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Further Details on GMO Risk 
Assessment Issues

�Animal testing of Whole GM food/feed
�EFSA 90 days test guidance
�Experience with 90 days testing

�BT tomatoes toxicity testing
�Seralini studies

�GRACE project
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Whole Food and Feed Testing in 
Laboratory Animals

“Safety and Nutritional 
Assessment of 

Genetically Modified 
Plants and Derived Food 

and Feed: The role of 
animal feeding trials”

Report of the EFSA GMO Panel 
Working Group on Animal Feeding 

Trials

Food and Chemical Toxicology
volume 46, supplement 1, March 2008, pages 

S1-S70

Guidance on conducting 
repeated-dose 90-day oral 
toxicity study in rodents 
on whole food/feed 

EFSA Scientific Committee

European Food Safety Authority (EFSA), 
Parma, Italy

EFSA Journal 2011;9(12):2438
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�Natural bulkiness of food
�Does a rat eat tomatoes?

�Palatability of animal test diet?

�Effects of animal diet on satiety? 

�Need to maintain nutritional balance in the animal test diet 

�Limit of administration of the GM test material in the animal test diet in 
order to prevent imbalance in nutrients (and natural toxins)

�Matrix effects

Difficulties with Animal Feeding Trials with 
GM Foods/Feed
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Animal Testing of Whole GM 
Food/Feed Needed? 

EFSA Guidance 2011: Only whole food/feed testing in case 
of indications for unintended effects

�Hypothesis driven

�In case of relevant differences identified by molecular, compositional, 
phenotypic/agronomic analyses, which need further characterization

�In case of remaining uncertainties for the potential occurrence of unintended 
effects

�Stacks with interacting proteins

�Commission New Implementing Regulation 2013:
Compulsary testing of all GMO single events and stacks from retransformation



Adapted Test Protocol 
(EFSA Guidance)

�Protocol to be adapted from the OECD 90-day rodent toxicity study, 
Guideline 408 (OECD, 1998) for chemicals

�4 treatment groups (control + 3 dose levels: low, middle, high)
�80 animals for both sexes
�Highest dose should induce toxicity
�Lower dose(s) should indicate No-Adverse- Effect –Level

�Highest dose with whole food

�Dose-response with whole foods (higher dose → greater effect) is  
seldomly achieved

�The use of only 2 dose levels (low + high) of the whole food and a 
control diet recommended
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Toxicological Endpoints (OECD 
Test Guideline 408)

�Toxicological  endpoints: food/feed intake, 
growth, haematology, blood clinical biochemistry, 
urinalysis, gross necropsy and histopathology. 

�Immune and hormonal parameters and on the 
gut eco-system on a case-by-case basis. 
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Choice and preparation of the Animal 
Test Diet 

�Commercial standard laboratory animal diets
�Diets based on natural ingredients (maize starch, soy, soy oil, 
casein, cellulose, legumes)

�(Semi)- synthetic diets with well-characterized 
ingredients
�Human-type of diets
�Control diets (non-GM near-isogenic)
�Nutritionally balanced diets (anti-nutrients, 
toxins)
�Influence of processing
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Selection of Dose Levels 

�High dose representing the maximum 
incorporation rate not causing nutritional 
imbalances 

�Low dose above the expected intake level of 
consumers
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Housing and maintenance

�For welfare and scientific reasons the animals should  be 
housed as pairs and not singly
.
�Social isolation is stressful in rats: 

�locomotor hyperactivity, 
�increased variability in for instance bodyweight

�Statistical implications:
� Animals in the same cage can not receive different 
treatments 
�Cages with two animals are the Experimental Units. 

10



Required Sample Size

�Which effect size of scientific interest should be picked 
up?

�Use “Standardized Effect Size” (SES):
�Difference between treatment groups divided by the standard 
deviation (SD) among the experimental units 
�Signal/Noise Ratio

�A priory decision on an acceptable Effect Size (1, 2)

�Power analysis to estimate required sample size
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Power  of the Experiment 
(Chance of Detecting a True Effect)

Power

Significance level
(0.05 or 0.10?)

Group size

Alternative
Hypothesis
(2-sided)

Effect size (signal)

Inter-individual 
variation (noise)

Fix any five of these variables to determine the sixth

Total n

Signal/noise ratio =    |(Mean Treated) – (Mean Control)|
Noise (SD)



Number of Experimental Units as 
function of Standardized Effect Size
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Experimental Unit = 1 animal/cage
Standardized Effect Size(Signal/Noise ratio)= Difference between
Treatment Groups divided by the Standard deviation (SD) among Experimental Units



Examples of Detectable Effect Sizes with different 
designs and numbers of experimental units (5% 
significance level) 
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Inclusion of Positive Control 
and/or Reference Groups 

�Positive control groups to  demonstrate sensitivity of the test 
model, i.e. the susceptibility to a specific toxic effect of a compound 
with known toxicity.

