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The mixture effect predictions based on data for the single chemicals showed that dose-
addition were in good agreement with the observed mixture effect. Also, for the rat dams mix-
ture effects occurred at dose levels where the single substances show no effect on dams, i.e. at 
the observed NOAELs for maternal toxicity. These results imply that risk assessment based on 
the NOAEL for one pesticide at a time underestimate the risk for low birth weight and that there 
is a need for cumulative risk assessment to take account of mixture effects, because of the 
potentially serious impact of mixed exposure on prenatal development and pregnancy in hu-
mans. 
 
It is recommended when considering cumulative risk assessment to include all kinds of chemi-
cals e.g. pesticides, industrial chemicals, environmental contaminants, as substances causing 
decreased birth weight exist within all of these chemicals classes and humans may be exposed 
to several of them simultaneously.  
In the main study the decreased weight continued into adulthood of the offspring. There was no 
effect on specific growth rate, food consumption, energy efficiency and oral glucose tolerance. 
Also, no changes in the investigated organs involved in glucose metabolism (muscle and liver 
weights) were found and this was further confirmed by histological evaluations of pancreas and 
liver. At the high mixture dose, PD 16 offspring showed increased weight of fatty tissue relative 
to the body weight and a tendency to this increase was still seen in males in adulthood. The 
biomarkers related to metabolic syndrome, obesity and diabetes showed no clear effects on the 
plasma levels of the measured hormones, except for a significant increase in plasma leptin 
levels in 5-6 months old female offspring exposed to the highest mixture dose.  Some weak 
trends of dysregulation were discernible for some key regulators of metabolism and adipocyte 
differentiation in exposed groups, but the results are inconclusive. Overall, no clear signs of 
metabolic syndrome or obesity were found in the offspring up at the age of 4-5 months. Howev-
er, this does not rule out that effects could be seen later in life, e.g. in offspring between 1 and 
1.5 years old. 
 
Slightly increased nipple retention in male offspring was found in the main study at the highest 
dose indicating anti-androgenic effect. This taken together with the lack of effects on anogenital 
distance and reproductive organ weights in the main study, indicate that marked anti-
androgenic effects may only be seen at higher doses of the pesticide mixture. The mixture 
induced slight maternal toxicity at the highest dose in the main study and severe maternal tox-
icity at an only two times higher dose in the range-finding study. It is therefore most likely not 
possible to investigate, if there would be marked anti-androgenic effects of this specific pesti-
cide mixture, as the maternal toxicity limits the dose levels that can be studied in rats. However, 
as there are also indications of anti-androgenic effects for several of the pesticides (MCPB, 
quinoclamine, thiram and MCPB) further studies of these pesticides as well as mixtures based 
on the potency for anti-androgenic effects appear warranted. 
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1. Introduction and 
background 

 
1.1 Objectives and hypothesis 
Risk assessment of pesticides is generally based on the no observed adverse effect levels 
(NOAELs) for single compounds. However, humans are typically exposed to a mixture of sev-
eral pesticides. For mixtures of endocrine disrupting chemicals including pesticides, there are 
experimental evidence showing that substantial mixture effects on reproductive development 
can occur even though each of the individual chemicals is present at low, non-adverse doses 
(Hass et al. 2007, Christiansen et al. 2009, Christiansen et al. 2012). We have recently shown 
that combined developmental exposure of rats to endocrine disrupting pesticides at dose levels 
below NOAELs for the single pesticides caused adverse effects on male sexual development 
and gestation length in the dams (Hass et al. 2012a,b). These findings have major implications 
for the human risk assessment, as they imply that the current use of NOAELs for single chemi-
cals may lead to an underestimation of the potential risk for humans exposed to mixtures of 
chemicals.  
 
Many regulatory bodies have recognized the need for cumulative risk assessment, but the way 
to group the chemicals and the model for prediction of mixture effects is still under discussion. 
Two models for prediction of mixture effect are generally considered, i.e. dose-addition (DA) 
and independent action (IA). A main difference is that the DA model is developed for similarly 
acting chemicals whereas the IA model is for dissimilarly acting chemicals. However, the term 
similarly acting can be interpreted in several different ways, ranging from similar molecular 
mechanism of action over affecting the same toxicity pathway to causing a common effect.  
Decreased birth weight, which is an indicator of adverse intrauterine environment, is a common 
effect for many pesticides in experimental studies. There are, however, no data on the effects of 
combined developmental exposure to pesticides that cause decreased birth weight. Thus, there 
is no scientifically robust data available for evaluating potential mixture effects on this endpoint 
and for selecting the best model for predicting the mixture effects, i.e. DA or IA. Decreased birth 
weight is a developmental toxicity effect that is likely to be induced via many different and in 
most cases unknown mechanisms of action. In such a case with dissimilarly acting chemicals, 
the IA model may appear most relevant. However, a recent state of the art on mixtures (com-
bined actions of chemicals in food through dissimilar modes of action) concludes that the DA 
model should generally be used for chemicals with common effects, irrespective of (often pre-
sumed) modes of action (Kortenkamp et al. 2012, EFSA 2013b). Consequently, it is relevant to 
study combined effects of pesticides with dissimilar modes of action and evaluate the predictive 
value by applying both the IA and the DA model.  
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One goal for mixture toxicology is to predict the toxicities of mixtures of chemicals when only 
information on individual components is available (Christiansen et al. 2009). Another issue of 
relevance to regulatory toxicology concerns the question of mixture effects at low doses. A view 
that has persisted over the last 30 years is that combination effects do not occur when each 
chemical is present at doses equal to or lower than their NOAELs (COT 2002). This is thought 
to be the case with chemicals that act through different mechanisms of action, but not for 
agents that target similar molecular structures. The NOAEL is the highest tested dose at which 
no statistically or biologically adverse effects can be identified and is used in regulatory toxicol-
ogy as a point of departure for establishing e.g. acceptable daily intake (ADI) for pesticides. For 
the endpoint birth weight in regulatory studies including 20 litters per group, an effect magnitude 
of 8% will generally turn out being statistically significant. Thus, effects ranging from 0 to <8% 
reduction in birth weight may appear at NOAEL. If for example 8 pesticides each cause 4% 
decreased birth weight, the IA model predicts that the mixture effect will constitute a 28% reduc-
tion in birth weight. This clearly indicates that adverse mixture effects of dissimilarly acting pes-
ticides would be expected at dose levels below NOAELs for the endpoint birth weight.  
 
