503 1994) and IRIS (ID 10507 1990) summaries. The IARC 1987 chlorphenoxyherbicide report does not include information on MCPB. 

The current literature search located insufficient data to propose a main toxic effect in mammalian species.

Toxic effect and species: MCPB
Reference ID

Serum and liver enzyme changes at high doses – rats (? toxicological significance) 

Decreased weight gain at high doses – mice 

Decreased weight gain, effects on spermatogenic activity at high doses – beagle dogs 

Discoloured liver lobes and increased relative liver and kidney weights at high dose – rats
ID 10503 HSDB 1994; ID 10507 IRIS 1990



Mammalian mechanistic data

The current literature search located insufficient data to propose a mechanism of action underlying mammalian toxicity, although MCPB is reputed to be an uncoupler of oxidative phosphorylation in mammalian tissues (cited in ID 10503 HSDB 1994). 

Herbicidal action

The current literature search located insufficient data to propose a mechanism of herbicidal action. 

5.2.2 Data assessment

Quality of database for MCPB: Poor

· Published reviews and individual studies on toxicity and mechanisms available, but

· Data not adequate to compare toxicity with other compounds in the group in order to propose any common effect or mechanism 

5.3 Additional information of possible relevance to the establishment of a common mechanism group 

· Resistance to phenoxy herbicides is not yet a problem  

· Relative lack of mammalian toxicity is thought to reflect rapid excretion in the urine of unchanged compound; dogs are not thought to be an appropriate species for toxicity testing of phenoxyacetic acids, as they have very slow renal clearance rates

· Very high doses (200–500 mg/kg) damage the blood-brain-barrier; at lower doses phenoxy herbicides do not cross the blood-brain-barrier 

· Phenoxy herbicides bind strongly to serum albumin

· Results from studies on genotoxic effects are controversial, although there is recent evidence that phenoxy herbicides are mutagenic, causing A to G point mutations

· 2,4-D is a weak peroxisome proliferator in rodents

· 2,4-D affects microtubule assembly/stability in cultured rodent neurones

· 2,4-D causes apoptosis of human hepatoma cells, and this appears to be related to the breakdown of mitochondrial membrane potential, and loss of membrane integrity

· Anti-platelet aggregation effect of 2,4-D and MCPB is related to inhibition of thromboxane-A2 production in platelets

5.4 Phenoxy herbicides: Summary

Pilot compounds: 2,4-D and MCPB
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Quality of Database
: Poor 

· 2/5 Compounds have a major (JMPR) or other (ACP) expert committee review within last 10 years (MCPB does not have a recent major review) 

· Data based on two pilot study compounds not adequate to compare toxicity in order to propose any common effect or mechanism for the group as a whole
6 Pyrethrins and Pyrethroids

6.1 Major pilot compound: Deltamethrin

6.1.1 Data gathering exercise

Brief summaries of all articles identified are given in Appendix 6.1.

Mammalian toxicological Effects

Two expert committee reviews published within the last 10 years were located (ID 10497 CVMP 2001; ID 10486 JMPR 2000). In addition, a substantial 2003 ATSDR Toxicological Profile for Pyrethrins and Pyrethroids provided useful information on deltamethrin toxicity. All major reviews included toxicological information. 

Of the 37 original papers and reviews located in a mechanistic literature search since 2000, two included whole animal toxicological information. 

The main toxicological effect of deltamethrin is neurotoxicity. 

Pyrethroids are classified into Type I and Type II. Type I pyrethroids have no cyano group and toxicity is elicitation of tremors (T-syndrome) while Type II pyrethroids include a cyano group and toxicity is sinous writhing (coreoathetosis) and salivation (CS-syndrome). Deltamethrin is a Type II pyrethroid.

Toxic effect and species: Deltamethrin
Reference ID

Neurotoxicity (including T and CS-syndrome) – rats, mice, dogs, 
Chronic neurotoxicity - paraesthesia (numbness, itching, tingling, burning of skin) – humans
Acute neurotoxicity (ataxia, convulsions, headache, tremors, vomiting, coma, death due to respiratory failure) – humans
ID 10486 JMPR 2000; ID 10497 CVMP 2001; ID 10494 WHO EHC 1990; ID 10469 ETN-PIP 1995; ID 10505 HSDB 2001; ID 10513 ATSDR 2003

Tremors, decreased locomotion, choreoathetosis – rats
ID 10245 Dayal et al., 2003

Salivation, muscle twitch – rats
ID 10248 Forshaw et al., 2000

Mammalian mechanistic data

Both recent expert committee reviews included discussion of mammalian toxicity mechanisms, as did the substantial HSDB (ID 10505 2001) and ATSDR group Toxicological Profile (ID 10513 2003); 20/37 original papers or review articles published since 2002 included mechanistic data. An extra mechanistic literature search on the whole group (Pyrethrins and Pyrethroids) provided additional information.

A mechanism of toxic effect in mammals (neurotoxicity) is proposed for deltamethrin that involves binding to the membrane lipid phase close to the sodium channel in nerve membranes and modification of sodium channel kinetics, resulting in long-lasting prolongation of the opening time of each channel in a burst pattern. 
Pesticidal action

A substantial number of reviews and original papers addressed the pesticidal action of deltamethrin (neurotoxicity), and it is generally accepted that the target site is the neuronal sodium ion channel. Deltamethrin is a Type II pyrethroid, and along with other Type II compounds is thought to produce a stimulus-dependent depolarization of the axon membrane, reduction in amplitude of the action potential, and loss of electrical excitability, leading to paralysis and death. 

6.1.2 Data assessment 

Quality of database for Deltamethrin: Good

· JECFA/JMPR published within last 10 years, and

· Accepted common toxic effect identified and similar to effect proposed for at least two other named compounds within group (tetramethrin, resmethrin), but

· Lack of agreement about mechanism of common effect. The following have all been proposed: activation of voltage-gated sodium, chloride, potassium and calcium channels, GABA-gated chloride channels, noradrenaline release, nicotinic receptor effects, protein phosphorylation, effects on mitochondrial complex I, ATP-ases, calmodulin, peripheral benzodiazepine receptors, intercellular gap junctions, protein kinases, dopamine transporter protein and G-protein signalling pathways

6.2 Minor pilot compound: Resmethrin

6.2.1 Data gathering exercise

Brief summaries of all articles identified are given in Appendix 6.2.

Mammalian toxicological effects

No expert committee reviews published within the last 10 years were located. However, information was included in the 1989 Environmental Health Criteria document on resmethrins, and additional (minor) information was found in the 2003 ATSDR Toxicological Profile for Pyrethrins and Pyrethroids and the toxicological summary produced by HSDB in 2001. A full toxicological database search was only carried out from 2002 (the date of the most recent List C review) and no original papers giving toxicological data were located; in retrospect it would have been more informative to carry out a full toxicological search from at least 1994. 

The main toxicological effect in mammals appears to be neurotoxicity. 

Pyrethroids are classified into Type I and Type II. Type I pyrethroids have no cyano group and toxicity is elicitation of tremors (T-syndrome) while Type II pyrethroids include a cyano group and toxicity is sinous writhing (coreoathetosis) and salivation (CS-syndrome). Resmethrin is a Type I pyrethroid, with low acute toxicity by ingestion. 

Toxic effect and species – Resmethrin
 Reference ID

Neurotoxicity – rats, mice, dogs,
Reproductive (decreased pup survival) at high doses – rats
Allergic reactions, skin rash, itching; Pulmonary effects following inhalation – humans
ID 10495 WHO EHC 1989; ID 10512 HSDB 2001; ID 10513 ATSDR 2003



Mammalian mechanistic data

Two reviews of resmethrins (cypermethrin, resmethrin and cisresmethrin) include discussion of mode of action of mammalian toxicity, and suggest that permethrin (along with other Type I pyrethroids) acts at sodium channels, causing a moderate prolongation of the transient increase in sodium permeability of the nerve membrane during excitation, resulting in short trains of repetitive nerve impulses. There are data suggesting that resmethrin neurotoxicity may be explained by effects on calcium fluxes, rather than effects at the sodium channel. 

Pesticidal action

Minor reference to resmethrin pesticidal action was made in the reviews located; it is generally accepted that the insecticidal target site of Type I pyrethroids is the neuronal sodium ion channel.

6.2.2 Data assessment 

Quality of database for Resmethrin: Limited

· No JECFA/JMPR or other expert committee evaluation available, and

· Other major reviews available and common toxic effect proposed but limited data to support any mechanistic evaluation

6.3 Additional information of possible relevance to the establishment of a common mechanism group

· An extra mechanistic search on the whole group (Pyrethrins and Pyrethroids) located nine additional reviews and original papers published since 1994 (see Appendix 6.3)

· Although the primary target of pyrethroids is believed to be the same in insects and mammals (modification of sodium channel kinetics), the relative resistance of mammals to pyrethroids has traditionally been attributed to their ability to hydrolyze pyrethroids rapidly to their inactive metabolites — while direct injection into the mammalian CNS leads to a susceptibility similar to that seen in insects, pyrethroids are inactivated in the gastrointestinal tract following ingestion; the route of exposure may, therefore, be relevant in establishing common mechanisms of pyrethroid toxicity

· Unlike invertebrates, mammals have multiple sodium channel isoforms that vary in their biophysical and pharmacological properties, (including their differential sensitivity to pyrethroids), and sodium channel differential sensitivity may underlie differences in toxicity 

· There is a lack of agreement about the mechanism underlying toxic effects in mammals — the following have all been suggested: activation of voltage-gated sodium, chloride, potassium and calcium channels, GABA-gated chloride channels, noradrenaline release, nicotinic receptor effects, protein phosphorylation, effects on mitochondrial complex I, ATP-ases, calmodulin, peripheral benzodiazepine receptors, intercellular gap junctions, protein kinases, dopamine transporter protein and G-protein signalling pathways

· There are some excellent recent single cell patch-technique data on a detailed mechanism of a sodium channel effect and differences/similarities between Type I and Type II pyrethroids 

· There are differences in mechanistic effects between Type I and Type II compounds; e.g. Type I compounds cause far shorter duration sodium tail currents than Type II compounds; resmethrin and deltamethrin both stimulate presynaptic Ca influx, but resmethrin effects are selectively abolished by tetrodotoxin; chloride-channel activation by Type II but not Type I compounds; there is evidence that Type I and Type II pyrethroids elicit different mechanisms of action on presynaptic nerve terminals

· Fenpropathrin and cyphenothrin (both Type II) trigger responses intermediate to those of 
T-syndrome and CS-syndrome, but an underlying mechanism for these two compounds has not been clarified

· Effects on altered levels of catecholamines, blood glucose and lactate, and changes in cerebral blood flow are thought to be secondary to neural dysfunction following effects on ion channels

· There is limited evidence for oestrogenic activity of pyrethroids

· Pyrethroids are not a substrate for pGp (multi-drug transporter protein), and therefore gain ready access to the brain

· There are recent data on synergies between different pesticide groups e.g. pyrethroids and OPs, and between Type I and Type II pyrethroids

6.4 Pyrethrins and pyrethroids: Summary

Pilot compounds: Deltamethrin and Resmethrin
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Quality of database
: Good
· 17/26 Compounds have a major (JMPR/JECFA) or other (ACP) expert committee review within the last 10 years

· Mechanism of common toxic effect in mammals (neurotoxicity) proposed that is similar to that proposed for a minimum of three named compounds within group (Deltamethrin, cypermethrin, tetramethrin), namely binding to the membrane lipid phase close to the sodium channel in nerve membranes, and modification of sodium channel kinetics, prolonging the opening time of each channel in a burst pattern 

7 Triazines

7.1 Major pilot compound: Atrazine

7.1.1 Data gathering exercise

Brief summaries of all articles identified are given in Appendix 7.1.

Mammalian toxicological effects

No JECFA/JMPR reviews were identified for atrazine. Of 12 other expert committee or national/international reviews identified the majority describe mammary tumours in female SD rats but not in male SD rats or in other strains (e.g. ID 10511 ATSDR 2003; ID 10524 EPA 2002; ID 10475 EPA 2002; ID 10491 IARC 1999 see also Appendix 7.1). Other effects reported that are probably related to a similar mechanism of action (see below) include disruption of ovarian cycling and of puberty, pregnancy and suckling induced prolactin release (e.g. ID 10475 EPA 2002; see also Appendix 7.1). Cardiac toxicity is also mentioned (ID 10508 IRIS 1993).

Apart from these 12 national/international reviews, many of the 47 original articles and other reviews identified also describe mammary tumours in female SD rats (only) following oral dosing with atrazine. Other effects reported in these articles that are probably related to a disruption of the hypothalamic-pituitary-ovarian axis (see below) include (in female rats) disruption of ovarian cycling, prolonged/persistent oestrus, extended dioestrus oestrus, enhanced reproductive senescence (SD rats), pregnancy loss and delayed sexual maturation and (in male rats) prostatitis and delayed puberty (see Appendix 7.1). 

Toxic effect and species: Atrazine
Reference ID

Mammary tumours in female SD rats
ID 10487 ACP, 1993; ID 10491 IARC, 1999; ID 10475 EPA, 2002; ID 10511 ATSDR, 2003; ID 10196 Cooper et al., 1999; ID 10195 O’Conner et al., 1999; ID 10518 Stevens et al., 1994; ID 10220 Stevens et al., 1999

Disruption of ovarian cycling, extended dioestrus, persistent oestrus
ID 10511 ATSDR, 2003; ID 10206 Eldridge et al., 1999

Suppression of suckling induced prolactin release
ID 10475 EPA, 2002; ID 10213 McMullin et al., 2004

Enhanced reproductive senescence
ID 10192 Chapin 1996; ID 10196 Cooper et al., 1999; ID 10206 Eldridge et al., 1999

Disruption to pregnancy (including pregnancy loss)
ID 10199 Cumming et al., 2000; ID 10517 Narotsky et al., 2001

Delayed sexual maturation
ID 10515 Ashby et al., 2002; ID 10215 Rayner et al., 2004; ID 10221 Stoker et al., 2000

Mammalian mechanistic data

EPA (ID 10475 2002) has produced an extensive review on the mechanism of action for the mammalian toxicity of the triazine herbicides, including atrazine, which involves the CNS and disruption of the hypothalamic-pituitary-gonadal axis. Several other reviews and original articles provide evidence to support the same mechanism (see Appendix 7.1). 

Exposure of female SD rats to atrazine alters the secretory activity of the hypothalamus, including a decrease in norepinephrine (NE) secretion, with a subsequent decrease in the release of gonadotropin releasing hormone (GnRH) from the hypothalamus, leading to attenuated release of luteinsising hormone (LH) from the pituitary, resulting in anovulation and prolonged oestrus, with subsequent increased exposure to oestrogen and increased prolactin secretion from the pituitary, which in turn generates an environment conducive to the development of mammary tumours. Many of the other toxicities related to reproductive development and disruption of the reproductive cycle may be attributed to a similar mechanism of action. 

Several papers highlight that the hypothalamic-pituitary-gonadal mechanism leading to mammary tumours in SD rats is strain specific, in that it mimics or induces early reproductive senescence, which is a phenomenon that is particular to this strain (e.g. ID 10206 Eldridge et al., 1999).

Pesticidal action

Atrazine’s herbicidal activity is mediated through the inhibition of photosynthesis (e.g. ID 10487 ACP 1993; ID 10200 Das et al., 2000) by blocking electron transport during the Hill reaction of photosystem-II (e.g. ID 10203 DeLorenzo et al., 2001); it binds to a plastoquinine-binding niche on D1 (a 32-kD protein encoded by the psbA gene of the photosystem-II reaction complex; ID 10200 Das, et al., 2000).

7.1.2 Data assessment

Quality of database for Atrazine: Good

· Expert committee evaluations available (specifically ID 10475 EPA 2002)

· General agreement in literature about proposed neuroendocrine mechanism of toxicity

7.2 Minor pilot compound: Prometryn

7.2.1 Data gathering exercise

Brief summaries of all articles identified are given in Appendix 7.2.

Mammalian toxicological effects

No JECFA/JMPR reviews were identified for prometryn. ETN-PIP (ID 10471 1996) and EPA (ID 10475 2002) indicate no chronic toxicity; in particular, prometryn was not found to be carcinogenic. The four reviews and two relevant original papers identified provided little evidence for toxicity

Mammalian mechanistic data

Prometryn metabolism involves cleavage of the methylthio group leading to hydroxyl-propazine and hydroxyl-atrazine (therefore a common metabolite with that of atrazine; ID 10504 HSDB 1998).

Pesticidal action

The mode of pesticidal action is similar to that of atrazine (ID 10504 HSDB 1998).