�Reference controls groups (commercial non-GM material) provide 
ranges of normal values of test parameters found under the conditions 
of the experiment. 

�Is not recommended to use reference control groups when 
historical background data are available (RRR-principle).
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Interpretation of Results of Animal Studies 

�Observed differences in test parameters between 
treated and control groups must be evaluated with 
respect to:

�Dose-related trends 
�Possible interrelationships between  test parameters
�Occurrence of effects in both genders
�Reproducibility data (other studies?
�Animal species specificity of effects (idiosyncracy)
�Background range of variability:
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Safety Assessment of CRYIA(b) protein

17ACS Symposium Series 605, p134-147, 1995, in Genetically Modified Foods,
Editors Karl-Heinz Engel, Gary R. Takeoka, and Roy Teranishi

EU co-sponsored FLAIR project no. AGRF-0039



Safety Assessment of Bt Tomato



ructure and Function of CRY proteins

Delta endotoxins are pore-forming toxins produced by Bacillus 
uringiensis species (MW of 27-140 kDa)

�Activity against Lepidoptera, Diptera or Coleoptera insect species

The endotoxin binds to the gut epithelium and causes cell lysis by the 
rmation of cation-selective channels

Activated region of the delta toxin is composed of 3 distinct structural 
mains: 

�an N-terminal helical bundle domain (membrane insertion and pore formation) 
�a β-sheet central domain (receptor binding) 
�a C-terminal β-sandwich domain (channel formation)

1Ab5 MW 60 kD EMBL X04698



Safety Testing of CRYIA(b) protein

Cry1A(b)
Binding to gut tissues in vivo/in vitro rat, mice, rhesus monkey and 
mans

Proteolytic degradation in vivo/in vitro
Bioavailability/acute toxicity testing
28-Day toxicity study in female mice
31-Day toxicity study in male rabbits
Haemolytic activity/gut cell toxicity

Bt-Tomatoes
Single/multi-compositional analysis
90-Day feeding trial in rats



Results Safety Testing 
CRYIA(b) protein

No in-vivo and in-vitro binding observed in tissue segments of 
imals fed with the CRY protein or incubated with the CRY protein

Positive control experiments in larvae of Manduca sexta

Extensive degradation in-vitro (two-step proces)

Extensive digestibility of the CRY protein upon G.I. tract passage

No adverse effects observed in short-term studies in mice and rabbits



91-Day Feeding Trial 
Bt-Tomatoes in Rats

Diet:

�CRYIA(b) protein administered in lyophilized tomato powder

�10% (w/w) of lyophilized tomato powder in the animal test diet ( 

�Dose limitation: potassium toxicity (range finding study)

�Final CRYIA(b) concentration in the diet 600 µg/kg

�Daily intake of tomato powder  by rats equal to 200 g tomatoes/kg 

bw

�Equivalent to a human consumption of 13 kg Bt tomatoes per 

day 



Results 91-Day Feeding Trial with Bt-
Tomatoes in Rats

Toxicological endpoints tested:
Food/water consumption, body weight, clinical 
arameters, haematology, urinalysis, autopsy, 
stopathology

Results
No significant or consistent differences observed in the 
xicological and histopathological test parameters 
etween test and control animals consuming Bt tomatoes 
uring 91days

Dosing equivalent to a human consumption of 13 kg 
t tomatoes per day 



Study Seralini et al. (2012)

ong term toxicity of a Roundup herbicide and a 
oundup-tolerant genetically modified maize

lles-Eric Séralini, Emilie Clair, Robin Mesnage, Steeve 
ress, Nicolas Defarge, Manuela Malatesta, Didier 
ennequin, Joël Spiroux de Vendômois 

Food and Chemical Toxicology (2012), 50, 4221–4231



Study Design

NK603 maize (herbicide glyphosate tolerant) 11, 22 and 
3% in the diet, fed to  Virgin albino Sprague-Dawley rats 
uring 2 years, with or without herbicide treatment

Roundup alone treatment (0.1 ppb, 0.09% and 0.5%)

NK603 maize cultivated with or without  Roundup

10 males + 10 females per group; 18 Treatment Groups + 
Control Groups



Some of the Claims

Early death In females and males.

Females developed large mammary tumors, the pituitary was the 

cond most disabled organ.

n treated males, liver congestions and necrosis were 2.5–5.5 times 

gher. 

