
Transportation in  
Laboratory Rats
Effects of  a Black Box

J.W.M. Arts



Cover:    proefschrift-aio.nl
Lay-out and design:  proefschrift-aio.nl
Pictures:  Anne-Marie Baars
ISBN:   978-90-393-6495-6
Printed by:  DPP



Proefschrift
ter verkrijging van de graad van doctor aan de Universiteit Utrecht 
op gezag van de rector magnificus, prof.dr. G.J. van der Zwaan, 
ingevolge het besluit van het college voor promoties in het openbaar 
te verdedigen op dinsdag 15 maart 2016 des ochtends te 10.30 uur

door 
Johanna Wilhelmina Maria Arts
geboren op 15 mei 1978 te Heumen 

Transportation in  
Laboratory Rats
Effects of  a Black Box

Transport van Ratten voor Proefdieronderzoek 
– Effecten van een Zwarte Doos

(met een samenvatting in het Nederlands)



Promotor: Prof. Dr. F. Ohl
Copromotor: Dr. Ing. K. Kramer

De promotor is overleden na goedkeuring van dit proefschrift

This thesis was (partly) accomplished with financial support from:
Envigo RMS BV, Venray, the Netherlands
Biotechnische Vereniging, the Netherlands
Data Sciences International, St Paul, MN, USA
Brain Center Rudolf  Magnus, UMC Utrecht, the Netherlands
Stichting Proefdier en Maatschappij



“a rat is a rat whether we define it 
as vermin or as a pet”

- Webster 1994 -



Beoordelingscommissie:
Prof. Dr. B. Blaauboer, Utrecht University
Prof. Dr. C. Hendriksen, Utrecht University
Prof. Dr. B. Kemp, Wageningen University and Research center 
Prof. Dr. L. Kinter, Michigan State University
Prof. Dr. L. Vanderschuren, Utrecht University

Paranimfen:
Amelie Scholtz
Cynthia Verwer

The research described in this thesis was performed at Envigo RMS 
BV, Horst, the Netherlands; Central Laboratory Animal Research 
Facility, Utrecht University; Department Laboratory Animal 
Sciences, Veterinary faculty, Utrecht University; Amsterdam Animal 
Research Facility, Free University of  Amsterdam.



Table of Contents

Chapter 1: Introduction 9

Chapter 2: The Impact of  Transportation on Physiological 
and Behavioural Parameters in Wistar Rats - 
Implications for Acclimatization Periods

35

Chapter 3: Sex Differences in Physiological Acclimatization 
after Transfer in Wistar Rats

67

Chapter 4: Effects of  Transfer from Breeding to Research 
Facility on the Welfare of  Rats

95

Chapter 5: Effects of  Internal Transport and Subsequent 
Reversal of  Light Regimes on Physiological 
Parameters in Male Wistar Rats 

119

Chapter 6: Effects of  Reversing Light-Dark Cycle Following 
Transfer and Re-housing, on Behavioural and 
Physiological Parameters in Rats

135

Chapter 7: General Discussion 159

Summary 184

Nederlandse Samenvatting 190

About the Author 198

Dankwoord 202

Appendix I: Ethogram 209

Appendix II: Case study I: Temperature and Body Weight (BW) 
of  RccHan:WIST rats

210

Appendix III: Case study II: Temperature Monitoring during 
Transportation of  Mice

216

Appendix IV: Case study III: Temperature Monitoring during 
Transportation of  Guinea Pigs

222





Chapter 1 
General Introduction 



10

General Introduction 

Current Animal Welfare regulations in Europe, North America, and 
other territories oblige scientists and regulators to strive continuously 
to improve welfare of  laboratory animals used in research activities 
(ref. several regulatory documents US Animal Welfare Act of  1966,  
89-6248 (see ILAR Guide for the Care and Use of  Laboratory 
Animals 2011)36). Significant gains and improvements have been 
made in past decades not only to reduce, refine, and replace (e.g. 
with in vitro, in silico or molecular genetics) the use of  animals in 
experimental paradigms (The ‘3Rs’, Russell and Burch, 1959)63, but 
also to provide the animals with improved housing conditions (for 
example, pair or group housing of  animals whenever feasible, larger 
cages, structuring of  the micro-environment), and environmental 
refinement/enrichment (for example, husbandry encouraging 
natural behaviours and stimulation of  innate curiosity).10,12 Animal 
Ethics committees supervising the use of  laboratory animals, are 
dedicated to avoid unnecessary stress or unethical use of  laboratory 
animals.