7.2.2 Data assessment

Quality of database for Prometryn: Poor

· No toxicological effect or mechanism proposed, and available data not adequate to evaluate either

7.3 Additional information of possible relevance to the establishment of a common mechanism group

· Chloro-s-triazines: atrazine, simazine, propazine and terbutylazine plus cyanazine

· Diaminochlorotriazine (DACT) is common metabolite of atrazine, simazine and propazine

· Major animal metabolites of atrazine, simazine and propazine via N-dealkylation

· Chlorotriazines disrupt ovarian cyclicity in rats via effects on hypothalamic GnRH release

· Mechanism leading to mammary tumours in SD rats is strain specific — mimics/induces early reproductive senescence, which is particular to this strain

· While premature onset of mammary tumours in female rodents may be a strain/species specific effect related to premature reproductive senescence, the underlying process of disruption of GnRH release is less likely to be strain/species-dependent

· While it is proposed that the neuroendocrine mechanism leading to mammary tumours is probably of no relevance to humans, disruption of hypothalamic–pituitary–ovarian pathway might potentially be relevant to other effects in humans

· Oestrogenic effects are not mediated by oestrogen receptor

· There is in vitro evidence for the role of induction of aromatase activity

· Control of hypothalamic function includes neurotransmitters and neuropeptides, including e.g. dopamine, NE, GABA; NE (stimulator) & GABA (inhibitor) are key regulators of pulsatile release of GnRH from hypothalamic neurons

· Hypothesis that chlorotriazines interfere with pituitary hormone release by disrupting GABA receptor function in CNS

7.4 Triazines: Summary

Pilot compounds: Atrazine and Prometryn


1 Inadequate
2 Poor
3 Limited
4 Good
5 Strong

Atrazine



+


Prometryn

+




TRIAZINES



*


Quality of database
: Good

· Two of five
 s-triazines (atrazine and simazine) have a (ACP) review, though neither within the last 10 years but no common mechanism is proposed in the atrazine review

· A common mechanism for mammalian toxicity, leading to neuroendocrine effects and particularly strain-specific mammary tumours in female SD rats, is proposed in other reviews, for a minimum of three named chloro-s-triazines (atrazine, simazine, propazine, cyanazine). 



Prometryn, a methylthio-s-triazine, does not cause mammary tumours and may thus be excluded from this common mechanism group although methythio-s-terbutryn, another methythio-s-triazine, terbumetron, a methoxy-s-triazine, and ‘Express’, a sulphonylurea herbicide containing an s-triazine moiety, do also cause mammary tumours. 

8 Conclusions and Recommendations

8.1 Assessment of quality of available data on pilot compounds

The goal of the pilot study of 10 compounds described in this report was not to identify and evaluate common mechanisms of action for classes of pesticides but to assess the quality of available relevant data and an estimate the resource that would be required in a subsequent exercise to identify common mechanism groups.

Table 8.1 Summary data assessments for pilot compounds and pesticide groups1


1
Inadequate
2
Poor
3
Limited
4
Good
5
Strong

Abamectin


+



Selamectin

+




AVERMECTINS


*



Prochloraz

+




Triadimenol

+




CONAZOLES

*




2,4-D

+




MCPB

+




PHENOXY HERBICIDES

*




Deltamethrin



+


Resmethrin


+



PYRETHROIDS



*


Atrazine



+


Prometryn

+




TRIAZINES



*


1 See Appendix 2 for criteria for summary data assessments

Based on the pilot study, there are good data available to underpin evaluations of common mechanisms of toxicity for triazines and pyrethroids, while only limited data are available to evaluate possible common mechanisms for avermectins, and the available databases to evaluate conazoles and phenoxy herbicides are poor (Table 8.1). These assessments of the quality of the data reflect only the quantity of good quality reviews and original papers that are relevant to the establishment of a common mechanism for toxicity. They reflect neither the strength of the evidence for a common mechanism nor the scientific quality of individual studies per se.
8.2 Recommendations for future data gathering exercises

The pilot study exposed two major limitations in the pre-established procedure for gathering data (Section 1.1, Figure 1.1). 

· The pre‑selected ‘quality’ reviews (i.e. Lists A, B and C) proved to be of very limited use, as many did not contain adequate toxicological or mechanistic data for any assessment of potential common mechanisms for classes of pesticides. 

· The date from which literature searches were begun was often too recent. The date was based on the date of the most recent quality review; however, owing to the limitations in the relevant data in such reviews, these were often not the most appropriate starting point.

Based on these findings, a simplified data gathering procedure is recommended, which starts with the identification of high quality reviews of toxicity and mechanistic data, irrespective of the provenance of the review, as outlined in Figure 8.1. In the light of these proposed changes the pre-established criteria for data assessment (Appendix 2) also require modification and revised criteria for rating the quality of the database into strong/good/limited/poor/inadequate are recommended, as outlined in Appendix 8. 

It is also suggested that consideration should be given to subdividing some classes of pesticides, for example according to mechanism of action (e.g. Type I and Type II pyrethroids) and/or structure (e.g. 
chloro-s-triazines, and other s-triazines), to determine whether consideration of separate common mechanism groups within a class of pesticides might be appropriate.

8.3 Assessment of resources required for future data gathering and analysis

The pilot study assessed 10 of 65 candidate compounds. Therefore, a very rough guide to the resources required for a full data gathering exercise would be to multiply up by a factor of 6.5 the resources involved in the pilot study. This would generate a predicted total of 1226 papers, which would distribute across the five groups as shown in Table 8.2. 

Table 8.2 Number of papers predicted for full scoping study

Group
Number of papers identified for 
2 pilot compounds
Number of compounds in group
Predicted number of papers for full study*

Avermectins
26
6
78

Conazoles
23
19
219

Phenoxy herbicides
28
5
70

Pyrethrins & pyrethroids
47
28
635

Triazines
64
7
224

TOTAL
188
65
1226

* Calculated as 50% of [Number of compounds in Group] X [Total number of papers located for pilot compounds]

However, as described above, owing to too great a restriction on the data limits for literature searches, the pilot study underestimated the number of original articles and reviews that would need to be accessed for each compound. It is therefore recommended that resources be scaled up by a factor of 8–10 times for the full scoping study. This would generate a predicted total of 1500–1900 original reviews and articles likely to be pertinent to a review of the literature relevant to the establishment of common mechanisms groups for the prioritised classes of pesticides and veterinary medicines. 

Figure 8.1 Revised data gathering decision tree

9 References

9.1 Avermectins

10171 Wise LD, Lankas GR, Umbenhauer DR, Pippert TR & Duchai DM (1999) Developmental toxicity of an abamectin in mdr1a knockout mice. Teratology, 59, 387

10172 Dawson GR, Wafford KA, Smith A, Marshall GR, Bayley PJ, Schaeffer JM, Meinke PT & McKernan RM (2000) Anticonvulsant and adverse effects of avermectin analogs in mice are mediated through the -aminobutyric acidA receptor. J Pharmacol Exp Ther, 295, 1051-1060

10173 Dent JA, Davis MW & Avery L (1997) avr-15 encodes a chloride channel subunit that mediates inhibitory glutamatergic neurotransmission and ivermectin sensitivity in Caenorhabditis elegans. Embo Journal, 16, 5867-5879

10174 Fisher MH (1997) Structure-activity relationships of the avermectins and milbemycins. Acs Symposium Series, 658, 220-238

10175 Georgiev PG, Wolstenholme AJ, Pak WL & Semenov EP (2002) Differential responses to avermectins in ort mutants of Drosophila melanogaster. Pesticide Biochem Physiol, 72, 65-71

10176 Gouamene-Lamine CN, Yoon KS & Clark JM (2003) Differential susceptibility to abamectin and two bioactive avermectin analogs in abamectin-resistant and -susceptible strains of Colorado potato beetle, Leptinotarsa decemlineata (Say) (Coleoptera : Chrysomelidae). Pesticide Biochem Physiol, 76, 15-23

10177 Harder A, Schmitt-Wrede H-P, Krücken J, Marinovski P, Wunderlich F, Willson J, Amliwala K, Holden-Dye L & Walker R (2003) Cyclooctadepsipeptides: An anthelmintically active class of compounds exhibiting a novel mode of action. Int J Antimicrob Agents, 22, 318-331

10178 Hsu D-Z, Hsu C-H, Huang B-M & Liu M-Y (2001) Abamectin effects on aspartate aminotransferase and nitric oxide in rats. Toxicology, 165, 189-193

10179 Hsu D-Z, Chiang P-J, Hsu C-H, Huang B-M, Deng J-F & Liu M-Y (2003) The elucidation of epinephrine as an antihypotensive agent in abamectin intoxication. Hum Exp Toxicol, 22, 433-437

10180 Iqbal M & Wright DJ (1997) Evaluation of resistance, cross-resistance and synergism of abamectin and teflubenzuron in a multi-resistant field population of Plutella xylostella (Lepidoptera: Plutellidae). Bull Entomol Res, 87, 481-486

10181 Lankas GR, Cartwright ME & Umbenhauer D (1997) P-glycoprotein deficiency in a subpopulation of CF-1 mice enhances avermectin-induced neurotoxicity. Toxicol Appl Pharmacol, 143, 357-365

10182 Liang P, Gao X-W & Zheng B-Z (2003) Genetic basis of resistance and studies on cross-resistance in a population of diamondback moth, Plutella xylostella (Lepidoptera : Plutellidae). Pest Manag Sci, 59, 1232-1236

10183 Meng H-S, Wang K-Y, Jiang X-Y & Yi M-Q (2002) Studies on resistance selection by abamectin and fenpropathrin and activity change of detoxicant enzymes in Panonychus citri. Acta Entomologica Sinica, 45, 58-62

10184 Mingjing Q, Zhaojun-Han, Xinjun X & Lina Y (2003) Triazophos resistance mechanisms in the rice stem borer (Chilo suppressalis Walker). Pesticide Biochem Physiol, 77, 99-105

10185 Prichard RKE, Forrester SG, Njue A, Feng X, Liu J & Beech RN (2003) Receptor mechanisms of antiparasitics. J Vet Pharmacol Ther, 26 (Suppl 1), 29-31

10186 Siqueira HAA, Guedes RNC, Fragoso DB & Magalhaes LC (2001) Abamectin resistance and synergism in Brazilian populations of Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae). Int J Pest Manag, 47, 247-251

10187 Umbenhauer DR, Lankas GR, Pippert TR, Wise LD, Cartwright ME, Hall SJ & Beare CM (1997) Identification of a P-glycoprotein-deficient subpopulation in the CF-1 mouse strain using a restriction fragment length polymorphism. Toxicol Appl Pharmacol, 146, 88-94

10287 Banks BJ, Bishop BF, Evans NA, Gibson SP, Goudie AC, Gration KAF, Pacey MS, Perry DA & Witty MJ (2000) Avermectins and flea control: Structure-activity relationships and the selection of selamectin for development as an endectocide for companion animals. Bioorg Med Chem, 8, 2017-2025

10288 Hovda LR & Hooser SB (2002) Toxicology of newer pesticides for use in dogs and cats. Vet Clin North Am Small Anim Pract, 32, 455-467

10402 Bloomquist JR (1996) Ion channels as targets for insecticides. Annu Rev Entomol, 41, 163-190

10403 Martin RJ, Robertson AP & Wolstenholme AJ (2002) Mode of action of the macrocyclic lactones. In: Vercruysse J & Rew RS, eds, Macrocyclic Lactones in Antiparasitic Therapy, London, UK, CABI Publishing, pp 125-140

10404 Martin RJ, Murray I, Robertson AP, Bjorn H & Sangster N (1998) Anthelmintics and ion-channels: After a puncture, use a patch. Int J Parasitol, 28, 849-862

10405 Shan Q, Haddrill JL & Lynch JW (2001) Ivermectin, an unconventional agonist of the glycine receptor chloride channel. J Biol Chem, 276, 12556-12564

10406 Shoop WL, Mrozik H & Fisher MH (1995) Structure and activity of avermectins and milbemycins in animal health. Vet Parasit, 59, 139-156

10407 Venkatachalam MA, Weinberg JM, Patel Y, Saikumar P & Dong Z (1996) Cytoprotection of kidney epithelial cells by compounds that target amino acid gated chloride channels. Kidney Int, 49, 449-460

10459 Novotny MJ, Krautmann MJ, Ehrhart JC, Godin CS, Evans EI, McCall JW, Sun F, Rowan TG & Jernigan AD (2000) Safety of selamectin in dogs. Vet Parasit, 91, 377-391

10460 Phipps A, Martin-Short M, Littlewood L, Blanchflower S & Gration K (2003) Disposition of 3H-selamectin and 3H-ivermectin in the brain of the cat flea Ctenocephalaides felis using biospace micro-image analysis. [Abstract] J Vet Pharmacol Ther, 26 (Suppl 1), 307

10461 Bishop BF, Bruce CI, Evans NA, Goudie AC, Gration KAF, Gibson SP, Pacey MS, Perry DA, Walshe NDA & Witty MJ (2000) Selamectin: A novel broad-spectrum endectocide for dogs and cats. Vet Parasit, 91, 163-176

10462 Krautmann MJ, Novotny MJ, De Keulenaer K, Godin CS, Evans EI, McCall JW, Wang C, Rowan TG & Jernigan AD (2000) Safety of selamectin in cats. Vet Parasit, 91, 393-403

10464 Vassilatis DK, Arena JP, Plasterk RHA, Wilkinson HA, Schaeffer JM, Cully DF & Van der Ploeg LHT (1997) Genetic and biochemical evidence for a novel avermectin-sensitive chloride channel in Caenorhabditis elegans. J Biol Chem, 272, 33167-33174

10473 ETN-PIP (1996) EXTOXNET Extension Toxicology Network: Pesticide Information Profile - Abamectin, Oregon, USA, Oregon State University, Available [August 2004] at; http://extoxnet.orst.edu/

10474 CVMP (2002) Abamectin (Revision of the Acceptable Daily Intake) Summary Report (4) (Committee for Veterinary Medicinal Products), London, UK, European Agency for the Evaluation of Medicinal Products, Available [October 2004] at; http://www.emea.eu.int/

10477 JMPR (1997) Abamectin (Pesticide Residues in Food: 1997 Evaluations Part II Toxicological and Environmental), Geneva, Switzerland, World Health Organization, International Programme on Chemical Safety, Available [October 2004] at; http://www.inchem.org/pages/jmpr.html

10478 ACP (1992) Evaluation on Abamectin (Document No. 60), York, UK, Advisory Committee on Pesticides, Available [October 2004] at; http://www.pesticides.gov.uk/acp_home.asp

10480 HSDB (2001) Abamectin. From: Hazardous Substances Data Bank, Bethesda MD, USA, US National Library of Medicine, available [June 2004] at http://www.toxnet.nlm.nih.gov

10481 IRIS (1989) Abamectin. From: Integrated Risk Information System, Washington DC, USA, US Environmental Protection Agency, National Center for Environmental Assessment, available [October 2004] at http://www.epa.gov/iris/

9.2 Conazoles

10218 Sanderson JT, Boerma J, Lansbergen GWA & van den Berg M (2002) Induction and inhibition of aromatase (CYP19) activity by various classes of pesticides in H295R human adrenocortical carcinoma cells. Toxicol Appl Pharmacol, 182, 44-54

10237 Andersen HR, Vinggaard AM, Rasmussen TH, Gjermandsen IM & Bonefeld-Jørgensen EC (2002) Effects of currently used pesticides in assays for estrogenicity, androgenicity, and aromatase activity in vitro. Toxicol Appl Pharmacol, 179, 1-12

10258 Papaefthimiou C & Theophilidis G (2001) The cardiotoxic action of the pyrethroid insecticide deltamethrin, the azole fungicide prochloraz, and their synergy on the semi-isolated heart of the bee Apis mellifera macedonica. Pesticide Biochem Physiol, 69, 77-91

10277 Sturm A, Cravedi JP & Segner H (2001) Prochloraz and nonylphenol diethoxylate inhibit an mdr1-like activity in vitro, but do not alter hepatic levels of P-glycoprotein in trout exposed in vivo. Aquat Toxicol, 53, 215-228

10289 Bayman P & Cotty PJ (1990) Triadimenol stimulates aflatoxin production by Aspergillus-flavus in vitro. Mycol Res, 94, 1023-1025

10290 Crofton KM (1996) A structure-activity relationship for the neurotoxicity of triazole fungicides. Toxicol Letts, 84, 155-159

10291 Délye C, Laigret F & Corio-Costet M-F (1997) A mutation in the 14-demethylase gene of Uncinula necator that correlates with resistance to a sterol biosynthesis inhibitor. Appl Environ Microbiol, 63, 2966-2970

10292 Demopoulos VP & Ziogas BN (1994) Studies on the mechanism of expression of a major gene mutation for resistance to triadimenol in the filamentous phytopathogenic ascomycete Nectria haematococca var. cucurbitae. Pesticide Biochem Physiol, 50, 159-170

10293 Faust M, Altenburger R, Backhaus T, Blanck H, Boedeker W, Gramatica P, Hamer V, Scholze M, Vighi M & Grimme LH (2003) Joint algal toxicity of 16 dissimilarly acting chemicals is predictable by the concept of independent action. Aquat Toxicol, 63, 43-63

10294 Frantík E, Hornychová M, Dvorák J & Mráz J (1996) Spontaneous motor activity in rats enhanced by 1,2,4-triazole derivatives: Triadimefon, triadimenol and bitertanol. Homeostasis, 37, 115-121

10295 Hornychová M, Frantík E & Dvorák J (1999) Monitoring of spontaneous motor activity in rats: Detection of behavioural effects of triazole fungicides. Homeostasis, 39, 267-272

10296 Jie N, Hou S, Du F, Zhang C & Qin G (2004) The determination of deoxyribonucleic acids with triadimenol based on the enhancement of resonance light scattering. Nucleosides Nucleotides Nucleic Acids, 23, 725-734

10297 Kapteyn JC, Milling RJ, Simpson DJ & De Waard MA (1994) Inhibition of sterol biosynthesis in cell-free extracts of Botrytis cinerea by prochloraz and prochloraz analogues. Pestic Sci, 40, 313-319

10298 Lamb DC, Cannieux M, Warrilow AGS, Bak S, Kahn RA, Manning NJ, Kelly DE & Kelly SL (2001) Plant sterol 14-demethylase affinity for azole fungicides. Biochem Biophys Res Commun, 284, 845-849

10300 Menegola E, Broccia ML, Di Renzo F, Prati M & Giavini E (2000) In vitro teratogenic potential of two antifungal triazoles: Triadimefon and triadimenol. In Vitro Cell Dev Biol Anim, 36, 88-95