The ideal way of designing a mixture study comprises the following sequence of activities: 
 
1. Dose-response studies of the single pesticides using a sufficient number of doses allowing 

calculation of effects doses (benchmark doses) 
2. Predictions of expected mixture effects based on data for the single pesticides and using 

the appropriate model(s), e.g. DA and/or IA 
3. Dose-response mixture study with the pesticides in equi-effective doses, for example a 

specific bench mark dose 
4. Comparison of the expected and observed mixture effects and evaluation of the prediction 

models. 
 
This is generally an expensive and labour-demanding task and the work-load increases with the 
number of pesticides to be included in the mixture. However, a low number of test chemicals 
reduce the possibility for detecting mixture effects and especially for evaluating whether DA or 
IA is the best prediction model. It is generally a challenge in mixture toxicology to balance these 
opposite issues in a way that leads to a scientifically sound study design which is also a prag-
matic and feasible solution. However, for pesticides, a rather unique possibility for using exist-
ing data exists, as pesticides have to be tested using internationally accepted guidelines before 
approval. For the main endpoint to be examined in this project, i.e. decreased birth weight, 
relevant background data will be available as birth weight is assessed in the two-generation 
reproduction toxicity study (OECD TG 416, 2001) and foetal weight is assessed one to two 
days before birth in the prenatal developmental toxicity study (OECD TG 414, 2001). The num-
ber of dose levels in each of these studies is three which may be a limitation when calculating 
bench mark doses. The prenatal developmental toxicity study, however, often uses higher dose 
levels than the two-generation study. Thus, for pesticides inducing an effect on both foetal and 
birth weight there may be more than three relevant effect levels and consequently a better 
background for calculating bench mark doses. Such pesticides will be selected for the mixture 
study in this project. 
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1.3 Prenatal programming 
The intrauterine environment supports the development and health of the offspring. Perturba-
tions to this environment can have detrimental effects on the foetus that have persistent patho-
logical consequences later in life (Tamashiro and Moran 2010). Many studies in both humans 
and animals have provided evidence for the developmental origin of adult disease, i.e. the 
Barker hypothesis (de Boo and Harding 2006). Low birth weight is in both humans and experi-
mental animals a marker for affected prenatal development and is generally a predictor for 
increased risk for a long list of diseases later in life, incl. obesity and type 2 diabetes (Cottrell 
and Ozanne 2007). The most widely accepted mechanisms thought to underlie these relation-
ships are those of foetal programming and it is suggested that the foetus makes physiological 
adaptations in response to changes in the environment to prepare for postnatal life (de Boo and 
Harding 2006). 
 
Both leptin and insulin are trophic factors that act during the pre- and postnatal period and can 
significantly affect development of systems important for energy homeostasis (Tamashiro and 
Moran 2010). The development of the appetite regulatory system in rodent occurs primarily 
after birth. A recent study has shown that endogenous leptin is metabolically active in newborn 
rats (Abdennebi-Najar et al. 2011). 
 
A study in European adolescents has tested the hypothesis that a lower birth weight, as an 
indicator of an adverse intrauterine environment, is associated with higher leptin levels 
(Labayen et al. 2011). The results showed a sex-specific programming effect of birth weight on 
serum leptin levels, i.e. leptin levels were increased only in female adolescents.  
The potential effects of intrauterine exposure to pesticides have been studied in children born to 
women working in green houses in early pregnancy. Birth weights were lower in exposed chil-
dren, whereas these children showed increased body fat accumulation from birth to school age 
(Wolfahrt-Veje et al. 2011).  
Leptin is one of the cytokines produced in fat tissue. It is secreted in direct proportion to adipose 
tissue mass and it is one of central regulators of energy homeostasis (Vickers, 2007). We have 
previously shown that exposure to butylparaben and diisobutylphthalate during development 
reduced leptin and insulin levels in rat foetuses (Boberg et al. 2008). We have also found that 
butylparaben stimulate adipogenesis in vitro, increasing lipid accumulation in and the secretions 
of leptin from mature adipocytes (Taxvig et al., 2012). Overall, these data support the hypothe-
sis that environmental chemicals may contribute to obesity development in humans. 
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2. Research plan and 
selection of pesticides 

 
2.1 Research plan 
The work has proceeded in several steps and included 5 work packages (WPs 1-5) as well as 
concurrent activity including Statistics, data analysis and reporting. An overview of the activities 
and the time schedule is shown in table 1. 
 
Table 1 Overview of project time schedule  
 
Work Package Endpoints 

/activities 

2012 2013 2014 2015 

WP 1 Selection of 
relevant pesticides 

Dose-
response rela-
tionship based 
on DAR; use 
in DK 

xxxx    

WP2 Estimating 
potential mixture 
effect and selection 
of dose levels 

Calculations of 
Benchmark 
doses and 
predictions 
based on IA 
and DA 

 xxxx   

WP3 Range-finding 
study    

General toxici-
ty and preg-
nancy end-
points 

            xxxx xx  

WP 4 Developmen-
tal toxicity mixture 
study   

General toxici-
ty endpoints in 
dams  

Developmental 
toxicity end-
points 

  xxxxx xxxxx 

WP 5 Biomarkers 
for obesity 

Analysis of 
leptin and 
insulin; gene 
expression in 
fat tissue 

                xx xx xx 

Statistics, data 
analysis and re-
porting 

  xxxx xxxxxxxxx xxxxxxxxxx 
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2.2 Selection of relevant pesticides (WP1) 
The purpose of WP1 was to select 8 relevant pesticides for further evaluations in WP2 and for 
the experimental mixture studies in WPs 3 and 4.  
In a recent evaluation based on the Draft Assessment Report (DAR) we found that among ap-
proved pesticides in EU around 175 caused decreased foetal weight or decreased birth weight 
(EFSA 2012). For a substantial number of those pesticides, signs of maternal toxicity such as 
decreased maternal body weight gain during pregnancy were seen at the same dose levels. For 
such pesticides, there may also be combination effects on the dams and this will complicate the 
evaluation of the developmental toxicity effect. Also, severe dam toxicity may lead to insufficient 
number of offspring. Therefore, the pesticides for the mixture studies in this project was planned 
to be chosen among those that appeared to cause decreased birth weight at doses without 
signs of maternal toxicity, i.e. the 51 pesticides shown in table 2. Among these 51 pesticides, 
the 8 pesticides were planned to be chosen based on weight of evidence of the information in 
the DARs using the following general criteria: 