One area of  animal welfare that has not yet received sufficient 
attention is the transportation of  small laboratory animals from 
breeding facilities to research institutions20, although transfer of  
laboratory rodents is expected to seriously affect animal welfare (this 
thesis). In order to obtain better quality control and higher efficacy 
(less surplus animals), animal welfare regulations have led to 
centralization of  laboratory animal breeding within the commercial 
animal breeding industry, thereby reducing breeding in smaller 
regional facilities and breeding activities within research institutes.. 
As a result, a greater percentage and growing number of  laboratory 
animals (mostly rodents) are bred in a small number of  licensed 
facilities and transported over large(r) distances to research facilities. 
Also, with the increased use of  genetically modified rodents there is 
a rise of  shipments of  animals around the world, both cryopreserved 
rodent germplasm and live rodents.35

Animals received by research facilities are often immediately 
quarantined (generally for seven days), not only as protection against 
introduction of  infectious agents, but also permitting the animals to 
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recover from stress (for example,  body weight loss) associated with 
transportation. 

Many aspects of  the animal transport process have a direct impact 
on animal welfare. These include route or journey planning, 
container design, transport vehicle design, travel duration, 
differences between original and experimental locations (like dark/
light regime; differences in room temperature and humidity) and the 
nature of  food and water supplies.35 Refinement of  all these aspects 
of  transport is essential for the welfare of  the animals. It is also clear 
that transport is a significant stressor that may have impact on both 
animal welfare and on the scientific validity.70

Welfare as a Scientific Concept
Over the years, many definitions of  animal welfare have passed. 
Moreover, every definition of  animal welfare is influenced by the 
moral or ethical standards of  society.56 Starting with the 5 freedoms by 
Brambell (1965) (freedom from hunger and thirst, discomfort, pain, 
to express normal behaviour and freedom from fear and distress)16 
the definition has grown with new insights. In 1959 William Russell 
and Rex Burch published “The Principles of  Humane Experimental 
Technique”, in which they described the concept of  the “3 R’s”: 
Replacement, Reduction and Refinement.63 Their book has become 
a primary tool in laboratory animal science. It is still a guideline 
in laboratory animal studies and forms the basis for  legislation. 
Replacement refers to the use of  alternative methods as substitute for 
in vivo techniques, such as in vitro techniques or computer models. 
Reduction refers to minimizing the number of  animals needed, for 
example by using inbred strains (less variation) or better statistical 
methods. The last R concerns Refinement, which aims at reducing 
the incidence and severity of  painful and/or distressing procedures 
in animal studies. 

Welfare of  an individual animal has been characterized as a state 
of  mental and physical health, indicating living in harmony with 
its environment, depending on optimal (not maximal) predictability 
and controllability of  this environment.79 Also, Bracke et al. 
(1999) stated: “animal welfare is the quality of  life as perceived by the 
animal itself ”.15 The general concept of  animal welfare embraces a 
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continuum between negative or bad welfare and positive or good 
welfare. Early approaches to defining animal welfare were mainly 
based on the exclusion of  negative states, and later by the presence 
of  positive experiences, neglecting the fact that during evolution 
animals optimized their ability to interact with and adapt to their 
environment(s).14,57 Vertebrates not only experience emotions 
momentarily, but are able to relate them to context and experiences 
and therefore possess a certain emotional adaptability. The ability 
to cope with environmental challenges requires the use of  the 
individual’s full emotional and behavioural repertoire, including 
those aspects that are usually regarded as negative.57 Distress has 
mostly been associated with negative events and consequences. 
However, the functional aspects of  stress have often been neglected. 
The paradox of  stress lies in the simultaneity of  its adaptive nature 
and its possible maladaptive consequences.40 Welfare should not 
be considered a static concept, but should take into account the 
dynamics of  the individual’s interaction with its environment over 
time. Therefore, assessment of  the potential impact of  distinct events 
on an individual’s welfare should focus on the question whether and 
how the individual adapts to an event, rather than trying to qualify 
the acute response to the event.

Transportation of Laboratory Animals
Transportation is considered a major life event in the lives of  laboratory 
rodents. The life of  a rat or mouse used in an experiment does not 
begin with the commencement of  the study. The animal concerned 
has been bred in a certain location, with care taking personnel, a 
certain housing system and environment, siblings, certain diet and 
many other variable factors that influence the characteristics of  
the animal as it enters a study. Slowly, people involved in animal 
based research (for example researchers, animal staff, laboratory 
animal breeders) start to realize that transportation of  research 
animals is an essential component of  the research enterprise that 
can have substantial, although often little understood, effects on the 
physiological conditions of  the animals. They start to understand 
that the integrity and well-being of  the animals being transported 
are necessary for the welfare of  the animals and the quality of  
the research data.35 The Laboratory Animal Science Association 
(LASA) in the UK states in their guidance on the transport of  
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laboratory animals that “change is stressful to animals, and transport is 
an especially powerful stressor that should be regarded as a major life event 
and not undertaken unless absolutely necessary”.70 Both environmental 
conditions and the novelty of  the transportation experience can 
cause stress, which can cause changes in physiology and thus affect 
subsequent research if  the animals are utilized without appropriate 
acclimatization.35 In addition, transportation stress in great intensity 
or duration can adversely affect animals’ status. Since transportation 
cannot be avoided altogether, it may be most relevant to understand 
the magnitude of  effects of  the procedure as a whole and learn about 
the need of  animals to recover from this unavoidably stressful event.

