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Content: two topics to improve animal experimentation 

1. Identify previously performed studies   
•  Lecture on Systematic Reviews and search tools 
•  Practical on Comprehensive search strategies 

2. Use of Gold Standard Publication Checklist (GSPC) 
when planning and reporting experiments 
•  Introductory lecture 
•  Practical using GSPC 



Identify previously performed studies   

What to do prior to planning experiments? 
Identify previously performed studies   

Goal: 
•  Design animal experiment of highest relevance and 

quality 



To achieve highest relevance and quality 

Thorough inventory and analysis of 
previously performed animal studies 

Systematic Reviews 

FELASA Symposium,  
Juni 2010 Helsinki, Finland 

Rob Scholten, The Dutch Cochrane Centre 
Amsterdam, The Netherlands 

Do like us! 



What is a Systematic Review and meta-analysis? 

Systematic Review:  
Literature review focused on a single question which 

tries to identify, appraise, select and synthesize all 
high quality research evidence relevant to that 
question 

 
 
 

 
Meta-analysis: 
Combination of results of individual studies in  

 statistical analysis   
 
 

Systematic steps: 

1. Define a specific research question  
  

2. Search for all animal studies 

3. Select studies by predefined criteria 

4. Assess methodological quality 
 5. Extract data and meta-analyses 

6. Data synthesis 



Why systematic reviews of animal studies? 

•  To obtain an overview of available knowledge  
•  To help design clinical trials (patient safety) 
•  To improve translational transparency of animal studies 
•  To improve quality of primary studies 

Effect of pregnancy on vascular function of arteries  
 (data from Joris van Drongelen, UMC St Radboud) 

 
 
Many conflicting results in literature 
 
 
 
Perform systematic review 
 
 



Effect of pregnancy on vascular function of arteries 
(data from Joris van Drongelen, UMC St Radboud) 
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Choice of an 
animal model  
 
 
 

Why systematic reviews of animal studies? 

•  To obtain an overview of available knowledge 
•  To help design clinical trials (patient safety) 
•  To improve translational transparency of animal studies 
•  To improve quality of primary studies 



Example:  
To improve translational transparency of animal studies 

Experience Malcolm Macleod (CAMARADES): 

•  1026 drugs tested for stroke in animal models 
•  374 drugs were effective in animal models 
•  Only 1 drug was effective in human 
• Many confusing animal data are available 

WHY does efficacy in animals not correlate to efficacy 
in humans? 
     

Translational transparency  ! perform SR 

Internal validity:  
 Results give reliable answer the research question 

External validity:  
 Results provide a correct basis for generalisations to the 
human condition (publication bias; Are the models we use 
good models? i.e. co-morbidity)  
 



Internal validity 

To improve translational transparency of animal studies 

Data from Malcolm Macleod  
(CAMARADES collaboration) 

Randomisation Blinded Outcome 
Assessment 

Sample Size 
calculation 

Stroke 36% 29% 3% 

From: Sena et al. Trends in Neurosciences, 2010 

No randomization /  
no blinding  

   
 
 

overestimation of 
effect size 



“If you take a closer look, you see more” 

 
  

www.ccac.wc8.ca 



3R Research Centre, Nijmegen, The Netherlands 

Focus:  
implementation of SR of animal studies  

•  Developing methodology for SRs (tools) 
•  Executing SRs  
•  Education SRs 
•  International collaboration 

3R Research Centre: 

 - Prof. Merel Ritskes-Hoitinga 
 - Dr. Marlies Leenaars (M.Leenaars@cdl.umcn.nl) 
 - Dr. Carlijn Hooijmans 
 - Dr. Rob de Vries 
 - Judith van Luijk MSc (PhD student) 
 - Brenda Bakker (BMS MSc student) 
  

Collaboration in Nijmegen:  
-  NCEBP 
-  Medical library (Alice Tillema) 

                                        !
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The Swiss Association of Cantonal Veterinarians have accredited the SR 
congress as 1.5 days of continuing education for the Swiss researchers (both 
days=1.5 days of continuing education; the 1st day=0.5 day of continuing 
education; the second days workshop=1 day of continuing education). 

