
 
 

 

 
 

OCTOBER 2017 

Reconsideration of 
Procymidone: 

Human health risk 
assessment report  

(including Toxicology and 
Work Health Safety) 



© Australian Pesticides and Veterinary Medicines Authority 2017 

ISBN 978-1-925390-88-9 (electronic) 

Ownership of intellectual property rights in this publication 

Unless otherwise noted, copyright (and any other intellectual property rights, if any) in this publication is owned by the Australian Pesticides and 
Veterinary Medicines Authority (APVMA). 

Creative Commons licence 

With the exception of the Coat of Arms and other elements specifically identified, this publication is licensed under a Creative Commons 
Attribution 4.0 Australia Licence. This is a standard form agreement that allows you to copy, distribute, transmit and adapt this publication 
provided that you attribute the work. 

 

A summary of the licence terms is available from https://creativecommons.org/licenses/by/3.0/. The full licence terms are available from 
https://creativecommons.org/licenses/by/3.0/legalcode 

The APVMA’s preference is that you attribute this publication (and any approved material sourced from it) using the following wording: 

Source: Licensed from the Australian Pesticides and Veterinary Medicines Authority (APVMA) under a Creative Commons Attribution 3.0 
Australia Licence.  

In referencing this document the Australian Pesticides and Veterinary Medicines Authority should be cited as the author, publisher and copyright 
owner. 

Use of the Coat of Arms 

The terms under which the Coat of Arms can be used are set out on the Department of the Prime Minister and Cabinet website (see 
www.dpmc.gov.au/pmc/publication/commonwealth-coat-arms-information-and-guidelines). 

Disclaimer 

The material in or linking from this report may contain the views or recommendations of third parties. Third party material does not necessarily 
reflect the views of the APVMA, or indicate a commitment to a particular course of action. There may be links in this document that will transfer 
you to external websites. The APVMA does not have responsibility for these websites, nor does linking to or from this document constitute any 
form of endorsement. The APVMA is not responsible for any errors, omissions or matters of interpretation in any third-party information 
contained within this document. 

Comments and enquiries regarding copyright: 

Director Public Affairs and Communication 
Australian Pesticides and Veterinary Medicines Authority 
PO Box 6182 
KINGSTON ACT 2604 Australia 

Telephone: +61 2 6210 4988 

Email: communications@apvma.gov.au. 

This publication is available from the APVMA website: www.apvma.gov.au. 

 

 

https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/legalcode
http://www.dpmc.gov.au/pmc/publication/commonwealth-coat-arms-information-and-guidelines
mailto:communications@apvma.gov.au
http://www.apvma.gov.au/


 CONTENTS iii 

CONTENTS 
EXECUTIVE SUMMARY 1 

1 ADVICE AND RECOMMENDATIONS 2 
 Approval Status 3 
 Product Registration 3 
 Public Health Standards 3 
 Label Statements 4 

First Aid Instructions 4 
Safety Directions 4 
Re-entry or Re-handling Statement 5 
Warning Statements 5 

2 REASONS FOR THE REVIEW 6 
 Hazard Characterisation 6 

Chemistry—Active Constituent 6 
Physical and chemical properties 7 
Impurities of Toxicological Concern 7 

 International Toxicology Assessments 8 
The Joint FAO/WHO Meeting on Pesticide Residues (JMPR) 8 
United States Environmental Protection Agency (US EPA) 8 
European Commission (EC) 9 

 Toxicology hazard profile 9 
 Summary toxicology report 11 

Mode of action 11 
Metabolism and Toxicokinetics 12 
Metabolites of procymidone 15 
Percutaneous absorption 15 
Acute toxicity 16 
Short-Term Repeat-Dose Toxicity 16 
Subchronic Toxicity 17 
Chronic Toxicity 17 
Reproductive Toxicity 18 
Developmental Toxicity 20 
Carcinogenicity and Genotoxicity 27 
Mechanistic Studies 28 
Other studies 30 
Human Toxicity 31 

 Formulated products 32 

3 HEALTH STANDARDS 33 
 Public Health Considerations of Procymidone in Australia 33 

Approval Status 33 

 



iv RECONSIDERATION OF PROCYMIDONE: HUMAN HEALTH RISK ASSESSMENT REPORT (INCLUDING 
TOXICOLOGY AND WORK HEALTH SAFETY) 

Impurity Limits 33 
 Acceptable Daily Intake (ADI) 34 
 Acute Reference Dose (ARfD) 35 
 Poisons Scheduling 35 

4 OCCUPATIONAL EXPOSURE, RISK ASSESSMENT & MANAGEMENT 36 
 Procymidone Products and Use Patterns 36 
 NOAEL for Occupational and Residential Risk Assessment 40 

NOAEL for occupational exposure 40 
NOAEL for post-application exposure 40 
Dermal absorption factor 42 
Inhalation absorption factor 44 

 Occupational Exposure Assessment 44 
Exposure during use 45 

 Occupational Risk Assessment 56 
Risk for Repeat Exposure 56 
Seed treatment for onions, lupins and pre-plant garlic clove treatment 59 
Risk from re-entry/re-handling exposure 61 

 Occupational Risk Management 64 
Risk management measures for use of the product 65 
Re-entry or Re-handling Statement 67 
Warning statement 67 

5 PUBLIC EXPOSURE, RISK ASSESSMENT AND RISK MANAGEMENT 68 
 Public Exposure 68 

Accidental Exposure 68 
Bystander Exposure 68 
Dietary Exposure 68 

 Public Post-application Exposure 68 
Turfgrass residues 68 

ABBREVIATIONS 73 

REFERENCES 79 
Studies evaluated in the 2015 review 79 
Studies evaluated in the 2007 review 79 
Secondary citations 87 
Other references 88 

APPENDIX I: EVALUATED STUDIES 90 
Metabolism and toxicokinetics 90 
Acute toxicity studies 140 

Active Constituent 140 
Oral toxicity 140 



 CONTENTS v 

Inhalational Toxicity 141 
Skin sensitisation 143 

Metabolites/Degradants 144 
Products 144 
Short-term repeat-dose studies 144 

Oral Administration 144 
Dermal Administration 145 

Subchronic toxicity studies 147 
Materials and Methods 147 
Results 147 

Chronic toxicity studies 152 
Observations 153 
Clinical Chemistry 153 
Haematology 154 
Urinalysis 154 
Testosterone Analysis 154 
Gross Necropsy 154 
Organ Weights 154 
Materials and Methods 155 
Results 156 
Haematology, clinical chemistry and urinalysis 159 
Organ weights, gross pathology and histopathology 160 

Reproduction studies 161 
Mortality, clinical signs, bodyweight, and food and procymidone consumption in F0 parents 162 
Reproductive parameters in parental animals 163 
Pup parameters 163 
Materials and Methods 165 
Results 165 
Material and methods 167 

Developmental studies 169 
Materials and Methods 169 
Results 169 
Mortality, clinical signs, bodyweight, food consumption and necropsy changes in maternal animals 171 
Uterine parameters 172 
Naturally delivered pups 173 

APPENDIX II: LIST OF CLINICAL CHEMISTRY, HAEMATOLOGY & URINALYSIS PARAMETERS 201 

APPENDIX III: ORGANS FOR WEIGHT DETERMINATION AND HISTOPATHOLOGICAL EXAMINATION 202 

APPENDIX IV: REPRODUCTIVE AND DEVELOPMENTAL INDICES 203 

APPENDIX V: STANDARD FUNCTIONAL OBSERVATIONAL BATTERY (FOB) PARAMETERS 204 

 



vi RECONSIDERATION OF PROCYMIDONE: HUMAN HEALTH RISK ASSESSMENT REPORT (INCLUDING 
TOXICOLOGY AND WORK HEALTH SAFETY) 

List of tables 
Table 1—List of registered procymidone products and approved active constituent holders (October 2017) 2 
Table 2—Summary of physico-chemical properties 7 
Table 3—Summary of acute toxicity of the procymidone products 32 
Table 4—Studies and associated NOAEL/LOAELs relevant for the establishment of Health standards 34 
Table 5—Registered procymidone products and use patterns (1 October 2017) 36 
Table 6—Uses and application rates for 500 g/L SC procymidone products (October 2017) 38 
Table 7—Summary of NOAELs relevant for WHS assessment 41 
Table 8—In vitro dermal absorption of procymidone suspension concentrate (neat and diluted) in rat and human 

epidermis after 24 h exposure (Owen, 2002) 43 
Table 9—In vivo dermal absorption of procymidone suspension concentrate (neat and diluted) in rat after 24 h exposure 

(Savides, 2002) 43 
Table 10—Dermal absorption rate of procymidone (calculated in vivo human) 44 
Table 11—Estimates of systemic exposure to procymidone in the 500 g/L products (mg/kg bw/d) 47 
Table 12—Worker exposure to metalaxyl from the liquid flowable formulation 50 
Table 13—Calculated daily systemic exposure to procymidone in seed treatment for onions, lupins and pre-plant garlic 

clove treatment 51 
Table 14—Summary of scenarios used for re-entry assessment 52 
Table 15—Post-application activities assessed for 500 g/L procymidone products 53 
Table 16—Post-application exposure estimates after use of 500 g/L procymidone products 54 
Table 17—MOE for workers using 500 g/L procymidone products 56 
Table 18—MOE* for workers exposed to procymidone from using the products listed in table 5 in seed treatment for 

onions, lupins and pre-plant garlic clove treatment 59 
Table 19—Recommended applications and PPE for procymidone products as of October 2017 60 
Table 20—Post-application activity MOE for workers after use of the 500 g/L procymidone products 61 
Table 21—Summary of days after treatment for post-application activities (500 g/L procymidone products) 63 
Table 22—Precautionary/hazard statements and PPE indicated from acute hazard associated with the use of the 500 g/L 

procymidone products 64 
Table 23—First Aid Instructions for all procymidone products 65 
Table 24—Safety Directions for all procymidone products 65 
Table 25—Systemic exposure estimates for procymidone for children playing on turf following application of the 500 g/L 

products 71 
Table 26—MOE* estimates for procymidone for children playing on turf following application of the 500 g/L products 71 
Table 27—Excretion of radioactivity in urine and faeces 91 
Table 28—Levels of 14C-procymidone related radioactivity in blood or tissues 92 
Table 29—Metabolites in blood, urine and faeces 93 
Table 30—Excretion of radioactivity in urine and faeces 95 
Table 31—Metabolites in urine and faeces 96 
Table 32—Levels of 14C-radioactivity in blood, urine and faeces 99 
Table 33—Toxicokinetic parameters of radioactivity in plasma (n=4) 101 
Table 34—Cumulated excretions of radioactivity in urine and faeces (% of dose) 101 
Table 35—Major metabolites of procymidone in rat plasma (µg equivalent of procymidone/mL) 102 
Table 36—Major metabolites of procymidone in urine and faeces (% dose) 102 
Table 37—Toxicokinetic parameters of radioactivity in plasma (n=3) 104 
Table 38—Cumulated excretions of radioactivity in urine and faeces (% of dose) 104 
Table 39—Metabolites of procymidone in plasma (µg equiv of procymidone/mL) 105 



 CONTENTS vii 

Table 40—Metabolites of procymidone in urine and faeces (% dose) 105 
Table 41—Toxicokinetic parameters of radioactivity in plasma (n=3) 107 
Table 42—Cumulated excretions of radioactivity in urine and faeces (% of dose) 107 
Table 43—Metabolites of procymidone in plasma (µg equiv of procymidone/mL) 108 
Table 44—Metabolites of procymidone in urine and faeces (% dose) 108 
Table 45—Toxicokinetic parameters of radioactivity in rat plasma (n=4) 110 
Table 46—Toxicokinetic parameters of radioactivity in monkey plasma (n=3) 112 
Table 47—Major metabolites of procymidone in rat plasma (µg equiv. of procymidone/mL) 113 
Table 48—Major metabolites of procymidone in monkey plasma (µg equiv. of procymidone/mL) 114 
Table 49—Cumulated excretions of radioactivity in urine and faeces (% of dose) 115 
Table 50—Major metabolites of procymidone in urine and faeces (% of radioactivity in urine or faeces) 116 
Table 51—Metabolites of procymidone in the urine, faeces and blood 118 
Table 52—TLC Rf values of test compound and authentic standards 120 
Table 53—Enzyme activity for production of procymidone metabolites 121 
Table 54—Cumulated excretions of radioactivity in bile, urine and faeces of rats (% of dose) 123 
Table 55—Metabolites in bile, urine and faeces of rats at 0-48 h after oral dosing (% dose) 124 
Table 56—Cumulated excretion of radioactivity and amounts of metabolites in bile, urine and faeces of monkeys and 

rabbits 48 h after an oral single dose of 125 mg/kg bw procymidone (% dose) 124 
Table 57—Radioactivity concentration in tissues (µg equiv of procymidone/g or mL) 127 
Table 58—Concentration of metabolites in tissues (µg equiv of procymidone/g) 127 
Table 59—Excretion of radioactivity in urine and faeces (% of dose) 129 
Table 60—Metabolites of procymidone in urine (% of dose) 129 
Table 61—Excretions of radioactivity in bile, urine and faeces (% of dose) 130 
Table 62—Metabolites of procymidone in urine and bile (% of dose) 130 
Table 63—Transformation ratio of PA-CH2OH to PCM-CH2OH 133 
Table 64—Transformation of PA-CH2OH to PCM-CH2OH (% of total radioactivity in each tissue) 134 
Table 65—Toxicokinetic parameters of radioactivity in plasma 135 
Table 66—Excretion of radioactivity in urine and faeces (% of dose) 135 
Table 67—Major metabolites in plasma (µg equiv of PCM-CH2OH/g plasma) 136 
Table 68—Systemic absorption and urinary excretion of procymidone-related radioactivity 138 
Table 69—Dermal absorption data for procymidone 139 
Table 70—Summary of acute toxicity of procymidone technical 140 
Table 71—Selected clinical chemistry findings 149 
Table 72—Selected absolute organ weights (g) 149 
Table 73—Relative liver weights (g) 150 
Table 74—Liver histopathology 151 
Table 75—Effects on bodyweight and food consumption 159 
Table 76—Changes in lymphocyte counts (thousands/µL) in males 159 
Table 77—Changes in globulin (g/dL) and β-globulin levels in males 160 
Table 78—Changes in organ weights 161 
Table 79—Bodyweight change in parental animals during the premating period 162 
Table 80—Bodyweight change in pups during the pre-weaning period 163 
Table 81—Changes in organ weights in F1 males 164 
Table 82—Bodyweight change in maternal animals 172 
Table 83—Anogenital distance in Caesarean delivered pups (mm) 173 
Table 84—Anogenital distance (mm) in naturally delivered pups 173 

 



viii RECONSIDERATION OF PROCYMIDONE: HUMAN HEALTH RISK ASSESSMENT REPORT (INCLUDING 
TOXICOLOGY AND WORK HEALTH SAFETY) 

Table 85—Histological changes in F1 males 174 
Table 86—Malformations and organ weight effects in pups 177 
Table 87—Histopathological lesions of the lateral and ventral prostates in pups 178 
Table 88—Changes in ventral gap of preputial lamella 181 
Table 89—Toxicokinetic parameters of procymidone in F0 females 187 
Table 90—Changes in F1 males on postpartum day 56 188 
Table 91—PND16 body and organ weights changes in male pups following procymidone treatment 190 
Table 92—PND16 body and organ weights changes in male pups following procymidone treatment 191 
Table 93—Dose-effect of procymidone treatment on nipple retention and anogenital distance 193 
Table 94—Male and female offspring anogenital distance (AGD) and number of areolas 195 
Table 95—Bodyweight and absolute organ weights changes in male offspring at PD16 and in adult male offspring 

following procymidone treatment * 197 
Table 96—Changes in F1 males on postpartum day 56 200 

 



 EXECUTIVE SUMMARY 1 

EXECUTIVE SUMMARY 

Procymidone is a dicarboximide fungicide used for the control of fungal disease on food and non-food crops. It is 
widely used in horticulture, either as a seed dressing, pre-harvest spray or post-harvest dip. 

This combined toxicological evaluation and Work Health and Safety (WHS) assessment was undertaken as part of 
the reconsideration of procymidone conducted under the auspices of the Australian Pesticides and Veterinary 
Medicines Authority’s (APVMA) Chemical Review Program. Procymidone was nominated for review because of 
concerns relating to human health, namely worker exposure and public exposure to residues in food, as well as its 
potential to cause sexual development in laboratory animals.  

The current report consolidates an unpublished 2007 toxicological assessment conducted by the Office of 
Chemical Safety (OCS), Department of Health, based primarily on data submitted by the main approval holder, 
together with supplementary studies published since 2007. 

The current Acceptable Daily Intake (ADI) for procymidone of 0.03 mg/kg bw per day was reaffirmed in the present 
evaluation. This ADI is based on the no observed adverse effect level (NOAEL) of 2.5 mg/kg bw per day. 

The Acute Reference Dose (ARfD) of 0.03 mg/kg bw which had been established in 2004 has been withdrawn. A 
new ARfD of 0.1 mg/kg bw has been established based on a NOAEL of 12.5 mg/kg bw per day for an increased 
incidence of hypospadias in male fetuses (possibly due to a single exposure) in a rat developmental toxicity study 
and using a 100–fold uncertainty factor. This ARfD for procymidone only applies to women of child-bearing age. 
An ARfD for the general population is considered to be unnecessary. 

Based on the toxicological assessment, no changes to the approval status of procymidone have been proposed in 
this review. Procymidone is listed in Schedule 7 of the Standard for the Uniform Scheduling of Medicine and 
Poisons (SUSMP)—this poisons schedule remains appropriate. A WHS assessment was conducted on registered 
500 g/L procymidone products, all in suspension concentrate (SC) form using application methods and rates 
specified on approved product labels. In addition, post-application exposure of the public to turf grass and 
ornamentals was also evaluated. Based on these assessments, there is no objection on human health grounds to 
the continued registration of all existing procymidone products. The review identified a number of additions and 
amendments to the existing First Aid Instructions and Safety Directions (FAISD) for Australian procymidone 
products. 

After finalisation of the toxicological and WHS assessment for all 500 g/L SC procymidone products, a new 
product was registered containing different concentration and formulation, ie 800 g/kg procymidone as water 
dispersible granules. Based on this assessment, new safety directions were recommended for all procymidone 
products.  
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1 ADVICE AND RECOMMENDATIONS  
The Office of Chemical Safety (OCS), Department of Health conducted toxicological and work health safety (WHS) 
assessments for procymidone products. All registered procymidone products considered in their assessment were 
500 g/L procymidone as suspension concentrates (SC). 

In 2015, a separate toxicological and WHS risk assessment was conducted by the OCS for a new product 
containing 800 g/kg procymidone water dispersible granular (WG) formulation. Based on this separate assessment 
for WG formulation and a consideration of all SC products, a revised set of Safety Directions were recommended 
to include all procymidone products (including the 500 g/L SC and 800 g/kg WG products). 

As at 1 October 2017, there were 17 registered products, ie fifteen 500 g/L SC products and two 800 g/kg WG 
product and 4 active constituent approvals for procymidone (Table 1). 

Table 1—List of registered procymidone products and approved active constituent holders (October 2017) 

APVMA 
Code Registered products  Concentration  Formulation 

50883 Sumitomo Sumisclex 500 Fungicide  500 g/L SC 

52095 Fortress 500 Fungicide  500 g/L SC 

53963 Sumitomo Sumisclex Broadacre Fungicide  500 g/L SC 

54455 Farmoz Spiral Aquaflo Fungicide  500 g/L SC 

54540 Farmoz Spiral 500 Liquid Seed Dressing 
Fungicide  

500 g/L SC 

59268 Genfarm Proflex 500 Fungicide  500 g/L SC 

63494 Accensi Procymidone 500 Fungicide  500 g/L SC 

65892 Titan Procymidone 500 Fungicide  500 g/L SC 

67183 4Farmers Procymidone 500 SC Seed 
Dressing 

500 g/L SC 

67536 4Farmers Procymidone 500 Fungicide 500 g/L SC 

69208 Apparent Procymidone 500 Fungicide 500 g/L SC 

69322 Farmalinx Metapris 500 SC Fungicide 500 g/L SC 

70284 Imtrade Nosclex 800 WG Fungicide  800 g/kg WG 

80001 Proclex 500 Fungicide  500 g/L SC 

83139 Reylon Prosumi 500 SC Fungicide 500 g/L SC 

84695 Imtrade Procymidone 800WG Fungicide 800 g/kg WG 

84896 Ozcrop Procymidone 500 SC Fungicide 500 g/L SC 
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APVMA 
Code Approved active constituent holders 

50862 Sumitomo Chemical Australia Pty Ltd 

51725 Crop Care Australasia Pty Ltd 

52193 Nufarm Australia Ltd 

53652 Adama Australia Pty Ltd 

SC = Suspension concentrate; WG = Water dispersible granules  

 Approval Status 

There are no objections on human health grounds to the continued approval procymidone active constituents. 

 Product Registration 

There are no objections on human health grounds to the ongoing registration of currently registered procymidone 
products.  

 Public Health Standards 

Procymidone is in Schedule 7 of the Standard for the Uniform Scheduling of Medicines and Poisons (SUSMP) 
(2017). This review concludes that this poison schedule remains appropriate.  

The current Acceptable Daily Intake (ADI) for procymidone of 0.03 mg/kg bw per day, established in 2004 was 
reaffirmed in the present evaluation. This ADI is based on the No Observed Adverse Effect Level (NOAEL) of  
50 ppm (equal to 2.5 mg/kg bw per day) for seminal vasculitis, and increased liver and testes weights at 250 ppm 
(equal to 17 mg/kg bw per day) in a 2–generation study of reproductive toxicity in rats and using a 100–fold safety 
factor. 

The current Acute Reference Dose (ARfD) for procymidone of 0.03 mg/kg bw which had been established in 2004 
was no longer considered appropriate and has been withdrawn. A new ARfD of 0.1 mg/kg bw has been 
established based on a NOAEL of 12.5 mg/kg bw per day for an increased incidence of hypospadias in male 
fetuses (possibly due to a single dose) in a rat developmental toxicity study and using a 100–fold safety factor. The 
ARfD for procymidone only applies to women of child-bearing age. An ARfD for the general population is 
considered unnecessary. 
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 Label Statements 

Taking into consideration the potential toxicological hazard, use pattern and likelihood of handler exposure the 
following First Aid Instructions and Safety Directions (FAISD) should appear on the product labels: 

First Aid Instructions 

The current First Aid Instruction for procymidone remains appropriate for the procymidone products included in this 
review. 

Existing Entry Procymidone a If poisoning occurs, contact a doctor or Poisons Information 
Centre. Phone Australia 131126; New Zealand 0800 764 766 

Safety Directions 

Existing FAISD entries for all procymidone SC and WP products are no longer considered appropriate and should 
be withdrawn. The following new entry is recommended.  

Active constituent Formulation Statement codes 

Procymidone SC and WG all concentrations 100 101 130 131 132 133 129 132 
160 162 164 210 211 220 223 279 
280 285 290 292b 294c 297 300 
High pressure application: 289c 289f 
290 292b Low pressure application: 
289a  289e 290 292c 294c 300; 

351 360 361 364 366 

The statement codes translate into the following Safety Directions: 

All suspension concentrate and water dispersible granular procymidone products (all concentrations) 
Safety Direction Code 

HAZARDS 

Very dangerous, particularly the concentrate 100 101 

Poisonous if absorbed by skin contact or inhaled or swallowed  130 131 132 133 

Harmful if inhaled 129 132 

May irritate eyes and skin 160 162 164 

PRECAUTIONS 

Avoid contact with eyes and skin 210 211 

Do not inhale mist spray 220 223 

MIXING OR USING 
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Safety Direction Code 

When opening the container and preparing the product for use wear cotton 
overalls buttoned to the neck and wrist (or equivalent clothing) and elbow-length 
chemical-resistant gloves and goggles and a half face piece respirator. 

279 280 285 290 292b 294c 297 
300 

If applying by airblast equipment and high pressure handwand wear cotton 
overalls buttoned to the neck and wrist (or equivalent clothing) 

289c 289f 290 292b 

If applying by spraying equipment carried on the back of the user or by low 
pressure hand wand wear cotton overalls, over normal clothing, buttoned to the 
neck and wrist and elbow-length chemical resistant gloves. In addition, if 
applying by low pressure hand-wand wear a half face-piece respirator. 

289a 289e 290 292c 294c 278 
289e 290 300 

AFTER USE 

Wash hands after use 351 

After each day’s use wash gloves, respirator (if rubber wash with detergent and 
warm water) and contaminated clothing 

360 361 364 366 

Re-entry or Re-handling Statement 

The following re-entry statement is required on all product labels: 

DO NOT allow entry onto treated areas until the spray has dried unless wearing cotton overalls buttoned to 
the neck and wrist (or equivalent clothing) and chemical resistant gloves. Clothing must be laundered after 
each day’s use.  

Warning Statements 

26 Warning—Contains procymidone which causes birth defects in laboratory animals. Women of child bearing 
age should avoid contact with procymidone. 
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2 REASONS FOR THE REVIEW  

Procymidone and its associated registered products are being reconsidered due to toxicological concerns relating 
to its potential to cause developmental toxicity or impair human fertility. New studies have been evaluated, and the 
results were considered together with previously submitted data.  

The toxicology database for procymidone is extensive. Ten new volumes of data were submitted in 2004 which 
included new acute studies (oral, inhalational and skin sensitisation), a 13–week pilot study in mice, a two year 
dog study, rat reproduction and developmental studies and in vitro and in vivo genotoxicity tests. A mechanistic 
study was also submitted that analysed the ability of procymidone to bind to androgen receptors in rats and mice. 
This review was evaluated in conjunction with several publications, available in the peer-reviewed scientific 
literature that assessed the anti-androgenic mechanism of procymidone.  

The current review also considered an additional six developmental studies published between 2003 and 2012 
from the open literature. 

 Hazard Characterisation 

Procymidone [N-(3,5-dichlorophenyl)-1,2-dimethylcyclopropane-1,2-dicarboximide] is a systemic fungicide used 
widely in horticulture as a seed dressing, pre-harvest spray or post-harvest dip for the control of certain fungal 
diseases in fruits, vegetables and ornamentals. It has been registered for use in Australia since 1968.  

Procymidone belongs to the dicarboximide class of chemicals. Procymidone inhibits spore germination, mycelial 
growth and triglyceride synthesis in fungi. 

Procymidone was nominated for review based on concerns over its potential to cause births defects or impair 
human fertility and occupational/work health and safety (OHS/WHS) risks arising from exposure during handling, 
application and re-entry. 

Chemistry—Active Constituent 

Approved common name: Procymidone 

Alternative names:  None 

Chemical name: N-(3,5-dichlorophenyl)-1,2-dimethylcyclopropane-1,2-dicarboximide (IUPAC name) 

3-(3,5-dichlorophenyl)-1,5-dimethyl-3-azabicyclo[3.1.0]hexane-2,4-dione (CAS) 

CAS Registry number: 32809-16-8 

Empirical formula: C13H11Cl2NO2 

Molecular weight: 284.1 
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Chemical structure:   

Isotope label:  Position of 14C label unknown 

Chemical class: Dicarboximide 

Structural analogues: None 

Physical and chemical properties 

Table 2—Summary of physico-chemical properties 

Colour Colourless crystals (technical material light brown) 

Odour None 

Physical state Solid 

Melting point (°C) 165-167 

Density (25°C) 1.452 

Partition coefficient (log Kow) 3.14 (26°C) 

Vapour pressure 18 mPa (25°C); 10.5 mPa (20°C) 

Solubility in water 4.5 mg/L (25°C) 

Solubility in organic solvents Slightly soluble in alcohol. Soluble in acetone (180 g/L), xylene (43 g/L), 
chloroform (210 g/L), dimethylformamide (230 g/L) and methanol (16 g/L) at 25°C 

Stability Stable to light, heat and moisture 

Impurities of Toxicological Concern 

The active constiutent procymidone contains no impurities of toxicological concern, with the APVMA’s minimum 
compositional standard specifying a minimum procymidone content of 985 g/kg.  

The current FAO specification for plant protection products containing procymidone can be found at: 
www.fao.org/fileadmin/templates/agphome/documents/Pests_Pesticides/Specs/procymid.pdf 

 

http://www.fao.org/fileadmin/templates/agphome/documents/Pests_Pesticides/Specs/procymid.pdf
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 International Toxicology Assessments 

The Joint FAO/WHO Meeting on Pesticide Residues (JMPR) 

Toxicological evaluations were performed by the JMPR in 1981 and 1989, while maximum residue limit (MRL) 
issues were also considered in 1990, 1993 and 1998. No ADI was set during the 1981 meeting because several 
critical studies performed by Industrial Biotest (IBT) laboratory required validation before they could be accepted. 
Instead of validating these studies, the sponsor submitted a complete new set of toxicology data in 1989. The 
NOAEL in mice was 15 mg/kg bw/d based on a slight increase in liver tumours in a long-term feeding study. The 
NOAEL in rats was 12.5 mg/kg bw/d for infertility, hypospadias and reduced anogenital distance in a 2-generation 
reproduction study. The NOAEL in dogs was 10 mg/kg bw/d for increased liver weight and hepatocellular 
hyperplasia in a subchronic study. Based on these NOAELs, the ADI was estimated to be 0.2 mg/kg bw/d. 
Procymidone was re-evaluated in 2007, and the ADI was estimated to be 0.1 mg/kg bw/d based on a NOAEL of 
12.5 mg/kg bw/d in a two-generation study of reproductive toxicity and a study of developmental toxicity in rats, on 
the basis of hypospadias and alterations in testes, prostate and epididymis weights, and a safety factor of 100. 
The ADI was supported by NOAELs of 14 mg/kg bw/d in the 2-year study in rats and 15 mg/kg bw/day in the  
2-year study in mice. An ARfD was set at 0.1 mg/kg bw based on a NOAEL of 12.5 mg/kg bw on the basis of 
hypospadias, which might have been a consequence of a single exposure, in a study of developmental toxicity in 
rats, and using a safety factor of 100. 

United States Environmental Protection Agency (US EPA) 

In 2005, the US EPA released a human health risk assessment as part of the Tolerance Reassessment Decision 
(TRED) for procymidone. There are currently no US registrations for procymidone and therefore the TRED was 
undertaken to assess the risk to the US population from drinking imported wine made from procymidone-treated 
grapes. The same NOAEL and toxicological endpoint was chosen for both the acute and chronic reference doses 
and therefore only an acute dietary risk assessment was performed. The ARfD was set at 0.035 mg/kg bw based 
on developmental toxicity in male rat pups (reduced anogenital distance) at 12.5 mg/kg bw/d and using a 100-fold 
safety factor. The acute intake of procymidone was calculated to be 1.7% of the population adjusted dose (PAD) 
[the ARfD divided by the Food Quality Safety Act (FQPA) safety factor (which is one)] for females aged 13–49 
years old. 

Procymidone was classified as a probable human carcinogen, however, the US EPA indicated that conservative 
assumptions were made as part of their analysis and that ‘actual exposure is likely to be substantially lower than 
estimated exposure and consequently not of concern’. An aggregate cancer risk assessment was performed for 
3,5-dichloroaniline, which is a metabolite of procymidone as well as iprodione and vinclozolin; the aggregate 
carcinogenic risk estimate was calculated to be 1.3 × 106.  

The US EPA concluded that there are minimal risks to the US population from procymidone exposure due to its 
low acute toxicity and low dietary exposure. Consequently, no risk mitigation measures were considered 
necessary. 
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European Commission (EC) 

Procymidone was reviewed by the EC in 2007 as part of a re-evaluation programme. An ADI of 0.025 mg/kg bw/d 
and an ARfD of 0.035 mg/kg bw was determined based on rat studies and using a 100-fold safety factor. The 
NOAEL in rats was 4.6 mg/kg bw/d for liver hepatotoxicity in rats and mice, and testicular interstitial cell 
hyperplasia in rats based on a 2 year study. The reproductive NOAEL was 2.5 mg/kg bw/d for increased liver and 
testes weights in parents, and hypospadias, reduced anogenital distance, increased testicular weight and 
decreased prostate weight in offspring in a 2-generation rat study. 

 Toxicology hazard profile 

Absorption, distribution, metabolism and excretion in mammals  

Rate and extent of oral absorption Rapid absorption in rats, approx 80-90% 

Distribution Widely distributed. Evidence of placental transfer 

Potential for accumulation Low potential for accumulation 

Rate and extent of excretion (rat) Rapid at low doses, 80% excreted within 24 h; 63–90% in 
urine, 6–33% in faeces 

Metabolism 

Oxidation of methyl groups of the cyclopropane ring to 
hydroxymethyl or carboxylic acid derivatives and cleavage 
of the amide. Hydroxylation of the 4’-position of the 
chlorophenyl ring and formation of glucuronides.  

Toxicologically significant compounds 
(animals, plants and environment) Procymidone 

Acute toxicity 

Rat oral LD50 (mg/kg bw) 7650 (male), 4140 (females) 

Worst oral LD50 in other species No data 

Rat dermal LD50 (mg/kg bw) > 2500  

Worst dermal LD50 in other species No data 

Rat inhalation LC50 (mg/m3) > 1500 (no deaths) 

Worst inhalation LC50 in other species Not tested 

Skin irritation No data 

Eye irritation No data 

Skin sensitization  Not a skin sensitiser (Maximisation test) 

Procymidone technical only 
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Short-term and subchronic toxicity  

Target/critical effect Liver: increased weight + histopathological abnormalities. 
Testes: increased weight 

Lowest relevant oral NOAEL (mg/kg bw/d) 20 (13-wk, mouse) 

Lowest relevant dermal NOAEL (mg/kg bw/d) 1000 (28-d, rat) 

Lowest relevant inhalation NOEC (mg/m3) none 

Genotoxicity  No evidence of genotoxicity 

Long-term toxicity and carcinogenicity 

Target/critical effect Liver and testes—increased weights and histopathological 
changes. Increased testicular interstitial hyperplasia and 
benign testicular tumours  

Lowest relevant NOAEL  

(mg/kg bw/d) 
4.5 (18-mo, mouse) 

Carcinogenicity No evidence of carcinogenicity 

Reproductive toxicity 

Reproduction target/critical effect 
Male reproductive system—increased testes, decreased 
prostate and seminal vesicle weights. Hypospadias 
observed 

Lowest relevant reproductive NOAEL 

(mg/kg bw/d) 

2.5 (parental) 
12.5 (offspring) (multigeneration, rat) 

Developmental toxicity  

Developmental target/critical effect Male reproductive system—decreased anogenital distance 
(fetus and pups), testes not descending, hypospadias 

Lowest relevant developmental NOAEL 

(mg/kg bw/d) 
12.5 (maternal) 
3.5 (fetal) (Gestational Day 6–19, rat) 

Delayed neurotoxicity  No data 

Immunotoxicity No data 

Dermal absorption 3% (‘Triple Pack’ approach) 
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Summary  
NOAEL 

(mg/kg bw/d) 
Study 

Safety 
factor 

ADI (0.03 mg/kg bw/d) 

[antiandrogenic activity leading to 
feminisation of male fetuses; increased 
incidence of seminal vasculitis and increased 
liver and testes weights] 

2.5 Rat reproductive toxicity 
(parental) 100 

ARfD (0.1 mg/kg bw) 

[Increased incidence of hypospadias] This 
ARfD only applies to women of child-bearing 
age. An ARfD for the general population is 
considered to be unnecessary. 

12.5 Rat developmental 
toxicity 100 

 Summary toxicology report 

Mode of action 

There is convincing evidence that procymidone has antagonistic effects on androgen receptors, including those in 
humans. The in vivo anti-androgenic effects of procymidone were evident in the Hershberger assay, which is 
based on the ability of compounds to modify androgen-induced increases in the weights of accessory sex organs 
in castrated male rats (Ashby et al, 2004; Kang et al, 2004; Nellemann et al, 2003). Procymidone had anti-
androgenic activity at the lowest dose tested in this assay (3 mg/kg bw/d orally). The effects of procymidone were 
less pronounced than the anti-androgen flutamide at 3 mg/kg bw/d, but similar to vinclozolin at 25 mg/kg bw/d, the 
lowest dose at which both compounds were tested in the same experiment. Other in vitro assays [one in HeLa 
cells and one in monkey kidney COS cells, both expressing human androgen receptor (Isobe and Nagahori, 2003; 
Ostby et al, 1999b), and another in rat and mouse prostate cytosols (Murakami et al, 1988a)] confirmed that 
procymidone possesses anti-androgenic activity, though the affinity of procymidone for the androgen receptor was 
weak when compared to that of DHT. Several procymidone metabolites also showed weak androgen receptor 
binding, but their affinity for the androgen receptor was lower than that of the parent compound (Isobe and 
Magahori, 2003).  

As discussed in the 1995 evaluation of vinclozolin by the Office of Chemical safety (OCS) under the Vinclozolin 
Chemical Review that was completed in 1997 (www.apvma.gov.au/node/12761), vinclozolin and two of its 
metabolites displace the binding of testosterone to the androgen receptor and thereby interfere with cellular 

 

http://www.apvma.gov.au/node/12761
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signalling in the target organs. Consequently, a disruption of the hypothalamic-pituitary feedback mechanism is 
induced, causing increased production of circulating steroid hormones in an attempt to overcome the apparent 
reduction in testosterone levels. The lack of cellular stimulation by testosterone results in atrophy of the adult male 
sex organs and accessory sex organs such as the prostate gland. Conversely, organs such as the testes, pituitary 
and the adrenal glands, which are actively involved in the synthesis of steroids, respond to androgen blockade by 
increasing their activity, resulting in hyperplasia. Male rats exposed to vinclozolin in utero may become externally 
indistinguishable from female fetuses; the internal reproductive system displays the development of both male and 
female characteristics, caused by reduced or absent stimulation of the developing tissue by testosterone. Findings 
analogous to many of these, confirming a similar mode of action for vinclozolin and procymidone, are discussed 
below. 

Metabolism and Toxicokinetics 

In an oral toxicokinetics study, groups of male or female rats were given single or repeated doses (once daily for 
7 days) of 14C- or 3H-labelled procymidone at 25 mg/kg bw/d by gavage. A separate group of pregnant rats 
received a single oral administration of 14C-procymidone on gestational day (GD) 14 or 18. The radioactivity was 
widely distributed, including the brain. Tissue levels in pregnant rats were comparable to those in non-pregnant 
rats. Evidence of significant placental transfer was also seen. Excretion of radioactivity was rapid (~80% of the 
administered radioactivity excreted in 24 h). The excretion over 7 days post-dose was mainly in the urine (> 70%), 
followed by the faeces (9-19%). Excretion in the expired air was very low (≤ 0.3%). There were no differences due 
to sex although in pregnant animals, excretion was slightly lower in the urine and slightly higher in the faeces. 
Repeated administration did not significantly affect kinetics. Labelling of procymidone by 14C- or 3H- gave similar 
results. Procymidone-NH'-(COOH)2 (PA-2-COOH) and its isomer, procymidone-NH-(COOH)2 (PA-1-COOH) and 
procymidone-COOH were the major metabolites in urine. The metabolites identified in the urine were also seen in 
the blood at 6 and 24 h post-dose (Mikami and Yamamoto, 1976; Mikami et al, 1979). 

In a metabolism and excretion study, a single dose of 14C-procymidone was given by gavage at 1 or 250 mg/kg bw 
to untreated rats or at 1 mg/kg bw to rats which had received daily administrations of unlabelled procymidone at 
1 mg/kg bw/d orally for 14 days. Excretion of radioactivity over 7 days was mainly in the urine (63-90% of the 
administered dose), followed by the faeces (6-33%). The excretion was rapid for the low dose (1 mg/kg bw, single 
or repeated; > 90% in 24 h) but was slow for the high dose (250 mg/kg bw; 35% in males and 21% in females in 
24 h). Seven days after administration of labelled procymidone, only < 0.4% of the administered radioactivity 
remained in the body. The metabolic pathway for procymidone in rats included oxidation of methyl groups of the 
cyclopropane ring to hydroxymethyl or carboxylic acid derivatives and cleavage of the amide. In addition, 
hydroxylation at the 4'-position of the chlorophenyl ring and the formation of glucuronides of the resultant 
metabolites were also observed. The predominant urinary metabolites in different dose groups were the isomers of 
procymidone-amide-carboxylic acid (PA-1-COOH or PA-2-COOH), accounting for ~50% of the administered dose. 
The other identified metabolites (< 7% in total) were carboxylic acid and hydroxy derivatives and their 
glucuronides. After the low dose of procymidone (single or repeated), the parent compound was detected in small 
amounts (< 5%) in the faeces but after the high dose, the parent compound was the main component (18–27% of 
the administered radioactivity) in the faeces suggesting lower absorption at high doses. The unidentified 
metabolites in urine (up to 31 in number) and faeces (at least 6) accounted for 13–23% of the administered 
radioactivity. The metabolite profile was similar in males and females (Struble, 1992a & 1992b). 
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In a comparative toxicokinetics and metabolism study, male mice and rats were given a single oral dose of  
14C-procymidone at 100 mg/kg bw. Plateau (at peak) levels of 14C-radioactivity in the blood, fat, kidney and liver 
were seen during 2-12 h post-dose in mice and during 2-24 h in rats. The half-life of 14C-radioactivity in blood was 
10 h in mice and 12 h in rats. The radioactivity was excreted rapidly in the urine and faeces.  
Procymidone-NH'-(COOH)2 (PA-2-COOH) was the major metabolite in urine, followed by procymidone-COOH. 
The toxicokinetics and metabolism of procymidone were similar in mice and rats (Shiba et al, 1988 & 1991). 

After a single oral dose of 14C-procymidone to rats, rabbits and monkeys at concentrations up to 500 mg/kg bw, 
procymidone was slowly absorbed in rats and monkeys and more rapidly in rabbits. Peak plasma concentrations 
(Cmax) were observed after 8–24 h in rats, 1–4 h in rabbits and 4–10 h in monkeys. Systemic exposure, as 
indicated by the area under curve (AUC) values, for procymidone was lower in rabbits and monkeys than in rats. In 
rat plasma, the amount of the parent compound decreased with an increase in the amount of the metabolite  
PCM-CH2OH. In contrast, the metabolite PCM-CH2OH level was low in monkey plasma and not detected in rabbit 
plasma. At the non-teratogenic dose of 125 mg/kg bw, the amount of PCM-CH2OH in monkey plasma at 24 h post 
dosing was approximately 9 times lower than in rat plasma at the teratogenic dose of 37.5 mg/kg bw. In faeces, 
the parent compound was the main component in all species tested. Glucuronide conjugates of PCM-CH2OH and 
PA-CH2OH were the major components in the urine of monkeys and rabbits, while PA-COOH was identified as the 
major metabolite in rat urine (Mogi, 2005a; Sugimoto, 2005a & 2005b).  

Rats and monkeys received a daily oral dose of 14C-procymidone for 14 days at doses up to 500 mg/kg bw/d. 
Radioactivity in rat plasma remained relatively stable as the number of doses increased. In contrast, radioactivity 
in monkey plasma tended to increase as the number of doses increased. Similar to results from the single dose 
studies, the amount of the parent compound in rat plasma decreased with an increase in the amount of the 
metabolite PCM-CH2OH. In contrast, lower levels of the metabolite PCM-CH2OH were detected in monkey plasma. 
At the non-teratogenic dose of 125 mg/kg bw, the amount of PCM-CH2OH in monkey plasma after 14 doses at 
Tmax (time at which the maximum concentration Cmax was observed, 8 h for rats and 2 h for monkeys) was 
approximately 8 times lower than in rat plasma at the teratogenic dose of 37.5 mg/kg bw. In monkeys, higher 
concentrations of the parent compound were detected in plasma. At the non-teratogenic dose of 125 mg/kg bw, 
the amount of the parent compound in monkey plasma after 14 doses at Tmax was approximately 2.5 times higher 
than in rat plasma at the teratogenic dose of 37.5 mg/kg bw. Glucuronide conjugates of PCM-CH2OH and  
PA-CH2OH were the major metabolites in the urine of monkeys, while PA-COOH was identified as the major one 
in rat urine (Mogi, 2005b; Sugimoto, 2005c). 

In female rabbits given a single oral dose of 14C-procymidone at 125 mg/kg bw, plateau levels (at peak) of  
14C-radioactivity in blood (maximal level: 21.1 µg procymidone equivalent/g blood) were maintained from 1–6 h 
with a rapid decrease thereafter. The biological half-life of 14C was 12 h. 14C excretion was rapid and almost 
complete, with recovery of 95% of the radioactivity 3 days after the administration (urine: 72%, faeces: 23%). 
Unlike mice and rats, the main metabolites in urine were glucuronide conjugates of procymidone-OH (appears to 
be an isomer of procymidone-CH2-OH; ~50% of the administered radioactivity) and  
procymidone-NH'-(COOH)2 (10%). In the faeces, unmetabolised procymidone accounted for ~9% of the 
administered radioactivity while metabolites were < 4% in total. An in vitro experiment using rat and rabbit liver 
microsomes confirmed that glucuronide conjugation of procymidone-OH occurred in rabbit liver but not in rat liver 
(Nagahori et al, 1997). 
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In a preliminary developmental study, pregnant monkeys (3/dose) were given procymidone suspension in 
methylcellulose at 62.5 or 125 mg/kg bw/d daily from GD20-99 by oral gavage. Blood was sampled on GD20 and 
GD99. Oral absorption of procymidone occurred at the first time points, with a Tmax of 2-4 h. The AUC0-24 h values 
at 62.5 and 125 mg/kg bw/d respectively were at 7.1 and 12.8 µg.h/mL on GD20, versus 19.9 and 20.8 µg.h/mL on 
GD99. This suggests some potential for accumulation, which is less than dose-proportional. The Cmax values at the 
two doses respectively were 0.45 and 0.96 µg/mL on GD20 and 1.22 and 1.25 µg/mL on GD99 (Fukunishi, 
2003a). 

In an in vitro assay to compare metabolism in different species, 14C-Procymidone (1–100 µM) was incubated with 
liver S9 fractions obtained from female rats, monkeys and humans in the presence of nicotinamide adenine 
dinucleotide phosphate-reduced form (NADPH, 3 mM) at 37°C for 1 h. The parent compound and at least 9 
metabolites including procymidone-CH2OH1, procymidone-COOH2, and procymidone-NH-COOH (PA)3 and its -
CH2OH derivative (PA-1-CH2OH or its isomer, PA-2-CH2OH)4 were reported to be found, but it is not clear whether 
these metabolites were found in all the species tested. The study claims that 'metabolic patterns' (no quantitative 
data) were similar in all species except that a minor unknown metabolite was detected in rat. Enzyme kinetic data 
revealed that human liver had higher Vmax (maximum velocity of the metabolic reaction) and lower binding affinity 
(higher Km), and intrinsic clearance (lower CLint when expressed per kg bw but not when expressed per mg 
protein) than those of rat and monkey livers (Tomigahara and Matsui, 2003). 

To examine the biliary excretion of procymidone, rats, monkeys and rabbits received a single oral dose of 14C-
procymidone at 3.5 or 62.5 mg/kg bw (rats) or 125 mg/kg bw (monkeys and rabbits). The results showed that 
biliary excretion of the glucuronide conjugates of PCM-CH2OH and PA-CH2OH in rats was higher than that in 
monkeys and rabbits. The excretion ratio (biliary excretion rate/urinary excretion rate) of glucuronide conjugates 
into bile in rats treated with a single oral dose of procymidone at 62.5 mg/kg bw was approximately 11 times higher 
than monkeys and 85 times higher than rabbits treated at 125 mg/kg bw. It is noteworthy that around 50% of 
radioactivity was detected in the gastro-intestinal (GI) tract of monkeys and rabbits 48 h after dosing  
(Mogi, 2005c & 2005d; Sugimoto, 2005d). 

To examine the placental transfer of procymidone and its metabolites, a single oral dose of 125 mg/kg bw was 
administered to pregnant rats, monkeys and rabbits. The results revealed that the amount of the parent compound 
decreased with time concomitant with an increase in the amount of the metabolite PCM-CH2OH in rat placenta and 
fetus. Furthermore, placental transfer of the metabolite PCM-CH2OH was much higher in rat placenta and fetus 
(more than 100-fold) than in rabbit or monkey 24 h after a single oral dose of 125 mg/kg bw procymidone. 
Although the amount of the parent compound in rat placenta and fetus was also higher, the differences were not 
as marked as the metabolite PCM-CH2OH. It is noteworthy that the amount of the parent compound in the rat fetus 
was only approximately three-fold higher than that observed in the monkey fetus at 24 h post dosing. This 
suggests that procymidone can readily cross the monkey placenta and its concentration is of the same order of 
magnitude as that in the rat fetus (Mogi, 2005e; Sugimoto, 2005e & 2005f; Tomigahara, 2005). 

1 N-(3',5'-Dichlorophenyl)-1-hydroxymethyl-2-methylcyclopropane-1,2-dicarboximide. 
2 N-(3',5'-Dichlorophenyl)-1-carboxy-2-methylcyclopropane-1,2-dicarboximide. 
3 2-(3',5'-Dichlorophenylcarbamoyl)-1,2-dimethylcyclopropane-1-carboxylic acid. 
4 2-(3',5'-Dichlorophenylcarbamoyl)-2-hydroxymethyl-1-methylcyclopropane-1-carboxylic acid or 2-(3',5'-
Dichlorophenylcarbamoyl)-1-hydroxymethyl-2-methylcyclopropane-1-carboxylic acid. 
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Two in vivo studies were conducted to investigate whether human liver had the ability to glucuronate PCM-CH2OH 
using control mice and chimeric mice with humanized liver. These mice were treated with a single oral dose of  
14C-procymidone at 37.5 mg/kg bw. Similar to monkeys and rabbits, chimeric mice treated with a single oral dose 
of procymidone at 37.5 mg/kg bw excreted higher levels of glucuronide conjugates of PCM-CH2OH and  
PA-CH2OH in urine than control mice (5-fold higher). Furthermore, the excretion ratio of glucuronide conjugates in 
bile (biliary excretion rate/urinary excretion rate) in chimeric mice was approximately 10 times lower than in control 
mice (Ohzone, 2005a & 2005b). 

Metabolites of procymidone 

Rats were given a single dose of [Carboxyl-14C] cis-1,2-dimethylcyclopropane-1,2-dicarboxylic acid (14C-CCA, a 
metabolite in plants, including grapes; but not a metabolite in rats or mice) by gavage at 0.56 mg/kg bw. 14C-CCA-
related radioactivity was rapidly excreted in the urine and faeces, with 84-87% of the administered dose eliminated 
within one day after administration. 14C- excretion over 7 days in both sexes was 49% of the administered dose in 
urine and 47–48% in faeces. Metabolism (< 4% of the administered dose) as well as excretion in the expired air 
was low (< 0.1%). Seven days after 14C-CCA administration, tissue residues were very low (< 4.8, 1.5 and < 1.5 ng 
equivalents of CCA/g in thyroid, bone and adrenal glands, respectively; < 1 ng equivalent of CCA/g in other 
tissues) (Saito, 1992). 

Following a single subcutaneous dosing of 14C-PCM-CH2OH or 14C-PA-CH2OH at 62.6 mg/kg bw, the radioactivity 
concentrations and metabolism in plasma, liver, kidneys, heart, lung, spleen and ovary were determined at 6 h. 
PCM-CH2OH, PCM-COOH and PA-CH2OH were identified in the plasma and the above tissues. In the plasma, 
PA-CH2OH was mainly detected. PA-CH2OH was rapidly and extensively transformed into PCM-CH2OH in all 
tissues, except plasma (Tomigahara, 2005a; 2005b & 2005c) 

Percutaneous absorption 

In an in vivo dermal absorption study, groups of male rats received 14C-procymidone dermally at 0.002, 0.02 and 
0.2 mg/cm2 over a 10 cm2 area. Systemic absorption (%) of procymidone was inversely proportional to the dose of 
procymidone (~35%, 6% and 1% for 0.002, 0.02 and 0.2 mg/cm2, respectively, at 24 h). Washing of the skin at 
10 h post-dose eliminated further systemic absorption of the lowest dose, but not for the other doses. Procymidone 
was excreted mainly in the urine: up to ~25% of the administered radioactivity in the urine and up to 1.5% in the 
faeces, in 24 h. No detectable radioactivity was detected in the blood (Savides, 2002). 

In an in vitro absorption study conducted at 32°C, the dermal absorption of 14C-procymidone was low in human 
epidermis (> 9 fold lower) when compared to that of rat epidermis. The absorption (as a % of the applied amount) 
was inversely proportional to the concentration of procymidone. Dermal absorption (including the % of active still 
remaining on the skin and therefore available for absorption) was 79%, 45% and 0.8% in rat epidermis, and 4.9%, 
4.6% and 0.02% in human epidermis, for 0.3, 15 and 500 mg/mL of the active (~3, 15 and 5000 µg/cm2 epidermal 
area), respectively (Owen, 2002). 

Comment: The studies by Savides (2002) and Owen (2002) are summarised in the 2007 JMPR report. 
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Acute toxicity  

An oral gavage study on rats having dose levels of 1000, 2150, 3160, 4640, 6810 or 10000 mg/kg bw showed that 
procymidone had low toxicity with LD50 values of 7650 mg/kg bw for males and 4140 mg/kg bw for females 
(Damske et al, 1980). Ataxia, decreased motor activity, and a black crust around the eyes, nose or mouth were 
observed from the lowest dose. At higher doses, laboured and/or decreased respiration, decreased motor activity, 
prostration and the occurrence of a clear discharge from the eyes affected the majority of rats. Less frequent 
findings included ventral posterior yellow or brown stains, yellow stains or wetness around the mouth and 
emaciation. No treatment related macroscopic abnormalities were observed (Damske et al, 1980).  

Procymidone was a low inhalational toxicant (LC50 > 1500 mg/m3) when tested in rats. Two separate studies were 
conducted in which the highest doses were 1150 or 1500 mg/m3. Dose dependent clinical signs included 
salivation, rhinorrhoea, crouching and lacrimation. Rats began to recover 5-6 h after exposure and were fully 
recovered within 4 days (Nomura Research Institute 1980 & Kohda et al, 1986). While procymidone technical was 
not a skin sensitiser in the guinea pig maximisation test (Nakatsuka et al, 1991), some products of procymidone 
may elicit skin sensitising potential when co-formulated with known skin sensitiser excipients (isothiazoline). 
Similar findings were also reported in the JMPR assessment report on procymidone (JMPR, 1989).  

Short-Term Repeat-Dose Toxicity 

Oral Exposure 

Procymidone was admixed in the diet and fed to rats (10/sex/group) at 0, 150, 500, 1500 or 5000 ppm for 5 weeks 
(respectively equal to 0/0, 14/15, 46/48, 132/143 and 471/471 mg/kg bw/d for males/females). There were no 
mortalities or treatment-related clinical signs. In males at the high dose level, absolute liver and testes weights 
were significantly elevated relative to controls and treatment related increases in relative liver weights were 
observed for both sexes. There were no treatment-related histopathological abnormalities detected in any of the 
organs/tissues examined. The NOAEL following 5 weeks of dietary exposure in rats was 1500 ppm (equal to 
132/143 [M/F] mg/kg bw/d) based on a significant increase in absolute and relative liver weight at 5000 ppm  
(equal to 471 mg/kg bw/d) (Singh et al, 1981). 

Dermal Exposure 

In a 28–day dermal study in rats, the animals were given procymidone dermally to clipped intact occluded skin at 
0, 180, 450 or 1000 mg/kg bw/d (6 h/d). There were no deaths or treatment-related clinical signs (including skin 
reactions and ophthalmology) or effects on bodyweights and food consumption. In females at 1000 mg/kg bw/d, 
absolute leucocyte and lymphocyte counts were lower than the controls, although the differences were not 
statistically significant and not considered to be toxicologically significant. There were no treatment-related effects 
on clinical chemistry or urinalysis parameters. The weights of seminal vesicles were higher in the 1000 mg/kg bw/d 
group. Changes in gross pathology and histology were insignificant. The NOAEL was 1000 mg/kg bw/d (Ogata, 
2002). 
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Subchronic Toxicity 

Procymidone was admixed in the diet and fed to mice (12/sex/group) at 0, 100, 500, 2500 or 10000 ppm  
(approx. 0, 20, 100, 500 and 2000 mg/kg bw/d respectively) for 13 weeks. There were no treatment-related 
mortalities or clinical signs. There was a dose-related increase in platelets in males, which was statistically 
significant only at the highest dose. No effect was seen in females. Blood urea nitrogen (BUN) and creatinine were 
significantly lower than the control at and above 500 ppm. In males, alanine aminotransferase (formerly called 
serum glutamic pyruvic transaminase, SGPT) activity was higher than the control at 10000 ppm and is considered 
treatment related and supports other data indicating liver dysfunction. The terminal bodyweight of 10000 ppm 
treatment males was significantly lower than the control. Absolute kidney weights were significantly lower than the 
control in males at and above 500 ppm and in females at 10000 ppm. In females, absolute spleen weights were 
significantly lower than the control at 10000 ppm. Relative kidney weights were significantly lower than the control 
at 10000 ppm in both sexes. There was a significant dose-related increase in relative liver weights at 500 ppm in 
female and at and above 2500 ppm in both sexes. Gross liver abnormalities were detected in three 10000 ppm 
males. Treatment-related histopathological abnormalities were confined to the liver and included coagulated 
necrosis of hepatic parenchyma at and above 2500 ppm in males and at 10000 ppm in females), dispersed 
chromatin, nuclear enlargement and cytoplasmic swelling of centrilobular hepatocytes (at and above 500 ppm in 
males and 2500 ppm in females) and in the presence of multinucleate hepatocytes throughout the hepatic lobules. 
These findings confirm that procymidone causes liver toxicity. The NOAEL was 100 ppm (equivalent to 20 mg/kg 
bw/d) based on increased relative liver weights (females) and liver pathology at ≥ 500 ppm (equivalent to 100 
mg/kg bw/d) (Weir and Keller, 1984). 

Beagle dogs (6/sex/group) were given procymidone at 0, 20, 100 or 500 mg/kg bw/d by capsule for 6 months. No 
mortalities were noted but clinical signs at the high dose level included vomiting of gastric juice, feed and test 
material. Diarrhoea occurred in females at the highest dose and their faeces often contained yellow-white material 
(test compound). Alkaline phosphatase (ALP) activity was increased in both sexes at 500 mg/kg bw/d. Similarly 
BUN in males and blood glucose throughout study were elevated. No treatment-related effects occurred at  
100 and 20 mg/kg/d. The NOAEL was 100 mg/kg bw/d based on clinical signs, increased ALP activity, and 
glucose levels at 500 mg/kg bw/d (Nakashima et al, 1984). 

Chronic Toxicity 

Groups of mice (50/sex) received dietary procymidone at 0, 30, 100, 300 or 1000 ppm (equivalent to 0, 4.5, 15, 45, 
150 mg/kg bw/d respectively) for 18 months. Mortality was increased in males at 1000 ppm, and SGPT activity 
was also increased at that dose. Absolute and relative liver weights were significantly increased in females at 100 
ppm and above, and testes weights were decreased at 300 and 1000 ppm. Histopathological changes were 
observed in the liver and testes at 100 ppm and above. Liver changes included oval cell proliferation (bile ducts) 
and hypertrophy of hepatocytes, mainly in high dose males. Atrophy of seminiferous tubules occurred in the 
testes. All other parameters were normal, and there was no evidence of carcinogenicity. The NOAEL was 30 ppm 
(equivalent to 4.5 mg/kg bw/d) due to histopathological changes in liver and testes and increased liver weights in 
females at 100 ppm (equivalent to 15 mg/kg bw/d) (Hagiwara et al, 1981). 