The duration of  acclimatization required depends on several factors, 
such as the stress to which the animals have been subjected which 
in turn depends on several factors such as the duration of  the 
transportation, the age of  the animal and the housing conditions. 

As summarized in the review paper by Swallow et al. (2005), many 
aspects of  the animal transport process have a direct impact on animal 
welfare.70 After transport the animals have to adjust to a new animal 
facility, new animal caretakers and a new environment, and in some 
cases, new food and new bedding. Another process which can increase 
stress is the packing and unpacking of  the animals before and after 
a transport. In general, animals subjected to these environmental 
changes occurring during and after transportation react with changes 
in their physiology, such as body weight (BW), plasma hormonal 
levels, heart rate (HR) and blood pressure (BP).70 Also some studies 
suggest that transportation74 and routine procedures10,48, for example, 
handling and weighing, normal procedures during packing and 
unpacking of  animals, may cause significant stress to animals and 
therefore may raise substantial animal welfare concerns. Stemkens-
Sevens et al. concluded i.a. that not the physical transfer itself, but 
the process of  being packed resulted in the weight loss found.69 
In the studies of  Capdevila et al., the destination facility was the 
starting facility. They concluded with filtering all factors but the 
transportation, there was still a significant effect on physiological 
parameters.19 To foster good scientific practice, animals should 
be used in experimental procedures after adaptation to their new 
situation and stabilization of  their physiological parameters. 
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Transportation of  small laboratory animals by van, or even by 
airplane, from the breeder to the experimental laboratories of  
pharmaceutical industries, contract research organizations and/or 
universities will cause stress and this stress will affect the physiological 
baseline of  these animals.1,4-6,19,69,74 Although the paper of  Van 
Ruiven et al. (1996) summarizes findings from studies describing 
the minimum necessary length of  the acclimatization period for 
different parameters in rats, rabbits and mice after transport they 
concluded at the end of  their paper “more research into the effects of  
transport stress per se is needed, as well as into the interaction of  transport 
stress with other environmental factors occurring simultaneously”.74

If  transport challenges the adaptive capacity of  an animal, this may 
not necessarily be perceived as a welfare problem for the animal, as 
long as it is allowed appropriately to respond to the challenge by 
displaying normal species-specific behavioural patterns and adapt to 
the change in living. Adaptive challenges, caused by transport, may 
therefore be counteracted by an acclimatization period in which the 
animals are given the opportunity to recover and adapt. 

In this thesis we aim both for Refinement and Reduction in animal 
studies. By better understanding the impact of  transportation on 
laboratory animals, we aim for framing conditions that allow for 
adaptation by way of  acclimatization of  the animals and, thus, 
avoid welfare compromise (Refinement). By better acclimatization, 
measurements are no longer performed in still adapting animals. This 
leads to Reduction because of  smaller inter-individual variability.

Current Knowledge on the Effects of Transportation
Transportation of  small laboratory rodents touches a multitude of  
subjects, such as animal welfare, research results, microbiology61, 
legislation, logistics and animal rights activism. Even though transfer 
can have a major impact on research results, studies on transportation 
of  animals have been mainly performed in livestock (horses, cattle, 
sheep, rabbit and pig) because of  the direct economic impact for 
example, on performance, meat quality and epidemiology.38,39,44,50,52,66 
Regulations and guidelines on transportation of  research animals 
are therefore largely based on studies in agricultural animals.34 
In studies using laboratory animals, transportation and/or 
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acclimatization is rarely mentioned. Table 1 gives an overview of  
previously published studies on transportation. Prager et al. (2011) 
state in a review of  100 publications that zero of  these publications 
state transport duration, and only 15% mention acclimatization.59 
Their conclusion is to document in detail all housing and husbandry 
procedures as part of  standard experimental reporting, in order for 
informed comparisons of  experimental results to be made across 
different laboratories. Publications before 1975 are considered non-
relevant as transfer methods have evolved significantly and are no 
longer comparable to modern methods. Wallace et al. (1976) and 
Weisbroth et al. (1977) were among the first to investigate the effects 
of  transportation on laboratory mice.77,78 Their main conclusion 
was that mortality decreased and recovery was faster when food 
and water (-substitute) were added to the transportation box. In the 
40 years that followed only 24 published studies were dedicated to 
transportation of  laboratory rodents, of  which 18 studied external 
transfer and six studied internal (in-house) transfer. Aguila et al. 
(1988) is the first to describe filtered transportation boxes and use 
of  air conditioned trucks.3 However, old fashioned shoe-box type 
of  transportation boxes were still used until the late 1990’s (internal 
information Envigo RMS BV.). Parameters chosen focused on the 
acute effects of  transfer, like BW, corticosterone (CORT), glucose 
(GLUC), immune function and HR. Only two studies compared 
before and after transfer.19,69 Conclusions on required acclimatization 
time vary from one day to three weeks and “long lasting”. 