10301 Vinggaard AM, Breinholt V & Larsen JC (1999) Screening of selected pesticides for oestrogen receptor activation in vitro. Food Addit Contam, 16, 533-542

10302 Vinggaard AM, Hnida C, Breinholt V & Larsen JC (2000) Screening of selected pesticides for inhibition of CYP19 aromatase activity in vitro. Toxicol In Vitro, 14, 227-234

10303 Walker QD & Mailman RB (1996) Triadimefon and triadimenol: Effects on monoamine uptake and release. Toxicol Appl Pharmacol, 139, 227-233

10304 Ziogas BN, Vitoratos AG, Sideris EG & Georgopoulos SG (1990) Effects of sterol biosynthesis inhibitors on mitosis. Pesticide Biochem Physiol, 37, 254-265

10350 Massa V, Broccia ML, Di Renzo F, Menegola E & Giavini E (2004) Mechanisms involved in triazole-induced teratogenesis: In vitro study. Toxicol Letts, 144 (Suppl 1), S107

10482 JMPR (2001) Prochloraz (Pesticide Residues in Food: 2001 Toxicological Evaluations), Geneva, Switzerland, World Health Organization, International Programme on Chemical Safety, Available [October 2004] at; http://www.inchem.org/pages/jmpr.html

10483 IRIS (1997) Prochloraz. From: Integrated Risk Information System, Washington DC, USA, US Environmental Protection Agency, National Center for Environmental Assessment, available [October 2004] at http://www.epa.gov/iris/

10484 JMPR (1989) Triadimenol (Pesticide Residues in Food: 1989 Evaluations Part II Toxicology), Geneva, Switzerland, World Health Organization, International Programme on Chemical Safety, Available [October 2004] at; http://www.inchem.org/pages/jmpr.html

10514 Vinggaard AM, Nellemann C, Dalgaard M, Jørgensen EB & Andersen HR (2002) Antiandrogenic effects in vitro and in vivo of the fungicide prochloraz. Toxicol Sci, 69, 344-353

9.3 Phenoxy herbicides

10141 Bortolozzi A, Duffard RO, Rubio M, Sturtz N & Evangelista de Duffard AM (1998) Regionally specific changes in central brain monoamine levels by 2,4- dichlorophenoxyacetic acid in acute treated rats. Neurotoxicology, 19, 839-851

10142 Bortolozzi A, Evangelista de Duffard AM, Dajas F, Duffard R & Silveira R (2001) Intracerebral administration of 2,4-diclorophenoxyacetic acid induces behavioral and neurochemical alterations in the rat brain. Neurotoxicology, 22, 221-232

10143 Bortolozzi AA, Evangelista de Duffard AM, Duffard RO & Antonelli MC (2000) Effects of 2,4-dichlorophenoxyacetic acid exposure on dopamine D2- type receptors in rat brain. [Abstract] Soc Neurosci Abstr, 26, 531.16

10144 Bortolozzi AA, Evangelista de Duffard AM, Ricardo RO & Antonelli MC (2004) Effects of 2,4-dichlorophenoxyacetic acid exposure on dopamine D2-like receptors in rat brain. Neurotoxicol Teratol, 26, 599-605

10145 Bracco D & Favre JB (1999) Lethal intoxication with the hormone weedkiller 2,4-dichlorophenoxyacetic acid. Reanimation Urgences, 8, 55-58

10146 Bradberry SM, Watt BE, Proudfoot AT & Vale JA (2000) Mechanisms of toxicity, clinical features, and management of acute chlorophenoxy herbicide poisoning: A review. J Toxicol Clin Toxicol, 38, 111-122

10147 Brahmi N, Mokhtar HB, Thabet H, Bouselmi K & Amamou M (2003) 2,4-D (chlorophenoxy) herbicide poisoning. Vet Hum Toxicol, 45, 321-322

10148 Bukowska B, Reszka E & Duda W (1998) Influence of phenoxyherbicides and their metabolites on the form of oxy- and deoxyhemoglobin of vertebrates. Biochem Mol Biol Int, 45, 47-59

10149 Cho YS, Chang HW, Kahng HY, Kukor JJ & Oh KH (2001) Physiological and cellular responses of the 2,4-D degrading bacterium, Burkholderia cepacia YK-2, to the phenoxyherbicides, 2,4-D and 2,4,5-T. Abstr Gen Meeting Am Soc Microbiol, 101, 449

10150 Dunning-Hotopp JC & Hausinger RP (2002) Probing the 2,4-dichlorophenoxyacetate/-ketoglutarate dioxygenase substrate-binding site by site-directed mutagenesis and mechanism-based inactivation. Biochemistry, 41, 9787-9794

10151 Engvild KC (1996) Herbicidal activity of 4-chloroindoleacetic acid and other auxins on pea, barley and mustard. Physiologia Plantarum, 96, 333-337

10152 Filkowski J, Besplug J, Burke P, Kovalchuk I & Kovalchuk O (2003) Genotoxicity of 2,4-D and dicamba revealed by transgenic Arabidopsis thaliana plants harboring recombination and point mutation markers. Mutat Res, 542, 23-32

10153 Fofana D, Kobae H, Oku S, Nishi J & Miyata K (2000) Prenatal developmental effects of pure 2,4-dichlorophenoxyacetic acid (2,4-D) on the rat. Congen Anom, 40, 287-296

10154 Garabrant DH & Philbert MA (2002) Review of 2,4-dichlorophenoxyacetic acid (2,4-D) epidemiology and toxicology. Crit Rev Toxicol, 32, 233-257

10155 Gómez L, Durán E, Gázquez A, Martínez S, Masot J & Roncero V (2002) Lesions induced by 2,4-D and chlorpyrifos in Tench (Tinca Tinca L.): Implication in toxicity studies. J Environ Sci Health B, 37, 43-51

10156 Hull MR & Cobb AH (1998) An investigation of herbicide interaction with the H+-ATPase activity of plant plasma membranes. Pestic Sci, 53, 155-164

10157 Jambois A, Ditengou FA, Kawano T, Delbarre A & Lapeyrie F (2004) The indole alkaloids brucine, yohimbine, and hypaphorine are indole-3-acetic acid-specific competitors which do not alter auxin transport. Physiologia Plantarum, 120, 501-508

10158 Kawano N, Kawano T & Lapeyrie F (2003) Inhibition of the indole-3-acetic acid-induced epinastic curvature in tobacco leaf strips by 2,4-dichlorophenoxyacetic acid. Ann Bot, 91, 465-471

10159 Knapp GW, Setzer RW & Fuscoe JC (2003) Quantitation of aberrant interlocus T-cell receptor rearrangements in mouse thymocytes and the effect of the herbicide 2,4-dichlorophenoxyacetic acid. Environ Mol Mutagen, 42, 37-43

10161 Oruc EO & Üner N (2000) Combined effects of 2,4-D and azinphosmethyl on antioxidant enzymes and lipid peroxidation in liver of Oreochromis niloticus. Comp Biochem Physiol C, 127, 291-296

10162 Ozaki K, Mahler JF, Haseman JK, Moomaw CR, Nicolette ML & Nyska A (2001) Unique renal tubule changes induced in rats and mice by the peroxisome proliferators 2,4-dichlorophenoxyacetic acid (2,4-D) and WY-14643. Toxicol Pathol, 29, 440-450

10163 Palmeira CM (1999) Herbicide-induced mitochondrial and cellular liver toxicity: A review of paraquat, dinoseb, and 2,4-D effects. Toxic Subs Mech, 18, 187-204

10164 Rosso SB, Di Paolo OA, Evangelista de Duffard AM & Duffard R (1997) Effects of 2,4-dichlorophenoxyacetic acid on central nervous system of developmental rats. Associated changes in ganglioside pattern. Brain Res, 769, 163-167

10165 Rosso SB, Cáceres AO, de Duffard AME, Duffard RO & Quiroga S (2000) 2,4-Dichlorophenoxyacetic acid disrupts the cytoskeleton and disorganizes the Golgi apparatus of cultured neurons. Toxicol Sci, 56, 133-140

10166 Simoes T, Teixeira MC, Fernandes AR & Sá-Correia I (2003) Adaptation of Saccharomyces cerevisiae to the herbicide 2,4-dichlorophenoxyacetic acid, mediated by Msn2p- and Msn4p-regulated genes: Important role of SPI1. Appl Environ Microbiol, 69, 4019-4028

10167 Tuschl H & Schwab C (2003) Cytotoxic effects of the herbicide 2,4-dichlorophenoxyacetic acid in HepG2 cells. Food Chem Toxicol, 41, 385-393

10168 Upham BL, Boddy B, Xing X, Trosko JE & Masten SJ (1997) Non-genotoxic effects of selected pesticides and their disinfection by-products on gap junctional intercellular communication. Ozone Sci Eng, 19, 351-369

10169 Willemsen RE & Hailey A (2001) Effects of spraying the herbicides 2,4-D and 2,4,5-T on a population of the tortoise Testudo hermanni in southern Greece. Environ Pollut, 113, 71-78

10472 ETN-PIP (1996) EXTOXNET Extension Toxicology Network: Pesticide Information Profile - 2,4-D, Oregon, USA, Oregon State University, Available [August 2004] at; http://extoxnet.orst.edu/

10476 ACP (1993) Evaluation on 2,4-Dichlorophenoxy Acetic Acid and its Salts and Esters (Document No. 68), York, UK, Advisory Committee on Pesticides, Available [October 2004] at; http://www.pesticides.gov.uk/acp_home.asp

10485 JMPR (1996) Dichlorophenoxyacetic acid, 2,4- (Pesticide Residues in Food: 1996 Evaluations Part II Toxicological), Geneva, Switzerland, World Health Organization, International Programme on Chemical Safety, Available [October 2004] at; http://www.inchem.org/pages/jmpr.html

10493 WHO (1984) 2,4-Dichlorphenoxyacetic Acid (2,4-D) (International Programme on Chemical Safety, Environmental Health Criteria, 29), Geneva, Switzerland, World Health Organization, Available [October 2004] at; http://www.inchem.org/

10499 IPCS (1978) 2,4-D (Data Sheet on Pesticides No. 37), Geneva, Switzerland, World Health Organization, International Programme on Chemical Safety, Available [October 2004] at; http://www.inchem.org/

10502 HSDB (2002) 2,4-D. From: Hazardous Substances Data Bank, Bethesda MD, USA, US National Library of Medicine, available [June 2004] at http://www.toxnet.nlm.nih.gov

10503 HSDB (1994) MCPB. From: Hazardous Substances Data Bank, Bethesda MD, USA, US National Library of Medicine, available [June 2004] at http://www.toxnet.nlm.nih.gov

10506 IRIS (1988) 2,4-Dichlorophenoxyacetic acid (2,4-D). From: Integrated Risk Information System, Washington DC, USA, US Environmental Protection Agency, National Center for Environmental Assessment, available [October 2004] at http://www.epa.gov/iris/

10507 IRIS (1990) 4-(2-Methyl-4-chlorophenoxy) butyric acid (MCPB). From: Integrated Risk Information System, Washington DC, USA, US Environmental Protection Agency, National Center for Environmental Assessment, available [October 2004] at http://www.epa.gov/iris/

10523 IARC (1987) IARC Monographs on Evaluation of Carcinogenic Risks of Chemicals to Humans, Vol Supplement 7, Overall Evaluations of Carcinogenicity: An Updating of IARC Monograph Volumes 1-42, Lyon, France, International Agency for Cancer Research

9.4 Pyrethrins and pyrethroids

10237 Andersen HR, Vinggaard AM, Rasmussen TH, Gjermandsen IM & Bonefeld-Jørgensen EC (2002) Effects of currently used pesticides in assays for estrogenicity, androgenicity, and aromatase activity in vitro. Toxicol Appl Pharmacol, 179, 1-12

10238 Awolola TS, Brooke BD, Koekemoer LL & Coetzee M (2003) Absence of the kdr mutation in the molecular 'M' form suggests different pyrethroid resistance mechanisms in the malaria vector mosquito Anopheles gambiae s.s. Trop Med Int Health, 8, 420-422

10239 Buès R, Boudinhon L & Toubon J-F (2003) Resistance of pear psylla (Cacopsylla pyri L.; Hom., Psyllidae) to deltamethrin and synergism with piperonyl butoxide. J Appl Entomol, 127, 305-312

10241 Chareonviriyaphap T, Rongnoparut P, Chantarumporn P & Bangs MJ (2003) Biochemical detection of pyrethroid resistance mechanisms in Anopheles minimus in Thailand. J Vector Ecol, 28, 108-116

10242 Chen H, Xiao J, Hu G, Zhou J, Xiao H & Wang X (2002) Estrogenicity of organophosphorus and pyrethroid pesticides. J Toxicol Environ Health A, 65, 1419-1435

10243 Csillik B, Fazakas J, Nemcsók J & Knyihár-Csillik E (2000) Effect of the pesticide Deltamethrin on the Mauthner cells of Lake Balaton fish. Neurotoxicology, 21, 343-352

10244 da Silva Vaz I, Jr., Lermen TT, Michelon A, Ferreira CAS, de Freitas DRJ, Termignoni C & Masuda A (2004) Effect of acaricides on the activity of a Boophilus microplus glutathione S-transferase. Vet Parasit, 119, 237-245

10245 Dayal M, Parmar D, Dhawan A, Ali M, Dwivedi UN & Seth PK (2003) Effect of pretreatment of cytochrome P450 (P450) modifiers on neurobehavioral toxicity induced by deltamethrin. Food Chem Toxicol, 41, 431-437

10246 Dong K (2003) Differential action of deltamethrin on splicing variants of the insect sodium channel. Abst Pap Am Chem Soc, 225, AGRO 33, (English. 7 BIZZ)

10247 Elwan MA, Caudle WM, Richardson JR & Miller GW (2003) Effect of pyrethroids on dopamine uptake in SK-N-MC cells expressing the dopamine transporter. FASEB J, 17, A236

10248 Forshaw PJ, Lister T & Ray DE (2000) The role of voltage-gated chloride channels in type II pyrethroid insecticide poisoning. Toxicol Appl Pharmacol, 163, 1-8

10249 Foster SP, Denholm I & Devonshire AL (2002) Field-simulator studies of insecticide resistance to dimethylcarbamates and pyrethroids conferred by metabolic- and target site-based mechanisms in peach-potato aphids, Myzus persicae (Hemiptera: Aphididae). Pest Manag Sci, 58, 811-816

10250 Gao Y-C, Guo Z-Q, Liu A-X & Han J-X (2002) Inhibition effect of the deltamethrin and phoxim mixtures on the sodium channels of nerve cell. Acta Entomologica Sinica, 45, 453-458

10251 Guerrero FD, Pruett JH & Li AY (2002) Molecular and biochemical diagnosis of esterase-mediated pyrethroid resistance in a Mexican strain of Boophilus microplus (Acari: Ixodidae). Exp Appl Acarol, 28, 257-264

10253 Kim IY, Shin JH, Kim HS, Lee SJ, Kang IH, Kim TS, Moon HJ, Choi KS, Moon A & Han SY (2004) Assessing estrogenic activity of pyrethroid insecticides using in vitro combination assays. J Reprod Dev, 50, 245-255

10254 Kostaropoulos I, Papadopoulos AI, Metaxakis A, Boukouvala E & Papadopoulou-Mourkidou E (2001) Glutathione S-transferase in the defence against pyrethroids in insects. Insect Biochem Mol Biol, 31, 313-319

10255 Motomura H & Narahashi T (2000) Temperature dependence of pyrethroid modification of single sodium channels in rat hippocampal neurons. J Membrane Biol, 177, 23-39

10256 Motomura H & Narahashi T (2001) Interaction of tetramethrin and deltamethrin at the single sodium channel in rat hippocampal neurons. Neurotoxicology, 22, 329-339

10257 Narahashi T (2001) Recent progress in the mechanism of action of insecticides: Pyrethroids, fipronil and indoxacarb. J Pestic Sci, 26, -285

10258 Papaefthimiou C & Theophilidis G (2001) The cardiotoxic action of the pyrethroid insecticide deltamethrin, the azole fungicide prochloraz, and their synergy on the semi-isolated heart of the bee Apis mellifera macedonica. Pesticide Biochem Physiol, 69, 77-91

10259 Pérez CJ, Alvarado P, Narváez C, Miranda F, Hernández L, Vanegas H, Hruska A & Shelton AM (2000) Assessment of insecticide resistance in five insect pests attacking field and vegetable crops in Nicaragua. J Econ Entomol, 93, 1779-1787

10260 Pham-Delègue M-H, Decourtye A, Kaiser L & Devillers J (2002) Behavioural methods to assess the effects of pesticides on honey bees. Apidologie, 33, 425-432

10261 Picollo MI, Vassena CV, Mougabure Cueto GA, Vernetti M & Zerba EN (2000) Resistance to insecticides and effect of synergists on permethrin toxicity in Pediculus capitis (Anoplura: Pediculidae) from Buenos Aires. J Med Entomol, 37, 721-725

10262 Ray DE & Forshaw PJ (2000) Pyrethroid insecticides: Poisoning syndromes, synergies, and therapy. Clin Toxicol, 38, 95-101

10263 Rodríguez MM, Bisset J, Ruiz M & Soca A (2002) Cross-resistance to pyrethroid and organophosphorus insecticides induced by selection with temephos in Aedes aegypti (Diptera: Culicidae) from Cuba. J Med Entomol, 39, 882-888

