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Abstract
Purpose: To identify the most relevant flaws in standardization in husbandry practices 
and lack of transparency to report them. This review proposes some measures in order to 
improve transparency, reproducibility and eventually external validity in experimental surgery 
experiments with rat model. 
Methods: We performed a search of scientific articles in PUBMED data base. The survey was 
conducted from august 2016 to January 2017. The keywords used were “reproducibility”, 
“external validity”, “rat model”, “rat husbandry”, “rat housing”, and the time frame was up 
to January 2017. Articles discarded were the ones which the abstract or the key words did 
not imply that the authors would discuss any relationship of husbandry and housing with 
the reproducibility and transparency of reporting animal experiment. Reviews and papers 
that discussed specifically reproducibility and data reporting transparency were laboriously 
explored, including references for other articles that could fulfil the inclusion criteria.  A total 
of 246 articles were initially found but only 44 were selected. 
Results: Lack of transparency is the rule and not the exception when reporting results with 
rat model. This results in poor reproducibility and low external validity with the consequence 
of considerable loss of time and financial resources. There are still much to be done to 
improve compliance and adherence of researchers, editors and reviewers to adopt guidelines 
to mitigate some of the challenges that can impair reproducibility and external validity.
Conclusions: Authors and reviewers should avoid pitfalls of absent, insufficient or inaccurate 
description of relevant information the rat model used. This information should be correctly 
published or reported on another source easily available for readers. Environmental conditions 
are well known by laboratory animal personnel and are well controlled in housing facilities, 
but usually neglected in experimental laboratories when the rat model is a novelty for the 
researcher.
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properly encouraged by the editors5 and it is 
very rare to retrieve a paper that all ARRIVE 
recommendations are fully and adequately 
described.  

 ■ Selection of the appropriate rat 
model

 Researchers must question themselves 
if rat model is adequate for the specific 
purpose of the research  experimental surgery 
or whether another laboratory animal or 
surrogate methods are options capable of 
more reliable results for external validity. This 
a very important ethical as well as a practical  
issue, certain areas of research still persist to 
adopt rat as model, despite poor achievements 
in translational results for human application. 
The vast majority of drugs that had have 
success in animal model and specifically in 
rat model fails when tested in human trials.  
Rat model must be justified and validated by 
scientific evidences.  One form of validation 
is to compare preliminary results from animal 
studies with their subsequent clinical research 
in humans. Rat model can be adequate 
for some lines of research in experimental 
surgery, but there are serious limitations for 
modelling comorbidities like obesity, diabetes, 
hypertension, cardiac insufficient. Usually, 
young health rats are used as models.  This 
limitation can be ameliorated with the choice 
of a suitable rat strain to model comorbidities 
related to a specific experimental surgery.
 The most adequate strain should be 
extensively investigated before the onset 
of the experimental phase to prevent bias. 
One option is to design the experiment in 
randomized blocks with different strains6. If 
one or more comorbidities are relevant in 
clinical situation, they should be included in 
the design of the experiment. It is important 
to mention that there are strains or transgenic 
modified rat designed for several diseases and 

