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Study Source Year Study 

Principle

Species Doses 

tested

Dose unit Route of 

administr

ation

Exposure Exposure 

unit

Generati

on/Life 

stage

Addition

al 

remarks

Relevanc

e

Reliability Thyroid 

receptor

Estradiol 

level

Luteinizin

g 

Hormone 

(LH) level

T3 and T4 

level

Thyroid 

stimulati

ng 

hormone 

(TSH) 

level

Uterus 

histopath

ology (UT 

assay)

Uterus 

weight 

(UT 

assay)

Age at 

preputial 

separatio

n

Age at 

Vaginal 

opening

Cervix 

histopath

ology

Epididym

is 

histopath

ology

Epididym

is weight

Estrus 

cyclicity

Genital 

abnormal

ities

Mammar

y gland 

histopath

ology

Ovary 

histopath

ology

Ovary 

weight

Prostate 

histopath

ology

Prostate 

weight

Seminal 

vesicles 

histopath

ology

Seminal 

vesicles 

weight

Sperm 

morphol

ogy

Sperm 

motility
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numbers

Testis 

histopath

ology

Testis 

weight

Thyroid 

histopath

ology

Thyroid 

weight

Uterus 

histopath

ology

Uterus 

weight

Vagina 

histopath

ology

Adrenals 

histopath

ology

Adrenals 

weight
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histopath
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weight

Fertility Fetal 
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ment
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mortality

Fetal 

weight

Gestation 

Index

Gestation 

length

Live fetus Number 

of 
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lutea

Pituitary 

histopath

ology
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weight

Post 

implantat

ion loss

Pre 

implantat

ion loss
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Sex ratio Vagina 
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Body 

weight

Food 
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Haematol

ogical 

paramete

rs

Kidney 

histopath

ology

Kidney 

weight

Liver 

histopath

ology

Liver 

weight
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1 EFSA 

DRAR

1998 Sub-

acute 

repeat 

dose 

toxicity

dog  0; 100; 

300; 1000

mg/kg 

bw/day

Oral 28 Days Adult Increase 

1000 

(enlargem

ent of 

liver at 

necropsy, 

related to 

panlobula

Increase 

300 

(increases 

in liver 

weight at 

300 

mg/kg 

bw/d and 
4 EFSA 

DRAR

1999 Subchron

ic oral 

toxicity in 

rodents

dog 0; 40; 

200; 1000

mg/kg 

bw/day

Oral 90 Days Adult Change 

1000 

(atrophy/i

mmature 

prostate  

at 1000 

mg/kg 

bw/day)

Decrease 

1000 

(Non 

statistical

ly 

significan

t 

decrease 

Increase 

200 

(increases 

in 

absolute 

and 

relative 

weight at 

Decrease 

1000 

(slight 

decrease 

(-8%) in 

terminal 

body 

weight at 

Decrease 

1000 

(slightly 

impaired 

(13-19%) 

feed 

consumpt

ion at 

Decrease 

200 (dose-

dependen

t 

decrease 

in Hb and 

Hct at 

200 (F) 

Increase 

1000 

(increase 

in relative 

kidney 

weight in 

males at 

1000 

Change 

1000 

(enlarged 

liver at 

1000 

mg/kg 

bw/d 

associate

Increase 

200 

(increase

d relative 

liver 

weight at 

200 

mg/kg bw 

Decrease 

200 

(decrease

d total 

protein 

and 

albumin 

levels at 
5 EFSA 

DRAR

2001 Chronic 

toxicity

dog 0; 4; 40; 

400

mg/kg 

bw/day

Oral 52 Weeks Adult Increase 

400 

(Tendenc

y of 

increased 

incidence 

of 

pituitary 

Increase 

400 

(increase

d 

absolute 

liver 

weights 

(p<0.05))

Change 

40 

(decrease

s in 

albumin, 

effect on 

protein 

metabolis
2 EFSA 

DRAR

1998a Subchron

ic oral 

toxicity in 

rodents

mouse 0; 50; 

200; 

7000; 

20000 

ppm Oral 90 Days Adult Change 

7000 

(Slight 

decrease 

in 

corpora 

lutea)

Decrease 

7000 

(decrease 

in 

absolute 

and 

relative 

ovary 

Increase 

7000 

(increase 

in relative 

adrenal 

weight 

but no 

effect on 

Increase 

7000 

(increase 

in relative 

brain 

weight in 

males at 

7000 and 

Decrease 

7000 

(decrease 

in 

absolute 

kidney 

weight at 

7000 ppm 

Change 

7000 

(increase

d 

incidence

s 

hepatocy

te 

Increase 

7000 

(Liver 

weight 

was 

increased 

absolute 

and 
7 EFSA 

DRAR

2001b Carcinog

enicity

mouse 0; 20; 