1. Possibility for establishing dose-response relationship and calculation of bench
mark doses (BMD). This means that pesticides for which effects on birth weight are seen
at multiple doses will be prioritized over pesticides where an effect has only been found at
the highest dose level.

2. Mode of action. This means that selection of several pesticides with similar mode of action
for causing decreased birth weight was attempted to be avoided as the purpose was to
study mixture effects of dissimilarly acting pesticide on birth weight. It was, however, as ex-
pected not a criteria of major importance as the mode of action for causing decreased birth
weight was unknown in most cases. An exception to this was pesticides affecting the thy-
roid and/or thyroid hormones and thus causing decreased birth weight. Selection of more
than a few of such pesticides was avoided.

3. Species and strain of experimental animals. The experimental mixture studies were to be
performed using Wistar rats and thus pesticides for which effects on birth weight were seen
in Wistar rats were generally prioritized over pesticides showing decreased birth weight in
other strains of rats or in mice. We have, however, in an earlier study in our laboratory stud-
ied developmental effects in Sprague Dawley (SD) rats and the results indicate that they
are very similar to Wistar rats with respect to gestation length, litter sizes and birth weights.
Thus, pesticides studied using SD rats were also given a high priority. When a pesticide
had been studied only in other strains of rats, we did a case-specific evaluation of the spe-
cific strain(s) and based on that decided the priority of the pesticide. Prenatal developmen-
tal toxicity studies in rabbits were also available and may provide some information. They
were however given lower priority than rat studies, mainly because the mixture studies in
the project used rats, but also because it is more difficult to detect maternal toxicity mani-
fested as decreased maternal weight gain in rabbits than in rats. Low priority was also giv-
en to pesticides studied only in mice as there may be important especially quantitative dif-
ferences between rats and mice. It was, however, rarely that there were studies only in
mice as most regulatory developmental toxicity and two-generation studies in accordance
with the OECD Test Guidelines are performed using rats or rabbits.

4. Human exposure. Pesticides with widespread use and human exposure data indicating
high likelihood for human exposure were prioritized if more than 8 pesticides were priori-
tized based on the above criteria.

The data collected in the project EFSA CAG can be found in the database CAPEG 
(http://www.efsa.europa.eu/en/supporting/pub/269e.htm ), and was used as a starting point for 
the evaluation of each pesticide. The selection of the pesticides was based on the data in Draft 
Assessment Report (DAR) for each pesticide and was done in several steps:  

http://www.efsa.europa.eu/en/supporting/pub/269e.htm
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Figure 1. Dose-response data and regression curve estimates for the 8 pesticides. The dots 
are mean estimates and coloured according to their study origins. Vertical lines correspond to 
the control and 5% reduction level, the horizontal line indicates the dose that will most likely 
produce a 5% reduction in birth weight (ED5). 
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Table 3. Comparison of BMD 5 and toxicities described for reproductive and repeated 
dose studies. All doses are mg/kg bw/day. Notable effects near BMD5 are underlined. 

Maternal effects Other toxicities BMD 5 

(rounded) 

Cyromazine Maternal toxicity LOAEL 300 or 
600 mg/kg, reduced maternal bw 
(no data on statistics). Clinical 
signs at 600 mg/kg (increased 
activity, red nasal discharge, 
clear oral discharge and inactivi-
ty, no details about number of 
dams affected). 

Prenatal death in rabbits, not in rats. 28-
day study in rats: anaemia at 232 mg/kg. 
Acute toxicity study at high doses, no 
NOAEL determined. 

344 (350) 

Fluopicolide Maternal toxicity LOAEL 700 or 
50 mg/kg (decreased bw gain F0 
during gestation (increased 
mean absolute and relative kid-
ney and liver weights and re-
duced spleen weights in F0 
males and females at 200)). 

Rabbit prenatal tox.: premature delivery. 
28-day study: liver hypertrophy at 100 and
179 mg/kg. Acute toxicity studies per-
formed at high doses only; no NOAEL
determined.

261 (250) 

MCPB Maternal toxicity LOAEL 100 
mg/kg, reduced bw and bw gain, 
transiently reduced food intake at 
all dose levels. Alopecia at high 
dose only (no details about num-
ber of affected dams). 

96 (100) 

Pirimicarb Maternal toxicity LOAEL 75 
mg/kg, decreased bw gain and 
food consumption. 

Study from open literature: Rats dosed 
GD 18: reductions in both adult and foetal 
brain acetyl cholinesterase activity at 2 
mg/kg. Tremors, salivation, meiosis, 
dyspnea and piloerection. Neurological 
effects not noted at higher doses in DAR 
teratology studies. Acute toxicity study 
showed signs of systemic toxicity at all 
dose levels from 100 mg/kg (no data on 
specific effects at 100 mg/kg listed). 

61 (60) 

Quinoclamine Maternal toxicity LOAEL 20 or 75 
mg/kg. 

28 and 90-day studies: liver effects from 
15-50 mg/kg. Acute tox. LOAEL 200
mg/kg.

8 (10) 

Thiram Maternal toxicity LOAEL 17 or 3 
mg/kg, decreased food con-
sumption and bw, mainly during 
gestation. 

