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Survey of the Quality of Experimental Design, Statistical
Analysis and Reporting of Research Using Animals

Carol Kilkenny'*, Nick Parsons®, Ed Kadyszewski®, Michael F. W. Festing®, Innes C. Cuthill®, Derek Fry®,
Jane Hutton’, Douglas G. Altman®

* The survey identified key areas for improvement:

Experimental design

Most papers did not report
randomisation (88%) or

Only 70% of publications
fully described statistical
methods and presented the

blinding (86%) to reduce bias
in animal selection and
outcome measurements.

result with a measure of
variability.

Statistical analysis ] Reporting of studies

Only 59% included three
important pieces of
information: hypothesis,

number of animals and
characteristics of animals.



~ NIHZE{RFRARRIVE Essential 10

NIH Encourages the Use of the ARRIVE Essential 10 Checklist in all Publications Reporting on the
Results of Vertebrate Animal and Cephalopod Research

_ When ARRIVE 2.0 should be followed: E%ﬂi%ﬂ

ACD WORKING GROUP ON Writing stage
ENHANCING RIGOR, <I l;
TRANSPARENCY, AND
TRANSLATABILITY IN ANIMAL AND
RESEARCH . —_=
Entire research process HITETE
“Strengthening these elements across the life of a study, from N

planning to execution and publication, will result in a higher-

FINAL REPORT

e ts st quality knowledge base and will better inform future research.” hﬁ%ﬁﬁ
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The ARRIVE guidelines are endorsed by journals, funders and learned societies.

Journals Funders Universities Learned Societies
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The

Experimental Biology
The Open Access Publisher biosclente for the future

UNIVERSITY

ST (RO AV Rty
Over 400 journals have The major funding Universities endorse A arowina number of
incorporated the bodies of biomedical the ARRIVE guidelines earned societies
ARRIVE guidelines in research in the UK by encouraging staff endorse the ARRIVE

guidelines and share
the guidelines with
their members.

their Instructions to support the ARRIVE and students to use
Authors guidelines. the guidelines.




ARRIVE guidelines

The ARRIVE guidelines (Animal Research: Reporting of In Vivo
Experiments) are a checklist of recommendations for the full and

transparent reporting of research involving animals — maximising the

quality and reliability of published research, and enabling others to

better scrutinise, evaluate and reproduce it.
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Title

1. Accurate & concise
description

Abstract

2. Background,
objectives, methods,
key findings and
conclusions

Introduction
3. Background

4. Objectives
Mrive

Methods

5. Ethical statement

6. Study design
(blinding/randomisation)

7. Experimental procedures
(How? When? Where? Why?)

8. Experimental animals
(species, sex, weight)

9. Housing and husbandry
10. Sample size

11. Allocation experimental
groups

12. Experimental outcomes
13. Statistical methods

Results
14. Baseline Data
15. Numbers Analysed

16. Qutcomes &
estimation

17. Adverse events

Discussion

18. Interpretation &
implications

19. Generalisability and
translation

20. Funding




_ ARRIVE GUIDELINE

- ARRIVE 1.0 - infaj$g =B R Ez AR 2 3/ 3
- ARRIVE 2.0 (Essential 10)- 55 4108 it ERERETHIHREITEH
- PRI BAR AR EME, EEEFNAFRE

1. EEEEEET 4. E1 Randomisation | 7. #at A%
2. IR ANEL 5. B7% Blinding 8. EEREY
3. A4 A B HERR 6. ZRAI=EE 0. EiERF

10. &R
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_ PREPARE GUIDELINE

Laboratory Animals
2018, Vol. 52(2) 135-141
@© The Author(s) 2017 |{

PREPARE: guidelines for planning animal & and permisei®

sagepub.co.uk/

resea rCh and testing journalsPermissions.na

DOI: 10.1177/002367721
journals.sagepub.com/h

Adrian J Smith", R Eddie Clutton?, Elliot Lilley®, SSAGE

Kristine E Aa Hansen”® and Trond Brattelid®

Abstract

There is widespread concern about the quality, reproducibility and translatability of studies involving 1
animals. Although there are a number of reporting guidelines available, there is very little overarchi
ance on how to plan animal experiments, despite the fact that this is the logical place to start ensuring
In this paper we present the PREPARE guidelines: Planning Research and Experimental Prc
on Animals: Recommendations for Excellence. PREPARE covers the three broad areas which de
the quality of the preparation for animal studies: formulation, dialogue between scientists and the
facility, and quality control of the various components in the study. Some topics overlap and the P
checklist should be adapted to suit specific needs, for example in field research. Advice on use of th:
list is available on the Norecopa website, with links to guidelines for animal research and testing, af
norecopa.no/PREPARE.