100; 

2500; 

5000

ppm Oral 104 Weeks Adult Increase 

2500 

(increase

d 

incidence

s of ovary 

atrophy 

at 2500 

Decrease 

2500 

(decrease

d  ovary 

weights 

at 2500 

and 5000 

ppm at 

Increase 

2500 

(increase

d 

incidence 

of dilated 

thyroid 

follicles 

Increase 

5000 

(increase

d 

incidence 

of uterus 

angiectasi

s at the 

Change 

2500 

(hypertro

phy)

Increase 

100 

(increase 

in 

absolute 

adrenal 

weight in 

males at 

Increase 

2500 

(increase 

in relative 

brain 

weight in 

males at 

2500 and 

Change 

2500 

(Increase

d 

incidence 

of cysts in 

males 

after 104 

Decrease 

2500 

(decrease 

in 

absolute 

kidney 

weight in 

males 

Change 

2500 

(focal 

changes, 

necrosis, 

inflamma

tory 

reactions, 

Increase 

2500 

(increase

d  liver 

weights 

at 2500 

and 5000 

ppm in M 
15 EFSA 

DRAR

2002b Adult 

Male 

Assay

mouse 0; 100; 

5000

ppm Oral 14 Days Adult Decrease 

5000 

(From day 

7 

statistical

ly 

significan

t 

Increase 

5000 

(liver 

weight 

increased 

at 5000 

ppm 

(p<0.01) 
16 EFSA 

DRAR

2003 Adult 

Male 

Assay

mouse 0; 100; 

5000

ppm Oral 16 Weeks Adult Increase 

5000 

(Statistica

lly 

significan

t increase 

in TSH 

serum 
17 EFSA 

DRAR

2018a Adult 

Male 

Assay

mouse 0; 500; 

5000

ppm Oral 28 Days Adult Increase 

500 

(Statistica

lly 

significan

t increase 

in T4 

serum 

Induction 

500 (Non 

statistical

ly 

significan

t increase 

in TSH 

serum 

Increase 

500 

(Statistica

lly 

significan

t increase 

in 

follicular 

Increase 

500 

(Increase

d 

incidence 

of 

hypertrop

hic 

Increase 

5000 

(Statistica

lly 

significan

t increase 

in the 

activity of 

Increase 

5000 

(Statistica

lly 

significan

t increase 

in 

absolute 
11 EFSA 

DRAR

2000b Prenatal 

develop

mental 

toxicity 

study

rabbit 0; 10; 20; 

40

mg/kg 

bw/day

Oral Adult (F0) Induction 

40 (Non 

statistical

ly 

significan

t increase 

in the 

incidence 

Increase 

40 

(slightly 

increased 

liver 

relative 

weight at 

40 mg/kg 
3 EFSA 

DRAR

1998b Subchron

ic oral 

toxicity in 

rodents

rat 0; 50; 

200; 

5000; 

20000 

ppm Oral 90 Days Adult Increase 

5000 

(increase

d 

absolute 

and 

relative 

adrenal 

Decrease 

5000 

(lower 

body 

weight 

gains at 

5000 ppm 

and 

Increase 

20000 

(slightly 

increased 

feed 

consumpt

ion 

(p<0.001 

Change 

5000 

(slight 

decrease 

in RBC at 

5000 ppm 

for M + F; 

slight 

Increase 

5000 

(statistica

lly 

significan

t increase 

in 

absolute 

Increase 

20000 

(increase 

in 

hepatocy

tic 

hypertrop

hy)

Increase 

5000 

(increase

d 

absolute 

and 

relative 

liver 

Increase 

5000 

(increase

d total 

and free 

cholester

ol, and 

increased 
6 EFSA 

DRAR

2001a Combine

d Chronic 

Toxicity/

Carcinog

enicity 

Studies

rat 0; 50; 

200; 

5000; 

10000

ppm Oral 104 Weeks Adult Increase 

5000 

(increase

d 

concentr

ation of 

estradiol 

at 5000 

Increase 

5000 

(Very 

slight but 

statistical

ly 

significan

t increase 

Change 

5000 

(thyroid 

follicular 

cell 

hyperplas

ia 

reported 

Increase 

5000 

(increase

d 

incidence 

of uterus 

adenocar

cinoma at 

Increase 

5000 

(increase

d adrenal 

weights in 

M + F 

througho

ut the 

Increase 

5000 

(increase 

in relative 

brain 

weight in 

females 

at 5000 

Decrease 

5000 

(haemato

crit, total 

and mean 

cellular 

haemoglo

bin values 

Change 

5000 

(increase 

in 

calculus, 

chronic 

nephropa

thy, 

Increase 

5000 

(absolute 

and 

relative 

kidney 

weights 

increased 

Change 

5000 

(hypertro

phy at 

week 26 

and later 

on; fatty 

degenera

Increase 

5000 

(absolute 

and 

relative 

liver 

weights 

increased 

Increase 

5000 

(cholester

ol and 

phospholi

pids  

increased 

at 5000 
8 EFSA 

DRAR

1999 Two-

Generati

on 

Reproduc

tion 

Toxicity

rat 0; 100; 