90-day studies: Neurological effects at
high doses (150 mg/kg). Acute toxicity
studies performed above 500 mg/kg; no
NOAEL.

19 (20) 

Triasulfuron Maternal toxicity LOAEL 250 or 
300 mg/kg, decreased bw gain 
and bw. 

28-day study: anaemia at 228 mg/kg,
kidney and bladder effect at 686 mg/kg.
Acute toxicity studies performed at high
doses only, no NOAEL determined.

359 (350) 

Ziram Maternal toxicity LOAEL 12.5 or 
25 mg/kg, reduced maternal bw 
gain. Two other prenatal studies 
show reduced foetal bw at doses 
from 20 and 64, respectively. No 
data are presented in DAR from 
those studies. Dam effects on 
food intake and bw at same dos-
es, hair loss (not specified). 

90-day study: anaemia at 21 mg/kg. 28-
and 90-day studies: liver degeneration at
15 and 12 mg/kg. Thyroid effects mainly
in chronic studies. Acute toxicity studies
performed at doses above 250 mg/kg; no
NOAEL determined.

20 (20) 
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Table 4. Predicted decrease in birth weight based on dose-addition, independent action 
and no mixture effect for mixture of 8 pesticides. 

Group 

Mixture dose 

 (mg/kg bw/day) Dose addition 
Independent 
action 

No mixture ef-
fect 

Control 0 0% 0% 0% 

12,5% BMD5 171 5% 7% 1.6% 

40% BMD5 548 14% 15% 3.1% 

75% BMD5 1028 >30% 28% 4.5% 

It may be noted that no calculations are presented for 100% of the BMD5-mixture, as this dose 
was likely cause toxicity in dams. Importantly, table 4 shows that at 75% of the BMD5-mixture, 
a 4.5% reduction in birth weight is predicted even in the absence of mixture effects, i.e. it corre-
sponds to the most potent compounds at that mixture dose. A 4.5% reduction in birth weight 
may be detectable as a statistically significant response in the pilot study. Therefore, it was not 
considered relevant to go to even higher mixture doses in the range-finding study.  
It was possible that maternal toxicity could occur in the pilot study at the highest dose level and 
possibly the middle dose level, if mixture effects on e.g. liver toxicity, anaemia or maternal tox-
icity occurred. However, to fulfil the aim of the range-finding study it was considered necessary 
to investigate the possibility that no mixture effects occur. Therefore, it was necessary to in-
clude the dose of 75% of BMD5 at which a slight birth weight reduction is expected even if no 
mixture effects occur. This dose implies the risk of marked maternal toxicity and loss of dams if 
mixture effects of all pesticides occur for these endpoints. 
The reductions in maternal weight gain seen in other studies at doses near BMD5 indicate that 
each compound may contribute to a mixture effect on maternal weight gain. If dose addition 
occurs for the endpoint maternal body weight gain, then 1/8 (12.5%) of the BMD5-mixture is 
likely to cause reduced maternal weight gain during pregnancy. 
Interestingly, the data in Table 4 show that if mixture effects on birth weights do occur, then the 
models dose addition and independent action predict fairly similar responses for each of the 
presented dose levels.  

Final selection of pesticides and mixture dose levels  
Unexpectedly, Fluopicolide and Triasulfuron turned out to be impossible to obtain from our 
suppliers and these therefore had to be omitted and the studies were performed with a mixture 
of 6 pesticides. The mixture predictions when including 6 pesticides in the mixture are shown in 
Table 5. The predicted effect sizes using the 6 compound mixture reveals largely the same 
predicted effect sizes as for the 8 compound mixture. At the highest dose group there appears 
to be a larger difference between the dose addition model and the independent action model 
than for the mixture of 8 pesticides. 

Table 5. Predicted decrease in birth weight based on dose-addition, independent action 
and no mixture effect for mixture of 6 pesticides, i.e.  Cyromazine, MCPB, Pirimicarb, 
Quinoclamine, Thiram, and Ziram. 

Group 
Mixture dose 

 (mg/kg bw/day) Dose addition 
Independent 

action 
No mixture ef-

fect 

Control 0 0% 0% 0% 

12.5% BMD5 70 4% 4% 1.6% 

37.5% BMD5 210 11% 10% 2.9% 

75% BMD5 420 28% 18% 4.3% 
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The body weight gain from GD 7 to GD 21 in the animals giving birth was similar to control 
values in the group dosed with Mix-12.5%, but appeared to be decreased in the groups dosed 
with Mix-25% and Mix-37.5%, however these differences were not statistically significant (Table 
9). 

 
Figure 2. Maternal weight gain GD 7-9 in all time-mated animals in the range-finding 
study. Results shown are mean±STD, N= 10 
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Table 9 Pregnancy and litter data in the range-finding study 
Data represent group means, based on dams or litter means ± STD 
 Control 70 mg/kg  

Mix-12.5% 
140 mg/kg 
Mix-25%a 

210 mg/kg 
Mix-37.5% 

Time-mated fe-
males (no.) 

10 10 10 10 

Toxicity symp-
toms after GD 9 
(no.) 

0 0 1 1 

Non-pregnant 
(no.) 

1 2 0 2 (3b) 

Caesarean sec-
tion GD 21 (no.) 

1 0 0 1 

Pregnant, but no 
pups on PD1 
(no.) 

0 1 0 0 

Females giving 
birth/litters (no.) 

8 (7c) 7 9 6 

Maternal bw gain 
GD7-GD21 (g) 

71.6 ± 15.5 78.0 ± 11.9 62.0 ± 12.4 58.0±12.0 

Maternal bw gain 
GD7- PD1 (g) 

12.1±10.6 10.0±6.2 2.1±6.6 -4.7±10.3* 

Gestational 
length (d) 

23.1 ± 0.4 22.9 ± 0.4 22.9 ± 0.4 23.0 ± 0.0 

Litter size, live 
pups (no.) 