Copyright © Genie Chin, NLAC NARLabs

The PREPARE guidelines cover 15 topics, grouped
in three main sections:

A. Formulation of the study
1. Literature searches
2. Legal issues
3. Ethical issues, harm-benefit assessment
and humane endpoints
4. Experimental design and statistical
analysis
B. Dialogue between scientists and the animal facility
5. Objectives and timescale, funding and
division of labour
6. Facility evaluation
Education and training
8. Health risks, waste disposal and
decontamination
C. Quality control of the components in the study
9. Test substances and procedures
10. Experimental animals
11. Quarantine and health monitoring
12. Housing and husbandry
13. Experimental procedures
14. Humane killing, release, reuse or
rehoming
15. Necropsy

=




PREPARE GUIDELINE

PREPARE (Planning Research and Experimental Procedures on Animals:

Recommendations for Excellence)

YRR AIERRAISEERNAE

1. RF M RIEER 6. BN R bt AT 1 11. @ R 2R E A
2. 7B 7. #HEGER 12. (AEEE

3. M- 3RZEEE 8. BRZ, ELZRIEZ 13. ERRE

4. BREERET KA ET 9. Al E 14. NEERREBER
5. EREREHE 10. EEEENY) 15. BRI R EREx

Copyright © Genie Chin, NLAC NARLabs
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V (Systematic Review) (Meta -
analysis)
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~ WHOIS IN THE STUDY?
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necus absorption of haloprogin in rats, rabbits, ministure swine and man for 5 days 1

(Bartek, LaBudde, Maibach, 1972)



Outbred Z#m % vs Inbred

nNEN
outbred Inbred1 Inbred 2

BALB/c/IMNER,

db/db/NER DBA/IMNE

ICR/MNER 16
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Rmm%: C57BL/6J vs C57BL/6N

cs7eL/edNarl cs57BL/ENBltw

o BRERHYDD | _AASCa BERILEMRIER

N LAC National Laboratory Animal Center

Metabolic Differences (DIO) Neurological Differences Immunological Differences
B6J gains more weight than B6NJ on high fat diet (HFD) Vision - Avoid Common Research Mistakes B6J mice show greater DTH Response
A
rdgy- i i
Body welght change with 60% fat CS57BL/BN (Crb1™); consequences of retinal degeneration Delayed Type Hypersensitivity (DTH) Response
o | o C57BLES (000664 ® Complication in interpretation of genes influencing diseases, e Sensitization and challenge with 500 - - oo
| i I/I/i./_i--i CSTBL/GNg (00530)4"5 phenotypes & developmental biology of sight & neurobiology dinitrofluorobenzene (DNFB) o o O3 Gs7BLGN
s, | //:_ et e Mice fed a 60 kcal% high L] Phenot‘ypic analysis of genes irnplicated in cognitive function ® B6J males & females show £ o -
7 !/I; e fat diet (behavioral tests that require visual cues) greater inflammatory response g
8 Ei:,{r Beginning at 6 weeks of age ® Research areas impacted: & 200 4
7 / Genetic Analysis 100
d Alzheimer’s
& Autism ® |dentified multiple SNPs & Indels ol
. Mm) 18 1 2 Down Syndrome ® Genomic structural variants Fem:eNFB - MEIZNFB
’ Rhett Syndrome
Nicholson, A etal. 2010. Obesity 18(10): 1902-1905. PMID: 20057372 Neurodegenerative disorders Simon, M. M., et al. (2013). Genome Biclogy 14(7): R82. PMID: 23902802
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Select The Proper C57BL/6 Control