10264 Shafer TJ & Meyer DA (2004) Effects of pyrethroids on voltage-sensitive calcium channels: A critical evaluation of strengths, weaknesses, data needs, and relationship to assessment of cumulative neurotoxicity. Toxicol Appl Pharmacol, 196, 303-318

10265 Soderlund DM & Lee SH (2001) Point mutations in homology domain II modify the sensitivity of rat Nav1.8 sodium channels to the pyrethroid insecticide cismethrin. Neurotoxicology, 22, 755-765

10266 Spencer CI, Yuill KH, Borg JJ, Hancox JC & Kozlowski RZ (2001) Actions of pyrethroid insecticides on sodium currents, action potentials, and contractile rhythm in isolated mammalian ventricular myocytes and perfused hearts. J Pharmacol Exp Ther, 298, 1067-1082

10267 Symington SB & Clark JM (2003) Pyrethroid effects on voltage - sensitive calcium channels. [Abstract] Soc Neurosci Abstr, 2003, 166.9

10268 Tabarean I, V & Narahashi T (2001) Kinetics of modulation of tetrodotoxin-sensitive and tetrodotoxin-resistant sodium channels by tetramethrin and deltamethrin. J Pharmacol Exp Ther, 299, 988-997

10269 Tan J, Liu Z, Nomura Y, Goldin AL & Dong K (2002) Alternative splicing of an insect sodium channel gene generates pharmacologically distinct sodium channels. J Neurosci, 22, 5300-5309

10270 Varanka Z, Deer KA, Rojik I, Varanka I, László K, Bartók T, Nemcsók J & Ábrahám M (2002) Influence of the polyphenolic tannic acid on the toxicity of the insecticide deltametihrin to fish. A comparative study examining both biochemical and cytopathological parameters. Acta Biol Hung, 53, 351-365

10271 Wang SQ, Shi N, Wu YT, Dong J, Zhou L, Li T & Chen L (2002) Increased levels of nerve growth factor mRNA and protein expression in rat brain induced by pyrethroids. Zhongguo Yaolixue Yu Dulixue Zazhi, 16, 306-311, (Chinese)

10272 Wilhelm K-P, Kölzow T, Yang L, Schulze J & Siegers C-P (2002) Pesticide toxicity evaluation of cytotoxicity of 11 pesticides separately and in combination. Res Commun Pharmacol Toxicol, 7, 33-43

10273 Wu A, Li L & Liu Y (2003) Deltamethrin induces apoptotic cell death in cultured cerebral cortical neurons. Toxicol Appl Pharmacol, 187, 50-57

10284 Eguchi K, Ozawa M, Endoh YS, Nishikawa J, Nishihara T, Goto K & Yoshimura H (2003) Validity test for a yeast two-hybrid assay to screen for estrogenic activity, and its application to insecticides and disinfectants for veterinary use. Bull Environ Contam Toxicol, 70, 226-232

10286 Symington SB & Clark JM (2002) Differential effects of T- and CS-syndrome pyrethroids on the voltage-sensitive calcium channels in the rat central nervous system. Abst Pap Am Chem Soc, 224, ARGO-43

10402 Bloomquist JR (1996) Ion channels as targets for insecticides. Annu Rev Entomol, 41, 163-190

10408 Cassano G, Bellantuono V, Quaranta A, Ippolito C, Ardizzone C & Lippe C (2000) Interactions of pyrethroids with ion transport pathways present in frog skin. Environ Toxicol Chem, 19, 2720-2724

10409 Gassner B, Wüthrich A, Scholtysik G & Solioz M (1997) The pyrethroids permethrin and cyhalothrin are potent inhibitors of the mitochondrial complex I. J Pharmacol Exp Ther, 28, 855-860

10411 Karen DJ, Li W, Harp PR, Gillette JS & Bloomquist JR (2004) Striatal dopaminergic pathways as a target for the insecticides permethrin and chlorpyrifos. Neurotoxicology, 22, 811-817

10413 Narahashi T (2000) Neuroreceptors and ion channels as the basis for drug action: Past, present, and future. J Pharmacol Exp Ther, 294, 1-26

10414 Rossignol DP (1995) Possible role for guanosine 5'-triphosphate binding-proteins in pyrethroid activity. [Abstract] Acs Symposium Series, 591, 149-161

10415 Wilks MF (2000) Pyrethroid-induced paresthesia - a central or local toxic effect? J Toxicol Clin Toxicol, 38, 103-105

10429 Olgun S, Gogal RMJ, Adeshina F, Choudhury H & Misra HP (2004) Pesticide mixtures potentiate the toxicity in murine thymocytes. Toxicology, 196, 181-195

10465 Soderlund DM, Clark JM, Sheets LP, Mullin LS, Piccirillo VJ, Sargent D, Stevens JT & Weiner ML (2002) Mechanisms of pyrethroid neurotoxicity: Implications for cumulative risk assessment. Toxicology, 17, 3-59

10466 Braguini WL, Cadena SMSC, Carnieri EGS, Rocha MEM & de Oliveira MBM (2004) Effects of deltamethrin on functions of rat liver mitochondria and on native and synthetic model membranes. Toxicol Letts, 152, 191-202

10469 ETN-PIP (1995) EXTOXNET Extension Toxicology Network: Pesticide Information Profile - Deltamethrin, Oregon, USA, Oregon State University, Available [August 2004] at; http://extoxnet.orst.edu/

10470 ETN-PIP (1996) EXTOXNET Extension Toxicology Network: Pesticide Information Profile - Resmethrin, Oregon, USA, Oregon State University, Available [August 2004] at; http://extoxnet.orst.edu/

10486 JMPR (2000) Deltamethrin (Pesticide Residues in Food: 2000), Geneva, Switzerland, World Health Organization, International Programme on Chemical Safety, Available [October 2004] at; http://www.inchem.org/pages/jmpr.html

10492 IARC (1991) IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Vol 53, Deltamethrin, Lyon, France, International Agency for Cancer Research

10494 WHO (1990) Deltamethrin (International Programme on Chemical Safety, Environmental Health Criteria, 97), Geneva, Switzerland, World Health Organization, Available [October 2004] at; http://www.inchem.org/

10495 WHO (1989) Resmethrin (International Programme on Chemical Safety, Environmental Health Criteria, 92), Geneva, Switzerland, World Health Organization, Available [October 2004] at; http://www.inchem.org/

10496 CVMP (1999) Deltamethrin Summary Report (1) (Committee for Veterinary Medicinal Products), London, UK, European Agency for the Evaluation of Medicinal Products, Available [October 2004] at; http://www.emea.eu.int/

10497 CVMP (2001) Deltamethrin Summary Report (3) (Committee for Veterinary Medicinal Products), London, UK, European Agency for the Evaluation of Medicinal Products, Available [October 2004] at; http://www.emea.eu.int/

10501 IPCS (1984) Deltamethrin (Data Sheet on Pesticides No. 50), Geneva, Switzerland, World Health Organization, International Programme on Chemical Safety, Available [October 2004] at; http://www.inchem.org/

10505 HSDB (2001) Deltamethrin. From: Hazardous Substances Data Bank, Bethesda MD, USA, US National Library of Medicine, available [June 2004] at http://www.toxnet.nlm.nih.gov

10510 IRIS (1988) Resmethrin. From: Integrated Risk Information System, Washington DC, USA, US Environmental Protection Agency, National Center for Environmental Assessment, available [October 2004] at http://www.epa.gov/iris/

10512 HSDB (2001) Resmethrin. From: Hazardous Substances Data Bank, Bethesda MD, USA, US National Library of Medicine, available [June 2004] at http://www.toxnet.nlm.nih.gov

10513 ATSDR (2003) Toxicological Profile for Pyrethrins and Pyrethroids, Atlanta GA, USA, Agency for Toxic Substances and Disease Registry, Available [October 2004] at; http://www.atsdr.cdc.gov/toxpro2.html 

9.5 Triazines

10168 Upham BL, Boddy B, Xing X, Trosko JE & Masten SJ (1997) Non-genotoxic effects of selected pesticides and their disinfection by-products on gap junctional intercellular communication. Ozone Sci Eng, 19, 351-369

10188 Belden JB & Lydy MJ (2000) Impact of atrazine on organophosphate insecticide toxicity. Environ Toxicol Chem, 19, 2266-2274

10189 Besplug J, Filkowski J, Burke P, Kovalchuk I & Kovalchuk O (2004) Atrazine induces homologous recombination but not point mutation in the transgenic plant-based biomonitoring assay. Arch Environ Contam Toxicol, 46, 296-300

10190 Bettini P, Chiarugi P & Buiatti M (1998) An in vitro molecular study of the Nicotiana tabacum L. genome in the presence or absence of the herbicide atrazine. Theor Appl Genet, 96, 242-250

10191 Cantemir C, Cozmei C, Scutaru B, Nicoara S & Carasevici E (1997) p53 Protein expression in peripheral lymphocytes from atrazine chronically intoxicated rats. Toxicol Letts, 93, 87-94

10192 Chapin RE, Stevens JT, Hughes CL, Kelce WR, Hess RA & Daston GP (1996) Endocrine modulation of reproduction. Fundam Appl Toxicol, 29, 1-17

10193 Cohen SM, Meek ME, Klaunig JE, Patton DE & Fenner-Crisp PA (2003) The human relevance of information on carcinogenic modes of action: Overview. Crit Rev Toxicol, 33, 581-589

10194 Cohen SM, Klaunig J, Meek ME, Hill RN, Pastoor T, Lehman-McKeeman L, Bucher J, Longfellow DG, Seed J, Dellarco V, Fenner-Crisp P & Patton D (2004) Evaluating the human relevance of chemically induced animal tumors. Toxicol Sci, 78, 181-186

10195 O'Connor JC, Plowchalk DR, Van Pelt CS, Davis LG & Cook JC (2000) Role of prolactin in chloro-S-triazine rat mammary tumorigenesis. Drug Chem Toxicol, 23, 575-601

10196 Cooper RL, Goldman JM & Stoker TE (1999) Neuroendocrine and reproductive effects of contemporary-use pesticides. Toxicol Ind Health, 15, 26-36

10197 Cooper RL, Stoker TE, Tyrey L, Goldman JM & McElroy WK (2000) Atrazine disrupts the hypothalamic control of pituitary-ovarian function. Toxicol Sci, 53, 297-307

10198 Crain DA, Guillette LJ, Jr., Rooney AA & Pickford DB (1997) Alterations in steroidogenesis in alligators (Alligator mississippiensis) exposed naturally and experimentally to environmental contaminants. Environ Health Perspect, 105, 528-533

10199 Cummings AM, Rhodes BE & Cooper RL (2000) Effect of atrazine on implantation and early pregnancy in 4 strains of rats. Toxicol Sci, 58, 135-143

10200 Das PC, McElroy WK & Cooper RL (2000) Differential modulation of catecholamines by chlorotriazine herbicides in pheochromocytoma (PC12) cells in vitro. Toxicol Sci, 56, 324-331

10201 Das PC, McElroy WK & Cooper RL (2003) Potential mechanisms responsible for chlorotriazine-induced alterations in catecholamines in pheochromocytoma (PC12) cells. Life Sci, 73, 3123-3138

10202 De Prado RA & Franco AR (2004) Cross-resistance and herbicide metabolism in grass weeds in Europe: biochemical and physiological aspects. Weed Science, 52, 441-447

10203 DeLorenzo ME, Scott GI & Ross PE (2001) Toxicity of pesticides to aquatic microorganisms: A review. Environ Toxicol Chem, 20, 84-98

10204 DeLorenzo ME & Serrano L (2003) Individual and mixture toxicity of three pesticides: Atrazine, chlorpyrifos, and chlorothalonil to the marine phytoplankton species Dunaliella tertiolecta. J Environ Sci Health B, 38, 529-538

10205 Devine MD & Shukla A (2000) Altered target sites as a mechanism of herbicide resistance. Crop Prot, 19, 881-889

10206 Eldridge JC, Wetzel LT & Tyrey L (1999) Estrous cycle patterns of Sprague-Dawley rats during acute and chronic atrazine administration. Reprod Toxicol, 13, 491-499

10207 Gagnaire B, Renault T, Bouilly K, Lapegue S & Thomas-Guyon H (2003) Study of atrazine effects on Pacific oyster, Crassostrea gigas, haemocytes. Curr Pharm Des, 9, 193-199

10208 Gianfreda L, Sannino F, Filazzola MT & Violante A (1993) Influence of pesticides on the activity and kinetics of invertase, urease and acid phosphatase enzymes. Pestic Sci, 39, 237-244

10209 Jablonkai I (2003) Alkylating reactivity and herbicidal activity of chloroacetamides. Pest Manag Sci, 59, 443-450

10210 Kavlock RJ (1999) Endocrine-mediated alterations on development and reproduction following exposure to pesticides. J Toxicol Sci, 24, 265

10211 Lydy MJ & Linck SL (2003) Assessing the impact of triazine herbicides on organophosphate insecticide toxicity to the earthworm Eisenia fetida. Arch Environ Contam Toxicol, 45, 343-349

10212 Malik SI, Terzoudi GI & Pantelias GE (2004) SCE analysis in G2 lymphocyte prematurely condensed chromosomes after exposure to atrazine: The non-dose-dependent increase in homologous recombinational events does not support its genotoxic mode of action. Cytogenet Genome Res, 104, 315-319

10213 McMullin TS, Andersen ME, Nagahara A, Lund TD, Pak T, Handa RJ & Hanneman WH (2004) Evidence that atrazine and diaminochlorotriazine inhibit the estrogen/progesterone induced surge of luteinizing hormone in female Sprague-Dawley rats without changing estrogen receptor action. Toxicol Sci, 79, 278-286

10214 Oh SM, Shim SH & Chung KH (2003) Antiestrogenic action of atrazine and its major metabolites in vitro. J Health Sci, 49, 65-71

10215 Rayner JL, Wood C & Fenton SE (2004) Exposure parameters necessary for delayed puberty and mammary gland development in Long-Evans rats exposed in utero to atrazine. Toxicol Appl Pharmacol, 195, 23-34

10216 Reade JPH, Milner LJ & Cobb AH (2004) A role for glutathione S-transferases in resistance to herbicides in grasses. Weed Sci, 52, 468-474

10217 Sanderson JT, Letcher RJ, Heneweer M, Giesy JP & van den Berg M (2001) Effects of chloro-s-triazine herbicides and metabolites on aromatase activity in various human cell lines and on vitellogenin production in male carp hepatocytes. Environ Health Perspect, 109, 1027-1031

10218 Sanderson JT, Boerma J, Lansbergen GWA & van den Berg M (2002) Induction and inhibition of aromatase (CYP19) activity by various classes of pesticides in H295R human adrenocortical carcinoma cells. Toxicol Appl Pharmacol, 182, 44-54

10219 Shafer TJ, Ward TR, Meacham CA & Cooper RL (1999) Effects of the chlorotriazine herbicide, cyanazine, on GABAA receptors in cortical tissue from rat brain. Toxicology, 142, 57-68

10220 Stevens JT, Breckenridge CB, Wetzel L, Thakur AK, Liu C, Werner C, Luempert LG, III & Elridge JC (1999) A risk characterization for atrazine: Oncocenicity profile. J Toxicol Environ Health A, 56, 69-96

10221 Stoker TE, Laws SC, Guidici DL & Cooper RL (2000) The effect of atrazine on puberty in male Wistar rats: An evaluation in the protocol for the assessment of pubertal development and thyroid function. Toxicol Sci, 58, 50-59

10222 Trentacoste SV, Friedmann AS, Youker RT, Breckenridge CB & Zirkin BR (2001) Atrazine effects on testosterone levels and androgen-dependent reproductive organs in peripubertal male rats. J Androl, 22, 142-148

10279 Bloomquist JR (2003) Chloride channels as tools for developing selective insecticides. Arch Insect Biochem Physiol, 54, 145-156

10280 Ohno Y, Miyajima A & Sunouchi M (1998) Alternative methods for mechanistic studies in toxicology. Screening of hepatotoxicity of pesticides using freshly isolated and primary cultured hepatocytes and non-liver-derived cells, SIRC cells. Toxicol Letts, 102-103, 569-573

10281 Rosendahl-Pedersen C, Wackett LP & Sadowsky MJ (2000) Characterization of the microbial degradation of the s-triazine herbicides ametryn and prometryn and its relation to the degradation of atrazine. Abstracts of the General Meeting of the American Society for Microbiology, 100, 582

10282 Vaccari A, Ruiu S, Mocci I & Saba P (1998) Selected pyrethroid insecticides stimulate glutamate uptake in brain synaptic vesicles. NeuroReport, 9, 3519-3523

10348 Gramatica P, Vighi M, Consolaro F, Todeschini R, Finizio A & Faust M (2001) QSAR approach for the selection of congeneric compounds with a similar toxicological mode of action. Chemosphere, 42, 873-883

10428 Cooper RL, Stoker TE, Goldman JM, Parrish MB & Tyrey L (1996) Effect of atrazine on ovarian function in the rat. Reprod Toxicol, 10, 257-264

10468 ETN-PIP (1996) EXTOXNET Extension Toxicology Network: Pesticide Information Profile - Atrazine, Oregon, USA, Oregon State University, Available [August 2004] at; http://extoxnet.orst.edu/

10471 ETN-PIP (1996) EXTOXNET Extension Toxicology Network: Pesticide Information Profile - Prometryn, Oregon, USA, Oregon State University, Available [August 2004] at; http://extoxnet.orst.edu/

10475 EPA (2002) The Grouping of a Series of Triazine Pesticides Based in a Common Mechanism of Toxicity, Washington DC, USA, US Environmental Protection Agency, Office of Pollution Prevention and Toxics, Available [October 2004] at; http://www.epa.gov/pesticides/cumulative/triazines/triazinescommonmech.pdf