9.4±4.0 11.7±2.3 9.9±3.8 11.3±1.4 

Foetal and pup 
mortality, GD7-
PD16 (%) 

1.3 ± 3.4 1.1 ± 2.9 3.6 ± 7.9 0.0 ± 0.0 

Birth weight, male 
pups (g) 

6.3 ± 0.4 6.1 ± 0.7 5.9 ± 0.8 5.9 ± 0.2 

Birth weight, fe-
male pups (g) 

6.0 ± 0.3 5.6 ± 0.5 5.6 ± 0.8 5.6 ± 0.1 

AGD, males 
(units) 

24.4 ± 0.9 22.5 ± 0.7* 21.7 ± 0.4* 22.1 ±0.6* 

AGD, females 
(units) 

13.5 ± 0.7 12.0 ± 0.6* 11.5 ± 0.5* 12.0 ±0.7* 

Body weight, PD 
6, male pups (g) 

12.3 ± 1.8 12.1 ± 1.8 12.2 ± 2.3 11.5±0.8 

Body weight, PD 
6, female pups 
(g) 

11.9 ± 1.7 11.4 ± 1.1 11.8 ± 2.2 11.2 ±0.8 

Body weight, PD 
14, male pups (g) 

25.4 ± 4.9 25.0 ± 4.4 26.5 ± 6.5 23.9 ±1.7 

Body weight, PD 
14, female pups 
(g) 

25.0 ± 5.0 24.1 ± 3.4 26.2 ± 6.0 23.5 ±1.7 

Nipple retention, 
PD 14, males, no. 

0.02 ± 0.05 0.00 ± 0.00 0.02 ± 0.05 0.22 ±0.39 

Nipple retention, 
PD 14, females, 
no. 

12.3 ± 0.3 12.3 ± 0.3 12.1 ± 0.8 ±0.3 

* p < 0.05 
1) Exposed to Mix-75% from GD 7-8 and Mix-25% from GD 9-PD16 

2) The dosing of one of the non-pregnant females was already stopped due to toxicity  

3) One litter with only 1 male pup was terminated on PD 6 due to very low pup weight. It is common 

that litters with only 1-2 pups leads to insufficient maternal care, most likely due to insufficient 

stimulation of milk production in the dam 
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Pregnancy data (Table 9)  
The maternal body weight gain from GD7 to PD 1 appeared decreased in the groups exposed 
to Mix-25% and Mix-37.5%, but the difference was only statistically significant in the Mix-37.5% 
group (p=0.003). Gestational length, number of live born pups per litter and the mortality of 
foetuses and pups were unaffected by the exposure. 
 
Birth weight and pup weight (Table 9, Figure 3) 
The birth weight of the pups seemed dose-dependently decreased compared to control at all 
doses. In the Mix-37.5% group, the birth weight was 7-8% lower than control values, and the 
decreases were 4% and 5% in the groups exposed to Mix-12.5% and Mix-25%, respectively. 
However, the differences were not statistically significant in any of the dose groups. The num-
ber of litters with mean birth weight below 6 grams was also dose-dependently increased and 
the difference was statistically significant from controls in the group exposed to the highest dose 
of Mix-37.5%. 
 
Pup body weights on PDs 6 and 14 were similar to control values in the groups exposed to Mix-
12.5% and Mix-25%, but appeared 6-7% lower in the group exposed to Mix-37.5%. However, 
the difference was not statistically significant. 
 

 
 

 
Figure 3. Birth weight in the range-finding study, mean+STD (top) and % litters with mean 
birth weight below 6 g (bottom), N= 8, 7, 9, 6 (number of litters) 
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Figure 7. Glucose in blood samples from dams (top) and offspring (bottom), PD 16 in the 
range-finding study. Data represents mean+STD. N= 6-9. * Statistically significantly different 
from control (P<0.05) 
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3.2.4 Discussion of range-finding results  
The main purpose of the range-finding study was to obtain data allowing selection of relevant 
dose levels for the large developmental toxicity mixture study in WP4. The following is focused 
on the four main questions that were addressed by this range-finding study: 
1. Does the mixture dose levels chosen based on predictions of mixture effects on birth 

weight cause marked toxicity to the dams or marked effects on pregnancy parameters such 
as litter size and pup survival?  

2. Does the mixture exposure seem to cause mixture effects on birth weight?  
3. Does the mixture exposure seem to affect biomarkers for obesity?  
4. Does the mixture exposure induce other relevant developmental toxicity effects, incl. effects 

on sexual development? 
The group sizes were relatively small as the study was a range-finding study. Thus for some 
endpoints, the variation was quite high and the sensitivity for detecting effects was low. There-
fore, lack of statistically significant effects was generally not be interpreted as absence of ef-
fects based on the results of this range-finding study. 
 
Toxicity to dams and effects on pregnancy parameters 
Already after two days of dosing, weight loss and symptoms of toxic effects were seen in the 
group exposed to the highest dose of Mix-75% and the dose was decreased to Mix-25% from 
GD 9. Thus, exposure to Mix-75% caused marked maternal toxicity and was too high a dose for 
the main study. 
Some signs of maternal effects were also seen in the group exposed to Mix-37.5% in the form 
of slightly decreased mean maternal weight gain, increased relative liver weight and one dam 
showing symptoms of toxicity. For the one dam with symptoms this could be considered as 
marked toxicity, but for the other dams only signs of slight maternal toxicity were seen. Also, 
there were no effects on gestation length, litter size or pup survival. Based on these findings, it 
was evaluated that the highest dose level in the main study could be Mix-37.5% or lower, but 
should not be higher.  
 