Mice (50/sex/dose) were fed procymidone with diet for 2 years at 0, 30, 100, 300 or 1000 ppm. There were no 
compound-related clinical signs or mortalities or effects on food and water consumption, bodyweight, 
ophthalmology, clinical chemistry and urinalysis parameters. Liver weights were significantly increased in high 
dose males and females at termination and an increased frequency of masses and raised pale areas was 
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associated with those livers. Histopathological changes classified as centrilobular cytological alterations were 
observed to a mild degree in the high-dose fed males and females and in males at 300 ppm at 52–week and 
terminal sacrifice. Focal or multifocal hepatocellular and fatty change were also seen, with an elevated incidence 
for males and females in the 300 and 1000 ppm dose groups, compared with controls. The NOAEL was 100 ppm 
(equivalent to 15 mg/kg bw/d) (Filler and Parker, 1988). 

Rats fed procymidone at 0, 100, 300, 1000 or 2000 ppm for 2 years showed bodyweight depression, increased 
liver weight, increased testis and ovary weights, mild hepatic centrilobular cytomegaly, testicular interstitial cell 
hyperplasia and an increase of (benign) testicular interstitial cell tumours at 1000 and 2000 ppm. On this basis, the 
NOAEL was 300 ppm (equivalent to 15 mg/kg bw/d) (Keller and Cardy, 1986). 

Procymidone was admixed in the diet and fed to 4 beagle dogs/sex/group at 0, 50, 150 or 500 ppm (equal to 
12.6/12.9, 37.8/37.5 and 130/117 mg/kg bw/d, respectively for males/females) for 2 years. Significant effects were 
noted in a number of haematological parameters, but were considered incidental due to the absence of a dose-
relationship. There were no significant effects noted in clinical chemistry parameters with the exception of chloride 
ion that was significantly (p < 0.05) elevated compared with controls in females fed the high dose after 12 months. 
The toxicological significance of this finding is unclear. Absolute organ weights relative to bodyweight and brain 
weights in treated groups were comparable to controls. There were no treatment-related gross or histopathological 
abnormalities. The NOAEL was 500 ppm (130 and 117 mg/kg bw/d in males and females, respectively) based on 
the absence of any toxicological effects at this dose (Kadota, 1981a; Tatematsu et al, 1979). 

Groups of dogs were given procymidone orally (in capsules) at 0, 20, 100 or 500 mg/kg bw/d for 52 weeks. A male 
in the 100 mg/kg bw/d group had an intussusception of the large intestine (clinical signs: decreased food 
consumption, weight loss) and was sacrificed. There were no treatment-related clinical signs or ophthalmological 
changes. Bodyweight gains were slightly higher in all treated groups, but not dose-dependently. In the 500 mg/kg 
bw/d group males, lower absolute lymphocyte counts and higher total and β globulin levels were seen. The 
NOAEL was 100 mg/kg bw/d, based on decreased lymphocyte counts at 500 mg/kg bw/d (Dalgard and Machotka, 
1992). 

Reproductive Toxicity 

There is extensive evidence that procymidone mediates toxicity to the reproductive system of adult and developing 
male rats. In a two-year study in Osborne-Mendel rats (Keller and Cardy, 1986), increased testicular weight and 
the formation of benign interstitial cell tumours were seen at ≥ 50 mg/kg bw/d. In a one-generation reproductive 
toxicity study in Wistar-derived rats, hypospadias were seen in F1 male pups at ~37 mg/kg bw/d (Hodge, 1991). An 
increased incidence of hypospadias was seen in other studies in rats, including a different strain (Long-Evans) 
(Ostby et al, 1999). Reduced litter size and lower prostate/seminal vesicle weights were also observed at ~75 
mg/kg bw/d (Hodge, 1991). In a related 2-generation reproduction study in the same strain of rat (Wickramaratne, 
unspecified date; Milburn, 1991), reduced anogenital distance, impaired fertility and hypospadias were seen in F1 
and F2 males at ~75 mg/kg bw/d, together with pituitary hypertrophy and increased liver and testis weights. Liver 
and testis weights were also elevated at ~25 mg/kg bw/d. Conversely, there were no such effects in an earlier 2-
generation study by IBT Laboratories (1978) in Charles River (probably Sprague-Dawley derived) rats at doses up 
to ~100 mg/kg bw/d.  
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Studies 

In a one-generation reproductive toxicity study, rats were fed a diet containing 0, 50, 250 or 750 ppm of 
procymidone (~0, 2.5, 12.3, 36.9 mg/kg bw/d in F0 parents; 2.5, 12.6 and 37.2 mg/kg bw/d in F1 males). This study 
was designed to investigate effects on the major reproductive organs of male offspring at 5 and 10 weeks of age 
(female offspring not examined after weaning). In the parental animals, there were no treatment-related clinical 
signs, mortality, or effects on bodyweights, food consumption, pre-coital interval, gestation period or fertility 
indices. The litter size at birth rabbitwas lower at 750 ppm but pup survival was not affected. Bodyweight gain in 
the pups was higher at 750 ppm during the pre-weaning period. In the 750 ppm group, the weights of 
prostate/seminal vesicles (weighed together) were decreased, and hypospadias were seen. The NOAEL for 
embryo-fetal/pup toxicity was 250 ppm (12.6 mg/kg bw/d; based on lower litter size, decreased prostate/seminal 
vesicle weights and hypospadias at 750 ppm). Recognising that a gross pathology examination was not conducted 
in parental animals, the apparent NOAEL for parental toxicity was equal to 36.9 mg/kg bw/d, the highest dose 
tested (Hodge, 1991).  

In a preliminary study, procymidone was admixed in the diet and fed to groups of 6 male and 12 female rats at 
dietary levels of 0, 100, 300, 1000 or 3000 ppm (approximately equivalent to 5, 15, 50, 150 mg/kg bw/d) for two 
parental generations and their offspring throughout all phases of the study. There were no mortalities or clinical 
signs in any parental rats. There was a dose-related decrease in bodyweight gain during the 6 week premating 
treatment period at 3000 ppm in males and at and above 300 ppm in females. At 3000 ppm, bodyweight losses 
occurred in females over the entire premating period. Concomitant with the effect on bodyweight gain was a 
treatment-related reduction in food consumption and mean food conversion efficiency. There was no treatment-
related effect on any reproduction parameters. At 3000 ppm, the bodyweight of pups (male and females) was 
significantly lower than the control at 3000 ppm on postnatal days 1, 22, 29 and 36. In male offspring, relative 
testes weight was significantly elevated at 3000 ppm. Macroscopic examination revealed that ten male pups from 
five litters at this dose had small or missing seminal vesicles. The NOAEL in parental rats was 100 ppm in females 
and 1000 ppm in males based on significantly reduced bodyweight gain, food consumption and food conversion 
efficiency at and above 300 ppm in females and 3000 ppm in males. The NOAEL for reproductive toxicity was 
3000 ppm (highest dose tested) based on the absence of any effects at this dose. The NOAEL for pup toxicity was 
1000 ppm (50 mg/kg bw/d) based on significantly reduced bodyweights at birth and during lactation (both sexes) 
and increased relative testes weight at 3000 ppm (Milburn, 1986). 

Groups of rats (30/sex) were fed dietary procymidone at 0, 50, 250 or 750 ppm (approximately 2.5, 12.5 or 37.5 
mg/kg bw/d respectively) for three parental generations and their offspring throughout all phases of the study. The 
dose level of 750 ppm procymidone was associated with reproductive toxicity in male rats, characterised as a 
reduction in anogenital distance in male offspring at day 1 post-partum, abnormal appearance of the external 
genitalia in F1 and F2 males over 7 weeks of age and a reduction in fertility. Histological changes observed in F1 
and F2 males included hypertrophy in the pituitary at 750 ppm and increased incidence of seminal vasculitis at 250 
and 750 ppm. No effects were seen at 50 ppm or in F0 males. Signs of toxicity were evident in all parents of all 
generations at 750 ppm, consisting of reductions in bodyweight gain, food consumption, efficiency of food 
utilisation and increase in testes and liver weights. Prostate weights were decreased at 750 ppm in F2 males only. 
Liver and testes weights were also slightly increased at 250 ppm. Signs of toxicity in pups at 750 ppm were 
decreased total litter weights, increased testes weights and decreased weights of epididymides and prostate with 
seminal vesicles. The NOAEL for parental toxicity was 50 ppm (approximately 2.5 mg/kg bw/d), based on 
increased incidence of seminal vasculitis in F1 and F2 males at higher doses. The NOAEL for offspring was 50 ppm 
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(approximately 2.5 mg/kg bw/d) based on increased incidence in seminal vasculitis and increased testes and liver 
weights at 250 ppm (approximately 12.5 mg/kg bw/d) (Milburn, 1991; Wickramaratne, unspecified date).  

Rats received 0, 100, 300 or 1000 ppm (equivalent to 10, 30 or 100 mg/kg bw/d respectively) in the diet for two 
parental generations and their offspring throughout all phases of the study. Pre-mating bodyweight and 
bodyweight gains were reduced in parental F1 males at 1000 ppm and for F2 parental males at all dose levels but 
these findings were not statistically significant. Females on 1000 ppm showed reduced pre-mating bodyweight 
gains in all generations but these did not attain statistical significance. There were dose-related trends in reduced 
final mean bodyweights in all generations which only achieved statistical significance at 1000 ppm in F1 and F2 
generations. Some deaths occurred in all groups and at all dose levels in the second and third generations but no 
association with the test compound was shown by pathological examinations. There were no toxicological effects 
on absolute or relative organ weights that were compound-related and histological examinations confirmed these 
gross observations. No neoplasms were detected in any group. Effects on reproductive indices showed no 
consistent patterns that could be attributed to the test compound, and there were no statistically significant 
differences between groups in regard to the population data - stillbirths, progeny or survival, although some trends 
were shown mainly in the third generation receiving the high dose-level. Weanling bodyweights were unaffected by 
treatment and no teratogenic effects were recorded. The NOAEL was 300 ppm (equivalent to 30 mg/kg bw/d) due 
to reduced bodyweights in F1 and F2 females at 1000 ppm (100 mg/kg bw/d) (IBT Laboratories, 1978). 

Developmental Toxicity 

Maternal, fetal or developmental toxicity did not occur in an early developmental study with Sprague-Dawley rats 
dosed up to 300 mg/kg bw/d (Pence et al, 1980). However, later developmental studies confirmed procymidone’s 
toxicity to male fetuses. Decreased anogenital distances, undescended testes and hypospadias were observed in 
Sprague-Dawley rats (Hoberman et al, 1992). Permanent feminisation occurred in male pups born to Long-Evans 
PND3. At ≥ 50 mg/kg bw/d, hypospadias with cleft phallus occurred, as well as permanent nipples and vaginal 
pouches, with most animals affected at the highest dose (200 mg/kg bw/d) (Ostby et al, 1999). Hypospadias was 
observed in male fetuses in a dose-dependent manner with incidences reaching 11% and 41% at 37.5 and 62.5 
mg/kg bw/d, respectively. Studies in monkeys and rabbits with special emphasis on development of the male 
reproductive system, however, revealed no similar effects on the male fetus at doses up to 125 mg/kg bw/d 
(Higuchi and Inawaka 2003; Fukunishi 2003a and b). Both these models were verified with respect to their 
capacity to detect anti-androgenic effects of other compounds.  

Results from various published studies where procymidone was administered to pregnant rats confirmed the 
effects on male fetal development (Hass, 2007; Jacobsen et al, 2012) which was consistent with the mode of 
action of procymidone as androgen antagonism but did not provide sufficient evidence to warrant change to the 
regulatory status of procymidone. The androgen receptor is essential for the development of the male sexual 
characterisations. The androgens, testosterone and its metabolite DHT, play an important role in the development 
and function of male reproductive organs such as prostate and testis, as well as non-reproductive organs including 
muscle, hair follicles and brain. Their biological effects are mediated by one of the nuclear receptor superfamily of 
ligand-regulated transcription factors. Testosterone is synthesized mainly in the Leydig cells of testes and 
converted in the prostate to DHT, a more potent androgen than testosterone. Upon DHT binding to androgen 
receptor in the cytosol, the complex translocates to the nucleus, where androgen receptor-DHT complex binds to 
androgen response elements in the promoter region of target genes and regulate the transcription of the target 
genes.  
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Procymidone competitively inhibited the binding of DHT to human and rat androgen receptor in an in vitro test 
system using HeLa cells transfected with a human or rat androgen receptor expression vector (Suzuki et al, 2005). 
The IC50 (half maximal inhibitory concentration) of procymidone was 0.31 µM and 0.29 µM for rat and human 
androgen receptor receptor, respectively, indicating that procymidone can bind to rat and human androgen 
receptor with similar affinity. Furthermore, the binding affinity of procymidone was similar to that of flutamide, a 
pharmacological inhibitor of the androgen receptor (IC50 of flutamide was 0.34 µM and 0.23 µM for rat and human 
androgen receptor, respectively). A number of metabolites including PCM-CH2OH were also shown to possess 
weaker affinity for human and rat androgen receptor (about 8 times lower than procymidone).  

In vitro studies examining the ability of procymidone and related vinclozolin to bind to androgen receptor showed 
that procymidone inhibited the response of human androgen receptor transfected Chinese hamster ovary (CHO) 
cells to the synthetic androgen R1881. The competitive binding to the human androgen receptor was observed at 
all concentrations studied (0.025-50 µM). The IC50 of procymidone in this test system was 0.6 µM compared to 
0.1 µM for vinclozolin (Nellemann et al, 2003). The close similarities between the structure, biochemical behaviour 
and developmental toxicity of procymidone and vinclozolin significant since vinclozolin is currently in Schedule 7 
based on its developmental toxicity in rats.  

Mechanistic studies indicated that vinclozolin and procymidone displace the binding of testosterone to the 
androgen receptor and thereby interfere with cellular signalling in the target organs. Consequently, a disruption of 
the hypothalamic-pituitary feedback mechanism is induced, causing increased production of circulating steroid 
hormones in an attempt to overcome the apparent reduction in testosterone levels. The lack of cellular stimulation 
by testosterone results in atrophy of the adult male sex organs and accessory sex organs such as the prostate 
gland. Conversely, organs such as the testes, pituitary and the adrenal glands, which are actively involved in the 
synthesis of steroids, respond to androgen blockade by increasing their activity, resulting in hyperplasia.  

Male rats exposed to vinclozolin or procymidone in utero may become externally indistinguishable from female 
fetuses, as well as the internal reproductive system displays the development of both male and female 
characteristics. This is caused from reduced or absent stimulation of the developing tissue by testosterone. A 
comparison of the NOAELs for developmental toxicity of vinclozolin and procymidone showed that vinclozolin 
caused feminisation of male rat fetuses at and above 50 mg/kg bw/d with a NOAEL of 15 mg/kg bw/d, while 
procymidone produced feminisation of male pups at the lowest dose of 25 mg/kg bw/d. Interestingly, both 
procymidone and vinclozolin did not cause developmental toxicity in rabbits at a much higher dose of 125 and 
300 mg/kg bw/d, respectively. It is most likely that the toxic effects of procymidone and vinclozolin on fetal 
development in rats, especially in male offspring, are related to their anti-androgenic effects. There is direct in vivo 
evidence in the rat prostate that androgen-dependent gene expression change occurs after exposure to vinclozolin 
(Kavlock and Cummings, 2005). Based on their similarities (structure, biochemical behaviour and developmental 
toxicity), it is highly probable that similar mechanisms exist for procymidone. It is not known whether alterations of 
gene expression following vinclozolin-induced antagonism of androgen receptor binding can occur in humans, 
although parallel mechanisms are believed to be present in rats and humans. 

A series of toxicokinetics and metabolism studies have demonstrated species differences in the toxicokinetics and 
metabolism of procymidone between rats, rabbits and monkeys. The metabolic pathway for procymidone in rats 
indicates that the major metabolic reactions are oxidation of methyl groups of the cyclopropane ring to 
hydroxymethyl (PCM-CH2OH) and carboxylic acid derivatives (PCM-COOH) and cleavage of the amide  
(PA-COOH). By contrast, formation of glucuronides of the two hydroxylated-procymidone metabolites 
(PCM-CH2OH and PA-CH2OH) was the main metabolic pathway in rabbits and monkeys.  

 



22 RECONSIDERATION OF PROCYMIDONE: HUMAN HEALTH RISK ASSESSMENT REPORT (INCLUDING 
TOXICOLOGY AND WORK HEALTH SAFETY)  

The metabolism and kinetics of procymidone after a single oral dose were similar to that after 14 repeat doses in 
rats and monkeys. When pregnant rats were treated with procymidone at doses that caused developmental 
abnormalities either as a single oral dose or 14 daily doses, the amount of the parent compound in plasma 
decreased with time, concomitant with an increase in the amount of the metabolite PCM-CH2OH. At the non-
teratogenic dose of 125 mg/kg bw/d, the amount of PCM-CH2OH in monkey plasma after 14 doses at Tmax (8 h for 
rats and 2 h for monkeys) was approximately 8 times lower than in rat plasma at the teratogenic dose of 
37.5 mg/kg bw/d. Consequently, higher placental transfer (greater than 100-fold) of the metabolite PCM-CH2OH 
was observed in rats compared to rabbits and monkeys. Although the amount of the parent compound in rat 
placenta and fetus was also higher, the differences were not as marked as in the case of the metabolite  
PCM-CH2OH (about 3-fold). The amount of the parent compound, however, was higher in monkey plasma. At the 
non-teratogenic dose of 125 mg/kg bw/d, the amount of parent compound in monkey plasma after 14 doses at Tmax 
was approximately 2.5 times higher than in rat plasma at the teratogenic dose of 37.5 mg/kg bw/d. Glucuronide 
conjugates of PCM-CH2OH and PA-CH2OH were the major component in the urine of monkeys and rabbits. This 
probably contributes to the lower placental transfer of the metabolite PCM-CH2OH observed in rabbits and 
monkeys.  

There is evidence to suggest that the developmental toxicity observed in rats could be mediated by the metabolite 
PCM-CH2OH. This proposition is supported by the three following observations:  

• similar to procymidone, oral administration of PCM-CH2OH at 37.5 or 62.5 mg/kg bw/d from day 6 to 19 of 
gestation was associated with increased incidence of hypospadias in male rat fetuses in a dose-
dependent manner (22% and 89% for the two doses, respectively); 

• higher placental transfer of PCM-CH2OH was observed in rats compared to monkeys and rabbits; and 
• although its affinity for androgen receptors is about 8 times weaker than procymidone, PCM-CH2OH can 

bind to the androgen receptors in a competitive manner.  

Thus, high fetal exposure to PCM-CH2OH might be responsible for the developmental toxicity observed in rats, 
while the absence of developmental toxicity in monkeys and rabbits could be due to a low fetal exposure to this 
metabolite (perhaps due in part to its rapid conjugation and elimination in maternal urine). Procymidone, which 
was shown to possess a much stronger androgen receptor binding potential than the metabolite PCM-CH2OH, is 
also likely to play a direct role in mediating the rat developmental toxicity since procymidone was also detected in 
rat placenta and fetus, although at a lower level than PCM-CH2OH. It is noteworthy that the amount of the 
procymidone in the rat fetus was only approximately three-fold higher than that observed in the monkey fetus at 
24 h post-dosing suggesting that procymidone can also readily cross the monkey placenta and its concentration in 
the fetus is of the same order of magnitude as that observed in the rat fetus. 

To investigate whether human liver has the ability to glucuronate the metabolite PCM-CH2OH to an extent similar 
to monkeys and rabbits, an in vitro study was performed with 4 different human hepatocyte populations. The 
results revealed that glucuronide conjugates of PCM-CH2OH and PA-CH2OH were formed in all human hepatocyte 
populations. An in vivo study was then conducted in which chimeric mice with humanized liver were used to 
investigate whether these mice could excrete the glucuronide conjugates of PCM-CH2OH. The results revealed 
that, similar to monkeys and rabbits, procymidone-treated chimeric mice excreted 5-folds higher levels of 
glucuronides in the urine than the control mice. It was suggested that the results obtained from studies with the 
chimeric mice could be used to predict the metabolic and excretion profile of procymidone in humans. The 
chimeric mice have only been generated by transplanting human hepatocytes into uPA/SCID mice which are 
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immunodeficient and undergo liver failure (Tateno et al, 2004). The human hepatocytes progressively repopulate 
the murine host liver which can be replaced by > 80% with human hepatocytes.  

Studies of the chimeric mice with humanised liver have shown that they express most of the mRNA of the 58 
human phase I enzymes and all 26 human phase II enzymes (Nishimura et al, 2005) and exhibited almost the 
same protein contents of human phase II enzymes including the UDP-glucuronosyltransferase (Katoh et al, 2005). 
A detailed morphological and biochemical characterisation of a human liver in the uPA/SCID mouse chimera was 
reported by Meuleman et al (2005). Early after engraftment, human hepatocytes appeared as sharp nodules that 
expanded and became blurred as time went on and occupied up to 87% of liver parenchyma. Functional 
connection between human and mouse canaliculi was demonstrated by histology. Human albumin, a marker of the 
integrity and functional status of the human hepatocytes was detected along with 21 other human specific proteins. 
One particularly interesting finding in the report was the presence of cells with markers of human hepatic 
progenitor cells within the parenchyma of the mouse liver. These cells play an important role in hepatic 
regeneration and immunohistochemical examination revealed that they progressively differentiated into mature 
hepatocytes in the xenograft. The mouse chimera is considered to be an animal model harbouring a functional 
human liver cell xenograft which has been accepted by other regulatory agencies in Australia as a suitable model 
for predicting human drug/chemical metabolism and excretion. On this basis, studies using the chimeric mice in an 
attempt to predict the metabolic and excretion profile of procymidone in humans are accepted. However, since the 
concern about the effects of procymidone arises from developmental toxicity studies in rats, the comparative 
studies supplied using chimeric and control mice are not of direct relevance to the issue of comparative 
metabolism and developmental effects in rats and humans. 

The androgen-binding domain of the androgen receptor is highly conserved in mammals. Chemicals that 
adversely affect human sexual differentiation generally produce similar alterations in rodents since there is a 
considerable homology between rodents and humans with respect to the mechanisms controlling the process 
(Gray, 1992). It would therefore appear unlikely that there is a major species difference in the binding affinity of 
procymidone and its metabolites to the androgen receptor. The striking differences in developmental toxicity 
among rats, rabbits and monkeys may be partly explained by species differences in the metabolism, distribution 
and excretion of procymidone and its metabolites. However, given that the binding affinity of procymidone and the 
metabolite PCM-CH2OH to the androgen receptor in vitro is similar in humans and rats; that the binding affinity of 
procymidone to the androgen receptor is of the same order as that of the anti-androgen flutamide; that 
procymidone can readily cross the monkey placenta and its concentration in the monkey fetus is of the same order 
of magnitude as that in the rat fetus; and that there are no human data indicating that the anti-androgenic effects of 
procymidone will not occur in humans, the conservative assumption must be that humans and rats are equally 
sensitive to the anti-androgenic effects of procymidone. Therefore, despite the absence of developmental effects 
in the monkey and rabbit studies, the possibility of endocrine disrupting effects in humans cannot be discounted.  

These data were also considered by the Advisory Group on Chemical Safety at its third meeting  
(6 February 2007). The Committee considered that in the absence of human data to suggest otherwise, humans 
and rats should be considered to be equally sensitive to procymidone since androgen binding receptors are highly 
conserved across mammalian species and procymidone binds to human and rat androgen receptor with similar 
affinity. 

While it has been reported that the male offspring of pregnant rats treated with vinclozolin at 100 mg/kg bw/d i.p. 
(intraperitoneal injection) on GD8-15 had increased levels of apoptosis in sperm cells in the testes, and that this 
effect was transmitted through 4 successive generations in the absence of additional exposure (Anway et al, 
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2005). This study is of limited regulatory value as administration by the i.p. route is not considered relevant to 
human exposure. When vinclozolin was fed to rats on a daily basis in a reproduction study, all male offspring were 
infertile at ≥ 100 mg/kg bw/d (and some reduction in fertility at 29 mg/kg bw/d), though this effect was not 
demonstrated in all strains of rat tested. Also, feminisation of male pups was noted in a rat developmental study 
with vinclozolin at 150 mg/kg bw/d orally (equivocal findings at 50 mg/kg bw/d), and also in a dermal 
developmental study at 180 mg/kg bw/d (NOAEL 60 mg/kg bw/d). 

Studies 

In a pilot study, procymidone was administered by oral gavage to 5 pregnant rats/group on GD6-15 at 0, 300, 1000 
or 3000 mg/kg bw/d. Treated animals displayed an increased incidence of clinical signs including; hunched 
appearance, laboured breathing, thin appearance, rough hair coat, depressed activity, ataxia, urine stains, 
salivation and tremors. Four animals (2 at 1000 mg/kg bw/d and 2 at 3000 mg/kg bw/d) were sacrificed because of 
their moribund condition. There was no treatment-related effect on bodyweight and dams showed no loss of 
appetite during the treatment period. Fetal viability was somewhat decreased at the highest dose, but there was no 
treatment-related effect on any other fetal parameter. No gross fetal abnormalities were detected (Pence et al, 
1980).  

Pregnant rats were administered with procymidone by gavage at 0, 3.5, 12.5, 125 or 500 mg/kg bw/d on GD6-19. 
Clinical signs included ungroomed coat in the 125 and 500 mg/kg bw/d groups. Maternal food consumption was 
lower during GD6-21 and bodyweight gains were lower at GD21 in the 125 and 500 mg/kg bw/d groups, but the 
weights recovered during the lactation period. There were no treatment-related effects on late resorption, the 
number of live fetuses or sex ratio of the fetuses or on fetal weights. The anogenital distance was significantly 
lower in the male fetuses at 12.5 mg/kg bw/d and above. There were no treatment-related changes at external, 
visceral or skeletal examination except for a slightly higher incidence of bifid vertebrae (thoracic centrum) in the 
125 and 500 mg/kg bw/d groups. In animals that were allowed to litter normally, there were no treatment-related 
effects on litter size (live or dead pups) or sex ratios of the pups at delivery. At 500 mg/kg bw/d, pup weights were 
significantly lower at post-partum day 1 and pup mortality was higher during post-partum days 2-4. In male pups of 
the 125 and 500 mg/kg bw/d groups, lower anogenital distance, undescended testes, hypospadias and distended 
preputial glands were seen at necropsy. Prostate weights were lower in the 125 and 500 mg/kg bw/d groups 
(pups), while the 500 mg/kg bw/d group had gross pathological changes in the prostate (yellow areas, granular 
consistency). In the 125 and 500 mg/kg bw/d groups (pups), histological changes included testicular atrophy, 
chronic or suppurative inflammation in the prostate and seminal vesicles, and 'concretion', distended preputial 
gland ducts, hypospadias and inflammation in the penis. At 500 mg/kg bw/d, necrotic germ cells in the 
epididymides were also seen. Histological examination was not conducted on F1 females. The NOAEL was 
12.5 mg/kg bw/d for maternal toxicity based on lower bodyweight gains and food consumption at 125 mg/kg bw/d 
and the next higher dose. The NOAEL for fetal toxicity was 12.5 mg/kg bw/d based on decreased anogenital 
distance and an increased incidence of hypospadias in male fetuses at 125 mg/kg bw/d and above  
(Hoberman, 1992).  

Pregnant rats were treated with procymidone as an oral suspension at 0 or 100 mg/kg bw/d from GD14 to PND3. 
Procymidone treated male offspring displayed reduced anogenital distance, areolas, permanent nipples, reduced 
sex accessory gland size and hypospadias with a vaginal pouch. In addition, procymidone induced chronic active 
ventral prostatitis and vesiculitis. Mononuclear cell infiltration or chronic-active prostatitis (ventral lobe) was present 
in 47% of the procymidone group with 36% having chronic vesiculitis (Wolf et al, 1999). 
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Pregnant rats were administered procymidone orally at 0, 25, 50, 100 or 200 mg/kg bw/d from GD14 to PND3.  
On PND2, pups were weighed, sexed and the anogenital distance was recorded. There were no effects of toxicity 
on the dams. On PND2, the anogenital distance of male pups was significantly reduced at all doses in a dose-
related manner. At maternal doses of 25 mg/kg bw/d and higher, adult male progeny had dose-related increases in 
the number of permanent nipples and decreases in the weight of the penis and accessory sex organs. 
Hypospadias with cleft phallus and vaginal pouch were observed at 50 mg/kg bw/d and higher, with incidences 
reaching 91% and 58%, respectively, at 200 mg/kg bw/d. There was a 10% incidence of ectopic testis at 200 
mg/kg bw/d. In the prostate and seminal vesicular tissue, fibrotic, infiltrative and/or hyperplastic abnormalities were 
observed histologically at doses of 50 mg/kg bw/d and higher. No developmental NOAEL was established, as 
feminising effects in male pups were noted at and above the lowest dose of 25 mg/kg bw/d. The NOAEL for 
maternotoxicity was greater than 200 mg/kg bw/d (Ostby et al, 1999). 

Procymidone was administered to pregnant rabbits at 0 or 125 mg/kg bw/d by gavage on GD6–28. In the dams, 
there were no treatment-related effects on clinical signs, bodyweight gain and food consumption, or changes at 
necropsy. There were no treatment-related effects on the number of live or dead fetuses, sex ratio or weights of 
the fetuses. The diameter of the preputial lamella or the anogenital distance was not affected by treatment. There 
were no effects on the development of male fetuses. The developmental NOAEL was 125 mg/kg bw/d  
(Higuchi and Inawaka, 2003). 

Groups of 18 pregnant female rabbits were dosed by gavage with 0, 30, 150, 750 or 1000 mg/kg bw/d 
procymidone from days 7–19 inclusive of gestation. There was no evidence of maternal toxicity in terms of 
survival, clinical condition, body weight gain or food consumption. There were also no effects on the young in utero 
in terms of numbers, growth, survival and weight. The incidence of fetuses with non-ossification of the 4th, 5th, 6th 
and 7th lumbar transverse processes was increased significantly at 750 mg/kg bw d, in comparison with the control 
group. Non-ossification of the 4th and 5th lumbar transverse processes was also significantly increased at  
150 mg/kg bw/d. The lack of any clear dose-related effect indicated that these minor defects were normal 
variations, and not of toxicological significance. The NOAEL was 1000 mg/kg bw/d, the highest dose tested 
(Wickramaratne, 1988).  

Groups of 17 pregnant female rabbits were given 0, 10, 30 or 100 mg/kg bw/d procymidone in gelatine capsules 
on days 6 to 18 inclusive of gestation. All groups showed mean bodyweight gains, less in the high dose group 
possibly because they started at a higher initial value. In the high dose group 1/39 (0.7%) fetuses had cranial 
oedema and a missing naris. No other fetuses had external defects. The 24 h survival in an incubator was slightly 
less than control or high dose pups in the low and medium groups and in each of these two groups was apparently 
due to one litter having a survival rate of 25% or less. Fetal skeletal development was comparable in all groups. 
The overall conclusion is that procymidone was not teratogenic in rabbits up to 100 mg/kg bw/d. The NOAEL was 
100 mg/kg bw/d, the highest dose tested (IBT-Sumitomo, 1976). 

Procymidone was administered to pregnant monkeys at 0 or 125 mg/kg bw/d by gavage on GD20-99. There were 
no treatment-related clinical signs or effects on bodyweight or food consumption. There were no treatment-related 
effects on fetal viability, sex ratio or weights of the fetuses. External genitalia and nipple formation, visceral or 
skeletal examination of the fetuses did not reveal any treatment-related abnormality. There were no treatment-
related effects on the placenta, including its weights. The NOAEL was 125 mg/kg bw/d for maternal and fetal 
toxicity, the highest dose tested (Fukunishi, 2003b).  
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Pregnant Sprague-Dawley rats received a daily oral dose of procymidone at 0, 37.5 or 62.5 mg/kg bw/d from days 
6 to 19 of gestation. There were no deaths or clinical signs in the dams. Hypospadias was observed in male 
fetuses in a dose-dependent manner with incidences reaching 11% and 41% at 37.5 and 62.5 mg/kg bw/d, 
respectively. The effect occurred in the absence of maternotoxicity. No NOAEL for fetal toxicity was set due to 
developmental abnormalities observed at the lowest dose (Inawaka, 2005). 

Pregnant Wistar rats (8/dose or 16/control) received a daily oral dose of procymidone (Dose response study 1—0, 
5, 10, 25, 50, 100 or 150 mg/kg bw/d; Main study—0, 14.1 or 68.1 mg/kg bw/d) from GD7 to the day prior to 
expected birth (GD21) and from PND 1 to PND16. There were no clinical signs of toxicity in the dams. Male pups 
were examined at PND16. In the dose-ranging study, significant decreases in the weights of the testes, 
epididymides, prostate, seminal vesicle, levator ani/bulbocavernosus muscle and bulbourethral glands were 
observed at a number of doses, while adrenal weights were significantly increased at 150 mg/kg bw/d. 
Epididymides, prostate, seminal vesicle, levator ani/bulbocavernosus muscle weights were significantly decreased 
at 68.1 mg/kg bw/d in the main study. A 40% and 10% incidence of mild dysgenesis of external sex organs and 
epididymides was observed at 14.1 and 68.1 mg/kg bw/d, respectively. Moderate and severe (40% incidence of 
each) external sex organs dysgenesis was observed at 68.1 mg/kg bw/d. An increase in the incidence (~20%) of 
histological alterations in prostate and seminal vesicles was observed in the 68.1 mg/kg bw/d group compared to 
control and the 14.1 mg/kg bw/d group (Metzdorff et al, 2007). 

Pregnant Wistar rats (8/dose or 16/control) received a daily oral dose of procymidone at 0, 5, 10, 25, 50, 100 or 
150 mg/kg bw/d (dose-response study) or 0, 14.1 or 61.8 mg/kg bw/d (main study) from GD7–21 and from 
PND1-16. No clinical signs of toxicity were observed in the dams. The report indicated that a dose-dependent 
reduction in anogenital distance and increase in nipple retention was observed in male pups and nipple retention 
was the more sensitive endpoint. No treatment related effects were observed in male pups at 10 mg/kg bw/d 
(Hass et al, 2007). 

Pregnant Wistar rats received a daily oral dose of procymidone at 0 (n=15), 12.5 (n=12) or 50 (n=10) mg/kg bw/d 
from GD7 to GD21 and from the day after birth to PND16. Procymidone treatment did not affect maternal weight 
gain from GD7 to GD21 and from GD7 to PND1, gestation length, % post-implantation loss, % perinatal loss, 
number of pups alive per litter, % postnatal death or % males. No clinical signs of toxicity were observed in dams. 
Procymidone treatment had no effect on the pup bodyweights. Increases in male genital malformation (number 
and severity) were observed with time (PND16 < PND22 < PND50) at 50 mg/kg bw/d. There was a significant 
increase in nipple retention in male pups on PND13 at both doses compared with controls, which appeared to 
increase with dose. Decreased anogenital distance and dose-dependent increase in the number of areolas was 
observed in male pups. The authors concluded from modelling that the maternal procymidone lowest observed 
adverse effect level (LOAEL) for nipple retention in male offspring is 4.2 mg/kg bw/d (Hass et al, 2012). This study 
was of limited regulatory value and a LOAEL of 12.5 mg/kg bw/d was established due to treatment related effects 
at both doses. No NOAEL could be established. 

Pregnant Wistar rats received a daily oral dose of procymidone at 0 (n=22), 12.5 (n=12) or 50 (n=10) mg/kg bw/d 
from GD7 to PND16 (Hass et al, 2012). The number of viable litters was 15/22 (68%), 7/12 (58%) and 4/10 (40%) 
for the 0, 12.5 and 50 mg/kg bw/d groups, respectively. Dam bodyweight gain, litter size, and pup mortality were 
not affected by treatment. For PND16 male offspring (n=6 at low dose and n=3 at high dose), there was a 
significant increase in testis weight at 12.5 mg/kg bw/d, and a significant decrease in epididymis and prostate 
weights at 50 mg/kg bw/d. Consistent or dose-related effects on selected endpoints for the endocrine and nervous 
systems were not observed. This study was of limited regulatory value as the study was performed to test the 
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toxicity of a number of test materials at individual doses not expected to result in adverse effects (Jacobsen et al, 
2012). 

A study was performed with CD rats, where pregnant F0 females (n=5) received i.p. with procymidone  
(100 mg/kg bw/d) from GD8 to GD15. F1 males were mated with untreated females to obtain the F2 generation.  
F0 females showed decreased motor activity and lower bodyweight gains during the treatment period, but did not 
show abnormalities in reproductive performance. F1 pups displayed no changes in viability, clinical signs and 
bodyweight. F1 males displayed no abnormalities in testis weights, number of apoptotic cells in testis, testicular 
sperm head count, epididymal sperm motility, morphology and no abnormalities in reproductive performance.  
No changes in DNA methylation were observed in F0 (sperm) F1 (sperm/testes) and F2 (testes) males.  
The study design and route of administration (i. p.) limit the regulatory usefulness of the study (Inawaka et al, 
2009).  

Izumi (2005) revealed that the teratogenic effects of PCM-CH2OH on the external genitalia in rats were observed 
at the same level as procymidone. Pregnant Sprague-Dawley rats received a daily oral dose of the metabolite 
PCM-CH2OH at 0, 62.5 or 125 mg/kg bw/d from days 6 to 19 of gestation. There were no deaths or clinical signs in 
the dams. Hypospadias was observed in male fetuses in a dose-dependent manner with incidences reaching 22% 
and 89% at 62.5 and 125 mg/kg bw/d, respectively. The effect occurred in the absence of maternotoxicity.  
No NOAEL for fetal toxicity was set due to developmental abnormalities observed at the lowest dose. 

Carcinogenicity and Genotoxicity  

Procymidone gave negative results in in vitro and in vivo genotoxicity tests. In a 2-year dietary study in mice, an 
increased incidence of hepatoblastoma was seen at 150 mg/kg bw/d which exceeded the historical control 
incidence, and may have been treatment-related (Filler and Parker, 1988). No hepatoblastomas were detected in 
mice treated at 5 or 15 mg/kg bw/d. This finding was associated with histological changes to the liver at ≥ 45 
mg/kg bw/d, with increased liver weight also seen at 150 mg/kg bw/d. The relevance to humans of hepatoblastoma 
in mice is not known. However, there are important differences between the development of these tumours in mice 
and humans (Turusov et al, 2002). In humans, hepatoblastomas develop in young children, sometimes in utero, 
and are exceptionally rare in adults. In mice, hepatoblastomas occur only in aged animals, even when 
carcinogenic compounds are given to pregnant dams. Turusov et al (2002) concluded that because 
hepatoblastomas frequently appear to arise within hepatocellular adenomas and hepatocellular carcinomas, it is 
reasonable to combine the incidences of mice with each of these neoplasms in an overall evaluation for hazard 
identification. In the Filler and Parker (1988) study, there was no apparent treatment-related effect when these 
tumours were combined. In an 18-month dietary study in mice, liver weight was increased from 15 mg/kg bw/d, 
with associated histological changes, but there was no evidence of carcinogenicity (Hagiwara et al, 1981). 
In the 2-year dietary study in rats, increased liver weight and mild histological changes were observed at ≥ 50 
mg/kg bw/d, but no tumours were associated with treatment (Keller and Cardy, 1986).  

In rats, increased testicular weight and an increase in benign testicular interstitial cell tumours (ICT) were noted in 
a 2-year dietary study at doses of 50 and 100 mg/kg bw/d (Keller and Cardy, 1986). In mice, atrophy of the 
seminiferous tubules occurred at 50 mg/kg bw/d, but there was no evidence of carcinogenicity (Hagiwara et al, 
1981). No similar effects were seen in 1 and 2 year dog studies (Tatematsu et al, 1979, Kadota 1981a). As it is 
likely that the ICT in rats were the result of the anti-androgenic activity of procymidone, relevance of these tumours 
to humans cannot be ruled out. However, they occurred at relatively high doses, with clear NOAELs, so are not of 
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particular concern. In summary, the weight of evidence indicates that procymidone does not pose a genotoxic or 
carcinogenic risk to humans.  

Studies 

Procymidone was negative in the reverse mutation assay in Salmonella typhimurium strains TA98, TA100, 
TA1535, TA1537 and TA1538 as well as Escherichia coli WP2uvrA (Kogiso, 1991). It was also negative in the 
in vitro chromosomal aberration test using CHO cells (Hara, 1991a), the in vitro unscheduled DNA synthesis 
(UDS) assay with rat hepatocytes (Hara, 1991b) and its metabolite (clopidogrel carboxylic acid, CCA) was 
negative in the reverse mutation assay in S. typhimurium strains TA98, TA100, TA1535, TA1537 and TA1538 as 
well as E. coli WP2uvrA (Kogiso, 1992) and the in vivo mammalian micronucleus assay with mice (Murli, 1992).  

Mechanistic Studies 

An in vitro binding study used prostate cytosols from castrated rats and mice. Procymidone and its metabolites 
(procymidone-NH-COOH, procymidone-3-Cl or cyclopropane-(COOH)2) showed low affinity for androgen receptors 
relative to dihydrotestosterone (DHT) (Murakami et al, 1988a). 

Rats and mice were used to test the effect of procymidone on testes interstitial cell function (ICF). Procymidone 
was administered in the diet at concentrations of 0, 700, 2000, 6000 ppm to rats and 0, 1000, 5000, or 10000 ppm 
to mice for 2, 4 and 13 weeks. Hypergonadotropism was evident in rats and mice at 2 weeks as measured by 
elevated levels of testosterone and luteinizing hormone (LH) in serum and/or organs and enhanced 
responsiveness of interstitial cells to human chorionic gonadotropin (hCG) in vitro. Hypergonadotropism was 
maintained in rats but not in mice for 3 months. It is suggested that intracellular fluid (ICF) in rats is caused 
indirectly by the chronic hormone imbalances induced by procymidone. In mice, the hormonal effects are small 
and transient and therefore may not promote ICF (Murakami et al, 1988b).  

In a related study, rats and mice were fed doses of procymidone at 0, 70, 200 or 600 mg/kg bw/d and 0, 200, 1000 
or 2000 mg/kg bw/d, respectively for 3 months. A similar comparative assessment (to that outlined above) of 
hypergonadotropism was conducted. In rat serum, LH levels were significantly elevated at 600 mg/kg bw/d at 
week 4 and pituitary LH levels were increased at and above 70 mg/kg bw/d for the first 4 weeks and at 600 mg/kg 
bw/d after 13 weeks. In mice, testosterone levels in serum and in the testis were unchanged in all treatment 
groups after 4 or 13 weeks, however LH levels in serum and in the pituitary were elevated for the first 4 weeks at 
and above 200 mg/kg bw/d but recovered thereafter (Murakami, 1995). 

The in vitro anti-androgenic activity of procymidone and its metabolites was determined in a luciferase assay that 
used HeLa cells expressing rat androgen receptor. The affinities of procymidone and its metabolites were found to 
be low relative to dihydrotestosterone (DHT) (Isobe and Nagahori, 2003). In an in vivo study, procymidone was 
administered to rats in soy-free food at 0, 21 or 84 mg/kg bw/d for 3-months and induced a dose-dependent 
decrease in liothyronine (T3) and thyroxine (T4) levels (Seidlova-Wuttke et al, 2005).  

Gene expression in the ventral prostate of castrated 100-day-old rats treated with 200 mg/kg of vinclozolin or 
procymidone was measured using targeted gene arrays. Similar changes in gene expression were observed for 
castrated rats and rats treated with testosterone and procymidone or vinclozolin at 20 h and 4 d after the start of 
treatment, supporting the hypothesis that these two chemicals share a common mode of action  
(Rosen et al, 2005). 
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The validity of using in vitro studies to examine antiandrogenic effects of procymidone was supported in a study 
that compared the in vivo Hershberger assay to two in vitro studies: an androgen receptor transactivation assay 
and a recombinant binding study with human androgen receptor (Charles, 2005).  

The mechanism and significance of ICF observed in a long term rat study (Keller and Cardy, 1986) with 
procymidone was investigated in three separate experiments. In the first experiment (study 1), male rats were fed 
procymidone at 0, 35, 100 or 300 mg/kg bw/d for 3 months. In the second experiment (study 2), rats were fed 
procymidone at 0, 5, 15, 35 or 100 mg/kg bw/d for 6 months. Serum testosterone, LH and reproductive organ 
weights were determined as indirect evidence of gonadotropin-induced ICF. In the third experiment (study 3), the 
reversibility of these effects was also examined in rats fed 300 mg/kg bw/d from 1 month and examined at intervals 
thereafter. Epididymis weights of animals fed 100 or 300 mg/kg bw/d procymidone in study 1 were decreased after 
14 days and 1 month. Slight increases in seminal vesicle weights were observed in procymidone treated groups at 
≥ 35 mg/kg bw/d after 3 months. The NOAEL of the procymidone induced seminal vesicle weight increase for 6 
months was confirmed to be 5 mg/kg bw/d (study 2). In study 1, serum testosterone concentrations were elevated 
dose-dependently after 14 days at 100 and 300 mg/kg bw/d and after 1 month at 35, 100 and 300 mg/kg bw/d. 
Serum LH concentrations were increased in the 300 mg/kg bw/d group throughout the experiment and in the 35 
and 100 mg/kg bw/d groups after 1 month of feeding. In study 2, serum testosterone concentrations were elevated 
relative to controls at ≥ 35 mg/kg bw/d. No significant changes were observed in serum LH levels. In study 3, 
serum testosterone levels, which increased significantly relative to controls during treatment, returned to control 
levels one month after treatment cessation. No notable findings were reported from the histopathological 
examination. From these results it was concluded that the mechanism of ICT production in rats is likely to be 
derived from its induction of hypergonadotropism due to competitive binding to the androgen receptor, preventing 
the normal effect of testosterone to control the level of LH (Hosokawa et al, 1993). 

Castrated male rats were treated for 7 days with testosterone alone at 0.5 mg/kg bw/d subcutaneously, or with 
testosterone plus either procymidone or vinclozolin at 10, 25, 50, 100 or 200 mg/kg bw/d orally. A third group 
received testosterone plus 1:1 mixture of vinclozolin and procymidone to provide final doses of 10, 25, 50, 100 or 
200 mg/kg bw/d orally. A positive control group received testosterone plus 20 mg/kg bw/d flutamide 
subcutaneously for 7 days. Animals receiving 200 mg/kg bw/d procymidone or procymidone/vinclozolin mixture 
were euthanised prematurely due to unspecified signs of toxicity. At 10 mg/kg bw/d and above, procymidone, 
vinclozolin and the 1:1 mixture caused dose-related, statistically and/or biologically significant decreases in ventral 
prostate, seminal vesicle and levator ani muscle weights compared to the testosterone control group. 
Bulbourethral gland weight was decreased dose-relatedly from 50, 10 and 25 mg/kg bw/d for vinclozolin, 
procymidone and 1:1 mixture, respectively. The magnitude of the effects occurring in rats treated with the 1:1 
mixture was similar to those produced at equivalent doses of procymidone or vinclozolin alone; hence the two 
fungicides displayed additive behaviour. The positive control, flutamide depressed the weight of the ventral 
prostate, seminal vesicle, levator ani muscle and bulbourethral gland to a similar or greater extent than 200 mg/kg 
bw/d vinclozolin or 100 mg/kg bw/d procymidone or the 1:1 mixture (Nellemann et al, 2003). 

Procymidone competitively inhibited the binding of R1881 (a synthetic androgen) to human androgen receptor 
(AR) in an in vitro test system using monkey kidney COS cells transfected with a human AR expression vector. 
The IC50 of procymidone was approximately 10 µM, compared to vinclozolin metabolites M1 and M2 with  
10–20 µM and 500 µM, respectively (Ostby et al, 1999). Procymidone also inhibited the response of human  
AR—transfected CHO cells to R1881, showing competitive binding to the human AR receptor at all concentrations 
from 0.025 to 50 µM. The IC50 of procymidone was 0.6 µM compared to 0.1 µM for vinclozolin, and procymidone 
and vinclozolin acted additively when used in combination (Nellemann et al, 2003). 
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An in vitro study was performed with 4 different human hepatocyte populations to investigate whether human liver 
has the ability to glucuronate the metabolite PCM-CH2OH to an extent similar to monkeys and rabbits. Results 
from this study revealed that glucuronide conjugates of PCM-CH2OH and PA-CH2OH were formed in all human 
hepatocyte populations (Tarui, 2005a). 

Procymidone demonstrated a competitive inhibition of the binding of 5α-dihydrotestosterone to human and rat AR 
in an in vitro test system using HeLa cells transfected with a human or rat AR expression vector. The IC50 of 
procymidone was 0.31 µM for rat AR receptor and 0.29 µM human AR receptor, indicating that procymidone can 
bind to rat and human AR with equal affinity. Furthermore, the binding affinity of procymidone was similar to that of 
flutamide, a known anti-androgen agent (IC50 of flutamide was 0.34 µM for rat AR receptor and 0.23 µM for human 
AR receptor). A number of metabolites including PCM- CH2OH were also shown to possess weaker affinity for 
human and rat AR (about 8 times lower than procymidone) (Suzuki, 2005). 

Protein binding studies showed that procymidone and its metabolite 14C-PCM-CH2OH were highly bound  
(77–98%) to plasma protein at all concentrations tested in all species (Matsui, 2005). Procymidone and PCM-
CH2OH were transformed to PCM-NH-COOH and PA-CH2OH respectively, in relation to pH conditions. Both 
compounds were stable in acidic conditions, but transformed to reach a new equilibrium state with an increase in 
pH (Tarui, 2005b). 

Other studies 

The comparative cataractogenicities of procymidone, dichlozoline and vinclozolin were examined. For 
procymidone and dichozoline, 10 rats were treated at 5000 ppm (equal to 500 mg/kg bw/d). For vinclozolin, 10 or 
20 rats/group were fed 750, 1500, 3000 or 5000 ppm (75, 150, 300 and 500 mg/kg bw/d). No cataracts developed 
in the eyes of control rats or in those treated with 5000 ppm procymidone. Cataracts developed in both eyes of the 
rats treated with 5000 ppm dichlozoline. Vinclozolin caused cataract formation in 0/19, 2/18, 9/18 and 6/9 rats at 
750, 1500, 3000 and 5000 ppm, respectively. The study has limited regulatory value as only one dose of 
procymidone was tested (Suzuki, 1979). 

The dermal and inhalation exposures of workers to procymidone were measured in two trials in Italian 
greenhouses using two types of pot-grown plants: young daisies and mature hydrangea. Foliar applications were 
made using a hand-held applicator and a wettable powder containing 50% procymidone. In the first trial, the 
operator applied the pesticide from the central alley of the greenhouse, pointing the nozzle upwards, and used 
30 L of 0.4 g/L procymidone in 6 min. In the second trial, the operator walked in individual pathways which were 
partially covered with plants, and used 39 L of 0.4 g/L procymidone in 6 min. Evaluation of dermal exposure used 
the whole body dosimetry method. Inhalation exposure was measured using a personal air sampler connected to 
glass tubes containing polyurethane foam plugs. In the first trial with pot grown daises, the rate of dermal exposure 
was measured as 15.4 mL/h of the diluted spray mixture. The majority of contamination was on the hands at a rate 
of 13.8 mL/h and only 1.6 mL/h on the clothing. For application to hydrangea, the dermal exposure was 
37.1 mL/ha, where the majority of contamination was on the body at a rate of 30.0 mL/h with 7.1 mL/h on the 
gloves. In each case, approximately 0.0003% of the active constituent applied to the crop area contaminated the 
clothing of the operator. Dermal exposure during mixing and loading was much lower than during the application 
itself and accounted for 6-8% of the total potential dermal exposure during the whole mixer/loader/application 
process. Inhalational exposure during application accounted for 0.05 to 0.07% of the total exposure (Capri, 1999). 
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A study examined whether procymidone administration causes induction of CYP (Cytochrome P450) - dependent 
monooxygenases in the liver, kidney and lung microsomes of mice after single or repeated i. p. treatment with 
either 400 or 800 mg/kg bw procymidone. Multiple procymidone administration led to marked inductions and 
suppressions of various monooxygenases across the three tissues suggestive of a complex effect on the CYP 
profile. Tissue-specific trends included a large number of inductions in the liver and suppressions in the lung 
(Sapone, 2003). 

Pregnant female rats were exposed to vinclozolin and the transgenerational effects on their male progeny 
examined over 4 generations. Pregnant rats were given i.p. of vinclozolin (100 mg/kg bw/d) on embryonic days 
8–15 of gestation (F0 generation). Controls received vehicle alone [sesame oil or dimethyl sulfoxide (DMSO)]. 
In addition, an outcross experiment was performed to determine whether the transgenerational effect was 
transmitted through the male germ line. A greater than two-fold increase in spermatogenic cell apoptosis in the 
vinclozolin treatment animals occurred for the F1 to F4 generations. Sperm numbers were reduced by 20% and 
sperm forward motility was reduced by 25 to 35%. More than 90% of all males analysed from all generations had 
the germ cell defect of increased spermatogenic cell apoptosis. The vinclozolin outcross male progeny had an 
increase in spermatogenic cell apoptosis and a decrease in sperm number and motility. The morphology of the 
testes from control and treated rats was similar for all animals examined on PND60 in all F1 to F4 vinclozolin 
generations. Some (8%) male rats older than 90 days developed complete infertility associated with small testis 
and severely reduced spermatogenesis. The transmission of this endocrine disruptor-induced testis phenotype in a 
transgenerational manner suggests an epigenetic alteration of the male germ line (Anway et al, 2005). 

Groups of male monkeys (5/group) were given procymidone at 0, 30, 100 or 300 mg/kg bw/d by gavage for 13 
weeks to investigate effects on spermatogenesis. There were no treatment-related clinical signs or effects on 
bodyweight or food consumption. Sperm analysis including ejaculate weight and sperm count, and levels of 
testosterone and luteinizing hormone in serum did not show any treatment-related effects but the data showed 
high variability in the control and treated groups, making meaningful interpretation difficult. There were no 
treatment-related effects on organ weights, gross pathological lesions or histological changes in the reproductive 
organs. No treatment-related effects on the male reproductive system were apparent at up to 300 mg/kg bw/d of 
procymidone (Bee, 1992). 

Human Toxicity 

Clinical records of 20 male workers involved in the manufacture and packaging of procymidone were examined. 
During packing operations there was some potential for workers to be exposed to the technical material.  
No abnormalities were found in any of the workers. However, the level of exposure was not quantified and 
therefore the absence of any clinical abnormalities cannot be linked to any level of exposure (Harada, 1983).  
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 Formulated products 

No toxicological studies were available for the products included in this review. However, the toxicity of the 
products was estimated by the OCS based on studies on the active constituent as well as from data on the 
excipients.  

Based on this extrapolation, the 500 g/L procymidone products (provided subsequently in Table 5) are expected to 
have the following acute toxicity profiles (Table 3): 

Table 3—Summary of acute toxicity of the procymidone products  

Toxicity endpoint Estimated Toxicity of product 

Oral Low 

Dermal Low 

Inhalational Low 

Skin irritation Slight irritant 

Eye irritation Slight irritant 

Skin sensitisation Non-sensitiser* 

*Sensitiser for products that contain isothazolinones 
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3 HEALTH STANDARDS 

 Public Health Considerations of Procymidone in Australia 

The National Drugs and Poisons Schedule Committee (NDPSC) and the Pesticide and Agricultural Chemicals 
Committee (PACC)5 have independently considered procymidone on a number of occasions from 1980 to 2004. 
Most of the PACC discussions related to the establishment of MRLs, which are not a public health standard.  

In 1980, the Drugs and Poisons Schedule Committee (a precursor of the NDPSC) considered exempting 
procymidone from the requirements of scheduling due to its low toxicity. However, based on concern regarding the 
results of a 3-generation reproduction study in rats procymidone was placed in Schedule 6 of the Standard for the 
Uniform Scheduling of Drugs and Poisons (SUSDP), the Committee reviewed and decided that procymidone 
should be exempted from Scheduling in 1981. This position was confirmed in 1991 following consideration of 
supplementary toxicity studies. 

In 2004, the NDPSC reconsidered the scheduling of procymidone in light of new data indicating that procymidone 
causes irreversible feminisation of male rat pups in the absence of maternotoxicity. The Committee agreed that 
there was sufficient information regarding the teratogenic potential of procymidone to warrant inclusion in 
Schedule 7. Data were submitted by the registrant in 2004 and 2006. Despite absence of effects in monkeys, the 
possibility of endocrine disrupting effects in humans could not be discounted in light of in vitro human cell line data. 
Therefore, schedule 7 entry for procymidone was considered appropriate. Again in Feb 2007 meeting, the 
Committee considered the current schedule 7 for procymidone remained appropriate based on the tetrotegnic 
potential of procymidone.  

The OCS and its predecessors have conducted public health assessments of procymidone twice in 1987, 1989, 
1990 and twice in 2004. OHS assessments were performed in 2003 and 2004. 

Approval Status 

There is no objection on toxicological grounds to the ongoing approval of procymidone active constituent.  

Impurity Limits 

An integral part of the safety assessment of an active constituent is a consideration of the chemical composition of 
the material. Technical-grade active constituents will contain measurable levels of impurities, which can arise 
during manufacture and/or from subsequent degradation during storage. The chemical identity of these impurities 
is generally well characterised. The impurities present in the technical-grade material are usually of no particular 
concern since health standards are established on the basis of toxicology studies conducted using the mixture. 
However, for those which have high acute toxicity, genotoxicity or teratogenic potential, concentration limits need 
to be set so that the toxicological profile of the technical-grade active constituent does not appreciably alter in the 
event of slight changes in the proportions of the impurities. 

5 From 1967 onwards, Australian MRLs and ADIs for pesticides were established by the Pesticide and Agricultural 
Chemicals Committee (PACC), until the Department of Health and Ageing became directly responsible for setting ADIs in 
November 1992. Responsibility for pesticide and veterinary chemical MRLs in food was transferred to the APVMA in 
June 1994, after which the PACC was removed from the control of the National Health and Medical Research Council 
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From the declarations of composition from the approved manufacturers, the active constituent procymidone 
contains no impurities of toxicological concern. 

 Acceptable Daily Intake (ADI) 

The ADI for humans is the level of intake of a chemical that can be ingested daily over an entire lifetime without 
appreciable risk to health. It is calculated by dividing the overall NOAEL for the most sensitive toxicological 
endpoint from a suitable study (typically an animal study) by an appropriate uncertainty factor. The magnitude of 
the safety factor is selected to account for uncertainties in extrapolation of animal data to humans, intraspecies 
variation, completeness of the toxicological database and the nature of the potential toxicologically-significant 
effects. 

The ADI for procymidone of 0.03 mg/kg bw/d was established in 2004 based on a NOAEL of 2.5 mg/kg bw/d  
(50 ppm) from a multigeneration reproductive study in rats (increased incidence of seminal vesiculitis in F1 and F2 
males and increased liver and testes weights in parent rats at the next higher dose of 250 ppm (12.3 mg/kg bw/d) 
(Wickramaratne, unspecified date; Milburn, 1991), NOAEL, and using a 100–fold safety factor (see Table 4). 