Systematic steps: 

1. Define a specific research question  
  

2. Search for all animal studies 

3. Select studies by predefined criteria 

4. Assess methodological quality 
 5. Extract data 

6. Data synthesis 



Identify all animal studies 

* Internet 
* Tools to ease  
the process 

Tools to identify all animal studies 
(page 36-55 of the hand-out) 

 - Step-by-step guide to identify relevant animal studies  
  (Leenaars et al., Laboratory Animals, 2011, in press) 

 - PubMed filter to find all animal studies 
  (Hooijmans et al., Laboratory Animals, 2010) 

 - EMBASE filter to find all animal studies 
  (De Vries et al., Laboratory Animals, 2011) 



Practical on Comprehensive search strategies 

Table 1 
Steps 

 
1.    Research question 
2.    Sources 

3.    Comprehensive search strategy 
4.    Search results 
5.    Relevant papers 

Leenaars et al, 2011 
A step-by-step guide to systematically identify all relevant animal studies 
(page 48 of the hand-out)  



1. Research question 

1.  Research question 

What is the effect of probiotic supplementation in animal 
models for acute pancreatitis? 

Search Components (SC)? 

1. (acute) pancreatitis 
2. probiotic(s) 
3. animal (models) 



2. Sources 

•  Bibliographic databases with thesaurus 
• E.g. PubMed [MeSH] 

•  Bibliographic databases with keywords 
• E.g. Web of Science, Scopus 

•  Google 
•  Etc.  
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4     (pancreas AND inflammation) AND probiotics AND animals 2 

3     pancreatitis AND probiotic  AND animal models 10 

2     pancreatitis AND probiotic AND animals 30 

1     pancreatitis AND probiotics AND animals 28 
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3. Comprehensive search strategy: 

Your turn! 



Leenaars et al, 2011 
A step-by-step guide to systematically identify all relevant animal studies 
(page 51 of the hand-out)  
 
Table 2        Step A    Search components? 
 
 
 

Topic: 
supplementation of omega-3 fatty acids in 
animal models for Alzheimer’s Disease 
 
 

Search components: 
 
 
1. omega(-)3 fatty acid(s) 
 
2. animal (models) 

3. Alzheimer(’s Disease) 
 
 
 



 
Table 2 
Step B     Comprehensive search strategy 
 
•  Identify standardized subject terms e.g. MeSH (page 
50, paragraph 3.1B1) 
•  Identify free-text terms 
•  Combine standardized and free-text terms 
 

Leenaars et al, 2011 
A step-by-step guide to systematically identify all relevant animal studies 
(page 51 of the hand-out)  
 
 

  Omega 3 fatty acids 

Comprehensive search strategy omega 3 fatty acids: 
First find the MeSH term(s): 

 Fish Oils  
  Fatty Acids, Omega-3  
   Docosahexaenoic Acids 
   Eicosapentaenoic Acid 

 
Also the synonyms per MeSH term 
n-3 PUFA , n-3 Fatty Acids, Fatty Acids, n-3, n 3 Fatty Acids  
n-3 Polyunsaturated Fatty Acid, n 3 Polyunsaturated Fatty Acid, etc. 
 
 
 