Mixture effect on birth weight  
The individual pesticides were present in the mixture at lower doses than those calculated to 
lead to a detectable decrease of birth weight, i.e. less than 3% decrease. The exposure to the 
mixture seemed to cause a dose-related decrease of the mean birth weight. The differences 
were not significantly different from control values when analysing mean birth weight, however, 
significantly more litters with low mean birth weight (i.e. <6 gram) were found in the group ex-
posed to Mix-37.5%. The observed effect of the mixture on mean birth weight as well as the 
predicted mixture effects based on dose-addition, independent action and no-mixture effect is 
shown in Figure 8. The results indicate mixture effect as the decrease in birth weights appears 
larger after the exposure to all off the mixtures doses compared to the predicted effect of the 
single pesticides. At the low and middle dose of the mixture the mixture effect predicted effect 
based on dose-addition and independent action appears similar to the observed effect. At the 
highest dose, both predictions models seem to overestimate the mixture effect. As the results 
are based on a limited number of litters per group, no clear conclusions with regards to mixture 
effects are drawn, but   Mix-37.5% was evaluated as very relevant as the highest dose level in 
the main study. 
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Figure 8. Birth weight decrease in % in the range-finding study. Observed results and 
predicted results based on dose-addition, independent action (IA) and no mixture effect, i.e. the 
predicted decrease induced by the single pesticides with the largest effect. 
Biomarkers for obesity 
The investigation of the effect of pesticide exposure on biomarkers related to metabolic syn-
drome, obesity and diabetes showed increased plasma glucagon and blood glucose levels in 
the male offspring 16 days of age, from the Mix-37.5% group. Previous studies on prenatal 
exposure to environmental chemicals and effects on obesity or obesity related endpoints, have 
shown that some effects first appear later in life i.e. in adulthood. It is possible that the lack of 
effects on most of the investigated biomarkers was because the effects are not evident at the 
measured age of the animals, but only in adulthood.  
In contrast to the male offspring, the level of glucose in dam blood on PD 16 was significantly 
decreased in the Mix 37.5% group. This might indicate that the dams have transferred more 
glucose via the milk to pups at this dose level. Alternatively, it might reflect that the effect differ 
depending on the age where the animal is exposed, i.e. during development or during adult-
hood.  
 
Other developmental toxicity effects, i.e. effects on sexual development 
AGD was significantly decreased at all doses in both male and female pups. The effect on AGD 
was not due to the effect on birth weight as the statistical analysis corrected for body weight. 
Nipple retention in the male pups in the Mix-37.5% group appeared only marginally higher than 
controls and the difference was not statistically significant. The decreased AGD at birth indi-
cates that the pesticide mixture affected the sexual development of the pups. Decreased AGD 
has previously been seen in both male and female offspring after exposure to endocrine dis-
rupters with anti-androgenic or oestrogenic activity. After exposure to anti-androgenic com-
pounds, nipple retention in the male offspring is usually also affected at the dose levels causing 
reductions in AGD, and nipple retention may actually be even more sensitive than AGD. On the 
other hand, it is our experience that decreased AGD in males and females combined with lack 
of clear effect on nipple retention in the male offspring could indicate oestrogenic activity of the 
pesticide mixture.  
 
  



http://www.efsa.europa.eu/en/supporting/doc/269e.pdf
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Table 11 Effects assessed in the developmental toxicity mixture study, specific end-
points and time/age for the assessment of the endpoints   

Effect Endpoints and time/age 

Maternal toxicity Signs of toxicity and body weight during pregnancy and lactation; 

GD 7-21 and PD 1-24  

Developmental 
toxicity, before 
weaning 

Birth weight; PD 1  

Pup growth and survival; PD 1, 6, 14, 24  

AGD; PD 1 

Nipple retention; PD 14 

Blood samples for biomarkers for obesity; PD 16 

Weight and histopathology of target organs (pancreas, the retroperitoneal 
fat pad, the femoral muscle, spleen and liver); PD 16  

Weight and histopathology of target organs(pancreas, mammary tissue); 
PD 24 

Developmental 
toxicity, after 
weaning PD 24 

Body weight gain; ~1 per month and at sexual maturation 

Sexual maturation, females; from PD 27 to all positive (~PD 40) 

Sexual maturation, males; from PD 34 to positive (~PD 48)  

Food consumption; ~PM 5 

Oral glucose tolerance test; ~PM 5 

Blood samples for biomarkers for obesity; ~PM 5-6 

Weight and histopathology of target organs (Liver and retroperitoneal fat 
in males and females as well as prostate and epididymal fat in males) ; 
~PM 5-6 

GD = Gestation day; PD = pup day; PM = Pup month

3.3.2 Materials and methods 

Animals and dosing 
The animal experiment was carried out at the DTU National Food Institute (Mørkhøj, Denmark) 
facilities. Ethical approval was given by the Danish Animal Experiments Inspectorate. The au-
thorization number given is 2012-15-2934-00089 C4. The experiments were overseen by the 
National Food Institutes in-house Animal Welfare Committee for animal care and use. 
Four groups of 22 time-mated nulliparous, young adult animals (HanTac:WH, Taconic Europe, 
Ejby, Denmark) were given daily gavage doses of the mixture of the 6 pesticides from gestation 
day (GD) 7 to pup day (PD) 16. Thus, the offspring were indirectly dosed via the placenta dur-
ing the prenatal development and via maternal milk after birth. The mixture ratio was based on 
the estimated BMDs for 5% decreased birth weight for the individual pesticides. The mixture 
doses were of 0, 28, 90 and 210 mg/kg/day, i.e. 0%, 5%, 16% and 37.5% of this mixture (Table 
12). The doses of the individual pesticides and the sum of them, i.e. the mixture doses, are 
shown in table 1. The names used for the four groups throughout this report will be: control, 
Mix-5%, Mix-16% and Mix-37.5%. 
The substances used were corn oil (vehicle) (Sigma-Aldrich, Brøndby, Denmark), and cyroma-
zine, MCPB, pirimicarb, quinoclamine, thiram and ziram. All pesticides were purchased in a 
technical quality from VWR- Bie & Berntsen, Herlev, Denmark. 
The animals were housed in pairs until GD 17 and alone thereafter under standard conditions in 
semi-transparent polysulfone (PSU) type III cages (PSU 80-1291HOOSU Type III, Techniplast, 
Buguggiate, Italy) (15x27x43 cm) with Aspen wood chip bedding (Tapvei, Gentofte, Denmark), 
Enviro Dri nesting material (Brogaarden, Lynge, Denmark) and Tapvei Arcade 17 (Aspen wood) 
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Whole mounts 
Mammary glands of male and female prepubertal (PD 24) offspring were dissected and spread 
on a glass slide. The mammary glands were fixed in 4% formalin buffer, stained with alum car-
mine, dehydrated in alcohol, cleared with xylene and mounted with a coverslip. Whole mounts 
were scanned in a flatbed scanner and measurements were performed in Image Pro Plus 7.0 
software (Media Cybernetics, Bethesda, MD, USA). Mammary glands were evaluated for out-
growth (outer area, elongation, transverse growth, longitudinal growth, distance to the lymph 
node and distance to the 5th gland) and the number of TEBs in zone C was counted. 