Table 4—Studies and associated NOAEL/LOAELs relevant for the establishment of Health standards 

Species 
DOSE (mg/kg bw/d) 

Toxicological Endpoint Reference 
NOAEL LOAEL 

Chronic studies 

Mice (18-month 
dietary) 4.5  15 Histopathological alterations in liver 

and testes 
Hagiwara (1981) 
[QA] 

Rats (2-year 
dietary) 15 50 

Increased incidence of testicular 
interstitial cell hyperplasia and ovarian 
stromal hyperplasia; increased 
numbers of cystic ovaries  

Keller and Cardy 
(1986) [QA] 

Dogs (1-year 
capsule) 100 500 Lower lymphocyte counts and higher 

globulin levels (in males) 
Dalgard (1992) 
[QA & GLP) 

Dogs (2-year 
dietary) 

130/117 
(M/F) - No effects Tatematsu (1979); 

Kodota (1981a) 

Reproduction studies 

Rats (1-generation 
dietary) 

37 
(parent) 

12.6 
(pup) 

37 (pup) 
Pup: lower litter size, decreased 
prostate/seminal vesicle weights and 
hypospadias 

Hodge (1991) [QA 
& GLP] 

Rats (2-generation 
dietary) 

2.5 
(parent) 

12.5 
(pup) 

12.5 
(parent) 

37.5 (pup) 

Parental: increased incidence of 
seminal vasculitis 

Pup: lower litter weights, increased 
testes weights, decreased 
prostate/seminal vesicle weights 

Wickramaratne 
(unspecified 
date); Milburn 
(1991) [QA & 
GLP] 



 HEALTH STANDARDS 35 

Species 
DOSE (mg/kg bw/d) 

Toxicological Endpoint Reference 
NOAEL LOAEL 

Developmental studies 

Rats (gavage) 

12.5 
(dams) 

3.5 
(fetuses) 

125 
(dams) 

12.5 
(fetuses) 

Reduced maternal bodyweight gain  

Reduced anogenital distance in male 
fetuses 

Hoberman (1992) 

[QA & GLP] 

Rats (gavage) 

200 
(dams); 

No 
NOAEL 
for fetal 
toxicity 

25 
(fetuses) Feminising effects in male fetuses Ostby (1999)  

Rabbits (gavage) 

100 
(dams 
and 
fetuses) 

- No effects IBT (1976)  

Rabbits (gavage) 

1000 
(dams 
and 
fetuses) 

- No effects Wickramaratne 
(1988) [QA] 

QA = quality assured study; GLP = statement of compliance with principles of good laboratory practice 

Following a review of all submitted and archived data, a more suitable study was not identified. Therefore, the 
existing ADI for procymidone remains appropriate. 

 Acute Reference Dose (ARfD) 

The ARfD is the estimate of the amount of a substance in food or drinking water, expressed as mg/kg bw, which 
can be ingested over a short period of time, usually one meal or one day, without appreciable health risk to the 
consumer on the basis of all known facts at the time of the evaluation.  

The ARfD of 0.04 mg/kg bw which had been established in 2004 was withdrawn. An ARfD of 0.1 mg/kg bw has 
been established based on a NOAEL of 12.5 mg/kg bw/d for hypospadias in male fetuses (a possible 
consequence of a single exposure) in a rat developmental toxicity study (Hoberman 1992). This ARfD only applies 
to women of child-bearing age. An ARfD for the general population is considered to be unnecessary.  

 Poisons Scheduling 

Procymidone is listed in Schedule 7 of the SUSMP without cut-offs or exceptions (SUSMP, No.9 2015). In 2004, 
reassessment of scheduling concluded that inclusion of procymidone in Schedule 7 remained appropriate, based 
on the evidence that procymidone promoted anti-androgenic effects in vitro in human cell lines. 
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4 OCCUPATIONAL EXPOSURE, RISK ASSESSMENT & MANAGEMENT 

 Procymidone Products and Use Patterns 

As at 1 October 2017, there were 17 products containing procymidone registered in Australia. These products are 
intended for use by professional applicators only in a wide variety of situations for the control of fungal diseases on 
field crops, fruit, vegetables, ornamentals and turf. Product pack size ranges from 1 L to 200 L depending on 
products. 

Table 5—Registered procymidone products and use patterns (1 October 2017) 

APVMA 
Product 
Code 

Product Name  
Procymidone 
concentration  

Formulation Uses 

50883 Sumitomo 
Sumisclex 500 
Fungicide  

500 g/L SC For the control of certain fungal diseases on canola, 
navy beans, faba beans, lentils, grapes, stone fruit, 
onions, garlic, potato, ornamentals and turfgrass 

52095 Fortress 500 
Fungicide  

500 g/L SC For the control of certain fungal diseases on canola, 
lentils, navy beans, faba beans, grapes (wine grapes 
only), stone fruit, onions, garlic, potato and 
ornamentals 

53963 Sumitomo 
Sumisclex 
Broadacre 
Fungicide  
 

500 g/L SC For the control of certain fungal diseases on canola, 
faba beans, lentils and lupins 

54455 Farmoz Spiral 
Aquaflo 
Fungicide  

500 g/L SC For the control of certain fungal diseases on navy 
beans, faba beans, grapes, stone fruit, garlic, potato, 
ornamentals and onions 

54540 Farmoz Spiral 
500 Liquid Seed 
Dressing 
Fungicide  
 

500 g/L SC For the control of brown leaf spot on lupins 

59268 Genfarm Proflex 
500 Fungicide  

500 g/L SC For the control of certain fungal diseases on 
grapevines (wine grapes only), stone fruit, navy 
beans, faba beans, onions, garlic, potato and 
ornamentals 

63494 Accensi 
Procymidone 
500 Fungicide  

500 g/L SC For the control of certain fungal diseases on 
grapevines (wine grapes), stone fruit, navy beans, 
faba beans, onions, garlic, potato and ornamentals 

65892 Titan 
Procymidone 
500 Fungicide  

500 g/L SC For the control of certain fungal diseases on canola, 
lentils, grapevines (wine grapes only), stone fruit, 
navy beans, faba beans, onions, garlic, potato, and 
ornamentals 
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APVMA 
Product 
Code 

Product Name  
Procymidone 
concentration  

Formulation Uses 

67183 4Farmers 
Procymidone 
500 SC Seed 
Dressing 

500 g/L SC For the control of brown leaf spot in lupins 

67536 4Farmers 
Procymidone 
500 Fungicide 

500 g/L SC For the control of certain fungal diseases on canola, 
navy beans, faba beans, lentils, grape (wine grapes 
only), stone fruit, onions, garlic, potato, ornamentals 
and turfgrass 

69208 Apparent 
Procymidone 
500 Fungicide 

500 g/L SC For the control of certain fungal diseases on 
grapevines (wine grapes only), stone fruit, navy 
beans, faba beans, onions, garlic, potato and 
ornamentals 

69322 Farmalinx 
Metapris 500 SC 
Fungicide 

500 g/L SC For the control of certain fungal diseases on 
grapevines (wine grapes only), stone fruit, navy 
beans, faba beans, onions, garlic, potato and 
ornamentals 

70284 Imtrade Nosclex 
800 WG 
Fungicide  

800 g/kg WG For the control of certain fungal diseases on canola, 
navy beans, faba beans, lentils, grapes (wine grapes 
only), stone fruit, onions, garlic, potato, ornamentals 
and turfgrass 

80001 Proclex 500 
Fungicide  

500 g/L SC For the control of certain fungal diseases on various 
crops as specified (Faba beans, grapes (wine grapes 
only), stone fruit, onions, garlic, potato and 
ornamentals) 

83139 Reylon Prosumi 
500 SC 
Fungicide 

500 g/L SC For the control of certain fungal diseases on 
grapevines (wine grapes only), stone fruit, navy 
beans, fababeans, onions, garlic, potato and 
ornamentals 

84695 Imtrade 
Procymidone 
800WG 
Fungicide 

800 g/kg WG For the control of certain fungal diseases on canola, 
navy beans, faba beans, lentils, grapes (wine grapes 
only), stone fruit, onions, garlic, potato, ornamentals 
and turfgrass 

84896 Ozcrop 
procymidone 
500 SC 
Fungicide 

500 g/L SC For the control of certain fungal diseases on navy 
beans, faba beans, grapes (wine grapes only), 
stonefruit, onions, onions – transplants, garlic, potato, 
ornamentals 

SC = Suspension concentrate; WG = Water dispersible granules 

Based on the use pattern of the procymidone products on different crops (Table 5), the application methods 
include aerial, airblast, ground boom applications, low and high pressure handwand applications and 
backpack/knapsack, seed or pre-plant clove treatment, transplant dipping, in-furrow applications and soil spray. 
The in-furrow and soil spray applications are included in the ground boom application method. The application 
rates and types of crop situations are summarised in Table 6. 
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Table 6—Uses and application rates for 500 g/L SC procymidone products (October 2017) 

Crop 

Max 
product 
use rate 
(product 
L/ha) 

Max 
use 
rates 
(ac 
kg/ha) 

Application method 
Coverage 

(ha/d) 
Amount 
(kg ac/d) Comments 

Canola 1 0.5 
Ground boom 50 25 

Applied when 30% 
blossom is open 

Aerial 1200 600 

Navy beans 1.5 
0.75 

 

Ground boom 50 37.5 Applied when 75% 
blossom is open. 
Repeated 7 days later Aerial 1200 900 

Faba beans 0.5 L in 
100 L/ha 

0.25 

 

Ground boom 50 12.5 Second application may be 
needed at 2–3 weeks 
intervals Aerial 1200 300 

Grapes 
(wine grapes 
only) 

75 mL/100 
L water 

0.75# 

 
Airblast 20 15 

Four applications using 
dilute or concentrate spray 
(80% cap-full, prior to 
bunch closure, at veraison, 
2–3 weeks pre-harvest) 

Lentils 0.5 0.25 
Ground boom 50 25 

Applied immediately prior 
to canopy closure 

Aerial 1200 600 

Lupins 0.2 L/100 
kg seed‡ - Seed treatment^ - 

100 
(treatment 
plant) 

Applied 0.4 L/100 kg of 
seed (dilution rates from 
1:7.5 down to 1:1 
product:water) 60 (on 

farm) 

Onions 

0.02 L/kg 
seed - Seed treatment - 

10 
(treatment 
plant) 

Add 0.02 L/0.1 L of 1.5% 
methyl cellulose or wall 
paper paste (as a sticker) 
to 1 kg of seed 6 (on 

farm) 

4 2 In-furrow§ 30 60 

Mix with required quantity 
of fertiliser per hectare and 
apply in a band no more 
than 2 cm directly below 
seed 

2 1 Soil spray§ 30 30 
Apply to soil surface 
immediately after sowing. 
Repeated 10 weeks later 

1 L/100 L 
water 45 L/d Dipping   22.5 Dip seedlings for up to 4 h 

before transplanting 
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Crop 

Max 
product 
use rate 
(product 
L/ha) 

Max 
use 
rates 
(ac 
kg/ha) 

Application method 
Coverage 

(ha/d) 
Amount 
(kg ac/d) Comments 

Ornamentals 
0.1 L/100 L 
water 

 
1# 

Airblast 12 12 

 Low/high pressure 
handwand 1 1 

Backpack sprayer 0.1** 0.1 

Potato 1 0.5 Ground boom 30 15 
2–3 applications in 
sufficient water to ensure 
thorough coverage 

Stone fruit  75 mL/100 
L water 0.75 Airblast 30 22.5 

Four applications using 
dilute or concentrate spray 
at 2–week interval 

Turfgrass 0.1 L/100 
m2 5 

Ground boom 20 100 
Applied in 5–10 L 
water/100 m2. Applied at 
first sign of disease. 
Repeated at 2–4 week 
intervals 

Low/High pressure 
handwand 1 5 

Backpack sprayer 0.5** 2.5 

Garlic 0.01 L/kg - Clove treatment - 

5 
(treatment 
plant) 

Pre-plant clove treatment 

3 (on 
farm) 

*OCS default unless otherwise stated; #Based on 2000 L/ha spray volume; ‡Dilute one part of product with equal volume of 

water (as per label); §Application method considered similar to ground boom; ^Assumed 100 tonnes of seeds treated per day 

for treatment plant and 60 tonnes of seeds treated per day for on-farm system. 

**Information provided by the APVMA 
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 NOAEL for Occupational and Residential Risk Assessment 

NOAEL for occupational exposure 

The procymidone containing products are diluted with water and applied as a spray. Workers may be exposed to 
procymidone through dermal contact with the undiluted product, the spray mixture or treated vegetation. In 
addition, exposure may occur via inhalation of spray mist. Since the majority of the procymidone products have an 
extensive use pattern covering multiple crop types as per Table 5, it is considered likely that a regular ongoing 
pattern of procymidone use and exposure would apply for the product user. Therefore, a chronic dermal NOAEL 
and inhalation NOAEL are the ideal basis for the worker risk assessment of procymidone. Table 7 presents 
relevant NOAELs for WHS assessment. There is a NOAEL of 1000 mg/kg bw/d for procymidone from a 28–day 
repeat dermal toxicity study (Ogata 2002); however, this study is not considered to be suitable for assessing the 
occupational risk of exposure for the procymidone products since it did not investigate potential foetal 
developmental effects. 

As procymidone is teratogenic, which is the most relevant and sensitive endpoint associated with this compound, a 
NOAEL from a reproductive/developmental toxicity study is the most appropriate NOAEL for this risk assessment. 
In addition, based on the available repeat-dose studies performed with procymidone, the most protective NOAEL 
is also from a dietary 3–generation reproductive study in rats (Wickramaratne, unspecified date; Milburn, 1991). 
Therefore, a NOAEL of 2.5 mg/kg bw/d was selected for the occupational risk assessment to model long-term 
exposure scenarios, and a NOAEL of 3.5 mg/kg bw/d for short-term exposure scenario. 

Route-to-route extrapolation usually involves a consideration on the internal dose. In the case of oral-to-dermal 
extrapolation, this consideration takes into account the absorption across the gastrointestinal (GI) tract following 
oral administration. For procymidone, the extent of GI absorption was estimated to be approximately 85% in rats 
(Shiba, 1991). Therefore, no adjustment of the NOAEL is required. The acceptable margin of exposure (MOE) is 
≥ 100, resulting from application of a 10–fold uncertainty factor for inter-species extrapolation and 10–fold factor 
for intra-species variability. 

NOAEL for post-application exposure 

There is potential for exposure to procymidone following application to various crops. Occupational post-
application exposure can occur through a variety of scenarios, including but not limited to, scouting and watering 
crops, manual handling of treated fruits, checking product efficacy and mowing treated crops. However, the 
exposure periods for these post-application activities are likely to be short-term in duration; there is a NOAEL of 
1000 mg/kg bw/d from a 28–day rat dermal study (Ogata, 2002) which would normally be considered to be 
suitable to use for the post-application risk assessment (Table 7). However, this study did not investigate potential 
fetal developmental effects. Furthermore, as there is embryo-fetal developmental toxicity and teratogenicity 
observed with procymidone, the NOAEL for post-application exposure selected for the human health risk 
assessment should be protective of these potential findings, hence NOAELs from developmental/reproductive 
studies are considered appropriate for risk assessment (only these NOAELs are referred in Table 7). There is a 
NOAEL of 3.5 mg/kg bw/d from an oral developmental study in rats (Hoberman, 1992), and this NOAEL was 
considered the most appropriate for the OHS risk assessment purposes.  
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In general, the US EPA Exposac-policy-3-calculator has been used for occupational post-application exposure 
estimates. 

Public and bystander exposure as a result of activities on treated turfgrass is also expected. Public re-entry 
exposure to turfgrass will be based on a consideration of risk to children, especially toddlers and infants playing on 
turf as a sensitive subpopulation, thus providing a conservative estimate for the risk to the entire general public. 
Exposure estimates will utilise the same NOAEL of 3.5 mg/kg bw/d from the rat developmental study (Hoberman, 
1992) for the estimation of dermal exposure of toddlers and infants.  

No re-entry exposure assessment for ornamentals is required, as public exposure is expected to very limited. 

To determine the risk from repeated exposure to the product, a MOE can be calculated by dividing a NOAEL from 
repeat-dose studies on procymidone with the estimated exposures based on label use rates. A summary of 
relevant repeat dose studies is shown in the following table.  

Table 7—Summary of NOAELs relevant for WHS assessment 

Study (study 
type) 

NOAEL 
(mg/kg bw) 

LOAEL 
(mg/kg bw) Toxicological Endpoint Reference 

Rats (4-wk 
dermal) 1000^ Not identified No adverse effects at highest 

dose tested. 
Ogata (2002) 
[QA & GLP] 

Rats  
(one-generation) 

36.9 (parental) - No effects 
Hodge (1991) 
[QA & GLP] 

12.6 (embryofetal/pup) 37.2 Hypospadias and decreased 
prostate/seminal vesicle weights 

Rats 
(2 parental 
generations) 

150 (parental) - No effects 

Milburn (1986) 
[QA] 

50 (pups) 150 
Reduced bodyweights at birth and 
during lactation (both sexes) and 
increased relative testes weight 

Rats 
(multi 
generational) 

2.5* (parental) 12.5 
Increased incidence of seminal 
vasculitis in F1 and liver weights 
(F0 and F1) F2 males 

Wickramaratne 
(unspecified 
date); Milburn 
(1991) [QA & 
GLP] 12.5 (pup) 37.5 

Increased incidence in seminal 
vasculitis; Decreased total litter 
weights, increased testes weights 
and decreased weights of 
epididymides and liver weights in 
pups  

Rats 
(2 parental 
generations) 

30 100 Reduced bodyweights in F1 and 
F2 females 

IBT 
Laboratories 
(1978) 

Rats 
(development 

gavage) 

12.5 (dams) 

3.5^ (fetuses) 

125 (dams) 

12.5 (fetuses) 

Reduced maternal bodyweight 
gain (dams); 

Reduced anogenital distance in 
male fetuses 

Hoberman 
(1992) 

[QA & GLP] 
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Study (study 
type) 

NOAEL 
(mg/kg bw) 

LOAEL 
(mg/kg bw) Toxicological Endpoint Reference 

Rats 
(development 

gavage) 

200 (dams); 

No NOAEL for fetal 
toxicity 

25 (fetuses) Feminising effects in male fetuses Ostby (1999)  

Rabbits 
(development 
gavage) 

125 (fetal 
development) - No effects  

Higuchi & 
Inawaka 
(2003) 

Rabbits 
(development 
gavage) 

1000 (dams and 
fetuses) - No effects Wickramaratne 

(1988) [QA] 

Rabbits 
(development 
gavage) 

100 (dams and 
fetuses) - No effects IBT-Sumitomo 

(1976) 

Monkeys 
(development 
gavage) 

Not considered 
suitale for 
regulatory 
purposes 

125 (dam and fetuses) - No effects Fukunishi 
(2003b) [GLP] 

QA, quality assured study; GLP, statement of compliance with principles of good laboratory practice; F, females; M, males. 

*NOAEL selected for occupational exposure. ^Oral NOAEL selected for occupational and public post-application exposure.  

Dermal absorption factor 

There are dermal absorption studies conducted with a suspension concentrate formulation of 14C-procymidone 
(containing 500 mg ac/mL). The epidermal absorption of radioactivity from this suspension concentrate formulation 
was assessed in an in vitro assay using rat and human epidermis (Owen, 2002) and in an in vivo rat assay 
(Savides, 2002). Absorption was measured for 24 h after application of the concentrations of 0.3, 1.5 or 
500 mg/mL (2.95, 14.8 or 5000 µg ac/cm2 membrane area) in the in vitro assay or 2, 20 or 200 µg active/cm2 in the 
in vivo assay.  

The absorption rates are summarised in the following tables (Table 8 and Table 9). 
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Table 8—In vitro dermal absorption of procymidone suspension concentrate (neat and diluted) in rat and human 
epidermis after 24 h exposure (Owen, 2002) 

Procymidone 
concentration 
mg/mL  

(µg ac/cm2) 

Ratio (% of 
total 
absorbable 
dose in 
human/rat) 

Rat epidermis 

 (% of administered dose) 

Human epidermis  

(% of administered dose) 

In 
chamber In skin Total 

absorbable* 
In 
chamber In skin Total 

absorbable* 

0.3 (2.95) 0.062 70.2 8.6 78.8 4.54 0.33 4.87 

1.5 (14.8) 0.102 29.7 15.5 45.2 1.6 3.0 4.6 

500 (5000) 0.03 0.091 0.72 0.811 0.014 0.01 0.024 

*The dermal absorption rate is the total absorbable procymidone which includes the amount of procymidone in the receptor 

chamber and the amount of procymidone remaining in skin after wash. 

Table 9—In vivo dermal absorption of procymidone suspension concentrate (neat and diluted) in rat after 24 h 
exposure (Savides, 2002) 

Procymidone 
concentration  

(µg active/cm2) 

Systemic absorption  

(% of administered dose) 

(quantity in the urine, 
faeces, cage wash and 
carcass) 

Dose remaining in skin  

(% of administered dose)* 

Total absorbable dose  

(% of administered dose)** 

2 34.6 8.1 42.7 

20 5.5 8.5 14 

200*** 0.8 7.6 8.4 

*The remaining doses of administered procymidone in skin were tested at 10 h after exposure. **The total absorbable dose of 

procymidone includes the amount of procymidone through systemic absorption and the remaining dose in skin. ***Assumed to 

be a neat sample. 

According to the Organization for Economic Cooperation and Development (OECD) Guidance Notes on Dermal 
Absorption (OECD, 2011), the absorbable dose of a compound in a dermal absorption test includes residues 
present on or in the skin following washing (skin-bound residues). The quantity of procymidone remaining on the 
skin at 24 h was not measured, therefore as a conservative approach; the remaining doses of administered 
procymidone after 10 h exposure in Table 9 were included for calculation of the total absorbable dose of the 
procymidone in the in vivo rat study. The estimated in vivo human dermal absorption factor for procymidone from a 
500 g/L SC formulation using the ‘Triple Pack’ approach is shown in Table 10 below. 
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Table 10—Dermal absorption rate of procymidone (calculated in vivo human) 

Procymidone concentration g/L  Dermal absorption rate* 

0.3 (0.06% product of 500 g procymidone/L) 2.65% 

1.5 (0.3% product of 500 g procymidone/L) 1.43% 

500 (undiluted product of 500 g procymidone/L) 0.252% 

*The dermal absorption rate is calculated by ratio of percentage of total absorbable dose in human/rat in Table 8 × in vivo 

total absorbable dose inTable 9. 

According to Figure 3 in OECD Guidance Notes on Dermal Absorption (OECD, 2011), when estimating dermal 
absorption using data on different formulations/dilutions: 

- if the data available on the test preparation with a different concentration of the test substance but is 
otherwise a realistic surrogate for the proposed commercial formulation and the data are available on a 
greater dilution than the proposed commercial formulation and the absorption increases with increasing 
dilution then 

the data from the greatest dilution should be used. 

As of October 2017, there are 17 registered procymidone products, ie 15 SC formulations with 500 g/L 
procymidone and 2 WG formulation with 800 g/kg procymidone. The dermal absorption studies were based on a 
500 g/L SC formulation. Although excipients can modulate the dermal absorption of a formulated product, it is not 
anticipated that the dermal absorption of these registered products will increase the dermal bioavailability any 
more than the diluted formulation tested (ie 3%). Therefore, based on the above information, a conservative 
dermal absorption factor of 3% is considered appropriate for mixing/loading, application and post-application 
exposure. 

Inhalation absorption factor 

Since there are no data available, a default 100% inhalation absorption factor is assumed for procymidone. 

 Occupational Exposure Assessment 

No worker exposure studies have been evaluated as part of this human health risk assessment. 

Farmers and their employees will be the main users of the product. Workers may be exposed to the product when 
opening containers, mixing/loading, application, and cleaning up spills, maintaining equipment and entering treated 
areas.  

The main routes of occupational exposure will be dermal and inhalational, though ocular exposure may also occur 
when preparing the products for use and when using the products in conjunction with spraying equipment. 
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Exposure during use 

In the absence of exposure data for the currently registered mode of application, the Pesticide Handler Exposure 
Database (PHED) Surrogate Exposure Guide (US EPA, 1998) was used to estimate exposure. The following 
scenarios from PHED were used to estimate worker exposure to procymidone from use of registered products: 

PHED Scenario 3—All Liquids, Open Mixing/Loading. High confidence data for dermal exposure without gloves (AB 
grade): 75–122 dermal replicates; 53 hand replicates. High confidence data for dermal exposure with gloves (AB 
grade): 72–122 dermal replicates; 59 hand replicates. High confidence data for inhalational exposure (AB grade): 85 
replicates total. 

PHED Scenario 7—Aerial Fixed-Wing/Enclosed Cockpit, Liquid Application. Medium confidence data for dermal 
exposure without gloves: 24–48 dermal replicates (ABC grade); 34 hand replicates (AB grade). Low confidence data 
for dermal exposure with gloves: 24–48 dermal replicates (ABC grade); 7 hand replicates (All grade). Medium 
confidence data for inhalational exposure (ABC grade): 23 replicates total. 

PHED Scenario 11—Airblast Application, Open Cab. High confidence data for dermal exposure without gloves:  
32–49 dermal replicates (AB grade); 22 hand replicates (AB grade). High confidence data for dermal exposure with 
gloves: 31–48 dermal replicates (AB grade); 18 hand replicates (All grade). High confidence data for inhalational 
exposure (AB grade): 47 replicates total. 

PHED Scenario 13—Groundboom Application, Open Cab. High confidence data for dermal exposure without gloves: 
23–42 dermal replicates (AB grade); 29 hand replicates (AB grade). Medium confidence data for dermal exposure 
with gloves: 23–42 dermal replicates (AB grade); 21 hand replicates (ABC grade). High confidence data for 
inhalational exposure (AB grade): 22 replicates total. 

PHED Scenario 18—Low Pressure Handwand Application. Low confidence data for dermal exposure without gloves: 
13 dermal replicates (C grade); 9 hand replicates (B, C grade). Low confidence data for dermal exposure with 
gloves: 13 dermal replicates (C grade); 4 hand replicates (B, C grade). Low confidence data for inhalational 
exposure (ABC grade): 13 replicates total. 

PHED Scenario 19—High Pressure Handwand Application. Low confidence data for dermal exposure without 
gloves: 9–11 dermal replicates (All grade); 2 hand replicates (All grade). Low confidence data for dermal exposure 
with gloves: 9–11 dermal replicates (All grade); 9 hand replicates (All grade). Low confidence data for inhalational 
exposure (All grade): 11 replicates total.  

PHED Scenario 20—Backpack Application. Low confidence data for dermal exposure without gloves: 69 dermal 
replicates (AB grade; head and neck data only); 60 hand replicates (AB grade). Low confidence data for dermal 
exposure with gloves: 69 dermal replicates (AB grade; head and neck data only); 0 hand replicates. High 
confidence data for inhalational exposure (AB grade): 40 replicates total. 

Scenario 13 (Ground boom application) was determined as a suitable surrogate for in-furrow and soil spray 
applications. 
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The following parameters and assumptions were used in the exposure estimates: 

GENERAL:  

Average worker bodyweight: 70 kg 
Concentration of active constituent: 500 g/L  
NOAEL: 2.5 mg/kg bw/d 
Dermal absorption factor: 3%  
Inhalation absorption factor: 100% (default) 

Based on the use patterns described in Table 6, estimates were made for the following application methods: 

FOR AERIAL APPLICATION METHOD: 

Maximum amount of ac handled/d: 900 kg (navy beans) 

FOR GROUND BOOM APPLICATION METHOD: 

Maximum amount of ac handled/d: 100 kg (turfgrass) 

FOR AIRBLAST APPLICATION METHOD: 

Maximum amount of ac handled/d: 22.5 kg (stone fruit) 

FOR LOW PRESSURE HANDWAND AND HIGH PRESSURE HANDWAND APPLICATION METHODS: 

Maximum amount of ac handled/d: 5 kg (turfgrass) 

APPLICATION BY EQUIPMENT CARRIED ON THE BACK OF THE USER (E.G. BACKPACK SPRAYER): 

Maximum amount of ac handled/d: 2.5 kg (turfgrass) 

Minimum amount of ac handled/d: 0.1 kg (ornamentals) 

TRANSPLANT DIPPING: 

Limited information was available on this application method. The OCS has considered that a 4500 L tank and an 
automated process are used for bulk dipping applications. This means that exposure to workers takes place during 
the mixing/loading phase only.  

PHED Scenario 3 will be used as a surrogate for bulk dipping of onion seedlings for mixing/loading and 
application. If a larger tank is used, or additional operations are performed/day (ie more than one tank mixed/day), 
then exposure estimates in Table 11 (Estimate 9) may not apply. 

Maximum application rate:  1 L/100 L water 

Maximum amount/d:  45 L product in 4500 L tank, equivalent to 22.5 kg ac 
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Exposure tables represent the total exposure to the active constituent. Estimates are for workers wearing long 
pants and long sleeved shirt (single layer of clothing). Exposure values are based on worker bodyweight of  
70 kg bw, 3% dermal absorption factor, and a 100% default inhalational absorption factor. 

Table 11—Estimates of systemic exposure to procymidone in the 500 g/L products (mg/kg bw/d) 

Estimates Gloves 
Mixer/loader 
dermal 

Applicator 
dermal 

Mixer/ loader 
Inhalation 

Applicator 
Inhalation 

Total exposure 

Aerial application – Mixing/loading only  

Estimate 1: All liquids, 
open mixing and loading 
(S3)  
900 kg ac/d 

Y 0.0195  0.0340  0.0536 

Y# 0.0195  0.0034  0.0229 

Aerial application – Application only 

Estimate 2: Aerial-fixed 
wing/enclosed 
cockpit/liquid application 
(S7) 
900 kg ac/d 

No 
specific 
PPE 

- 0.0043 - 0.0019 0.0062 

Ground boom application 

Estimate 3: All liquids, 
open mixing and loading 
& ground boom 
application, open cab 
(S3, S13)  

100 kg ac/d 

N 0.2699 0.0013 0.0038 0.0023 0.2773 

Y 0.0022 0.0013 0.0038 0.0023 0.0096 

Airblast application 

Estimate 4: All liquids, 
open mixing and loading 
& airblast application, 
open cab (S3, S11)  
22.5 kg ac/d 

N 0.0607 0.0077 0.0009 0.0032 0.0725 

Y 0.0005 0.0051 0.0009 0.0032 0.0097 

Low pressure handwand application 

Estimate 5: All liquids 
open mixing and loading 
& low pressure 
handwand application 
(S3, S18)  
5 kg ac/d 

Y 0.0001 0.0334 0.0002 0.1480 0.1817 

Y^ 0.0001 0.0080 0.0002 0.0148 0.0231 
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Estimates Gloves 
Mixer/loader 
dermal 

Applicator 
dermal 

Mixer/ loader 
Inhalation 

Applicator 
Inhalation 

Total exposure 

High pressure handwand application 

Estimate 6: All liquids 
open mixing and loading 
& high pressure 
handwand application 
(S3, S19) 
5 kg ac/d 

N 0.0135 0.0085 0.0002 0.0124 0.0346 

Y 0.0001 0.0030 0.0002 0.0124 0.0158 

Equipment carried on the back of the user 

Estimate 7: All liquids 
open mixing and loading 
& backpack application 
(S3,S20) 
2.5 kg ac/d 

Y‡ 0.0000 0.1140 0.0000 0.0026 0.1160 

Estimate 8: All liquids 
open mixing and loading 
& backpack application 
(S3,S20) 
0.1 kg ac/d 

Y 0.0000 0.0221 0.0000 0.001 0.0232 

Y† 0.0000 0.0054 0.0000 0.001 0.0065 

Transplant dipping methods 

Estimate 9: All liquids 
open mixing and loading 
and all liquids open 
mixing and loading and 
(S3, S3) 
22.5 kg ac/d 

N 0.0607 0.0607 0.0009 0.0009 0.1231 

Y 0.0005 0.0005 0.0009 0.0009 0.0027 

Y - Yes, N - No, PPE - Personal protective equipment 
 #Additional PPE for mixer/loader comprising of half face piece respirator, ^Additional PPE for applicator comprising of 2nd 

layer of clothing and a half face piece respirator, ‡Estimated with maximum PPE available 
†Additional PPE for applicator comprising of 2nd layer of clothing 

Seed treatment for onions, lupins and pre-plant garlic clove treatment 

Seed treatment was considered an appropriate surrogate for pre-plant garlic clove treatment. 

There are no suitable models to estimate the exposure of the proposed product for this use pattern. In the absence 
of adequate exposure data, the OCS used data from the Rosenheck et al (1993) study as a surrogate data to 
estimate worker exposure. The OCS has previously assessed the Rosenheck et al (1993) data and relied upon 
these data to estimate occupational exposures to actives from formulations intended for seed treatment. The 
relevant portions of the OCS (2001) evaluation of this study are reproduced below for reference, with additional 
information from OCS (2003) included. All these information are publicly available. 
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Rosenheck LA, Schuster L and Selman FB (1993) Worker Exposure to Apron Flowable While Treating 
Seed Commercially, Ciba-Geigy Corporation USA, AE-91-512, March 1993 

This study evaluated the amount of metalaxyl residues that mixer/operators, baggers and bag sewers are 
exposed to during the commercial seed treatment with Apron Flowable and Apron 25WP packed in water-
soluble bags. The study was sponsored by the Ciba-Geigy Corporation and was conducted in Indiana and Iowa. 

Study details 

A total of four trials were conducted; three trials using Apron Flowable and one trial using Apron 25WP.  
Each trial consisted of five replicates. This resulted in 15 mixer/operator, bagger and bag sewer replicates with 
Apron Flowable and 5 mixer/operator, bagger and bag sewer replicates using Apron 25WP. Each worker was 
exposed to the product for a minimum of 3.5 h.  

Mixing/loading Procedures 

Apron Flowable and Apron 25WP were applied to soybean seed at maximum label rates of 100 mL per 100 kg 
seed and 133 g per 100 kg seed, respectively. The test compounds were mixed in a Gustafson open mixing 
system. The tank containing the seed was first half-filled with tap water. A colorant and the entire test material 
were then poured into the tank. And the slurry was brought to the final volume with water. In addition to mixing 
the seed treatments, the mixer/operator would check the treated box, take quality control samples and oversee 
the operation of the seed-cleaning machinery. 

Bagging and Bag sewing Procedures 

Baggers clamped one empty seed bag at a time onto the shaft of the bagging machine and the treated seed 
would drop into the bag. The seed flow would automatically stop when the bag reached the desired weight of  
50 pounds and the bag would drop onto the conveyor belt. The bag sewer would place identification tags and 
guide the bags through the sewing and stamping machines. 

Data collection and analysis 

Mixer/operators wore long-sleeved shirts, long pants, goggles, chemical resistant gloves and a chemical 
resistant apron to avoid skin contact while mixing the test substance. Baggers and bag sewers wore long-
sleeved shirts and long pants. Some workers also wore dust masks. 

Dermal exposure to metalaxyl was measured using 100% cotton whole-body dosimeters (long underwear), 
detergent hand washes and facial wipes. The dosimeters were worn under the worker’s clothing. Inhalation 
exposure was measured using personal air-sampling pumps calibrated to 1.5 L/min and attached to vapour 
collection tubes and glass-fibre filters. 

Results (flowable formulation) 

For the flowable formulation, the overall dermal exposure to metalaxyl was greater for mixer/operator 
(~0.06 mg/kg metalaxyl handled) followed by bag sewer (~0.03 mg/kg metalaxyl handled). Inhalation exposure 
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to metalaxyl was greater for the bag sewer (~0.0056 mg/kg metalaxyl handled) compared to mixer/operator 
(~0.0008 mg/kg metalaxyl handled) (Table 12). 

Table 12—Worker exposure to metalaxyl from the liquid flowable formulation 

 Average dermal 
exposure (mg/kg ac 
handled) 

Average inhalation exposure 
(mg/kg ac handled) 

Total combined exposure 
(mg/kg ac handled) 

Mixer/operator 0.0610 0.000775 0.061775 

Bag sewer 0.0346 0.00560 0.0402 

Bagger 0.0182 0.000518 0.018718 

PPE: Dermal exposure to active was measured using 100% cotton whole-body dosimeters (long underwear) which were 

worn under the worker’s clothing consist of long-sleeved shirts, long pants, goggles, chemical resistant gloves and a 

chemical resistant apron when mixing and loading and long-sleeved shirts and long pants during bagging. 

Therefore, systemic exposure (in mg ac/kg bw) was calculated by the following equation: 

Exposure =
Exposure kg ac⁄ handled × kg ac handled/d

Average worker bodyweight (kg)
 × relevant absorption factor 

The following parameters and assumptions were used in the exposure estimates: 

Average worker bodyweight: 70 kg 
Maximum amount ac handled/d (on onion farm): 60 kg  
Maximum amount ac handled/d (onion seed treatment plant): 100 kg  
NOAEL: 2.5 mg/kg bw/d 
Dermal absorption factor: 3%  
Inhalation absorption factor: 100% 

Based on the above parameters and assumptions and the application rate (Table 6), the estimated exposures are 
shown in the following table. 
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Table 13—Calculated daily systemic exposure to procymidone in seed treatment for onions, lupins and pre-plant 
garlic clove treatment 

Exposure 
Dermal  
(mg/kg bw/d) 

Inhalational 
(mg/kg bw/d) 

Total combined exposure 
(mg/kg bw/d) 

Seed treatment plant 

Mixer/operator 0.00261 0.00111 0.00372 

Bag sewer 0.00148 0.00800 0.00948 

Bagger 0.00078 0.00074 0.00152 

Total 0.00488 0.00985 0.01472 

On farm system 

Mixer/operator 0.00157 0.00066 0.00223 

Bag sewer 0.00089 0.00480 0.00569 

Bagger 0.00047 0.00044 0.00091 

Total 0.00293 0.00591 0.00883 

Occupational post-application exposure 

Post-application activities are considered to include scouting, maintenance, propping, thinning, harvesting (hand), 
pruning, weeding (hand), transplanting, irrigation (by hand) and pinching. 

The OCS estimated post-application dermal exposure for workers undertaking crop management activities, using 
the US Occupational Post-Application Risk Assessment Calculator (US EPA, 2013). The following assumptions 
have been made for occupational post-application exposure: 

Initial percent of rate as dislodgeable foliar residues: 25% 

Dissipation rate per day: 10% 

Adult exposure duration: 8 h/d 

Adult bodyweight: 70 kg 

Dermal absorption: 3%  

NOAEL (oral): 3.5 mg/kg bw/d 
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A summary table (Table 14 of the scenarios used for occupational re-entry assessment is included below. 

Table 14—Summary of scenarios used for re-entry assessment 

Situation/crop as per labels Re-entry scenario 

Canola Canola 

Navy beans Bean (dry) and Pea (dry) 

Faba beans Bean (dry) and Pea (dry) 

Grapes (incl. wine grapes) Grape (wine) 

Lentils Bean (dry) and Pea (dry) 

Lupins Not assessed 

Onions Onion (bulb, green) 

Ornamentals Greenhouse Crop (Ornamentals, Non-bearing Plants), Nursery 
Crop (Ornamentals, Non-bearing Plants) 

Potato Potato 

Stone fruit Apricot, cherry, nectarine, peach, plum, prune 

Turfgrass Golf course, sod 

Garlic (pre-plant clove treatment) Not assessed 

No appropriate exposure database or model exists for estimation of the post-application exposure to seed-
treatment or pre-plant clove treatment. Post-application exposures following seed treatment and pre-plant clove 
treatment are expected to be minimal (lower than during application) and will therefore not be considered as part 
of the post-application risk assessment. 
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Table 15—Post-application activities assessed for 500 g/L procymidone products 

Situation 

Maximum 
overall 
application 
rate 

(kg ac/ha) 

Transfer 

Co-efficient 
(cm2/h) 

Crop height Foliage density Activity 

Canola 0.5 1100 Low or high Full or min Scouting 

Navy beans, 
Faba beans, 
Lentils 

0.75 
1900 Low or high Full or min Irrigation  

(hand) 

1100 Low or high Full or min Scouting 

Grapes (incl. 
wine grapes) 

0.75 

10100 Low or high Full or min Tying/training, harvesting 
(hand), leaf pulling 

1900 High Full Irrigation  
(hand) 

640 Low or high Full or min 

Pruning (hand), weeding 
(hand), scouting, 
propagating, bird control, 
trellis repair  

230 Low Min Transplanting 

Onions 2 

4200 Low Full or min Weeding (hand) 

1900 Low Full or min Irrigation  
(hand) 

1400 Low Full or min Scouting 

Ornamentals 1 

1900 Low or high Full Irrigation  
(hand) 

230 Low or high Full or min 

Container moving, grafting, 
harvesting (hand), 
pinching, propagating, 
pruning (hand), scouting, 
transplanting, 
tying/training, weeding 
(hand) 

Potato 0.5 

1900 Low Full or min Irrigation  
(hand) 

210 Low Full or min Scouting 

70 Low Full Weeding (hand) 

Stone fruit 0.75 3600 High  Full Thinning fruit 
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Situation 

Maximum 
overall 
application 
rate 

(kg ac/ha) 

Transfer 

Co-efficient 
(cm2/h) 

Crop height Foliage density Activity 

1400 High  Full Harvesting (hand) 

580 Low or high  Full or min Pruning (hand), scouting, 
training 

230 Low Min Transplanting 

100 High  Full 
Bird control, orchard 
maintenance, propping, 
weeding (hand) 

Turfgrass 5 

6700 Low Full 
Maintenance, harvesting 
(slab), 
transplanting/planting 

3700 Low Full Maintenance 

2500 Low Full Maintenance (greens only) 

Table 16—Post-application exposure estimates after use of 500 g/L procymidone products 

Situation 

Maximum 
overall 
application rate 
(kg ac/ha) 

Transfer 
Co-efficient 
(cm2/h) 

Activity 
Days after 
treatment 

Exposure 
(mg/kg bw/d) 

Canola 0.5 1100 Scouting 0 0.005 

Navy beans, Faba 
beans, Lentils 0.75 

1900 Irrigation (hand) 0 0.012 

1100 Scouting 0 0.007 

Grapes (incl. wine 
grapes) 0.75 

10100 Tying/training, harvesting 
(hand), leaf pulling 

0 0.065 

5 0.038 

6 0.035 

1900 Irrigation  
(hand) 0 0.012 

640 

Pruning (hand), weeding 
(hand), scouting, 
propagating, bird control, 
trellis repair  

0 0.004 

230 Transplanting 0 0.001 



 OCCUPATIONAL EXPOSURE, RISK ASSESSMENT & MANAGEMENT 55 

Situation 

Maximum 
overall 
application rate 
(kg ac/ha) 

Transfer 
Co-efficient 
(cm2/h) 

Activity 
Days after 
treatment 

Exposure 
(mg/kg bw/d) 

Onions 2 

4200 Weeding (hand)  

0 0.072 

6 0.038 

7 0.034 

1900 Irrigation (hand) 0 0.033 

1400 Scouting 0 0.024 

Ornamentals 1 

1900 Irrigation (hand) 0 0.016 

230 

Container moving, 
grafting, harvesting 
(hand), pinching, 
propagating, pruning 
(hand), scouting, 
transplanting, 
tying/training, weeding 
(hand) 

0 0.002 

Potato 0.5 

1900 Irrigation (hand) 0 0.008 

210 Scouting 0 0.001 

70 Weeding (hand) 0 0.000 

Stone fruit 0.75 

3600 Thinning fruit 0 0.023 

1400 Harvesting (hand) 0 0.009 

580 Pruning (hand), scouting, 
training 0 0.004 

230 Transplanting 0 0.001 

100 
Bird control, orchard 
maintenance, propping, 
weeding (hand) 

0 0.001 

Turfgrass 5 

6700 
Maintenance, harvesting 
(slab), 
transplanting/planting 

0 0.011 

3700 Maintenance 0 0.006 

2500 Maintenance (greens 
only) 0 0.004 
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 Occupational Risk Assessment 

This report does not address worker exposure and risk assessment during manufacture/formulation of 
procymidone or its products. Individual premises, manufacturing/formulation processes and exposure control 
measures may vary within workplaces. However, they are expected to follow good manufacturing practices, and 
have adequate quality control and exposure monitoring and risk control measures which are under the jurisdiction 
of the states and territories. 

Risk for Repeat Exposure 

Since the NOAEL was derived from animal toxicity testing a MOE of 100 or above are usually considered to be 
acceptable. The MOE takes into account both interspecies extrapolation and intraspecies variability. The MOE 
estimates for the 500 g/L procymidone products are shown in the following tables. 

Table 17—MOE for workers using 500 g/L procymidone products 

Estimates Gloves 
Mixer/ 
loader 
dermal 

Applicator 
dermal 

Mixer/ loader 
Inhalation 

Applicator 
Inhalation 

Total MOE Recommendations 

Aerial application—Mixing/loading only   

Estimate 1: All 
liquids open mixing 
and loading (S3)  
900 kg ac/d Y 128 - 73 - 47 

Users conducting 
open mixing/loading 
with PPE comprising 
of single layer of 
clothing, gloves and 
a half face piece 
respirator 

Y# 128 - 735 - 109 

Users conducting 
open mixing/loading 
with PPE comprising 
of single layer of 
clothing, gloves and 
a half face piece 
respirator 

Aerial application—Application only  

Estimate 2: Aerial-
fixed wing/enclosed 
cockpit/liquid 
application (S7) 
900 kg ac/d 

No 
specific 
PPE 

- 587 - 1297 404 

Users conducting 
aerial application 
without any PPE 
required 
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Estimates Gloves 
Mixer/ 
loader 
dermal 

Applicator 
dermal 

Mixer/ loader 
Inhalation 

Applicator 
Inhalation 

Total MOE Recommendations 

Ground boom application  

Estimate 3: All 
liquids open mixing 
and loading & 
ground boom 
application, open 
cab (S3, S13)  
100 kg ac/d 

N 9 1859 661 1073 9 

Users conducting 
mixing/ loading and 
ground boom 
application with PPE 
comprising of elbow-
length chemical 
resistant gloves 

Y  1151 1887 661 1073 260 

Users conducting 
mixing/ loading and 
ground boom 
application with PPE 
comprising of elbow-
length chemical 
resistant gloves 

Airblast equipment  

Estimate 4: All 
liquids open mixing 
and loading & 
airblast application, 
open cab (S3, S11)  
22.5 kg ac/d 

N 41 325 2940 784 35 

Users conducting 
mixing/loading and 
airblast application 
with PPE comprising 
of elbow-length 
chemical resistant 
gloves 

Y  5117 487 2940 784 259 

Users conducting 
mixing/loading and 
airblast application 
with PPE comprising 
of elbow-length 
chemical resistant 
gloves 

Low pressure hand wand  

Estimate 5: All 
liquids open mixing 
and loading & low 
pressure handwand 
application (S3, 
S18) 
5 kg ac/d 

Y 23029 75 13230 17 14 

Users conducting 
open mixing/loading 
and low pressure 
handwand application 
with PPE comprising 
of a second layer of 
clothing, gloves and 
a half facepiece 
respirator for 
applicators 
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Estimates Gloves 
Mixer/ 
loader 
dermal 

Applicator 
dermal 

Mixer/ loader 
Inhalation 

Applicator 
Inhalation 

Total MOE Recommendations 

Y^ 23029 311 13230 169 108 

Users conducting 
open mixing/loading 
and low pressure 
handwand application 
with PPE comprising 
of a second layer of 
clothing, gloves and 
a half facepiece 
respirator for 
applicators 

High pressure handwand application  

Estimate 6: All 
liquids open mixing 
and loading & high 
pressure handwand 
application (S3, 
S19) 
5 kg ac/d 

N 185 295 13230 201 72 

Users conducting 
mixing/loading and 
high pressure hand 
wand application with 
PPE comprising of 
elbow-length 
chemical resistant 
gloves 

Y 23029 827 13230 201 159 

Users conducting 
mixing/loading and 
high pressure hand 
wand application with 
PPE comprising of 
elbow-length 
chemical resistant 
gloves 

Equipment carried on the back of the user  

Estimate 7: All 
liquids open mixing 
and loading & 
backpack 
application (S3,S20) 
2.5 kg ac/d 

Y‡ 31738 6 66150 241 22 

Users conducting 
open mixing/loading 
and backpack 
application with 
maximum PPE 
available 

Estimate 8: All 
liquids open mixing 
and loading & 
backpack 
application (S3,S20) 
0.1 kg ac/d 

Y 287857 28 165374 602 108 

Users conducting 
open mixing/loading 
and backpack 
application with PPE 
comprising of of 
elbow-length 
chemical resistant 
gloves for applicators 
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Estimates Gloves 
Mixer/ 
loader 
dermal 

Applicator 
dermal 

Mixer/ loader 
Inhalation 

Applicator 
Inhalation 

Total MOE Recommendations 

Transplant dipping methods  

Estimate 9: All 
liquids open mixing 
and loading and all 
liquids open mixing 
and loading (S3, 
S3)  
22.5 kg ac/d 

N 41 41 2940 2940 20 

Users conducting 
open mixing/loading 
with PPE comprising 
of elbow-length 
chemical resistant 
gloves 

Y 5117 5117 2940 2940 934 

Users conducting 
open mixing/loading 
with PPE comprising 
of elbow-length 
chemical resistant 
gloves 

#Additional PPE for mixer/loader comprising of half face piece respirator 

^Additional PPE for applicator comprising of 2nd layer of clothing and half facepiece respirator 
‡ Estimated with maximum PPE available 

Seed treatment for onions, lupins and pre-plant garlic clove treatment 

MOE estimates for the products listed in Table 5 and used on the seed treatment for onions, lupins and pre-plant 
garlic clove treatment are shown in Table 18 below. 

Table 18—MOE* for workers exposed to procymidone from using the products listed in table 5 in seed treatment 
for onions, lupins and pre-plant garlic clove treatment 

Estimates Dermal Inhalational Total 

Seed treatment plant 

Mixer/operator 956 2258 672 

Bag sewer 1686 313 264 

Bagger 3205 3378 1645 

Total 513 254 170# 

On farm system 

Mixer/operator 1594 3763 1120 

Bag sewer 2810 521 439 

Bagger 5342 5631 2741 

Total 854 423 283# 
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*Based on estimates in Table 12 and a NOAEL of 2.5 mg/kg bw/d. Estimates are for workers wearing long-sleeved shirts, 

long pants, chemical resistant gloves and chemical resistant apron when mixing and loading and long-sleeved shirts and long 

pants during bagging. #MOE if the same individual performs all tasks. 

Unfortunately, no adequate or appropriate data are available to OCS by which to calculate MOE values for 
workers with less PPE. At the application rate of 60 kg ac/d (on farm) and 100 kg ac/d (seed treatment plant) for 
seed treatment application for onions, lupins and pre-plant garlic clove treatment the MOE estimates for 
procymidone when using the product are acceptable (ie MOE ≥ 100). Based on the available surrogate data, the 
determined MOEs are considered to be sufficient such that chemical resistant aprons (over cotton overalls) are not 
necessary in this instance. Therefore, the PPE determined by the OCS in this case is single layer of clothing with 
gloves. 

In summary, the OCS recommended the PPE below in Table 19 for the products listed in Table 5. 

Table 19—Recommended applications and PPE for procymidone products as of October 2017 

Application methods 
Restraints (crops not supported for 
this application) 

PPE* 

Aerial application Nil for applications outlined on the 
labels 

When opening the container and preparing 
the spray wear elbow-length chemical 
resistant gloves and half facepiece 
respirator. 

Groundboom application Nil for applications outlined on the 
labels 

When opening the container, preparing the 
spray and using the prepared spray wear 
elbow-length chemical resistant gloves. 

Airblast application Nil for applications outlined on the 
labels 

When opening the container, preparing the 
spray and using the prepared spray wear 
elbow-length chemical resistant gloves. 

Low pressure hand wand 
application 

Nil for applications outlined on the 
labels 

When opening the container, preparing the 
spray wear elbow-length chemical resistant 
gloves. When using the prepared spray 
wear cotton overalls, over normal clothing, 
buttoned to the neck and wrist, elbow-
length chemical resistant gloves and half 
facepiece respirator. 

High pressure hand wand 
application 

Nil for applications outlined on the 
labels 

When opening the container, preparing the 
spray and using the prepared spray wear 
elbow-length chemical resistant gloves. 

Backpack/knapsack  Not supported for treatment of 
turfgrass (application rate of 5 kg 
a.i/d) 

When opening the container, preparing the 
spray and using the prepared spray wear 
elbow-length chemical resistant gloves. 

Transplant dip Nil for applications outlined on the 
labels 

When opening the container, preparing the 
spray and applying the prepared product 
wear elbow-length chemical resistant 
gloves  
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Application methods 
Restraints (crops not supported for 
this application) 

PPE* 

Seed treatment for 
onions, lupins and pre-
plant clove treatment for 
garlic 

Nil for applications outlined on the 
labels 

When opening the container, preparing the 
spray and applying the prepared product 
wear spray wear cotton overalls buttoned to 
the neck and wrist (or equivalent clothing) 
and elbow-length chemical resistant gloves. 

*Baseline PPE in all the above scenarios is cotton overalls buttoned to the neck and wrist (or equivalent clothing). 

Risk from re-entry/re-handling exposure 

There is a potential risk associated with the 500 g/L procymidone products when undertaking post-application 
activities. MOE estimates obtained for the 500 g/L procymidone products from the US EPA Post-Application Risk 
Assessment Calculator (US EPA, 2013) are presented in Table 20 below. 

Table 20—Post-application activity MOE for workers after use of the 500 g/L procymidone products 

Situation 

Maximum 
overall 
application rate 
(kg ac/ha) 

Transfer 
Co-efficient 
(cm2/h) 

Activity 
Days after 
treatment 

MOE 

Canola 0.5 1100 Scouting 0 740 

Navy beans, Faba 
beans, Lentils 0.75 

1900 Irrigation (hand) 0 290 

1100 Scouting 0 490 

Grapes (incl. wine 
grapes) 0.75 

10100 Tying/training, harvesting 
(hand), leaf pulling 

0 54 

5 91 

6 100 

1900 Irrigation (hand) 0 290 

640 

Pruning (hand), weeding 
(hand), scouting, 
propagating, bird control, 
trellis repair  

0 850 

230 Transplanting 0 2400 

Onions 2 

4200 Weeding (hand)  

0 49 

6 91 

7 100 

1900 Irrigation (hand) 0 110 

1400 Scouting 0 150 
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Situation 

Maximum 
overall 
application rate 
(kg ac/ha) 

Transfer 
Co-efficient 
(cm2/h) 

Activity 
Days after 
treatment 

MOE 

Ornamentals 1 

1900 Irrigation (hand) 0 210 

230 

Container moving, 
grafting, harvesting 
(hand), pinching, 
propagating, pruning 
(hand), scouting, 
transplanting, 
tying/training, weeding 
(hand) 

0 1800 

Potato 0.5 

1900 Irrigation (hand) 0 430 

210 Scouting 0 3900 

70 Weeding (hand) 0 12000 

Stone fruit 0.75 

3600 Thinning fruit 0 150 

1400 Harvesting (hand) 0 390 

580 Pruning (hand), scouting, 
training 0 940 

230 Transplanting 0 2400 

100 
Bird control, orchard 
maintenance, propping, 
weeding (hand) 

0 5400 

Turfgrass 5 

6700 
Maintenance, harvesting 
(slab), 
transplanting/planting 

0 300 

3700 Maintenance 0 550 

2500 Maintenance (greens 
only) 0 820 

Acceptable MOEs (MOE ≥ 100) were achieved for situation/crops and respective post-application activities on the 
following days after treatment (Table 21). 
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Table 21—Summary of days after treatment for post-application activities (500 g/L procymidone products) 

Situation Activity 
Days after 
treatment 

Canola Scouting 

0 
Navy beans, Faba 
beans, Lentils 

Irrigation (hand) 

Scouting 

Grapes (incl. wine 
grapes) 

Tying/training, harvesting (hand), leaf pulling 6 

Irrigation (hand) 

0 Pruning (hand), weeding (hand), scouting, propagating, bird control, 
trellis repair  

Transplanting 

Onions 

Weeding (hand)  7 

Irrigation (hand) 
0 

Scouting 

Ornamentals 

Irrigation (hand) 

0 
Container moving, grafting, harvesting (hand), pinching, propagating, 
pruning (hand), scouting, transplanting, tying/training, weeding (hand) 

Potato 

Irrigation (hand) 

0 Scouting 

Weeding (hand) 

Stone fruit 

Thinning fruit 

0 

Harvesting (hand) 

Pruning (hand), scouting, training 

Transplanting 

Bird control, orchard maintenance, propping, weeding (hand) 
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 Occupational Risk Management 

Risk management is achieved through consideration of the acute hazard of a product in conjunction with the 
systemic exposure expected through use of a product according to the label instructions.  

Acute toxicity studies for the 500 g/L procymidone products were not available. Therefore, the assessment of the 
500 g/L procymidone products acute toxicity profile was performed on the basis of the available acute toxicity of 
the constituents and their respective concentrations in the products. 

The PPE and precautionary/hazard statements indicated by the estimated acute toxicity profiles is presented in 
Table 22. PPE derived from the repeat-dose risk assessment are after Table 19. 

Table 22—Precautionary/hazard statements and PPE indicated from acute hazard associated with the use of the 
500 g/L procymidone products 

Risk assessment (end points) Precautionary/hazard statements and PPE 

Low oral toxicant Precautionary/hazard statement: 

• Nil 

PPE: 

• Nil 

Low dermal toxicant Precautionary/hazard statement: 

• Avoid contact with skin 

PPE: 

• Nil 

Low inhalational toxicant Precautionary/hazard statement: 

• Harmful if inhaled 

• Do not inhale spray mist 

PPE: 

• When opening the container and preparing the spray 
wear half facepiece respirator 

Slight skin irritant Precautionary/hazard statement: 

• May irritate the skin 

• Avoid contact with skin 

PPE: 

• When opening the container, preparing the spray and 
using the prepared spray wear elbow-length chemical 
resistant gloves 
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Risk assessment (end points) Precautionary/hazard statements and PPE 

Slight eye irritant Precautionary/hazard statement: 

• May irritate the eyes 

• Avoid contact with eyes 

PPE: 

• Nil 

Skin sensitisation None 

Risk management measures for use of the product 

The present Human Health Risk Assessment of procymidone concluded that the existing First Aid Instructions for 
the procymidone remain appropriate.  

Table 23—First Aid Instructions for all procymidone products 

Code Instruction 

a If poisoning occurs, contact a doctor or Poisons Information Centre. Phone Australia 
131126; New Zealand 0800 764 766. 

The acute toxicity extrapolation combined with the risk assessment (Section 8) describes the PPE required to 
protect against acute and repeat-dose effects. 

The product Safety Directions have been derived to ensure that use of the procymidone products listed in Table 5 
will not result in undue harm to human health. These Safety Directions will be listed in the APVMA’s FAISD and 
should be included on the procymidone products listed in Table 5. Based on the 500 g/L procymidone product’s 
toxicological characteristics and their use patterns, principal hazards to the users are expected to be teratogenicity 
or reproductive toxicity, as well as slight skin and eye irritation and skin sensitisation (not all products). The 
accidental contact can occur with the concentrate while opening the container and preparing the spray, dip or seed 
treatment mixture. There may also be significant potential for exposure during dipping, or handling seedlings and 
seeds/garlic cloves that have been treated by dipping or seed dressing.  

Table 24—Safety Directions for all procymidone products 

Existing FAISD entries for all procymidone SC and WP products are no longer considered appropriate and should 
be withdrawn. The following new entry is recommended.  
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Active constituent Formulation Statement codes 

Procymidone SC and WG all concentrations  100 101 130 131 132 133 129 132 
160 162 164 210 211 220 223 279 
280 285 290 292b 294c 297 300 
High pressure application: 289c 289f 
290 292b Low pressure application: 
289a  289e 290 292c 294c 300; 

351 360 361 364 366 

The statement codes translate into the following Safety Directions: 

All suspension concentrate and water dispersible granular procymidone products (all concentrations) 
Safety Direction Code 

HAZARDS 

Very dangerous, particularly the concentrate 100 101 

Poisonous if absorbed by skin contact or inhaled or swallowed  130 131 132 133 

Harmful if inhaled 129 132 

May irritate eyes and skin 160 162 164 

PRECAUTIONS 

Avoid contact with eyes and skin 210 211 

Do not inhale mist spray 220 223 

MIXING OR USING 

When opening the container and preparing the product for use wear cotton 
overalls buttoned to the neck and wrist (or equivalent clothing) and elbow-
length chemical-resistant gloves and goggles and a half face piece 
respirator. 

279 280 285 290 292b 294c 
297 300 

If applying by airblast equipment and high pressure handwand wear cotton 
overalls buttoned to the neck and wrist (or equivalent clothing) 

289c 289f 290 292b 

If applying by spraying equipment carried on the back of the user or by low 
pressure hand wand wear cotton overalls, over normal clothing, buttoned to 
the neck and wrist and elbow-length chemical resistant gloves. In addition, if 
applying by low pressure hand-wand wear a half face-piece respirator. 