1000; 

10000

ppm Oral Offspring 

(F1+F2)

Decrease 

100 

(decrease 

of 

number 

of sperm 

at 100 

and 

Increase 

10000 

(increase 

in 

absolute 

and 

relative 

adrenal 

Increase 

100 

(Statistica

lly 

significan

t increase 

in relative 

(but not 

Change 

10000 

(One 

dwarf 

pup (out 

of 308  

live pups) 

was 

Increase 

1000 

(Statistica

lly 

significan

t increase 

in 

absolute 

Change 

1000 

(hepatocy

te 

hypertrop

hy at 

1000 and 

10000 

Increase 

1000 

(increase

d liver 

weights 

at 1000 

and 

10000 

Decrease 

10000 

(decrease

d thymus 

weight at 

10000 

ppm)

9 EFSA 

DRAR

2000a Prenatal 

develop

mental 

toxicity 

study

rat 0; 10; 

100; 1000

mg/kg 

bw/day

Oral Adult (F0) Increase 

100 

(increase

d adrenal 

absolute 

and 

relative 

weights 

Increase 

1000 

(increase

d  liver 

weight at 

1000 

mg/kg 

bw/day 
10 EFSA 

DRAR

2004 Prenatal 

develop

mental 

toxicity 

study

rat 0; 10; 

100; 1000

mg/kg 

bw/day

Oral Adult (F0) Increase 

100 

(Statistica

lly 

significan

t increase 

in 

absolute 

Increase 

1000 

(slight 

increase 

in relative 

liver 

weight at 

1000 
12 EFSA 

DRAR

2015 Uterotro

phic 

bioassay 

in 

rodents 

(UT 

assay)

rat 0; 10; 

100; 1000

mg/kg 

bw/day

Oral 14 Days Adult

13 EFSA 

DRAR

2002c Subchron

ic oral 

toxicity in 

rodents

rat 0; 200; 

10000

ppm Oral 56 Days Adult Increase 

10000 

(liver 

weight 

increased 

at 10000 

ppm 

(p<0.01))

Increase 

10000 

(liver 

microsom

e 

aromatas

e 

increased 
14 EFSA 

DRAR

2002a Adult 

Male 

Assay

rat 0; 200; 

10000

ppm Oral 14 Days Adult Decrease 

10000 

(From day 

7 

statiscally 

significan

t 

decrease 

Induction 

10000 

(Non-

statistical

ly 

significan

t increase 

with dose 

Increase 

10000 

(liver 

weight 

increased 

at 10000 

ppm 

(p<0.01), 
18 EFSA 

DRAR

2018e [In vitro 

not in 

list]

0.01 - 100 µM
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Uterus 

weight 

(UT 

assay)

Age at 

preputial 

separatio

n

Age at 

Vaginal 

opening
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is 
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ology
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is weight
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abnormal
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Ovary 
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Ovary 

weight

Prostate 
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weight
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vesicles 
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Sperm 
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Index

Gestation 

length

Live fetus Number 
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Pituitary 
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ology

Pituitary 

weight

Post 
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Pre 
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Reproduc
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Sex ratio Vagina 
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Body 
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Food 
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ogical 
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rs
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ology
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Liver 
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Liver 

weight
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dog
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 2 3 2

0 0 0 0 0 0 0 0 0 0 3 0 0 0 2 3 3 2 2 0 0 0 0 0 3 3 3 3 3 1 3 1 2 3 3 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 3 2 1 0 0

mouse
0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 2 0 1 0 0 1 2 0 2 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 2 3 4 0

0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0 2 0 2 0 0 0 0 2 2 2 1 1 0 2 1 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0

rabbit
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 1 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0

rat
0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 5 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 1 3 3 7 4

0 1 1 0 0 1 1 1 1 1 1 1 1 1 3 3 5 3 1 3 1 1 1 0 2 2 3 1 2 3 4 3 0 4 2 1 2 2 2 1 1 2 3 3 0 1 2 1 3 1 0 0 0 2 1 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0No effect

Effect

No Effect

Effect

No effect

Effect

No effect

Effect

No effect

Effect

No effect

Effect