Offspring body weight gain after weaning 
Offspring were weighed at weaning, upon sexual maturation and approximately every 14 days 
beginning on PND 44 (block 2 from PND 34) and ending on 5-6 months of age. The results 
were analysed by repeated measures ANOVA. Specific growth rate (SGR) was determined as 
weight gain between two points in time divided by previous body weight [Ng et al. 2010] and 
was determined for 5 months of age where also feed consumption was measured. 

Food consumption 
Weaned offspring and their chow were weighed on 5 months of age, and the chow consumption 
and weight of the animals was again registered after 7 days. As the animals were housed pair-
wise, food consumption was registered as the joined consumption of the 2 animals (from same 
group) housed together (n = 8-9). However, cages with animals housed with littermates were 
not excluded in the analysis (to avoid litter effects). This would impair the power which addition-
ally was reduced by some technical problems. Energy efficiency was determined as weight gain 
between two points in time divided by energy intake between the two points [Ng et al. 2010]. 
Food consumption was expressed as food intake per day per 100 g rat. 

Glucose Tolerance test 
Weaned offspring were subjected to an oral glucose tolerance test at 5months of age. The 
animals were fasted overnight for 18 hrs (predominantly light-period) prior to testing. The ani-
mals were placed individually in clean cages with bedding material 30 min before test-start to 
allow for acclimatization to the new surroundings. Tongue blood was drawn at time -15 min. for 
fasting insulin determinations. At time 0 min. the animals were dosed by oral gavage with 2 g D-
glucose/kg bw in the form of an aqueous solution of 500 mg/ml D-glucose. Blood glucose from 
the tail tip was measured at times -30, 0, 15, 30, 60, 90, and 180 min from time of glucose dos-
ing. Measurements were performed with Accu-Chek Aviva Nano Blood Glucose Monitor system 
(60308052812) and teststrips (06453970016) from Roche, Roche Diagnostics GmbH, Mann-
heim, Germany. Area Under the Curve (AUC) baseline corrected to fasting blood glucose was 
calculated and compared. A HOMA-IR, homeostasis model assessment = fasting insulin (ng/ml) 
* fasting glucose (mM) / 22.5 x 0.0417 score was calculated.

Statistics  
For all analyses, the alpha level was set at 0.05 and the litter was the statistical unit. Data were 
analysed using analysis of variance (ANOVA). When more than one pup from each litter was 
examined, statistical analyses were adjusted using litter as an independent, random and nested 
factor in ANOVA or litter means were used. Where an overall significant treatment effect was 
observed, two-tailed comparison was performed using least square means. Birth weights were 
analysed using the number of offspring per litter as covariate and AGD and organ weights were 
analysed using body weight as a covariate. Birth and pup weights were examined for depar-
tures from normality and homoscedasticity, but no indications for a rejection were found. All 
weight variables were analysed with litter size as covariate, and for pooling purposes normal-
ized to the means of the female or male controls. AGD data were analysed with pup birth 
weights as covariate, and by the AGD-index, i.e. AGD divided by the cube root of body weight. 
Statistical analyses were always adjusted using litter as an independent, random and nested 
factor. The number of nipples (NR) was assumed to follow a binomial-distribution with a re-
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Figure 9a (top). Maternal body weight gain GD 7-21 in animals giving birth, mean±STD, 
N= 19-22, * p<0.05 
Figure 9b (bottom). Maternal body weight gain GD 7-14 and 14-21 in animals giving birth, 
mean+STD, N= 19-22,* p<0.05 
 
Pregnancy data and dam weights in the lactation period  
Gestational length, number of live born pups per litter and the mortality of foetuses and pups 
were unaffected by the exposure.  
The maternal body weight gain during the lactation period is shown in figure 10. From GD7 to 
PD 1 the weight gain was significantly decreased in the groups exposed to Mix-16% and Mix-
37.5% (p<0.0001). The maternal body weight gain from PD 1 to PD 24 appeared increased in 
the groups exposed to Mix-16% and Mix-37.5%, but the difference was only statistically signifi-
cant in the Mix-37.5% group (p=0.009). 
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Figure 10. Maternal body weight gain GD 7-PD1 and PD1-24 in animals giving birth, 
mean±STD, N= 19-22 and 17-19 respectively. * p<0.05 
 
The dam weight during the lactation period is shown in figure 11. Consistent with the body 
weight gain data, the groups exposed to Mix-16% and Mix-37.5% have lower body weights at 
the beginning, but in the last part of the lactation period (PD 14) only mix-37% showed signifi-
cantly lower body weight and at PD 24 (one week after exposure was ended) none of the ma-
ternal weights were different.  
 

 
Figure 11. Maternal body weights during the lactation period, mean±STD, N= 17-19 
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Table 13 Pregnancy and litter data  
Data represent group means, based on dams or litter means ± STD 
 Control Mix-5% Mix-16% Mix-37.5% 

Time-mated females (no.) 22 22 22 22 

Non-pregnant (no.) 0 0 3 2 

Pregnant, but caesarean section 0 2 0 0 

Pregnant, but no pups on PD1 (no.) 2 0 0 1 

Pregnant, but not continued due to small 
litter size, i.e. below 4 (no.) 

1 1 2 0 

Pregnant, but early total litter loss after 
PD 1 (no.) 