289a 289e 290 292c 294c 278 
289e 290 300 

AFTER USE 

Wash hands after use 351 

After each day’s use wash gloves, respirator (if rubber wash with detergent 
and warm water) and contaminated clothing 

360 361 364 366 
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Re-entry or Re-handling Statement 

The following re-entry statement is required on all product labels: 

DO NOT allow entry onto treated areas until the spray has dried unless wearing cotton overalls buttoned to 
the neck and wrist (or equivalent clothing) and chemical resistant gloves. Clothing must be laundered after 
each day’s use.  

Warning statement 

The existing Warning statement for procymidone as it appears in the FAISDs Handbook is as follows: 

Warning statement  Procymidone 26 

The warning statement code above translates to the following warning statement: 

WARNING—Contains procymidone which causes birth defects in laboratory animals. Women of child bearing age 
should avoid contact with procymidone. 

This Warning statement remains appropriate.
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5 PUBLIC EXPOSURE, RISK ASSESSMENT AND RISK MANAGEMENT 

 Public Exposure 

Accidental Exposure 

Not applicable as the 500 g/L procymidone products are for professional use only, hence no information is 
required regarding risk assessment or management. 

Bystander Exposure 

Application of the 500 g/L procymidone products by aerial, ground boom and airblast methods may lead to 
unintended bystander exposure via chemical spray drift. This may be in the form of a single random exposure or 
repeat exposures of residents who reside adjacent to areas being treated with the product. Parameters for 
assessing bystander exposure have not been finalised by the APVMA. Hence bystander exposure will not be 
considered as part of this risk assessment. 

Dietary Exposure 

Another likely route of public exposure to these products is through consumption of residues in food. The APVMA 
sets MRLs for chemicals in food produce. These MRLs are set at levels which are not likely to be exceeded if the 
product is used in accordance with approved label instructions. At the time that the MRLs are set, the APVMA 
undertakes a dietary exposure evaluation to ensure that the levels do not pose an undue risks to human health  
ie do not exceed the ADIs set for the active constituents. Dietary risk assessment will not be considered as part of 
this human health assessment. The current ADI remains appropriate from the information assessed in this report. 

 Public Post-application Exposure 

Turfgrass residues 

As of October 2017, there were 3 products registered for professional use on turfgrass. These products were 
applied at a maximal rate of 0.5 g procymidone/m2. The general public may be exposed to procymidone following 
re-entry onto treated turfgrass areas (e.g. golf courses, bowling greens, parks and sporting fields). The most likely 
route of post-application exposure to the public is dermal. 

In the absence of post-application residue and exposure studies, post-application exposure for the public was 
estimated using the formula below. The exposure estimations have been performed for an infant (1-2 year old), 
assumed to be the most sensitive subpopulation, as their play activities (including hand to mouth contact) and 
greater surface area to bodyweight ratio place them at a higher risk of exposure than older children and adults. It 
should be noted that where the dermal absorption is considered to be 100% (default in the absence of relevant 
data), the oral exposure will not be included in the calculation of total exposure. This is because oral exposure is 
calculated following mouthing of hands which have been exposed to treated turf. If the dermal absorption is 
considered complete, there will be no (or negligible) residue remaining on the hands to allow for the oral 
exposure/absorption. 
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The following formula was used to estimate average daily exposure for infants (1–2 year old) and toddlers  
(2–3 year old) between treatments: 

Ʃ = dermal + oral 

Which is, 

Ʃ = [(AR x TTR x (1 – DR)t x DA x TC x ET) / BW] + [(AR x TTR x (1 – DR)t x B x  Sao x FQ x ETo) / BW] 

Where: 

Ʃ Dose (mg/kg bw/d) 

AR  Application rate: The maximum application rates as specified on the product label (0.05 mg/cm2).  

TTR Turf Transferable Residue (percentage as a fraction): A default value of 5% (0.05) for all formulation and 
application types is used by OCS (US EPA, 1998; Re-entry calculators and associated guidance documents). 

DR Dissipation/degradation rate per day (percentage as a fraction): In the absence of product, surface, and 
setting (outdoor) specific data to estimate a data-derived nominal dissipation rate, the default ‘actual’ product 
specific dissipation/degradation rate for residues on surfaces (indoors and outdoors) is only equal to the levels lost 
from transfer to occupants (ie transferred to skin). A nominal value for dissipation/degradation rate per day of 10% 
(0.1) is used, based on NOHSC (2000) and US EPA (1998) re-entry exposure data for turf. 

t Time (day): The day post-application for which exposure is being determined (and subsequently the level of 
substance residue remaining on the turf at the given time).  

DA Dermal absorption factor (percentage as a fraction): The dermal absorption factor is 3% (0.03). 

TC Transfer Coefficient for turf: The default transfer coefficient (TC) value for 2 to 3 year olds playing on turf 
used by OCS is 8700 cm2/h which is the US EPA (1997) 95th percentile value for toddlers playing on turf. 
Extrapolating the value to 1 to 2 year olds based on a 1.23-fold lower exposed surface area compared to 2 to 3 
year olds gives a TC of 7073 cm2/h.  

ET Dermal exposure time in h per day: For time spent playing on turf mean values of 1.1 h/d (95th percentile of 
2 h) and 1 h/d (95th percentile of 2 h) for infants (1 - < 2 years old) and toddlers (2 - <  3 years old) respectively can 
be used (EnHealth, 2012; based on US EPA, 2008 data). 

B Bioavailability (percentage as a fraction): In the absence of specific absorption data on the substances a 
default is used (100%; 1).  

SAo Surface area potentially exposed from mouthing activities: The value of 19 cm2 is used by OCS for area 
mouthed per mouthing event, based on data on infants’ mouthing behaviour by Leckie et al 2000 (cited and 
reviewed in Zartarian et al 2005). The study was found to have shown a percent of a hand mouthed per event of 
12.9%, and in combination with a value of 150 cm2 for the surface area of a single hand including fingers for 1 to 3 
year olds (EnHealth 2012, noting that EnHealth does not report a per cent of hand mouthed in children), a 
mouthed surface area of 19.35 cm2, rounded down to 19 cm2, was determined. This value is supported by the 
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US EPA’s 2002 evaluation by Kissel et al (1998), where each mouthing event was found to range from 6.7‒20 cm2 
of a hand surface.  

FQ Frequency of mouthing: Default values in outdoor settings of 14 and 5 contacts per h for 1 to 2 year olds 
and 2 to 3 year olds respectively are used by OCS (EnHealth, 2012 which is cited from US EPA data). 

ETo Oral exposure time: This is the duration of mouthing for children, and is highly variable depending on the 
age group and the type of objects included in the estimates. OCS has only taken into account the mouthing of 
hands/fingers for the purpose of this exposure model. EnHealth (2012) cites US EPA (1997) data for mouthing of 
fingers of 8 [22] and 13 [16] minutes per h for 1 to 2 and 2 to 3 year olds, respectively [denoting 95th percentile]. 
However, given the variable nature of the recommendations in EnHealth (2012) for the mouthing duration of 
fingers and the absence of specific mouthing duration of the hands (including fingers), the OCS has used a value 
for 1 to 3 year olds that is equal to that of the duration of active play on turf for 1 to 2 year olds (1.1 h/d). 

BW  Bodyweight: The Australian Exposure Factor Guidance recommends a bodyweight value for one to two 
year olds of 11 kg, and for 2-3 year olds of 15 kg (EnHealth, 2012). 

The following product-specific parameters and assumptions were used in the exposure estimates: 

Application rate: 0.1 L/100 m2 
Maximum use rate: 5 kg ac/ha (0.05 mg ac/cm2) 
Maximum number of applications per year: 4 (assumed) 
Dermal absorption factor: 3% (0.03; oral NOAEL) 
Systemic NOAEL: 3.5 mg/kg bw/d 

Based on the use pattern, the OCS assumes that the product will be applied to a single area at a maximum of  
4 times per year. Table 25 shows estimated systemic exposures for one to three year-old children playing in 
treated areas.  
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Table 25—Systemic exposure estimates for procymidone for children playing on turf following application of the 
500 g/L products 

 

Exposure (mg/kg bw/d)* 

1-2 year olds 2-3 year olds 

Total dermal oral Total dermal oral 

Estimated maximum 
systemic exposure per day 
in a given month 

0.01191 - - 0.00591 - - 

*Maximum systemic exposure per day, based on a maximum application rate of 4 applications per year, a systemic NOAEL of 

3.5 mg/kg bw/d and a 3% dermal absorption factor.  

The MOE estimates for children playing on turf are close to greater than 300 (Table 26) and are therefore 
acceptable. No further risk management measures are required. 

Table 26—MOE* estimates for procymidone for children playing on turf following application of the 500 g/L 
products 

 

MOE* 

1-2 year olds 2-3 year olds 

Total dermal oral Total dermal oral 

Estimated maximum 
systemic exposure per day 
in a given month 

294 - - 592 - - 

*Based on a systemic NOAEL of 3.5 mg/kg bw/d and a 3% dermal absorption factor.  
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APPENDIXES 
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ABBREVIATIONS 
Time  

d Day 

h Hour 

min Minute 

wk Week 

yr Year 

yo Year old 

Weight  

bw Bodyweight 

g Gram 

kg Kilogram 

μg Microgram 

mg Milligram 

ng Nanogram 

pg Picogram 

Length  

cm Centimetre 

m Metre 

μm Micrometre 

mm Millimetre 

nm Nanometre 

Dosing  

i.p. Intraperitoneal 

mg/kg bw/d Milligram/kilogram bodyweight/day 

s.c. Subcutaneous 

Frequency  
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kHz Kilohertz 

Volume  

L Litre 

mL Millilitre 

μL Microlitre 

Concentration  

ac Active constituent 

M Molar 

fmol Femtomole, 10-15 of a mole 

ppm Parts per million 

Clinical chemistry, haematology 

RBC Red blood cell 

T3 Liothyronine 

T4 Thyroxine 

Terminology  

5HT Serotonin (5-hydroxytryptamine) 

5HTT Serotonin transporter (5-hydroxytryptamine transporter) 

5-SRTT 5-Serial Reaction Time Task 

βAR β-adrenoceptor 

AC Adenylyl cyclase or Adenylyl cyclase 

ACh Acetylcholine 

AChE Acetylcholinesterase 

ADHD Attention deficit hyperactivity disorder 

ADI Acceptable Daily Intake 

ARfD Acute Reference Dose 

ASD Autism spectrum disorder 

BChE Butyrylcholinesterase 
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BLC Basolateral complex 

BMD Benchmark dose 

BMDL Benchmark dose level 

BMI Body mass index 

BNBAS Brazelton Neonatal Behavioral Assessment Scale 

BSID Bayley Scales of Infant Development  

BUN Blood urea nitrogen  

Cmax Maximum concentration  

CaMKII Calcium calmodulin-dependent protein kinase II 

CBCL Child Behaviour Checklist 

CCCEH Columbia Centre of Children’s Environmental Health 

CDC Centers for Disease Control and Prevention 

CES-D Center for Epidemiologic Studies Depression Scale 

CHAMACOS Centre for Health Assessment of Mothers and Children of Salinas 

CHARGE Childhood Autism Risks from Genetics and Environment 

ChAT Choline acetyltransferase 

ChE Cholinesterase 

CLint Intrinsic clearance 

CHO Chinese Hamster Ovary 

CNS Central nervous system 

CPO Chlorpyrifos-oxon 

CYP Cytochromes P450 

DAP Dialkyl phosphate 

DD Developmental delay 

DDE Dichlorodiphenyldichloroethylene 

DE Diethyl 

DEDTP Diethyldithiophosphate 
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DEET Diethyl-m-toluamide 

DEP Diethylphosphate 

DETP Diethylthiophosphate 

DHT Dihydrotestosterone 

DMP Dimethylphosphate 

DMSO Dimethyl sulfoxide 

DMTP Dimethylthiophosphate 

DNA Deoxyribonucleic Acid 

DNMTP Delayed non-match to position 

E Embryo day 

ETS Environmental tobacco smoke 

F2-IsoP F2-isoprostanes 

F Female(s) 

fMRI Functional Magnetic Resonance Imaging 

FOB Functional Observational Battery 

FSIQ Full-scale IQ score 

FST Forced swimming test 

GC/MS Gas Chromatography Mass Spectrometry 

GD Gestational Day 

GFAP Glial fibrillary acidic protein 

GI Gastro-intestinal 

HIV Human immunodeficiency virus 

HOME Home Observation for Measurement of the Environment 

HPLC High Performance Liquid Chromatography 

ICF Intracellular fluid 

IQ Intelligence Quotient 

ICT Interstitial cell tumour 
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LADE Lifetime Average Daily Exposure 

LD50  Lethal Dose 50 

LH Learned helplessness 

LOAEL Lowest Observed Adverse Effect Level 

LOD Limit of detection 

M Male(s) 

mAChR Muscarinic acetylcholine receptor 

MDI Mental Development Index 

Mean ± SD Mean ± standard deviation 

MEMRI Manganese enhanced magnetic resonance imaging 

MRI Magnetic resonance imaging 

mRNA Messenger ribonucleic acid 

MS Mass spectrometry 

NADPH-d Dihydronicotinamide adenine dinucleotide phosphate diaphorase 

NeuN Neuronal Nuclei 

nNOS Neuronal nitric oxide synthase 

NO Nitric oxide 

NOAEL No Observed Adverse Effect Level 

NSFT Novelty-suppressed feeding test 

OP Organophosphorus pesticide 

PA Passive avoidance 

PAH(s) Polycyclic aromatic hydrocarbon(s) 

PBA Phenoxybenzoic acid 

PCBs Polychlorinated biphenyls 

PCNA Proliferating cell nuclear antigen 

PCP Pentachlorophenol 

pCREB Phosphorylated cAMP response element-binding protein 
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PDD Pervasive Developmental Disorder 

PDI Psychomotor Development Index 

PGE2 Prostaglandin E2 

PN or PND Postnatal or Postnatal day 

PON/PON1 Paraoxonase/Paraoxonase 1 

PPE Personal protective equipment 

PPVT Peabody Picture Vocabulary Test 

PSD-95 Postsynaptic Density Protein 95 

RNA Ribonucleic acid 

SD Sprague Dawley (rats) 

SGZ Sub granular zone 

Tmax Time at which the maximum concentration was observed 

TCP 3,5,6-trichloro-2-pyridinol 

TD Typical development 

TSH Thyroid-stimulating hormone 

USV Ultrasound vocalisations  

Vit Vitamin 

WISC-IV Wechsler Intelligence Scales for Children 

WPPSI Wechsler psychometric intelligence 

Organisations & publications 

APVMA Australian Pesticides and Veterinary Medicines Authority 

IPCS International Programme on Chemical Safety 

OCS Office of Chemical Safety 

OECD Organization for Economic Cooperation and Development 

SUSMP Standard for the Uniform Scheduling of Medicines and Poisons 

US EPA United States Environmental Protection Agency 

WHO World Health Organisation 
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APPENDIX I: EVALUATED STUDIES 

Metabolism and toxicokinetics 

1. Mikami N and Yamamoto H (1976). Metabolism of N-3’,S’- dichlorophenyl)- 1 ,2-dimethylcyclopropane-
1 ,2-dicarboximide in rats. Unpublished Report no.: Not stated. Sumitomo Chemical Co., Ltd., 
Technical report, BM-60-0002 

Mikami N, Satogami H, Miyamoto (1979). Metabolism of procymidone in rats. J Pesticide Sci 4: 165-174 

Test Chemical: 14C-Procymidone (labelled at carbonyl carbon), 3H-procymidone (labelled at 
phenyl proton), both > 99% pure  

Dose and Route: 25 mg/kg bw, single dose or repeated once a day for 7 days; gavage Test 
Species: Wistar rats, 6 weeks, body weight - 200 g in males, 180 g in females; 
source: Nihon Dobutsu Co., Osaka 

Duration of Study: Oct 1976 

QA & GLP:  No (QA - quality assured study; GLP - statement of compliance with principles of 
good laboratory practice) 

Guidelines:  Not stated 

Groups of male or female rats (n: see below) were given as a single or repeated doses (once daily for 7 days) of 
labelled procymidone (14C-procymidone and 3H-procymidone for single administration; 14C-procymidone for 
repeated administration; suspended in 10% Tween 80) at 25 mg/kg bw by gavage. The urine and faeces were 
collected for 7 days after the single administration or for 14 days after the repeated administration. In addition, 
expired 14CO2 was collected for 7 days in the animals which received the single administration of the radioactivity. 
Although the number of animals in each group was not mentioned, the study report stated that at least 5 rats (sex 
not stated) were sacrificed at 3, 6, 12, 24, 48 and 168 h after the single dose, and at 48 and 168 h after the 
repeated dose administration. Immediately after sacrifice, blood was collected and various tissues were dissected 
out. The levels of radiocarbon were monitored in blood and in all tissues collected. Whole-body autoradiography 
was conducted in male rats at 0.5, 1, 3, 6 and 24 h after the single administration of 14C-procymidone. A separate 
group of pregnant rats was given a single oral administration of 14C-procymidone on GD14 or 18, and tissue 
distribution (3 pregnant rats were sacrificed at specified intervals to study tissue distribution) and excretion, as well 
as placental transfer of radiocarbon were monitored. 

The results revealed that excretion (and absorption) of radioactivity was rapid (~80% of the administered 
radioactivity excreted in 24 h). The excretion over 7 days was mainly in the urine (> 70% of the administered 
dose), followed by the faeces (9-19%). Excretion in the expired air was very low (≤ 0.3%). There were no 
differences due to sex although in pregnant animals, excretion was slightly lower in the urine and slightly higher in 
the faeces. Repeated administration of radioactivity did not significantly affect the excretion. Labelling of 
procymidone by 14C- or 3H- gave similar results.
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Table 27—Excretion of radioactivity in urine and faeces 

Treatment 

Days 
after 
adminis-
tration 

Cumulative radioactivity excreted (% of administered dose) 

Males Females 

Urine Faeces CO2 Total Urine Faeces CO2 Total 

14C-procymidone 

(single) 
1 76.2 4.5 < 0.1 80.7 

78.0 

(65.0) 

3.8 

(12.0) 

< 0.1 

(-) 

81.8 

(77.0) 

2 86.3 9.2 < 0.1 95.5 
86.2 

(74.3) 

8.2 

(15.9) 

< 0.1 

(-) 

94.4 

(90.2) 

7 89.8 10.3 0.2 100.3 
89.5 

(78.0) 

8.9 

(18.9) 

0.3 

(-) 

98.7 

(96.9) 

3H-procymidone 

(single) 

1 76.0 6.8 - 84.8 76.3 4.5 - 80.8 

2 83.5 10.0 - 93.5 84.2 6.3 - 90.5 

7 86.0 11.0 - 97.0 87.8 8.4 - 96.2 

14C-procymidone 

(repeated) 

1 78.0 5.2 - 83.2 70.0 7.6 - 77.6 

2 80.8 9.3 - 90.1 70.3 9.9 - 80.2 

7 82.6 11.3 - 93.9 76.3 14.9 - 91.2 

8 84.1 12.0 - 96.1 78.1 15.9 - 94.0 

9 85.0 12.4 - 97.4 78.2 16.6 - 94.8 

14 87.0 12.8 - 99.8 79.6 17.4 - 97.0 

The figures in parentheses were values in pregnant animals - Not determined. 

Whole-body autoradiography of male rats showed that the radioactivity was widely distributed, including the brain. 
One hour after dosing, radioactivity was high in stomach, followed by the intestine, liver and kidney. Other tissues 
such as brain, lung, spleen and muscle showed lesser amounts of radioactivity. The levels of radioactivity in blood 
and various tissues at 2 and 7 days post-dose are shown in the Table 28. The radioactivity levels were low 
(< 0.7 µg equivalent of procymidone/g tissue) at 7 days after the single or repeated administration of labelled 
procymidone. Tissue levels in pregnant rats were comparable to those in non-pregnant rats. Evidence of 
significant placental transfer was seen. 
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Table 28—Levels of 14C-procymidone related radioactivity in blood or tissues 

Tissue 

µg equivalent of procymidone/g tissue 

Days after administration 

Single dose 
(non-pregnant animals) 

Single dose 
(pregnant animals) 

Repeated dose 
(non-pregnant animals) 

 2 7 2 7 2 7 

Blood 0.32 0.09 0.25 0.07 0.31 0.12 

Brain 0.07 < 0.01 0.12 0.01 0.06 < 0.01 

Fat 8.7 0.32 7.4 0.60 9.0 0.66 

Pancreas 6.2 0.04 0.17 0.07 0.36 0.12 

Sciatic nerve 1.01 0.10 0.41 0.08 5.34 0.14 

Other tissues# < 0.6 < 0.1 < 0.9 < 0.1 < 1.0 < 0.4 

Placenta   0.12 0.01   

Amniotic fluid   3.45 2.12   

Fetus (whole body)   0.10 0.01   

The tissue levels were monitored after administration of a single or repeated (7 days) doses of 14C-procymidone at 25 mg/kg 

bw/d (p.o.). #Radioactivity in each tissue: adrenal, eye, oesophagus, heart, intestine, kidney, liver, lung, lymph node, muscle, 

ovary, pituitary, spleen, spinal cord, stomach, trachea, thymus, thyroid, urinary bladder and uterus. 
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Procymidone-NH'-(COOH)2 was the major metabolite in urine (24-48% of the administered dose), followed by 
procymidone-NH-(COOH)2 (9-23%) and procymidone-COOH (5-19%). However, the publication by Mikami et al 
(1979) stated that the exact proportions of the amides (procymidone-NH'-(COOH)2 and procymidone-NH-
(COOH)2) could not be determined individually since some portions of the amide tended to cyclise to procymidone-
COOH during separation and identification processes. The other metabolites identified are shown in the table 
below. The metabolites identified in the urine were also seen in the blood at 6 and 24 h post-dose. 

Table 29—Metabolites in blood, urine and faeces 

Metabolite 

% of the administered dose µg equivalent 
of 
procymidone 
in blood 

14C-procymidone, single dose 
3H-
procymidone, 
single dose 

14C-
procymidone, 
repeated dose 

Males Females Females Females Females 

Urine Faeces Urine Faeces Urine Faeces Urine Faeces 
6 h 
post-
dose 

12 h 
post-
dose 

Procymidone < 0.1 1.3 0.4 1.7 < 0.1 0.9 < 0.1 3.2 1.27 0.05 

Procymidone-OH < 0.1 0.8 < 0.1 0.4 < 0.1 1.0 < 0.1 1.1 2.57 < 0.01 

Procymidone-NH-OH 5.3 0.4 2.1 0.2 5.1 0.3 3.6 0.7 0.35 < 0.01 

Procymidone-NH'-OH 4.2 0.3 7.4 0.2 4.5 0.2 4.2 0.5 0.12 0.23 

Procymidone-COOH 10.7 1.8 4.5 1.3 19.1 1.9 13.8 1.7 1.39 0.93 

Procymidone-NH-
(COOH)2 9.3 0.5 22.9 0.2 14.0 0.4 20.9 1.3 1.14 0.02 

Procymidone-NH'-
(COOH)2 47.5 1.9 37.7 1.4 38.9 1.6 24.1 1.1 0.14 < 0.01 

Procymidone-NH-
COOH 0.1 0.1 0.1 0.1 < 0.1 0.2 0.1 0.1 0.01 < 0.01 

3,5-Dichloroaniline - - - - 2.4 0.1 - - - - 

Cyclopropane-(COOH)3 4.5 0.1 4.5 < 0.1 - - 5.9 0.1 < 
0.01 < 0.01 

Others 4.7 2.1 6.6 2.7 3.8 1.8 5.5 6.1 0.10 0.11 

Total 86.3 9.2 86.2 8.2 87.8 8.4 78.1 15.9 7.09 1.34 

- Not identified or reported. 
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2. Struble CB (1992a). Metabolism of 14C-procymidone in rats (Preliminary and definitive phases) Volume 
1 of 2: Absorption, distribution, elimination and tissue residues. Hazleton Wisconsin Inc., Madison, 
Wisconsin 53704, USA. Project Identification No. HWI 6311-136. Unpublished Technical report, 
Sumitomo Chemical Co., Ltd. BM-21-0033. 30 June 1992 

Struble CB (1992b). Metabolism of 14C-procymidone in rats (Preliminary and definitive phases) Volume 
2 of 2: Metabolite identification. Hazleton Wisconsin Inc., Madison, Wisconsin 53704, USA. Project 
Identification No. HWI 6311-136. Unpublished Technical report, Sumitomo Chemical Co., Ltd. BM-21-
0034. 30 June 1992 

Test Chemical:  14C-Procymidone, > 98% pure; unlabelled procymidone, 100% pure 

Dose and Route: 1 or 250 mg/kg bw, single dose (14C-procymidone) or 1 mg/kg bw/d of unlabelled 
procymidone for 14 days, followed by a single 1 mg/kg bw of 14C-procymidone; gavage 

Test Species:  Crl:CD (SD)BR 5 rats/sex/group; 4-6 weeks; 108-240 g; source: Charles River 
Laboratory, Portage Michigan 

Duration of Study: September—November 1990 (experimental termination date: 19 May 1992) 

QA & GLP:  Yes 

Guidelines:  US EPA 

Groups of rats (5/sex/group) were given a single dose of 14C-procymidone (in corn oil) by gavage at  
1 or 250 mg/kg bw to untreated rats or at 1 mg/kg bw to rats which had received daily administrations of unlabelled 
procymidone at 1 mg/kg bw/d po for 14 days. Following the administration of the labelled procymidone, urine and 
faeces were collected at selected intervals (6 or 12 hourly in the first 24 h, then every 24 h) for 7 days from all 
animals and then sacrificed. Blood and tissue samples (bone, brain, fat, ovaries, testes, heart, pancreas, adrenals, 
epididymis, pituitary, prostate, seminal vesicle, thyroid, liver, kidneys, lungs, skeletal muscle, spleen, uterus, 
stomach, small intestine, caecum, large intestine, gastrointestinal contents, mesenteric lymph node and residual 
carcass) were collected. Expired CO2 was not collected because only 0.02% of the administered 14C-procymidone 
was found in the expired CO2 in a preliminary study (1 mg/kg bw/d of 14C-procymidone, p.o.; 2 rats/sex). The 
collected samples were analysed for total radioactivity by liquid scintillation counting (LSC). In addition, urinary and 
faecal metabolites were identified using thin-layer chromatography (TLC), high pressure liquid chromatography 
(HPLC) and mass spectrometry (MS). Quantitation of metabolites was accomplished using these methods and 
LSC. 

All animals in the 250 mg/kg bw group had unsteady motor activity. Excretion was mainly in the urine (63–90% of 
the administered dose), followed by the faeces (6–33%). There were no differences related to sex. The excretion 
of radioactivity was rapid for the low dose (1 mg/kg bw, single or repeated; > 90% in 24 h) but was slow for the 
high dose (250 mg/kg bw; 35% in males and 21% in females in 24 h; seeTable 30). Seven days after a single or 
repeated administration of procymidone, total tissue and blood levels of radioactivity were ≤ 0.01% of the 
administered dose, and levels in carcass were < 0.3%. The highest residue was found in the urogenital fat of both 
males and females (1.68 and 4.96 ppm, respectively; < 1 ppm in other tissues) of the 250 mg/kg bw group.  
Total recovery of radioactivity in the body and excreted samples was ≥ 92% in all groups. 
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Table 30—Excretion of radioactivity in urine and faeces 

Collection 
time, h 

Excretion of total radioactivity (cumulative, % of the administered dose) 

Males Females 

Urine Faeces Urine + faeces Urine Faeces Urine + faeces 

Single dose, 1 mg/kg bw 

6 36.5 0.07 36.6 18.7 0.02 18.8 

12 67.0 4.9 71.9 67.2 3.2 70.5 

24 77.9 14.0 91.9 84.7 8.1 92.9 

48 79.5 15.5 95.0 87.7 10.4 98.2 

168 80.9 15.7 96.6 89.5 10.7 100.1 

Single dose, 250 mg/kg bw 

6 0.74 0.29 1.0 0.90 < 0.01 0.90 

12 3.3 3.9 7.2 2.8 1.1 3.9 

24 17.3 17.7 35.0 10.5 10.9 21.4 

48 57.1 30.8 87.8 60.3 20.6 81.0 

72 61.3 32.2 93.4 65.2 23.4 88.7 

168 62.9 33.1 96.0 67.3 24.2 91.5 

Repeated dose, 1 mg/kg bw/d 

6 40.8 0.01 40.8 42.0 0.01 42.0 

12 70.0 0.97 70.9 78.7 0.31 79.0 

24 81.5 8.8 90.2 85.4 4.8 90.2 

48 84.1 10.8 94.7 86.6 6.2 92.8 

168 85.3 11.2 96.4 87.8 6.4 94.2 

The animals were given orally a single dose of 14C-procymidone at 1 or 250 mg/kg bw/d to untreated rats or at 1 mg/kg bw to 

rats which had received daily administrations of unlabelled procymidone at 1 mg/kg bw/d po for 14 days. Urinary excretion 

includes cage washings. n=5/sex/group.
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Metabolism 

The predominant urinary metabolites in different dose groups were the isomers of PA-1'COOH (identified as 
procymidone-NH-(COOH)2 in an earlier study) or its isomer PA-2'COOH, accounting for 43-55% of the 
administered dose (Table 31). The total amounts of PCM-COOH (urine), PCM-CH2OH (and glucuronides; urine 
and faeces), PCM-CH2OH-COOH (urine) and PA-CH2OH (urine) were < 5% of the administered dose. DCA 
(urine), PA (faeces) and PCM-4'-OH (faeces) were also found as minor metabolites (< 1.2%). After the low dose of 
procymidone (1 mg/kg bw, single or repeated), the parent compound was detected in small amounts (< 5%) in the 
faeces but after the high dose (250 mg/kg bw), the parent compound was the main component (18-27% of the 
administered radioactivity) in the faeces. The unidentified metabolites in urine (up to 31) and faeces (≥ 6) 
accounted for 13-23% of the administered radioactivity. The metabolism profile was similar in males and females. 

Table 31—Metabolites in urine and faeces 

 % of total administered radioactivity 

Single dose,  

1 mg/kg bw 

Single dose,  

250 mg/kg bw 

Repeat dose,  

1mg/kg bw/d 

Males Females Males Females Males Females 

Metabolites in urine  

Water fraction       

DCA 0.3 0.5 0.7 0.5 0.1 0.9 

Unknown metabolites (22) 7.9 8.8 8.7 6.8 8.1 14.3 

Methanol fraction       

PA-1'-COOH and PA-2'-COOH 51.3 46.0 42.6 43.6 46.9 54.6 

PCM-COOH 2.5 ND 1.7 1.2 2.8 1.4 

PCM-CH2OH 0.3 0.9 0.5 1.0 0.3 0.5 

PCM-CH2OH-glucuronide 2.3 1.5 2.1 2.5 2.2 3.0 

PCM-CH2OH- COOH NI 0.5 NI 0.7 0.4 0.3 

PA-CH2OH 0.7 1.8 0.2 0.4 0.8 2.1 

Unknown metabolites (9) 2.4 2.7 1.1 3.6 3.1 6.3 

Metabolites in faeces 

Methanol extract       

Procymidone (PCM) 0.8 0.9 2.1 5.0 0.3 0.02 

PCM-CH2OH 2.1 1.3 2.1 1.3 1.5 0.3 
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 % of total administered radioactivity 

Single dose,  

1 mg/kg bw 

Single dose,  

250 mg/kg bw 

Repeat dose,  

1mg/kg bw/d 

Males Females Males Females Males Females 

PCM-4'-OH 0.1 0.1 0.03 0.04 0.02 < 0.01 

PA ND ND 0.4 ND ND ND 

Unknown metabolites (at least 4) 3.0 2.7 4.3 4.1 3.6 2.1 

Hexane extract       

Procymidone (PCM) 1.8 0.7 24.4 13.3 0.4 0.05 

Unknown metabolites (2) ND 0.2 1.1 0.6 0.16 0.05 

Unextractable 14C 6.8 3.9 2.7 1.6 4.8 3.9 

Cage rinse# 9.0 18.3 3.0 4.4 17.2 11.5 

Urine and cage rinse+ 1.4 1.7 1.6 2.1 1.3 1.2 

Total 92.7 92.5 99.3 92.7 94.0 102.5 

Total excretion in urine and faeces 96.6 100 96.0 91.5 96.4 94.2 

ND = Not detected, NI = 'Not integrated' (radioactivity was present, but < 0.3%). #0-48 h for 1 mg/kg bw (single or repeat), 0-

72 h for 250 mg/kg bw, +72-168 h for 1 mg/kg bw (single or repeat), 96-168 h for 250 mg/kg bw. DCA: 3,5-dichloroanaline; 

PCM-CH2OH: hydroxyprocymidone; PCM-4'-OH: 4'-hydroxyprocymidone; PCM-COOH: procymidone carboxylic acid; PCM-

CH2OH-COOH: hydroxyprocymidone carboxylic acid; PA: procymidone amide; PA-1'-COOH: 1'-procymidone-amide-carboxylic 

acid; PA-2'-COOH: 2'-procymidone-amide-carboxylic acid. 

The metabolic pathway for procymidone in rats indicates that the major metabolic reactions for procymidone were: 
oxidation of methyl groups of the cyclopropane ring to hydroxymethyl or carboxylic acid derivatives and cleavage 
of the amide. In addition, hydroxylation at the 4'-position of the chlorophenyl ring and the formation of glucuronides 
of the resultant metabolites were also observed as minor metabolic pathways. 
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Metabolism in rats. 

The major metabolites (~10% or more in urine) are bolded.
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3. Shiba K, Kaneko H, Yoshino H, Kakuta N, Iha K, Nakatsuka I, Yoshitake A, Yamada H, Miyamoto J (1988). 
Comparative metabolism of procymidone in rats and mice. Sumitomo study Nos 1228, 1229, 1343, 1344.  

Shiba K, Kaneko H, Yoshino H, Kakuta N, Iha K, Nakatsuka I, Yoshitake A, Yamada H, Miyamoto J (1991). 
Comparative metabolism of procymidone in rats and mice. J. Pesticide Sci. 16: 27-33. 

Male Sprague-Dawley rats and ICR male mice (6 weeks old) were given a single oral dose of 14C-procymidone in 
corn oil at 100 mg/kg bw. Urine and faeces (n=5) were collected at 1, 2, 3, 5 and 7 days after the administration 
and the animals were sacrificed. 14C-distribution in blood and tissues was studied in a separate group of rats and 
mice sacrificed at 2, 4, 6, 8, 12, 24 and 72 h after 14C-procymidone administration at the same dose  
(5 animals/time point). Total radioactivity was measured with a liquid scintillation spectrometer and metabolites 
were identified by TLC co-chromatography (quantitation by scraping appropriate gel regions followed by liquid 
scintillation counting). 

In both mice and rats, the radioactivity was excreted rapidly in the urine and faeces. On the first day, 59% and 
92% of the administered dose was excreted in mice and rats, respectively. Cumulative excretion within 7 days was 
104% of the administered dose (urine: 82%; faeces: 22%) in mice and 96% (urine: 84%; faeces: 13%) in rats. 

In mice, plateau levels of 14C-radioactivity in the blood, fat, kidney and liver were seen during 2–12 h post-dose. 
The maximal 14C-levels in the blood, fat, kidney and liver were 17, 429, 58 and 67 ppm, respectively. The half-life 
of 14C-radioactivity was 10 h in blood and 9-12 h in brain, fat, kidney and liver. 

In rats, plateau levels of 14C-radioactivity in the blood, fat, kidney and liver were seen during 2–24 h post-dose. 
The maximal 14C-levels in the blood, fat, kidney and liver were 15, 555, 49 and 67 ppm, respectively. The half-life 
of 14C-radioactivity was 12 h in blood and 9–12 h in brain, fat, kidney and liver. 

Procymidone-NH'-(COOH)2 was the major metabolite in urine, followed by procymidone-COOH. The metabolite 
profile was similar in mice and rats. The metabolites identified in the urine were also seen in the blood at  
2 and 24 h post-dose (Table 32) as well as in kidneys and liver (not shown in the table). 

Table 32—Levels of 14C-radioactivity in blood, urine and faeces 

Metabolite % of the administered dose µg equivalent of procymidone/g blood 

Mice Rats Mice Rats 

Urine Faeces Urine Faeces 2 h 24 h 2 h 24 h 

Procymidone 2.6 7.0 0.2 5.2 6.48 0.07 1.17 0.24 

Procymidone-OH 7.1 2.1 3.2 1.1 4.15 0.13 0.62 1.27 

Procymidone-NH-OH 0.8 0.4 0.8 0.2 0.24 0.02 0.33 0.19 

Procymidone-NH'-OH 0.6 0.1 0.7 0.1 0.28 0.01 1.51 0.73 

Procymidone-COOH 19.5 1.4 21.5 0.4 1.27 0.43 0.15 1.11 

Procymidone-NH-(COOH)2 1.2 0.4 0.7 0.1 0.50 - 0.04 0.05 

Procymidone-NH'-(COOH)2 37.4 2.5 46.5 0.5 1.18 0.21 0.68 2.24 
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Metabolite % of the administered dose µg equivalent of procymidone/g blood 

Mice Rats Mice Rats 

Urine Faeces Urine Faeces 2 h 24 h 2 h 24 h 

Procymidone-NH-COOH 0.2 0.2 0.2 0.1 0.19 0.05 5.49 0.18 

3,5-Dichloroaniline 0.0 - - - 0.46 0.02 0.21 0.06 

Others 11.5 3.4 7.1 2.2 1.81 0.16 0.56 1.07 

Unextractable - 3.3 - 2.0 0.09 0.16 0.22 0.48 

Total 80.8 20.9 80.8 11.8 16.6 1.25 11.0 7.62 

-Not detected or reported; n=5. 

Overall, the toxicokinetics and metabolism of procymidone were similar in mice and rats. 

4. Sugimoto K (2005a). Pharmacokinetics and excretions of [phenyl-14C]-procymidone in female rats 
(single oral administration). Laboratory of Pharmacokinetics & Pharmacology, Panapharm Laboratories 
Co Ltd, Kumamoto, Japan. Unpublished Study. Sumitomo Chemical Technical Report No. BM-0096. 8 
August 2005.  

Test Chemical:  [Phenyl-14C]-procymidone (radiochemical purity 100%, specific activity 13.7 MBq/mg) 
diluted with unlabelled procymidone (impurity 99.1%) in corn oil. 

Dose and Route: Single oral dose at 37.5, 62.5, 125, 250 or 500 mg/kg bw, 5 mL/kg 

Test Species:  Crj:CD (SD) IGS female rats, 7 wks, 181-210 g from Charles River Japan Inc. 

Duration of Study: Nov 2004-Aug 2005 

QA & GLP:  Yes 

Guidelines:  EU Directive 88/302/EEC, Part B, Toxicokinetics. 

[Phenyl-14C]-Procymidone was administered by oral gavage at 37.5, 62.5, 125, 250 or 500 mg/kg bw to female 
rats (4/dose). Blood samples were collected from a caudal vein at 1, 2, 4, 6, 8, 10, 12, 24, 48 and 72 h post dosing 
and the plasma was separated. Urine (0–6, 6–24, 24–48, 48–72 and 72–120 h, and final cage wash) and faeces 
(0–24, 24–48, 48–72 and 72–120 h) were collected. Samples of faeces were extracted with [3x acetonitrile  
(for 0–24 and 24–48 h samples), or 9:1 of acetonitrile:water (for 48–72 h samples), or diluted and homogenized in 
water (for 72–120 h samples)], and then combusted. The carcasses were finally dissolved in the potassium 
hydroxide solution. An aliquot of each sample was measured for radioactivity by liquid scintillation.  

Plasma and faecal samples were extracted with acetonitrile, and separated by centrifugation. All samples (pooled 
from 4 rats/time point/dose) of plasma, urine and faeces up to 72–hr collection were analysed for metabolites 
qualitatively and quantitatively by TLC in combination with imaging analyser. The solvent system for TLC was 
toluene:ethyl formate:formic acid (5:7:1) or butanol:acetic acid:water (6:1:1). The pharmacokinetic parameters in 
plasma were calculated utilising a non-compartment model and a model from WinNonlin.
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Absorption 

After single oral doses of 14C-procymidone at 37.5, 62.5, 125, 250 and 500 mg/kg bw, the time taken to reach peak 
plasma concentrations of radioactivity (Cmax) increased with dose level. As shown in Table 33, systemic exposure, 
as measured by AUC, also increased with dose level. 

Table 33—Toxicokinetic parameters of radioactivity in plasma (n=4) 

 37.5 
mg/kg bw 

62.5 
mg/kg bw 

125 
mg/kg bw 

250 
mg/kg bw 

500 
mg/kg bw 

Cmax (µg eq/mL) 11.48 16.42 30.06 35.67 50.33 

Tmax (h) 8 12 24 24 24 

t1/2 during Cmax-120 h (h) 18.3 15.6 16.3 15.9 14.6 

AUC0-120 (µg eq. h/mL) 450 574 1108 1389 2317 

Excretion  

The results showed that urine was the main route of elimination of procymidone which decreased as the dose 
increased (Table 34). On the other hand, faecal excretion increased with dose level suggesting reduced 
gastrointestinal absorption. Both faecal and urinary routes were the main modes of excretion at the high dose.  

Table 34—Cumulated excretions of radioactivity in urine and faeces (% of dose) 

Time (h) 37.5 mg/kg bw 62.5 mg/kg bw 125 mg/kg bw  250 mg/kg bw 500 mg/kg bw 

urine faeces urine faeces urine faeces urine faeces urine faeces 

0-6 2.6 - 1.7 - 0.5 - 0.3 - 0.2 - 

0-24 65.4 7.5 57.6 5.2 32.6 7.0 14.9 10.1 6.1 24.4 

0-48 75.1 10.5 73.9 9.9 67.2 12.6 55.8 21.9 33.5 38.4 

0-72 77.8 11.0 77.3 10.7 72.1 14.2 60.1 27.7 42.7 47.5 

0-120 83.4 11.5 83.6 11.3 81.2 14.7 66.7 28.6 46.5 48.7 

Carcass 0.3 0.5 0.5 0.5 0.3 

Total 95.2 95.4 96.4 95.7 95.4 
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Metabolism 

There was one notable observation in that the amount of the parent compound in plasma generally increased with 
dose level but started decreasing after 6 h (Table 35). Concomitantly, at any given dose, the amount of the 
metabolite PCM-CH2OH increased with time but started to decrease after 24 h (data not shown here). Low levels 
(< 0.7 μg equiv/mL) of the glucuronides of PCM-CH2OH and PA-CH2OH were detected in rat plasma. PA-COOH 
was the major metabolite found in the urine and the amount excreted decreased with increased dose level. Very 
little of the glucuronides of the metabolites PCM-CH2OH and PA-CH2OH were excreted in urine (less than 6%). 
The parent compound was the main faecal excretion, particularly at high doses (Table 36). 

Table 35—Major metabolites of procymidone in rat plasma (µg equivalent of procymidone/mL) 

Metabolite 
37.5 mg/kg bw 62.5 mg/kg bw 125 mg/kg bw 250 mg/kg bw 500 mg/kg bw 

2h 6h 24h 2h 6h 24h 2h 6h 24h 2h 6h 24h 2h 6h 24h 

Procymidone 3.0 3.0 - 4.1 5.9 - 7.8 11.1 1.4 6.7 9.6 2.39 10.4 18.6 15.7 

PCM-CH2OH 1.9 2.5 3.7 1.5 4.0 7.1 1.6 4.1 14.40 2.2 2.6 8.2 1.4 2.0 18.9 

PA-CH2OH 1.1 2.9 0.3 0.8 2.5 2.0 0.5 2.8 7.2 - 2.9 16.7 - 0.1 8.3 

PA-COOH - - - - - - - - - - - - - - - 

Glucuronides* 0.2 0.4 - - - - - - - - - - - - - 

*Glucuronides of PCM-CH2OH and PA-CH2OH; -: Not detectable. 

Table 36—Major metabolites of procymidone in urine and faeces (% dose) 

Metabolite 37.5 mg/kg bw 62.5 mg/kg bw 125 mg/kg bw 250 mg/kg bw 500 mg/kg bw 

urine faeces urine faeces urine faeces urine faeces urine faeces 

Procymidone - 1.5 - 1.2 - 6.0 - 18.1 - 44.5 

PCM-COOH 5.6 0.1 10.2 0.1 5.3 0.0 12.5 - 13.3 - 

PCM-CH2OH - 2.7 - 2.3 - 1.8 - 0.7 - 0.3 

PA-CH2OH 4.3 0.1 4.8 0.1 5.1 0.2 3.3 - 2.4 - 

PA-COOH 56.9 - 51.4 - 49.4 - 34.9 - 23.2 - 

Glucuronides* 5.7 - 5.2 - 5.5 - 4.2 - 3.2 - 

*Glucuronides of PCM-CH2OH and PA-CH2OH; -: Not detectable. 

The metabolic pathway for procymidone in rats indicates that the major metabolic reactions were oxidation of 
methyl groups of the cyclopropane ring to hydroxymethyl or carboxylic acid derivatives and cleavage of the amide.  
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5. Mogi M (2005a). Pharmacokinetics and excretion of [phenyl-14C]-procymidone after a single oral 
administration to cynomolgus monkeys. Shin Nippon Biomedical Laboratories Ltd, Pharmacokinetics 
and Bioanalysis Center, Japan. Unpublished Study No. PBC27-61. Sumitomo Chemical Technical Report 
No. BM-0103. 29 July 2005  

Test Chemical: [Phenyl-14C]-procymidone (radiochemical purity 99.7%, specific activity 13.7 MBq/mg) 
diluted with unlabelled procymidone (impurity 99.1%) in 0.5% methylcellulose. 

Dose and Route: Single oral dose at 62.5, 125, 250 or 500 mg/kg bw, 5 mL/kg. 

Test Species: 12 Female Cynomolgus monkey, 4-6 yr, 2-4 kg from Shin Nippon Biomedical Lab Ltd. 

Duration of Study: November 2004—July 2005 

QA & GLP:  No 

Guidelines:  Standards for the Reliability of an Application Dossier in Enforcement Regulations of 
the Pharmaceutical Affairs Law (Article 18-4-3) and Guidelines for Non-clinical Studies 
(Notification No 496 Pharmaceutical and Medical Safety Bureau, Ministry of Health and 
Welfare, June 26, 1998 

A single dose of [phenyl-14C]-procymidone was administered at 62.5, 125, 250 or 500 mg/kg bw to 12 female 
monkeys (3/dose) by oral gavage. Blood samples were collected from the femoral vein at 1, 2, 4, 6, 10, 24, 48, 72 
and 120 h post dosing, and the plasma was separated. Urine (0–6, 6–24, 24–48, 48–72, 72–96 and 96–120 h), 
cage wash and faeces (0–24, 24–48, 48–72, 72–96 and 96–120 h) were collected. 

Plasma samples were extracted with acetonitrile, then with methanol/water, and separated by centrifugation. 
Samples of faeces were extracted with acetonitrile, and treated with solubilizer (Soluene-350) and hydrogen 
peroxide and 2-propanol. Selected samples were analysed with TLC co-chromatography, alone (urine: 0–6, 6–24 
and 24–48 h at 62.5 mg/kg bw; faeces: 0–24 h at 500 mg/kg bw, 24–48 h at 62.5 and 500 mg/kg bw) or in 
combination with pre-enzyme hydrolysis with β-glucuronidase (urine: 0–6 and 6–24 h at 62.5 and 125 mg/kg bw) 
to identify metabolites. 

An aliquot of each sample was measured for radioactivity by liquid scintillation. All samples of plasma (pooled from 
3 monkeys/time point/dose), and up to 72-h samples of urine and faeces were analysed for metabolites 
qualitatively and quantitatively by TLC in combination with imaging analyser. The solvent system for TLC was 
toluene:ethyl formate:formic acid (5:7:1) or butanol:acetic acid:water (6:1:1). The pharmacokinetic parameters in 
plasma were calculated utilising a model from WinNonlin. 

Absorption 

As shown in Table 37, systemic exposure as measured by Cmax and AUC did not increase with dose level in 
monkeys. This is in contrast to the results from rats. The Cmax and AUC0-120 in monkeys at the non-teratogenic dose 
of 125 mg/kg bw was about two times lower than that in rats at the teratogenic dose level of 37.5 mg/kg bw.  
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Table 37—Toxicokinetic parameters of radioactivity in plasma (n=3) 

 62.5 mg/kg bw 125 mg/kg bw 250 mg/kg bw 500 mg/kg bw 

Cmax (µg eq/mL) 5.92 4.43 8.76 8.69 

Tmax (h) 10 6 10 4 

t1/2 during Cmax-120 h (h) 81.7 78.9 58.5 84.5 

AUC0-120 (µg eq. h/mL) 294.7 278.5 562.6 522.5 

Excretion  

After 120 h following a single oral dose, urinary excretion decreased with dose, while faecal excretion increased 
with dose. At the high dose, faecal excretion was the main route of elimination (Table 38). Again, the excretion 
profile of procymidone was different from rats. 

Table 38—Cumulated excretions of radioactivity in urine and faeces (% of dose) 

Time (h) 
62.5 mg/kg bw 125 mg/kg bw 250 mg/kg bw 500 mg/kg bw 

urine faeces urine faeces urine faeces urine faeces 

0–6 6.2 - 4.6 - 3.1 - 1.7 - 

0–24 27.8 12.9 15.9 10.6 12.1 10.8 4.9 46.9 

0–48 45.4 37.1 26.2 46.0 21.3 57.4 7.9 83.6 

0–72 52.0 40.8 32.2 64.1 25.6 71.7 9.5 86.6 

0–96 54.7 41.8 34.9 65.5 27.2 72 10.3 86.8 

0–120 57.1 42.2 36.3 66.0 28.5 72.4 11.7 87.3 

Total 99.4 102.3 100.9 99.0 

- Not collected. 

Metabolism 

In contrast to rats, the amount of the parent compound in plasma did not increase with dose. At the non-
teratogenic dose of 125 mg/kg bw, the amount of PCM-CH2OH in monkey plasma at Tmax post dosing was 
approximately 9 times (5.4/0.6) lower than in rat plasma at the teratogenic dose of 37.5 mg/kg bw (Table 39). 
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Table 39—Metabolites of procymidone in plasma (µg equiv of procymidone/mL) 

Metabolite 62.5 mg/kg bw 125 mg/kg bw 250 mg/kg bw 500 mg/kg bw 

2h 6h 24h 2h 6h 24h 2h 6h 24h 2h 6h 24h 

 Procymidone 2.2 2.7 1.3 1.6 1.7 1.6 2.4 3.0 1.6 2.5 2.3 1.5 

PCM-CH2OH 0.2 0.6 0.9 0.4 0.6 0.4 0.6 0.7 1.6 0.4 0.6 0.7 

PA-CH2OH - 0.2 - 0.1 - - 0.1 0.1 0.1 - 0.1 - 

PA-COOH - - - - - - - - - 0.1 0.2 - 

Glucuronides* - - - - - - - - - - - - 

*Glucuronides of PCM-CH2OH and PA-CH2OH; - Not detectable. 

In urine, the glucuronides of PCM-CH2OH and PA-CH2OH were the major metabolites detected. The parent 
compound was predominantly found in the faeces. At the non-teratogenic dose of 125 mg/kg bw, the amount of 
the parent compound excreted in monkey faeces was around 60% of the administered dose compared to only 6% 
in rat faeces at the same dose (Table 40).  

Table 40—Metabolites of procymidone in urine and faeces (% dose) 

Metabolite 62.5 mg/kg bw 125 mg/kg bw 250 mg/kg bw 500 mg/kg bw 

urine faeces urine faeces urine faeces urine faeces 

Procymidone 0.48 33.01 0.26 60.71 0.21 68.29 0.10 83.31 

PCM-NH-COOH 0.27 0.30 0.13 0.24 0.08 0.39 0.05 0.22 

PCM-CH2OH  5.70 4.06 3.27 0.77 1.25 0.88 0.57 0.93 

PA-CH2OH  1.37 0.49 0.51 0.23 0.27 0.19 0.14 0.19 

PA-CH2OH 4.18 0.31 0.52 0.10 0.20 0.06 0.23 0.07 

PA-COOH 3.08 0.37 1.97 0.06 1.13 0.03 0.50 0.04 

Glucuronides* 36.88 - 25.56 - 18.12 - 6.28 - 

*Glucuronides of PCM-CH2OH and PA-CH2OH; - Not detectable. 
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Conclusion 

The toxicokinetics and metabolism of procymidone after a single dose in monkeys were different from rats. 

6. Sugimoto K (2005b). Pharmacokinetics and excretions of [phenyl-14C]-procymidone in female rabbits 
(single oral administration). Laboratory of Pharmacokinetics & Pharmacology, Panapharm Laboratories 
Co Ltd, Kumamoto, Japan. Unpublished Study. Sumitomo Chemical Technical Report No. BM-0102. 8 
August 2005.  

Test Chemical:  [Phenyl-14C]-procymidone (radiochemical purity 100%, specific activity 13.7 MBq/mg) 
diluted with unlabelled procymidone (impurity 99.1%) in corn oil. 

Dose and Route: Single oral dose at 62.5, 125, 250 or 500 mg/kg bw, 5 mL/kg. 

Test Species:  28 female rabbits (Kbs:NZW), 14 weeks old, 2.34–2.78 kg from Kitayama Labes Co 
Ltd. 

Duration of Study: November 2004—August 2005 

QA & GLP:  Yes 

Guidelines:  EU Directive 88/302/EEC, Part B, Toxicokinetics. 

[Phenyl-14C]-Procymidone was administered by gavage at 62.5, 125, 250 or 500 mg/kg bw to 24 female rabbits 
(3/dose for plasma or for excretion test). Blood samples were collected from an auricular vein at 1, 2, 4, 6, 10, 12, 
24, 48 and 72 h post dosing, and at 120 h (all blood) before necropsy, and the plasma was separated. Urine with 
cage wash (0–6, 6–24, 24–48, 48–72 and 72–120 h) and faeces (0–24, 24–48, 48–72 and 72–120 h) were 
collected. Samples of faeces were extracted with different proportions of acetonitrile:water [3x acetonitrile  
(for 0–24 and 24–48 h samples), or 9:1 of acetonitrile:water (for 48–72 h samples), or diluted and homogenized in 
water (for 72–120 h samples)], and then combusted. The carcasses were finally dissolved in a potassium 
hydroxide solution. An aliquot of each sample was measured for radioactivity by liquid scintillation. 

Plasma and faecal samples were extracted with acetonitrile, and separated by centrifugation. All samples (pooled 
from 3 rabbits/time point/dose) of plasma, urine and faeces up to 72–h collection were analysed for metabolites 
qualitatively and quantitatively by TLC in combination with imaging analyser. The solvent system for TLC was 
toluene:ethyl formate:formic acid (5:7:1) or butanol:acetic acid:water (6:1:1). The pharmacokinetic parameters in 
plasma were calculated utilising a non-compartment model and a model from WinNonlin. 

Absorption 

Following a single oral dose, procymidone was absorbed rapidly by rabbits compared to rats, and achieved the 
maximal plasma concentration within 1 to 4 h depending on dose levels (Table 41). The radioactivity eliminated 
slowly from the blood, and the concentration-time curves at 62.5, 125 and 250 mg/kg bw (but not 500 mg/kg bw) 
showed biphasic, a fast phase (before 48 h) followed by a slow phase. The Cmax value was similar to that in rat at 
the same dose level. Both Cmax and AUC values increased dose-dependently but not proportionally. 
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Table 41—Toxicokinetic parameters of radioactivity in plasma (n=3) 

 62.5 mg/kg bw 125 mg/kg bw 250 mg/kg bw 500 mg/kg bw 

Cmax (µg eq/mL) 19.36 29.96 37.22 50.38 

Tmax (h) 1 1 1 4 

t1/2 during Cmax-48 h (h) 7.0 6.9 7.6 - 

t1/2 during 48-120 h (h) 64.1 47.9 53.4 - 

t1/2 during Cmax-120 h (h) - - - 17.6 

AUC0-t (µg eq.h/mL) 180 251 457 1244 

AUC0- ∞ (µg eq.h/mL) 189 258 474 1260 

Excretion 

After 120 h following a single oral dose, urinary excretion decreased with dose, while faecal excretion increased 
with dose. At the high dose, faecal was the main route of excretion (Table 42). 

Table 42—Cumulated excretions of radioactivity in urine and faeces (% of dose) 

Time (h) 
62.5 mg/kg bw 125 mg/kg bw 250 mg/kg bw 500 mg/kg bw 

urine faeces urine faeces urine faeces urine faeces 

0-24 53.6 2.4 76.3 15.1 67.5 21.0 36.5 19.8 

0-48 87.5 2.9 80.1 15.5 74.0 21.8 56.4 32.1 

0-72 92.5 3.5 80.9 15.7 74.7 22.0 63.4 34.4 

0-120 92.8 3.7 81.2 15.8 75.0 22.1 64.1 34.8 

Total 96.5 97.0 97.1 98.9 

Metabolism 

In contrast to rats, the parent compound was low in plasma and the metabolite PCM-CH2OH was not detected. 
Similar to monkeys, the glucuronides of PCM-CH2OH and PA-CH2OH were the major metabolite. At the non-
teratogenic dose of 125 mg/kg bw, the amount of the glucuronides of PCM-CH2OH and PA-CH2OH excreted in 
rabbit and monkey urine was around 72% and 25% of the administered dose, respectively, compared to only 5% 
in rat urine at the same dose. The parent compound was predominantly found in the faeces (Table 43 and Table 
44). 
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Table 43—Metabolites of procymidone in plasma (µg equiv of procymidone/mL) 

Metabolite 
62.5 mg/kg bw 125 mg/kg bw 250 mg/kg bw 500 mg/kg bw 

2h 6h 24h 2h 6h 24h 2h 6h 24h 2h 6h 24h 

 Procymidone - - - 0.1 - - 0.2 0.7 - 0.1 0.9 - 

PCM-COOH 5.1 2.1 - 2.8 1.5 - 6.2 2.2 0.4 7..9 6.4 4.7 

PCM-CH2OH - - - - - - - - - - - - 

PA-CH2OH - - - 0.1 - - 1.4 0.5 - 1.5 0.8 - 

PA-COOH 4.1 2.1 0.1 8.7 3.8 0.4 13.6 8.7 1.3 16.3 10.8 7.5 

Glucuronides* 5.8 4.9 0.6 9.8 5.6 0.7 11.1 8.7 1.6 14.7 16 9.9 

*Glucuronides of PCM-CH2OH and PA-CH2OH; -: Not detectable. 

The metabolites identified in the blood for 24 h, and in the urine and faeces over 2 days after 14C-procymidone 
administration indicated that glucuronide conjugation was the main metabolic pathway in rabbits which includes: 
(1) oxidation of one of the methyl groups of procymidone to carboxylic acid via hydroxymethylation (2) cleavage of 
the imide linkage and (3) formation of glucuronides of the two hydroxylated-procymidone metabolites 
(PCM-CH2OH and PA-CH2OH). Monkeys also share a similar metabolic pathway. 

Table 44—Metabolites of procymidone in urine and faeces (% dose) 

Metabolite 62.5 mg/kg bw 125 mg/kg bw 250 mg/kg bw 500 mg/kg bw 

urine faeces urine faeces urine faeces urine faeces 

Procymidone - 2.0 - 13.5 - 19.2 - 31.6 

PCM-COOH - - - - - - - - 

PCM-CH2OH - - - - - - - - 

PA- CH2OH - - - - - - - - 

PA-COOH 9.8 - 8.5 - 5.8 - 6.7 - 

Glucuronides*  77.8 - 71.7 - 68.3 - 56.8 - 

Unextractable - 0.8 - 2.0 - 2.6 - 2.7 

Sub-total  87.6 2.9 80.2 15.5 74.1 21.8 63.5 34.3 

Total 90.5 95.7 95.9 97.8 

*:Glucuronides of PCM-CH2OH and PA-CH2OH; -: Not detectable.



 APPENDIX I: EVALUATED STUDIES 109 

Conclusion 

Similar to monkeys, high levels of the glucuronides of the metabolite PCM-CH2OH and PA-CH2OH were excreted 
in the urine following a single dose of procymidone. In contrast, very little of this metabolite was excreted in the 
urine of rats. 