 ■ Introduction

 Translational research is the 
multidirectional flow of data between different 
levels of basic, preclinical and clinical studies.  
Experimental surgery plays a relevant role in 
translational research because it is capable 
to provide specific preliminary information as 
preclinical study or supplementary data along 
ongoing clinical studies. Low reproducibility 
is the inability to replicate the majority of 
findings in animal experiments presented in 
journals1. External validity is the applicability 
of the results to clinical practice, it is the extent 
that the results of a study can be generalized 
as reliable data from the study population 
(rat model) to preclinical and clinical studies. 
Reproducibility and external validity are 
different concepts but are interrelated when 
thinking about reliable translational research.
 Expenses with preclinical research 
which results are not reproducible or have 
serious problems with external validity are 
estimated to cost 28 billion dollars per year 
only in the USA2. Low reproducibility and poor 
external validity can be caused by several 
factors, such as: inadequacy of animal model, 
poor experiment design, inaccurate statistical 
analysis3, environmental conditions and even 
publication bias.
 International Committee of Medical 
Journal Editors advises that the methods 
section of an article must be sufficiently 
detailed so that other researchers who have 
access to data could be able to reproduce 
experiment and results. In such scenario, the 
guideline known as ARRIVE (Animal Research 
Reporting In Vivo Experiments) has been 
proposed to assist authors, reviewers and 
editors involved in animal experimentation 
publications4. The ARRIVE has been adapted 
and used by journals in different fields (i.e.  
Pathology, behavioural neurosciences). 
However, its recommendations have not been 
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conditions, such as cardiovascular disease; 
alcohol-related behaviour, alcohol abuse, 
drug addiction , colon cancer, osteoarthritis, 
pain perception and conditioned fear, body 
fat distribution, epilepsy, hypertension, 
diabetic neuropathic pain, Parkinson’s disease, 
spondyloarthropathies and etc. Hence, it must 
be taken into account available strains in the 
institution that the research will take place in 
order to achieve most consistent and reliable 
results. For instance, there are at least two 
strains that could be used in modelling human 
colon cancer. Both the polyposis in the rat colon 
(Pirc) and Kyoto Apc Delta (KAD) strains carry 
mutations in the intestinal-cancer-associated 
adenomatous polyposis coli (Apc) gene7. 
 One good example to corroborate 
the importance of a judicious selection of 
rat strain is the right rat strain model for 
atherosclerosis. Only genetically altered strains 
mimic models of obesity, hyperlipidaemia or 
nephropathy, and only some altered strains 
are susceptible to fast atherosclerosis induced 
by a diet enriched with cholesterol. Although 
the majority of experimental atherosclerosis 
studies uses an outbred rat wild-type strain, 
mainly the Sprague-Dawley or Wistar rat. Both 
strains are inadequate models because they do 
not express plasma cholesteryl ester transfer 
protein and are resistant to cardiovascular 
diseases8.

 ■ Age of the rat

 Many studies use an arbitrary age 
(usually young animals) without considering 
possible differences between immature and 
mature subjects. In a recent review on rodent 
models for obesity, 4 papers in 19 (21.05%) 
did not report the age of the subjects used 
and 13/19 (68.42%) of the studies adopted 
immature animals younger than 8 weeks 
of age9. A reliable method to compare 
human and rat age is yet to be determined. 
Physiological events can be used as indicators 

of onset and ending of specific life periods 
like the period between birth and weaning 
which could be compared to neonatal 
period of humans, after weaning and before 
sexual maturity to model human infancy, 
soon after epiphyseal growth plate fusion 
in tibiae as young mature adults, between 
sexual maturity and sexual senescence 
as model to mature humans, post sexual 
senescence period to model senile humans10. 
Nonetheless, these events vary according 
to strain and specific information must be 
investigated before setting the experiment. 
For instance, modelling postmenopausal 
osteoporosis in rats can be achieved by 
chemical manipulation or ovariectomy. 
Usually, juvenile rats are chosen for this kind 
of intervention in experiments. The question 
whether these perimenopause models are 
adequate if used in young rats persists, 
presumably, mature rats in post senescence 
period would mimic better conditions of a 
human female in perimenopause. Life´s period 
is an important issue and a consistent safety 
margin between two patent physiological 
events must be considered. Reductionism or 
simplistic calculation factor must be avoided 
to correlate human and rat age.

 ■ Choice of sex

 Males rats have been extensively 
used in most studies11. The prejudice against 
using female rats may be partly due to the 
assumption that they are intrinsically more 
variable than males because of cyclical 
reproductive hormones. Human females are 
more susceptible than males in diseases like: 
anxiety, depression, stroke, multiple sclerosis 
and obesity. In some areas of research, there 
are significant difference between genders 
and this is an important justification for 
investigate both sexes. 
 The current male bias in 8 out of 10 
biological disciplines tends to decline11. The 
proposal of single-sex studies for candidates 
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for research should be exception and not the 
rule and should only be accepted with robust 
justification. Before experimental design 
is proposed, researchers should conduct a 
literature review to learn known, unknown or 
inconclusive sex differences in the research 
area12. 
 Learning influence of sex at molecular, 
cellular,  biochemical levels and complex 
process like inflammation and cicatrization 
only will be achieved when studying both sexes 
become a guiding principle in biomedicine. 
For this reason, studies should incorporate 
females and males in equal numbers with 
explicit comparison of both sexes13,14. 