1 0 0 0 

Females giving birth/litters (no.) 21 20 19 20 

No. litters after PD 3 18 19 17 19 

Maternal bw GD7 (g) 225.7±9.9 228.8±10.4 225.6±11.1 225.7±9.4 

Maternal bw gain GD7-GD21 (g)^ 73.8 ± 17.2 72.0 ± 18.7 57.0 ± 17.4* 43.1±16.0* 

Maternal bw gain GD7- PD1 (g) ^ 18.8±7.8 12.3±9.7 4.19±10.1* -3.5±8.1* 

Gestational length (d) 23.1 ± 0.3 23.0 ± 0.5 23.1 ± 0.2 23.1 ± 0.4 

Litter size, live pups, PD 1 (no.) 8.7±3.1 10.4±4.3 8.8±3.8 8.6±3.5 

Pup mortality, stillborn and dead after 
birth (%) 

1.3 ± 5.7 0.0 ± 0.0 5.3 ± 22.9 
(0.0± 0.0a) 

1.5 ± 3.6 

Birth weight, male pups (g) 6.7 ± 0.45 6.2 ± 0.55* 6.1 ± 0.62* 5.7 ± 0.41* 

Birth weight, female pups (g) 6.3 ± 0.4 5.9 ± 0.5 5.8 ± 0.6* 5.4 ± 0.5* 

AGD, males (units) 21.7 ± 1.4 21.9 ± 1.5 21.6 ± 1.0 22.4 ±1.2 

Nipple retention, male pups (no.) 0.07 ± 0.19 0.09 ± 0.23 0.24 ± 0.34 0.61 ± 
0.64* 

AGD, female pups (units) 10.7 ± 0.6 11.0 ± 0.7 11.1 ± 0.8 11.1 ±0.8* 

Body weight, PD 6, male pups (g) 13.9 ± 1.5 13.0± 2.0 12.7± 1.6* 11.2±1.4* 

Body weight, PD 6, female pups (g) 13.3 ± 1.4 12.6± 1.7 12.3± 1.5* 11.0±1.3* 

Body weight, PD 14, male pups (g) 30.3±4.6 
 

28.2± 5.1 28.1± 4.8 25.9±4.3* 

Body weight, PD 14, female pups (g) 29.8± 4.3 28.0 ± 5.3 27.5± 4.5 25.9±4.8* 

Body weight, PD 24, male pups (g) 58.4± 7.9 51.7± 9.3 53.2± 7.1 52.2± 7.7* 

Body weight, PD 24, female pups (g) 56.8± 7.6 51.7± 8.9 51.8± 7.6 51.6± 7.6* 

* p < 0.05 ^only pregnant 
a) Excluding one litter with only 2 pups which died shortly after PD 1. It is common that 

litters with only 1-2 pups leads to insufficient maternal care, most likely due to insuffi-
cient stimulation of milk production  

 
Birth weight and pup weight (Table 13, Figure 12) 
The birth weights of the pups were dose-dependently decreased compared to control at all 
doses. In the Mix-37.5% group, the birth weight was 15% lower than control values, and the 
decreases were 6% and 9% in the groups exposed to Mix-5% and Mix-16%, respectively. The 
differences were significant in all of the dose groups apart from the mix-5% females.  
Pup body weights on PD 6 were similarly decreased as the birth weights, i.e. the decreases 
were 6%, 8% and 19% in the groups exposed to Mix-5%, Mix-16% and Mix-37.5%, respective-
ly. However, the differences were only statistically significant at the two highest doses. 
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Pup body weights on PDs 14 and 24 appeared decreased at all doses by 6-10%, 7-8% and 10-
14% in the groups exposed to Mix-5%, Mix-16% and Mix-37.5%, respectively. However, the 
differences were only statistically significant at the highest dose. 
 

 
Figure 12. Birth weight, mean+STD, N= 19-20 (number of litters).  
 
Mixture effect on birth weight  
The observed effect of the mixture on mean birth weight as well as the predicted mixture effects 
based on dose-addition for both the range-finding and the main study is shown in Figure 13. 
The observed results at all three doses in the main study appear to be slightly more marked 
than predicted. However, these small differences are not of statistically significant. Thus, the 
predicted effect based on dose-addition corresponds well with the observed results for both 
studies. The predicted effect based on independent action (IA) is not shown as it was very simi-
lar to the DA-prediction (see fig. 8).  
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Figure 13. Birth weight decrease in % of controls in pups exposed to a mixture of six 
pesticides. Results shown are those observed in the range-finding study (study no.13-34) and 
the main study (study no.14-15) as well the predicted mixture results based on dose-addition 
(DA). The prediction curve is in line with the observed findings.  The predicted effect based on 
independent action (IA) is not shown as it was very similar to the DA-prediction (see figure 8). 
 
AGD and NR  
The AGD in male offspring (analyse with body weight as covariate) was not affected by the 
exposure (Table 13). In female offspring, AGD was significantly longer at the highest dose level, 
i.e. Mix-37.5%. 
Nipple retention in the male pups was significantly higher than controls at Mix-37.5% (Table 
13). However, the increase was marginal and only reflected a few male pups with a few addi-
tional nipples.  
The number of nipples in female pups were unaffected by the exposure (data not shown).  
 
Organ weights and histology on PD 16 
Organ weights of male and female offspring PD 16 are shown in table 14. 
Body weights of offspring PD 16 were significantly decreased in both male and female offspring 
in the highest dose-group.  
The relative weight of the retroperitoneal fat pad in males and females was increased although 
the body weights were decreased. It appears that the weight gain in adipose tissue relatively to 
the body weight gain was increased in the offspring in the highest dose group.  
A large variation was present in liver weights in the Mix-5% dose-group, especially in the male 
offspring (Table 14 and Figure 14). Due to this difference, the variances were not normally 
distributed and were not possible to transform appropriately. However, when the Mix-5% was 
excluded from the statistical analysis the criteria of normal distribution were met and a statisti-
cally significant decrease in liver weights was seen in males in the Mix-37.5% group and in 
females in the Mix-16% and Mix-37.5% groups. The liver weights were then dose-dependently 
decreased but this decrease appeared to be related to smaller offspring rather than an expo-
sure-related liver effect (Figure 14).  






































