7. Sugimoto K (2005c). Pharmacokinetics and excretions of [phenyl-14C-]-procymidone in female rats 
(repeat oral administration for 14 days). Laboratory of Pharmacokinetics & Pharmacology, Panapharm 
Laboratories Co Ltd, Kumamoto, Japan. Unpublished Study. Sumitomo Chemical Technical Report 
No. BM-0098. 8 August 2005.  

Test Chemical:   [phenyl-14C]-procymidone (radiochemical purity 100%, specific activity 13.7 MBq/mg) 
diluted with unlabelled procymidone (impurity 99.1%) in corn oil. 

Dose and Route: Single oral dose at 37.5, 62.5, 125 or 250 mg/kg bw/d for 14 days, 5 mL/kg. 

Test Species:  16 Crj:CD (SD) IGS female rats, 7 w.o, 137-238 g from Charles River Japan Inc. 

Duration of Study: November 2004—August 2005 

QA & GLP:  Yes 

Guidelines:  EU Directive 88/302/EEC, Part B, Toxicokinetics. 

Mogi M (2005b). Pharmacokinetics and excretions of [phenyl-14C]-procymidone during and after 
repeated oral administration to cynomolgus monkeys. Shin Nippon Biomedical Laboratories Ltd, 
Pharmacokinetics and Bioanalysis Center, Wakayama, Japan. Unpublished Study. Sumitomo 
Chemical Technical Report No. BM-0104. 29 July 2005 

Test Chemical: [phenyl-14C]-procymidone (Lot No RIS2004-012, radiochemical purity 100%, specific 
activity 13.7 MBq/mg) diluted with unlabelled procymidone (Lot No 21269G, impurity 
99.1%) in corn oil. 

Dose and Route: Single oral dose at 62.5, 125, 250 or 500 mg/kg bw/d for 14 days, 5 mL/kg. 

Test Species: Female cynomolgus monkey (B-virus negative). Age 4–6 y.o. 2–4 kg from Guangxi 
Research Center of Primate Laboratory Animal, Guangxi, China. 

Duration of Study: November 2004—July 2005 

QA & GLP: No 

Guidelines: Standards for the Reliability of an Application Dossier in Enforcement Regulations of 
the Pharmaceutical Affairs Law (Article 18-4-3) and Guidelines for Non-clinical Studies 
(Notification No 496 Pharmaceutical and Medical Safety Bureau, Ministry of Health and 
Welfare, June 26, 1998. 
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For comparative purposes, the rat and monkey studies were evaluated together. Female rats (4/dose) or female 
monkeys (3/dose) were dosed daily by oral gavage at 37.5, 62.5, 125, 250 or 500 mg/kg bw/d (rats) or at 62.5, 
125, 250 or 500 mg/kg bw/d (monkeys) for 14 days. The methods in the rat study were similar to that described in 
the study in which female rats were dosed with a single dose (Sugimoto, 2005c), except that blood samples were 
collected from a caudal vein at 2, 4 and 24 h after the first, 3rd, 7th, 10th and 14th oral dosing, while urine, faeces 
and cage-washing were collected during the periods of 0-24 h after the first, 3rd, 5th, 7th, 9th, 11th, and 13th oral 
dosing. For the 14th oral dosing, samples were collected after 24, 72 and 120 h. 

For the monkey study, the methods were similar to that described in the study in which female monkeys were 
dosed with a single dose of procymidone (Mogi, 2005a), except that blood samples were collected from the 
femoral vein at 2, 4, 8 and 24 h after administration on days 1, 3, 7, 10 and 14. Urine and faeces were collected 
after each administration and 24, 48 and 72 h after administration of day 14. 

Absorption 

Radioactivity in rat plasma remained relatively stable as the number of doses increased. In contrast, radioactivity 
in monkey plasma tended to increase as the number of doses increased. Systemic exposure as measured by 
AUC0- ∞ after 14 doses was higher in monkeys (Table 45 and Table 46). 

Table 45—Toxicokinetic parameters of radioactivity in rat plasma (n=4) 

 37.5 mg/kg bw/d 62.5 mg/kg bw/d 125 mg/kg bw/d 250 mg/kg bw/d 

1 dose 

Cmax (µg eq/mL) 11.7 15.6 29.5 42.1 

Tmax (h) 8 8 24 24 

AUC2-24 (µg eq. h/mL) 189 325 520 599 

3 doses 

Cmax (µg eq/mL) 15.5 25.2 52.2 67.8 

Tmax (h) 8 8 4 8 

AUC2-24 (µg eq. h/mL) 241 374 815 1248 

7 doses 

Cmax (µg eq/mL) 19.1 32.9 47.2 72.9 

Tmax (h) 8 8 4 8 

AUC2-24 (µg eq. h/mL) 301 485 693 1187 

10 doses 

Cmax (µg eq/mL) 17.1 29.2 43.7 68.5 

Tmax (h) 8 8 8 8 
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 37.5 mg/kg bw/d 62.5 mg/kg bw/d 125 mg/kg bw/d 250 mg/kg bw/d 

AUC2-24 (µg eq. h/mL) 268 421 633 1055 

14 doses 

Cmax (µg eq/mL) 17.7 24.8 47.1 68.3 

Tmax (h) 8 8 8 8 

t1/2 during Cmax-24 h (h) 7 8 6.2 6.6 

t1/2 during 72-120 h (h) 15 22.6 19 40 

AUC2-24 (µg eq. h/mL) 269 369 689 1038 

AUC0- ∞ (µg eq. h/mL) 498 599 1111 1588 
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Table 46—Toxicokinetic parameters of radioactivity in monkey plasma (n=3) 

 62.5 mg/kg bw/d 125 mg/kg bw/d 250 mg/kg bw/d 500 mg/kg bw/d 

1 dose 

Cmax (µg eq/mL) 2.5 5.2 5.1 9.8 

Tmax (h) 4 4 8 24 

AUC2-24 (µg eq. h/mL) 153.3 115.1 114.8 194.4 

3 doses 

Cmax (µg eq/mL) 5.6 11.8 15.7 17.8 

Tmax (h) 4 4 2 2 

AUC2-24 (µg eq. h/mL) 110.1 237.4 265.1 354.3 

7 doses 

Cmax (µg eq/mL) 10.3 17.3 23.7 31.6 

Tmax (h) 2 8 4 4 

AUC2-24 (µg eq. h/mL) 195.2 379.7 464.8 667.4 

10 doses 

Cmax (µg eq/mL) 12.6 21.3 26.9 38.1 

Tmax (h) 2 2 4 8 

AUC2-24 (µg eq. h/mL) 240 415 566 811 

14 doses 

Cmax (µg eq/mL) 15.4 27 30 47 

Tmax (h) 2 2 2 2 

t1/2 during 72-120 h (h) 58 62 61 60 

AUC2-24 (µg eq. h/mL) 300 531 623 945 

AUC0- ∞ (µg eq. h/mL) 1287 2195 2741 4166 



 APPENDIX I: EVALUATED STUDIES 113 

Table 47—Major metabolites of procymidone in rat plasma (µg equiv. of procymidone/mL) 

Metabolite 
1 dose 3 doses 7 doses 10 doses 14 doses 

2h 8h 24h 2h 8h 24h 2h 8h 24h 2h 8h 24h 2h 8h 24h 

37.5 mg/kg bw/d 

Procymidone 5.1 3.1 - 1.6 1.3 - 1.6 1.5 - 1.4 1 - 1.5 1.5 - 

PCM-CH2OH 1.9 5.3 2.8 3.7 4.4 1 5.1 3.3 2.7 2.6 3 2.5 6.2 9.8 1.8 

PA-CH2OH 0.2 1.0 - 1.9 5.4 0.3 3.6 9.2 - 4.1 8.5 - 0.9 3.3 - 

PA-COOH - - - 0.8 1.4 1.6 1 0.7 0.9 0.9 1.4 1.2 0.3 0.2 0.2 

Glucuronides* 0.2 0.3 0.1 0.5 0.8 0.2 - 0.6 - - - - 0.5 0.5 - 

62.5 mg/kg bw/d 

Procymidone 5.5 5.5 - 1.7 2.6 - 3.8 3.2 - 3.2 3.7 - 1.8 2.6 - 

PCM-CH2OH 1.8 5.2 11.2 3.9 6.7 1.4 4.7 3.1 1.8 4.1 7.6 1.8 8.3 9.8 3.1 

PA-CH2OH 0.4 2.6 - 4.4 9.0 - 9.2 18.4 - 5.6 11.7 - 1.4 7.8 - 

PA-COOH - - 0.1 3 2.1 2 1.5 1.6 1.3 0.9 0.9 1.7 0.4 0.2 0.4 

Glucuronides* 0.2 0.4 0.2 1.3 1.8 - 0.3 - - - - - - - - 

125 mg/kg bw/d 

Procymidone 7.16 11.8 1.4 5.4 1.8 - 8.0 4.8 - 6.7 - - 5.7 3 - 

PCM-CH2OH 2.4 8.1 20.8 16.7 14.7 6.8 18.7 13.2 2.6 12.6 5.4 3.8 21.7 32 4.6 

PA-CH2OH - 1.5 3.7 11.3 15.9 0.6 8.2 18 - 10.7 24.7 - 0.9 4 - 

PA-COOH - - - 5.8 7.4 4.0 2.1 1.5 2.6 2 2.5 - 0.5 0.6 - 

Glucuronides* - - - - - - - - - - - - 0.3 0.6 - 

250 mg/kg bw/d 

Procymidone 9.5 13.6 7.2 9 6.4 - 10.9 6.5 - 7.7 1.8 - 5.1 3.8 - 

PCM-CH2OH - 6.9 31.4 30.9 40 22.1 34.1 38.2 16.8 29.6 31.7 9.7 42.3 50.9 7.7 

PA-CH2OH - - - 0.9 7.2 - 5.32 13.6 - 4.8 14.8 - - - - 

PA-COOH - - - 2.5 3.7 8.3 3 3 1 6.5 8.4 - 1.3 0.9 - 

Glucuronides* - - - 2.8 3.2 3.7 - - - - - - - - - 
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Table 48—Major metabolites of procymidone in monkey plasma (µg equiv. of procymidone/mL) 

Metabolite 
1 dose 3 doses 7 doses 10 doses 14 doses 

2h 8h 24h 2h 8h 24h 2h 8h 24h 2h 8h 24h 2h 8h 24h 

62.5 mg/kg bw/d 

Procymidone 2 0.2 0.6 2.6 1.8 1.7 4.8 2.8 2.4 6.3 3.1 1.6 3.6 2.5 1.4 

PCM-CH2OH 0.02 0.4 0.3 0.3 0.06 0.04 0.4 0.3 0.2 0.4 0.2 0.4 1.2 0.5 0.2 

PA-CH2OH - - - - - - - - - - - - 0.3 - - 

PA-COOH - - - - - - - - - - - - - - - 

Glucuronides* - - - - - - - - - 0.1 0.1 - 0.1 - 0.7 

125 mg/kg bw/d 

Procymidone 2 3.5 3 6 4.9 3.1 7.2 2.3 4.2 6.2 3.1 1.6 3.5 0.9 2.5 

PCM-CH2OH 0.3 0.5 0.1 0.7 0.5 0.7 0.7 2.1 0.3 0.4 0.2 0.4 3.1 1.8 0.6 

PA-CH2OH - - - 0.09 0.2 0.1 - - - - - - 0.1 - - 

PA-COOH - - - 0.09 0.08 0.1 - - - - - - 0.2 - - 

Glucuronides* - - - - - - - - - - - - 0.1 - - 

250 mg/kg bw/d 

Procymidone 2 3.5 3 6 4.9 3 7.2 2.3 4.2 5.9 4.1 2.7 6.7 4.4 2.5 

PCM-CH2OH 0.3 0.5 0.2 0.7 0.5 0.7 0.7 2.1 0.3 1.5 0.4 0.8 3 1.8 0.6 

PA-CH2OH - - - - - - - - - 0.1 1 0.2 0.4 0.5 0.1 

PA-COOH - - - - - - - - - 0.1 0.1 0.1 0.3 0.2 - 

Glucuronides* - - - - - - - - - - - - 1.2 1.7 - 

500 mg/kg bw/d 

Procymidone 3.9 3.3 3.3 8.3 3.6 2. 8.9 6.7 5.3 6.8 5.7 4.9 4.8 7.6 6.1 

PCM-CH2OH - - - 0.7 1.7 0.9 0.6 0.9 0.3 3.6 1.2 0.5 2.1 1.8 1.5 

PA-CH2OH - - - 0.2 0.1 - 0.6 0.9 0.3 1.2 0.3 - 0.4 0.2 0.2 

PA-COOH - - - 0.1 0.5 - - - - - - - - - - 

Glucuronides* - - - - - - 0.2 0.2 - 0.3 0.1 - - - - 

*Glucuronides of PCM-CH2OH; -: Not detectable.
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Metabolism 

In rat plasma, the amount of the parent compound increased with dose and its metabolite PCM-CH2OH increased 
with time. Levels of the glucuronides of PCM-CH2OH and PA-CH2OH, however, were low in both rat and monkey 
plasma. In monkeys, lower amount of the metabolite PCM-CH2OH was detected in plasma (see the two tables 
above). At the non-teratogenic dose of 125 mg/kg bw, the amount of PCM-CH2OH in monkey plasma after  
14 doses at Tmax (8 h for rats and 2 h for monkeys) was approximately 3.2 times (9.86/3.129) lower than in rat 
plasma at the teratogenic dose of 37.5 mg/kg bw. The amount of the parent compound, however, was higher in 
monkey plasma. At the non-teratogenic dose of 125 mg/kg bw, the amount of parent compound in monkey plasma 
after 14 doses at Tmax was approximately 2.5 times (3.6/1.5) higher than in rat plasma at the teratogenic dose of 
37.5 mg/kg bw (Table 47 and Table 48). 

Excretion 

In rats, the majority of the radioactivity was excreted in the urine and to a lesser extent in the faeces. In contrast, 
the majority of the radioactivity was excreted in the faeces and to a lesser extent in the urine of monkeys  
(Table 49). 

Table 49—Cumulated excretions of radioactivity in urine and faeces (% of dose) 

 37.5 mg/kg bw/d 62.5 mg/kg bw/d 125 mg/kg bw/d 250 mg/kg bw/d 

Urine Faeces Urine Faeces Urine Faeces Urine Faeces 

Rats 

1 dose 49 7 58 6 29 5 8 20 

3 doses 65 11 69 12 66 8 36 17 

7 doses 70 12 67 13 72 10 47 23 

9 doses 71 13 71 14 75 11 55 32 

11 doses 75 14 71 16 75 13 57 33 

13 doses 74 14 71 17 74 14 58 34 

14 doses (24 h) 75 14 71 17 75 15 58 34 

14 doses (72 h) 77 14 73 18 76 16 59 35 

14 doses (120 h) 81 15 77 18 79 16 60 35 

Carcass 0.3 0.2 0.2 0.1 

Total ~ 96 ~ 95 ~ 95 ~ 95 
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Monkeys 

 62.5 mg/kg bw/d 125 mg/kg bw/d 250 mg/kg bw/d 500 mg/kg bw/d 

1 dose 19 18 14 3 10 34 8 8 

3 doses 23 40 18 36 14 59 10 39 

7 doses 29 47 22 57 16 64 11 63 

9 doses 31 48 22 61 16 65 14 65 

11 doses 32 51 22 61 17 67 14 69 

13 doses 34 51 23 64 17 69 15 73 

14 doses (24 h) 35 52 23 64 17 70 15 73 

14 doses (72 h) 37 55 24 69 18 72 16 77 

14 doses (120 h) 39 55 25 70 19 72 18 78 

Total ~ 94 ~ 95 ~ 91 ~ 96 

Metabolism 

In rats, the metabolites PCM-COOH and PA-COOH were the major metabolites in urine. In monkeys, the majority 
of the radioactivity in the urine was eliminated principally as the glucuronides of the metabolite PCM-CH2OH and 
PA-CH2OH after one dose. In contrast, very little of the glucuronides of these metabolites was excreted in the urine 
of rats (less than 6% of radioactivity in urine). The parent compound was the major component in faecal excretion 
in both rats and monkeys (Table 50). 

Table 50—Major metabolites of procymidone in urine and faeces (% of radioactivity in urine or faeces) 

Metabolite 
37.5 mg/kg bw/d 62.5 mg/kg bw/d 125 mg/kg bw/d 250 mg/kg bw/d 

1 dose 14 doses 1 dose 14 doses 1 dose 14 doses 1 dose 14 doses 

Rats 

Urine 

Procymidone - - - - - - -- - 

PCM-CH2OH 24 13 38 18 43 20 48 33 

PA-CH2OH - - - 1 - - - - 

PA-COOH 54 65 43 54 38 63 29 55 

Glucuronides* 5 4 3 4 3 2 5 4 

Faeces 
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Metabolite 
37.5 mg/kg bw/d 62.5 mg/kg bw/d 125 mg/kg bw/d 250 mg/kg bw/d 

1 dose 14 doses 1 dose 14 doses 1 dose 14 doses 1 dose 14 doses 

Procymidone 43 19 49 8 90 78 99 95 

PCM-COOH 10 21 5 23 1 7 - 1 

PCM-CH2OH 34 28 38 43 9 9 1 3 

PA-COOH 12 33 8 25 - 6 - - 

Monkeys 

 62.5 mg/kg bw/d 125 mg/kg bw/d 250 mg/kg bw/d 500 mg/kg bw/d 

Urine 

Procymidone 1<  2 1 1 9 2 1 2 

PCM-CH2OH 3 25 4 18 7 20 14 14 

PA-CH2OH 1 49 1 34 2 21 2 14 

PA-COOH 6 5 6 6 4 6 5 5 

Glucuronides* 88 9 90 34 77 46 75 59 

Faeces 

Procymidone 94 90 90 94 97 96 94 96 

PCM-CH2OH 2 3 7 2 1 2 3 1 

PA-CH2OH 1<  1<  1<  1<  1<  1<  1<  1<  

PA-COOH 1<  1<  1<  1<  1<  1<  1<  1<  

*Glucuronides of PCM-CH2OH and PA-CH2OH; -: Not detectable. 
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Conclusion 

Monkeys tended to show higher level of PCM-CH2OH and PA-CH2OH with more oral doses in both plasma and 
urine. However, even after 14 doses there was more parent compound in the plasma of monkeys and less  
PCM-CH2OH than in the rat. 

8. Nagahori H et al (1997). Metabolism of procymidone in female rabbits. J. Pesticide Sci. 22: 293-298. This 
study was from the Sumitomo Chemical Co. Ltd. (OCS files do not indicate that this study was submitted to 
the OCS for evaluation). 

In female NZW rabbits (n=3; 17 weeks old; ~3 kg) given a single oral dose of [carbonyl-14C] procymidone at 125 
mg/kg bw/d, plateau levels of 14C-radioactivity in blood (maximal level: 21.1 µg procymidone equiv/g blood) was 
maintained from 1-6 h with a rapid decrease thereafter. The biological half-life of 14C was 12 h. 14C excretion was 
rapid and almost complete, with total recovery of the radioactivity 3 days after the administration being 95.3% 
(urine: 72.1%, faeces: 23.2%). 

The metabolites identified in the blood for 24 h, and in the urine and faeces over 2 days after 14C-procymidone 
administration indicated that glucuronide conjugation was the main metabolic pathway which includes: a) 
oxidation of one of the methyl groups of procymidone to carboxylic acid via hydroxymethylation, b) cleavage of the 
imide linkage and c) formation of glucuronides of the 3 hydroxylated-procymidone metabolites (procymidone-OH, 
which appears to be an isomer of procymidone-CH2-OH, procymidone-NH-OH and procymidone-NH'-OH). 

Table 51—Metabolites of procymidone in the urine, faeces and blood 

 % of the administered 14C- 
radioactivity 

µg equivalent of procymidone/g 
blood 

Urine Faeces 1 h 6 h 24 h 

Procymidone nd 8.7 3.5 2.6 0.2 

Procymidone-NH-COOH 0.2 0.2 0.4 0.8 0.2 

Procymidone-OHa nd 0.3 2.5 2.2 0.2 

Procymidone-NH-OH 0.6 0.3 0.8 0.5 0.1 

Procymidone-NH'-OH 0.8 0.8 0.6 0.1 0.1 

Procymidone-COOH 0.1 0.4 7.1 8.2 nd 

Procymidone-NH-(COOH)2 2.2 0.4 nd 0.2 nd 

Procymidone-NH'-(COOH)2 10.2 0.3 1.3 nd 0.1 

Glucuronide of procymidone-OHb 53.4 nd 1.9 - - 

Others 3.0 1.0 1.9 0.6 0.4 

Subtotal 70.5 12.4 18.1 15.2 1.3 
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 % of the administered 14C- 
radioactivity 

µg equivalent of procymidone/g 
blood 

Urine Faeces 1 h 6 h 24 h 

Unextractable - 9.8 3.0 3.0 0.6 

Total 70.5 22.2 21.1 18.2 1.9 

The metabolites identified in the blood for 24 h, and in the urine and faeces over 2 days after 14C-procymidone administration 

are shown in the table. a Appears to be an isomer of procymidone-CH2-OH. b Glucuronide conjugates of procymidone-OH, 

procymidone-NH-OH and procymidone-NH'-OH. nd: not detected; - not reported. 

The study also investigated whether glucuronyltransferase activity towards procymidone-OH was seen only in 
rabbit liver or in rat liver also. For this, female rat and rabbit liver microsomes were incubated with 
[glucuronyl-14C]-UDP-glucuronic acid (10 µM) with or without procymidone-OH (500 µM) and rat or rabbit 
microsome (0.1 mg) for 5 minutes at 37°C. The results revealed that glucuronide derivative of procymidone-OH 
were formed only in the presence of rabbit microsome but not in the presence of rat microsome.  

9. Tomigahara Y and Matsui M (2003). In vitro metabolism of procymidone in S9 fraction of human, rat and 
monkey female livers. Sumitomo Chemical Co., Ltd., Environmental Health Science Laboratory, Osaka, 
Japan. Unpublished Study No. X0110. Technical report, BM-0086. 5 December 2003 

Test Chemical: [Phenyl-14C]-Procymidone, 99.4% pure, specific activity of 10.6 MBq/mg, and unlabelled 
procymidone, purity 100% 

Concentrations: 1, 2, 5, 10, 20, 50 and 100 µM 

Test Systems: S9 fraction of female rat (CD(SD)IGS; pool of 95 livers), monkey (Cynomolgus; pool of 6) 
and human (pool of 10) livers 

Duration of Study: July—December 2003 

QA & GLP: No 

Guidelines: Not stated 

14C-Procymidone (1-100 µM) was incubated with liver S9 fractions obtained from female rats, monkeys and 
humans in the presence of NADPH (3 mM) at 37°C for 1 h. Metabolites in the reaction mixture were analysed by 
TLC.  

Metabolite patterns were reported to be qualitatively (no quantitative data) similar in all species except that a minor 
unknown metabolite was detected in rat. The study report did not provide sufficient details to verify this. A table of 
Rf values was provided which listed some of the metabolites (Table 52) but it is not clear whether all the 
metabolites listed in the table were formed in all the species tested. A 'typical' TLC autoradiogram (see below) 
identified only procymidone, procymidone-NH-COOH, PCM-CH2OH and PA-CH2OH, but the major metabolites 
formed in in vivo studies in rats (procymidone-COOH, Procymidone-NH-(COOH)2 or PA-1-COOH and its isomer) 
were not identified in the TLC autoradiogram (Table 52).  
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Table 52—TLC Rf values of test compound and authentic standards 

Compound 

Rf value 

Solvent systems# 

A B C D 

Procymidone 0.54 0.34 0.73 0.86 

Procymidone-CH2OH - - 0.51 0.58 

Procymidone-COOH - - 0.53 0.19 

Procymidone-NH-COOH - - 0.58 0.29 

PA-CH2-OH isomers - - 0.35 & 0.30 0.22 & 0.14 

PA-COOH isomers - - 0.40 & 0.16 0.04 & 0.02 

3,5-Dichloroaniline - - 0.70 0.64 

- Not analysed, Rf – retension factor, #A: Chloroform; B: Hexane/acetone (3/1, v/v); C: Toluene/ethyl acetate/formic acid 

(5/7/1, v/v/v); D: Chloroform/methanol/acetic acid (180/20/1, v/v/v). 

Enzyme kinetic data revealed that human liver had higher Vmax values and lower binding (higher Km) and intrinsic 
clearance values (lower CLint, when expressed per kg bw but not when expressed per mg protein) than those of rat 
and monkey livers (Table 53).  
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Table 53—Enzyme activity for production of procymidone metabolites 

 Human Monkey Rat 

Apparent Km (µM) 74.1 41.2 26.5 

Vmax (nmol/min/mg protein) 0.20 0.08 0.09 

CLint (µL/min/mg protein) 2.71 1.99 3.45 

CLint (mL/min/kg bw) 4.01 6.55 8.09 

CLint = Vmax/Km.  

Note: In this study, as well as in other studies on metabolism of procymidone, different names are used for the 
metabolites (see Table below). 

Chemical name Alternative names 

2-(3',5'-Dichlorophenylcarbamoyl)-1,2-
dimethylcyclopropane-1-carboxylic acid. 

PA Procymidone-NH-COOH 

N-(3',5'-Dichloro-4'-hydroxyphenyl)-1,2-
dimethylcyclopropane-1,2-dicarboximide 

Procymidone-4-OH  

N-(3',5'-Dichlorophenyl)-1-carboxy-2-
hydroxymethylcyclopropane-1,2-dicarboximide. 

Procymidone-CH2OH-
COOH 

Hydroxyprocymidone 
carboxylic acid 

N-(3',5'-Dichlorophenyl)-1-hydroxymethyl-2-
methylcyclopropane-1,2-dicarboximide. 

Procymidone-CH2OH Procymidone-OH; 
Hydroxyprocymidone 

N-(3',5'-Dichlorophenyl)-1-carboxy-2-
methylcyclopropane-1,2-dicarboximide. 

Procymidone-COOH Procymidone carboxylic 
acid 

2-(3',5'-Dichlorophenylcarbamoyl)-1-
methylcyclopropane-1,2-dicarboxylic acid. 

PA-1-COOH Procymidone-NH-
(COOH)2 

2-(3',5'-Dichlorophenylcarbamoyl)-2-
methylcyclopropane-1,1-dicarboxylic acid. 

PA-2-COOH Procymidone-NH'-
(COOH)2 

2-(3',5'-Dichlorophenylcarbamoyl)-2-hydroxymethyl-1-
methylcyclopropane-1-carboxylic acid. 

PA-1-CH2OH Procymidone-NH-OH 

2-(3',5'-Dichlorophenylcarbamoyl)-1-hydroxymethyl-2-
methylcyclopropane-1-carboxylic acid. 

PA-2-CH2OH Procymidone-NH'-OH 

3,5-Dichloroaniline DCA  

2-Methylcyclopropane-1,1,2-tricarboxylic acid. Cyclopropane (COOH)3  

Procymidone (PCM) = N-(3',5'-Dichlorophenyl)-1,2-dimethylcyclopropane-1,2-dicarboximide. 

10. Sugimoto K (2005d). Excretion of [carbonyl-14C]-procymidone in bile of female rats (single oral 
administration). Laboratory of Pharmacokinetics & Pharmacology, Panapharm Laboratories Co Ltd, 
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Kumamoto, Japan. Unpublished Study. Sumitomo Chemical Technical Report No. BM-0099. 8 August 
2005.  

Test Chemical:  [Carbonyl-14C]-procymidone (radiochemical purity 100%, specific activity 8.01 MBq/mg) 
diluted with unlabelled procymidone (impurity 99.1%) in corn oil. 

Dose and Route: Single oral dose at 3.5 or 62.5 mg/kg bw, 5 mL/kg. 

Test Species: Crj:CD (SD) IGS female rats, 7 w.o, 168-208 g from Charles River Japan Inc. Shiga, 
Japan.  

Duration of Study: January—August 2005 

QA & GLP: QA Statement included 

Guidelines: EU Directive 88/302/EEC, Part B, Toxicokinetics 

Mogi M (2005c). Biliary excretion after single oral administration of [carbonyl-14C]-procymidone to 
monkey. Shin Nippon Biomedical Laboratories Ltd, Pharmacokinetics and Bioanalysis Center, 
Wakayama, Japan. Unpublished Study. Sumitomo Chemical Technical Report No. BM-0106. 29 July 2005 

Test Chemical: [Carbonyl-14C]-procymidone (radiochemical purity 99.2%, specific activity 2.28 GBq/mg) 
diluted with unlabelled procymidone (impurity 99.1%) in corn oil. 

Dose and Route: Single oral dose at 125 mg/kg bw, 5 mL/kg. 

Test Species: One female cynomolgus monkey (B-virus negative), 4 y.o, 3 kg from Shin Nippon 
Biomedical Laboratories Ltd, Kagoshima, Japan. 

Duration of Study: February—July 2005 

QA & GLP: No 

Guidelines: Standards for the Reliability of an Application Dossier in Enforcement Regulations of the 
Pharmaceutical Affairs Law (Article 18-4-3) and Guidelines for Non-clinical Studies 
(Notification No 496 Pharmaceutical and Medical Safety Bureau, Ministry of Health and 
Welfare, June 26, 1998  

Mogi M (2005d). Biliary excretions after single oral administration of [carbonyl-14C]-procymidone to 
rabbit. Shin Nippon Biomedical Laboratories Ltd, Pharmacokinetics and Bioanalysis Center, Wakayama, 
Japan. Unpublished Study. Sumitomo Chemical Technical Report No. BM-0107. 29 July 2005 

Test Chemical: [Carbonyl-14C]-procymidone (radiochemical purity 99.4%, specific activity 2.28 GBq/mg) 
diluted with unlabelled procymidone (impurity 99.1%) in 0.5% methyl cellulose solution. 

Dose and Route: Single oral dose at 125 mg/kg bw, 5 mL/kg. 

Test Species: One female rabbit Kbl:NZL, 13 w.o, 2.7 kg from Kitayama Labes Co. Ltd, Nagano, Japan. 
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Duration of Study: February—July 2005 

QA & GLP: No 

Guidelines: Standards for the Reliability of an Application Dossier in Enforcement Regulations of the 
Pharmaceutical Affairs Law (Article 18-4-3) and Guidelines for Non-clinical Studies 
(Notification No 496 Pharmaceutical and Medical Safety Bureau, Ministry of Health and 
Welfare, June 26, 1998 

For comparative purposes, the biliary excretions of procymidone in rats, monkeys and rabbits were evaluated 
together. A single oral dose of [carbonyl-14C]-procymidone was administered at 3.5 or 62.5 mg/kg bw to females 
rats (4/dose) or 125 mg/kg bw to female monkeys (one animal) or rabbits (one animal) by oral gavage. Bile (via an 
inserted cannula into the common bile duct), urine and faeces were collected during 0–6, 6–24 and 24–48 h after 
dosing in rats or 0–48 h after dosing in monkeys and rabbits. The methods used to measure radioactivity and to 
identify metabolites in bile, urine and faeces were similar to that described in the study in which female rats were 
dosed with a single dose of procymidone (Sugimoto, 2005a). 

Results 

In rats, the biliary excretion of the glucuronide conjugates of PCM-CH2OH and PA-CH2OH was higher than in 
monkeys and rabbits (Table 54, Table 55 and Table 56). The excretion ratio of glucuronide conjugates into bile 
(biliary excretion rate/urinary excretion rate) in rats at 62.5 mg/kg bw (18.8%/4% = 4.7) was approximately  
11 times higher than monkeys (5.7%/13.8% = 0.41) and 85 times higher than rabbits (1.1/20% = 0.055) at  
125 mg/kg bw. It is noteworthy that around 50% of the radioactivity was detected in the GI tract of monkeys and 
rabbits 48 h after dosing (Table 56). It is supposed that the restriction of movement for bile cannulation depressed 
the activity of intestine. 

Table 54—Cumulated excretions of radioactivity in bile, urine and faeces of rats (% of dose) 

 3.5mg/kg bw 62.5mg/kg bw 

Bile Urine Faeces Total Bile Urine Faeces Total 

0-6 h 5 N.C N.C 5 1 N.C N.C 1 

6-24 h 6 64 9 79 11 17 3 31 

24-48 h 1 7 1 9 7 42 4 53 

GI contents 0.5 4 

Carcass 3 7 

Total ~ 97 ~ 96 
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Table 55—Metabolites in bile, urine and faeces of rats at 0-48 h after oral dosing (% dose) 

 3.5mg/kg bw 62.5mg/kg bw  

Bile Urine Faeces Total Bile Urine Faeces Total 

Procymidone - - 4 4 - - 4 4 

PCM-COOH - 37 - 37 - 28 - 28 

PCM-CH2OH - - - - - - - 0 

PA-CH2OH - 2 1.4 2 - 3 3  

PA-COOH - 25 - 25 - 21 - 21 

Glucuronides* 12 4 - 16 19 4 - 23 

Total 12 71 10 93 19 59 7 85 

*Glucuronides of PCM-CH2OH and PA-CH2OH 

Table 56—Cumulated excretion of radioactivity and amounts of metabolites in bile, urine and faeces of monkeys 
and rabbits 48 h after an oral single dose of 125 mg/kg bw procymidone (% dose) 

 Monkeys Rabbits 

Bile Urine Faeces Total Bile Urine Faeces Total 

Excretion of radioactivity 

0-48 h 6 15 - 21 1 24 3 28 

GI contents 53 48 

Total ~ 74 ~ 76 

Amounts of metabolites 

Glucuronides* 6 14 - 20 1 20 - 21 

*Glucuronides of PCM-CH2OH and PA-CH2OH 

Conclusion 

Biliary excretion of the glucuronide conjugates of PCM-CH2OH and PA-CH2OH in rats was higher than that in 
monkeys and rabbits after a single dose of procymidone. This indicates that the glucuronide conjugate of PCM-
CH2OH was mainly excreted into bile in rats but was mainly excreted into urine via circulating blood in monkeys 
and rabbits.
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11. Sugimoto K (2005e). Fetoplacental transfer of [phenyl-14C]-procymidone in rats (single oral 
administration). Laboratory of Pharmacokinetics & Pharmacology, Panapharm Laboratories Co Ltd, 
Kumamoto, Japan. Unpublished Study. Sumitomo Chemical Technical Report No. BM-0100. 08 August 
2005.  

Test Chemical: [Phenyl-14C]-procymidone (radiochemical purity 98%, specific activity 15.7 MBq/mg) 
diluted with unlabelled procymidone (impurity 99.1%) in corn oil. 

Dose and Route: Single oral dose at 125 mg/kg bw, 5 mL/kg. 

Test Species: Six 17–day Crj:CD (SD) IGS pregnant female rats, 11 w.o, 317–400 g from Charles River 
Japan Inc. Shiga, Japan. . 

Duration of Study: February—August 2005 

QA & GLP: Yes 

Guidelines: EU Directive 88/302/EEC, Part B, Toxicokinetics 

Tomigahara Y (2005). Placental transfer of [phenyl-14C]-procymidone in rats (repeated oral 
administration). Environmental Health Science Laboratory Sumitomo Chemical Co Ltd, Osaka, Japan. 
Unpublished Study. Sumitomo Chemical Technical Report No. BM-0117. 02 August 2005 

Test Chemical: [Phenyl-14C]-procymidone (radiochemical purity 98%, specific activity 15.7 MBq/mg) 
diluted with unlabelled procymidone (impurity 99.1%) in corn oil. 

Dose and Route: 1 to 3 oral daily doses at 125 mg/kg bw, 5 mL/kg. 

Test Species: Eighteen 16-day Crj:CD (SD) IGS pregnant female rats, 11 w.o, 298-376 g from Charles 
River Japan Inc. Shiga, Japan. 

Duration of Study: May–August 2005 

QA & GLP: Yes 

Guidelines: EU Directive 88/302/EEC, Part B, Toxicokinetics 

Mogi M (2005e). Tissue distribution of pregnant monkey and fetus after single oral administration of 
[phenyl-14C]-procymidone to pregnant monkeys. Shin Nippon Biomedical Laboratories Ltd, 
Pharmacokinetics and Bioanalysis Center, Wakayama, Japan. Unpublished Study. Sumitomo Chemical 
Technical Report No. BM-0125. 29 July 2005.  

Test Chemical: [Phenyl-14C]-procymidone (radiochemical purity 98%, specific activity 15.7 MBq/mg) 
diluted with unlabelled procymidone (impurity 99.1%) in 0.5% methylcellulose solution 

Dose and Route: One oral dose at 125 mg/kg bw, 5 mL/kg. 
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Test Species: Six 54–day pregnant female cynomolgus monkeys (B-virus negative), 4–6 y.o, 3–4 kg 
from Shin Nippon Biomedical Laboratories Ltd, Kagoshima, Japan. 

Duration of Study: June—July 2005 

QA & GLP: No 

Guidelines: Standards for the Reliability of an Application Dossier in Enforcement Regulations of the 
Pharmaceutical Affairs Law (Article 18-4-3) and Guidelines for Non-clinical Studies 
(Notification No 496 Pharmaceutical and Medical Safety Bureau, Ministry of Health and 
Welfare, June 26, 1998 

Sugimoto K (2005f). Fetoplacental transfer of [phenyl-14C]-procymidone in rabbits (single oral 
administration). Laboratory of Pharmacokinetics and Pharmacology, Panapharm Laboratories, 
Kunamoto, Japan. Unpublished Study. Sumitomo Chemical Technical Report No. BM-0101. 08 August 
2005.  

Test Chemical: [Phenyl-14C]-procymidone (radiochemical purity 98%, specific activity 15.7 MBq/mg) 
diluted with unlabelled procymidone (impurity 99.1%) in 0.5% methyl cellulose. 

Dose and Route: Single oral dose at 125 mg/kg bw, 5 mL/kg. 

Test Species: Six 21-day pregnant female rabbits Kbs: NZW, 24 w.o, 3.5–4 kg from Kitayama Labes 
Co. Ltd, Nagano, Japan. 

Duration of Study: February—August 2005 

QA & GLP: Yes for QA 

Guidelines: EU Directive 88/302/EEC, Part B, Toxicokinetics 

For comparative purposes, the placental transfer of procymidone and its metabolites in rats (single or three repeat 
doses), monkeys and rabbits were evaluated together. A single oral dose or three daily oral doses of  
[phenyl-14C]-procymidone at 125 mg/kg bw was administered to six 17-day pregnant rats. In addition, a single oral 
dose of 125 mg/kg bw to six 54-day pregnant cynomolgus monkeys and six 21-day pregnant rabbits by oral 
gavage. The maternal plasma, liver, kidney, placenta and fetuses (whole) samples were obtained 6 and 24 h post 
dosing. The methods used to measure radioactivity and to identify metabolites were similar to that described in the 
rat single dose study by Sugimoto (2005a). 

Results  

After a single dose, the radioactivity concentration in plasma tended to increase within 24 h after administration in 
rats but had already passed its peak in rabbits and monkeys. This was due to higher levels of excretion in rabbits 
and monkeys as indicated by the kidney/plasma ratio at Tmax (1.4 in rats, 3.6 in rabbits and 5.5 in monkeys).  
At 24 h after administration the 14C placental transfer ratio (14C concentration in fetus/14C concentration in maternal 
plasma) in rats (0.6) was higher than monkeys (0.3) and rabbits (0.2). The ratio did not change after a single dose 
or three repeat doses in rats (Table 57).  
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Table 57—Radioactivity concentration in tissues (µg equiv of procymidone/g or mL) 

 Rat (single dose) Rat (three doses) Rabbit (single dose) Monkey (single 
dose) 

6 h 24 h 6 h 24 h 2 h 24 h 6 h 24 h 

Plasma 16.3 26 34.7 29.5 39.5 2.2 5.5 3.7 

Liver 38.8 52.2 ND ND 43 4 32 20.7 

Kidney 23 50 ND ND 143 8 30 28.5 

Placenta 14.1 21.1 32 20 8.04 0.8 2.6 2.3 

Fetus 7.7 15.5 21 15.7 2.5 0.5 1.2 1.2 

Ratio* 0.5 0.6 0.6 0.5 0.06 0.2 0.2 0.3 

*Ratio: 14C concentration in fetus/14C concentration in plasma; ND: Not determined 

Inspection of Table 58 reveals that the amount of the parent compound decreased with time concomitant with an 
increase in the amount of the metabolite PCM-CH2OH in rat placenta and fetus after a single oral dose of 
125 mg/kg bw procymidone. Although concentrations of the PCM-CH2OH were greatly higher in rat fetus than in 
rabbit and monkey fetus, there were some comparable values in the concentration of parent compound. In rabbit 
and monkey fetus at 24 h after the administration, the concentrations were 26.7 or 3.4 times lower in parent 
compound and 133 or 98 times lower in PCM-CH2OH than in rat fetus.  

Table 58—Concentration of metabolites in tissues (µg equiv of procymidone/g) 

 
 

Rat (single dose) Rat (three doses) Rabbit 
(single dose) 

Monkey 
(single dose) 

 6 h 24 h 6 h 24 h 2 h 24 h 6 h 24 h 

Plasma 

PCM 10.2 4.5 3.3 0.8 - - 1.4 1 

PCM-CH2OH - 3.5 0.2 0.3 4 - 0.8 0.4 

PA-CH2OH 1.7 11.8 11.9 5.8 0.5 0.9 0.1 0.4 

PA-COOH - 1.1 5.5 8.1 17.3 0.6 - - 

Glucuronides* 0.4 1.4 0.9 0.8 13.6 0.5 0.3 - 

Placenta 

PCM 10.3 3.6 5 0.9 2.3 0.2 1.4 1.3 

PCM-CH2OH 3.4 15.8 19.7 11.4 2.7 0.1 0.3 0.1 

PA-CH2OH - 1 2.7 2.5 - - - - 
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PA-COOH - - 1.1 0.6 0.2 - - - 

Glucuronides* - - - - 0.7 - - - 

Fetus 

PCM 4.8 2.8 3 0.5 0.9 0.1 0.7 0.8 

PCM-CH2OH 2.4 10.4 12 7.6 1.1 0.1 0.1 0.1 

PA-CH2OH 0.4 1.4 2.6 2.8 - - - - 

PA-COOH - - 0.9 0.9 - - - - 

Glucuronides* - - 0.3 0.4 - - - - 

*Glucuronides of PCM-CH2OH and PA-CH2OH 

12. Ohzone Y (2005a). Excretions of procymidone in chimeric mice. ADME/TOX Research Institute, Daiichi 
Pure Chemicals Co., Ltd, Ibaraki, Japan, Unpublished Study, Sumitomo Chemical Technical Report No. 
BM-0108. 03 August 2003 

Test Chemical: [Phenyl-14C]-procymidone (radiochemical purity 100%, specific activity 15.7 MBq/mg) 
diluted with unlabelled procymidone (impurity 99.1%) in corn oil. 

Dose and Route: Single oral dose at 37.5 mg/kg bw, 5 mL/kg. 

Test Species: Ten (five each group) control male mice (uPA-/-SCID) and Chimera male mice. Age 11 
w.o., PhoenixBio Co. Ltd, Hiroshima, Japan. 

Duration of Study: April—August 2005 

QA & GLP: No 

Guidelines: Standards for the reliability of application documentation. Article 43 of Enforcement 
Regulations of the Pharmaceutical Affairs Law, Japan. 

The metabolism profiles in the urine and faeces were compared between control mice (4 animals) and chimeric 
mice with humanised liver (4 animals) after a single oral administration of phenyl-14C]-procymidone at 
37.5 mg/kg bw. Urine and faeces were collected at during the periods 0–24, 24–48 and 48–72 h after dosing.  
The method used to measure radioactivity in urine and faeces were similar to that described in the rat single dose 
study by Sugimoto (2005a). No information on the characterisation of the chimeric mice was provided. 

Results 

Radioactivity was excreted mainly in the urine in both control and chimeric mice and to a lesser extent in faeces 
(Table 59). Excretion was rapid (~80 of the administered radioactivity excreted in 24 h) and was almost complete 
within 48 h. One notable observation was the high levels of glucuronides of PCM-CH2OH and PA-CH2OH excreted 
in urine of chimeric mice (five-fold higher than control mice) (Table 60). 
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Table 59—Excretion of radioactivity in urine and faeces (% of dose) 

Time (h) 
Control mice Chimeric mice 

Urine Faeces Total Urine Faeces Total 

0–24 65 17 82 59 22 81 

0–48 72 19 91 70 24 94 

0–72 76 10 ~96 73 24 ~97 

Table 60—Metabolites of procymidone in urine (% of dose) 

Metabolite Control mice Chimeric mice 

0-24 h 24-48 h 48-72 h 0-72 h 0-24 h 24-48 h 48-72 h 0-72 h 

Procymidone 1.2 0.12 0.05 1.38 0 0 0 0 

PCM-COOH 29.5 3.1 1.3 33.7 17.1 3.2 1.1 21.4 

PA-CH2OH 2.2 0.2 0.08 2.5 1.1 0.3 0.1 1.6 

PA-COOH 21.6 2.6 1.4 25.6 9.2 2.2 0.9 12.3 

Glucuronides* 6.1 0.7 0.4 7.1 30.1 3.9 1.4 35.3 

*: Glucuronides of PCM-CH2OH and PA-CH2OH 

Conclusion 

Similar to monkeys and rabbits, higher levels of glucuronides of PCM-CH2OH and PA-CH2OH were excreted in 
urine of chimeric mice compared to control mice. 

13. Ohzone Y (2005b). Biliary excretion of procymidone in chimeric mice. ADME/TOX Research Institute, 
Daiichi Pure Chemicals Co., Ltd, Ibaraki, Japan, Unpublished Study , Sumitomo Chemical Technical 
report., BM-0126. 03 August 2003 

Test Chemical: [Phenyl-14C]-procymidone (radiochemical purity 96.7%, specific activity 15.7 MBq/mg) 
diluted with unlabelled procymidone (impurity 99.1%) in corn oil. 

Dose and Route: Single oral dose at 37.5 mg/kg bw, 5 mL/kg. 

Test Species: Four (two each of) control male mice (uPA-/-SCID) and Chimera male mice. 11 w.o from 
PhoenixBio Co. Ltd, Hiroshima, Japan. 

Duration of Study: July—August 2005 

QA & GLP: No 
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Guidelines: Standards for the reliability of application documentation. Article 43 of Enforcement 
Regulations of the Pharmaceutical Affairs Law, Japan. 

The metabolism profiles in the bile were compared between control mice (4 animals) and chimera mice with 
humanised liver (4 animals) after a single oral administration of phenyl-14C]-procymidone at 37.5 mg/kg bw. Urine 
and faeces were collected during the periods 0–48 h after dosing. The method used to measure radioactivity in 
urine and faeces was similar to that described in the study in which female rats were dosed with a single dose of 
procymidone (Sugimoto, 2005a).  

Results 

Radioactivity was excreted mainly in the urine in both control and chimera mice and to a lesser extent in faeces 
(Table 61). In this study, the level of radioactivity excreted in urine was much lower and the level of radioactivity 
detected in carcass was much higher than that seen in a similar study by the same author (Ohzone, 2005a). The 
author speculated that they were due to the depressed activity of the intestine by restricted movement of mice. 
This marked discrepancy is of some concern in terms of the credibility of these studies. As in the study by Ohzone 
(2005a), more glucuronide conjugates were excreted in the urine of the chimeric mice. Biliary excretion of 
glucuronide conjugates in the chimeric mice was around 4-fold less than control mice. The excretion ratio of 
glucuronide conjugates into bile (biliary excretion rate/urinary excretion rate) in chimeric mice was approximately 
10 times lower than in control mice (Table 62). 

Table 61—Excretions of radioactivity in bile, urine and faeces (% of dose) 

 Control mice Chimeric mice 

Bile Urine Faeces Total Bile Urine Faeces Total 

0-48 h 21 28 3 52 6 18 2 26 

GI contents    12    5 

Carcass    33    65 

Total    97    96 

Table 62—Metabolites of procymidone in urine and bile (% of dose) 

 Control mice Chimeric mice 

 Urine Bile Urine Bile 

Procymidone 1.1 0.4 0.06 0.2 

PCM-COOH 9.9 2.6 1.8 0.3 

PA-CH2OH 0.5 0.6 0.2 0.2 

PA-COOH 9.4 3.7 1.45 0.6 

Glucuronides* 5.1 10.4 12.9 2.8 

* Glucuronides of PCM-CH2OH and PA-CH2OH 
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14. Saito K (1992). Metabolism of CCA in rats. Sumitomo Chemical Co., Environmental Health Science 
Laboratory, Osaka, Japan. Unpublished Study no. 2519. Technical report, Sumitomo Chemical Co., Ltd. 
BM-20-0032. 22 June 1992 

Test Chemical: [Carboxyl-14C] cis-1,2-dimethylcyclopropane-1,2-dicarboxylic acid, > 98% pure 

Dose and Route: 0.56 mg/kg bw, gavage  

Test Species: Charles River derived CD (Crj; Sprague-Dawley) rats, 5/sex, 7 weeks, 262–306 g in 
males; 181–202 g in females; source: Charles River Japan Inc., Kanagawa, Japan 

Duration of Study: November 1991—June 1992 

QA & GLP: Yes 

Guidelines: Requirement 85-1' 

Rats (5/sex) were given a single dose of [Carboxyl-14C] cis-1,2-dimethylcyclopropane-1,2-dicarboxylic acid (14C-
CCA, a metabolite in plants and present in wine; not a metabolite in rats or mice) in corn oil by gavage at 0.56 
mg/kg bw. Urine and faeces samples were collected at 1, 2, 3, 5 and 7 days after administration of 14C-CCA. The 
expired air at 1 and 2 days after 14C-CCA administration was collected from 1 animal/sex. All the animals were 
sacrificed, and blood and various tissues were removed for analysis of 14C-CCA residues. The tissues examined 
were: adrenal gland, bone, bone marrow, brain, fat, heart, kidney, liver, lung, muscle, uterus, pancreas, skin with 
hair, spinal cord, spleen, thyroid, testis, ovary and carcass. Metabolites were analysed by TLC and quantified as in 
the other studies described in this section. 

 

14C-CCA-related radioactivity was rapidly excreted in the urine and faeces, with 84-87% of the administered dose 
eliminated within one day after administration. 14C- excretion in 7 days for both the sexes was 49% in urine and 
47-48% in faeces. Excretion in the expired air was very low (< 0.1% of the administered dose). Tissue residues at 
7 days post-dose were very low (< 4.8, 1.5 and < 1.5 ng equivalents of CCA/g in thyroid, bone and adrenal glands, 
respectively; < 1 ng equivalents/g in other tissues). There were no sex differences in the excretion data. Only the 
parent compound was identified in the urine and faeces samples (~45% and ~30% of the administered 
radioactivity, respectively) collected for 24 h after 14C-CCA administration. Other metabolites (unidentified) 
represented ≤3.4% of the administered dose and ~4% of the radioactivity could not be extracted in the faeces. 

H3C

H3C COOH

COOH

H
H

*

*Label position

[Carboxyl-14C]CCA
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Notes: Rationale for the dose selection: MW of procymidone and CCA are 284.1 and 158.2, respectively. Hence, 
1 mg/kg bw of procymidone (the low dose used in a rat metabolism study) was calculated to correspond to 0.56 
mg/kg bw of CCA. 

According to the study report, procymidone was found in grapes in a wine metabolism study6 and the 
concentration of CCA in 12-month wine was ~0.2 ppm. The adult individual intake of CCA in US population is 
estimated by the study report to be 17 ng/kg bw/d.  

15. Tomigahara Y (2005a). Metabolism of [phenyl-14C]-PA-CH2OH in female rats. Environmental Health 
Science Laboratory, Sumitomo Chemical Co Ltd, Osaka, Japan. Unpublished Study. Sumitomo 
Chemical Technical Report No. BM-0115. 3 August 2005 

Test Chemical: [Phenyl-14C]-PA-CH2OH, (radiochemical purity 98.9%, specific activity 3.25 MBq/mg), 
diluted with unlabelled PA-CH2OH (chemical purity 100%) in corn oil 

Dose and Route: 62.5 mg/kg bw, volume 2 mL/kg, a single s.c. administration 

Test Species: Nine Crj:CD (SD) IGS female rats, 7 weeks and 175-197 g from Charles River Japan 
Inc., Shiga, Japan.  

Duration of Study: June—August 2005 

QA & GLP: Not stated 

Guidelines: EU Directive 88/302/EEC, Part B, Toxicokinetics. 

Female rats (3/group for each time point) received 62.5 mg/kg bw of [phenyl-14C]-PA-CH2OH as a single 
subcutaneous dose and samples were collected from the abdominal aorta of rats under ether anaesthesia at 1, 2 
and 4 h after dosing, and the plasma were extracted. Rats were sacrificed at each sampling point, and tissue 
samples (liver, kidneys, heart, lung and spleen) were collected, homogenised/extracted with acetonitrile, separated 
by centrifugation, and pooled (from 3 rats/group) for TLC analysis in combination with liquid scintillation.  

Results 

Following dosing of [phenyl-14C]-PA-CH2OH, the radioactivity concentrations and metabolism in plasma, liver, 
kidneys, heart, lung, spleen and ovary were determined at 1, 2 and 4 h. The radioactivity levels were higher in the 
liver and kidneys (1.0-1.7 times) than that in the plasma, but lower in heart, lung, spleen and ovary (0.3-0.6 times) 
at all time points. PCM-CH2OH, PCM-COOH, PA-CH2OH and PA-COOH were identified in the plasma and the 
above tissues (Table 63).  

In the plasma, PA-CH2OH was mainly detected (58% of radioactivity in plasma) at 1 h, and then gradually 
transformed to PA-COOH and PCM-COOH (8-9% each at 4 h). A low level of PCM-CH2OH (< 3%) was 
continuously detected within 4 h. As shown in the table below, PA-CH2OH was rapidly and extensively transformed 
into PCM-CH2OH in all tissues (70% or higher), compared to 4–6% in plasma.  

6 Ross MK, Ewing A, Kimmel E and Toia RF, in preparation, Metabolism of [14C-phenyl]- and [14C-carbonyl] grapes and grape commodities: wine and pomace. 
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Table 63—Transformation ratio of PA-CH2OH to PCM-CH2OH 

Time after dosing Ratio [PCM-CH2OH / PCM-CH2OH + PA-CH2OH] 

Plasma Liver Kidney Spleen Lung Heart Ovary 

1 h 0.04 0.72 0.40 0.90 0.78 0.75 0.88 

2 h 0.06 0.83 0.61 0.93 0.81 0.84 0.92 

4 h 0.04 0.89 0.70 0.94 0.83 0.84 0.95 

In conclusion, PA-CH2OH was readily transformed to PCM-CH2OH in rat organs/tissues. 

16. Tomigahara Y (2005b). Metabolism of [phenyl-14C]-PCM-CH2OH in female rats. Environmental Health 
Science Laboratory, Sumitomo Chemical Co Ltd, Osaka, Japan. Unpublished Study. Sumitomo 
Chemical Technical Report No. BM-0119. 5 August 2005 

Test Chemical: [Phenyl-14C]-PCM-CH2OH, (radiochemical purity 98.9%, specific activity 3.25 MBq/mg), 
diluted with unlabelled PCM-CH2OH (chemical purity 100%), in corn oil 

Dose and Route: 62.5 mg/kg bw, volume 2 mL/kg, a single s.c. administration 

Test Species: Three Crj:CD (SD) IGS female rats, 7 w.o and 175–182 g from Charles River Japan Inc., 
Shiga, Japan.  

Duration of Study: April—August 2005 

QA & GLP: Not stated 

Guidelines: EU Directive 88/302/EEC, Part B, Toxicokinetics. 

The methods were similar to the study on the metabolism of [phenyl-14C]-PA-CH2OH by the same author 
(Tomigahara 2005). 

Results 

Following dosing of [phenyl-14C]-PCM-CH2OH, the radioactivity concentrations and metabolism in plasma, liver, 
kidneys, heart, lung, spleen and ovary were determined at 6 h. PCM-CH2OH, PCM-COOH and PA-CH2OH were 
identified in the plasma and the above tissues. In the plasma, PA-CH2OH was mainly detected (34% of 
radioactivity in plasma) followed by PCM-COOH (26% of radioactivity in plasma). As shown Table 64, PA-CH2OH 
was rapidly and extensively transformed into PCM-CH2OH in all tissues, except plasma. 
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Table 64—Transformation of PA-CH2OH to PCM-CH2OH (% of total radioactivity in each tissue) 

Tissue PA-CH2OH PCM-COOH PCM-CH2OH 

Plasma 34 26 6 

Liver 12 6 66 

Kidney 11 15 39 

Heart 13 5 69 

Lung 11 4 59 

Spleen 14 3 70 

Ovary 13 7 69 

In conclusion, PA-CH2OH was readily transformed to PCM-CH2OH in rat organs/tissues. 

17. Tomigahara Y (2005c). Pharmacokinetics and excretions of [phenyl-14C]-PCM-CH2OH in female rats 
(single oral or subcutaneous administration). Environmental Health Science Laboratory, Sumitomo 
Chemical Co Ltd, Osaka, Japan. Unpublished Study. Sumitomo Chemical Technical Report No. BM-
0114. 4 August 2005.  

Test Chemical: [Phenyl-14C]-PCM-CH2OH (radiochemical purity 98%, specific activity 3.25 MBq/mg) 
diluted with unlabelled PCM-CH2OH (chemical purity 96%), in corn oil. 

Dose and Route: Single oral dose at 62.5 or 125 mg/kg bw, 5 mL/kg. Single subcutaneous dose at 125 or 
250 mg/kg bw, 1 mL injection or oral gavage. 

Test Species: Fourteen Crj:CD (SD) IGS female rats, 6 w.o, 181–210 g from Charles River Japan Inc. 

Duration of Study: March—August 2005 

QA & GLP: Yes 

Guidelines: EU Directive 88/302/EEC, Part B, Toxicokinetics. 

Female rats (3/group) were administered either a single oral (gavage) or subcutaneous dose of  
[phenyl-14C]-PCM-CH2OH at 62.5 or 125 mg/kg bw and 125 or 250 mg/kg bw respectively. The methods used to 
measure radioactivity and to identify metabolites in this study were similar to that described in the rat single dose 
study by Sugimoto (2005a).
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Table 65—Toxicokinetic parameters of radioactivity in plasma 

Parameter 62.5 mg/kg bw 125 mg/kg bw 

Oral 

Cmax (µg eq/g) 24.5 44.2 

Tmax (h) 8 8 

AUC0-72 (µg eq. h/g) 474 1080 

AUC0- ∞ (µg eq. h/g) 483 1090 

Subcutaneous 

 125 mg/kg bw 250 mg/kg bw 

Cmax (µg eq/g) 19.7 32.2 

Tmax (h) 8 8 

AUC0-72 (µg eq. h/g) 392 916 

AUC0- ∞ (µg eq. h/g) 410 939 

Based on the results on Table 65, it was concluded that the Cmax and AUC of radioactivity in plasma of rats 
administered PCM-CH2OH orally (Sugimoto, 2005a) at 62.5 mg/kg were nearly equal to those of rats administered 
PCM-CH2OH subcutaneously at 125 mg/kg, and the Cmax and AUC of radioactivity in plasma of rats administered 
PCM-CH2OH orally at 125 mg/kg were nearly equal to those of rats administered PCM-CH2OH subcutaneously at 
250 mg/kg. 

Excretion 

As Table 66 shows, more than 90% of radioactivity was excreted in urine when PCM-CH2OH administered by 
gavage. It demonstrated that most of PCM-CH2OH was absorbed from intestinal tracts.  