 ■ Sanitary condition and intestinal 
microbiota

 There is no universal consensus 
for the assessment of pathogen status in 
rodent populations neither internationally 
standards criteria of their quality. Therefore, 
external validity and reproducibility can be 
impacted. On the other hand, there are some 
recommendations towards health monitoring 
for rodents by the Federation of European 
Laboratory Science Associations. An initiative 
to standardize the reporting of health status 
information for international transfer of 
rodents has been proposed as well15.
 Interindividual variation in gut 
microbiota composition has been implicated 
as major cause of interindividual variation in 
systemic disease parameters and should not be 
ignored. Unfortunately, the current knowledge 
is not sufficient to clearly define whether 
any research in experimental surgery is gut 
microbiota-sensitive or not. The information 
about gut microbiota characterization is 
gradually increasing and microbial surveillance 
is expected to be a critical part of the animal 
model description16. If transgenic or genetic 
rodent models are purchased separately of 
the controls, cohousing all animals during 
acclimatization period is one form to prevent 

effects related to microbiota. In addition, 
several factors can influence microbiota such 
as mother of the litter, commercial source, 
husbandry conditions of the facility, cage 
system, diet composition and antimicrobial 
treatment (autoclave or irradiation of the 
diet), vaginal versus caesarean delivery, 
psychological stress, housing density, time of 
sample collection, type of bedding, frequency 
of bedding change and water quality. While 
it is not feasible to investigate and register 
gut microbiota composition for all published 
animal-based research, factors known or 
suspected to modulate should be reported 
whenever possible.

 ■ Dietary composition, weight and 
feeding

 One of the most frequent incomplete 
information regarding the rat husbandry 
is the description of animal feeding as 
“standard rat chow and water were provided 
ad libitum”. This inaccurate description can 
jeopardize the reproducibility and external 
validity considering that different feedings can 
influence the results17. The food block brand 
name, manufacturer and the description of 
water quality should be reported on the paper. 
For long term studies, maybe some kind of 
calorie restriction should be implemented to 
avoid obesity and insulin intolerance18. There 
are several differences in physiological values 
for rats fed either ad libitum  or by a caloric 
restriction diet, listed as follows: body weight, 
total body fat, mean blood pressure, resting 
heart rate, plasma glucose, plasma insulin, 
plasma leptin, plasma adiponectin, total 
cholesterol, low density lipoprotein; high 
density lipoprotein, TNFα, and IL-6 levels. 
Special diets can be designed to mimic human 
disease co-morbidities like human metabolic 
syndrome, obesity and diabetes. One example 
of special diet is the cafeteria diet, which uses 
grocery store-purchased food items such as 
cookies, chips, and processed meats with 
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high-fat, high-sugar, high-salt, and low-fiber19.
 Frequently, laboratory´s rats are 
overweighed ad libitum-fed rodents, 
sedentary, obese and glucose intolerant. 
Ad libitum fed rat exhibits elevated levels of 
glucose, insulin, triglycerides, low-density 
lipoprotein (LDL) cholesterol, leptin, mean 
blood pressure, resting heart rate, TNFα, 
IL-6 and decreased levels of adiponectin and 
ghrelin18 compared to moderately fed lean 
animals. Total body fat should provide a more 
accurate criterion for rat selection instead 
of weight alone and it can be up to 40%. 
Without diet restriction, there is a moderate 
positive correlation of age and total body 
fat (i.e. younger animals show less total fat 
than older). Very young rats do not have time 
to accumulate fat despite of feeding. The 
distribution of body fat varies significantly 
between rat strains, diet composition, caloric 
restriction, exercise and all of these factors 
should be considered to design the right 
model for the experiment20. Rats with access 
to voluntary exercise in wheel running had less 
accumulation of fat than the sedentary ones21. 
Exercise can be also related to environmental 
enrichment.