Avoid Common Research Mistakes

Effects of Mapk9 (Jnk2) on acetominophen-induced liver injury (AILI)
A 9000-

—
<
—
< 2 5000-
= e
:g d . E -------- E JNK2..
- © . . (C57BL/6N)
< o 30004 T : E
< 3 : '
8 s C57BL/6) C57BL/6NJ
c '.l-l. -.-'-'
6J JNK27" 6NJ
C57BL/6 substrain DSk
B
:::.;,“7-) 2, i' o *.L-:' i T34 ‘y:‘ .,"-:"» | v c .."(' JNKZ.N“M JNK:IoHopmxb
C57BLSJ JNK2* ’ CS7BLANJ JNK2*

6NJ
Bourdi M et al. 2011. Chem Res Toxicol 24: 794-6. PMID:21557537
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EERFIEI- STEP2 BEetRk A HRaT 7%

Experimental Unit(EU)
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EERFIEI- STEP2 BEetRk A HRaT 7%

¥ia828 -

] A
I\/I . (positive control):
RER S & A u ! A
- . (negative control):

U | A
a5 E . (Mock) (Sham Control)
R A
. (Vehicle control)

( A
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EERFIEI- STEP2 BEetRk A HRaT 7%

EWDHEEE
= EAS 8o )L
RERE AL WO RERS - BRI EE
R\ . RandomizatioriE i 4> 28

HEpEd iR | (EU)

. Blinding &%
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EERFIEI- STEP2 BEetRk A HRaT 7%

A
HERE N . Pilot Study
\ . Exploratory Study
= 1 - - A
BEEnEd ¥ AR
v - Confirmatory Study
SHAE
J\/L . Type of comparison
SMEr A& - Primary variables: continuous/ categorical

- Errors: type I/ type Il



Randomized block design

'R, ROEMEE

HRY : PSR!

C57BL/6JNarl
8&

Wi

5 IE ¥

Block

C57BL/6JNarl
NEAE

C57BL/6JNarl
BE4E

Randomize

HNERERNE

SBI

==
=

-

NER2

K

-

~

Treatment Drug A

~

0
Kk

INFR2

=

Treatment Saline

BE2E

Vs

Treatment Drug A

Ve

BE2E

\§

Treatment Saline

EU= mice
N=2

B treatment
— 2K

B treatment
— I8 K



Factorial Experimental Design

(2%, k=factors)
sample size
A A (share N)

& - treatment B {45 —IE# R (22)
&l 1LtE
1. XF4EAR, H4ffimean (a, b, c, d)

Control Drug
Male b,:.b.:' 2. TreatmentZ2 : (c+d)/2- (a+b)/2
3. HAIER : (atc)/2- (b+d)/2

Female n—)n—) h—) ! 4. tERIE TreatmenttEE ((a-c)-(b-d))/2
b | ' d

quantitative variable vs categorical variable
EU= mice, N=2 multi-way ANOVA vs ?

a C




Experimental
Design
. A Assistant

HOME ABOUT EDA USER GUIDE EXPERIMENTAL DESIGN

Welcome to the Experimental Design Assistant, a free resource from the
MC3Rs to support researchers in the planning of animal experiments - ensuring
robust study design and reliable and reproducible findings.

The EDA consists of a web application and a supporting website; benefits
include:

+ The ability to build a stepwise visual representation of your experiment

+ Feedback and advice on your expenmental plan

« Dedicated support for randomisation, blinding and sample size
calculation

+ Practical information to improve knowledge of experimental design

+ |mproved transparency of your expenmental design, allowing you to
share and discuss your plan with colleagues and collaborators

Check the video tutorials and the user guide for general information on the
EDA process. Find out more about the background for this project.

Step 1 Step 2

Login or Register Plan your experiment

as a diagram
Start using the EDA application

Check the examples and the user
guide for more information

FEEDBACK EDA APP

National Centre

for the Replacement
Refinement & Reduction
of Animals in Research

SEARCH q

Step 3

Critique your design

The crtigue function enables you to
get feedback and advice on your
diagram, find moere information
here

Step 4
Improve your design

Modify your experimental plan
based on feedback from the system

27
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BESREI- STEP3 EEEPROTOCOL

HAVE YOU ESTABLISHED PROCEDURES
FOR REPRODUCIBILITY?