Table 66—Excretion of radioactivity in urine and faeces (% of dose) 

Time (h) 62.5 mg/kg bw 125 mg/kg bw 

Urine Faeces Total Urine Faeces Total 

0-24 89 5 94 83 16 99 

0-72 92 6 ~98 94 18 ~112 

Metabolism  

PCM-COOH PA-COOH and PA-CH2OH were the major metabolite found in plasma (Table 67). The glucuronides 
of PCM-CH2OH were not detected in rat plasma (metabolites in urine and faeces are not available).  
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Table 67—Major metabolites in plasma (µg equiv of PCM-CH2OH/g plasma) 

Metabolite 62.5 mg/kg bw 125 mg/kg bw 

2h 8h 24h 48h 2h 8h 24h 48h 

Oral 

PCM-CH2OH 1.1 2.1 0.3 0.0 6.4 4.5 1.2 0.1 

PCM-COOH 3.5 6.7 1.5 0.0 6.2 6.7 4.8 0.06 

PA-CH2OH 11.2 7.9 0.6 0.0 19.4 21.2 2.7 0.09 

PA-COOH 2.3 2.9 0.5 0.0 3.3 4.9 1.6 0.04 

Subcutaneous 

 125 mg/kg bw 250 mg/kg bw 

PCM-CH2OH 1.4 1.8 0.1 0.0 0.8 1 1.8 0.2 

PCM-COOH 1.3 3.7 1.4 0.4 2.2 5.2 6.3 1.2 

PA-CH2OH 5.6 9.6 1.6 0.4 10.7 18 5.5 0.3 

PA-COOH 0.7 1.8 1.4 0.1 1.5 3.4 3.3 0.2 

In the report previously described (Tomigahara, 2005b & 2005c), it was revealed that PCM-CH2OH and 
PA-CH2OH can be easily transformed each other. Therefore, when comparing concentrations and AUC of 
‘PCM-CH2OH + PA-CH2OH’ between rats administered procymidone or PCM-CH2OH, it was considered that  

1) Cmax of rats administered PCM-CH2OH at 125 mg/kg orally and at 250 mg/kg subcutaneously were nearly equal 
to that of rats administered 250 mg/kg or procymidone orally, 

2) AUC of rats administered PCM-CH2OH at 125 mg/kg orally and at 250 mg/kg subcutaneously were between 
those of rats administered procymidone at 62.5 and 125 mg/kg orally, 

3) Cmax of the rats administered PCM-CH2OH at 62.5 mg/kg orally and 125 mg/kg subcutaneously were nearly 
equal to that of rats administered procymidone at 62.5 mg/kg orally, and 

4) AUC of rats administered PCM-CH2OH at 62.5 mg/kg orally and at 125 mg/kg subcutaneously were lower than 
those of rats administered procymidone at 37.5 mg/kg orally. 

18. Savides MC (2002). The in vivo dermal absorption of [14C]-procymidone SC in the rat. Ricerca, LLC, 
Concord OH-440777-1000, USA. Unpublished Study No. 013903. Technical report, Sumitomo Chemical 
Co., Ltd., BM-0075. 15 March 2002.  

This study is summarised in the 2007 JMPR report. 

Test Chemical: 14C-Procymidone SC (suspension concentrate, 500 mg ac/mL) 99.4% pure 
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Dose and Route: 0.002, 0.02 and 0.2 mg active/cm2, dermal 

Test Species: 28 male Crj:CD (SD) IGS BR rats/group; 8–9 weeks; 215–260 g; source: Charles River 
Laboratory, Portage Michigan 

Duration of Study: November—January 2002 

QA & GLP: Yes 

Guidelines: OECD, US EPA 

Groups of male rats (24/group) were given 14C-procymidone (suspension concentrate; 500 mg ac/mL; prepared 
using [phenyl-14C]-procymidone, procymidone, 'formulation blank' and HPLC-grade water) dermally at 0.002, 0.02 
and 0.2 mg active/cm2 over a 10 cm2 area. The application area was covered with a protective device and a  
non-occlusive bandage. Urine and faeces samples (together with cage washings) were collected over a period of 
0.5, 1, 2, 4, 10 or 24 h (4/time point/dose) and the animals were sacrificed. In another group of animals (4/dose), 
the protective device and the non-occlusive bandage were removed at 10 h post-treatment, the application site 
was washed, urine samples were collected for 168 h after the start of the procymidone treatment and the animals 
were sacrificed. Blood and skin samples from procymidone application area (skin was washed to determine 
radioactivity levels remaining in/on the washed skin) were collected in all animals under anaesthesia just before 
sacrificing. At termination, residual urine in the bladder was removed and added to the collected urine. All the 
samples and the carcasses were analysed for total radioactivity by LSC. Any samples that have radioactivity 
counts less than twice the background were considered to be below the limits of quantification (LOQ).  

Procymidone was excreted mainly in the urine: up to ~25% of the administered radioactivity was found in the urine 
at various time intervals (Table 68), while only up to 1.5% was excreted in the faeces in 24 h. No detectable 
radioactivity was seen in the blood samples. About 5–10% of the administered radioactivity remained in the skin 
(8.1%, 8.5% and 7.6% for the 0.002, 0.02 and 0.2 mg/cm2 groups, respectively, at 10 h) and ~5% or less of the 
radioactivity remained in the carcass, during 24 h post-treatment. The results revealed that systemic absorption 
(%) of procymidone was proportional to the duration of exposure but was inversely proportional to the 
administered dose (up to ~35% for the lowest dose; see table). Washing of the skin (procymidone application site) 
at 10 h post-dose eliminated further systemic absorption of radioactivity (quantity in the urine, faeces, cage wash 
and carcass) for the lowest dose but not for the higher doses (Table 68). 
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Table 68—Systemic absorption and urinary excretion of procymidone-related radioactivity 

Time (h) Excretion in urine  

(% of the administered radioactivity) 

Systemic absorption of radioactivity  

(% of the administered radioactivity) 

LD MD HD LD MD HD 

0.5 0 0 0 1.3 0.7 0 

1 0.02 0.02 no sample 4.5 1.1 0 

2 0.3 0.1 no sample 4.7 1.6 0.1 

4 2.3 0.4 0.1 7.4 1.8 0.1 

10 6.1 1.4 0.2 13.8 3.3 0.2 

24 25.4 3.5 0.7 34.6 5.5 0.8 

168 (wash-out)# 11.5 8.0 3.6 13.7 9.3 4.1 

Doses: 0.002, 0.02 and 0.2 mg/cm2 of 14C-procymidone for the LD, MD and HD, respectively. Any samples that have 

radioactivity counts less than twice the background were considered to be below the limits of quantification (LOQ) and the 

levels below the LOQ were given a value of 0. #Skin area was washed 10 h after procymidone application. 

19. Owen HM (2002). Procymidone: In vitro absorption through human and rat epidermis. Central 
Toxicology Laboratory, Cheshire, UK. Unpublished Study No. JV 1689. Technical report, Sumitomo 
Chemical Co., Ltd., BM-0076. 1 May 2002 

This study is summarised in the 2007 JMPR report. 

Test Chemical: 14C-Procymidone SC, 99.4% pure 

Concentrations: 0.3, 1.5 and 500 mg/mL 

Test Systems: Epidermal preparations from humans (from skin samples obtained post mortem and/or 
surgery) and rats (male Wistar-derived strain, aged ~28 days)  

Duration of Study: January—February 2002 

QA & GLP: Yes 

Guidelines: Internal 

The in vitro absorption of 14C-Procymidone was investigated in human and rat epidermal membrane preparations. 
14C-Procymidone SC was prepared using 14C-labelled procymidone, unlabelled procymidone and a 'formulation 
blank', and further dilutions were made with distilled water. Glass diffusion cells were used to monitor absorption of 
radioactivity in the epidermal membrane. Each diffusion cell had a donor and a receptor chamber with epidermal 
membrane (exposed area: 2.5 cm2) kept in between the chambers. The chambers were filled with 50% ethanol in 
distilled water and maintained at 32°C. 14C-Procymidone was tested at a volume of 10 µL/cm2 and at 
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concentrations of 0.3, 1.5 or 500 mg/mL (final concentrations of the active: 2.95, 14.8 and 5000 µg/cm2 membrane 
area). Samples (0.1 mL) were collected from the receptor chambers at pretest and at 1, 2, 3, 4, 6, 8, 10, 12, 16, 20 
and 24 h. Total radioactivity in the samples was measured by liquid scintillation counting (LSC). At the end of 24 h 
exposure to 14C-procymidone, radioactivity remaining in the epidermal membranes was also monitored.  

The results revealed that dermal absorption of radioactivity was low in humans (> 9 fold lower) when compared to 
that of rat epidermis. The absorption was inversely proportional to the concentration of procymidone. Including the 
concentration of radioactivity in the epidermis, the dermal absorption was 79%, 45% and 0.8% in rats, and 4.9%, 
4.6% and 0.02% in humans, for the 0.3, 15 and 500 mg/mL concentrations of the active, respectively (Table 69). 

Table 69—Dermal absorption data for procymidone 

Procymidone 
concentration, 
mg/mL 

(µg active/cm2) 

Time (h) 

Rat epidermis Human epidermis 

Absorption,  

% of active applied 

Absorption rate, 
µg/cm2/h 

Absorption,  

% of active applied 

Absorption rate, 
µg/cm2/h 

0.3 

(2.95) 

6 33.1 

0.082 

1.36 

0.005 
8 41.1 1.71 

10 46.7 2.07 

24 70.2 4.54 

1.5 

(14.8) 

6 10.1 

0.176 

0.355 

0.010 
8 12.4 0.483 

10 14.7 0.614 

24 29.7 1.60 

500 

(5000)# 

6 0.030 

0.160 

0.010 

0.018 
8 0.035 0.010 

10 0.040 0.012 

24 0.091 0.014 

n=6/time point/concentration. #4950 µg active/cm2 for the rat epidermis. Radioactivity remaining in the epidermal membranes 

was not included in the values for absorption: 8.6%, 15.5% and 0.72% of the applied radioactivity remained at the end of 24 h 

exposure in the rat epidermis and 0.33%, 3.0% and 0.01% remained in the human epidermis, for the 2.95, 14.8 and 

5000 µg active/cm2 concentrations, respectively.
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Acute toxicity studies 

Active Constituent 

A summary of the results of acute toxicity studies conducted on procymidone is provided in Table 70. 

Table 70—Summary of acute toxicity of procymidone technical 

Study Species Results Reference 

Oral Rat 
LD50 = 7650 mg/kg males 

LD50 = 4140 mg/kg bw females 
Damske et al, 1980 

Inhalation Rat LC50 > 1150 mg/m3 Nomura Research 
Institute (1981) 

Skin sensitisation  Guinea pigs Not a skin sensitiser (Maximisation 
test) 

Nakatsuka et al, 1991 

Oral toxicity 

1. Damske DR, Singh AR, Craig DK (1980). Acute oral toxicity study in rats TB0100. LBI Project No. 22048-
01. Lab: Litton Bionetics Inc. Maryland USA. Sponsor: Sumitomo Chemical Co. Ltd, Osaka Pestcides 
Division, Osaka, Japan. Study duration. Report date: October 1980 

Test Compound: Procymidone; purity & source unspecified 

Test Species: Osborne-Mendel rats (5 sex/dose); 184–227 g bw; 8–10 week of age; sourced from 
Camm Research Institute Inc., New Jersey, USA 

Study Duration: 14 days 

Laboratory: Litton Bionetics Inc. Maryland USA 

GLP & QA: QA statement 

Guidelines: None 

Dosing method Vehicle 
Observation 
Period 

Dose tested 

(mg/kg bw) 

Oral LD50* 

(mg/kg bw) 

Oral gavage Corn oil 14 days 1000, 2150, 3160, 
4640, 6810 & 10000 

7650 (6560-8920) males 

4140 (3250-5270) females 

* The 95% confidence interval is shown in parentheses 
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Clinical signs 

In males, deaths occurred at 6810 and 10000 mg/kg bw (1 and 5/5, respectively) and in females, deaths occurred 
at and above 3160 mg/kg bw (3, 1, 5 and 5/5 at 3160, 4640, 6810 and 10000 mg/kg bw, respectively). Deaths 
occurred from 2–5 days after dosing. There was a dose-related increase in clinical signs beginning from the lowest 
dose, however, the time of onset and duration of these signs were unreported. Ataxia, decreased motor activity 
and a black crust around the eyes, nose or mouth occurred at every dose. At higher doses laboured and/or 
decreased respiration, decreased motor activity, prostration and the occurrence of a clear discharge from the eyes 
affected the majority of rats. Less frequent findings included ventral posterior yellow or brown stains, yellow stains 
or wetness around the mouth and emaciation. 

Necropsy findings 

A range of macroscopic abnormalities occurred in those rats found dead including dark and mottled lungs, bright 
red lungs, pale or dark liver, soft and dark or pale kidneys, black spleen, distended and grey uterus, distended and 
fluid filled intestines and distended and fluid filled stomach. In the absence of any clear dose-response effect and 
given the absence of any gross abnormalities in rats that survived to scheduled sacrifice, it is unlikely that these 
findings were treatment-related but could have been due to autolysis.  

Inhalational Toxicity 

1. Nomura Research Institute (1980). Inhalation toxicity study of agricultural fungicide, sumilex fumigant 
in rats. Report No. BT-11-0134. Lab: Nomura Research Institute, unspecified location. Sponsor: 
unspecified. Study dates: unspecified. Report date: January 1981 

Test Compound: Fumigant granules; 30% procymidone purity, sourced from Chugai Pharmaceutical Co 
Ltd., unspecified location 

Test Species: SD rats; 5/sex/concentration; females 123–148 g bw, males 163–196 g bw; 6 weeks of 
age; sourced from Shizuoka Laboratory Animal Center (unspecified location) 

Study Duration: 14 days 

Laboratory: Nomura Research Institute, unspecified location. 

GLP & QA: None 

Guidelines: None
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Dosing method Vehicle 
Observation 

period 

Concentrations tested 

(mg/m3) 
Inhalation LC50 
(mg/m3) 

Whole-body 
inhalational exposure 
for 1 h to ignited 
granules 

None 14 days 0*, 300, 410 & 1150 > 1150 

* Control group exposed to non-active constituents in the product granules (diatomaceous earth, starch, melamine and other 

unspecified constituents) 

Clinical signs 

There were no mortalities. Clinical signs occurred at every concentration of procymidone. There was a 
concentration-related increase in the severity and duration of clinical signs. At 1150 mg/m3, salivation, rhinorrhoea 
and crouching occurred in all rats approximately 15 minutes after the commencement of exposure. Lacrimation 
occurred after 30 minutes of exposure. A depression in motor activity was also reported at this concentration. Rats 
began to recover 5–6 h after exposure and were fully recovered within 4 days. Similar clinical signs were reported 
to occur at 410 mg/m3, while only lacrimation was reported to occur at 300 mg/m3. There was no compound-
related effect on bodyweight. 

Necropsy 

The lungs of some rats from both control and procymidone-exposed groups had grey pigmented spots. However, 
this finding was not considered treatment-related because of its relatively high incidence in the control group  
(5/10 males and 3/10 females versus 1/10 males and 4/10 females at 300 mg/m3 and 3/10 males and 4/10 
females at 410 mg/m3.  

2. Kohda H, Kawaguchi, Watanabe T, Suzuki T, Kato T, Miyamoto J (1986). Acute inhalation toxicity of 
Sumilex in rats. Unpublished Report. Sumitomo Chemical Co., Ltd 

20 male and female SD rats were exposed to procymidone dust (median particle size 2.22-2.43 microns) for 4 h, 
at a concentration of 1500 mg/m3, followed by a 14 day observation period, and pathological examination of the 
nasal cavity, trachea, lungs and testes. Nose discharge and a decrease of spontaneous activity in both sexes, and 
urinary incontinence in females were noted during exposure. There were no deaths, and gross and microscopic 
pathology was normal. Bodyweight gains were slightly suppressed in both sexes for the first 3 days after exposure.  
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Skin sensitisation 

1. Nakatsuka I, Kosigo S & Nakasnishi T (1991). Skin sensitisation test of procymidone in guinea pigs. 
Study no: 2403, Lab & Sponsor: Environmental Health Science Laboratory, Sumitomo Chemical Co. Ltd. 
Osaka, Japan. Report no: BT-10-0146, Report date: December 11, 1991 

Test Compound: Procymidone; purity: 99.4; source: Sumitomo Chemical Co. Ltd. Osaka, Japan 

Test Species: Male guinea pigs (Hartley), age not stated, 326-450 g from Charles River, Kanawaga, 
Japan  

Study Duration: August—September, 1991 

GLP & QA: GLP & QA statement 

Guidelines: Not specified 

Study and observations 

Three groups of male guinea pigs (Charles River, Kanagawa, Japan): control group (20 animals), test group (20 
animals; Lot no. 00520; purity 99.4%) and positive control (10 animals) weighing 326–450 g were used in the 
study (Maximisation test). On day 1, three pairs of 0.05 mL intradermal injections were administered into the 
previously shaved neck of each animal, with one of each pair on each side of the midline. On day 7, 0.2 g of 10% 
sodium lauryl sulfate in petrolatum was applied to each application site. On day 8, epidermal induction was 
performed on the same area by applying filter paper patches saturated with approximately 0.4 g of 25% 
procymidone in petrolatum, while the control group received petrolatum only. The positive control group received 
0.4 mL of 0.5% 2,4 dinitrochlorobenzene (DNCB) in corn oil, while the control group for DNCB received corn oil 
only. Patches were covered with an occlusive dressing for 48 h. On day 22, all animals were subjected to 
epidermal challenge with either 0.2 g of 25% procymidone in petrolatum or 0.2 mL of 0.5% DNCB in corn oil, while 
controls received either petrolatum or corn oil. Each agent was placed on the right flank under occlusive dressings 
for 24 h. Skin reactions were recorded 24 and 48 h after the removal of the challenge dressings. Bodyweights 
were noted at study initiation and termination.  

Findings 

There were no clinical signs, and bodyweights were not affected by the treatment. No skin reactions were 
observed in the procymidone sensitised group or the procymidone control group 24 and 48 h following the 
challenge with procymidone. In the DNCB sensitised group, all animals exhibited moderate to severe erythema 
and oedema 24 h following the challenge with DNCB and persisted until 48 h. No skin reactions were noted in the 
DNCB control group.  

Conclusions 

Procymidone is not a skin sensitiser in guinea pigs in the Maximisation test. 
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Metabolites/Degradants 

There were no data available. 

Products 

There were no data available. 

Short-term repeat-dose studies 

Oral Administration 

1. Singh AR, Weir RJ, Graig DK (1981). Five week dose range study in rats Sumilex® final report. Report 
No. BT-11-0051. Lab: Litton Bionetics Inc, Kensington, Maryland, USA. Sponsor: Sumitomo Chemical 
Co. Ltd, Osaka Pesticides Division, Osaka, Japan. Study duration: unspecified. Report date: February 
1981  

GLP & QA: QA statement 

Materials and Methods 

Procymidone (99.8% purity; sourced from Sumitomo Chemical Co Ltd, Osaka, Japan) was admixed in the diet and 
fed to Osborne-Mendel rats (10/sex/group) at 0, 150, 500, 1500 or 5000 ppm for 5 weeks. Diets were prepared 
weekly for the first two weeks of the study and analysed for the concentration and homogeneity of procymidone. 

Rats were sourced from Camm Research Institute Inc (Wayne, New Jersey, USA) and acclimatised for one week 
prior to the commencement of dosing. Rats were 27 days old and weighed between 78-110 g for males and 
79-97 g for females. Rats were housed individually under standard conditions, with food and water available ad 
libitum. 

Observations for mortality and clinical sign were made once daily. Bodyweights and food consumption were 
recorded weekly. Rats were palpated for masses weekly. All animals were sacrificed on day 36 or 37 by carbon 
dioxide asphyxiation and necropsied. The following organ weights were recorded: heart, liver, brain, kidneys and 
gonads. A range of tissues were preserved for possible histopathology but only the following tissues were actually 
examined in the control and high-dose groups: adrenal glands, liver, kidneys and ovaries or testes. 

Results were statistically analysed by the Dunnett’s t-test. 

Results 

Dietary analysis: The homogeneity of the 150 and 5000 ppm diets were found to be off-specification and were 
therefore reformulated. Subsequently, all batches of diet used in the study were determined to be homogenous 
and within 100 ± 10% of nominal concentrations.  
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Observations: There were no mortalities or treatment-related clinical signs. In males, there was a slight (3–8%) 
transient depression in bodyweight gain at week 2 relative to the control, which was statistically significant 
(p < 0.05) at 150 and 500 ppm. In the absence of a significant effect at 1500 and 5000 ppm or at any other times, 
this finding was considered incidental in nature. There was also no treatment-related effect on bodyweight gain in 
females. Food consumption was unaffected by treatment. 

Based on food consumption and bodyweight data, the mean doses received at nominal levels of 0, 150, 500, 1500 
and 5000 ppm were equal to 0, 14, 46, 132 and 471 mg/kg bw/d in males and 0, 15, 48, 143 and 471 mg/kg bw/d 
in females). 

Pathology: In males at 5000 ppm, absolutely liver and testes weights were significantly elevated (p < 0.05) by 20 
and 12%, respectively, relative to the control (Liver: 15.2875 versus 12.5874 g, respectively; testes: 3.9265 versus 
3.516 g, respectively). There was a significant increase in absolute liver weight in males at 150 ppm relative to the 
control (14.0670 versus 12.5874 g, respectively), but this finding is considered incidental in nature due to the 
absence of any effect at either 500 or 1500 ppm. There was no significant effect on absolute organ weights in 
females.  

Relative liver weights were significantly increased (p < 0.05) in males and females at 5000 ppm relative to the 
control by 28 and 17%, respectively. Given the magnitude of this increase and that it occurred in both sexes, this 
finding is considered treatment related and toxicologically-significant. In 5000 ppm males, significantly elevated 
brain, kidney and testes weights were also detected (7, 6 and 18%, relative to the control). The apparent increase 
in relative brain and kidney weights can be attributed to the 6% lower terminal bodyweight of this group. However, 
the increase in relative testes weight cannot be discounted due to the known effects of procymidone on the male 
reproductive organs and on male fertility. 

There were no treatment-related histopathological abnormalities detected in any of the organs/tissues examined. 

Conclusion: The NOAEL following 5 weeks of dietary exposure in rats was 1500 ppm (equivalent to 132/143 
[M/F] mg/kg bw/d) based on a significant increase in absolute and relative liver weight at 5000 ppm (equivalent to 
471 mg/kg bw/d). Absolute and relative testes weights also increased in males at this same dose level. This study 
commensurated with a dose range-finding study. 

Dermal Administration 

1. Ogata H (2002). 28-Day repeated dose dermal toxicity study of procymidone TG in rats. Panapharm 
Laboratories, Co., Ltd., Kumamoto, Japan. Unpublished Study No. 20139. Technical report, Sumitomo 
Chemical Co., Ltd., BT-0200. 25 January 2002 

Test Chemical: Procymidone 99.6% pure 

Dose and Route: 0, 180, 450 and 1000 mg/kg bw/d 

Test Species: 10 male and 10 female Crj:CD (SD) rats/group; ~8 weeks; 268–294 g in males,  
186–224 g in females; source: Charles River Japan Inc. 

Duration of Study: August 2001—January 2002 
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QA & GLP: Yes 

Guidelines: OECD, EC, US EPA and Japanese Ministry of Agriculture Forestry and Fisheries 

Groups of rats (10/sex/group) were given procymidone dermally (procymidone moistened with distilled water was 
applied daily to clipped intact occluded skin; dressing and residue removed after 6 h at 0 (water for injection), 180, 
450 or 1000 mg/kg bw/d for 28 days. Clinical signs (including skin reactions, Draize score 0–4) were monitored 
daily, and bodyweights and food consumption were monitored weekly. Ophthalmological examination was carried 
out in all groups at pretest and in the control and 1000 mg/kg bw/d groups at week 4, with and without using a 
mydriatic ('Mydrin P'). Laboratory investigations (haematology, clinical chemistry and urinalysis) were carried out at 
the end of treatment, 18 h after fasting. Necropsy was done and changes in organ weights were recorded. 
Histological examination was conducted for all tissues in the control and 1000 mg/kg bw/d groups only while the 
liver, kidneys, lungs and gross lesions were examined in the other groups.  

Mortality, clinical signs, bodyweight and food consumption 

There were no deaths or treatment-related effects on clinical signs including skin reactions, or on bodyweights and 
food consumption. Ophthalmological examination did not reveal any treatment-related abnormality in the 
1000 mg/kg bw/d group. 

Haematology, clinical chemistry and urinalysis 

In females of the 1000 mg/kg bw/d group, leucocyte and lymphocyte (absolute) counts were lower (by 17% and 
21%, respectively) although the changes were not statistically significant. In the 450 and 1000 mg/kg bw/d group, 
haematocrit (Hct) levels were comparable to historical control values although the values were statistically 
significant (higher by 3.4% in both the groups). There were no treatment-related effects on clinical chemistry. 
Urinary volume was higher in the 1000 mg/kg bw/d group males (by 40%, statistically non-significant) but it is not 
clear whether the increase was treatment-related because of high variability in all groups (eg. 5.7–32.4 mL/24 h in 
the control group). Similarly, higher urinary volumes seen in the treated female groups may not be treatment-
related because of the absence of dose-dependent changes (volumes higher by 61%, 67% and 53% in the 180, 
450 and 1000 mg/kg bw/d groups, respectively) and high variability in the individual values (eg. 2.2–11.0 mL in the 
control group). 

Organ weights, gross pathology and histology 

Absolute and relative adrenal weights were higher (both by ~15%; statistically significant) in the 1000 mg/kg bw/d 
group but the values were comparable to the historical controls. In this group, the absolute and relative weights of 
seminal vesicles were higher by ~15% although not statistically significant (historical control data not provided). 
There were no treatment-related changes at gross pathology or histological examination.  

The NOAEL was considered to be 1000 mg/kg bw/d, the highest dose tested. 
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Subchronic toxicity studies 

1. Weir RJ and Keller JG (1984). 13-week pilot study in mice Sumilex Final Report. Report No. BT-41-0092. 
LBI Project No. 22253 Lab: Litton Bionetics Inc., Kensington, Maryland, USA. Sponsor: Sumitomo 
Chemical Co. Ltd., Osaka, Japan. Study duration: not specified. Report date: 10th May 1984  

GLP and QA: QA statement 

Materials and Methods 

Procymidone (unspecified purity; sourced from Sumitomo Chemical Co. Ltd, Osaka, Japan) was admixed in the 
diet and fed to B6C3F1 mice (12/sex/group) at 0, 100, 500, 2500 or 10000 ppm for 13 weeks (estimated to be 
equivalent to 0, 20, 100, 500 and 2000 mg/kg bw/d by dividing by a dietary conversion factor of 5). An additional 
control group of 12 mice/sex were sacrificed prior to dosing to establish ‘baseline’ clinical chemistry 
measurements. Diets were prepared every 3 weeks and stored at an unspecified temperature. The diet was 
analysed for the homogeneity, stability and the concentration of procymidone. 

Mice were sourced from Simonson Labs (Gilroy, California, USA) and acclimatised for 9 days prior to the 
commencement of dosing. Mice were 5 weeks old and weighed approximately 19 g (males) and 16 g (females) at 
the start of the study. Mice were housed in their respective group under standard conditions, with food and water 
available ad libitum. 

Observations for mortalities and clinical signs were made daily, with detailed clinical examinations, including 
palpation for masses, performed weekly. Bodyweight and food consumption was recorded weekly. At the end of 
the 13-week treatment period, surviving mice were sacrificed by carbon dioxide asphyxiation, and these along with 
any mice dying or sacrificed during the study, were necropsied. The following haematology parameters were 
analysed at termination: Hct, haemoglobin (Hb), erythrocyte count, leukocyte count (total and differential), platelet 
count and reticulocyte count. The following clinical chemistry parameters were analysed at termination: bilirubin 
(total and direct), albumin/globulin ratio (A/G) ratio, total protein, cholesterol, glucose, lactate dehydrogenase 
(LDH), creatinine, calcium, ALT, AST, BUN, albumin and globulin. The standard range of urinalysis parameters 
were analysed at termination except for reducing substances. 

The following organs were weighed: brain and brainstem, kidneys, heart, spleen, liver, testes, ovaries, pituitary, 
adrenals, thyroid with parathyroid, uterus and any gross abnormalities. While a range of tissues were preserved for 
histopathology, only the following were actually examined in the control and high-dose groups only: all gross 
lesions, pituitary gland, heart, thyroid gland with parathyroid, spleen, adrenals, liver, kidneys, ovaries, prostate and 
uterus. As the liver was considered by the authors as the target organ for toxicity, histopathology was performed 
on the livers of all mice. 

Results were statistically analysed using a Dunnet’s t-test 

Results 

Dietary analysis: Analysis of procymidone in the top, middle and bottom of the mixer used to prepare the 100 and 
10000 ppm diets indicated a variation of up to 2.5%. On this basis, the diets were considered to be homogenous. 
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Analysis of 5 batches of each diet indicated that the concentration of procymidone was within 93–111% of the 
nominal concentrations. For stability analysis, the 100 and 10000 ppm diets were stored frozen for 4 weeks and at 
room temperature for one week. An additional sample of the 10000 ppm diet was stored at room temperature for 
22 days. The concentration of procymidone was within 5% of the nominal concentrations and therefore considered 
stable under these storage conditions. 

Mortalities and clinical signs: There were no treatment-related mortalities or clinical signs. 

Bodyweight and food consumption: There was no treatment-related effect on bodyweight or bodyweight gain. 
In males, food consumption was unaffected by treatment. The food consumption of high-dose females 
(ie 10000 ppm) was lower than the control for the duration of dosing, reaching statistical significance (p < 0.05) at 
weeks 5–9 (~20% lower than the control). However, graphically-presented data indicated that the pattern of food 
consumption was consistent with the control over the entire study and on this basis the reduced food consumption 
in 10000 ppm females was not considered treatment-related. 

Haematology: There was a dose-related increase in platelets in males, which was statistically significant 
(p < 0.05) only at the highest dose (89.8 ± 71.8, 893 ± 67.7, 961.6 ± 63.9, 1043 ± 55.9 and 1375.6 ± 47.4 103/mm3 
at 0, 100, 500, 2500 and 10000 ppm, respectively). No such effect was seen in females. In females, neutrophils 
were significantly decreased (p < 0.05) at 2500 and 10000 ppm relative to the control (917 ± 102 and 1071 ± 85 
versus 1707 ± 631 cells/L, respectively). This finding is not considered treatment-related and may have been due 
to a bacterial or viral infection.  

Clinical chemistry: Selected clinical chemistry findings are summarised in Table 71. In males, BUN and 
creatinine were significantly lower (p < 0.05) than the control at and above 500 ppm. The toxicological significance 
of the decrease in BUN is somewhat difficult to interpret as all treated groups fell within the historical control range 
in age matched B6C3F1 mice [12-24 mg/dL (Derelanko, 2000)]. Therefore, the statistical significance of this result 
appears dependent on the controls abnormally high BUN. However, in light of other evidence of liver toxicity 
(increased serum glutamic-pyruvic transaminase—SGPT, liver weight, gross and histopathological liver 
abnormalities) this finding is considered treatment-related. Serum creatinine is an indicator of renal function and 
muscle breakdown and therefore a decrease in creatinine is not considered a clinically relevant finding. In males 
ALT activity was elevated at and above 2500 ppm, but was only significantly higher (p < 0.05) than the control at 
10000 ppm. This finding is considered treatment-related and supports other data indicating liver dysfunction. In 
females, cholesterol was significantly elevated (p < 0.05) at 10000 ppm and was above the historical control range 
for age-matched B6C3F1 mice of 80–130 mg/dL (Derelanko, 2000). On this basis it is considered a treatment-
related finding, however, on its own it is unlikely to indicate a toxicological significance effect on any organ. There 
were no other treatment-related effects on any other clinical chemistry parameter.  
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Table 71—Selected clinical chemistry findings 

Parameter 
Dietary level of procymidone (ppm) 

0 100 500 2500 10000 

Males 

BUN (mg/dL) 40.5 ± 2.6 31.5 ± 3.9 24.2 ± 1.8* 28.6 ± 2.9* 22.7 ± 2.3* 

Creatinine (mg/dL) 1.23 ± 0.08 0.95 ± 0.29 0.67 ± 0.07* 0.55 ± 0.08* 0.45 ± 0.05* 

ALT (mU/mL) 267.5 ± 35.2 353.2 ± 99.4 255.6 ± 35.2 531.6 ± 135.7 794.6 ± 52.7* 

Females 

Cholesterol (mg/dL) 116.3 ± 4.5 138.8 ± 12.5 140 ± 6.2 128.3 ± 5.8 163.8 ± 7.2* 

Results expressed as the mean ± 1 SEM; *p < 0.05 

Urinalysis: There was no treatment-related effect on any urinary parameter. 

Pathology: Selected organ and relative organ weights are summarised in Table 72. 

The terminal bodyweight of 10000 ppm males was significantly lower than the control. Absolute kidney weights 
were significantly lower (p < 0.05) than the control at 2500 (males) and 10000 ppm (both sexes). Absolute liver 
weights were significantly higher (p < 0.05) than the control at and above 2500 ppm in both sexes. Absolute 
pituitary weights were significantly lower (p < 0.05) than the control in males at and above 500 ppm. In females, 
absolute spleen weights were significantly lower than the control at 10000 ppm.  

Table 72—Selected absolute organ weights (g) 

Organ 
Dietary level of procymidone (ppm) 

0 100 500 2500 10000 

Males 

Terminal bw 26.1 ± 0.6 27.1 ± 0.6 25.0 ± 0.6 24.9 ± 0.5 23.2 ± 0.7* 

Kidneys 0.622 ± 0.024 0.613 ± 0.013 0.565 ± 0.017 0.556 ± 0.015* 0.440 ± 0.015* 

Liver 1.717 ± 0.061 1.701 ± 0.068 1.691 ± 0.055 2.029 ± 0.047* 2.350 ± 0.077* 

Pituitary 0.0043 ± 0.0004 0.0032 ± 0.0002 0.0032 ± 
0.0002* 

0.0030 ± 
0.0002* 0.0032 ± 0.0003* 

Females 

Terminal bw 23.1 ± 0.5 23.1 ± 0.3 22.9 ± 0.3 22.8 ± 0.2 22.1 ± 0.4 

Spleen 0.105 ± 0.005 0.099 ± 0.004 0.106 ± 0.004 0.091 ± 0.013 0.085 ± 0.004* 

Kidneys 0.478 ± 0.019 0.468 ± 0.019 0.460 ± 0.037 0.428 ± 0.009 0.378 ± 0.007* 

Liver 1.48 ± 0.05 1.534 ± 0.041 1.653 ± 0.041 1.978 ± 0.07* 2.308 ± 0.058* 
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Results expressed as mean ± 1 SEM; *p < 0.05 

Relative kidneys weights were significantly lower (p < 0.05) than the control at 10000 ppm in both sexes (males: 
1.899 ± 0.022% versus 2.381 ± 0.065, respectively; females: 1.716 ± 0.026 versus 2.075 ± 0.078, respectively). 
There was a significant dose-related increase in relative liver weights in both sexes at and above 500 ppm in 
females and at and above 2500 ppm in males (Table 73). The increased liver weight in males is consistent with 
previous evidence of liver dysfunction (increased ALT).  

Table 73—Relative liver weights (g) 

Sex 
Dietary level of procymidone (ppm) 

0 100 500 2500 10000 

Males 6.574 ± 0.157 6.308 ± 0.285 6.789 ± 0.227 8.165 ± 0.194* 10.142 ± 0.174* 

Females 6.413 ± 0.169 6.647 ± 0.161 7.215 ± 0.157* 8.687 ± 0.267* 10.460 ± 0.226* 

Results expressed as mean ± 1 SEM; *p < 0.05 

Gross liver abnormalities were detected in three 10000 ppm males (dark red appearance of left caudate lobe, 
white mass inside left median lobe or multiple white foci on surface of all lobes) and one 500 ppm male (tan mass 
in left caudate lobe). 

Histopathology: Treatment-related histopathological abnormalities were confined to the liver and included 
coagulative necrosis of hepatic parenchyma (at and above 2500 ppm in males and at 10000 ppm females), 
dispersed chromatin, nuclear enlargement and cytoplasmic swelling of centrilobular hepatocytes (at and above 
500 ppm in males and 2500 ppm in females) and the presence of multinucleate hepatocytes throughout the 
hepatic lobules (at and above 2500 ppm in males and at 10000 ppm in females) (Table 74). These findings are 
consistent with the increase in liver weights in both sexes and the perturbations in clinical chemistry. Collectively 
these findings indicate that procymidone causes liver toxicity in B6C3F1 mice.
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Table 74—Liver histopathology 

Finding 

Dietary level of procymidone (ppm) 

0 100 500 2500 10000 

♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀ 

Coagulative necrosis 0 0 0 0 1 1 5 0 10 7 

Hepatocytes 

 Coarsely dispersed chromatin 0 0 0 0 0 0 8 0 12 11 

 Nuclear enlargement 0 0 0 0 1 0 9 0 12 10 

 Cytoplasmic swelling 0 0 1 0 6 0 11 7 12 12 

Multinucleate hepatocytes 0 0 0 0 1 0 6 0 10 9 

Results expressed as the absolute number of mice displaying the finding (n=12) 

Conclusions: The NOAEL following 13 weeks of dietary exposure to procymidone in mice was 100 ppm 
(equivalent to 20 mg/kg bw/d) based on increased relative liver weights (females) and liver pathology (nuclear 
enlargement of hepatocytes and cytoplasmic swelling of hepatocytes) at and above 500 ppm (equal to 100 mg/kg 
bw/d). At and above 2500 ppm (equivalent to 500 mg/kg bw/d), absolute and relative liver weights were increased, 
absolute kidney weights were decreased (males) and histopathological liver abnormalities in females were 
detected. At the highest dietary level of 10000 ppm (equal to 2000 mg/kg bw/d), decreased relative kidney weight, 
increased ALT activity (males), decreased terminal bodyweight (males) and increased cholesterol (females) 
occurred. This study indicated that the liver was the target organ for procymidone toxicity. 

2. Nakashima N, Ebino K, Tuda S, Harada T, Kitazawa T (1984). A 6- month subchronic toxicity study of 
Sumilex in beagles. Unpublished Report No. BT-41-0091 dated January 1984, from the Institute of 
Environmental Toxicology Kodaira, Tokyo 187. Submitted by Sumitomo Chemical Co., Ltd., Osaka, 
Japan. 

Beagle dogs (6/sex/group) were given procymidone at 0, 20, 100, 500 mg/kg bw/d by capsule for 6 months. No 
mortalities were noted but clinical signs at the high dose level included vomiting of gastric juice, feed and test 
material. Diarrhoea occurred in females at the highest dose and their faeces often contained yellow-white material 
(test compound). Alkaline phosphatase was increased in both sexes at 500 mg/kg bw/d. Similarly BUN in males 
and blood glucose throughout study were elevated and probably compound related. No treatment-related effects 
occurred at 100 and 20 mg/kg/d. The NOAEL was 100 mg/kg bw/d based on clinical signs, increased ALP activity, 
and glucose levels at 500 mg/kg bw/d.
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Chronic toxicity studies 

1. Hagiwara, A. et al (1981). Eighteen-month chronic toxicity and carcinogenicity study of procymidone 
(Sumilex, Sumisclex) in Swiss White Mice. Pathology Dept. Nagoya City Uni. Report No. BT-10-0054 
Report No. BT-10-0067 (validation and audit) 

Groups of 50/sex Charles River CD-1 strain received dietary procymidone technical (96.3% of 0, 30, 100, 300 or 
1000 ppm for 18 months. Clinical signs and bodyweight were monitored. Haematology, biochemistry and 
macroscopic and microscopic pathology were performed at terminal necropsy. Mortality was increased in males at 
1000 ppm, and glutamate pyruvate transaminase activity was also increased at that dose. Absolute and relative 
liver weights were significantly increased in females at 100 ppm and above, and testes weights were decreased at 
300 and 1000 ppm. Histopathological changes were observed in the liver and testes at 100 ppm and above. Liver 
changes included oval cell proliferation (bile ducts) and hypertrophy of hepatocytes, mainly in high dose males. 
Atrophy of seminiferous tubules occurred in the testes. All other parameters were normal, and there was no 
evidence of tumourigenicity. The NOAEL was 30 ppm (4.5 mg/kg bw/d). 

2. Filler R and Parker GA (1988) Oral chronic toxicity and oncogenicity study in mice. Unpublished report 
No: BT-81-0126 from Hazelton Laboratories America Inc., Rockville, Maryland, USA, Submitted by 
Sumitomo Chemical Co., Ltd, Osaka, Japan 

Groups of 50 male and 50 female B6C3F1 mice were fed procymidone, incorporated with Purina Rodent Chow, at 
concentrations of 0, 30, 100, 300 or 1000 ppm (equivalent to 4.5, 15, 45 or 150 mg/kg bw/d), for 2 years. 
Parameters monitored included clinical signs, ophthalmology, bodyweight, food consumption, liquid consumption, 
haematology, clinical chemistry and urinalysis (weeks 26, 52, 78, 105), interim and terminal sacrifice with organ 
weights, organ weight/bodyweight percentages, organ weight/brain weight percentages, gross necropsy and 
histopathology.  

Compound related toxicity was not observed in clinical signs, mortality, food and liquid consumption, bodyweights, 
ophthalmology, clinical chemistry and urinalysis. Slight transient decreases in female white blood cells (WBCs), 
lymphocytes and eosinophils were noted at week 26.  

Liver weights were significantly increased in high dose males and females at termination, and an increased 
frequency of masses, and raised pale areas was associated with those livers. Other organs were unaffected, with 
the exception of the thyroid and pituitary, which showed some compound associations that were not dose related. 
Histopathological changes classified as centrilobular cytological alterations were observed to a very mild degree in 
high dose males and females, and in males at 300 ppm, at both the 52 week and terminal sacrifice. Focal or 
multifocal hepatocellular hyperplasia and fatty change was also seen, with an elevated incidence for males and 
females in the 300 and 1000 ppm dose groups, compared with controls. 
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At terminal sacrifice there was an increase in the incidence of hepatocellular adenomas and carcinomas in 
females at 300 and 1000 ppm, in comparison with controls, however these incidences were within the published 
ranges for these neoplasms in control animals. Hepatoblastomas, an uncommon hepatocellular neoplasm, was 
observed in one control male, and in 2 males at 300 ppm, and 5 males at 1000 ppm. However, as the incidence of 
hepatoblastomas at 300 and 1000 ppm is dose-dependent, they cannot be dismissed. Histopathology of all other 
tissues was unremarkable. The NOAEL was 100 ppm (equivalent to 15 mg/kg bw/d) due to liver histopathology 
and an increased incidence of hepatoblastomas at 300 ppm (equivalent to 45 mg/kg bw/d and above). 

3. Keller J and Cardy RH (1986). Oral Chronic Toxicity and Oncogenicity Study in Rats, Unpublished report 
No: BT-61-0112 from Litton Bionetics Inc., Rockville, Maryland, USA. Submitted by Sumitomo Chemical 
Co., Ltd, Osaka, Japan 

Osborne Mendel strain rats (50/sex/group) for interim evaluations were fed procymidone in the diet at 0, 100, 300, 
1000, 2000 ppm (equivalent to 5, 15, 50, 100 mg/kg bw/d). Parameters monitored included clinical signs, 
ophthalmic examination, mortality status, bodyweight, food and water consumption, haematology, clinical 
chemistry, urinalysis, organ weights, gross necropsy and histopathology. 

Observations 

At equivalent dose levels, male mortalities were greater than females for all treated groups in both the main and 
satellite populations. Surviving numbers were not related to the dose of procymidone. Bodyweight gain was 
depressed depending on the amount of procymidone ingested and was more marked in male rats than females. At 
the two lower dose levels, the differences from controls were only statistically significant intermittently. Food 
consumption was similar in all groups and significant differences were found on rare occasions but were not dose-
related. Similarly, water consumption was not affected by treatment. 

Palpable masses were found in all groups but there were no striking differences between treated animals and 
controls. Females tended to have more masses than corresponding males. A marked increase occurred at W24 
when most groups were infected with SDA virus (Sialodacryoadenitis). Other manifestations of the viral infection 
included swelling and red discharge from the eyes, inflamed conjunctivae and enlarged salivary glands. No 
treatment related ophthalmological signs were found. 

Clinical Chemistry 

Most values were unremarkable and although occasional mean differences from control values achieved statistical 
significance, individual values were within normal ranges. In most of these cases the statistical significance was 
usually attained by one aberrant value displacing the mean, and this was often related to the presence of a 
disease, e.g. leukaemia in one female at W26 caused elevated BUN, ALT, and AST values, with other 
haematological variations. In no cases were individual departures from normal test values dose-related. At the 
termination of the study, increases in some values were seen (e.g. bilirubin, protein & albumin) in all groups and 
were associated with age. Occasional animals had values outside normal ranges and this was usually found to be 
associated with the presence of a disease state e.g. elevated BUN and enzymes along with nephropathies or liver 
pathogenesis. No evidence of treatment-induced clinical chemistry aberrations was found. 
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Haematology 

At W24 a significant decrease in reticulocytes in males at 2000 ppm and in females at 1000 ppm was reported. At 
W52 a significant increase in reticulocytes in males at 300 ppm was reported. Females at 100 and 2000 ppm had 
decreased Hb. At W78 no significant differences were found. Some individual animals (total = 3) had abnormal cell 
counts associated with either anaemia or leukaemia. 

At termination abnormal cell counts or Hb levels in some individuals were associated with disease (as above). No 
compound-related adverse effects on blood were demonstrated. 

Urinalysis 

Some animals had high red cell counts and this was associated with pathological nephropathy. Otherwise no 
effects attributable to procymidone were found.  

Testosterone Analysis  

Frozen blood at W78 and W102 was analysed for testosterone levels but from a very limited number of animals. At 
W78, eight control animals and five high dose were compared, and the high dose animals had elevated blood 
concentrations (p < 0.01). No unusual gross necropsy or histopathological findings were detected. At terminal kill, 
2 control animals and 3 high dose were compared. Of these, one high dose animal had enormous blood 
concentration which was associated with testicular abnormalities at necropsy and confirmed interstitial cell tumour 
microscopically. The remaining two animals had elevated testosterone levels (p < 0.01). No real conclusions can 
be drawn because of inadequate data and animal numbers. 

Gross Necropsy 

Apart from testicular abnormalities in high dose males no other observations appeared to be dose related. 

Organ Weights 

Both absolute and relative liver weights were increased in a dose dependent fashion at 1000 and 2000 ppm and 
the increase was greater in females. Ovary weights were increased at these two dose levels in females as were 
testicular weights in males. Other organs showed significant variations in absolute weights particularly at the end 
of the study but when expressed relative to the depressed bodyweights of these two groups the differences 
became non-significant. Males receiving 2000 ppm showed a significant increase in interstitial cell tumours (2/17 
versus 0/17). In addition, increased incidence of testicular interstitial cell hyperplasia was observed at 1000 ppm 
(2/19) but not at 2000 ppm. Females showed increased numbers of cystic ovaries and ovarian stromal 
hyperplasia. These changes were non-neoplastic. 

Non-neoplastic hepatic centrilobular cytomegaly was increased in animals on 1000 and 2000 ppm, and was 
approx. twice as frequent in females. There was no change in severity between 52 week and terminal 
observations, which suggests the conditions neither progressed nor regressed. (No evidence of liver damage from 
serum enzyme studies was found, see above). The NOAEL was 300 ppm (15 mg/kg/d). 
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4. Tatematsu M, Takatsuka M & Arai M (1979). Two year toxicity study of Sumilex® (S-7131) in beagle dogs. 
Report No. Unpublished report No: BT-10-0056. Lab: Industrial Bio-Test Laboratories Inc., Northbrook 
Illinois, USA and Laboratory of Biochemistry and Toxicology, Research Department, Pesticides 
Division, Sumitomo Chemical Co. Ltd, Hyogo, Japan. Sponsor: Sumitomo Chemical Co. Ltd, Osaka 
Pesticides Division, Osaka, Japan. Study duration: 4th January 1977 to 11th October 1979. Report date: 
10th June 1981  

Kadota T (1981a). Validation and audit: Two year chronic toxicity study of Sumilex® (S-7131) in beagle 
dogs. Unpublished report No: BT-10-0056 from Laboratory of Biochemistry and Toxicology, Pesticides 
Division, Sumitomo Chemical Co. Ltd, Hyogo, Japan. Submitted by Sumitomo Chemical Co. Ltd, Osaka 
Pesticides Division, Osaka, Japan  

Materials and Methods 

Procymidone (96.9% purity; sourced from Sumitomo Chemical Co. Ltd., Japan) was admixed in the diet and fed to 
4 beagle dogs/sex/group for two years at concentrations of 0, 50, 150 or 500 ppm for 2 years. Diets were prepared 
weekly on the basis that procymidone was stable in the diet at room temperature for at least a week. 

Dogs were sourced from Industrial Bio-Test Laboratories Inc. (Northbrook Illinois, USA) and acclimatised for 2 
weeks. Dogs were approximately 5.5 months at the commencement of the study and weighed 6.38–7.18 kg for 
males and 6.3–6.73 kg for females. Dogs were housed with their respective test groups in a single kennel with an 
outside run. Water was available ad libitum. The amount of diet offered to each dog was not specified. 

Mortalities and clinical signs were recorded daily. The bodyweight of each dog was recorded prior to the 
commencement of dosing and thereafter on a weekly basis. Group food consumption was recorded at the end of 
each week. Ophthalmoscopy was performed on each dog pre-treatment and at 3, 6, 12, 18 and 24 months. The 
following haematology parameters were analysed at 3, 6, 12, 18 and 24 months: leukocyte count, erythrocyte 
count, Hct, Hb, mean corpuscular haemoglobin concentration (MCHC), mean corpuscular haemoglobin (MCH), 
mean corpuscular volume (MCV) and differential leukocyte count. The following clinical chemistry parameters 
were analysed at 3, 6, 12, 18 and 24 months: ALP, ALT, AST, glutamic oxalacetic transaminase activity, BUN, 
glucose, Na, K, Cl, total protein, bilirubin, albumin, α1-globulin, α2-globumin, β-globulin, γ-globulin and A/G. Urine 
was collected pre-treatment and at 3, 6, 12, 18 and 24 months and analysed for the following: glucose, albumin, 
pH specific gravity, occult blood and spun deposits.  

Surviving dogs were sacrificed after 2 years by exsanguination under intravenous anaesthesia. All dogs, including 
those dying during the study, were necropsied and the following organs weighed: brain, heart, spleen, kidneys, 
liver, gonads, adrenals, thyroids and pituitary. Histopathology was performed on the following organs from all 
dogs: intestine, salivary gland, pancreas, urinary bladder, epididymis, ovary, pituitary, muscle, eyes, sciatic nerve, 
lung, spleen, cervical and mesenteric lymph nodes, stomach, large intestine, liver, kidneys, testes, prostate, 
uterus, adrenals and thyroids.  

Results were statistically analysed using a student’s t-test. 
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Results 

Mortalities and clinical signs: There were no treatment-related mortalities. It was reported that there were no 
treatment-related clinical signs although no data were provided to substantiate this finding.  

Bodyweight and food consumption: There was no significant effect on bodyweight gain in either males or 
females, noting that bodyweight gain in high-dose males was somewhat lower (8%) than the control, although this 
was not considered toxicologically-significant. There was no treatment-related effect on food consumption [In 
females, there were a number of significant increases or decreases in food consumption (p < 0.01-0.05), but in the 
absence of any consistent effect or dose-response relationship they were considered incidental in nature]. 

Based on bodyweight and food consumption data the authors calculated that the doses received at dietary levels 
of 0, 50, 150 and 500 ppm were 12.6, 37.8 and 130 mg/kg bw/d in males and 12.9, 37.5 and 117 mg/kg bw/d in 
females, respectively.  

Ophthalmoscopy: There were no treatment-related ophthalmoscopic abnormalities. 

Haematology: There was a significant (p < 0.01-0.05) dose-related increase in leukocytes in males at 150 and 
500 ppm at 6 months but at no other sampling times (11.78 ± 0.21, 11.35 ± 0.73, 14.48 ± 0.91 and 16.08 ± 0.25 
103/mm3 at 0, 50, 150 and 500 ppm, respectively). This increase in leukocytes is not attributable to treatment and 
is most likely the result of an infection or inflammation, with the latter possibly due to parasites which were 
detected in the majority of dogs at necropsy. 

At 12 months in males, erythrocytes and Hb were significantly elevated (p < 0.05) at 500 ppm relative to the 
control (erythrocytes: 6.94 ± 0.12 versus 6.52 ± 0.07 106/mm3, respectively; Hb: 16.43 ± 0.33 versus 15.35 ± 0.18 
g/dL, respectively). As both findings fell with the historical control range for 15-18 month-old beagle dogs 
[erythrocytes: 5.8-7.3 106/mm3; Hb: 13-19 g/dL mm3 (Derelanko, 2000)] neither finding is considered toxicologically 
significant.  

MCHC was significant increased (p < 0.01-0.05) at 12, 18 and 24 months across most doses, while in 500 ppm 
females it was significantly decreased (p < 0.05) at 6 and 12 months. In both sexes, the magnitude of the 
difference was small and followed no dose-response relationship. On this basis, none of these findings are 
considered treatment-related. 

Significant effects on a number of other haematology parameters were considered incidental in nature due to the 
absence of a dose-response relationship. 

Clinical chemistry: ALP was significantly increased (p < 0.05) in 500 ppm males at 6 months relative to the 
control (30.25 ± 2.32 versus 20.50 ± 2.02 IU/L, respectively) but given that the 500 ppm group had significantly 
higher (p < 0.05) ALP activity than the control prior to treatment, this finding is not considered treatment-related.  

In 500 pm males, significantly reduced serum glutamic oxaloacetic transaminase (SGOT) (p < 0.05) occurred at 6 
months but was not considered treatment-related as pre-treatment SGOT in this group was already lower than the 
control. In 500 ppm males, BUN was significantly lower (p < 0.01) than the control at 3 months (14.50 ± 0.50 
versus 18.00 ± 0.58 mg/gL, respectively).  
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There was a significant (p < 0.01-0.05) dose-related increase in blood glucose levels in females at 12 months 
(97.25 ± 1.03, 102.25 ± 2.21, 104.75 ± 2.53 and 106.75 ± 1.32 mg/dL at 0, 50, 150 and 500 ppm, respectively), 
which was not considered toxicologically-significant. Sodium concentrations were significantly reduced (p < 0.01-
0.05) across all groups of males at 12 months (160 ± 1.83, 150.75 ± 0.85, 152.00 ± 0.71 and 154.75 ± 1.25 mEq/L 
at 0, 50, 150 and 500 ppm, respectively). This finding was not considered treatment-related as it was not dose-
related. At 500 ppm, chloride was significantly elevated (p < 0.05) in females at 12 months compared to the control 
(122.50 versus 115.25 mEq/L, respectively) and therefore this finding is above the normal range, however, its 
toxicological significance is unclear. 

At 12 months, total serum protein was significantly lower than the control at 150 and 500 ppm in males (p < 0.05) 
and at every dose in females (p < 0.01) (6.05 ± 0.12, 5.95 ± 0.22, 5.65 ± 0.09 and 5.20 ± 0.15 g/dL in males and 
6.40 ± 0.08, 5.93 ± 0.09, 5.78 ± 0.13 and 5.83 ± 0.09 g/dL in females at 0, 50, 150 and 500 ppm, respectively). 
While this parameter appears to bear some relationship with treatment it is not likely to be toxicologically 
significant as there were no other indications of liver toxicity. In addition, serum protein electrophoresis indicated 
that pre-treatment albumin was already significant lower (p < 0.05) than the control at 150 and 500 ppm. 

There were a number of statistically significant increases or decreases (p < 0.01-0.05) in bilirubin relative to the 
control across most doses in males at most time points, and in 500 ppm females at 6 and 12 months. However, 
the pre-treatment bilirubin concentration of this group was already significantly lower (p < 0.01) than the control 
and therefore this finding cannot be considered treatment-related. On this basis and in the absence of any dose-
response relationship, all significant variations in bilirubin were considered incidental findings. 

Electrophoresis of serum proteins revealed a number of significant differences (p < 0.01-0.05) between treated 
and control dogs. In males, alpha-1-globulin was significantly lower (p < 0.01-0.05) across all doses at 12 months 
(0.26 ± 0.01, 0.17 ± 0.00, 0.17 ± 0.02 and 0.14 ± 0.03 g/dL at 0, 50, 150 and 500 ppm, respectively). No such 
effect was seen in females. Significant differences (p < 0.01-0.05)0 in alpha-2-globulin occurred sporadically in 
treated males and were considered incidental findings. Beta globulin was significantly decreased (p < 0.01-0.05) in 
150 and 500 ppm males at 12 and 18 months (2.00 ± 0.10, 1.69 ± 0.15, 1.53 ± 0.03 and 1.28 ± 0.02 g/dL at 12 
months and 2.10 ± 0.20, 1.60 ± 0.13, 1.10 ± 0.08 and 1.48 ± 0.11 g/dL at 0, 50, 150 and 500 ppm, respectively). 
Significantly lower beta globulin was also detected in females at 12 months at every dose (2.01 ± 0.08, 1.46 ± 
0.05, 1.55 ± 0.13 and 1.49 ± 0.08 g/dL) at 0, 50, 150 and 500 ppm, respectively. In males, a significantly elevated 
(p < 0.01-0.05) A/G ratio occurred at 6, 12 and 18 months across all treated groups, noting that the pre-treatment 
A/G ratio was significantly lower (p < 0.05) than the control at 150 and 500 ppm. Significant increases in females 
occurred at 50 and 150 ppm at 6 and 12 months. Collectively, these findings are not considered toxicologically 
significant in the absence of any evidence of organ toxicity. 

Urinalysis: There was no treatment-related effect on any urinalysis parameter. 

Pathology: Absolute and relative organ weights in addition to organ/brain weights in treated groups were 
comparable to controls. There were no treatment-related gross or histopathological abnormalities. [Macroscopic 
examination revealed raised nodules in the lungs of treated dogs (males: 0/4, 2/4, 1/4 and 2/4; females: 0/4, 2/4, 
2/4 and 3/4 at 50, 150 and 500 ppm, respectively). However, histopathology detected granulomas associated with 
parasites in the lungs of most dogs, including the controls. Therefore, the occurrence of lung nodules in treated 
dogs was attributable to the underlying parasite infection and not to the test compound.] 
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Conclusions: The NOAEL in dogs following 2 years of dietary exposure to procymidone was 500 ppm (equal to 
130 and 117 mg/kg bw/d in males and females, respectively), based on the absence of any toxicological effects at 
this dose. 

5. Dalgard DW and Machotka SV (1992). Chronic toxicity study in dogs with procymidone. Hazleton 
Washington Inc., Vienna, Virginia 22182, USA. Unpublished Study no. 343-238. Sumitomo Chemical Co., 
Ltd. Technical report BT-0162. 19 November 1992 

Test Chemical: Procymidone (technical grade), 98.5% pure 

Dose and Route: 0, 20, 100 or 500 mg/kg bw/d, orally in gelatin capsules 

Test Species: Purebred beagle dogs, 4/sex/group; 6–7 months; 8.0–10.4 kg in males and 5.6–8.5 kg in 
females; source: Hazleton Research Products Inc., Cumberland, Virginia 

Duration of Study: March 1991—March 1992 

QA & GLP: Yes 

Guidelines: US EPA 

Groups of dogs (4/sex/group) were given procymidone orally (in gelatin capsules) at 0 (empty capsules), 20, 100 
or 500 mg/kg bw/d for 52 weeks. Clinical signs were monitored daily, and body weights and food consumption 
were monitored weekly. Ophthalmological examination ('Mydriacyl' was used as a mydriatic) was conducted at 
pre-test, and at weeks 26 and 52. Laboratory investigations (clinical chemistry, haematology and urinalysis) were 
conducted at pre-test and every 13 weeks. At the end of the treatment period, necropsy was performed and 
changes in organ weights were recorded. Histological examination was conducted in all tissues.  