 ■ Environmental enrichment

 Laboratory rats are bred and kept in 
small, minimalist and monotonous standard 
cages. The development and responses of 
animals under these conditions are often 
unrepresentative and idiosyncratic. As a result, 
originated data are likely to have reduced 
external validity especially in research areas 
involving any behaviour assessment. Standard 
laboratory housing may result in low levels 
of cognitive function or altered levels of 
anxiety and this interference can jeopardize 
study of genetic and environmental risk 
factors for neuropsychiatric disorders22. In 
experimental surgery, published data reports 
that environmental enrichment had beneficial 
effects on brain trauma rat models, spinal cord 

injury and experimental stroke and mitigated 
the adverse effects of anaesthesia and surgery 
on postoperative cognitive function and on 
the development of neuroinflammation in a 
rat abdominal surgery model23,24.
 A myriad of physical objects can be 
used as environmental enrichment elements 
as follows: increased surface area (larger cage) 
and/or inclusion of platforms to the cage or a 
2-level cage, use of shelters for hiding places, 
nest lets, exercises,  running wheels, craw 
ball, wood ball, plastic commercially available 
toys, bells/chimes, wooden chews and toys, 
swings, ropes, chains, ladders, ramps, pipes/
tubes/tunnels, foraging nesting material, 
shredded paper, rearrangement of food and 
water supply . 
 Environmental enrichment is an 
experimental variable, therefore it requires 
standardization and proper description to 
improve reproducibility of the experiment24. 
During design phase of the experiment, the 
researcher should review  the possibilities of 
enrichment and choose the adequate ones, 
taking on account the field of research, size 
of the enriched cages, density, rat strain, rat 
gender, age at onset of enrichment, duration 
of enrichment, appropriate control group. 
The objects as well as the number supplied, 
frequency of provision and renewal should be 
registered and described. 

 ■ Acclimatization and habituation 
to experimental conditions

 Acclimatization is a period granted 
for the animal to return to physiological 
parameters after transportation. It provides 
the opportunity for adaptation to new 
surroundings and handlers. Even with all 
the measures taken in a well-planned and 
conducted transportation by commercial 
vendors, animals are submitted to a sort of 
different noises, odours, vibrations and light. 
 Acclimation period can vary 
significantly, depending on which physiological 
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parameters were adopted to monitor. 
 The light–dark cycle is usually modified 
as light cycles cannot be controlled in transport 
vans or in other methods of transportation 
and at the arrival in the research facility. 
If no information is found while designing 
a study, the researcher should diligently 
pursue the establishment of a reasonable 
acclimatization period in a pilot study. Finally, 
complex evaluations like cognitive abilities 
and circadian circles can demand more time 
to return to pre transportation levels.
 Even transportation of any duration in 
facility indoors can potentially affect rats and 
experiment results. 
 Habituation period before any 
experiment is mandatory; the time should 
be decided and rigorously followed. It is 
important to allow a standard time for the 
rat in the surgery room for the physiological 
parameters to return to previous levels, this 
is important for the safety of the subject 
in induction of anaesthesia and during 
anaesthesia itself. Habituation period after 
the experiment depends on the field of the 
research, it is relevant for behavioural and 
cognitive studies. In experimental surgery, it is 
more related to practical issues related to the 
return of an awaken subject to an individual 
cage or if possible, to its original cage and 
group.

 ■ Interaction between humans 
and rats

 Fear and stressful situations related 
to human contact can significantly influence 
the test results. The habituation to handling 
is simple nevertheless is time consuming and 
requires investment in education of caretakers 
and researchers. Some programmes to 
minimize time and training with standard 
procedures and still produce results have 
been proposed. Individual gentling, which  
involves interaction with rats by touch, voice 
and food reward for some minutes every day 

beside minimizing fear of human contact, also 
increases the stability of the rat’s reactions25. 
Human-rat interaction may be a positive 
adjunct to conventional behavioural training 
techniques and a possible confounder in non-
controlled experiments. A step beyond gentle 
handling habituation is playful handling or 
tickling, it reliably evoked emission of 50-kHz 
ultrasonic, increased ease of handling and 
reduced anxiety-related responses in standard 
behaviour tests compared with minimal 
handling or passive hand exposure26. College 
of Veterinary Medicine of Purdue University 
explains and shows how to tickle rats in its 
website http://vet.purdue.edu/discovery/
gaskill/resources.php. Manipulation of rats 
in experimental surgery is needed in critical 
situations as just before the anaesthesia and 
immediate postoperative care.