fish oils[MeSH Terms] OR (fish[Tiab] AND oils[Tiab]) OR  fish oils[Tiab] OR “fatty acids, 
omega-3"[MeSH Terms] OR (fatty[Tiab] AND acids[Tiab] AND omega-3[Tiab]) OR omega-3 fatty acids
[Tiab] OR fatty acids omega 3[Tiab] OR  (fatty[Tiab] AND acids[Tiab] AND omega-3[Tiab]) OR  fatty 
acids omega 3[Tiab] OR docosahexaenoic acids[MeSH Terms] OR (docosahexaenoic[Tiab] AND 
acids[Tiab]) OR docosahexaenoic acids[Tiab] OR eicosapentaenoic acid[MeSH Terms] OR 
(eicosapentaenoic[Tiab] AND acid[Tiab]) OR eicosapentaenoic acid[Tiab] OR alpha-linolenic acid
[MeSH Terms] OR (alpha-linolenic[Tiab] AND acid[Tiab]) OR alpha-linolenic acid[Tiab] OR (alpha[Tiab] 
AND linolenic[Tiab] AND acid[Tiab]) OR alpha linolenic acid[Tiab] OR “dietary fats, 
unsaturated"[MeSH Terms] OR (dietary[Tiab] AND fats[Tiab] AND unsaturated[Tiab]) OR unsaturated 
dietary fats[Tiab] OR (dietary[Tiab] AND fats[Tiab] AND unsaturated[Tiab]) OR omega 3 fatty acids
[Tiab] OR polyunsaturated fatty acid[Tiab] OR n-3 PUFA[Tiab] OR PUFA[Tiab] OR n-3 fatty acids [Tiab] 
OR “n 3 polyunsaturated fatty acid"[Tiab] OR fatty acids n-3 [Tiab] OR DHA[Tiab] OR EPA[Tiab] OR 
ALA[Tiab] 