The doses were selected from a 6-month oral toxicity study (Nakasima et al, 1984) in beagle dogs at 0, 20, 100 
and 500 mg/kg bw/d, po (in capsules). In this 6-month study, diarrhoea, emesis, and increased levels of alkaline 
phosphatase and urea nitrogen in blood occurred in the 500 mg/kg bw/d group. 

Mortality, clinical signs, ophthalmology, bodyweight and food consumption 

A male in the 100 mg/kg bw/d group had an intussusception of the large intestine (clinical signs: decreased food 
consumption, weight loss) and was sacrificed. There were no treatment-related clinical signs or ophthalmological 
changes. Although one male at 500 mg/kg bw/d had a bodyweight loss of up to 1.3 kg (initial weight: 9.6 kg) in 3 
months, the overall mean bodyweight gains were higher in all treated groups but a dose-dependent effect was not 
seen in males (gains were higher by 111%, 211% and 155% in males; 58%, 67% and 75% in females, for the 20, 
100 and 500 mg/kg bw/d groups, respectively).  

Efficiency of food utilisation was higher in the 20 and 500 male groups but not in the 100 mg/kg bw/d group, and 
higher in all treated female groups (not dose-dependent; (Table 75). It is not clear whether the changes in the 
efficiency of food utilisation were treatment-related because the changes were not dose dependent.  
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Table 75—Effects on bodyweight and food consumption 

Parameter 
Males (mg/kg bw/d) Females (mg/kg bw/d) 

0 20 100 500 0 20 100 500 

Bodyweight at week 1 9.3 8.9 9.3 9.8 6.6 6.2 7.1 7.5 

Bodyweight at week 52 10.2 10.8 12.0 12.0 7.8 8.1 9.2 9.6 

Bodyweight gain (kg) 0.9 1.9 2.8 2.3 1.2 1.9 2.0 2.1 

Overall food consumption (kg) 89.2 78.2# 96.0 105.8 77.2 65.7 71.2 85.7 

Efficiency of food utilisation (%) 0.43 0.84 0.32 1.48 0.88 1.10 1.86 1.84 

Food consumption for week 14 was invalidated by the study report as some feeders were wet. #Overall food consumption for 

52 weeks was extrapolated by the OCS evaluator from the data for 51 weeks (76.7 kg). It is not clear how the efficiency of 

food utilisation was calculated by the study authors. n=4/sex/group except for the 100 mg/kg bw/d male group (n=3). 

Haematology, clinical chemistry and urinalysis 

Lymphocyte counts (absolute) were lower by 57% (statistically significant, relative to control group, lower than 
historical control; the counts were lower by 31% at pretest) in the 500 mg/kg bw/d males at week 52. However, the 
changes in lymphocyte counts were concluded to be treatment-related since the counts (absolute) were lower by 
57% (statistically significant, relative to control group) and lower than the historical control (Table 76).  

Table 76—Changes in lymphocyte counts (thousands/µL) in males 

Procymidone, mg/kg 
bw/d 

Weeks 

-2 (pretest) 13 26 39 52 

0 2.9 2.8 2.5 2.8 2.3 

20 2.9 3.2 2.3 2.0 1.8 

100 2.9 3.0 2.4 1.7 2.6 

500 2.0 2.4 2.0 1.7 1.0* 

*p < 0.5, compared to the control group. Historical control range ('nonparametric 95% interval') for male beagle dogs: 1.5-7.8 

(units not stated but presumably thousands/µL).  

Globulin levels were higher (total and β, total by 27-35% and β globulin by 25-38%, significant at week 52) in the 
500 mg/kg bw/d group males throughout the treatment period (Table 77). Albumin levels were not affected by 
treatment. Creatine kinase values showed high variability and hence the results were not interpretable. In the 100 
and 500 mg/kg bw/d group males, total protein was lower (by 14% in both groups, statistically significant) at week 
52, but since the changes were not dose-dependent, the changes may not be treatment-related. There were no 
treatment-related effects on urinalysis. According to the applicant, higher total and β-globulin levels were not 
treatment-related because the changes were not dose-related. This argument is not acceptable since the changes 
were seen at the highest dose used in the study. 
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Table 77—Changes in globulin (g/dL) and β-globulin levels in males 

Procymidone, 
mg/kg bw/d 

Weeks 

-2 (pretest) 13 26 39 52 

Globulin (g/dL) 

0 2.2 2.2 2.3 2.3 2.4 

20 2.2 2.2 2.4 2.3 2.3 

100 2.5 2.7 2.8 2.8 2.9 

500 2.4 2.8 3.0 3.1* 3.2* 

β-Globulin (g/dL) 

0 1.2 1.2 1.2 1.3 1.3 

20 1.1 1.3 1.3 1.3 1.3 

100 1.3 1.4 1.4 1.4 1.5 

500 1.3 1.6 1.5 1.8 1.8* 

*p < 0.5, compared to the control group. Historical control range ('nonparametric 95% interval') for male beagle dogs, for 

globulin: 1.6-3.0 (units not stated but presumably g/dL). Historical control was not provided for β-globulin levels. 

Organ weights, gross pathology and histopathology 

Absolute and relative weights of thyroid/parathyroids were dose-dependently higher in the treated male groups 
(relative weights higher by 12%, 25% and 39% in the 20, 100 and 500 mg/kg bw/d groups, respectively; see table 
below) but statistical significance was not achieved. The weights (absolute and relative) of spleen in females were 
lower in the 20 and 500 mg/kg bw/d groups (relative weights decreased by 30%, 7% and 27% in the 20, 100 and 
500 mg/kg bw/d groups, respectively). In the absence of a dose-dependent effect, the changes in spleen are 
unlikely to be treatment-related. Similarly, higher weights of testis/epididymis in the 20 and 500 mg/kg bw/d groups 
(statistically significant increase in the 500 mg/kg bw/d group) may not be treatment-related because of the 
absence of a dose-related effect (Table 78). At gross pathology or histological examination, there were no 
treatment-related changes (including thyroid, parathyroids, spleen, testis and epididymis).  
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Table 78—Changes in organ weights 

 Males (mg/kg bw/d) Females (mg/kg bw/d) 

0 20 100 500 0 20 100 500 

BW (kg) 9.825 10.725 11.567 11.625 7.425 7.675 8.750 9.225 

n 4 4 3 4 4 4 4 4 

Thyroid/parathyroids 

Absolute (g) 0.7300 0.8975 1.0867 1.2275 0.7400 0.6475 0.8150 0.8000 

Relative (%) 0.0075 0.0084 0.0094 0.0104 0.0102 0.0084 0.0096 0.0087 

Spleen 

Absolute (g) 26.4 26.4 31.9 29.5 22.3 16.5 24.8 20.5 

Relative (%) 0.27 0.24 0.28 0.26 0.30 0.21* 0.28 0.22* 

Testis/epididymis 

Absolute (g) 15.0 20.0 15.9 20.6*     

Relative (%) 0.15 0.19 0.14 0.18     

*p < 0.05, compared to control. 

The NOAEL was considered to be 100 mg/kg bw/d, based on decreased lymphocyte counts at 500 mg/kg bw/d. 

Reproduction studies 

1. Hodge MCE (1991). Procymidone: one generation study in the rat. ICI Central Toxicology Laboratory, 
Alderley Park, Macclesfield, Cheshire, UK. Unpublished Study No. RR0505, Report no. CTL/P/3232. 
Sumitomo Chemical Technical Report No. BT-0144. 27 August 1991 

Test Chemical: Procymidone 98.7% or 99.1% w/w pure 

Dose and Route: 0, 50, 250 and 750 ppm in the diet 

Test Species: 26 male and 26 female Alpk:APfSD (SPF; Wistar-derived) rats/group; mean bw: 78–86 g; 
source: Barriered Animal Breeding Unit of ICI Pharmaceuticals, Macclesfield 

Duration of Study: May—November 1990 

QA & GLP: Yes 

Guidelines: Not stated 

Groups of 26 rats/sex were fed a diet containing 0, 50, 250 or 750 ppm of procymidone. The amounts of 
procymidone administered were adjusted at weekly intervals and were based on projected bodyweight and food 
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consumption to give a constant dose rate (0, 2.5, 12.5 or 37.5 mg procymidone/kg bw). Bodyweights were 
monitored weekly but it is not clear whether food consumption was recorded daily or weekly. This study was 
designed to investigate effects on the major reproductive organs of male offspring at 5 and 10 weeks of age. After 
12 weeks of treatment, the F0 animals were mated (1 male:1 female, for up to 3 weeks) and allowed to rear the 
ensuing F1 litters to weaning. Female pups were culled at weaning and half the male F1 pups were sacrificed 2 
weeks after weaning while the remaining pups were terminated 7 weeks after weaning. A gross pathological 
examination was conducted in all F1 male pups but not in F1 female pups or in F0 parents. Testes, epididymides, 
prostate and seminal vesicles of the F1 male pups were weighed and subjected to a histological examination. 

Mortality, clinical signs, bodyweight, and food and procymidone consumption in F0 parents 

The overall achieved doses for the 50, 250 and 750 ppm groups were 2.48, 12.44, 37.4 mg/kg bw/d in F0 males; 
2.45, 12.23 and 36.44 mg/kg bw/d in F0 females; and 2.53, 12.60 and 37.21 mg/kg bw/d in F1 male pups, 
respectively. 

One female at 250 ppm had no vaginal opening and was sacrificed at week 8. There were no treatment-related 
clinical signs or mortality. Although statistically significant changes in bodyweights and gains were seen in females 
at 250 and 750 ppm during the premating period, the changes were only slight and hence may not be biologically 
significant: bodyweights were lower by 4.9% and 7.2% at week 12 in these two groups, respectively (please note 
that even before treatment, bodyweights in these two groups were lower by ~2%) while bodyweight gains at week 
12 were lower by 6.3% and 9.4%, respectively (Table 79).  

Table 79—Bodyweight change in parental animals during the premating period 

Week 
Males Females 

0 ppm 50 ppm 250 ppm 750 ppm 0 ppm 50 ppm 250 ppm 750 ppm 

Bodyweight (g) 

0# 85.9 87.0 85.9 85.1 80.3 78.2 78.8 78.4 

12 468.8 467.8 467.0 455.2 266.6 264.2 253.5** 247.3** 

Bodyweight gain (g, relative to pretreatment bodyweight) 

12 382.8 380.8 381.2 370.1 186.4 186.0 174.7** 168.8** 

#Pre-treatment. **p < 0.01 compared to control.  

During the pre-mating period, food consumption per rat was significantly less in the 250 and 750 ppm group 
females, but the consumption in these groups, when expressed as per kg bodyweight, was similar to the control 
group (consumption/kg bw/d: ~0.078 g in the control and treated groups). Similar to bodyweight changes, small 
changes (2-3%) in overall food utilisation (bodyweight gain per 100 g food consumed) in the 750 ppm group were 
statistically significant.  

Bodyweight gains or food utilisation in males, and in dams during pregnancy and lactation were not affected by 
treatment. 
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Reproductive parameters in parental animals 

In the F0 parental animals, there were no treatment-related effects on pre-coital interval, gestation period, and 
male and female fertility indices. 

Pup parameters 

Pup survival on days 5, 11, 16 and 22 was comparable in all groups. Bodyweight gain in the pups was significantly 
higher at 750 ppm during the pre-weaning period (higher by ~10% in males and 12% in females at week 22; see 
table below) possibly due to the lower number of offspring.  

After weaning, bodyweights and weight gain were slightly lower in male pups (both by ~4% at week 7 post-
weaning; statistically significant). Food consumption in F1 males during the post-weaning period was not affected 
by treatment.  

Table 80—Bodyweight change in pups during the pre-weaning period 

Day 
Males Females 

0 ppm 50 ppm 250 ppm 750 ppm 0 ppm 50 ppm 250 ppm 750 ppm 

Bodyweight (g) 

1 6.1 6.2 6.2 6.4 5.7 5.8 5.8 6.0 

22 41.3 40.1 39.1 45.4* 38.9 38.4 37.3 43.1* 

Bodyweight gain (g, relative to bodyweight at day 1) 

5 3.3 3.3 3.0 4.2* 3.1 3.2 3.1 4.1** 

11 12.8 12.5 11.8 14.4* 12.2 12.1 11.5 14.0* 

16 21.4 20.4 19.7 23.7* 20.3 19.7 19.2 22.8* 

22 35.3 33.9 32.9 39.1 33.3 32.6 31.5 37.2* 

*p < 0.05, **p < 0.01, compared to control. 

In the 750 ppm group, absolute and relative weights of prostate with seminal vesicles were decreased at week 10 
(by ~10%; Table 81). Statistically significant changes were seen in the weights of testes and epididymides.  
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Table 81—Changes in organ weights in F1 males 

 Week 5 Week 10 

0 ppm 50 ppm 250 ppm 750 ppm 0 ppm 50 ppm 250 ppm 750 ppm 

BW (g)# 4 123.0 120.0 135.5 352.5 351.2 347.0 339.4** 

n 65 69 53 46 64 69 56 47 

Prostate with seminal vesicles 

Absolute (g) 0.178 0.190 0.174 0.188 1.481 1.497 1.422 1.325** 

Relative (%) 0.147 0.154 0.145 0.139 0.420 0.426 0.410 0.390 

Testes 

Absolute (g) 1.01 1.05 0.99 1.21** 3.12 3.12 3.06 3.31** 

Relative (%) 0.832 0.854 0.825 0.893 0.885 0.888 0.882 0.975 

Epididymides 

Absolute (g) 0.129 0.130 0.120 0.130 0.797 0.803 0.753* 0.782 

Relative (%) 0.106 0.106 0.100 0.096 0.226 0.229 0.217 0.230 

It is not clear how the relative weights (adjusted for bodyweight) were calculated by the study author. Hence the relative 

organ weights (relative to mean bodyweights), shown in the table, were calculated by the OCS evaluator. #Mean bodyweights 

for week 5 were calculated by the OCS evaluator from the individual weights provided in Appendix 14 of the study report. 

*p < 0.05, **p < 0.01, compared to control. Statistical analysis was not performed for relative organ weights. 

The gross pathological examination revealed hypospadias at 750 ppm in 3/93 F1 males. There were no treatment-
related effects at histological examination.  

Conclusion: The NOAEL for embryofetal/pup toxicity was 250 ppm (12.6 mg/kg bw/d; based on hypospadias and 
decreased prostate/seminal vesicle weights at 750 ppm). Recognising that a gross pathology examination was not 
conducted in parental animals (see notes below), the apparent NOAEL for parental toxicity was 36.9 mg/kg bw/d. 

Notes: Although changes in food consumption and bodyweights do not appear to be treatment-related, the study 
author concluded that bodyweights and/or food utilisation in F0 and F1 animals at 750 ppm were treatment-related. 

According to the sponsor, the one-generation study was conducted to provide more information on reproductive 
organs of F1 males at 5 weeks of age and at sexual maturity (10 weeks). Since no adverse effects had been 
observed animals (F0) of the multi-generation study (presumably the 2-generation study), gross pathology in 
parental animals was omitted in this one-generation study.  
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2. Milburn GM (1986). Procymidone: Preliminary reproduction study in the rat. Report No. CTL/T/2470. Lab: 
ICI Ltd Central Toxicology Laboratory, Alderley Park, Macclesfield, Cheshire UK. Submitted by 
Sumitomo Chemical Co. Ltd, Osaka Pesticides Division, Osaka, Japan.  

Study duration: Not specified.  

Report date: September 1986 

GLP & QA: QA statement 

Materials and Methods 

Procymidone (unspecified Batch No., source & purity) was admixed in the diet and fed to groups of 6 male and 12 
female Alpk:AP rats (unspecified age, bw & source) at dietary levels of 0, 100, 300, 1000 or 3000 ppm 
(approximately equivalent to 5, 15, 50, 150 mg/kg bw/d) for two parental generations and their offspring throughout 
all phases of the study. Diets were analysed for homogeneity, stability and the concentration of procymidone. The 
premating treatment period lasted for 6 weeks and was followed by a 6 week mating period, where one male was 
housed with two females from the same group. Successful mating was confirmed by examining daily vaginal 
smears, with any unmated females rehoused with another male from the same group. Mated females were housed 
individually, while all other housing and feeding conditions were not described. Males were sacrificed after mating. 

In parental animals, observations for mortalities and clinical signs were recorded at unspecified times. Following 
littering, pups were sexed, weighed and examined for any abnormalities; any abnormal pups were necropsied. 
Maternal rats were sacrificed after weaning. Pups were weighed and examined on lactation days 1, 5, 11, 22 and 
29. Pups were weaned on day 29 and sacrificed on day 36. Two pups/sex/dose were necropsied. Testes were 
weighted and fixed and stored for possible future examination. All parental rats were necropsied. The reproductive 
tract, liver and any gross abnormalities were fixed and stored for possible further examination. 

Results were statistically analysed using a 2-sided t-test. 

Results 

Dietary analysis: The concentration of procymidone was within 10% of the nominal concentration for all diets, 
except for one batch of the 1000 ppm diet which was lower than the acceptable level (~12%). Procymidone was 
determined to be homogenously distributed, and stable for 5 weeks at an unspecified temperature, within the 100 
and 3000 ppm diets. 

Parental rats: There were no reported mortalities or clinical signs in any parental rats. No absolute bodyweight 
data were provided. There was a dose-related decrease in bodyweight gain during the 6 week premating 
treatment period, which was statistically significant (p < 0.01 or 0.05) at 3000 ppm in males and at and above 300 
ppm in females. At 3000 ppm, negative bodyweight gain occurred in females over the entire premating treatment 
period. 

Concomitant with the effect on bodyweight gain was a treatment-related reduction in food consumption. In males, 
significantly lower (p < 0.01 or 0.05) food consumption occurred at 3000 ppm relative to the control over the 
majority of the treatment period. In females, significantly reduced (p < 0.01 or 0.05) food consumption occurred at 

 



166 RECONSIDERATION OF PROCYMIDONE: HUMAN HEALTH RISK ASSESSMENT REPORT (INCLUDING 
TOXICOLOGY AND WORK HEALTH SAFETY)  

1000 and 3000 ppm over the entire treatment period, while food consumption was significantly reduced 
periodically at 300 ppm (p < 0.01 or 0.05). Overall, 3000 ppm males ate approximately 12% less than controls over 
the 6 week premating period, a result which was statistically significant (p < 0.01). Over the 6 week premating 
period, 300, 1000 and 3000 ppm females consumed 6, 13 and 31% less food, respectively, than the control, with 
all findings statistically significant (p < 0.01 or 0.05).  

Mean food conversion efficiency (bodyweight gain/100 g food eaten) was significantly reduced (p < 0.01) in 3000 
ppm males (7.3 ± 0.4 versus 9.0 ± 1.1 bw in the control). In females, there was a significant (p < 0.01 or 0.05) 
dose-related reduction in mean food conversion efficiency at and above 300 ppm (4.6 ± 0.7, 4.2 ± 0.8, 3.2 ± 1.0, 
2.2 ± 1.1 and 0.6 ± 0.7 at 0, 100, 300, 1000 and 3000 ppm, respectively). 

The bodyweight of dams at the beginning of pregnancy was significantly lower (p < 0.01 or 0.05) than the control 
at and above 300 ppm (by 8-15%). The bodyweight gain of dams during pregnancy was significantly lower (by 23-
33%; (p < 0.01 or 0.05) than the control at 3000 ppm. 

Reproduction parameters: There was no treatment-related effect on any reproduction parameters. 

Pups: Litter size tended to be lower at 3000 ppm compared to the control at birth and over the entire lactation 
period (by approximately 1–2.5 pups), although this finding was not statistically significant. There was a dose-
related decrease in the survival index at day 29 which was not statistically significant (98.5 ± 3.3, 97.8 ± 5.3, 94.1 ± 
6.6, 87.4 ± 31.0 and 72.0 ± 38.4 at 0, 100, 300, 1000 and 3000 ppm, respectively). 

At 3000 ppm, the bodyweight of pups (males and females) was significantly lower (by up to approximately 20%;  
(p < 0.01 or 0.05) than the control at 3000 ppm on lactation days 1, 22, 29 and 36. 

In male offspring, relative testes weight was significantly elevated (p < 0.01) at 3000 ppm (0.912 ± 0.083, 0.923 ± 
0.083, 0.961 ± 0.050, 0.964 ± 0.084 and 1.032 ± 0.116 at 0, 100, 300, 1000 and 3000 ppm, respectively). 
Macroscopic examination revealed that ten male pups from five litters had small or missing seminal vesicles 

3. Wickramaratne GA (unspecified date). Multigeneration reproduction study in the rats. Report No. 
CTL/RR0332. Lab: ICI Ltd Central Toxicology Laboratory, Alderley Park, Macclesfield, Cheshire UK. 
Submitted by Sumitomo Chemical Co. Ltd, Osaka Pesticides Division, Osaka, Japan 

Study duration, Report date and GLP & QC: Not specified.  

This study was previously evaluated by OCS in February 1990 (Submission number 910). Supplementary data 
were incorporated into the study where appropriate. 

4. Milburn GM (1991). Procymidone: First supplement to procymidone: Multigeneration reproduction study 
in the rat. Report No. CTL/T/P/195. Lab: ICI Ltd Central Toxicology Laboratory, Alderley Park, 
Macclesfield, Cheshire UK. Sponsor: Sumitomo Chemical Co. Ltd, Osaka Pesticides Division, Osaka, 
Japan. Study duration: February 1986-May 1987. Report date: September 1986 

GLP & QA: GLP & QA statement  
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Material and methods 

Groups of 30 males and 30 female Alpk:APFSD (Wistar derived) rats were fed dietary procymidone at 
concentrations of 0, 50, 250 or 750 ppm. After 12 weeks the animals were mated and allowed to rear the ensuing 
(F1A) litters to weaning. Rats were paired again to produce an F1B litter. The breeding program was repeated with 
F1 parents selected from the F1A offspring which were mated after at least 12 weeks giving an F2A litter and 
subsequently an F2B litter. An additional generation (F2) was selected from F2A litters, but those animals were not 
paired. Parameters monitored included clinical condition, food consumption, bodyweight, reproductive 
performance (both sexes), pre-coital intervals, gestation lengths and offspring viability. Selected animals were 
subjected to detailed post-mortem examination. 

The dose level of 750 ppm procymidone was associated with reproductive toxicity in male rats, characterised as a 
reduction in anogenital distance in male offspring at day 1 post-partum, abnormal appearance of the external 
genitalia (hypospadia = a developmental anomaly where the urethra opens on the underside of the penis or 
perineum) in F1 and F2 males over 7 weeks of age and a reduction in fertility. Histological changes observed in F1 
and F2 males included hypertrophy in the pituitary at 750 ppm (11/30 and 3/29, respectively) and increased 
incidence of seminal vasculitis at 250 ppm (1/30 and 2/29, respectively) and 750 ppm (7/30 and 6/29, 
respectively). No effects were seen at 50 ppm or in F0 males. 

Signs of toxicity were evident in parent rats of all generations at 750 ppm, consisting of reductions in bodyweight 
gain, food consumption, efficiency of food utilisation and increase in testes and liver weights. Prostate weights 
were decreased in F2 males only. Liver and testes weights were also slightly increased at 250 ppm. 

Signs of toxicity in pups at 750 ppm were decreased total litter weights, increased testes weights and decreased 
weights of epididymides and prostate with seminal vesicles. No significant effects were observed in offspring organ 
weights at 50 and 250 ppm procymidone. 

The NOAEL for parental toxicity was 50 ppm (approximately 2.5 mg/kg bw/d) based on an increased incidence of 
seminal vasculitis in F1 and F2 males at higher doses (but not in F0 males). The NOAEL for offspring was 250 ppm 
(approximately 12.5 mg/kg bw/d) based on decreased total litter weights, increased testes weights and decreased 
weights of epididymides and prostate with seminal vesicles observed in pups at 750 ppm (approximately 
37.5 mg/kg bw/d). 

Comment: External genital abnormalities were similar to the effects of anti-androgens on male offspring when 
administered in utero. Dihydrotestosterone is required for in utero differentiation of the urethra, prostate, glans 
penis and shaft and scrotum in rats. 

Addendum: For the purpose of the 2015 Human Health Risk Assessment of Procymidone the above study has 
been reconsidered by OCS. Based on the above appraisal of Wickramaratne GA (unspecified date) and Milburn 
GM (1991) reproduction studies and the 2007 JMPR Procymidone review, OCS considers that a 50 ppm (2.5 
mg/kg bw/d) NOAEL for parental toxicity remains appropriate based on increased testes and liver weights (F0 and 
F1) at 250 ppm (12.5 mg/kg bw/d) and increasing severity at 750 ppm (Table 20 below, reproduced from JMPR 
2007 below). The above study write-up indicates that increased incidence in seminal vasculitis and increased 
testes and liver weights are observed in pups at 250 ppm (12.5 mg/kg bw/d). These findings are consistent with 
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the 2007 JMPR study report (Table 20 below). Therefore a NOAEL of 50 ppm (2.5 mg/kg bw/d) for pup 
development seems more appropriate when considering all of the available information. 

Table 20. Findings in offspring and parental rats fed diets containing procymidone for two generations 
(Adapted from JMPR 2007 – Procymidone, *p < 005) 

Findings Dietary concentration (ppm) 

0 50 250 750 

Males Females Males Females Males Females Males Females 

Adjusted liver weight (g) 

F0 20.6 12.2 20.3 12.1 21.7* 12.4 22.9* 12.9* 

F1 21.5 14.8 21.6 14.7 22.4* 15.5 24.9* 16.7* 

F2 19.8 10.2 19.6 10.3 20.5* 10.9* 21.5* 11.2* 

Adjusted testes weight (g) 

F0 3.8 - 3.8 - 3.9* - 4.1* - 

F1 3.6 - 3.7 - 3.9* - 4.0 - 

F2 3.7 - 3.6 - 3.8 - 3.9* - 

5. IBT Laboratories (1978). 3-Generation Study in Rats, IBT Unpublished Study No. 623-06729 2/2/78 
Sumitomo Doc. Code: BT-81-0014 

Eight male and 16 female Charles River rats per group received 0, 100, 300 or 1000 ppm (equivalent to 0, 10, 30, 
100 mg/kg bw/d) in the diet up till sacrifice following weaning of second litters. Mating in all generations took place 
when animals were 100 days old. Pre-mating bodyweight and bodyweight gains were reduced in parental F1 males 
on 1000 ppm and for F2 parental males at all dose levels but these findings were not statistically significant. 
Females on 1000 ppm showed reduced pre-mating bodyweight gains in all generations but these did not attain 
statistical significance. There were dose-related trends in reduced final mean bodyweights in all generations which 
only achieved statistical significance in F1 and F2 dams on 1000 ppm. Some deaths occurred in all groups and at 
all dose levels in the second and third generations but no association with the test compound was shown by 
pathological examinations. There were no toxicological effects on absolute or relative organ weights which were 
compound - related and histological examinations confirmed these gross observations. No neoplasms were 
detected in any group. Effects on reproductive indices showed no consistent patterns which could be attributed to 
the test compound, and there were no statistically significant differences between groups in regard to the 
population data-stillbirths, progeny or survival although some trends were shown mainly in the third generation 
receiving the high dose-level. Weanling bodyweights were unaffected by treatment and no teratogenic effects were 
recorded. The NOAEL was 300 ppm (equivalent to 30 mg/kg bw/d) due to reduced bodyweights in F1 and F2 
females at 1000 ppm (100 mg/kg bw/d).  
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Developmental studies 

1. Pence DH, Hoberman AM, Spicer KM (1980) Pilot teratology study in rats S-7131 (technical) final report. 
Report No.BT-01-0041. Lab Hazelton Laboratories America Inc, Vienna, Virginia, USA. Sponsor: 
Sumitomo Chemical Co. Ltd, Osaka Pesticides Division, Osaka, Japan.  

Study duration: May—June 1980. Report date: 26 September 1980 

GLP and QA: Statement of compliance with GLP regulations (US FDA, 22 December 1978); QA statement 

Materials and Methods 

Procymidone (unspecified purity; Sumitomo Chemical company Ltd, Osaka, Japan) in corn oil was administered 
by oral gavage to 5 pregnant SD rats/group from gestational days (gd) 6-15 at doses of 0, 300, 1000 or 3000 
mg/kg bw/d. The dose volume was 1 mL for each animal. No rationale was given for the dose selection. There was 
no analysis of the stability, concentration or homogeneity of procymidone in the vehicle. 

Male and female rate had been obtained from Charles River Breeding Laboratories Inc (Portage, Michigan, USA) 
and were acclimatised for two weeks prior to mating. One male was housed with two females until evidence of 
mating was detected. The day that mating was confirmed was designated as GD0. The bodyweight range for 
females at the start of the study was 212–247 g. Outside of the mating period, rats were housed individually under 
standard conditions, with food and water available ad libitum.  

Observations for mortalities and clinical signs were made twice and once daily, respectively. Dams were weighed 
on GD0, 6, 11, 15 and 20. A qualitative analysis of food consumption was made daily. All dams were sacrificed on 
GD20 by carbon dioxide asphyxiation and all fetuses removed by caesarean section. Dams were necropsied and 
the following litter parameters recorded: early and late resorptions, live and dead fetuses, and any gross 
abnormalities. The uterus and ovaries from each dam were preserved for possible future histopathological 
analysis. Fetuses were subjected to an external examination during which time they were sexed, weighed and the 
crown-rump distance recorded. 

No statistical analysis was performed. 

Results 

Two dams dosed at 1000 mg/kg bw/d were sacrificed in a moribund condition on GD8, in addition to two non-
pregnant rats at 3000 mg/kg bw/d (on GD7 and 11, respectively). Clinical signs exhibited by all four rats included 
hunched appearance, salivation, laboured breathing, thinness, soft faeces, tremors, ataxia, urine stains, 
lacrimation, exophthalmos and bloody encrusted eyes. In general, and including the above rats sacrificed in a 
moribund condition, clinical signs were increased relative to the control across most treatment groups (hunched 
appearance: 0, 1, 4 and 2/5; laboured breathing: 0, 1, 3 and 1/5; thin appearance: 0, 1, 3 and 4/5; rough haircoat: 
0, 2, 3 and 2/5; depressed activity: 0, 1, 5 and 3/5; ataxia: 0, 0, 2 and 1/5; urine stains: 0, 0, 4 and 3/5; salivation: 
0, 0, 2 and 2/5; and tremors: 0, 0, 4 and 1/5 at 0, 300, 1000 and 3000 mg/kg bw/d, respectively). Abnormalities of 
the eyes (lachrymation, exophthalmos, bloody encrusted appearance) were not attributable to treatment as they 
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occurred across all groups (including the control) with similar frequency. There was no treatment-related effect on 
bodyweight. Dams appeared to show no loss of appetite during the treatment period.  

Gross abnormalities were confined to those rats sacrificed in a moribund condition and included brown areas in 
the glandular region of the stomach (one rat at 1000 and 3000 mg/kg bw/d, respectively) and thickening of the 
non-glandular region of the stomach (one rat at 1000 and 3000 mg/kg bw/d, respectively). In the absence such 
findings in the control or at lower doses it is possible that these abnormalities are treatment-related. However, no 
macroscopic abnormalities occurred in survivors and in addition, the possibility that these effect were due to the 
actual dosing method (ie gavage) cannot be discounted. On this basis, these findings are considered to be 
equivocal. 

Pregnancy rates were decreased at the highest dose, however, as rats were already pregnant prior to the 
commencement of treatment, this finding is considered incidental in nature. Resorptions were increased at the 
highest dose (28 versus 10% in the control), however, it was not specified whether these were early or late 
resorptions and therefore this finding is considered equivocal. Fetal viability was somewhat decreased at the 
highest dose (72 versus 90% in the control). There was no treatment-related effect on any other fetal parameter. 
No gross fetal abnormalities were detected. 

Conclusions: This study suggested that procymidone is fetotoxic based on reduced fetal viability at 3000 mg/kg 
bw/d. Procymidone caused overt signs of maternotoxicity at and above 1000 mg/kg bw/d. This study was 
commensurate with a pilot study. There was no indication that procymidone was teratogenic. 

2. Hoberman AM (1992) Developmental toxicity (embryo-fetal toxicity and teratogenic potential including 
a postnatal evaluation) study of procymidone administered orally via gavage to Crl:CD BR VAF/Plus 
presumed pregnant rats. Argus Research Laboratory Inc., Horsham, Pennsylvania, USA. Unpublished 
Study No. 1119-023, Technical report, Sumitomo Chemical Co., Ltd., BT-0161 and BT-0164. 24 June 1992; 
Amendments to volume S-34 dated 16 September 1992 and 2 February 1993. 

Test Chemical: Procymidone 'considered 100% pure' 

Dose and Route: 0, 3.5, 12.5, 125 and 500 mg/kg bw/d, gavage 

Test Species:  45 ♀ Crl:CD BR VAF/Plus (Sprague-Dawley) mated rats/group; mean bw: ~222 g; 
source: Charles River Laboratories, Portage, Michigan, USA 

Duration of Study: November 1991—January 1992 

QA & GLP: Yes 

Guidelines: US EPA 

Procymidone (vehicle: corn oil) was administered by gavage to groups of 45 mated female rats at 0 (vehicle), 3.5, 
12.5, 125 or 500 mg/kg bw/d by gavage on GD6-19 (presence of copulatory plug or sperm in vaginal smear was 
taken as GD0). The doses were selected on the basis of a pilot study with procymidone at 0, 12.5, 300, 500, 750 
or 1000 mg/kg bw/d administered to pregnant animals on GD6-19 by gavage. In the preliminary study, clinical 
signs including ataxia, decreased motor activity, impaired righting reflex, hunched posture, ptosis and excessive 
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salivation; lower bodyweight gains and food consumption; and lower anogenital distance and hypospadias in 
males were seen at ≥ 300 mg/kg bw/d; increased incidence of stillborn pups and decreased pup survival occurred 
at 750 and 1000 mg/kg bw/d; lower prostate weights were seen at ≥ 12.5 mg/kg bw/d and lower weights of seminal 
vesicles and testes were seen at ≥ 500 mg/kg bw/d.  

In the main study, clinical signs, bodyweights and food consumption were monitored every day. On GD20, 
approximately half the dams in each group were sacrificed. The uteri and ovaries were removed and examined for 
corpora lutea, implantation sites, and live or dead fetuses. All the fetuses (n=264-324/group) were weighed and 
examined for external abnormalities. In addition, the anogenital distance was measured. Approximately one-half of 
the fetuses in each litter was examined for visceral abnormalities while the remaining fetuses were subjected to a 
skeletal examination. 

The remaining F0 dams were allowed to litter normally. Pup sex was recorded at birth, and survival and 
bodyweight were recorded on postnatal days 1, 4, 7, 14 and 21. Bodyweights were monitored weekly thereafter. 
On days 45 (males) or 51-53 (females) postpartum, testes descent, anogenital distance, hypospadias, preputial 
gland distension and presence of nipple were monitored in F1 rats and the animals were sacrificed. Organ weights 
of brain, pituitary, prostate, testes, seminal vesicles with coagulating gland, epididymis, uterus with cervix and 
ovaries were monitored and a gross pathological examination was conducted. All these tissues, except the brain, 
were examined histologically in males (except the 3.5 mg/kg bw/d group, since no treatment-related changes were 
seen at the next higher dose). Although the methods section stated that uterus with cervix, and ovaries were 
saved for histological examination, histological examination was conducted only in males. 

Mortality, clinical signs, bodyweight, food consumption and necropsy changes in maternal 
animals 

There were no deaths. The number of pregnant animals were 44, 44, 42, 41 and 42 in the 0 (vehicle), 3.5, 12.5, 
125 and 500 mg/kg bw/d groups, respectively. Clinical signs included ungroomed coat in the 125 and 500 mg/kg 
bw/d groups (in 7 and 10 animals, respectively) during the treatment period. Bodyweights and weight gains at 
GD20 were significantly lower in the 125 and 500 mg/kg bw/d groups (bodyweights were decreased by ~6% in 
both the groups; weight gains decreased by 32% and 38%, respectively), but the weights recovered during the 
lactation period and the bodyweights of the 125 and 500 mg/kg bw/d groups were comparable to the control group 
on lactation day 21 (Table 82). Food consumption (per kg bodyweight) during GD6-20 was lower by 6.8% and 
10.5% (statistically significant) in the 125 and 500 mg/kg bw/d groups, respectively. During lactation days 1–14, 
there were no treatment-related effects on food consumption. The study report did not provide summary data for 
days 14–21 since the study authors presumed that the pups began to consume 'maternal' feed after lactation day 
14. There were no treatment-related effects seen at necropsy. 
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Table 82—Bodyweight change in maternal animals 

 Bodyweight (g) Bodyweight gain (g) during gestation or 
lactation#  

Dose (mg/kg bw/d) Dose (mg/kg bw/d) 

0 3.5 12.5 125 500 0 3.5 12.5 125 500 

Gestation day 

0 222.8 222.9 222.6 223.7 222.5      

6 253.5 252.7 252.0 252.2 250.4      

20 362.3 359.9 358.2 342.2** 339.2**      

20# 291.7 281.2 289.3 274.6** 274.0** 36.3 32.0 33.6 24.6** 22.4** 

Lactation day 

1 272.0 274.0 267.8 259.8 246.3**      

21 306.0 305.4 298.6 298.0 302.7 34.0 31.4 30.8 38.1 56.4** 

*p < 0.05, **p < 0.01, compared to control. #After correcting for pregnant uterine weight. n=41-44, except for #(n=19-23).  
#Relative to bw at GD6 or lactation day 1, respectively. 

Uterine parameters 

In the Caesarean-sectioned dams, the number of corpora lutea and implantations was comparable in all groups. 
There were no treatment-related effects on early or late resorption, the number of live fetuses (all fetuses in all 
groups were alive) or sex ratio of the fetuses. Fetal bodyweights were slightly but significantly lower in the  
125 mg/kg bw/d group (by 5.6% and 5.9% in male and female fetuses, respectively) while in the 500 mg/kg bw/d 
group, the weights were lower by 6.8% in male fetuses and 3.4% in female fetuses but the changes were not 
statistically significant. This effect was considered to be treatment-related because the values for male fetuses 
were dose-dependent and were below the ranges observed historically. 

The anogenital distance was significantly lower in the 12.5, 125 and 500 mg/kg bw/d male fetuses (Table 83). 
There were no treatment-related changes at external examination (n=264-324 fetuses/group). Visceral 
examination (n=128–158 fetuses/group) revealed situs inversus of the heart in one fetus (out of 152; not seen in 
any other group or in the historical control) at 500 mg/kg bw/d. It is unlikely that this is a treatment-related effect 
because of the single incidence. At skeletal examination, the incidence of bifid vertebrae (thoracic Centrum) was 
slightly increased in the 125 and 500 mg/kg bw/d groups (1.2%, 0%, 0.7%, 2.9% and 3.6%, in the 0, 3.5, 12.5, 125 
and 500 mg/kg bw/d groups, respectively; 0-2.4% in the historical control, n=26 studies, 4258 fetuses).  
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Table 83—Anogenital distance in Caesarean delivered pups (mm) 

Males Females 

Dose (mg/kg bw/d) Dose (mg/kg bw/d) 

0 3.5 12.5 125 500 0 3.5 12.5 125 500 

2.464 2.427 2.259** 1.631** 1.287** 1.086 1.096 1.090 1.070 1.050 

**p < 0.01, compared to control. n=127-168 fetuses/sex/dose. 

Naturally delivered pups 

Pre-weaning 

There were no treatment-related effects on litter size (live or dead pups) or sex ratios of the pups. In the 500 mg/kg 
bw/d group, pup weights (males and females combined) were significantly lower at post-partum day 1 (by 8.3%) 
and the incidence of pup deaths was increased (statistically significant) on post-partum days 2–4 (%deaths: 1.1, 
0.3, 0, 2.1 and 3.7 in the 0, 3.5, 12.5, 125 and 500 mg/kg bw/d groups, respectively; no. of live pups at delivery = 
275, 290, 302, 282 and 250, respectively). The anogenital distance was decreased significantly in male pups of 
the 125 and 500 mg/kg bw/d groups (Table 84). In female pups, statistically significant decreases in the anogenital 
distance were seen in the 125 mg/kg bw/d group at post-partum day 21 and in the 500 mg/kg bw/d group on post-
partum day 1 but not on day 21. In the absence of consistent or dose-dependent effects, the changes in female 
pups may not be treatment-related.  

Table 84—Anogenital distance (mm) in naturally delivered pups 

Post-partum day 

Males Females 

Dose (mg/kg bw/d) Dose (mg/kg bw/d) 

0 3.5 12.5 125 500 0 3.5 12.5 125 500 

1 2.6 2.6 2.6 1.8** 1.3** 1.1 1.1 1.1 1.0 1.0* 

21 12.3 11.9 11.8 9.7** 8.3** 7.4 7.4 7.5 6.8** 7.1 

*p < 0.05, **p < 0.01, compared to control. n=18-21 litters/group for the naturally delivered pups. The number of male and 

female pups used for monitoring the anogenital distance was not stated. 

It is likely that some of the pup deaths resulted as a result of maternal neglect since in the pups which died (4, 4, 3, 
6, 11) on days 1–21 post-partum, 1, 0, 1, 0 and 4 pups in the 0, 3.5, 12.5, 125 and 500 mg/kg bw/d groups did not 
have any milk in the stomach.  

Post-weaning 

There were no treatment-related effects on mortality, clinical signs or bodyweights.  

Absolute and relative weights of the prostate were lower in the 125 and 500 mg/kg bw/d groups by 20% and 30%, 
respectively. In females, absolute weights of left ovary, but not the right one or the relative weights, were 
significantly lower in the 125 and 500 mg/kg bw/d groups (by 13% and 10%, respectively; right ovary weights were 
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lower by 8% and 5%, respectively). In the absence of a dose-dependent effect or effect on relative organ weights, 
the changes in left ovary weights are not considered to be an effect of treatment. 

In males of the 125 and 500 mg/kg bw/d groups, testes not descending (in 11% and 51% of the animals, 
respectively), hypospadias (88%, 100%, respectively; 134/152 and 121/121 pups) and distended preputial glands 
(79%, 100%, respectively) were seen at necropsy. Such changes were not seen in the other groups, including the 
control. In the 500 mg/kg bw/d group, changes in prostate (large yellow nodular areas, yellow areas or granular 
consistency in 5% of the animals) occurred. In the 125 and 500 mg/kg bw/d groups, histological changes included 
testicular atrophy, chronic or suppurative inflammation in the prostate and seminal vesicles, and 'concretion', 
distended preputial gland ducts, hypospadias (the incidence was lower than that observed at necropsy) and 
inflammation in the penis (Table 85). In the 500 mg/kg bw/d group, necrotic germ cells in the epididymides were 
seen. As stated before, a histological examination was not conducted in females. 

A NOAEL of 12.5 mg/kg bw/d (based on lower bodyweight gains and food consumption at 125 mg/kg bw/d the 
next higher dose) for maternal toxicity and of 3.5 mg/kg bw/d for fetal toxicity (decreased anogenital distance in 
male fetuses at ≥ 12.5 mg/kg bw/d) was determined in this study.  

Table 85—Histological changes in F1 males 

 Dose (mg/kg bw/d) 

0 12.5 125 500 

Testes 

Atrophy 1 0 16 64 

Epididymides 

Necrotic germ cells 6 1 6 15 

Prostate 

Prostatitis 0 0 4 35 

Seminal vesicles 

Inflammation 0 0 2 26 

Penis/preputial gland 

Concretion, prepuce 0 0 8 11 

Concretion, urethra 0 0 16 8 

Distension, preputial gland duct(s) 0 1 105 103 

Hypospadias 0 0 82 66 

Inflammation 0 0 43 55 

No histological examination was conducted in the 3.5 mg/kg bw/d group. n=126, 157, 149-153 and 119-121 for the 0, 12.5, 

125 and 500 mg/kg bw/d groups, except for penis/preputial gland (n=0, 1, 129 and 117 for these groups, respectively).  
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3. Wolf C, Lambright C, Mann P, Price M, Cooper RL, Ostby J and Earl Gray L Jr (1999) Administration of 
potentially antiandrogenic pesticides (procymidone, linuron, iprodione, chlozolinate, p,p’-DDE, and 
ketoconazole) and toxic substances (dibutyl- and diethylhexyl phthalate, PCB 169 and ethane dimethane 
sulphonate) during sexual differentiation produces diverse profiles in reproductive malformations in the 
male rat. Toxicol Ind Health. 1999 Jan-Mar;15(1-2):94-118  

Data were presented concerning the anti-androgenic behaviour of the ten titled compounds. Procymidone was 
examined in a transgenerational study as follows: Pregnant LE hooded rats (8/group) were treated with 
procymidone as an oral suspension at 0 or 100 mg/kg bw/d from GD14 to PND3. Pup bodyweight and anogenital 
distance were measured at PND2 and at 10-13 days of age. Offspring were examined in a blinded manner for 
areolas (dark focal areas lacking hair in the appropriate anatomical region were scored as areolas) with and 
without a nipple bud. The examination of nipples used a dissecting scope to confirm the presence of a bud within 
the areola. At 28 days of age, male pups were weaned and from 35 days each male was examined for preputial 
separation. After puberty, males were examined for external malformations. At 15 months, the males were 
sacrificed and selected reproductive tissues (ventral prostate and seminal vesicles) were histopathologically 
examined. 

Procymidone treated male offspring displayed reduced anogenital distance, areolas, permanent nipples, reduced 
sex accessory gland size and hypospadias with a vaginal pouch. In addition, procymidone induced chronic active 
ventral prostatitis and vesiculitis. Mononuclear cell infiltration or chronic-active prostatis (ventral lobe) was present 
in 47% of the procymidone group with 36% having chronic vesiculitis.  

4. Ostby J, Kelce W, Lambright C, Wolf C, Mann P, Gray L (1999) The fungicide procymidone alters sexual 
differentiation in the male rat by acting as an androgen-receptor antagonist in vivo and in vitro. Toxicol 
Ind Health. 1999 Jan-Mar;15(1-2):80-93 

Test Compound:  Procymidone (99% purity), Riedel-de Haen 

Test Species:  Female Long-Evans Hooded rats, Charles River Laboratories, Raleigh, NC 

Laboratory:  National Health and Environmental Effects Research Laboratory, USEPA, Research 
Triangle Park, North Carolina 

GLP & QA: This study was not quality assured and was not performed according to GLP. 

Guidelines:  This published study does not follow any national or international Test Guidelines. 

In vivo study 

MATERIALS & METHODS 

Thirty-five Long-Evans hooded rats (7/group, bodyweights were not specified) were shipped to the study 
laboratory on day 2 of gestation (GD1 was defined as the day when animals produced a sperm positive smear). 
Animals were given food (Purina #5008 or #5001) and water ad libitum. The laboratory conditions were maintained 
on 14:10 h light:dark cycle and room temperature was maintained at 20-22ºC with 45-55% relative humidity. 
Procymidone was mixed in laboratory grade corn oil (Sigma) to form suspensions at all doses. Animals were 
dosed orally from GD14 through to postnatal day 3 with either 0 (corn oil only), 25, 50, 100 or 200 mg/kg bw/d 
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procymidone. At birth, the number of pups/litter and litter weights were recorded. At 2 days of age the pups were 
reweighed, sexed and anogenital distance was recorded. When pups were 6 days old, litters were reduced to 8 
pups, maintaining as many male pups as possible. The sex of all surplus pups was confirmed by dissection. When 
the pups were 27 days of age, they were weaned and housed in unisexual littermate groups of 2 or 3 per cage and 
the dams were sacrificed (method was not specified) and the number of implantation scars recorded.  

At 16 months of age the males were necropsied and examined for the presence of nipples and external 
malformations. The glans penis, ventral prostate, lateral prostate, seminal vesicles (plus coagulating glands with 
fluid), testes, right cauda and right corpus plus caput epididymis, left epididymis, adrenals, kidneys, liver, the 
levator ani/bulbocavernosus muscle group, and Cowper’s glands were weighed. Rats were examined for the 
presence of internal abnormalities such as hydronephrosis, enlarged bladder or bladder stones, hydroureter, 
ectopic, atrophic or undescended testes, and testicular or epididymal granulomas. The seminal vesicle and lateral 
and ventral prostates were examined for histopathological lesions by Experimental Pathology Laboratories Inc, 
(Research Triangle Park, NC). 

STATISTICAL ANALYSIS 

Variance from group mean for continuous normally distributed observations such as the anogenital distance, 
growth, and pubertal and necropsy data were analysed at each age using ANOVA using litter mean values as well 
as individual values. Post-hoc tests were conducted when the ANOVA was significant at the p < 0.05 level using 
the LSMEANS (a two-tailed t-test). The incidence data on malformations and histopathologic lesions of the 
reproductive tract were analysed using Fisher’s Exact Probability Test.  

RESULTS 

No individual animal data was reported. Only graphical representation of mean data was provided for reproductive 
organ weights, anogenital distance, incidence of hypospadias, vaginal pouch and ectopic testes, as well as the 
number of permanent nipples per male. No compound-related deaths were reported at any dose level. There were 
9 dams that were not pregnant; 3, 4, 1 and 1 from the control, 25, 50 and 200 mg/kg bw/d dose groups, 
respectively. The authors stated that procymidone treatment did not affect maternal weight gain, post-implantation 
viability, litter size or pup growth or viability through weaning (no data was reported). On postnatal day 2, 
anogenital distance was significantly reduced (p < 0.05 or < 0.001) in a dose-related manner in all dose groups. At 
necropsy, a dose-related increase in the incidence of hypospadias with cleft phallus was seen at doses > 50 mg/kg 
bw/d, with 91% of male pups exhibiting hypospadias at the highest dose. An increased incidence of permanently 
retained nipples per male pup was noted in all dose groups, but only statistically significant at 50, 100 and 200 
mg/kg bw/d. The percentage of male pups that displayed a vaginal pouch increased dose-relatedly reaching 58% 
at 200 mg/kg bw/d. Ventral prostate weight was significantly reduced (p < 0.05) in the 50, 100 and 200 mg/kg bw/d 
dose groups, while reduction of the lateral prostate weight was only significant in the highest dose group compared 
to control values. Seminal vesicle (plus coagulating glands with fluid) weights were significantly reduced (p < 0.05) 
at 200 mg/kg bw/d, and glans penis weight was significantly (p < 0.05) reduced at 100 and 200 mg/kg bw/d. The 
authors stated that there were no effects of procymidone treatment on body, testes, epididymal or cauda or 
caput/corpus epididymal weights (no data was reported) (Table 86). 
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Table 86—Malformations and organ weight effects in pups 

Parameters examined Maternal procymidone dose (mg/kg bw/d) 

Control 25 50 100 200 

No. litters (total no. male pups) 4(24) 3(16) 6(28) 7(20) 6(20) 

Anogential distance (mm) 

(PND 2) 
3.3 3.0a 2.6b 2.4b 1.9b 

% Hypospadias 0 0 14.3 19c 91c 

% Ectopic Testis 0 0 0 0 10 

% Vaginal pouch 0 0 6.3 8.3 58d 

No. of nipples/male1 0 0.06 2.80e 3.00e 9.00f 

Ventral prostate weight (mg)1# 460 390 295g 305g 95c 

Lateral prostate weight (mg)1# 260 255 260 210 105c 

Levator ani/bulbocavernosus (mg)1 1350 1250 1210 1100g 595c 

Cowper’s glands (mg)1 225 205 180 115g 25h 

Seminal vesicle plus coagulating gland weight (mg)1 1750 1600 1660 1750 1060g 

Glans penis weight (mg)1# 130 125 115 103c 65d 

Statistical test were preformed using litter mean values unless stated otherwise. a Significant (one-tail t-test) p < 0.05, b 

Significant (two-tail t-test) p < 0.001, c or d Significant (Fisher’s Exact test) p < 0.01 or p < 0.001 respectively. e or f 

Significant (ANOVA), p < 0.05 or p < 0.0001 respectively, g or h Significant (Fisher’s Exact test) p < 0.05 or p < 0.0001 test 

for statistically significance used individual values instead of litter mean values. #In the published paper units were given as g, 

but it was presumed to be a misprint. 

The levator ani/bulbocavernosus muscle was reduced in weight at all dose levels, statistically significant at 100 
and 200 mg/kg bw/d. The Cowper’s gland was significantly smaller at 100 and 200 mg/kg bw/d (115 and 25 mg 
respectively) compared to control animals (225 mg). The seminal vesicle (plus coagulating glands with fluid) 
weights were significantly reduced (by 39%) at the highest dose and the glans penis weight was significantly 
reduced at 100 (by 21%) and 200 (by 50%) mg/kg bw/d compared to control animals. 

In the lateral and ventral prostates, histopathological analyses revealed a dose-related increase in atrophy and 
interstitial fibrosis in animals from the 50, 100 and 200 mg/kg bw/d dose groups. The study authors stated that the 
severity of lesions also increased in a dose-related manner. Focal mononuclear cell infiltration in the interstitium 
was significantly increased (p < 0.001) in lateral prostate at 200 mg/kg bw/d only and in the ventral prostate at 100 
and 200 mg/kg bw/d (p < 0.05 and 0.01, respectively). However, apart from the increased incidence of diffuse 
epithelial hyperplasia at 200 mg/kg bw/d, the incidence of proliferative lesions in the prostates was sporadic in 
nature and may not be related to treatment. There was one occurrence of papillary cystadenoma at 100 and  
200 mg/kg bw/d in the lateral and ventral prostate, respectively (Table 87). 
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Table 87—Histopathological lesions of the lateral and ventral prostates in pups 

Histological lesions 

Maternal Procymidone dose (mg/kg bw/d 

0 25 50 100 200 

Lateral prostate 

No. examined 27# 16 28 24# 14 

Atrophy 0 0 11 13 64*** 

Interstitial fibrosis 0 0 29 29 79*** 

Focal, interstitial mononuclear cell infiltration 26 13 39 33 79*** 

Diffuse epithelial hyperplasia 0 0 18 0 21* 

Focal epithelial hyperplasia 0 0 0 8 0 

Cystic epithelial hyperplasia ND ND ND ND ND 

 Ventral prostate 

No. examined 27# 16 29# 24# 15 

Atrophy 0 0 7 8 27* 

Interstitial fibrosis 0 0 17 21* 67*** 

Focal, interstitial mononuclear cell infiltration 4 0 24 29* 60** 

Diffuse epithelial hyperplasia 0 0 3 0 40* 

Focal epithelial hyperplasia 0 0 0 4 7 

Cystic epithelial hyperplasia 0 0 0 4 0 

#the number of individual prostates examined is greater than the number of male pups necropsied. The reason for the 

discrepancy was not stated; ND - no data reported; * p < 0.05; ** p < 0.01; *** p < 0.001 

In the seminal vesicle, study authors stated that there was a dose-related increase in the incidence of severity of 
interstitial fibrosis, focal mononuclear cell infiltration of the interstitium, and focal polymorphonuclear cell infiltration 
of the lumen in animals from the 50 to 200 mg/kg bw/d treatment groups. Proliferative lesions in the seminal 
vesicle included diffuse epithelial hyperplasia at 50, 100 and 200 mg/kg bw/d (see Table below) and cystic 
epithelial hyperplasia at 100 and 200 mg/kg bw/d and one incidence of cystadenoma at the highest dose. The 
source of a discrepancy between the total number of male pups necropsied and the number of male pups 
examined histologically is not identifiable from information provided in the study and is of unknown significance. 
This discrepancy does not substantially reduce the overall credibility of the study. 
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In order to visualise the dose-related effects of procymidone across all endpoints, the study authors used 
‘pseudohermaphroditism Index’ (PHI), which combined the degree of feminisation / demasculinization caused by 
procymidone treatment on 12 androgen-dependent endpoints [anogenital distance, % retained nipples, levator 
ani/bulbocavernosus muscle weight, lateral and ventral prostate weight, seminal vesicle weight, Cowper’s gland 
weight, glans penis weight, % hypospadias, % testicular ectopia, % vaginal pouch and % epididymal agenesis] at 
each dose level. A PHI score of zero indicates that the group has a male phenotype. A PHI score of 1200 indicates 
that males within this dosing group were completely feminised and demasculinised by procymidone treatment. 
Using the PHI, male pups exposed to 200 mg/kg bw/d procymidone were 55% female-like in their phenotype. The 
shape of the PHI dose-response curves was similar to the one obtained for vinclozolin in a separate study 
(Gray et al, 1999), however procymidone was reported to be about half as potent as vinclozolin. 

CONCLUSIONS 

No developmental NOAEL could be established in this study as feminising effects on the development of male 
pups were observed at all doses. The LOAEL was 25 mg/kg bw/d. The NOAEL for maternotoxicity was greater 
than 200 mg/kg bw/d. 

COMMENT 

In this study no NOAEL was established due to a number of parameters at the LOAEL being affected in a 
consistent manner with that seen at higher doses, but only anogenital distance was statistically significantly 
reduced with respect to control. The LOAEL of 25 mg/kg bw/d is likely to be approaching a NOAEL but the study 
design and the low number of pregnant dams in the control group limits confidence in this conclusion. Compared 
with OECD Test Guideline 414, which requires group sizes of 20 dams/dose, this study used groups of only 7 
dams, which reduced the number of male pups available for examination and therefore reduced the power of the 
study. Consequently a number of parameters not reaching significance at 25 mg/kg bw/d may have done so if pup 
numbers had been higher. Conversely, had more dams been pregnant in the control group (only 4 of 7 produced 
pups) the apparent dose response at 25 mg/kg bw/d may have appeared weaker or not been apparent.  

Only a limited range of parameters were examined in male pups and females were not necropsied. Consequently, 
conclusions regarding the NOAEL/LOAEL in this study apply specifically to the end point of male sexual 
differentiation. 

In vitro study 

The ability of unlabelled procymidone to competitively inhibit the binding of [3H]R1881 (a synthetic androgen, 
supplier and purity not stated) was determined in whole monkey kidney COS cells transiently transfected with the 
human androgen receptor (AR) expression vector, pCMVhAR, as described previously by Wong et al (1995). Cells 
were exposed for 2 h at 37ºC to 5 nM [3H]-R1881 in the presence and absence of unlabelled procymidone at 
concentrations of 3.16, 100, 316, 1000, 3160 and 10000 nM. Non-specific binding was assessed using 100-fold 
excess of unlabelled R1881. Cells were washed with phosphate-buffered saline, harvested and radioactivity 
determined by scintillation counting. Results were expressed as percent of labelled R1881 binding. Half maximal 
binding inhibition (IC50) occurred at approximately 10 µM procymidone, which is similar to that reported by Wong et 
al (1995) for one of the principal vinclozolin metabolites (10–20 µM) and 20-fold higher than the IC50 for another of 
the principal metabolites (500 nM). These results suggest that the mode of action of procymidone is a 

 



180 RECONSIDERATION OF PROCYMIDONE: HUMAN HEALTH RISK ASSESSMENT REPORT (INCLUDING 
TOXICOLOGY AND WORK HEALTH SAFETY)  

concentration dependent competitive inhibition of androgen binding to AR. As the AR used was human, the 
inhibition observed has clear potential relevance to human risk assessment. 

5. Higuchi H and Inawaka H (2003) Study for effects of procymidone on development of fetal external 
genitalia in rabbits. Environmental Health Science Laboratory, Sumitomo Chemical Co., Ltd, Konohana-
ku, Osaka, Japan. Unpublished Study No. D0041, Technical report, Sumitomo Chemical Co., Ltd., BT-
0211. 10 February 2003 

Test Chemical: Procymidone, 99.2% pure 

Dose and Route: 0 and 125 mg/kg bw/d, gavage 

Test Species: ♀ Kbl: NZW (SPF) artificially inseminated rabbits; 22 control and 26 treated; 19 weeks; 
mean bw: ~3.9 kg; source: Kitayama Labes Co., Ltd 

Duration of Study: Not stated 

QA & GLP: No (internal GLP) 

Guidelines: US EPA and Notice 59 Noshan No. 4200 

In a study to evaluate the effects of procymidone on the development of external genitalia in rabbit fetuses, 
procymidone suspended in a 0.5% methylcellulose solution was administered to pregnant rabbits (artificially 
inseminated; 22 control and 26 treated) at 0 (vehicle) or 125 mg/kg bw/d by gavage on GD6-28 (reported to cover 
'critical stage of sexual differentiation'. Bodyweights and food consumption were monitored every 3 or 4 days 
during the treatment period. On GD29, Caesarean section was performed to examine uterine parameters. In 
addition to external examination of the fetuses, anogenital distance and phallus boundary-genital distance (phallus 
boundary = boundary between anal protuberance and phallus) were measured using a micrometer under a 
stereoscopic microscope. Transverse sections of phallus were prepared, stained and the diameter as well as the 
ventral gap of preputial lamella were measured.  