 ■ Monitoring and informing light 
management

 In experimental surgery the 
importance of influence of light intensity 
variations that can be found inside transparent 
plastic cages on racks or shelves, depending 
on their positioning relative to the light 
source27 and could lead to bias but it is not 
as important as in other research lines like 
behaviour and oncology in which rats are kept 
for extensive periods of time. Nevertheless, 
intense light employed for routine procedures 
in the surgery room stresses the rat and can 
irreversibly affect the retina28. The rat when 
in the surgery room should be protected from 
the intense light by covering the cage, and by 
covering its eyes during surgery, especially if 
dissociative anaesthetic agents are employed. 
 Many published animal studies do 
not inform the wavelengths neither of the 
light phase nor the dark phase. It is common 
practice to use red lamps in housing areas 
during dark phase to allow staff to visualize 
cages and animals without disturbing them. 
In experimental surgery, all the preanesthetic 



Improving reproducibility and external validity. The role of standardization 
and data reporting of laboratory rat husbandry and housing 

Fontoura-Andrade JL et al.

Acta Cir Bras. 2017;32(3):251-262

257 

procedures can be conducted in a dark room 
with a small red light which should be verified 
if it produces wavelenghs greater than 640nm 
and less than 15 lux. Any light source produces 
bands of wavelengths in the visible region of 
the electromagnetic spectrum (360 to 770 
nanometers). The spectral power distribution 
is a pictorial representation of these bands. 
If the laboratory is not equipped to measure 
spectral power distribution, light source 
for both phases should be appropriately 
referenced. This information can be obtained 
as long as it is usual to lamp manufacturers to 
publish spectral power distribution curves of 
specific light sources29. 
 Most papers inform the length of time 
for dark and clarity (photoperiod), but usually 
an important information is not reported: the 
exact hour for turning the lights on. This will 
inform whether the cycles are synchronized 
with daytime or not. The laboratory rat has 
nocturnal habits; it rests during light time and 
is active in dark. If the light in the housing is 
kept on during the daytime, when the staff 
is active, handling the rats, conducting the 
experiments or even  the noise produced by 
routine tasks, it can impact the resting period 
of the animal. One paper was very specific 
about the time of a behavioural experiment: 
in the first hour of the dark phase of the light/
dark cycle30. Laboratory rats retain some 
vestiges of photoperiodic responsiveness31 and 
there are minor differences in susceptibility 
to influences of photoperiod between 
strains of laboratory rats32. Heideman et 
al.33 defined that photoperiods ≤ 12.5 hours 
fully suppressed reproduction and somatic 
growth the critical photoperiod of isogenic 
strain of Rattus norvegicus Fischer 344. This 
demonstrates that 12 hour photoperiod 
which is standard in some laboratory colonies 
has significant effects on reproductive 
maturation and growth rate of this rat strain. 
Researchers should check literature if the 
standard photoperiod of 12 hours of light and 
12 hours of dark is suitable for their specific 

experiment.

 ■ Social housing

 It is well documented that social 
isolation is harmful for rats. Isolation 
stress alters physiological and behavioural 
characteristics34. On the other hand, more 
consistent results are achieved if animals 
are grouped in familiar and stable groups35. 
Most recommendations follow a relation 
between cage densities versus individual 
animal weight. In long term experiments, the 
final estimate weight should be calculated in 
order to group animals accordingly to final 
cage density.  Therefore, the researcher will 
keep the same group from the beginning to 
end of experiment and will avoid separation 
of animals for cage density adjustments. 
Regrouping animals can be an uncontrolled 
variable and should be avoided. 