Among the most popular strategies was having different lab
members redo experiments.

339%,
Within the

past 5 years

1,976

researchers

surveyed 26%

Procedures have

7% been in place
More than since | started
5 years ago working in my lab

eonNanure

Copyright © Genie Chin, NLAC NARLabs
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*IMPC

International Mouse Phenotyping Consortium
Korean Mouse Phenotype Consortium
MRC Harwell
Sanger Institute
EBI
Toronto Centre for Phenogenomics (TCP) Helmholtz Zentrum Munich (GMC)
Czech centre for Phenogemomics (IMG) Riken BRC (JMC)
Children’s Hospital Oakland Jackson Lab CNR Monterotondo (IMC)
Research Institute l go ® (5
®
T Charles River Laboratories Institut Clinique de la Souris (ICS)
UC Davis
j) National Institutes of Health (NIH)

Baylor College of Medicine NLAC NARLa bS, Taiwan
MARC, Nanjing
Australian Afhenomics Netwo
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The Adult and Embryonic Phenotype Pipeline

KEY: === HOM Viable line === HOM Lethal line 1xsas HET Viable line

Mandatory tests [ Non-Mandatory tests |

Tests in development :
or under consideration

] ™
k= E Fertility
-

BN

Viability

)

L

RLLLLLLLILLL LY

LLLLLLELLELEL PN

<

Embryo LacZ

Embry

‘IIIIIIIIII

7M + 7F Mutant Adult Mice

Open Field

CsD

W
=

Adult LacZ

Hematology Clinical Blood

et

Grip Strength Acoustic Startle/PPI ECG
I T D BT BT D T BT

Gross Morphelogy Embryo
Gross Morphology Placenta
Embryo LacZ Viability

E125 OR

Histopathology Embryo Histopathology Placenta
Gross Morphology Embryoe  Gross Morphology Placenta
OPT HREM Viability

Histopathology Embryo Histopathology Placenta
Gross Morphology Embryo  Gross Morphology Placenta
uwCT HREM  Viability

Gross Morphology Embrye  Gross Morphology Placenta

uCT  Viability

E185

Weight Curve - 4wk to 16wk

Challenge Whole Body

Plethysmography

Echo

Intraperitoneal Glu

Insulin Blood Immuno- Heart Weight

Level phenotyping

Tolerance Test

Auditory Brain Stem Response
= Eye

Body Composition (lean/fat) Morphology

Gross Pathology and Tissue Histopathology
Tissue Collection embedding & « from blaocks
block banking where required

_“
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Locomotor activity impc_csb_032_001
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Home » Search » Phenotypes » abnormal glucose homeostasis IE Batch search

Q.  Search

Phenotype: abnormal glucose homeostasis

Definition anomaly in the processes involved in the
maintenance of an internal equilibrium of
glucose in the fluids and tissues

Synonyms abnormal glucose metabolism,
metabolism: abnormal glucose homeostasis

Computationally * Abnormal glucose homeostasis
mapped HP term

[Procedure » Simplified IPGTT (ESLIM, v1) ]
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Title: Simplified Intra-Peritoneal Glucose Tolerance Test
(LP.G.T.T)

Standard Operating Doc. Number: Date Issued: 01/06/04
Procedure ESLIM 004 001

Rev No. 1
1.0 Purpose:

1.1

The glucose tolerance test measures the clearance of an intraperitoneally injected
glucose load from the body. Animals are fasted for approximately 16 hours, a
solution of glucose is administered by intraperitoneal (IP) injection and blood
glucose is measured at different time points during the following 2 hours.

2.0 Scope:

2.1 Individuals who have been trained, and are competent in performing the
procedures described herein must follow this procedure.

22  Any queries, comments or suggestions, either relating to this SOP in general or to
a specific problem encountered during a procedure, should be addressed to the
Clinical Chemistry, Haematology and Metabolism department leader.