#1 
  dementia[MeSH Terms] OR dementia[Tiab] OR "dementia, vascular"[MeSH Terms] OR  alzheimer disease[MeSH 
Terms] OR alzheimer[Tiab]  OR alzheimer's[Tiab] 
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   fish oils[MeSH Terms] OR (fish[Tiab] AND oils[Tiab]) OR  fish oils[Tiab] OR “fatty acids, omega-3"[MeSH Terms] OR 
(fatty[Tiab] AND acids[Tiab] AND omega-3[Tiab]) OR omega-3 fatty acids[Tiab] OR fatty acids omega 3[Tiab] OR  (fatty
[Tiab] AND acids[Tiab] AND omega-3[Tiab]) OR  fatty acids omega 3[Tiab] OR docosahexaenoic acids[MeSH Terms] OR 
(docosahexaenoic[Tiab] AND acids[Tiab]) OR docosahexaenoic acids[Tiab] OR eicosapentaenoic acid[MeSH Terms] OR 
(eicosapentaenoic[Tiab] AND acid[Tiab]) OR eicosapentaenoic acid[Tiab] OR alpha-linolenic acid[MeSH Terms] OR 
(alpha-linolenic[Tiab] AND acid[Tiab]) OR alpha-linolenic acid[Tiab] OR (alpha[Tiab] AND linolenic[Tiab] AND acid[Tiab]) 
OR alpha linolenic acid[Tiab] OR “dietary fats, unsaturated"[MeSH Terms] OR (dietary[Tiab] AND fats[Tiab] AND 
unsaturated[Tiab]) OR unsaturated dietary fats[Tiab] OR (dietary[Tiab] AND fats[Tiab] AND unsaturated[Tiab]) OR 
omega 3 fatty acids[Tiab] OR polyunsaturated fatty acid[Tiab] OR n-3 PUFA[Tiab] OR PUFA[Tiab] OR n-3 fatty acids 
[Tiab] OR “n 3 polyunsaturated fatty acid"[Tiab] OR fatty acids n-3 [Tiab] OR DHA[Tiab] OR EPA[Tiab] OR ALA[Tiab] 
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 animal experimentation"[MeSH Terms] OR "models, animal"[MeSH Terms] OR "invertebrates"[MeSH Terms] OR "Animals"[Mesh:noexp] OR "animal population groups"[MeSH Terms] OR 
"chordata"[MeSH Terms:noexp] OR "chordata, nonvertebrate"[MeSH Terms] OR "vertebrates"[MeSH Terms:noexp] OR "amphibians"[MeSH Terms] OR "birds"[MeSH Terms] OR "fishes"[MeSH 
Terms] OR "reptiles"[MeSH Terms] OR "mammals"[MeSH Terms:noexp] OR "primates"[MeSH Terms:noexp] OR "artiodactyla"[MeSH Terms] OR "carnivora"[MeSH Terms] OR "cetacea"[MeSH 
Terms] OR "chiroptera"[MeSH Terms] OR "elephants"[MeSH Terms] OR "hyraxes"[MeSH Terms] OR "insectivora"[MeSH Terms] OR "lagomorpha"[MeSH Terms] OR "marsupialia"[MeSH Terms] 
OR "monotremata"[MeSH Terms] OR "perissodactyla"[MeSH Terms] OR "rodentia"[MeSH Terms] OR "scandentia"[MeSH Terms] OR "sirenia"[MeSH Terms] OR "xenarthra"[MeSH Terms] OR 
"haplorhini"[MeSH Terms:noexp] OR "strepsirhini"[MeSH Terms] OR "platyrrhini"[MeSH Terms] OR "tarsii"[MeSH Terms] OR "catarrhini"[MeSH Terms:noexp] OR "cercopithecidae"[MeSH 
Terms] OR "hylobatidae"[MeSH Terms] OR "hominidae"[MeSH Terms:noexp] OR "gorilla gorilla"[MeSH Terms] OR "pan paniscus"[MeSH Terms] OR "pan troglodytes"[MeSH Terms] OR "pongo 
pygmaeus"[MeSH Terms] OR (animals[tiab] OR animal[tiab] OR mice[Tiab] OR mus[Tiab] OR mouse[Tiab] OR murine[Tiab] OR woodmouse[tiab] OR rats[Tiab] OR rat[Tiab] OR murinae[Tiab] 
OR muridae[Tiab] OR cottonrat[tiab] OR cottonrats[tiab] OR hamster[tiab] OR hamsters[tiab] OR cricetinae[tiab] OR rodentia[Tiab] OR rodent[Tiab] OR rodents[Tiab] OR pigs[Tiab] OR pig[Tiab] 
OR swine[tiab] OR swines[tiab] OR piglets[tiab] OR piglet[tiab] OR boar[tiab] OR boars[tiab] OR "sus scrofa"[tiab] OR ferrets[tiab] OR ferret[tiab] OR ferrets[tiab] OR polecat[tiab] OR polecats
[tiab] OR "mustela putorius"[tiab] OR "guinea pigs"[Tiab] OR "guinea pig"[Tiab] OR cavia[Tiab] OR callithrix[Tiab] OR marmoset[Tiab] OR marmosets[Tiab] OR cebuella[Tiab] OR hapale[Tiab] 
OR octodon[Tiab] OR chinchilla[Tiab] OR chinchillas[Tiab] OR gerbillinae[Tiab] OR gerbil[Tiab] OR gerbils[Tiab] OR jird[Tiab] OR jirds[Tiab] OR merione[Tiab] OR meriones[Tiab] OR rabbits
[Tiab] OR rabbit[Tiab] OR hares[Tiab] OR hare[Tiab] OR diptera[Tiab] OR flies[Tiab] OR fly[Tiab] OR dipteral[Tiab] OR drosphila[Tiab] OR drosophilidae[Tiab] OR cats[Tiab] OR cat[Tiab] OR 
carus[Tiab] OR felis[Tiab] OR nematoda[Tiab] OR nematode[Tiab] OR nematoda[Tiab] OR nematode[Tiab] OR nematodes[Tiab] OR sipunculida[Tiab] OR dogs[Tiab] OR dog[Tiab] OR canine
[Tiab] OR canines[Tiab] OR canis[Tiab] OR sheep[Tiab] OR sheeps[Tiab] OR mouflon[Tiab] OR mouflons[Tiab] OR ovis[Tiab] OR goats[Tiab] OR goat[Tiab] OR goats[Tiab] OR capra[Tiab] OR 