Severe kidney nephropathies were also generally 1.3–2.3 greater. 

Males presented 4 times more large palpable tumors than controls 



mors in rats fed GMO treated or not by 
oundup, and effects of Roundup alone



ey limitations of the study (1)

�Use of a rat strain with a well-known spontaneous occurrence of 

mammary tumours in female rats

�Small number of animals in the various test groups (10♂+10♀)

�18 treatment groups and 2 control groups

�No dose dependency of observed tumor effects



ey limitations of the study (2)

Lack of reference controls or data on natural variations of 
st parameters, spontaneous tumour rates

Lack of data on the agronomic, compositional and 
henotypic characteristics of the test and control materials

Use of unconventional statistical methods

Lack of power analysis prior to the start of the study.



ralini Study Retracted and Republished

Long term toxicity of a Roundup herbicide and a Roundup-tolerant 
netically modified maize," by Gilles Eric Séralini et al. has been 
tracted by the Journal Food and Chemical Toxicology 

Republished study: long-term toxicity of a Roundup herbicide and a Roundup-tolerant 
netically modified maize, in Environmental Sciences Europe 2014, 26:14

http://www.enveurope.com/content/26/1/14



ommentary Mandatory Animal Feeding 
ials with Whole GM Foods (1)



Commentary (2)

Potential added value of  (sub)-chronic testing of whole GM foods in 
dents is highly questionable

Such experiments should only be performed where necessary (EFSA, 
11) 

The demand for routine testing using animals is in conflict with the 
uropean Union (EU) Commission’s efforts to reduce animal 
perimentation.

Regulating agencies in the EU are invited to respect the sound 
ientific principles and not to interfere in the risk assessment



FSA Statement 90-Day Animal Feeding Trials 
th Whole GM Food/Feed

Statement of EFSA

xplanatory statement for the applicability of the 
uidance of the EFSA Scientific Committee on 

onducting repeated-dose 90-day oral toxicity study in 
dents on whole food/feed for GMO risk assessment

EFSA Journal 2014;12(10):3871



FSA Statement

Provides clarification on the applicability of the EFSA Scientific 
ommittee Guidance (2011) in the framework of IR (EU) 503/2013

Scenario 1: A specific hypothesis is available, preceding analysis has 
entified a specific hazard

Scenario 2: No specific changes or possible risks were identified

Further characterization of test materials and diets

Possibility of testing only one dose level as an option in the case of 
enario 2.



corporation Rates of Test 
aterials

60% for rice (dehulled) 
50% for maize 
30% for soybean meal 
25% for rapeseed meal 
20% for fullfat soybean 



Sample size corresponding to 
theoretical effect size

Effect size (folds of a fixed 
SD = 1)

Nominal 
power (%)

Experimental 
units/sex/group

0.5 80
90

64

86

0.75 80
90

29

39

1 80
90

17

23

1.5 80
90

9

11

2 80
90
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U FP 7 GRACE PROJECT

MO Risk Assessment and Communication of Evidence (GRACE) 

valuation and performance of animal feeding trials and 
ternative in vitro studies for the assessment of GMO impacts on 
uman health

�Subchronic toxicity studies with GM Maize 
(MON 810) and GM Potato events

�Chronic toxicity studies (1year)
�Alternative in vitro testing approaches for commercialized GM 
food/feed 

ww.grace-fp7.eu



90-day oral toxicity studies on GM 
maize varieties in rats

nety-day oral toxicity studies on two genetically modified maize 
ON810 varieties in Wistar Han RCC rats (EU 7th Framework 
ogramme project GRACE)
gmar Zeljenkova et al. Arch Toxicol (2014) 88:2289–2314

MON810 maize varieties with different genetic backgrounds, their 
ar-isogenic non-GM varieties and four additional conventional maize 
rieties were tested (11 and 33% in the diet)

M maize varieties  at a level of up to 33 % in the diet did not induce 
verse effects in male and female Wistar Han RCC rats



onclusions

Applicants should define the appropriate scenario (scenario 1, 2) and 
sign the 90-day study on whole food / feed accordingly

The test material should be representative of the product to which 
mans and/or animals will be exposed

Rats should be used as the test species; social housing should be 
lowed, with single housing requiring justification. 

The number of experimental units should be sufficiently large to allow 
proper statistical analysis, with sufficient replication. 



onclusions (2)

Experimental design and statistical analysis should 
ways be pre-planned. 

All the objectives of the study, the hypotheses to be 
sted, the details of the design, the conduct and the data 
nalysis should be clearly documented (i.e. in a protocol, 
atistical analysis plan and study report). 
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