10475 EPA (2002) The Grouping of a Series of Triazine Pesticides Based in a Common Mechanism of Toxicity, Washington DC, USA, US Environmental Protection Agency, Office of Pollution Prevention and Toxics, Available [October 2004] at; http://www.epa.gov/pesticides/cumulative/triazines/triazinescommonmech.pdf

10487 ACP (1993) Evaluation on Atrazine (2) (Document No. 71), York, UK, Advisory Committee on Pesticides, Available [October 2004] at; http://www.pesticides.gov.uk/acp_home.asp

10488 ACP (1992) Evaluation on Atrazine (Document No. 51), York, UK, Advisory Committee on Pesticides, Available [October 2004] at; http://www.pesticides.gov.uk/acp_home.asp

10491 IARC (1999) IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Vol 73, Atrazine, Lyon, France, International Agency for Cancer Research

10500 IPCS (1996) Atrazine (Data Sheet on Pesticides No. 82), Geneva, Switzerland, World Health Organization, International Programme on Chemical Safety, Available [October 2004] at; http://www.inchem.org/

10504 HSDB (1998) Prometryne. From: Hazardous Substances Data Bank, Bethesda MD, USA, US National Library of Medicine, available [June 2004] at http://www.toxnet.nlm.nih.gov

10508 IRIS (1993) Atrazine. From: Integrated Risk Information System, Washington DC, USA, US Environmental Protection Agency, National Center for Environmental Assessment, available [October 2004] at http://www.epa.gov/iris/

10509 IRIS (1992) Prometryn. From: Integrated Risk Information System, Washington DC, USA, US Environmental Protection Agency, National Center for Environmental Assessment, available [October 2004] at http://www.epa.gov/iris/

10511 ATSDR (2003) Toxicological Profile for Atrazine, Atlanta GA, USA, Agency for Toxic Substances and Disease Registry, Available [October 2004] at; http://www.atsdr.cdc.gov/toxpro2.html 

10515 Ashby J, Tinwell H, Stevens J, Pastoor T & Breckenridge CB (2002) The effects of atrazine on the sexual maturation of female rats. Regul Toxicol Pharmacol, 35, 468-473

10516 Connor K, Howell J, Chen I, Liu H, Berhane K, Sciarretta C, Safe S & Zacharewski T (1996) Failure of chloro-S-triazine-derived compounds to induce estrogen receptor-mediated responses in vivo and in vitro. Fundam Appl Toxicol, 30, 93-101

10517 Narotsky MG, Best DS, Guidici DL & Cooper RL (2001) Strain comparisons of atrazine-induced pregnancy loss in the rat. Reprod Toxicol, 15, 61-69

10518 Stevens JT, Breckenridge CB, Wetzel LT, Gillis JH, Luempert LG, III & Eldridge JC (1994) Hypothesis for mammary tumorigenesis in Sprague-Dawley rats exposed to certain triazine herbicides. J Toxicol Environ Health, 43, 139-153

10519 Tennant MK, Hill DS, Eldridge JC, Wetzel LT, Breckenridge CB & Stevens JT (1994) Chloro-s-triazine antagonism of estrogen action: Limited interaction with estrogen receptor binding. J Toxicol Environ Health, 43, 197-211

10520 Tennant MK, Hill DS, Eldridge JC, Wetzel LT, Breckenridge CB & Stevens JT (1994) Possible antiestrogenic properties of chloro-s-triazines in rat uterus. J Toxicol Environ Health, 43, 183-196

10521 Bradlow HL, Davis DL, Lin G, Sepkovic D & Tiwari R (1995) Effects of pesticides on the ratio 162-hydroxyyestrone: A biologic marker of breast cancer risk. Environ Health Perspect, 103 (suppl 7), 147-150

10522 HSDB (2004) Atrazine. From: Hazardous Substances Data Bank, Bethesda MD, USA, US National Library of Medicine, available [June 2004] at http://www.toxnet.nlm.nih.gov
10524 EPA (2002) Revised Human Health Risk Assessment - Atrazine, Washington DC, USA, US Environmental Protection Agency, Office of Pesticide Programs http://www.epa.gov/oppsrrd1/reregistration/atrazine
Appendix 1 Candidate compounds and major reviews
Major Compound; Minor Compound
Compound
‘hits’ on OVID since 1966
JECFA
JMPR
ACP
IARC
WHO EHC (no)
CVMP
IPCS PDS
ETN PIP
HSDB
IRIS
ATSDR tox profile

Avermectins

Abamectin
129
-
1997
1992
-
-
2000[2002]
-
1996
2001
1989
-

Doramectin
181
1995
-
-
-
-
1997
-
-
-
-
-

Emamectin
26
with eprinomec [1998]
-
-
-
-
1999
-
-
-
-
-

Eprinomectin
55
1998
-
-
-
-
1996
-
-
-
-
-

Ivermectin
3092
1992
-
-
-
-
1998
-
-
-
-
-

Selamectin
49
-
-
-
-
-
-
-
-
-
-
-

Conazoles

Azaconazole
2
-
-
1988
-
-
-
-
-
-
-
-

Bitertanol
12
-
1998
1994
-
-
-
-
-
-
-
-

Bromuconazole
0
-
-
1996
-
-
-
-
-
-
-
-

Cyproconazole
9
-
-
1991
-
-
-
-
-
-
-
-

Difenoconazole
6
-
-
1994
-
-
-
-
-
-
-
-

Epo-yconazole
2
-
-
1994
-
-
-
-
-
-
-
-

Fenbuconazole
4
-
1997
1995[2002]
-
-
-
-
-
-
-
-

Fluquinconazole
2
-
-
1999
-
-
-
-
-
-
-
-

Flusilazole
13
-
1995
1989
-
-
-
-
-
-
?
-

Flutriafol
9
-
-
1996
-
-
-
-
-
-
-
-

Imazalil
97
-
1977/2000
-
-
-
-
-
1996
1998
1990
-

Metconazole
1
-
-
2000
-
-
-
-
-
-
-
-

Myclobutanil
17
-
1992
-
-
-
-
-
-
-
?
-

Penconazole
25
-
1992
-
-
-
-
-
-
-
-
-

Prochloraz
64
-
2001
-
-
-
-
-
-
-
1997
-

Propiconazole
54
-
1987
1993
-
-
-
-
-
-
1992
-

Tebuconazole
27
-
1994
1993
-
-
-
-
-
-
-
-

Tetraconazole
10
-
-
1999
-
-
-
-
-
-
-
-

Triadimenol
44
-
1989
-
-
-
 
-
-
-
-
-

Phenoxy Herbicides

2,4-D
1300
-
1996
1993
1987
1984(29)
-
1978
1996
2002
1988
-

2,4-DB
41
-
-
-
 
-
-
-
1996
1992
1992
-

MCPA
205
-
-
-
1987
-
-
-
1996
2001
1991
-

MCPB
43
-
-
-
 
-
-
-
-
1994
1990
-

Mecoprop
102
-
-
1994
1987
-
-
-
1995
1995
1990
-

Pyrethrins and Pyrethroids

Allethrin
147
-
1965
-
-
1989 (87)
-
-
1996
2001
-
[2003]

d-Allethrin
12
(147)
-
1965
-
-
1989 (87)
-
-
-
[allethrin]
-
[2003]

Alpha-cypermethrin
34 
(620)
1996
-
-
-
1992 (142)
1998[2003]
-
-
2001
-
[2003]

Bifenthrin
53
-
1992
1989
-
-
-
-
1995
2001
1988
[2003]

Bioallethrin
44
-
-
-
-
1989 (87)
-
-
[1998]
[allethrin]
-
[2003]

S-Bioallethrin
14
-
-
-
-
1989 (87)
-
-
[1998]
-
-
[2003]

Bioresmethrin
29
-
1991
-
-
-
-
1978
-
-
-
[2003]

Cyhalothrin
238
2002
-
1988
-
1990 (99)
2001
-
[1998]
2001
1988
[2003]

Cyfluthrin
141
1997
-
1988
-
-
1997/2000
-
?1998
1997
?
[2003]

Cypermethrin
620
1996
-
-
-
1989 (82)
1998/2001/2003
1984
1996
2001
1990
[2003]

Cyphenothrin
14
-
-
2002
-
-
-
-
-
-
-
[2003]

Deltamethrin
683
[2003]
2000
-
1991
1990 (97)
1999/2001
1984
1995
2001
-
[2003]

Esfenvalerate
46
-
2002
1992
1991
-
-
-
1996
1993
?
[2003]

Fenvalerate
375
-
1986
-
1991
1990 (95)
2002
1996
[1996]
1993
?
[2003]

Flumethrin
69
-
1996
-
-
-
1998/2000
-
-
-
-
[2003]

Imiprothrin
3
-
-
2002
-
-
-
-
-
2003
-
[2003]

Lambda-cyhalothrin
128 (238)
with cyhalo [2000]
-
1998
-
1990 (99)
2001 (with cyhalo)
-
?1998
-
-
[2003]

Permethrin
1266
[2000]
1999
-
1991
1990 (94)
1998/2002
1984
1996
2001
1992
[2003]

Phenothrin
74
-
1988
-
-
1990 (96)
-
-
-
2001
-
[2003]

d-Phenothrin
22
-
-
-
-
1991 (96)
-
-
-
-
-
[2003]

Prallethrin
8
-
-
1995
-
-
-
-
-
-
-
[2003]

Pyrethrins
2952
-
1999
-
-
-
-
1975
1994
2001 (pyr II)
-
2003

Pyrethrum extract
14 
(133)
-
1999
-
-
-
-
-
-
-
-
[2003]

Resmethrin
78
-
-
-
-
1989 (92)
-
-
1996
2001
1988
[2003]

Tau fluvalinate
13
-
-
1997
-
-
1995
-
-
-
1991
[2003]

Tetramethrin
83
-
-
-
-
1990 (98)
-
-
-
2001
-
[2003]

d-Tetramethrin 
3
-
-
-
-
-
-
-
-
[syn tetra]
-
[2003]

Transfluthrin
2
-
-
1997
-
-
-
-
-
-
-
[2003]

Triazines

Cyanazine
97
-
-
-
-
-
-
-
1996
2001
1996
-

Atrazine
1175
-
-
1992[1993]
1999
-
-
1996
1996
2004
1993
2003

Metamitron
18
-
-
-
-
-
-
-
-
-
-
-

Metribuzin
85
-
-
-
-
-
-
-
1996
2001
1996
-

Prometryn
40
-
-
-
-
-
-
-
1996
1998
1992
-

Simazine
302
-
-
1992[1993]
1999
-
-
-
1996
1998
1994
-

Terbutryn
62
-
-
-
-
-
-
-
1995
1989
1988
-

Appendix 2 Pre-established criteria for data assessment 

5 Strong database

· JECFA/JMPR or CVMP published within last 10 years, and

· accepted mechanism of common toxic effect identified and similar to common mechanism proposed for at least 2 other named compounds within group, and

· general agreement in literature about proposed common mechanism

or

· JECFA/JMPR or CVMP available but published more than 10 years ago, and

· accepted mechanism of common toxic effect identified and similar to common mechanism proposed for at least 2 other named compounds within group, and

· other reviews or original articles published subsequent to JECFA/JMPR or CVMP identify similar mechanism of common toxic for named compounds within group, and 

· general agreement in literature about proposed common mechanism

Analysis based on EPA 4 criteria and 5 stages not required because common mechanism for group already established

4 Good database

· JECFA/JMPR or CVMP available but published more than 10 years ago, and

· accepted mechanism of common toxic effect identified and similar to common mechanism proposed for at least 2 other named compounds within group, and

· no more recently published literature available supporting similar common mechanism

or 

· JECFA/JMPT CVMP published within last 10 years, or

· other expert committee evaluations available, and

· mechanism of common toxic effect proposed that is similar to that proposed for a minimum of 3 named compounds within group, but 

· lack of agreement about commonality of effect, and/or

· lack of agreement about mechanism of common effect

or

· No JECFA/JMPR, CVMP or other expert committee evaluation of pesticides available, but

· Other major reviews and/or individual studies available which, taken together, provide convincing evidence for a mechanism of common toxic effect that is similar to that proposed for a minimum of 3 named compounds within group 

Analysis based on EPA 4 criteria and 5 stages to identify common mechanisms group required but further data likely to be required to establish definitive common mechanism

3 Limited database

· No JECFA/JMPR, CVMP or other expert committee evaluation of pesticides available, and

· Other major reviews available and mechanism of common toxic effect proposed but limited data (owing to uncertainty or too few compounds included) to support proposition

or

· Other major reviews and/or individual studies available from which, taken together, mechanism of common toxic effect could be proposed

Preliminary analysis based on EPA 4 criteria and 5 stages to identify common mechanisms group required but further data will be required for complete analysis

2 Poor database

· Published reviews and individual studies on toxicity and mechanisms available, but

· No common toxicological effect or mechanism for any common effect proposed and data not adequate to compare toxicity in order to propose any common effect or mechanism

1 Inadequate database

· Only unpublished regulatory studies available

or

· No literature published within last 20 years identified

Appendix 3.1 Data record table – ABAMECTIN 

0=No; 1=Yes; 2=Assumed Yes; 3=Discussed; 4=Not Applicable; 5=Not Known
RM ID
First Author/Name of Review
Type of article: 
List A,B,C, original (O), grey (G)
Date of review or paper
Mammalian Toxic effects
Pesticide action
Mechanistic data
To OECD guidelines
To GLP or equivalent
Common mechanism of mammalian toxicity proposed
Comments

10477
JMPR
A
1997
1
0
0
4
4
0
Animal toxicity studies used to derive an ADI. Information on p-glycoprotein levels across species

10474
CVMP
A
2002
1
0
0
4
4
0
2-Sheet summary report

10478
ACP
B
1992
1
1
0
4
4
0
129-Page rather dated evaluation with no references

10473
ETN-PIP
C
1996
1
0
0
4
4
0
2-Page toxicity information sheet 

10480
HSDB
C
2001
1
0
0
4
4
0
Human poisoning information

10481
IRIS
C
1989
1
0
0
4
4
0
1984 Merck rat study used to establish Oral Ref Dose based on reproductive toxicity

10171
Wise
O (Abs)
1999
1
0
3
5
5
0
Pgp in knock-out mice sensitive to abamectin-induced cleft palate 

10172
Dawson
O
2000
0
0
1
1
2
1
25 avamectin analogues tested in mouse seizure model. Effects on GABAA receptors. Compounds include ivermectin, doramectin, abamectin and nemadectin

10173
Dent
O
1997
0
1
0
4
5
0
Mechanistic paper on nematocidal action of ivermectin 

10174
Fisher
Book Chap
1997
0
3
0
4
4
0
Review of SAR of avermectins

10175
Georgiev
O
2002
0
1
0
4
5
0
Abamectin and ivermectin resistance in Drosophila with mutations of gene for glutamate-gated chloride channels. First evidence that histamine-controlled chloride channels also involved in insecticidal action

10176
Gouamene
O
2003
0
0
0
4
5
0
Resistance to abamectin and two analogues in colorado potato beetle. Role of P450 and oxidative metabolism

10177
Harder
O
2003
0
[1]
0
4
5
0
Study of new antihelmintic (emodepside) mentions mode of pesticidal action of avermectins

10178
Hsu
O
2001
1
3
3
5
1
0
Rat toxicity study. Abamectin caused raised AST and NO levels. 

10179
Hsu
O
2003
1
0
0
5
5
0
Rat animal model to study abamectin toxicity: lowered blood pressure and increased NO levels

10180
Iqbal
O
1997
0
0
0
4
5
0
Abamectin-resistance study in moths; role of glutathione-S-transferase

10181
Lankas
O
1997
1
3
0
5
1
0
Mice deficient in pGp had enhanced abamectin-induced neurotoxicity

10182
Liang
O
2003
0
0
0
4
5
0
Polygenic abamectin-resistance study in moths and lack of cross-resistance with 2 other pesticide groups (pyrethroids and acylureas)

10183
Meng
O
2002
0
0
0
4
5
0
Abamectin-resistance study in citrus red mite. Paper in Chinese. Abstract in English

10184
Mingjing
O
2003
0
0
0
4
5
0
Triazophos-resistance in rice stem borer 





































10185
Prichard
O
2002
0
1
0
4
5
0
Ivermectin and milbemycin shown to act on GluCl and GABACl channel subunits in nematodes. Abamectin not tested?