The doses were selected on the basis of a dose range-finding study (Higuchi and Inawaka, 2003; Study No. 
D0031). In the dose range-finding study, pregnant rabbits were given 0, 125, 250 and 500 mg/kg bw/d (5–7/group) 
on GD6–28. One animal at 500 mg/kg bw/d died. Three dams at 250 mg/kg bw/d and two dams at 500 mg/kg bw/d 
aborted or prematurely delivered. Lower bodyweights and food consumption were seen in the 250 and 500 mg/kg 
bw/d groups. Caesarean section revealed higher fetal resorption in the 250 and 500 mg/kg bw/d groups, and a 
lower number of live fetuses and lower fetal weights in the 500 mg/kg bw/d group. Necropsy changes in treated 
maternal animals (all groups) included pale heart and liver, 'accentuated' corticomedullary junction in kidneys and 
white spots or distension in the gall bladder. There were no treatment-related changes at external examination of 
the fetuses. 
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MORTALITY, CLINICAL SIGNS, BODYWEIGHT AND FOOD CONSUMPTION IN DAMS 

The numbers of pregnant animals were 21 and 22 in the control and treated groups, respectively. Three animals 
died due to errors in gavage administration (1 control, 2 treated). Abortions were seen in two control animals 
(including one animal which was considered to have aborted because of scars of placental desquamation in the 
uterus at necropsy) and 4 treated animals. One treated dam (out of the 4 which aborted) had only one 
implantation. The study report stated that dams with fewer implantations are known to abort or prematurely deliver. 
Most of the aborted animals (1 control and 3 treated) showed anorexia and bodyweight loss. However, there were 
no treatment-related effects on the overall bodyweight gain or on food consumption. A statistically-significant lower 
food consumption (by 15%) seen on GD9 was considered to be related to treatment. At necropsy, there were no 
treatment-related changes. 

UTERINE PARAMETERS 

There were no treatment-related effects on the number of live or dead fetuses, sex ratio or weights of the fetuses. 
External examination of the fetuses, including the external genitalia/anogenital distance, did not reveal any 
treatment-related abnormality. In female fetuses, the ventral gap of preputial lamella was ~10 fold higher when 
compared to the male fetuses (Table 88). In female fetuses of the treated group, the ventral gap of preputial 
lamella was wider (by 19%). Although the 'relative ventral gap' (relative to fetal weight) was higher by 17%, the 
change was not statistically significant. The study report considered the increased ventral gap of preputial lamella 
as incidental and related to the slightly higher female fetal bodyweights. However, the mean female fetal weight in 
the treated group was not significantly different to the control fetuses (39.8 and 40.8 g in the control and treated 
groups, respectively). The diameter of the preputial lamella or the anogenital distance was not affected by 
treatment. 

Table 88—Changes in ventral gap of preputial lamella 

Procymidone, 
mg/kg bw/d 

Absolute ventral gap of preputial lamella 

(10 µm)a 

Relative ventral gap of preputial lamella 

(%)b 

Male fetuses Female fetuses Male fetuses Female fetuses 

0 4.6 42.1 0.110 1.107 

125 3.8 49.8* 0.104 1.293 

aThe meaning of '10 µm' is not clear. bRelative to bodyweights (control and treated groups: 41.5 and 40.5 g in the male 

fetuses, respectively; 39.8 and 40.8 g in the female fetuses, respectively). n, male/female fetuses: 79/51in the control and 

51/68 in the treated groups. *p < 0.05, compared to the control group. 

Note: Sumitomo does not consider the statistically significant increase in absolute values of the ventral gap as 
toxicologically significant since the relative values were not significantly altered. The purpose of the study was to 
investigate the feminisation of male fetuses by procymidone and the ventral gap of preputial lamella in female 
fetuses was measured only for comparison with male fetuses. Sumitomo also argued that if procymidone had a 
feminisation effect on the male external genitalia, the ventral gap of preputial lamella in male fetuses would be 
widened like those in control females which had a wider ventral gap than that of the control male fetuses.  
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Sumitomo submitted evidence that the rabbit model is able to detect anti-androgenic effects of compounds. In this 
model, cyproterone acetate (10 mg/kg bw/d, im), an anti-androgen, showed a reduction in anogenital distance and 
widening of the ventral gap of preputial lamella in male fetuses. The study has not been evaluated by the OCS 
since only a summary was provided. In another published study (Kurzrock et al, 2000), the administration of 
finasteride (a 5-α reductase inhibitor), an inhibitor of dihydrotestosterone (DHT) synthesis, which plays an 
important role in external genital differentiation) to pregnant rabbits resulted in a significantly shorter anogenital 
distance in male fetuses. 

Based on the above, it is concluded that there were no anti-androgenic effects of procymidone (125 mg/kg bw/d) in 
the fetuses of treated rabbits. The NOAEL for male fetal development was 125 mg/kg bw/d. 

6. Wickramaratne, GA de S (1988). Procymidone: teratogenicity study in the rabbit. ICI Central Toxicology 
Lab. Study No. RB0349 

Groups of 18 female NZ white rabbits were dosed by gavage with 0, 150, 750 or 1000 mg/kg bw/d procymidone in 
corn oil from days 7-19 inclusive of gestation. Females were sacrificed on day 30 of gestation, and their uteri 
examined for live fetuses and intra-uterine deaths. The fetuses were weighed, examined for external and visceral 
abnormalities, sexed, and stained for skeletal examination.  

There was no evidence of maternal toxicity, in terms of survival, clinical condition, bodyweight gain and food 
consumption. There were also no effects on the young in utero, in terms of numbers, growth, survival and weight. 
The incidence of fetuses with non-ossification of the 4th, 5th, 6th and 7th lumbar transverse processes was 
statistically significantly increased at 750 mg/kg/d, in comparison with the control group. Non-ossification of the 4th 
and 5th lumbar transverse processes was also significantly increased at 150 mg/kg/d. Non-ossification of the 5th 
and 6th sternebrae was significantly increased, but was within the range of control values for this strain. The lack of 
any clear dose-related effect indicated that these minor defects were normal variations, and not of toxicological 
significance. 

7. IBT-Sumitomo (1976). Teratogenicity Study in Rabbits IBT Labs 6/1/1976 IBT No. 651-06730 - Sumitomo 
Doc. Code BT-61-0009. Sumitomo Chemical Co., Ltd., Japan. 

Seventeen females per group (20 for 10 mg/kg dose) were given 0, 10, 30 or 100 mg/kg procymidone in gelatine 
capsules on days 6–18 inclusive after artificial insemination with 0.7 mL pooled semen. The pregnancy rates were 
15/17 for 0, 30 & 100 mg/kg & 11/20 for 10 mg/kg and these figures were considered normal. The rabbits were 
sacrificed on day 29. No deaths occurred during the study, one doe on 30 mg/kg aborted but on which day was not 
stated. All groups showed mean bodyweight gains, less in the high dose group possibly because they started at a 
higher initial value. The 10 mg/kg group apart from having a lower pregnancy rate also had less implantation sites 
and less live young; the medium and high dose groups were comparable to the control group. The mean progeny 
weights were comparable with the low dose group greater than other groups. In the high dose group 1/139 (0.7%) 
fetuses had cranial oedema and a missing naris. This is difficult to distinguish from the historical background of 
external development abnormalities (0.4%, n=2843 from 31 control groups in similar teratogenic studies). No other 
fetuses had external defects. The 24 h survival in an incubator was slightly less than control or high dose pups in 
the low and medium groups and in each of these two groups was apparently due to one litter having a survival rate 
of 25% or less. Fetal skeletal development was comparable in all groups. The overall conclusion is that 
procymidone was not teratogenic in rabbits up to 100 mg/kg bw/d. 
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8. Fukunishi K (2003a). A preliminary study of the effects of procymidone on external genitalia 
development in male foetuses by oral administration to Cynomolgus monkeys. Shin Nippon Biomedical 
Laboratories, Ltd. Unpublished study No. SBL27-31, Technical report, Sumitomo Chemical Co., Ltd., BT-
0207. 12 December 2003. 

Test Chemical: Procymidone, 99.0% pure 

Dose and Route: 62.5 and 125 mg/kg bw/d, gavage 

Test Species: 'Purpose-bred' female Cynomolgus monkeys (Macaca fascicularis), 4/group; 2.65-3.82 
kg; 4-7 years old; Source: China National Scientific Instruments & Materials 
Import/Export Corporation, Beijing, China 

Duration of Study: April—December 2003 

QA & GLP: No  

Guidelines: Nil 

This preliminary study aimed at assessing the effects of procymidone on dams and the development on external 
genitalia in male monkey fetuses. Procymidone (suspended in 0.5% methylcellulose solution) was administered 
daily orally (intragastrically) to pregnant female Cynomolgus monkeys (determined via ultrasound and confirmed 
by presence of gestational sac; 4/dose) at 62.5 and 125 mg/kg bw/d on gestational days 20–99 (reported to cover 
the critical period of sexual differentiation of the fetal external genitalia). There was no control group in this 
preliminary study (no further details were provided). Animals were observed twice daily (pre-dosing and 1–2 h after 
dosing) during the dosing period and once daily during the non-dosing period. Bodyweights and food consumption 
were monitored every 7–10 days. Blood for haematology and serum biochemistry was collected once before the 
initiation of dosing (D19) and once on GD100. Blood for toxicokinetics testing was collected on GD20 and GD99 
(pre-dosing [final day only], 2, 4, 8 and 24 h after dosing). Blood was also collected upon confirmation of abortion 
(one at low dose on GD27 and one at high dose on GD31; toxicokinetics not performed). On GD100 or 102, 
caesarean section was performed and the fetuses and placentae were removed. Dams were sacrificed and gross 
necropsy was performed. Each fetus was examined for sex and weighed, and the placenta was weighed. External 
(crown-rump length, body form, symmetry of head, facial form, mandibular formation, eyes and eyelids, hair of 
head, nipple formation, anus, fingers, toes, nails or the fingers and toes, ears, tail, upper and lower extremities, 
external genitalia, vertebral column, umbilical cord and palate) and visceral examinations were conducted on the 
fetuses. No statistical analyses were performed. 

CLINICAL SIGNS, BODYWEIGHT AND FOOD CONSUMPTION IN DAMS 

There were no deaths or treatment-related clinical signs. Two animals aborted on GD27 (62.5 mg/kg bw/d group) 
and GD31 (125 mg/kg bw/d group). Genital bleeding was noted on the day of abortion for the animal in the 
125 mg/kg bw/d group. Abortions were considered to be incidental and not treatment-related as the incidence was 
within normal control range and did not demonstrate a dose relationship. There were no treatment-related effects 
on bodyweights or food consumption. 

 



184 RECONSIDERATION OF PROCYMIDONE: HUMAN HEALTH RISK ASSESSMENT REPORT (INCLUDING 
TOXICOLOGY AND WORK HEALTH SAFETY)  

HAEMATOLOGY, SERUM BIOCHEMISTRY AND TOXICOKINETICS 

The report states that haematology and serum biochemistry findings were within the range of the background data. 
Historical data were not cited in the study and could therefore not be verified. A trend for time- and/or dose-related 
changes in haematology and serum biochemistry was observed in both groups. Due to a large range in standard 
deviation values (≥ mean to ~50% of the mean) for these parameters, a definite conclusion on treatment-related 
effects could not be drawn. 

The Tmax was 2-4 h. The Cmax and AUC0-24h values were variable between individuals in the 125 mg/kg bw/d group 
at GD20 and in the 62.5 mg/kg bw/d group at GD99. The average Cmax values were 0.45 and 0.96 µg/mL on GD20 
(dose-related increase) and 1.22 and 1.25 µg/mL on GD99 for the 62.5 and 125 mg/kg bw/d groups, respectively. 
The AUC0-24h values were 7.08 and 12.83 µg.h/mL on GD20 (dose-related increase following the first dose) and 
19.89 and 20.82 µg.h/mL on GD99 (after daily dosing) for the 62.5 and 125 mg/kg bw/d groups, respectively. The 
increase in Cmax and AUC0-24h at GD99 compared to GD20 suggests that accumulation occurs during repeated 
dosing, but this is less than dose-proportional  

GROSS PATHOLOGY, FETUSES, EXTERNAL, PLACENTAL AND VISCERAL FINDINGS 

No abnormalities were observed in major organs in the gross pathology findings. All fetuses delivered by 
caesarean section were alive (2 male and 1 female fetuses in the 62.5 mg/kg bw/d and 3 male fetuses in the  
125 mg/kg bw/d group). No abnormalities in fetal bodyweight or placental weight were noted. 

Placenta was observed for each fetus in each treatment group. In the 62.5 mg/kg bw/d group, one fetus displayed 
poor downy hair and asymmetry of palatal fold, reddish-orange secondary placenta, poor placental vascularity and 
partial oedema of the umbilical cord. No abnormalities in fetal external and placental findings were observed in the 
125 mg/kg bw/d group. The study report indicates that no abnormalities in fetal external measurements or 
observation parameters (including external genitalia in male fetuses) were noted.  

One fetus displayed a small left kidney in the 62.5 mg/kg bw/d. No visceral abnormalities or variations were 
observed in the 125 mg/kg bw/d group. 

The external, placental and visceral findings noted in the one fetus at 62.5 mg/kg bw/d were not considered to be 
treatment-related because the changes were only noted in one fetus, were within normal range and were not 
observed at the highest dose tested. Overall, there was no evidence of fetal toxicity at up to 125 mg/kg bw/d.  

Based on these results and under the conditions of this study, it was recommended to use the highest dose tested 
in a subsequent study examining the effects of oral administration of procymidone on external genitalia 
development in male Cynomolgus monkeys (Fukunishi 2003b). This study is presented at Fukunishi K 
(2003b)Fukunishi K (2003b) .
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9. Fukunishi K (2003b) A study of the effects of procymidone on external genitalia development in male 
foetuses by oral administration to Cynomolgus monkeys. Shin Nippon Biomedical Laboratories, Ltd. 
Unpublished Study No. SBL27-32, Technical report, Sumitomo Chemical Co., Ltd., BT-0208. 15 
December 2003 

Test Chemical: Procymidone, 99.0% pure 

Dose and Route: 0 and 125 mg/kg bw/d, gavage 

Test Species: 'Purpose-bred' female Cynomolgus monkeys (Macaca fascicularis), 8/group; 2.5-4.3 kg; 
3-9 years old; source: China National Scientific Instruments & Materials Import/Export 
Corporation, Beijing, China 

Duration of Study: April—December 2003 

QA & GLP: GLP only 

Guidelines: Nil 

In a study to evaluate the effects of procymidone on the 'development of external genitalia in male monkey 
fetuses', procymidone (suspended in 0.5% methylcellulose solution) was administered to mated female monkeys 
(presence of sperm in a vaginal smear was taken as GD0; 16/group) at 0 (vehicle) or 125 mg/kg bw/d by gavage 
on GD20–99 (reported to cover the critical period of differentiation of the fetal external genitalia development). 
Clinical signs were monitored daily while bodyweights and food consumption were monitored every 7–10 days.  
On GD100, 101 or 102, Caesarean section was performed and the fetuses and placentae were removed.  
Each fetus was examined for sex and weighed, and the placenta was weighed. External (including recording the 
presence of small scrotum, small penis and prominent midline raphe, and the measurement of anogenital 
distance) and visceral examinations were conducted on the fetuses. 

The doses were selected on the basis of a preliminary study (Fukunishi, 2003a; Study No. SBL 27–31) presented 
at Fukunishi K (2003a).  This study administered oral doses of 62.5 or 125 mg/kg bw/d to Cynomolgus monkeys 
on GD 20–99. In this study no treatment-related effects were reported.The preliminary study also monitored 
plasma levels of procymidone.  

MORTALITY, CLINICAL SIGNS, BODYWEIGHT AND FOOD CONSUMPTION IN DAMS 

There were no deaths or treatment-related clinical signs. All the animals were pregnant. Genital bleeding was 
reported in most of the animals in each group (in 15/group). This was reported to be a placental sign, usually 
observed in Cynomolgus monkeys in the early stages of pregnancy. There were no treatment-related effects on 
bodyweights or food consumption. 
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UTERINE PARAMETERS 

All the fetuses delivered by Caesarean section were alive (6 male and 10 female fetuses in the control group; 
8/sex in the treated group). Fetal weights were comparable in the control and treated groups. External (including 
external genitalia and nipple formation) and visceral examination of the fetuses, did not reveal any treatment-
related abnormality. There were no treatment-related abnormalities in the placenta, including weight and diameter. 

The sponsor provided evidence to demonstrate that the monkey is a suitable model to detect developmental 
toxicity of anti-androgenic compounds. In monkeys, flutamide (≥ 10 mg/kg bw/d po), an anti-androgen, caused 
abnormalities of external genitalia in male fetuses (small penis, small scrotum and a prominent midline raphe). 
Additional support for the reliability of using this model comes from a published study (Prahalada et al, 1997)7 on 
finasteride. The oral administration of finasteride in pregnant rhesus monkeys resulted in hypospadias, preputial 
adhesions to the glans, a small underdeveloped scrotum, a small penis and a prominent midline raphe in male 
fetuses.  

The results of studies with other known anti-androgenic compounds demonstrated the appropriateness of the 
model. Therefore, it is concluded that there were no treatment-related effects of procymidone (125 mg/kg bw/d) on 
the development of male fetuses in treated monkeys. 

10. Inawaka K (2005). Study for determination of minimum toxic dose of the effects on male external 
genitalia in rats with procymidone. Environmental Health Science Laboratory, Sumitomo Chemical Co 
Ltd, Osaka, Japan. Unpublished Study. Sumitomo Chemical Technical Report No. BT-0217. 3 August 
2005 

Test Chemical: Procymidone 99.6%, prepared as 7.5 and 12.5 mg/mL suspensions in corn oil, used 
within 14 days (the stable period) 

Dose and Route: 0, 37.5, 62.5 mg/kg bw/d, 5 mL/kg bw by gavage 

Test Species: Female rats Crj:CD (SD) IGS SPF, 11 w.o, 276-342 g from Charles River Japan Inc. 

Duration of Study: November 2004—August 2005 

QA & GLP: Yes 

Guidelines: Not stated 

7 Prahalada S et al (1997): Effect of finasteride, a type 2 5-alpha reductase inhibitor, on fetal development in the Rhesus monkey (Macaca mulatta). Teratology 55:119-131 
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Groups of 20 pregnant rats (F0) received 0, 37.5 or 62.5 mg/kg bw/d of procymidone by oral gavage from Day 6 to 
Day 19 of gestation. Additional two dosing groups of 28 and 26 pregnant rats at 37.5 and 62.5 mg/kg bw/d 
respectively, were used for toxicokinetic study. Mating was made between 11 week old males and 10 week old 
females, and the day of confirmed copulation was designated as Day 0 of gestation. The dosing volume was set at 
5 mL/kg bw, calculated from the most recent bodyweight. The animals were observed daily for mortality and 
clinical signs. Bodyweights were measured on GD0, 6, 9, 12, 15, 17 and 20 of gestation, and on postpartum days 
0, 7, 14 and 21. On day 21 of postpartum, the maternal animals were euthanized by inhalation of carbon dioxide 
gas, and their cervical, thoracic and abdominal organs were grossly examined. The number of implantation sites 
was counted and the live birth index was calculated.  

For the toxicokinetic groups, blood samples were taken from the abdominal aorta of rats under ether anesthesia 2, 
4, 8 and 24 h after dosing on GD6 and 19. The drug concentrations in plasma were quantitated by HPLC-UV 
analysis. The Tmax, Cmax and AUC2-24 were calculated. 

All rats were allowed to deliver naturally, and to nurse until weaning (day 21). The offspring were observed at birth 
for numbers born dead or live, sex, and any external malformations.  

The offspring (F1) were observed for mortality and clinical signs daily, for bodyweight weekly from day 0. All males 
were observed daily for mortality and clinical signs including external genitalia. Females at weaning (day 21) and 
males on postpartum day 56, were euthanized by inhalation of carbon dioxide, and their cervical, thoracic and 
abdominal viscera, and external genitalia (including preputial separation for males) were grossly examined. From 
males that were median value of bodyweight in each litter, testes, epididymides, prostate and seminal vesicles 
(including coagulating gland) were weighed, and fixed.  

Data were statistically analysed by Bartlett’s test in combination with Dunnett’s multiple comparison test or Steel’s 
multiple comparison test, or by Chi-squared test.  

RESULTS  

In the dams, there were no deaths or clinical signs. Bodyweight gains were significantly lower on day 12 of 
gestation at 37.5 mg/kg bw/d and on days 12 and 20 at 65 mg/kg bw/d. Parameters for F0 gestation and 
parturition, and viability index of F1 offspring were comparable amongst groups. Toxicokinetic analysis indicated 
that the plasma concentration reached maximum within 2 to 4 h, and was slightly higher on the last day than the 
first day of the dosing period (Table 89).  

Table 89—Toxicokinetic parameters of procymidone in F0 females 

Dose (mg/kg bw/d) 37.5  62.5 

Gestation Day GD6 GD19 GD6 GD19 

Cmax (µg/mL) 3.11 4.01 3.91 4.43 

Tmax (h) 2 4 2 2 

AUC2-24 (µg.h/mL) 32.97 37.95 45.70 35.73 

AUC0- ∞ (µg.h/mL) 34.84 40.16 46.74 36.96 
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The teratogenic effects of PCM-CH2OH on the external genitalia in rats were observed at the same level as 
procymidone. Dose-related increased incidence of misshapen penis, unseparated prepuce and hypospadias were 
observed in treated groups. There were no other abnormal external findings in F1 offspring (Table 90).  

Table 90—Changes in F1 males on postpartum day 56 

Parameter 
Dose (mg/kg bw/d) 

0 37.5  62.5 

Number of fetuses (litters) examined 199 (20) 122 (19) 135 (20) 

Penis, misshapen 0/199 (0/20) 13/122 (7/19) 48/135 (18/20) 

Unseparated prepuce 0/199 (0/20) 14/122** (6/19*) 58/134** (18/20**) 

Hypospadias 0/199 (0/20) 14/122** (6/19*) 55/134** (18/20**) 

**p < 0.01. 

A fetal NOAEL was not established in this study due to developmental changes in the penis at all dose levels. The 
maternal NOAEL was 62.5 mg/kg bw/d, the highest dose tested. 

11. Metzdorff SB, Dalgaard M, Christiansen S, Axelstad M, Hass U, Kiersgaard MK, Scholze M, Kortenkamp 
A, Vinggaard AM (2007). Dysgenesis and histological changes of genitals and perturbations of gene 
expression in male rats after in utero exposure to antiandrogen mixtures. Toxicol Sci. 2007 Jul;98(1):87-
98 

The study was designed to assess the ability of a mixture of three androgen receptor antagonists (vinclozolin, 
flutamide and procymidone) to induce disruption of male sexual differentiation after perinatal exposure. Chemicals 
were tested individually as well as in mixtures. The study reported the following endpoints: pregnancy length, litter 
size and sex ratio, birth weight, pup weight gain and survival, external male genitalia morphology, organ weight, 
histopathology and gene expression (androgen-regulated and androgen receptor genes). Only observations 
relating to procymidone tested in isolation are reported below in this evaluation. 

Pregnant Wistar rats (n=8/dose, except vehicle group, n=16) were administered procymidone (99% pure in corn 
oil) by oral gavage from gestational day (GD) 7 to the day prior to expected birth (GD21) and from PND1 to 
PND16. An initial dose response study tested procymidone and vehicle controls singularly (0, 5, 10, 25, 50, 100 or 
150 mg/kg bw/d), whereas the main study tested mixtures of three test substances in addition to vehicle control 
groups and low and high test substance controls (for procymidone this was 0, 14.1 or 68.1 mg/kg bw/d).The 
numbers of litters varied for the control and mixture groups from 11 to 13 and for the single-compound 
experiments from 4 to 10, respectively. 

Dams were weighed daily, and the health status of dams and offspring was monitored twice daily. 
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On PND16, bodyweights of male pups were recorded and autopsy performed. Selected organs were excised and 
weighed and used for either histopathology or gene expression studies. Male external genitals were inspected and 
changes were scored 0-38.  

When at least two males were in a litter, gene expression levels were measured from only one pup. Expression 
levels of prostate-binding protein subunit C3 (PBP C3), ornithine decarboxylase (ODC), insulin-like growth factor I 
(IGF-I), complement component 3 (Compl.C3), testosterone-repressed prostate message 2 (TRPM-2), and 
androgen receptor were quantified in the prostate. 

Birth bodyweights of all male and female pups were analysed. Statistical analyses of organ weights and 
macroscopic lesions were performed for 1 to 4 males per litter, and testes were analysed from all offspring. The 
study did not report: 

• the litter sizes per treatment group 

• the male:female pup ratio per litter/treatment group. 

Statistical analysis was performed using standard statistical methods.  

RESULTS 

The study authors reported the following results: 

Dose-response and Main studies:  

• No clinical signs of toxicity. Maternal bodyweight gain from GD7 to PND1, pregnancy length, litter size, 
pup birth weight (both sexes), litter sex ratio, and pup weight gain and survival were reportedly 
unchanged in procymidone treated groups when compared to controls. 

Dose-response study:  

• Body and organ weights from male rat pups at PND16 are shown in Table 92. The authors note that all 
reproductive organ weights showed a downward trend with increasing dose. Seminal vesicle weights 

8 Reproduced from Metzdorff et al, 2007 

Score 0 (no effect): normal genital tubercle, with the urethral opening found at the tip of the genital tubercle and the preputial skin intact. In the perineal area, thick 
fur extends caudally from the base of the genital tubercle and half the distance to the anus. A furless area circumscribes the anus. 

Score 1 (mild dysgenesis of the external genitals): a small cavity on the inferior side of the genital tubercle or a minor cleft in the preputial opening is observed, 
estimated 0.5–1.4 on an arbitrary scale. The size of the genital tubercle may be decreased. The furless area around the anus expands toward the base of the 
genital tubercle, but thick fur is still present at the base of the genital tubercle. 

Score 2 (moderate dysgenesis of the external genitals): the preputial cleft is larger, estimated 1.5–2.4 on an arbitrary scale. The urethral opening is situated 
halfway down toward the base of the genital tubercle (hypospadia). Partly furless e.g., thin fur is noted in the perineal area ranging from the base of the genital 
tubercle and caudally to the furless area circumscribing the anus. 

Score 3 (severe dysgenesis of the external genitals): the preputial cleft is large, estimated 2.5–3.5 on an arbitrary scale. The urethral opening is situated further 
than halfway down the inferior side of the genital tubercle to the base of the genital  tubercle. At the base of the genital tubercle, a groove extending laterally is 
observed (similar to control females at PND16). The rat is totally furless in the entire perineal area. 
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and epididimydes weights were decreased at 25 mg/kg bw/d, weights of prostate and bulbourethral 
glands were decreased at 10 mg/kg bw/d, and LABC was reduced at 50 mg/kg bw/d.  

• Gene expression was studied in prostates of the high dose group, and Compl.C3 mRNA was reportedly 
significantly elevated, while PBP C3 and ODC mRNA were reportedly significantly down-regulated 
(data not provided). 

Compl.C3 encodes for the complement component 3 protein. This protein plays a key role in immune response 
(complement system). 

Table 91—PND16 body and organ weights changes in male pups following procymidone treatment  
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0 38.5 
±1.2 

68.7 
±1.7 

68.9 
±1.8 

25.3 
±1.2 

16.6 
±0.8 

13.4 
±1.2 

24.8 
±1.4 

1.9 
±0.1 

10.9 
±0.4 

399 
±14.3 

1032 
±27.9 

5 39.3 
±1.5 

69.5 
±1.2 

69.7 
±1.2 

25.9 
±1.5 

14.7 
±0.8 

10.2 
±0.8* 

22.1 
±2.1 

1.7 
±0.1 

10.8 
±0.7 

405 
±17.6 

1031 
±54.5 

10 36.1 
±1.4 

70.0 
±1.3* 

69.8 
±1.2* 

24.6 
±1.6 

13.0 
±0.6* 

11.9 
±0.9 

20.3 
±1.3* 

1.5 
±0.0* 

9.9 
±0.7 

383 
±23.3 

923 
±40.4 

25 35.9 
±2.5 

67.0 
±2.9 

67.0 
±3.5 

20.0 
±1.3* 

10.1 
±1.0** 

8.5 
±1.0** 

23.0 
±3.8 

1.3 
±0.2** 

11.1 
±0.8 

373 
±31.5 

962 
±83.0 

50 36.8 
±1.9 

68.1 
±2.0 

68.6 
±1.9 

22.0 
±1.6 

9.1 
±0.8** 

8.4 
±0.9** 

17.4 
±1.1** 

0.9 
±0.2** 

10.9 
±0.6 

385 
±22.8 

994 
±55.3 

100 32.0 
±1.8 

61.0 
±1.5 

60.7 
±1.6 

18.4 
±2.0** 

6.2 
±1.0** 

6.6 
±1.1** 

19.7 
±2.0 

0.7 
±0.5** 

10.8 
±0.7 333 ±9.5 916 

±32.6 

150 36.0 
±1.5 

54.0 
±1.6** 

54.1 
±1.8** 

16.8 
±1.6** 

2.3 
±0.4** 

4.5 
±0.9** 

9.4 
±1.9** 

1.2 
±0.4* 

13.0 
±1.2* 

378 
±22.0 

1123 
±111.8 

Data represent least squares means ± SEM. LABC: levator ani/bulbocavernosus muscle. 

Columns 2, 3, 5, 9, and 10 represent statistical significant effect of the covariate, bodyweight (p < 0.05). Statistical significant 

different compared to controls (*p < 0.05) and (**p < 0.01), respectively. All statistically significant differences are shown in 

bold. Adapted from Metzdorff et al, 2007 (Table 1). 

Main Study 

• Body and organ weights from male rat pups at PND16 are shown in Table 92. The high dose 
decreased most reproductive organ weights, while the low dose decreased the weights of epididymides 
and prostate. 
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• Male pups with dysgenesis of the external sex organs showed a significant increase in incidence as 
compared to controls, and increased severity with increasing dose. At 14.1 mg/kg bw/d approximately 
40% of rats showed mild dysgenesis and at 68.1 mg/kg bw/d approximately 20% scored mild, 40% 
scored moderate (score 2) and 40% scored severe (score 3).  

• Malformed epididymides were present at an increased incidence in high dose animals, but not at the 
low dose; however this was not statistically significant. 

• An ~20% increase in the incidence of histological alterations (hypoplasia) in the ventral prostate and 
seminal vesicles was observed in the 68.1 mg/kg bw/d group compared to control and the 14.1 mg/kg 
bw/d group; however this difference was not statistically significantly different from controls. The 
incidence of histological alterations in the epididymides was not affected by treatment. 

• When compared to control, prostate gene expression of PBP C3 was significantly down-regulated at 
the high dose, ODC showed a dose-related decrease, and Compl C3 was increased at the high dose, 
but these were not statistically significant. .  

PBP C3 rate of synthesis is stimulated by testosterone (Hurst HC and Parker MG, 1983). The mechanism whereby 
androgens regulate the expression of PBP is via effects on rates of transcription but, in addition, they also 
modulate RNA turnover.  

Table 92—PND16 body and organ weights changes in male pups following procymidone treatment  
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0 33.7 ±0.9 64.4 
±2.2 

65.1 
±2.3 

25.3 
±0.8 

17.1 
±0.9 

11.0 
±0.9 

31.1 
±1.8 

2.5 ± 
0.3 

10.1 
±0.3 

350 
±8.6 

872 
±29.1 

4.2 
±0.3 

14.1 37.1 ±1.8 72.7 
±3.7 

72.2 
±3.1 

21.8 
±1.0* 

14.8 
±1.4* 

8.9 
±0.9 

28.1 
±0.8 

1.8 
±0.2 

10.6 
±0.4 

357 
±22.9 

959 
±30.1 

4.6 
±0.5 

68.1 31.6 ±1.5 57.7 
±4.2 

58.6 
±4.2 

16.1 
±1.3** 

8.8 
±0.6* 

5.9 
±1.4* 

16.8 
±1.2** 

0.1  
± . 

10.5 
±0.4 

338 
±23.7 

884 
±38.5* 

3.6 
±0.4 

Data represent least squares means ± SEM. ‘.’ Denotes that SEM is close to 0. 
aStatistical significant effect of the covariate, bodyweight (p < 0.05). Statistical significant different compared to controls 

(*p < 0.05) and (**p < 0.01), respectively. All statistically significant numbers are shown in bold. Adapted from Metzdorff et al, 

2007 (Table 2). 

The results suggested that procymidone affects a broad spectrum of end points in male offspring rats, including 
decreased reproductive organ weights, dysgenesis of the external sex organs and down-regulation of PBP C3 
gene expression in the prostate. 
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12. Hass U, Scholze M, Christiansen S, Dalgaard M, Vinggaard AM, Axelstad M, Metzdorff SB, Kortenkamp 
A (2007). Combined exposure to anti-androgens exacerbates disruption of sexual differentiation in the 
rat. Environ Health Perspect. 2007 Dec;115 Suppl 1:122-8 

The study was designed to assess whether the combined effects of three androgen receptor antagonists 
(vinclozolin, flutamide, procymidone) on male sexual differentiation after in utero and postnatal exposures can be 
predicted based on dose-response data of the individual chemicals. Chemicals were tested individually as well as 
in mixture. The study reports the following main endpoints: anogenital distance and nipple retention in male 
offspring of rats. Only the observations relating to procymidone tested in isolation are reported in the evaluation 
below. 

As data on procymidone were limited, a range-finding study was performed before the dose-response study 
(0, 25 or 200 mg/kg bw/d, n=4/dose; except vehicle control group n=16).  

Pregnant Wistar rats (n=8/dose, except vehicle group, n=16) were administered procymidone (99% pure in corn 
oil) at 0, 5, 10, 25, 50, 100, 150 mg/kg bw/d (Dose-response study) or 0, 14.1 or 61.8 mg/kg bw/d (Main study) by 
oral gavage from GD7 to the day prior to expected birth (GD21) and from PND 1 to PND16. 

Animals were monitored for general toxicity twice daily. After birth all live pups in the litter were weighed, sexed 
and anogenital distance was measured. The sex of several of the pups in the highest dose groups could not be 
determined based on the anogenital distance, as the anogenital distances were similar to female values in all pups 
in some litters. In these cases, the sex of the pups was determined later by internal inspection of reproductive 
organs with the presence of testes defining a male. 

The bodyweights of all pups were recorded on PND12 ± 1, together with the number of nipples/areolas, defined as 
a dark focal area (with or without a nipple bud) located where nipples are normally present in female offspring. 

The study did not report: 

• the litter sizes per treatment group. 

• the male:female pup ratio per litter/treatment group. 

Statistical analysis was performed using standard statistical methods.  

RESULTS AND CONCLUSIONS 

The study authors reported the following results: 

• No clinical signs of general toxicity were observed. 

• In the range-finding study, litter sizes were reportedly decreased (data not provided) at 200 mg/kg bw/d. 
In the dose-response study no effects on pregnancy length, litter sizes, birth weights, or sex ratios in 
the litters were observed up to the highest dose of 150 mg/kg bw/d. Maternal bodyweight gain from 
GD7 to PND1 was decreased in the dams at 25 mg/kg bw/d and higher, but lacked a clear 
dose-response relationship (data not provided). 
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• Procymidone produced a dose-dependent reduction in anogenital distance and increase in NR in male 
pups (data not provided). Compared with the anogenital distance index, NR was the more sensitive 
endpoint (Table 93).  

• No toxicologically significant treatment related effects were observed at 10 mg/kg bw/d (Table 93). 

Table 93—Dose-effect of procymidone treatment on nipple retention and anogenital distance 

 Effect doses (mg/kg bw/d) 

Medium Low 

 ED6a (95% CI) ED1a (95% CI) 

Nipple retention 33.91 (24.81-45.74) 7.51 (> .01-10.76) 

 ED50b (95% CI) ED90b (95% CI) 

Anogenital distance index 69.38 (56.69-86.38) 1.84 (4.12-22.47) 

aED6, ED1: – effect doses for 6 and 1 nipples, calculated from the respective dose–response function. bED50, ED90 – effect 

doses for 50% and 90% normalised anogenital distance index, calculated from the respective dose–response function; 95% 

CI – 95% confidence intervals for mean effect doses given in mg/kg/d. Adapted from Hass at al., 2007 (Table 2). 
  

13. Hass U, Boberg J, Christiansen S, Jacobsen PR, Vinggaard AM, Taxvig C, Poulsen ME, Herrmann SS, 
Jensen BH, Petersen A, Clemmensen LH, Axelstad M (2012). Adverse effects on sexual development in 
rat offspring after low dose exposure to a mixture of endocrine disrupting pesticides. Reprod Toxicol. 
2012 Sep;34(2):261-74 

The study was conducted to assess whether a mixture of low doses of five pesticides (epoxiconazole, mancozeb, 
prochloraz, tebuconazole and procymidone) causes adverse developmental toxicity effects in rats. Chemicals 
were tested individually as well as in mixture. The study reports the following main results: gestational length, 
anogenital distance, nipple retention and genital malformation in male offspring. Only the observations relating to 
procymidone tested in isolation are reported in the evaluation below. 

Time-mated Wistar rats (HanTac:WH) were administered procymidone (99.5% pure in corn oil) at 0 (n=22), 12.5 
(n=12), 50 (n=10) mg/kg bw/d by oral gavage from GD 7 to 21 and from the day after birth to PD16.  

Note: expected day of delivery was considered to be GD23 and was designated as PD1 for the pups.  

Animals were monitored twice daily for signs of toxicity and bodyweights were recorded daily during the dosing 
period. Weights of dams and pups were recorded after delivery (occurred between GD22 and 24) and for pups on 
PD 6, 13 and 22. Pups were counted, sexed, checked for anomalies and anogenital distance was measured. Male 
and female offspring were examined for NR on PD13. One to three male and female pups per litter were sacrificed 
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on PD16 and 22. Male reproductive organs were examined for anomalies and testicular descent and scored9 for 
external genital malformations on PD22. Weaned male offspring were scored9 for external genital malformations at 
PD50. At approximately 9 months 1-2 male per litter were sacrificed and testes descent, alopecia in the perineal 
area, cleft phallus and hypospadia were assessed and scored9.  

In vitro experiments (androgen receptor reporter gene assay based on AR-transfected CHO were performed in 
order to test the ability of the pesticides to activate the androgen receptor (AR) and to inhibit androgen-induced 
activation of the AR. Procymidone was tested in triplicate within the range 0.03-30 µM. 

Procymidone was tested in the human adrenocortical carcinoma cell line H295R to investigate for effects on the 
synthesis of estradiol, progesterone and testosterone. Six doses were tested (concentrations not provided). 

Statistical analysis was performed using standard statistical methods.  

RESULTS 

The study authors reported the following results: 

• The number of viable litters was 15 (out of 22; 68%), seven (out of 12; 58%) and four (out of 10; 40%) 
for the 0, 12.5 and 50 mg/kg bw/d groups, respectively. Incidences of post implantation loss, perinatal 
loss and postnatal death in the treated groups were similar or lower than controls and so the reduced 
incidence of litter viability may have been due to a decreased but unexplained pregnancy rate. A 
relationship between treatment and this finding cannot be dismissed given the absence of other 
information for the finding. 

• Procymidone treatment did not affect maternal weight gain from GD7 to GD21 and from GD7 to PD1, 
gestation length, % post-implantation loss, % perinatal loss, number of pups alive/litter, % postnatal 
death and % males. 

• The dams did not display clinical signs of toxicity. 

• No effects of treatment on pup (male and female) bodyweights at birth PD6, 13 and 22 were observed. 

9 Reproduced from Hass et al, 2012 

Score 0 (no effect): normal genital tubercle, with the urethral opening found at the tip of the genital tubercle and the preputial skin intact. 

Score 1 (mild dysgenesis of the external genitals): A small cavity on the inferior side of the genital tubercle or a minor cleft in the preputial opening was observed, 
estimated 0.5–1.4 on an arbitrary scale. The size of the genital tubercle was decreased. 

Score 2 (moderate dysgenesis of the external genitals): The preputial cleft was larger, estimated 1.5–2.4 on an arbitrary scale. The urethral opening was situated 
half-way down towards the base of the genital tubercle (hypospadias). 

Score 3 (severe dysgenesis of the external genitals): The preputial cleft was large, estimated 2.5–3.5 on an arbitrary scale. The urethral opening was situated 
further than half-way down the inferior side of the genital tubercle to the base of the genital tubercle (hypospadia). At the base of the genital tubercle a groove 
extending laterally was observed (similar to control females). 
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• There was a significant increase in nipple retention in male pups on PD13 at both doses compared with 
controls, which appeared to increase with dose. 

• Male and female offspring anogenital distance and number of areolas are shown in Table 94. There 
was a small but significant decrease in male anogenital distance at both doses, and a significant and 
dose-related increase in number of areolas in males. 

• Increased in male genital malformation (number and severity; details were not presented) was 
reportedly observed with time (PD16 < PD22 < PD50) at 50 mg/kg bw/d. 

• Procymidone exhibited a dose-dependent androgen receptor antagonistic effect in vitro.  

Table 94—Male and female offspring anogenital distance (AGD) and number of areolas 

 
Dose (mg/kg bw/d) 

0 12.5 50 

Male AGD (units) 24.5 ± 1.1 22.8 ± 0.9 * 22.0 ± 0.7 ** 

Female AGD (units) 13.6 ± 0.6 13.4 ± 0.4 13.3 ± 0.2 

N° areolas malesa 0.0 ± 0.0 2.8 ± 1.2** 6.0 ± 2.0** 

N° areolas females 12.0 ± 0.4 12.2 ± 0.2 12.4 ± 0.4 

a As the number of nipples in the control group males was zero, it was therefore necessary to put in 1 nipple in 3 pups from 

the control group to perform the statistical model,*p < 0.01; **p < 0.001. Adapted from Hass et al, 2012 (Table 3). 

14. Jacobsen PR Axelstad M, Boberg J, Isling LK, Christiansen S, Mandrup KR, Berthelsen LO, Vinggaard 
AM, Hass U (2012). Persistent developmental toxicity in rat offspring after low dose exposure to a 
mixture of endocrine disrupting pesticides. Reprod Toxicol. 2012 Sep;34(2):237-50 

The study was conducted to assess the permanent reproductive and neurobehavioral effects of combined 
exposure to five endocrine disrupting pesticides (epoxiconazole, mancozeb, prochloraz, tebuconazole and 
procymidone) as a mixture at doses at or below the doses of individual pesticides estimated not to cause adverse 
toxicological effects. Chemicals were also tested individually at higher doses. The study reports results on thyroid 
and reproductive organs and behavioural endpoints from pre-pubertal and adult animals. The authors indicate that 
the results for maternal endpoints, postnatal development and genital malformation frequencies are presented in 
Hass et al, 2012. Only the observations relating to procymidone tested in isolation are reported in the evaluation 
below. 

Time-mated Wistar rats were administered procymidone daily (99.5% pure in corn oil) at 0 (n=22), 12.5 (n=12), 50 
(n=10) mg/kg bw/d by oral gavage from GD7 to PD16 (Hass et al, 2012). 

Animals were monitored twice daily for signs of toxicity and bodyweights were recorded daily during the dosing 
period. One to three male and female pups per litter were sacrificed on PD16, 22 and 50. Organs and blood were 
collected for further analysis. Adult female and male offspring were autopsied at approximately 6 and 9 months, 
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respectively. Organs and blood were collected for further analysis and semen motility was analysed.Offspring were 
tested for:  

• Motor activity and habituation capability on PD28 and 59 (n=9–17 for control and n=2–9 for single 
pesticide groups). 

• Learning and memory (Morris water maze) at the age of 4–5 months (n=9–10 for control and mixture 
groups and n=2–6 for single pesticide groups). 

• Mating behaviour in male offspring with the animals previously tested in the Morris maze. 

Statistical analysis was performed using standard statistical methods. 

The following results were reported: 

• The number of viable litters was 15, 7 and 4 for the 0, 12.5 and 50 mg/kg bw/d groups, respectively. 
The reduction in viable litters was marked but no possible explanation for the finding was provided.  

• Dam bodyweight gain, litter size, and pup mortality were not affected by treatment. 

• Bodyweight and organ weights of male offspring (PD16) and adult male offspring are shown in 
Table 95. Note: it is assumed that the units in this table, as transcribed from the paper, are incorrect, 
and that the PD16 organ weights are in mg. In PD16 males, there was a decrease in epididymis, 
prostate and bulbourethral gland weights in the high dose procymidone group (n=3) and an increase in 
testis weight in the low dose group (n=6) relative to control. Adult male offspring had a decreased 
prostate weight in the high dose group (n=6). 

• No clear changes were observed in the histological examination of thyroid (female), testes, seminal 
vesicles and epididymides at PD16. 

• Sperm motility parameters (% motile sperm, % progressive sperm) were not affected by treatment. 

• One male displayed testes with tubular degeneration in ~20% of seminiferous tubule cross-sections at 
12.5 mg/kg bw/d. Given the low incidence of this finding and the magnitude of the effect it was not 
considered to be toxicologically significant. 

• No differences were observed in epithelial atrophy and papillary growth scores, interstitial inflammation, 
intraepithelial vacuolation, acini with concretions in the lumen, presence of areas with multilayering of 
epithelial cells, focal acinar atrophy and liver histopathology. 

• Treatment did not affect age or weight at onset of puberty (determined by vaginal opening and preputial 
separation; data not provided). 

• Male and female motor activity was not affected by treatment at PD28; however when tested as adults, 
females showed an increase in motor activity compared to males. When male and female data was 
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analysed separately against their respective control no effect was noted by study authors. However the 
limited number of animals raises doubts over this conclusion. The findings could not be discounted as 
being related to treatment. 

• Procymidone treatment did not affect swim lengths and latencies (Morris maze) in females. 
Procymidone treatment did not affect swim lengths in males. Increases in swim latency at day 7 and 
total swim latency were observed in males at 50 mg/kg bw/d compared to control. No effects of 
procymidone treatment were observed (males and females) during reversal learning. 

• Mating behaviour (frequency of mounting, intromission and ejaculation, and intromission latency) was 
reportedly not affected by procymidone treatment (data not provided). 

• Procymidone treatment did not affect progesterone and testosterone levels in adult offspring. 

Table 95—Bodyweight and absolute organ weights changes in male offspring at PD16 and in adult male 
offspring following procymidone treatment * 
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Bulbo: glandula bulbocavernosus; LABC: levator ani/bulbocavernosus muscle. Statistically significant differences between 

control group and treated group; *p < 0.05, **p < 0.01. p values result from ANCOVA using bodyweights as a covariate 

followed by Dunnett’s test on all groups. Significantly different from controls in a model including only control and different 

doses of procymidone using Dunnett’s post hoc test; # p < 0.05, ## p < 0.01. All significant results are written in bold. Adapted 

from Jacobsen et al 2012 (Table2). 

* Note that the units for organ weights in the PD16 animals are assumed to be mg, not g. 

Conclusions from this study are limited by the small group sizes that resulted from low pregnancy rates. Effects on 
male offspring when procymidone is administered orally from GD 7 to 21 at 12.5 or 50 mg/kg bw/d were similar to 
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previous studies, and included changes in male offspring reproductive organ weights. Consistent or dose-related 
effects on selected endpoints for the endocrine and nervous systems were not observed. 

15. Inawaka K Kawabe M, Takahashi S, Doi Y, Tomigahara Y, Tarui H, Abe J, Kawamura S, Shirai T (2009). 
Maternal exposure to anti-androgenic compounds, vinclozolin, flutamide and procymidone, has no 
effects on spermatogenesis and DNA methylation in male rats of subsequent generation. Toxicol Appl 
Pharmacol. 2009 Jun 1;237(2):178-87 

The study was conducted to assess whether vinclozolin, procymidone or flutamide cause transgenerational effects 
on spermatogenesis and DNA methylation in rats. Chemicals were tested individually. The study measured DNA 
methylation analysis of a region (210 bp including 7 CpG sites) within the lysophospholipase gene, and sperm 
analysis (count, motility and morphology) of the sperm in F1 and F2 male pups. Only the observations relating to 
procymidone are reported in the evaluation below. 

The F0 generation comprised 31 male (10-wk old) and 62 female (9-wk old) Charles River derived-CD (Sprague-
Dawley, Crl:CD (SD)) rats. Animals were cohabited to obtain F1 male pups. Pregnant F0 female rats (5/group, 
gestation day [GD] 0=day sperm were detected) were injected ip with 100 mg/kg bw/d procymidone (99.5% pure in 
DMSO) or DMSO only from GD8 to GD15. F2 pups were generated by mating F1 males with untreated females. No 
standardisation of F1 and F2 litter size was performed. Experimental pups were allocated as follows: 1–2 males for 
the DNA methylation analysis at PND6 (F1 and F2), 1 male for the histology, sperm analysis and DNA methylation 
analysis (13 weeks old, F1), and 1 male as parental animal (F1). 

Animals were monitored at least once daily and weighed several times during the study. Reproductive parameters 
recorded were fertility, gestation length, sex, litter size and pup viability. Necropsies were performed for parental F0 
males (13 weeks old), selected F1 males (1/litter, 13 weeks old), and parental F1 males (1/litter, 20 weeks old). 
Testes and epididymides of these animals, in addition to prostate and seminal vesicles of the selected F1 males 
(1/litter, 13 weeks old) were weighed.  

Statistical analysis was performed using standard statistical methods.  

RESULTS 

The study authors reported the following results: 

• F0 females:  

- Decreased motor activity and lower bodyweight gains during the treatment period.  

- No abnormalities in reproductive performance (n=5 per group), including gestation period, number of 
implanations or live offspring, live birth index 

•  F1 pups:  

- No changes in viability, clinical signs and bodyweight in procymidone group compared to control.  

• F0 males: (included to confirm they were normal) 

- One male had partial atrophy of seminiferous tubules and lower number of testicular sperm. The 
resulting F1 male had no abnormalities in spermatogenesis and DNA methylation status.  
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• F1 males at 13 weeks compared with Control: 

- No abnormalities in testis weights, number of apoptotic cells in testis, testicular sperm head count, 
epididymal sperm motility and morphology.  

- No abnormalities in reproductive performance of the procymidone group. 

• DNA methylation: 

- All F0 males (13 weeks) 

- PND6 for  1 or 2 per litter F1 and F2 pups 

- 1 male per litter for F1 (20 weeks) 

- All seven CpG sites of the targeted region were fully methylated (> 93%) in epididymal sperms of F0 
males and no individual differences were found. 

- Slightly lower DNA methylation rate of each CpG site was observed in testes of F1 male pups (PND6) 
compared to F0 epididymal sperms. No treatment-related changes were observed at PND6. 

- No treatment-related changes were observed in epididymal sperm of F1 males compared to control at 
13 weeks of age. However, the timepoint for this observation is unclear, as both 13 and 20 weeks 
were report. 

- Comparable DNA methylation rate of each CpG site in male F2 pups (PND6) testes were noted. No 
differences in the DNA methylation rate were observed between F1 and F2 male pups. 

On the basis of the results from this limited study, procymidone treatment to maternal rats during GD8 to GD15 is 
not considered to cause transgenerational abnormalities of spermatogenesis, DNA methylation status or fertility in 
F1 males and in the next generation However the study design and route of administration (intra-peritoneal) limit 
the regulatory usefulness of the study. 

16. Izumi H (2005). Teratogenicity study of hydroxylated procymidone in rats by oral administration 
(observation of male offspring). Environmental Health Science Laboratory, Sumitomo Chemical Co Ltd, 
Osaka, Japan. Unpublished Study. Sumitomo Chemical Technical Report No. BT-0220. 4 August 2005 

Test Chemical:  Hydroxylated procymidone (purity and source not stated) 

Dose and Route:  0, 62.5, 125 mg/kg bw/d, 5 mL/kg bw by gavage 

Test Species:  Crj:CD (SD) rats. Bodyweight and source not stated 

Duration of Study:  Not stated 

QA & GLP:  No 

Guidelines:  Not stated 
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Groups of 12 pregnant rats (F0) received 0, 62.5 or 125 mg/kg bw/d of hydroxylated procymidone (PCM-CH2OH) 
via gavage from day 6 to 19 of gestation. The animals were observed daily for mortality and clinical signs. 
Bodyweights were measured on days 0, 6, 13 and 20 of gestation, and on days 0, 7, 14 and 21 of lactation. On 
day 21 of postpartum, the maternal animals were euthanized by inhalation of carbon dioxide gas, and their 
cervical, thoracic and abdominal organs were grossly examined. The number of implantation sites was counted 
and the live birth index was calculated.  

All rats were allowed to deliver naturally, and to nurse until weaning (day 21). The offspring were observed at birth 
for numbers born dead or alive, sex, and any external malformations.  

The offspring (F1) were observed for mortality and clinical signs daily, for bodyweight weekly from day 0, for 
anogenital distance on day 0. All males were observed daily for mortality and clinical signs including external 
genitalia. Females at weaning (day 21) and males on postpartum day 56, were euthanized by inhalation of carbon 
dioxide, and external genitalia were grossly examined.  

RESULTS 

In the dams, there were no deaths. Decreases in locomotor activity, prone position and bradypnea were observed 
at 62.5 and 125 mg/kg bw/d. Bodyweight gains were not affected by treatment. There were no significant number 
of sex ratio, live newborns, birth or still birth indices between control and treated groups. A significant shortening of 
the anogenital distance in the treatment groups was observed (Table 96).  

Table 96—Changes in F1 males on postpartum day 56 

 0 mg/kg bw/d 62.5 mg/kg bw/d 125 mg/kg bw/d 

Number of fetuses examined 67 86 84 

Hypospadias 0/67 (0%) 19/86** (22%) 75/84** (89%) 

**p < 0.01. 

A fetal NOAEL was not established in this study due to increased incidence of hypospadias observed at all dose 
levels. The maternal NOAEL was 125 mg/kg bw/d, the highest dose tested. 
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APPENDIX II: LIST OF CLINICAL CHEMISTRY, HAEMATOLOGY & 
URINALYSIS PARAMETERS 

Clinical chemistry Haematology Urinalyses 

Albumin 

Alp (alkaline phosphatase) 

Bilirubin (total) 

Calcium 

Chloride 

Cholesterol (total) 

Creatinine (blood) 

Gamma-glutamyl transpeptidase 
(ggt) 

Globulin 

Glucose (blood) 

Ldh (serum lactate 
dehydrogenase) 

Phosphorus 

Potassium 

Protein (total) 

Sgpt (serum alanine 
aminotransferase) 

Sgot (serum aspartate 
aminotransferase) 

Sodium 

Triglycerides 

Urea nitrogen (blood) 

Cpk (creatinine phosphokinase) 

Clotting parameters (clotting time, 
prothrombin time) 

Erythrocyte count 

Haematocrit (packed cell volume) 

Haemoglobin (hb) 

Leucocyte differential count 

Leucocyte total count 

Platelet count 

Reticulocyte count 

MCH (mean corpuscular 
Hemoglobin) 

MCHC (mean corpuscular 
hemoglobin concentration) 

MCV (mean corpuscular volume) 

Blood smear 

Appearance 

Specific gravity 

Glucose 

Ketones 

Sediment (microscopic) 

Occult blood 

pH 

Protein 

Volume 

Bilirubin 

Urobilinogen 

Reducing substances 
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APPENDIX III: ORGANS FOR WEIGHT DETERMINATION AND 
HISTOPATHOLOGICAL EXAMINATION 

Organs weighed Tissues examined 

Adrenals 

Brain 

Gonads 

Heart 

Kidneys 

Liver 

Spleen 

Thyroid (w/parathyroid) 

Adrenals 

Aorta 

Blood smear 

Bone 

Bone marrow 

Brain (3 levels) 

Cecum 

Colon 

Duodenum 

Epididymides 

Eyes 

Eyes (optic nerve) 

Gall bladder 

Harderian glands 

Head - 3 sections (nasal 
cavity, para-nasal sinus, 
tongue, oral cavity, naso-
pharynx, inner-ear) 

Heart 

Ileum 

Jejunum 

Kidneys 

Lacrimal gland 

Liver 

Lungs 

Lymph nodes 

Mammary gland 

Muscle (smooth) 

Muscle (skeletal) 

Nerve (peripheral) 

Oesophagus 

Ovaries 

Pancreas 

Pituitary 

Prostate 

Rectum 

Salivary gland 

Seminal vesicle 

Skin 

Spinal cord (cervical 
thoracic, lumbar) 

Spleen 

Sternum 

Stomach 

Testes 

Thymus 

Thyroid (w/parathyroid) 

Trachea 

Urinary bladder 

Uterus 

Vagina 

Zymbal's gland 

Gross lesions 
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APPENDIX IV: REPRODUCTIVE AND DEVELOPMENTAL INDICES 

1. Male/female mating index (%) = (number of males/females with confirmed mating*) / (number of males/females 
placed with females/males) × 100 
*defined by females with vaginal sperm or that gave birth to a litter or with pups/fetuses in utero 

2. Male fertility index (%) = (number of males proving their fertility*) / (number of males placed with females/males) 
×100 
*defined by a female giving bith to a litter or with pups/fetuses in utero 

3. Female fertility index (%) = (number of females pregnant*) / (number of females mated**) ×100 
*defined as the number of females that gave birth to a litter or with pup/fetuses in utero 
**defined as the number of females with vaginal sperm or that gave birth to a litter or with pups/fetuses in utero 

4. Gestation index (%) = (number of females with live pups on the day of birth)/ (number of females pregnant*) ×100 
*defined as the number of females that gave birth to a litter or with pups/fetuses in utero 

5. Live birth index (%) = (number of liveborn pups at birth)/ (total number of pups born) ×100 

6. Viability index (%) = (number of live pups on day 4* after birth) / (number of liveborn pups on the day of birth) ×100 
*before standardisation of litters (ie before culling) 

7. Male fertility index (%) = (number of males proving their fertility*) / (number of males placed with females/males) 
×100 
*defined by a female giving bith to a litter or with pups/fetuses in utero 

8. Lactation index (%) = (number of live pups on day 21 after birth) / (number of live pups on day 4* after birth) ×100 
*after standardisation of litters (ie after culling) 

9. Sex ratio = (number of live male or female pups on day 0/21) / (number of live male and female pups on day 0/21) 
×100  

10. Conception rate (%) = (number of pregnant animals) / (number of fertilised animals) ×100 

11. Preimplantation loss (%) = (number of corpora lutea – number of implantations) / (number of corpora lutea) ×100 

12. Preimplantation loss (%) = (number of corpora lutea – number of implantations) / (number of corpora lutea) ×100 

13. Postimplantation loss (%) = (number of implantations – number of live fetuses) / (number of implantation) ×100 
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APPENDIX V: STANDARD FUNCTIONAL OBSERVATIONAL BATTERY 
(FOB) PARAMETERS 

Observations Parameters 

Home cage observations Posture, piloerection, gait abnormalities, involuntary motor movements, vocalisations 
and any other abnormalities 

Handling observations Ease of removal from cage, reaction to being handled, muscle tone, palpebral 
closure, pupil size, pupil response, lacrimation, salivation, stains and any other 
abnormalities 

Open field observations Piloerection, respiratory abnormalities, posture, involuntary motor movements, 
stereotypy, bizarre behaviour, gait abnormalities, vocalisations, arousal, rearing, 
defecation, urination and any other abnormalities 

Physiological observations Catalepsy, body temperature, bodyweight 
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