 ■ Noise exposure levels

 It is impossible to perform routine 
husbandry activities in rats room, laboratory 
and surgery room without creating any sound. 
The intensity and duration of sound pollution 
produced during these activities can vary 
between individual animal caretakers. If no 
standardization is imposed, great differences 
between styles of working of the animal care 
personnel can occur. Efforts should be done 
to educate animal caretakers in order to 
minimize sound disturbances with appropriate 
technique in all regular activities, like pouring 
diet into food hoppers, cleaning, changing 
cage grids and water bottles. Rat sleep is easily 
disturbed by environmental noise exposure, 
thus, acoustic environment of laboratory 
facilities must avoid excessive high-frequency 
noises. Countermeasures against noise 
pollution could be the choice for the inverted 
light cycle, rats would be active during working 
hours when environmental noise is greater as 
well as a positive conditioning association of 
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human voice as described in gentle handling 
and tickling.

 ■ Odours

 Pheromones mediate sexual attraction, 
parental care and agonistic confrontation, 
whereas kairomones of predators elicit 
defensive behaviours in rats. Threatening 
stimuli promotes alarm pheromonal 
communication and rats can be stressed by 
odours emitted by others rats. In contrast, 
non-stressed rats release an appeasing 
olfactory signal which ameliorates stress 
responses elicited experimentally in odour 
recipients rats36. The interesting fact is that 
an odour can be itself either a threatening 
or an appeasing stimulus.  Scents released 
during negative or positive experiences can 
make those areas aversive or more attractive, 
respectively inside experimental apparatus, 
thus influencing results in subsequent rats. 
This creates a great challenge because 
cleaning agents are used in experimental 
apparatus without any validation about their 
efficacy and even if they have intrinsic odours 
that could affect rats. Different humans have 
different odours and new handlers can elicit 
stress responses. All the staff must be trained 
to prevent odour contamination because rats 
will perceive and react to odours undetected 
(or well tolerated) by humans.

 ■ Bedding 

 Researchers should verify whether 
practices regarding type of bedding and 
frequency of cage-cleaning adopted as 
standard by the institution are adequate 
to their specific research lines, or if any 
adjustment should be made37. The bedding 
changes are necessary for a hygienic 
environment. Nonetheless, it must be 
highlighted that scent is important for rat 
and excessive cleaning frequency can impair 
welfare38. 

 Perhaps, for the decision making of 
a changing beddings programme, it is more 
relevant to purposely avoid association with 
important events for the experiment than 
the frequency itself. Bedding changes are at 
least a minor stressor through noise, olfactory 
and physical disturbance of the cage and 
should be standardized scheduled between 
experiments.

 ■ Temperature and humidity

 The ambient temperature range in 
which thermoregulation occurs without the 
need to increase metabolic heat production or 
activate evaporative heat loss mechanisms is 
called the thermoneutral zone and it is bounded 
by the lower and upper critical temperatures. 
The U.S. National Research Council (NRC) 
recommends housing laboratory rat in 
environmental temperatures ranging from 
20ºCelsius (68º Fahrenheit) to 26ºC (78.8ºF), 
despite that the lower critical temperature for 
the rat was established at 28ºC (82.4ºF)39. It 
is common to retrieve papers which describes 
that rats were maintained at standard NRC 
lower temperatures recommendations 
than in temperatures equal or superior to 
28ºC(82.4ºF). It is possible that most of the 
experiments are conducted in temperatures 
that are comfortable for humans but not 
for rats. Maximal REM sleep time defined a 
narrower thermoneutral zone than oxygen 
consumption. The maximal REM sleep time  
was at 29°C (84.2ºF) and it was more than 
double the amount seen at 23°C (73.4ºF), 
which is a standard laboratory temperature40.
 The surgery room temperature 
is extremely important. The range room 
temperature that is pleasing for humans is 
too low for the rat which can easily suffer of 
hypothermia during anaesthesia.
 The acceptable range of relative 
humidity is considered to be 30% to 70% for 
most mammalian species. A narrower band 
of adequate relative humidity specific for the 
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laboratory rat is yet to be determined.