23 Any deviances from this protocol must be reported to the Clinical Chemistry,

Haematology and Metabolism department leader.

3.0 Safety Requirements:

3.1

32

General laboratory procedures should be followed, which include: no eating, no
chewing gum, no drinking, and no applyving of cosmetics in the work area
Laboratory coats and gloves must be worn at all times in the work area, unless the
protocol specifically describes the appropriate attire for the procedure.

Dispose of blades, and needles in sharps waste.

4.0 Associated Documents:
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Experimental and husbandry procedures as potential modifiers of the results of
phenotyping tests

Anna-Karin Gerdin, Natalia Igosheva, Laura-Anne Roberson, Ozama [smail, Natasha Karp, Mark Sanderson,
Emma Cambridge, Carl Shannon, David Sunter, Ramiro Ramirez-Solis, James Bussell, Jacqueline K. White *

Mouse Cenetics Project, Wellcome Trust Sanger Institute, Wellcome Trust Genome Campus, Hinxton, Cambridge, CRID 154, UK
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2 17 B R ER 2250 8% Clinical care record

(i

E—
P.1 Protocol # Date / / Time
Research lab contact person(s) Phone(s)
Building/Room # Rack # ShelffRow #
Animal ID#

Animal Identification:
( )mouse ( )rat ( ) frog ( ) guineapig ( ) rabbit ( ) swine ( ) sheep
( ) other

Strain/Transgenic info
Receipt date Date of birth: Sex M F Vendor/source

NOTE: Contact Supervisor and/or Veterinary Staff immediately if animal(s) appear in distress.
SIGNS OF ILLNESS (please check all appropriate boxes and add description as necessary):

( ) hunched posture ( ) skin condition ( ) difficulty breathing ( ) not eating/drinking
( ) not responsive ( ) open wound ( ) discharge from nose ( ) malocclusion

( ) rough coat ( ) scratching ( ) sneezing ( ) diarrhea

( ) less active ( ) hair loss ( ) coughing ( ) vomiting

( ) hyperactive ( ) eye discharge ( ) fighting/aggression ( ) rectal prolapse

( ) circling ( ) mass

( ) unsteady gait ( ) other signs observed:

Animal Technician Signature Date: / /

Copyright © Genie Chin, NCAC NARLabs
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Poor body condition
Poor coat condition
Poor body posture
Moving abnormally
Behaving abnormally

0000

Appearance of the eyes
Appearance of the ears
Appearance of the nose
Appearance of the tail
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PAIN AND FUNCTION ASSESSMENT TOOL

This tool is intended to help patient care providers assess pain according to individual patient nceds.
Explain and use 0-10 Scale for patient sclfiassessment. Use the faces or behavioral obscrvations to interpret
cexpressed pain when patient cannot communicate hisfher pain intensity.

0 1 2 3 4 5 6 7 8 9 10
F. YT S . T W
NO

Verbal MILD  MODERATE  SEVERE e s
<! 2 .
Descriptor PAIN PAIN PAIN BAIN PADS
P~ — —
WONG-BAKER @ve ?
FACIAL
GRIMACE SCALE \./ ST
0 7-9 10
No pain You feel some The rai_n makes it The pain is quite Worst
discomfort concentrace and CAUSING yOu t0  a.a0inable
L Gl 0 may interfere with avoid or limit s
UL you can your ability to do physical activity.
still complete certain normal Cannort
most activitics such as concentrate
ACTIVItiCS. reading. warching on anything
TV, having a phone except pain.

conversanon, ctc.

Foms St 000 e AV
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Here are some notes on the classifications. Move the slider to view them.

i

rmv T‘

Procedures on animals as a
result of which the animals
are likely to experience
short term mild pain,
suffering or distress.
Procedures with no
significant impairment of
the wellbeing or general
condition of the animals.

TTTTEE————TTEE TSN

Severe Non-Recovery

7 NS . ™S

S

Non-invasive imaging of animals (e.g. MRI) with
appropriate sedation or anaesthesia.

q Superficial procedures, e.g. ear and tail biopsies.

"~

Administration of substances by subcutaneous,
intramuscular or intraperitoneal routes.