10186
Siqueira
O
2001
0
0
0
4
5
0
Abamectin-resistance study in tomato leafminer insect showing importance of metabolic enzyme induction

10187
Umbenhauer
O
1997
1
0
0
5
1
0
Mice deficient in pGp had enhanced abamectin- and ivermectin-induced neurotoxicity

Appendix 3.2 Data record table – SELAMECTIN 

0=No; 1=Yes; 2=Assumed Yes; 3=Discussed; 4=Not Applicable; 5=Not Known

RM ID
First Author/Name of Review
Type of article: 
List A,B,C, original (O), grey (G)
Date of review or paper
Mammalian Toxic effects
Pesticide action
Mammalian
mechanistic data
To OECD guidelines
To GLP or equivalent
Common mechanism of mammalian toxicity proposed
Comments


[No Expert Committee reviews]










10287
Banks
O
2000
0
1
0
4
5
0
Pfizer paper on flea-feeding assay SAR of avermectins and selection of selamectin

10288
Hovda
O (Review)
2002
3
3
3
4
4
0
Review of 5 new pesticides. Claims selamectin pesticidal action via glutamate-gated Cl channels, and possibly also GABA-gated channels, but information incorrectly referenced

10460
Phipps
meeting

abstract
2003
0
0
0
4
5
0
Selamectin accumulates in flea brain > than ivermectin

10461
Bishop
O
2000
1
0
0
5
1
0
Pfizer paper on selamectin safety and anti-parasitic activity in cats and dogs

10459
Novotny
O
2000
1
0
0
5
1
0
Safety study of selamectin in dogs

10462
Krautman
O
2000
1
0
0
5
1
0
Safety study of selamectin in cats

n/a
Griffin
G
2004
0
0
1
5
5
0
Summary of PhD on ivermectin & selamectin binding to human & canine P-glycoprotein

Appendix 3.3 Data record table – AVERMECTINS Group reviews/Original papers
0=No; 1=Yes; 2=Assumed Yes; 3=Discussed; 4=Not Applicable; 5=Not Known

RM ID
First Author/Name of Review
Type of article: 
List A,B,C, original (O), grey (G)
Date of review or paper
Mammalian Toxic effects
Pesticide action
Mammalian mechanistic data
to OECD guidelines
to GLP or equivalent
Common mechanism of mammalian toxicity proposed
Comments

10402
Bloomquist
Group Review
1996
3
3
3
4
4
1
Review of insecticide effects at ion channels. Avermectins act on chloride fluxes and block GABA receptors

10403
Martin
Book Chapter
2002
0
3
0
4
4
0
Useful recent review of insecticidal mode of action of macrocyclic lactones (avermectins & milbemycins)

10404
Martin
Group Rev
1998
0
3
0
4
4
0
Review promoting MISER concept (multiple independent sites-of-action evading resistance) - polygenic glutamate-gated chloride channels in nematodes

10405
Shan
O
2001
0
0
1
4
5
0
Study claiming ivermectin activates human glycine receptors by novel mechanism

10406
Shoop
Group Rev
1995
0
3
0
4
4
0
Review of SAR of avermectins and milbemycins

10407
Venkatachalam
O
1996
0
0
0
4
5
0
Isolated dog kidney epithelial cells : cytoprotective effects of chloride-channel blockers on cell injury not related to effects on chloride fluxes

10464
Vassilatis
O
1997
0
1
0
4
5
0
Evidence for an avermectin-sensitive chloride-channel in c.elegans. 

RM ID
First Author/Name of Review
Type of article: 
List A,B,C, original (O), grey (G)
Date of review or paper
Mammalian toxic effects
Pesticide action (fungicidal)
Mammalian mechanistic data
to OECD guidelines
to GLP or equivalent
Common mechanism proposed
Comments

10482
JMPR
A
2001
1
3
0
4
3
0
49-Page report covering main toxic end-points

10483
IRIS
C
1997
1
0
0
4
4
0
EPA Class 3: possible human carcinogen

10514
Vinggaard
O
2002
1
0
3
5
5
0
Anti-androgenic effects in rats (and in vitro)

10218
Sanderson
O
2002
4
3
3
5
5
0
In vitro study: aromatase inhibitor in H295R cells 

10237
Andersen
O
2002
4
0
3
5
5
0
In vitro study: oestrogen agonist, androgen antagonist and aromatase inhibitor

10258
Papaefthimiou
O
2001
4
3
4
5
5
0
Cardiotoxic to the semi-isolated heart of a bee

10277
Sturm
O
2001
0
3
0
5
5
0
Fish in vitro and in vivo study.

10297
Kapteyn
O
1994
0
1
0
5
5
0
Fungicidal action in Botrytis cinerea.

10295
Hornychová
O
1999
1
0
0
5
5
3
Group of conazoles: ↑ motor activity in rats given prochloraz

10302
Vinggaard
O
2000
0
0
3
5
5
0
↓ In vitro CYP19 aromatase activity

Appendix 4.1 Data record table – PROCHLORAZ  

0=No; 1=Yes; 2=Assumed Yes; 3=Discussed; 4=Not Applicable; 5=Not Known

Appendix 4.2 Data record table – TRIADIMENOL
0=No; 1=Yes; 2=Assumed Yes; 3=Discussed; 4=Not Applicable; 5=Not Known

Ref Manager ID
First Author/Name of Review
Type of article: 
List A,B,C, original (O), grey (G)
Date of review or paper
Mammalian toxic effects
Pesticide action (fungicidal)
Mammalian mechanistic data
to OECD guidelines
to GLP or equivalent
Common mechanism of mammalian toxicity proposed
Comments

10484
JMPR
A
1989
1
0
0
4
4
0
18-Page report covering main toxic end-points

10289
Bayman
O
1990
4
1
0
5
5
0
↓ Colony and ↑ aflatoxin levels in A. flavus - in vitro study 

10290
Crofton
O
1996
1
0
0
5
5
0
↑ Hyperactivity in vivo rat study (but not with tebuconazole)

10291
Délye
O
1997
0
3
0
5
5
0
Triadimenol resistance in Uncinula necator

10292
Demopoulos
O
1994
0
3
0
5
5
0
Triadimenol resistance in Ascomycete hematococca

10293
Faust
O
2003

 
 
 
 
 
[Not Relevant]

10294
Frantík
O
1996
1
0
0
5
5
0
↑ Hyperactivity in vivo rat study

10296
Jie
O
2004
0
0
3
5
5
0
In vitro DNA interaction

10298
Lamb
O
2001
0
1
0
2
2
0
Plant and fungal CYP51 inhibition (with tebuconazole too)

10300
Menegola
O
2000
1
0
3
5
5
0
In vitro whole rat embryo teratogenicity

10301
Vinggaard
O
1999
0
0
3
5
5
0
Oestrogen receptor agonist in MCF7 cells in vitro 

10302
Vinggaard
O
2000
0
0
3
5
5
0
↓ In vitro CYP19 aromatase activity

10303
Walker
O
1996
0
0
3
5
5
0
In vitro (rat brain tissue) dopamine agonist

10304
Ziogas
O
1990
0
1
3
5
5
0
Mitotic effects in Aspergillus nidulans & Chinese hamster cells 

10350
Massa
Tox Letters Poster
2003
1
0
1
5
5
0
In vitro rat teratogenicity study

Appendix 5.1 Data record table – 2,4-D (2,4-Dichlorophenoxyacetic acid) 
0=No; 1=Yes; 2=Assumed Yes; 3=Discussed; 4=Not Applicable; 5=Not Known

RM ID
First Author/Name of Review
Type of article: 
List A,B,C, original (O), grey (G)
Date of review or paper
Mammalian toxic effects
Herbicide action
Mammalian mechanistic data
To OECD guidelines
To GLP or equivalent
Common mechanism of mammalian toxicity proposed
Comments

10485
JMPR
A
1996
1
0
0
4
4
0
Substantial review to establish ADI, no mechanistic data 

10476
ACP
B
1993
1
3
0
4
4
0
234-Page review, no mechanistic data

10523
IARC
C
1987
1
0
0
4
4
0
Chlorphenoxyherbicides possibly carcinogenic to humans (Group 2B)

10493
WHO (EHC)
C
1984
1
0
0
4
4
0
Substantial review, well referenced, myotoxic effects discussed

10499
IPCS-PDS
C
1978
1
0
3
4
4
0
Unreferenced summary

10472
ETN-PIP
C
1996
1
0
0
4
4
0
3-Page toxicity summary

10502
HSDB
C
2002
1
0
0
4
4
0
139-Page summary of toxicity studies

10506
IRIS
C
1988
1
0
0
4
4
0
1983 Dow rat study used to establish Oral Ref Dose based on hepatic/renal toxicity

10141
Bortolozzi
O
1998
0
0
0
5
5
0
2,4-D (i.p) ↑ 5-HT and dopamine (DA) basal brain levels in rats following amphetamine challenge

10142
Bortolozzi
O
2001
1
0
1
5
5
0
Intracerebrally-injected 2,4-D caused behavioural changes in rats via neurotoxic effects on basal ganglia

10143
Bortolozzi
Meeting Abs
2000
1
0
1
5
5
0
2,4-D ↑ rat brain dopamine D2-type receptors

10144
Bortolozzi
O
2004
1
0
1
5
5
0
2,4-D ↑ rat brain dopamine D2-type receptors

























10145
Bracco
O (French)
1999
1
0
3
4
4
0
Case report of lethal overdose of 2,4-D causing massive organ failure attributed to oxidative phosphorylation uncoupling/mitochondrial failure

10146
Bradberry
Review
2000
1
0
3
4
4
0
Review of human toxicity/herbicide poisoning, and useful overview of proposed mechanisms of mammalian toxicity

10147
Brahmi
O
2003
1
0
3
4
4
0
3 Case reports of 2,4-D poisoning

10148
Bukowska
O
1998
0
0
3
5
5
0
High concentrations of 2,4-D bind to isolated oxyhaemoglobin

10149
Cho
Meeting Abs
2001






[not relevant to pilot study]

10150
Dunning-Hotopp
O
2002
0
0
1
5
5
0
Technically complex biochemical study of  binding site between 2,4-D and alpha-ketoglutarate dioxygenase

10151
Engvild
O
1996






[not relevant to pilot study]

10152
Filkowski
O
2003
0
0
1
5
5
0
2,4-D induced A to G point mutations at very low doses in transgenic plants 

10153
Fofana
O
2000
1
0
0
5
5
0
High doses of 2,4-D cause maternal and embryotoxicity in rats

10154
Garabrant
Review
2002
1
0
0
4
4
0
Detailed review of 2,4-D epidemiology and toxicology

10155
Gómez
O
2002






[High dose toxicity in tench - not relevant to pilot study]

10156
Hull
O
1998
0
1
0
5
5
0
Effect on H+-ATPase in vitro in plant plasma membranes

10157
Jambois
O
2004
0
1
0
4
4
0
Plant study on auxin receptors and 2,4-D (and others) site of action













10158
Kawano
O
2003
0
1
0
4
4
0
First report of 2,4-D antagonising IAA's physiological actions, suggesting at least 2 different auxin binding proteins

10159
Knapp
O
2003
0
0
0
5
5
0
Mouse thymocyte model for genotoxicity testing. 2,4-D without effect

10161
Oruc
O
2000
0
0
0
4
4
0
[2,4-D effects on liver enzymes in fish]

10162
Ozaki
O
2001
1
0
0
1
1
0
Part of large NTP study of peroxisome proliferators in rodents, showing renal toxicity following high dose 2,4-D

10163
Palmeira
Review
1999
0
0
1
4
4
0
Review of herbicide effects on isolated liver mitochondrial bioenergetics

10164
Rosso
O
1997
0
0
0
5
5
0
Neonatal rat brain ganglioside effects following high s.c. 2,4-D exposure

10165
Rosso
O
2000
1
0
1
5
5
0
2,4-D (1 & 2 mM) disrupts microtubule assembly and Golgi apparatus in rat cultured neurones 

10166
Simoes
O
2003
0
1
0
4
4
0
Genomic study of 2,4-D resistance in yeast experimental model. 

10167
Tuschl
O
2003
3
0
1
5
5
3
Isolated human hepatoma cell study of mitochondrial effects of 2,4-D (4-16mM); postulate direct effect on mitochondrial membrane potential, resulting in apoptosis

10168
Upham
O
1997






[not relevant to pilot study]

10169
Willemsen
O
2001
0
0
0
0
0
0
[neurotoxic effects in tortoises attributed to 2,4-D and 2,4,5-T exposure]

Appendix 5.2 Data record table – MCPB (2-Methyl-4-chlorophenoxy-(-butyric acid) 
0=No; 1=Yes; 2=Assumed Yes; 3=Discussed; 4=Not Applicable; 5=Not Known

RM ID
First Author/Name of Review
Type of article: 
List A,B,C, original (O), grey (G)
Date of review or paper
Toxic effects
Herbicide action
Mammalian mechanistic data
to OECD guidelines
to GLP or equivalent
Common mechanism of mammalian toxicity proposed
Comments

10503
HSDB
C
1994
1
0
3
4
4
3
Brief summaries of 7 mammalian tox studies 

10507
IRIS
C
1990
1
0
0
4
4
0
Oral Ref Dose based on two 1970s studies on dogs and rats, last revised 1990

10523
IARC
C
1987
1
0
0
4
4
0
Chlorphenoxyherbicides possibly carcinogenic to humans (Group 2B). Report does not include MCPB


[No toxicity papers identified since 2002]










Appendix 6.1 Data record table – DELTAMETHRIN

0=No; 1=Yes; 2=Assumed Yes; 3=Discussed; 4=Not Applicable; 5=Not Known

RM ID
First Author/Name of Review
Type of article: 
List A,B,C, original (O), grey (G)
Date of review or paper
Mammalian toxic effects
Pesticide action
Mammalian mechanistic data
to OECD guidelines
to GLP or equivalent
Common mechanism of mammalian toxicity proposed
Comments

10486
JMPR
A
2000
1
1
1
4
4
3
Substantial review to establish ADI. Discussion of pyrethrin & pyrethroid mode of action, and Type I and Type II effects

10496
10497
CVMP
A
1999 & 2001
1
0
1
4
4
0
Two 13-page summary reports (1999) and (2001) establishing ADI and MRL for deltamethrin 

10492
IARC
C
1991
1
0
0
4
4
0
Very brief summary. Deltamethrin placed in IARC Group 3

10494
WHO (EHC)
C
1990
1
1
1
4
4
3
Full review, well-referenced

10501
IPCS-PDS
C
1984
1
1
1
4
4
0
Unreferenced summary sheet

10469
ETN-PIP
C
1995
1
1
0
4
4
0
5-Page summary of toxic effects in insects and vertebrates

10505
HSDB
C
2001
1
1
1
4
4
3
Substantial 58-page toxicity review with brief summaries of large number of studies. Most recent mechanism references early 1990s

10513
ATSDR (P&Ps)
C
2003
1
1
1
4
4
3
>100-Page detailed review of pyrethrin & pyrethroid, including mechanistic data (most recent reference = 2000). Numerous mentions of deltamethrin. Discussion of Type I and II mode of actions

























10237
Anderson
O
2002
0
0
1
4
5
0
Endocrine disrupter study of 24 pesticides, including deltamethrin. Tested on mammalian androgen and oestrogen receptor assays. Deltamethrin had no response in either assay

10238
Awolola
O
2003
0
1
0
4
5
0
Brief mechanistic study on resistance to deltamethrin in mosquitoes. Kdr (knock-down resistance) associated with mutation in sodium channel gene

10239
Buès
O
2003
0
1
0
4
5
0
Study on synergism between deltamethrin induced resistance in pear insect and enzyme inhibition

10241
Chareonviriyaphap
O
2003
0
1
0
4
1
0
Metabolic resistance study in mosquitoes showing overexpression of oxidases. Sceptical about role of kdr in resistance

10242
Chen
O
2002
0
0
1
4
5
0
One of 4 pyrethroids screened for endocrine disrupter effects in human oestrogen binding assay. All pyrethroids induced MCF-7 cell proliferation. Oestrogenic potency ranked 

10243
Csillik
O
2000
0
1
1
4
5
0
Deltamethrin toxicity in fish in Lake Balaton due to inhibition of cholinergic mechanisms in Mathnner brain cells

























10244
da Silva Vaz
O
2004
0
1
0
4
5
0
Recombinant GST assay. Various pyrethroids inhibit rGST, including deltamethrin. Role in resistance discussed.

10245
Dayal
O
2002
1
0
1
5
5
0
Rat neurobehavioural toxicity study. Brain levels of deltamethrin related to P450 levels, and modulation of P450 isoenzymes influences deltamethrin toxicity

10246
Dong
Meeting Abstract
2003
0
1
0
4
5
0
Effects of deltamethrin on two cockroach sodium channel variants

10247
Elwan
Meeting Abstract
2003
0
1
1
4
5
0
Deltamethrin (type II) and permethrin (Type I) both decrease DA uptake in human cell line (neuroepithelium) through effect on DA transporter. Suggest decreased DA uptake is part of neurotoxicity

10248
Forshaw
O
2000
1
3
1
5
5
3
Rat study. Role of chloride-channels in Type II toxicity proposed. Ivermectin may act at a different site on same channel

10249
Foster
O
2002
0
1
0
4
5
0
Esterase/kdr study and pest resistance in potato aphids

10250
Gao
O
2002
0
0
1
5
5
0
Paper in Chinese. Abstract in English. Effect of deltamethrin on human dopaminergic cell line Na channel using patch-clamp techniques

10251
Guerrero
O
2003
0
1
0
4
5
0
Esterase-mediated pyrethroid resistance in cattle tick

10253
Kim
O
2004
0
0
1
5
5
0
Pyrethroid oestrogenic activity study in breast cancer cells

10254
Kostaropoulos
O
2001
0
1
0
4
4
0
Role of GST in binding to pyrethroid insecticides found sequestering mechanism causes resistance, not direct detoxification

10255
Motomura
O
2000
0
3
1
5
5
0
Rat hippocampal neurone study on single Na channels showing greater effects at lower temperatures. Used tetramethrin as test pyrethroid

10256
Motomura
O
2001
0
3
1
5
5
1
Rat hippocampal neurone study. on single Na channels using tetramethrin (Type I) and deltamethrin (Type II) to study interactions. Conclude bind to same site, and can displace each other

10257
Narahashi
Review
2001
0
3
1
4
4
3
Detailed review of mechanism of action of insecticides: pyrethroids, fipronil & indoxacarb. Modulation of receptors differs considerably between insects and mammals

10258
Papaefthimiou
O
2001
0
1
0
5
5
3
Isolated bee heart. Cardiotoxic effects of deltamethrin and prochloraz are synergistic. Mechanisms discussed

10259
Pérez
O
2000
0
1
0
4
5
0
Insect pest resistance to cypermethrin and deltamethrin and other compounds

10260
Pham-Delègue
Review
2002
-
-
-
-
-
-
[Effects of pesticides on honey bees, not relevant to pilot project]

10261
Picollo
O
2000
0
1
0
4
5
0
Pyrethroid resistance in head lice













10262
Ray
Review
2000
3
3
1
4
4
3
Review of pyrethroid mech of action and poisoning syndromes

10263
Rodríguez
O
2002
0
1
0
4
5
0
Pyrethroid and OP cross-resistance study in mosquitoes

10264
Shafer
Review
2004
3
3
1
4
4
3
Review of evidence for pyrethroids also acting on voltage-dependent calcium channels, and their role in acute neurotoxicity. Evidence equivocal

10265
Soderlund
O
2001
0
3
0
4
5
3
Mechanistic study on housefly and rat sodium channels, and their pyrethroid-sensitivity

10465
Soderlund
Review
2002
3
3
3
4
4
3
Major review of mechanisms of pyrethroid neurotoxicity and implications for cumulative risk assessment

10266
Spencer
O
2001
1
0
1
5
5
3
Pyrethroid effects on isolated rat and guinea-pig cardiac cell sodium channels

10267
Symington
Meeting Abstract
2003
0
0
1
5
5
3
Pyrethroid effects on rat dorsal root ganglia voltage-sensitive calcium channels

10268
Tabarean
O
2001
0
1
1
5
5
1
Sodium channel patch-clamp study (rat neurones)

10269
Tan
O
2002
0
0
1
4
5
0
Genetic diversity study of sodium channel gene, and spliced variant on which deltamethrin acts

10270
Varanka
O
2002
0
0
0
5
5
0
Carp toxicity study. Deltamethrin-induced liver toxicity













10271
Wang
O 
2002
0
0
1
?
?
?
Paper in Chinese. Abstract in English. Difference between deltamethrin and permethrin on ability to induce nerve growth factor protein in rat brain.