capras[Tiab] OR rupicapra[Tiab] OR rupicapra[Tiab] OR chamois[Tiab] OR haplorhini[Tiab] OR monkey[Tiab] OR monkeys[Tiab] OR anthropoidea[Tiab] OR anthropoids[Tiab] OR saguinus[Tiab] 
OR tamarin[Tiab] OR tamarins[Tiab] OR leontopithecus[Tiab] OR hominidae[Tiab] OR ape[Tiab] OR apes[Tiab] OR pan[Tiab] OR paniscus[Tiab] OR "pan paniscus"[Tiab] OR bonobo[Tiab] OR 
bonobos[Tiab] OR troglodytes[Tiab] OR "pan troglodytes"[Tiab] OR gibbon[Tiab] OR gibbons[Tiab] OR siamang[Tiab] OR siamangs[Tiab] OR nomascus[Tiab] OR symphalangus[Tiab] OR 
chimpanzee[Tiab] OR chimpanzees[Tiab] OR prosimians[Tiab] OR "bush baby"[Tiab] OR prosimian[Tiab] OR bush babies[Tiab] OR galagos[Tiab] OR galago[Tiab] OR pongidae[Tiab] OR gorilla
[Tiab] OR gorilla[Tiab] OR pongo[Tiab] OR pygmaeus[Tiab] OR "pongo pygmaeus"[Tiab] OR orangutans[Tiab] OR pygmaeus[Tiab] OR lemur[Tiab] OR lemurs[Tiab] OR lemuridae[Tiab] OR 
horse[Tiab] OR horses[Tiab] OR pongo[Tiab] OR equus[Tiab] OR cow[Tiab] OR calf[Tiab] OR bull[Tiab] OR chicken[Tiab] OR chickens[Tiab] OR gallus[Tiab] OR quail[Tiab] OR bird[Tiab] OR 
birds[Tiab] OR quails[Tiab] OR poultry[Tiab] OR poultries[Tiab] OR fowl[Tiab] OR fowls[Tiab] OR reptile[Tiab] OR reptilia[Tiab] OR reptiles[Tiab] OR snakes[Tiab] OR snake[Tiab] OR lizard[Tiab] 
OR lizards[Tiab] OR alligator[Tiab] OR alligators[Tiab] OR crocodile[Tiab] OR crocodiles[Tiab] OR turtle[Tiab] OR turtles[Tiab] OR amphibian[Tiab] OR amphibians[Tiab] OR amphibia[Tiab] OR 
frog[Tiab] OR frogs[Tiab] OR bombina[Tiab] OR salientia[Tiab] OR toad[Tiab] OR toads[Tiab] OR "epidalea calamita"[Tiab] OR salamander[Tiab] OR salamanders[Tiab] OR eel[Tiab] OR eels
[Tiab] OR fish[Tiab] OR fishes[Tiab] OR pisces[Tiab] OR catfish[Tiab] OR catfishes[Tiab] OR siluriformes[Tiab] OR arius[Tiab] OR heteropneustes[Tiab] OR sheatfish[Tiab] OR perch[Tiab] OR 
perches[Tiab] OR percidae[Tiab] OR perca[Tiab] OR trout[Tiab] OR trouts[Tiab] OR char[Tiab] OR chars[Tiab] OR salvelinus[Tiab] OR "fathead minnow"[Tiab] OR minnow[Tiab] OR cyprinidae
[Tiab] OR carps[Tiab] OR carp[Tiab] OR zebrafish[Tiab] OR zebrafishes[Tiab] OR goldfish[Tiab] OR goldfishes[Tiab] OR guppy[Tiab] OR guppies[Tiab] OR chub[Tiab] OR chubs[Tiab] OR tinca
[Tiab] OR barbels[Tiab] OR barbus[Tiab] OR pimephales[Tiab] OR promelas[Tiab] OR "poecilia reticulata"[Tiab] OR mullet[Tiab] OR mullets[Tiab] OR eel[Tiab] OR eels[Tiab] OR seahorse[Tiab] 
OR seahorses[Tiab] OR mugil curema[Tiab] OR atlantic cod[Tiab] OR shark[Tiab] OR sharks[Tiab] OR catshark[Tiab] OR anguilla[Tiab] OR salmonid[Tiab] OR salmonids[Tiab] OR whitefish
[Tiab] OR whitefishes[Tiab] OR salmon[Tiab] OR salmons[Tiab] OR sole[Tiab] OR solea[Tiab] OR "sea lamprey"[Tiab] OR lamprey[Tiab] OR lampreys[Tiab] OR pumpkinseed[Tiab] OR sunfish
[Tiab] OR sunfishes[Tiab] OR tilapia[Tiab] OR tilapias[Tiab] OR turbot[Tiab] OR turbots[Tiab] OR flatfish[Tiab] OR flatfishes[Tiab] OR sciuridae[Tiab] OR squirrel[Tiab] OR squirrels[Tiab] OR 
chipmunk[Tiab] OR chipmunks[Tiab] OR suslik[Tiab] OR susliks[Tiab] OR vole[Tiab] OR voles[Tiab] OR lemming[Tiab] OR lemmings[Tiab] OR muskrat[Tiab] OR muskrats[Tiab] OR lemmus
[Tiab] OR otter[Tiab] OR otters[Tiab] OR marten[Tiab] OR martens[Tiab] OR martes[Tiab] OR weasel[Tiab] OR badger[Tiab] OR ermine[Tiab] OR mink[Tiab] OR sable[Tiab] OR sables[Tiab] OR 
badgers[Tiab] OR gulo[Tiab] OR gulos[Tiab] OR wolverine[Tiab] OR wolverines[Tiab] OR minks[Tiab] OR mustela[Tiab] OR llama[Tiab] OR llamas[Tiab] OR alpaca[Tiab] OR alpacas[Tiab] OR 
camelid[Tiab] OR camelids[Tiab] OR guanaco[Tiab] OR guanacos[Tiab] OR chiroptera[Tiab] OR chiropteras[Tiab] OR bat[Tiab] OR bats[Tiab] OR fox[Tiab] OR foxes[Tiab] OR iguana[Tiab] OR 
iguanas[Tiab] OR xenopus laevis[Tiab] OR parakeet[Tiab] OR parakeets[Tiab] OR parrot[Tiab] OR parrots[Tiab] OR donkey[Tiab] OR donkeys[Tiab] OR mule[Tiab] OR mules[Tiab] OR zebra
[Tiab] OR zebras[Tiab] OR shrew[Tiab] OR shrews[Tiab] OR bison[Tiab] OR bisons[Tiab] OR buffalo[Tiab] OR buffaloes[Tiab] OR deer[Tiab] OR deers[Tiab] OR bear[Tiab] OR bears[Tiab] OR 
panda[Tiab] OR pandas[Tiab] OR "wild hog"[Tiab] OR "wild boar"[Tiab] OR fitchew[Tiab] OR fitch[Tiab] OR beaver[Tiab] OR beavers[Tiab] OR jerboa[Tiab] OR jerboas[Tiab] OR capybara[Tiab] 
OR capybaras[Tiab] OR minks[Tiab] NOT medline[sb]) 