Here are some notes on the classifications. Move the slider to view them.

l

Procedures on animals as a
result of which the animals
are likely to experience
short term moderate pain,
suffering or distress, or
long-lasting mild pain,
suffering or distress.
Procedures that are likely to
cause moderate
impairment of the
wellbeing or general
condition of the animals.

T w T AN I T

Surgery under general anaesthesia and appropriate
analgesia.

Use of metabolic cages involving moderate restriction of
movement over a prolonged period (up to 5 days).

Models of induction of tumours, or spontaneous tumours,
that are expected to cause moderate pain or distress or
moderate interference with normal behaviour.




Here are some notes on the classifications. Move the slider to view them.

U

Moderate Severe Non-Recovery

T —TE s T TN S ™
F

Severe \

Procedures on animals as a Toxicity testing where death is the endpoint.
result of which the animals

are likely to experience ‘

severe pain, suffering or
distress, or long-lasting
moderate pain, suffering
or distress. Procedures,
that are likely to cause
severe impairment of the '
wellbeing or general
condition of the animals.

Irradiation or chemotherapy with a lethal dose without
reconstitution of the immune system.

Models with induction of tumours, or with spontaneous
tumours, that are expected to cause progressive lethal
disease associated with long-lasting moderate pain,

distress or suffering.
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Here are some notes on the classifications. Move the slider to view them.

. T R S T
-

e

Procedures, which are performed entirely under general anaesthesia from which the animal
shall not recover consciousness.
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. 2. AEAEER
Coat - general Mormal ns;légr};;f]?:g Starey - o O_ 4
. Mildly Moderately Severely
Skin t N I °
i tone orma dehydrated | dehydrated dehydrated 0_10
, Aggressive Very aggressive o YeS/NO
. Slightly dull . : .
Behaviour Mormal . or apathetic | or immobile and
or lethargic , . .
and inactive unresponsive >
Abdominal . . Obvious Na s =) 4 == =
N Mild t - VELFL
e | Midastes | OPVO8 3 REDBRENES
Slightly Mild * 0-6
. : . . , Moderate
Jaundice MNone jaundiced jaundice —undice present -
appearance present : P ® 7—9 A
. Nﬂlrmal wellght Weight loss Weight loss Weight loss ¢ 10'14
Body weight gain or weight
<=10% <=15% <=20%
loss less than 5% ° 15_22
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Score
Characteristic
1 2 3 4
Coat - general Normal slight IE”.:k of Starey -
Erooming
. Mildly Moderately
Skin tone Normal dehydrated dehydrated Severely dehydrated
Immobile and
Behaviour Normal Slightly cll_!II or Ap?thel:lc and LIII'II'EEFIDI'!EWE !fnrtumnur
lethargic inactive interfering with normal
behaviour and activities
Tumour size Tumour Em.EI" Tumour intermediate Tumour large (>=12mm)
Very small (<=5mm) with . i :
and . size (<=Bmm) with no Ulceration of tumour of
(<3mm) NONELTOSIS OF 1 hecrosis or ulceration any size
dppearance ulceration ¥
Mormal weight .
Body weight gain or weight Weight loss Weight loss <=15% Weight loss <=20%
<=10%
loss less than 5%
68pyright © denie Chin, NLAC NARLabs




30g

22.5g
k=
20 15g Mouse 1 has lost 26% of its start weight
E but weighs 32% less than the other mice. | [ )
. )| Micel&6are
’ ~ | likely to require
7.58 Mouse 6 has lost 33% of its start weight euthanasia
but weighs 40% less than the other mice. immediately.

—ﬁ

0g
Day0 Day3 Day6 Day9 Dayl2z Day15 Day18
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Death ) .
Outcome A - Animal’s
condition continues to
deteriorate if intervention N/ﬂ
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'E TIE Intervention -*
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Death . .
Outcome A - Animal’s
condition continues to
deteriorate if intervention \
w 2 is unsuccessful
O wp
ow
F=r— Intervention
v v
2 £
o
Qutcome B - Animal’s
condition improves if
intervention is
NormalQ successful
Week 1 Week 2 “=———weenrs— Week 4
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