10272
Wilhelm
O
2002
0
0
0
5
5
0
Combination toxicology study. In vitro screening assay (neutral red uptake to human keratinocyte cell line). Poor study

10273
Wu
O
2003
1
0
1
5
5
0
Deltamethrin-induced apoptotic cell death in cultured mice cortical neurones. May be mediated by nitric oxide sythase

10466
Braguini
O
2004
1
0
1
5
5
0
Deltamethrin-induced changes in mitochondrial membrane functions, and artificial biological membranes

Appendix 6.2 Data record table – RESMETHRIN
RM ID
First Author/Name of Review
Type of article: 
List A,B,C, original (O), grey (G)
Date of review or paper
Mammalian toxic effects
Pesticide action
Mammalian mechanistic data
to OECD guidelines
to GLP or equivalent
Common mechanism of mammalian toxicity proposed
Comments

10495
WHO (EHC)
C
1989
1
1
1
4
4
0
Substantial review of 3 resmethrins. Toxicity via Na-channel effect in insects and mammals

10470
ETN-PIP
C
1996
1
0
0
4
4
0
3-Page toxicity information sheet

10512
HSDB
C
2001
1
1
1
4
4
0
48-Page toxicity summary of resmethrins. Most recent mechanistic reference = 1991. 

10510
IRIS
C
1988
1
0
0
4
4
0
5-Page oral RfD information based on rat repro studies

10513
ATSDR (P&Ps)
C
2003
1
1
1
4
4
1
>100-Page detailed review of pyrethrin & pyrethroid, including mechanistic data (most recent ref = 2000). Minor mentions of resmethrin. Discussion of Type I and II mode of actions

10284
Eguchi
O
2003
0
0
1
4
5
0
Endocrine disrupter effects of range of pyrethroids in a validity test of the two-hybrid yeast assay. Resmethrin did not have endocrine disrupter activity

10286
Symington
Meeting Abstract
2002
0
0
1
5
5
0
Brief conference abstract paper. Rat brain presynaptic nerve terminals. Resmethrin and deltamethrin both stimulated Ca influx and depolarization, but resmethrin effects selectively abolished by tetrodotoxin (potent Na channel blocker). 

 0=No; 1=Yes; 2=Assumed Yes; 3=Discussed; 4=Not Applicable; 5=Not Known

Appendix 6.3 Data record table – PYRETHROIDS Group reviews/Original papers

0=No; 1=Yes; 2=Assumed Yes; 3=Discussed; 4=Not Applicable; 5=Not Known

RM ID
First Author/Name of Review
Type of article: 
List A,B,C, original (O), grey (G)
Date of review or paper
Mammalian toxic effects
Pesticide action
Mammalian mechanistic data
to OECD guidelines
to GLP or equivalent
Common mechanism of mammalian toxicity proposed
Comments

10408
Cassano
O
2000
0
0
1
4
2
3
Deltamethrin and permethrin have similar effects on frog skin ion transport

10409
Gassner
O
1997
1
0
1
5
5
3
Permethrin & cyhalothrin inhibitory effects on rat liver mitochondria

10411
Karen
O
2001
1
0
1
5
5
3
Permethrin & chlorpyrifos effects on dopaminergic pathways in mice

10413
Narahashi
Group Review
2000
0
1
1
4
4
1
Keynote lecture on neuroreceptors and ion channels, with substantial section on pyrethrin & pyrethroid

10414
Rossignol
O
1995
3
0
1
5
5
3
Pyrethroid effects on rat brain synaptosome GTP-binding proteins (signal transduction)

10415
Wilks
O
2000
1
0
0
4
4
3
Parathesia following local dermal exposure to pyrethroids in humans. Type I pyrethroid more potent than Type II

10429
Olgun
O
2004 
1
3
3
5
5
0
Pesticide mixtures (lindane + malathion + permethrin) potentiate immunotoxicity (apoptosis) in murine thymocytes

10402
Bloomquist
Group Review
1996
3
3
3
4
4
1
Review of insecticides and their effects on ion channels. Pyrethroid act by prolongation of sodium channel current, and bind to a unique site on the sodium channel

 Appendix 7.1 Data record table – ATRAZINE 

0=No; 1=Yes; 2=Assumed Yes; 3=Discussed; 4=Not Applicable; 5=Not Known

RM ID
First Author/
Name of Review
Type of article 
List A,B,C, original (O), grey (G) 
Date of review or paper
Toxic effects
Pesticide action
Mammalian mechanistic data
OECD guides
GLP or equiv
Common mechanism of mammalian toxicity proposed
Comments

10488
ACP
B
1992
0
1
0
4
4
4
Review on environmental fate and behaviour

10487
ACP
B
1993
1
1
0
4
4
0
Review: ↑ occurrence mammary gland tumours in ♀ SD rats but not other species; conclusions — acts as promoter by altering oestradiol level—of questionable significance to humans; ↑ risk ovarian neoplasms in exposed women but numbers small, possible recall bias and no correction for confounding Pesticide mode of action—inhibits photosynthesis; summary of standards carcinogenicity & other toxicity data

10508
IRIS
C
1993
1
0
0
4
4
0
Cardiac toxicity no data on carcinogenicity

10500
IPCS-PDS
C
1996
1
0
0
4
4
0
Refers only to earlier studies and evaluations

10468
ETN-PIP
C
1996
1
0
4
4
4
0
Mammary tumours ♀ rats

10491
IARC
C
1999
1
0
1
4
4

Mammary tumours in SD rats likely to be result of accelerating effect on normal age-related perturbations in oestrus cycle→exposure to endogenous oestrogen & prolactin→promotion of earlier development mammary tumours; lack of effect in ovariectomised SD rats implies non-genotoxic mechanism of action associated with hormonal imbalance; absence of mutagenicity further supports non-genotoxic mechanism; mechanism of action appears to involve disruption of neurooendocrine pathways responsible for luteinising hormone (LH) surge→failure to induce ovulation→prolonged exposure to oestrogens; probably not via direct oestrogenic action of atrazine as it has no effect on oestrogen receptor binding in vitro; in women reproductive senescence associated with declining oestrogen levels implies mechanism of action in SD rats would not be applicable to humans; conclusion strong evidence that mechanism by which atrazine ↑ incidence of mammary tumours in SD rats is not relevant to humans (Group 3 carcinogen, despite sufficient evidence in animals)

























10475
EPA
C
2002
1
0
1
4
4
1
Atrazine, simazine, propazine and 3 common chlorinated degradants (DEA, DIA & DACT) grouped by common mechanism via hypothalamic-pituitary-gonadal (HPG) axis, some evidence for tribenuron-methyl and 1 other degradant; mammary gland tumours ♀ rats—postulated associated with disruption HPG axis—altered secretory activity of HPG→ ↓ gonadotropin releasing hormone (GnRH)→ attenuation afternoon LH during oestrus cycle→ lack of ovulation→ prolonged oestrus cycle→ ↑ exposure to oestrogen→ ↑ prolactin secretion from pituitary→ environment conducive to mammary gland tumours; also reproductive/developmental effects

10524
EPA
C
2002
1
0
1
4
4
0
Atrazine ↓ hypothalamic GnRH; some evidence it ↓ norepinephrine (NE) in rat hypothalamus; it ↑ DA →↓pituitary secretion of prolactin. In both humans & rats hypothalamic GnRH controls pituitary hormone secretion (e.g. LH & prolactin); hypothalamic–pituitary axis involved in development/ maintenance & functioning of reproductive system (reproductive hormones also modulate e.g. bone formation, immune, CNS & CV functions); altered hypothalamic–pituitary function potentially affects functional status with variety possible health consequences. FIFRA conclusion: not unreasonable to expect atrazine might cause adverse effects on hypothalamic–pituitary function in humans; atrazine effect on ovarian cycling, LH surge & effects on puberty, pregnancy & suckling induced prolactin release →prostatitis are neuroendocrinal biomarkers of ability of atrazine to alter hypothalamic pituitary function in general. Though mode of action of carcinogenicity of atrazine may not be relevant to humans other effects of hypothalamic pituitary disruption are unknown 

10511
ATSDR
C
2003
1
0
1
4
4
0
Some evidence for slightly ↑ cancer risk in some epidemiology studies; experimental studies on disruption of endocrine system, effects on oestrus cyclicity % mammary tumours in SD rats but not other strains/species; altered oestrus cyclicity not result of any intrinsic oestrogenic activity, effects probably primarily via CNS, poss via γ-amino butyric acid (GABA); receptor interaction with GABA receptor may lead to unknown effects other than reproductive senescence in other species; some evidence atrazine may disrupt aromatase [steroidogenic enzyme] and could hence play role in oestrogen mediated pathologies

10522
HSDB
C
2004
1
0
0
4
4
0
Restates IARC summary; pesticide including atrazine in water, some evidence for intrauterine growth retardation; 2 Italian studies↑ risk ovarian tumours

10515
Ashby
O
2002
1
0
1
2
2
0
Atrazine known to inhibit GnRH in adult ♀rats →LH suppression; studies in peripubertal rats showed that though atrazine did delay sexual maturation (by inhibiting GnRH?) no effect dose very much greater than no effect dose for GnRH signalling (as measured by LH surge suppression) in adult ♀SD rats. Conclude pituitary/hypothalamic axis of ♀SD rat relatively insensitive to effects of atrazine in developing animals compared with effects in adults

10188
Belden
O
2000






[Not relevant to atrazine common mechanism but indication that co-exposure to atrazine & OP may ↑ biotransformation rates of OPs]

10189
Besplug
O
2004






[Not relevant: environmental concentrations of atrazine induce homologous recombination in a transgenic plant-based assay]

10190
Bettini
O
1998






[Not relevant: study on variation in atrazine target gene & atrazine tolerance]

10521
Bradlow
O
1995
1
0
1
NK
NK
0
In MCF-7 cells, atrazine & other non-related pestics ↑ ratio of 16α-OHE1/2-OHE1 (hydroxyoestrone) [16α hydroxylation of oestradiol enhances breast cell growth & ↑ unscheduled DNA synthesis, ↑ oncogene & virus expression whereas 2-OH pathway inhibits breast cell growth]

10191
Cantemir
O 
1997
1
0
0
2
2
0
Atrazine modifies p53 expression in ♀ Wistar rats—could confirm clastogenicity

10192
Chapin
O meeting review
1996
1
0
1
4
4
0
Suggests enhanced ageing not direct mammary modulation responsible for atrazine-induced mammary gland tumours in ♀ rats; ageing in SD rats (the susceptible strain) associated with disruption of GnRH and subsequent events (see EPA), proposed atrazine may accelerate this—upheld experimentally; propose mechanism based on premature senescence in particular rat strain has no bearing on human health implications

















































10193
Cohen
O
2003
4
0
4
4
4
0
Review paper points out impact of human relevance analysis as well as animal mode of action analysis on nature and scope of risk assessment: Q1 Is weight of evidence sufficient to establish mode of action (MOA) in animals; Q2 Are key events in the animal MOA plausible in humans; Q3 Taking into account kinetic and dynamic factors, is the animal MOA plausible in humans; Leading to statement of confidence in analysis & implications. As example, for atrazine answer to Q2 is no as there is a hormonal change in experimental animals not relevant to humans

10194
Cohen
O
2004
1
0
1
4
4
0
Review: Present ‘concordance’ table of key events in 2 strains of rat and humans exposed to atrazine. In SD rats atrazine affects hypothalamus leading to inhibition of LH surge during oestrus cycle leading to persistent secretion of oestrogen & prolactin & ultimately mammary tumours. Such hormonal changes do not occur in F344 rats or CD mice. Even if hypothalamus were affected by atrazine in humans a different effect (hypooestrogenic state) would be expected. Therefore conclude mode of action in SD rats does not apply to humans

10516
Connor
O
1996
1
0
1
NK
NK
0
In vivo studies in SD rat uterus and in vitro in MCF-7 cells indicate reported oestrogenic & antioestrogenic effects of atrazine & simazine are not mediated by oestrogen receoptor

10428
Cooper
O
1996
1
0
0
2
2
0
Atrazine disrupts ovarian function in 2 strains of rat













































































































10196
Cooper
O Review
1999
1
0




Tonic control of gonadotropin secretion maintained by hypothalamus and pituitary; in ♀ CNS has regulatory role in episodic release of gonadotropin in ovarian cycle & hypothalamus regulates pituitary function to ensure function from initiation of pregnancy→lactation. In ♀ hypothalamus key in regulation of ovulatory surge of LH, which is expecially sensitive measure of neuroendocrine toxicants; important is series of changes in neurotransmitter & neuropeptide regulation of GnRH—NE critical for preovulatory increase of pulsatile GnRH release. 2 classes pesticides impair noradrenergic neurotransmission—formamidines block αNE receptors; dithiocarbamates inhibit NE synthesis; thus some formamidines & dithiocarbamates block LH surge, similar effect to atrazine, which blocks oestrogen induced secretion of LH & prolactin, though different mechanisms; [Possibility of similar toxicities via different mechanisms through different pesticides?] Notes accepted mechanism that chlorotriazines promote development of mammary gland tumours by inducing premature reproductive senescence→tumour growth. Suggest effects caused by alteration in dopaminergic control of prolactin release

10197
Cooper
O
2000
1
0
1
2
2
0
Studies show atrazine alters LH and prolactin levels in LE & SD rats by altering hypothalamic control; Reports previous studies atrazine & simazine both leading to early onset mammary tumours in SD rats

10198
Crain
O
1997
1
0
1
4
4
0
Atrazine induced gonadal-adrenal mesonephros aromatase activity in male hatchling alligators exposed in ovo

10199
Cummings
O
2000
1
0
1
2
2
0
F344 rats susceptible to preimplantation effects of atrazine, presumably owing to ↓ in prolactin levels; HLZ rats susceptible to postimplantation effects, indicating disruption of prolactin and LH among others; LE and SD rats least sensitive to effects of atrazine in early pregnancy; Indicates very strain specific effects; Reports previous studies on adverse reproductive effects (alteration of LH & prolactin) in ♀ LE rats; Effect of atrazine on pregnancy loss is strain sensitive





































10200
Das
O
2000
1
1
1
NK
NK
0
Mode of action in plants inhibition of photosynthesis by binding to a plastoquinine-binding niche on D1 (a 32-kD protein encoded by the psbA gene of the photosystem-II reaction complex); Reports previous studies that atrazine alters catecholamine concentrations in rat brain (↓ hypothalamic NE; ↑ hypothalamic DA) consistent with hypothesis that atrazine alters anterior pituitary hormone secretions via alterations in brain; Previous studies shown ↓NE→inhibition of pulsatile release of GnRH & of the LH surge & that ↑DA→↓prolactin secretion by pituitary; noted GABAergic stimulation ↓ catecholamine availability → regulation GnRH & LH release. Found changes in catecholamines following in vivo & in vitro exp to atrazine & simazine similar to those observed following exposure to dithiocarbamates, though fundamental differences in action suggest probably have different modes of action; In conclusion—effects of atrazine & simazine on catecholamine synthesis in vitro support hypothesis that alteration in CNS NE & DA underlie changes observed in pituitary hormone secretion observed following in vivo exposure to atrazine, whether similar events underlie effect of cyanazine in vivo remain unclear

10201
Das
O
2003
1
0
1
NK
NK
0
Atrazine & simazine ↓synthesis of NE & DA in vitro, cyanazine↑synthesis of NE; atrazine & to lesser extent simazine ↓(mod) tyrosine hydroxylase (TH) and ↓(strong) dopamine-β-hydroxylase (DβH) — enzymes responsible for synthesis of DA & NE, respectively; cyanazine opposite effect (NB cyanazine has –CN side chains)

10202
De Prado
O
2004






[Not relevant: paper on herbicide resistance]