 5036788 

#4         Search #1 AND #2 AND #3 287 

135699 
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66629 

5036788 



Use of GSPC when planning and reporting experiments 

•  GSPC = Gold Standard Publication Checklist 

Hand out (Hooijmans et al., 2010) 

You found interesting studies 

-  Interpret results 
- Place into context 
- Repeat experiment 
- Confounding factors / possible bias 

   
   you need details  



1)  Developing a publication checklist 
Hooijmans et al  2010, ATLA 
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Publication checklist and ARRIVE guidelines 

GSPC 

•  May 2010 
•  Checklist for planning, design, 

execution and reporting of animal 
experiment 

•  Description of items in more detail 
(housing, nutrition, water)  
" diminishing the likelihood of 

interpretation errors 
•  Operationalized and specified 

  

 

•  Checklist, and is therefore well-
structured and easy to use  

ARRIVE 

•  June 2010 
•  Guidelines for reporting 

•  Global description of items 

•  Only names the items 
 

•  Guidelines 
 
 

     Letters to the editor: Hooijmans et al. 2010 in Br. J. of Pharmacology and Laboratory Animals 



Goal 

•  Awareness of importance of reporting details in papers 

Instruction  

• What do you need: 
• Provided GSPC checklist 
• Provided paper: Ritskes-Hoitinga et al. 1998 



Instruction  

•  Read:   
• Abstract 
• Relevant parts of Materials and methods 
• Relevant Tables 

•  Fill out checklist item 2-65 of provided checklist 

•  Tuesday: discuss checklist 