 ■ Vocal communication

 Rats produce audible squeaks and at 
least three types of ultrasonic vocalisations. 
One type is specific for juvenile rats, pups use 
it to communicate with their mothers and it 
is a 40–50 kHz vocalisation. Adult laboratory 
rats produce two distinct types of ultrasonic 
vocalization, one associated with positive 
events and other associated with negative 
ones. The positive range, commonly named as 
50 kHz, has a sound frequency ranging from 
35 to 70 kHz and it is emitted during and in 
anticipation of social contact situations, play, 
sexual behaviour, anticipation of non-social 
rewarding events and it is also correlated 
with non-social exploratory behaviour. 
The ultrasonic vocalisations associated 
with negative stimuli are known as 22 kHz 
vocalisations but actually ranges from 18 to 
32 kHz. They are emitted during, following, 
or in anticipation of negative events like 
acute pain, aggressive encounters, during 
defensive/submissive postures on social 
defeat and in response to potential predation. 
Audible squeak occur during playing and 
fighting and during handling concurrently 
with struggling. Researchers must be aware 
that procedures that cause rats to vocalise 
in order to communicate stress in both sonic 
and ultrasonic ranges affect the behaviour 
and physiology of neighbouring rats within 
audible range, this disturbs welfare and can 
cause biased results41. Rats dislike any kind 
of physical restraint and usually they will 
alert others of by sound, ultrasound and 
odour, so when this is necessary like during 
preanaesthetic medication, it should be done 
away of the others. Isolation is stressful for 
rats, so it should be done only when necessary 
for the minimal possible time, like during the 
pre and postoperative period. The researcher 
will set a standard time that will be used for 
all subjects of the experiment. 

 ■ Pain management

 The decisions and reporting of the 
protocols for intra-operative analgesia, 
extended postoperative analgesia, and use 
of multimodal analgesia is not exclusively 
a welfare issue but an important factor to 
reproducibility as well and it is an ethical 
imperative. In 2016, Carbone and Austin 
reported only 26% of post-surgical analgesia 
use in rodents (68 of 261 reviewed papers), 
and up of 76% of the scored articles a reader 
could not know with any certainty whether 
analgesics were used or not42. Analgesia will 
be employed in clinical studies, so If there is 
any doubt about how the pain management 
can interfere with results, this problem should 
be addressed in the design of the experiment, 
maybe a pilot experiment with fewer animals 
just to clarify any doubt or the inclusion 
of a control group of animals without pain 
management. Gender differences for the 
analgesic treatment should be investigated 
too. The ethic committee on case by case 
basis will decide if it is acceptable, but for 
sure, it is a fairish practice to plan, to execute 
and to report pain management.

 ■ Closing remarks and future 
perspectives

 Guidelines for transparency of data 
regarding rat husbandry and housing before 
and during experimentation are available 
for scientific community. There are great 
opportunities for improvement, particularly 
with greater adherence by authors and some 
kind of enforcement of guidelines by editors 
and reviewers. 
 Improvements in experiment design 
and statistical analysis are needed too. 
Randomized block experimental designs have 
been widely used in agricultural and industrial 
research for many decades. Usually they are 
more powerful, have higher external validity, 
are less subject to bias, and produce more 
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reproducible results than the completely 
randomized designs typically used in research 
involving laboratory animals. Reproducibility 
in animal experimentation can be further 
increased by using blocking factors as time, 
sex, age and weight. Similar results in blocks 
separated in time can be an anticipation 
of the reproducibility of the experiment6. 
Multi-laboratory experiments are a promising 
possibility for improvement of reproducibility 
and data transparency.
 Some editors have adopted measures 
in order to improve quality of reporting like 
removal of space restrictions on methods 
sections of submitted papers to allow authors 
to describe studies comprehensively5. If 
space limitation requires the exclusion from 
the primary paper of any information about 
material and methods, supplementary 
materials should be available in a public 
repository. If none data sharing resources 
could be used, at least a wide world web 
site with the complementary data should be 
informed. These secondary resources allow 
full disclosure of information with no editorial 
constraints and must include the raw data of 
the results including null results. Inevitable null 
results may be valuable for other researchers
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