10203
DeLorenzo
O
2001
1
1
0
NK
NK
0
[Not relevant: Inhibits photosynthesis by blocking electron transport during Hill reaction of photosystem II; Review of evidence for algicidal activity]

10204
DeLorenzo
O
2003
1
0
0
NK
NK
0
[Not relevant: Additive toxicity to phytoplankton of pesticide mixtures]

10205
Devine
O
2000
0
1
0
4
4
0
[Not relevant: A review of mechanisms of herbicide resistance]





























































10206
Eldridge
O
1999
1
0
1
2
2
0
In young ♀ SD rats early response to high atrazine is extended dioestrus; continued high-level atrazine → episodes of persistent oestrus; atrazine appears to enhance age-related decline in neuroendocrine system controlling ovulation, which is already uniquely disposed to premature senescence in SD rats; under hypothalamic control, NE neurons fail to stimulate adequate GnRH release, NE neurons become less able to respond to rising titres of ovarian oestrogens, GnRH stimulus of pituitary FSH & LH becomes delayed or absent; little concern that effect of relevance to humans as loss of oocytes in ovaries in menopausal women →lower oestrogen secretion; nonetheless specific interaction of atrazine with hypothalamic-pituitary axis remain to be identified and some mechanisms could be shared by mammalian species 

10207
Gagnaire
O
2003
1
0
0
NK
NK
0
Toxicity in bivalves

10208
Gianfreda
O
1993
0
0
0
NK
NK
0
Only slight effects on soil enzyme activities

10348
Gramatica
O
2001
1
1
0
NK
NK
0
QSAR models to group chemicals according to mode of action

10209
Jablonkai
O
2003
0
0
0
4
4
0
Atrazine as a comparison pesticide in studies of alkylating activity of chloroacetamides

10210
Kavlock
Abstract
1999
1
0
1
4
4
0
Atrazine, by suppressing maternal prolactin release→↑incidence lateral prostate inflammation in male rat; atrazine, like aging, →↓LH secretion from pituitary as result of changes in GnRH release; atrazine→↓hypothalamic nNE

10211
Lydy
O
2003
1
0
0
NK
1
0
Atrazine & cyanazine but not simazine ↑ toxicity to earthworms of chlorpyrifos; greater than additive response possibly owing to ↑ production chlorpyrifos metabolites

10212
Malik
O
2004
1
0
0
2
2
0
Despite different protocol for SCE/homologous recombination events, which overcomes failure of atrazine cells to proceed to mitosis (owing to arrest in G2-phase), still no evidence to support genotoxic mode of action for atrazine in peripheral blood lymphocytes





































10213
McMullin
O
2004
1
0
1
2
2
1
Reported effects of chlorotriazines assoc with neuroendocrine disruption: disruption normal ovarian cycling patterns in adult ♀ ovariectomised rats; delayed puberty in ♂ rats; prenatal development effects e.g. suppression of suckling induced prolactin release; suppression of LH surge in ovariectomised oestrogen primed ♀ rats; while atrazine appears not to be oestrogenic, it exhibits anti-oestrogenic properties: in rat uterus; in oestrogen responsive MCF-7 cell lines; ↓ oestrogen binding to oestrogen receptor in uterine cytosol; reports limited studies on common neuroendocrine effects for chlorinated triazines & that EPA considers atrazine & its chlorinated triazine metabolites to be toxicologically equivalent in terms of effect on neuroendocrine system. Both atrazine and diamonochlortriazine (DACT—major metabolite) suppress LH surge in ovariectomised oestradiol benzoate/progesterone (EB/P) primed ♀ SD rats DACT suppression < atrazine; evidence that DACT ↓ pituitary and/or hypothalamic function after GnRH challenge; despite evidence that atrazine & DACT may have weak anti-oestrogenic properties in vitro, studies indicate ↓ responsiveness of hypothalamus and/or pituitary to GnRH challenge and consequent suppression of LH surge are not due to oestrogenic activity; DACT more likely to be responsible for endocrine disruption leading to suppressed LH surge than is atrazine

10214
Oh
O
2003
1
0
1
NK
NK
0
Neither atrazine nor metabolites affected basal or 17-β-oestradiol induced MCF7-BUS cell proliferation [widely used model of oestrogen-dependent cell proliferation], implies oestrogen independent mechanism; steroidogenesis & oestradiol metabolism are potential mechanism of oestrogen receptor-independent response; DACT inhibited aromatase (CYP19) activity responsible for oestrogen synthesis in human choriocarcinoma (JEG-3) cells, [aromatase cytochrome P450 enzyme activity catalyses conversion of androgens to oestrogens in some tissues] atrazine & metabolites induced 7-deoxyreorufin-O-deethylase activity & catalysed oestrogen metabolism in MCF-7 cells, suggesting antioestrogenic effects of atrazine may relate to decrement in oestrogen levels caused by aromatase inhibition & oestrogen metabolism stimulation

10517
Narotsky
O
2001
1
0
1
2
2
0
Atrazine disrupts ovarian cycling in SD & LE rats, inhibits ovulatory surge of LH & prolactin, inhibits pulsatile release of LH apparently via neuroendocrine mechanism. In this study atrazine caused pregnancy loss in F344 rats when administered during LH dependent period of pregnancy; finding supports hypothesis of LH mediated mechanism of pregnancy loss; relative sensitivities of LE, SD & F344 strains differ from those seen for other reproductive endpoints indicating other mechanism may be involved

10195
O’Connor
O
2000
1
0
1
NK
NK
0
Cyanazine, atrazine & simazine  known to ↑mammary tumours in SD rats but not F344 rats/mice. Based on in vivo battery none of 3 triazines was an oestrogen receptor agonist and data indicted mammary tumours in rats mediated through prolactin neuroendocrine mechanism of low relevance to humans

10215
Rayner
O
2004
1
0
0
2
2
0
Delay in vaginal opening of atrazine-exposed LE rat offspring mediated via milk from exposed dam; atrazine exposure in utero delays mammary gland dev

10216
Reade
O
2004






[Not relevant Herbicide resistance in grasses]

10217
Sanderson
O
2001
1
0
1
NK
NK
1
Atrazine, simazine propazine and mono-dealkylated metabolites induced aromatase (CYP19) activity H259R (human adrenocortical carcinoma) cells; induction responses similar but less pronounced in JEG-3 (human placental choriocarcinoma) cells; no aromatase expression in MCF-7 (human breast cancer) cells; fully dealkylated metabolite (DACT) and the 3 dechlorinated 2-OH metabolites did not induce aromatase activity; none of triazines or metabolites induced oestrogen receptor- mediated vitellogenin in male carp hepatocytes; suggests in vivo oestrogenic effects of triazine herbicides not oestrogen receptor-mediated but may partly be explained by ability to induce aromatase in vitro; whether structure activity relationship observed for aromatase induction in vitro corresponds with oestrogen receptor-mediated toxicity in vivo not known—information on fully dealkylated metabolite in vivo insufficient 





































10218
Sanderson
O
2002
1
0
1
NK
NK
1
Atrazine & vinclozolin ↑aromatase activity in H259R cells whereas other pesticides including organotins, DDT & derivatives, & some imidazole-like fungicides were inhibitors; atrazine & vinclozolin acted by ↑cAMP levels possibly by inhibiting phosphodiesterase activity suggesting this enzyme as target for structure activity analysis of aromatase inducers

10219
Shafer
O
1999
1
0
1
NK
NK
1
Reviews evidence suggesting inhibition of LH release by chlorotriazines may be mediated by CNS effects. GABA receptors are important for regulation of GnRH and LH release. Cyanazine and to lesser extent atrazine interfere with binding of Ro15-4513 ligand to benzodiazepine site on GABA receptors; DACT and monodealkylated metabolites had no effect; no effect of either chlorotriazine or the three metabolites on binding of muscimol to GABA binding site of GABA receptors or of TBPS to picrotoxin binding site in Cl- channel of GABA receptors; cyanazine modified function of GABA receptors. Conclusion—data support hypothesis that chlorotriazines affect hypothalamic function via action on GABA receptors

10518
Stevens
O
1994
1
0
1
2
2
1
Four choro-s-triazines (atrazine, simazine, propazine & terbutylazine) produced mammary tumours in ♀ SD rats none of 3 thiomethyl-s-triazine and 1 (terbuymethon) of 2 methoxy-s-triazines tested has similar effect; proposed mechanism endocrine mediated imbalance causing precocious aging, mammary tumour response apparently threshold-limited; difficult to assign any relevance to humans













































































































10220
Stevens
O & Rev
1999
1
0
1
2
2
1
Reporting of cancer studies: ♀SD rats exposed to atrazine developed mammary tumours sooner than did controls in 2/5 studies; atrazine did not ↑ incidence of mammary tumours in ♀ or ♂ Fischer 344 rats or in ♀ or ♂ CD-1 mice or in 2 other strains hybrid mice; no mammary tumours in atrazine exposed ovariectomised ♀ SD rats indicating atrazine not a direct-acting genotoxic carcinogen and is not directly oestrogenic (i.e. removing source of oestrogen indicated lack of any inherent oestrogenicity of atrazine); early onset of mammary tumours in atrazine exposed SD rats associated with early onset of age-related lengthening of oestrus cycle→ prolonged exposure to endogenous oestrogen & possible prolactin; Normally in SD rats with ↑ age certain NE neurons in hypothalamus of ♀ SD rats fail to stimulate adequate GnRH release → delayed/absent GnRH stimulated release of LH, ovulation does not occur, ovarian follicles remain functional for extended periods → sustained oestrogen secretion atrazine appears to exacerbate normal aging process; Conclusion: effects of atrazine mediated through threshold-based mechanism and effect of no biological relevance to humans 

10221
Stoker
O
2000
1
0
1
2
2
0
Atrazine delays pubertal progression and reproductive-tract development in ♂ rat (according to male pubertal protocol for endocrine disrupters); atrazine may enhance oestrogenic activity by stimulating activity of aromatase & present study consistent with such an hypothesis; or changes in pituitary hormone secretion as result of CNS/hypothalamus disruption may explain delay in puberty; Conclusion pubertal delay primarily via disruption in CNS control of pituitary

10519
Tennant
O
1994
1
0
1
NK
NK
1
Studies in SD rat uterine cytosol indicate atrazine, simazine & DACT may be capable of very weak interaction with oestrogen receptors, only at very high doses; thus inhibition of formation of hormone-receptor oestrogen receptor complex cannot fully explain mechanism whereby triazine inhibit oestrogenic action in vivo, indicating blockage of oestrogen receptor-independent components may be important part of triazine mode of action

























10520
Tennant
O
1994
1
0
1
2
2
1
Studies in ovariectomised SD rats indicate atrazine, simazine & DACT have no intrinsic oestrogenic activity but are capable of weak inhibition of oestrogen stimulated responses in rat uterus; inhibition may play role in disruptive actions of chlorotriazines on reproductive endocrine disruption in ♀rats

10222
Trentacoste
O
2001
1
0
0
2
2
0
Apparent effects of atrazine on reproductive system in ♂SD rats exposed during peripubertal period could not be distinguished from effects of reduced food consumption similar to reduction associated with atrazine (food deprivation may result in ↓ circulating testosterone levels)

10168
Upham
O
1997






[Not relevant, gap junctional intercellular communication assay some pesticides including atrazine]

Appendix 7.2 Data record table – PROMETRYN 

0=No; 1=Yes; 2=Assumed Yes; 3=Discussed; 4=Not Applicable; 5=Not Known

RM ID
1st Author/
Name of Review
Type of article A,B,C, original (O), grey (G) 
Date of review or paper
Toxic effects
Pesticide action
Mammalian mechanistic data?
OECD guides
GLP or equiv
Common mechanism of mammalian toxicity proposed
Comments

10471
ETN-PIP
C
1996
1
0
0
4
4
0
No chronic toxicity (including reproductive & carcinogenicity)

10509
IRIS
C
1992
1
0
0
4
4
0
Limited toxicity data

10504
HSDB
C
1998
1
1
0
4
4
0
Metabolism via cleavage of methylthio group leading to hydroxyl propazine & HO–atrazine [common therefore to atrazine]; mode of pestic action cf atrazine

10475
EPA
C
2002
1
0
0
4
4
0
No cancer effects reported

10279
Bloomquist
O
2003
NR
NR
NR
NR
NR
NR
[Not relevant]

10280
Ohno
O
1998
1
0
0
NK
NK
0
Cytotoxic to isolated & primary cultured rat hepatocytes 

10281
Rosendahl -Pedersen
O
2000
0
0
0
NK
NK
0
[Not relevant: preliminary investigations of soil metabolism and comparison with atrazine]

10282
Vaccari
O
1998
NR
NR
NR
NR
NR
NR
[Not relevant]

Appendix 8 Revised criteria for data assessment
 

5 Strong data base

· Quality review(s) published within last 10 years, and

· accepted mechanism of common toxic effect identified and similar to common mechanism proposed for at least 2 other named compounds within group, and

· general agreement in literature about proposed common mechanism

Analysis based on EPA 4 criteria and 5 stages not required because common mechanism for group already established

4 Good database

· Quality review(s) available but published more than 10 years ago, and

· accepted mechanism of common toxic effect identified and similar to common mechanism proposed for at least 2 other named compounds within group, and

· more recently published literature available supporting similar common mechanism

or 

· Quality review(s) published within last 10 years, and

· mechanism of common toxic effect proposed that is similar to that proposed for a minimum of 3 named compounds within group, but 

· lack of agreement about commonality of effect, and/or 

· lack of agreement about mechanism of common effect

or

· Individual studies available which, taken together, provide convincing evidence for a mechanism of common toxic effect that is similar to that proposed for a minimum of 3 named compounds within group 

Analysis based on EPA 4 criteria and 5 stages to identify common mechanisms group required but further data likely to be required to establish definitive common mechanism

3 Limited database

· Major reviews available and mechanism of common toxic effect proposed but limited data (owing to uncertainty or too few compounds included) to support proposition

or

· Individual studies available from which, taken together, mechanism of common toxic effect could be proposed

Preliminary analysis based on EPA 4 criteria and 5 stages to identify common mechanisms group required but further data will be required for complete analysis

2 Poor database

· No common toxicological effect or mechanism for any common effect proposed 
and data not adequate to compare toxicity in order to propose any common effect or mechanism

1 Inadequate database

· Only unpublished regulatory studies available

or

· No literature published within last 20 years identified

SEARCH & TABULATE





JECFA/JMPR &CVMP			ACP, COC			HSDB, IRIS, ATSDR


(LIST A)				(LIST B)			IARC, IPCS, VPC


(LIST C)





Ask FSA for relevant commercial data





NO





YES





Is there relevant information?





Carry out search of grey literature





Complete data record table





YES





NO





Are there quality data in the published literature?





Carry out FULL TOX Database Search from 1984





NO





YES





If the review is 1994 or later: Carry out MECHANISTIC Database Search from date of last JECFA/JMPR or CVMP review and complete data record table.


If the review is pre-1994, Carry out FULL TOX Database Search from date of LIST A review, and complete data record table





NO





YES





Is there another quality review (LIST B or C)?





Carry out FULL TOX Database Search from date of latest expert group review (LIST B) or other quality review �(LIST C) if no expert group review available, and complete data record table





Is there a major JECFA/JMPR CVMP   (LIST A) review?





Carry out search of grey literature





�





NO





Carry out FULL TOX and MECHANISTIC Database Search on individual compound and whole GROUP from 1994





Carry out FULL TOX and MECHANISTIC Database Search on individual compound and whole GROUP from 1984








Are there quality data in the published literature?





NO





YES





Complete data record table for individual compound or whole group





Is there relevant information?





NO





Ask FSA for relevant commercial data





Does the compound have at least ONE national, international or individually authored REVIEW with well-referenced toxicity and mechanistic data PUBLISHED SINCE 1995?





e.g. but not exclusively, �JECFA/JMPR & CVMP, ACP, ATSDR, IARC etc.


   	





YES








� Subsequently and in the light of this report, the Food Standards Agency decided that the pilot study provided sufficient information not only to estimate the resources required but also to guide the data collection and data analysis for the identification of common mechanism groups for the prioritised classes of pesticides and veterinary medicines.


� This reflects the quantity of good quality reviews and original papers that are relevant to the establishment of a common toxic effect and to the evaluation of a common mechanism for this common toxic effect, i.e. it does NOT reflect the strength of the evidence





� Triadimenol is sometimes described as a broad spectrum systemic fungicide in itself and sometimes as the metabolite of the fungicide triadimefon.


� This reflects the quantity of good quality reviews and original papers that are relevant to the establishment of a common toxic effect and to the evaluation of a common mechanism for this common toxic effect, i.e. it does NOT reflect the strength of the evidence





� This reflects the quantity of good quality reviews and original papers that are relevant to the establishment of a common toxic effect and to the evaluation of a common mechanism for this common toxic effect, i.e. it does NOT reflect the strength of the evidence


� This reflects the quantity of good quality reviews and original papers that are relevant to the establishment of a common toxic effect and to the evaluation of a common mechanism for this common toxic effect, i.e. it does NOT reflect the strength of the evidence





� This reflects the quantity of good quality reviews and original papers that are relevant to the establishment of a common toxic effect and to the evaluation of a common mechanism for this common toxic effect, i.e. it does NOT reflect the strength of the evidence


� Two further compounds listed in the group, metamiton and metribuzin, are not s-triazines but triazinones


� Criteria for the pilot project established in consultation with Food Standards Agency. Revised criteria, modified in the light of the project are presented in Appendix 8.


� Revision of Appendix 2 in the light of conclusions of the pilot study
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