Regulations and Guidelines
Regulations pertaining to the (international) transportation of  live 
animals are intended to ensure the comfort of  animals and the safety 
of  animals and their handlers, and to minimize the biosecurity risks 
associated with the handling of  live animals and of  the colonies 
into which live animals are introduced. The international regulatory 
system is a patchwork of  agreements and agencies that govern 
among other items, pest control and biosecurity, research animals, 
agriculture, conservation of  endangered species and animals used in 
exhibits or events. 

Each country has its own system, laws and guidelines. Convention on 
International Trade in Endangered Species of  Wild Fauna and Flora 
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(CITES)21 and International Air Transport Association (IATA)34 and 
National Research Council (ILAR 2011)35,36 guidelines are globally 
accepted in most countries. Some general animal transportation 
guidelines and legislations exist, although mainly specified for farm 
animals. Only a few mention specific guidance for transportation of  
laboratory rodents.

Author (year) Species

Specification of 
Transfer (internal-
external, truck-air, 

duration)

Parameters
Conclusion/

Acclimatization 
Period Advised

Wallace (1976)77 Mice 
External van + rail 

28 hrs

BW
Food and water 

intake

Two days recovery of 
weight loss. Effect of 

genotype. 

Weisbroth (1977)78 Rats and 
Mice

External transfer BW

Animals provided with 
a transit water system 
recovered more rapidly 

and had shorter 
equilibration periods

Landi (1982)45 Mice 
External air and truck 

transfer
CORT, Immune 

function
Stabilization after 48 hour 

acclimatization

Bean-Knudsen 
(1987)13 Rats

External air and truck 
transfer (2 days)

Hematology, 
serum chemistry, 

body-organ 
weight ratios, 

cytochrome act  

Significant difference 
on several parameters 

between zero days and 12 
days acclimatization

Aguila  (1988)3 Mice
External air and truck 
transfer (18-42 hrs)

NK Cell Activity, 
CORT

24 hr acclimatization is 
sufficient

Drozdowicz (1990)25 Mice
Internal transfer (12 

min)
CORT, 

Lymphocytes
In house transfer causes 

stress

Tuli (1995)72 Mice 
Internal transfer in 

home cage
Behaviour, CORT

Four days acclimatization 
is too short

Tabata
(1998)71

Rats and 
Mice

Internal transfer in 
home cage on cart

GLUC
Internal transfer increases 

Glucose in mice

Van Ruiven
(1998)75 Rats

External transfer by 
truck + air

BW, Nutritional, 
CORT

Behaviour 

Three days acclimatization 
is sufficient

Capdevila (2007)19 Rats
External transfer by van 

(5 hours)

Heart rate,
Activity 

BW 
CORT

Three days acclimatization 
is sufficient

Shim (2008)67 Mice
External transfer by 

truck (3-4 hr)

CORT 
Chaperone 
proteins, 

serological 
enzymes

Transfer effects all 
measured parameters 

significantly

T
ab

le
 1

.
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Author (year) Species

Specification of 
Transfer (internal-
external, truck-air, 

duration)

Parameters
Conclusion/

Acclimatization 
Period Advised

Dahlin (2009)22 Rat
Internal and external 

transfer
CORT

CORT decreases for six 
days after external 

transfer

Laroche (2009)46 Mice 
External transfer (24-48 

hours)
Sexual behaviour

Long lasting, age 
dependent shipping-
induced reductions in 

sexual behavior

Shim (2009)68 Rats External transfer by air
CORT 

Chaperone 
proteins

One week recovery is 
sufficient

Stemkens (2009)69 Guinea 
pigs

External transfer by van 
(2,5 or 7,5 hours)

HR,
Temperature,

BW 

10-12 days 
acclimatization is required

Olfe  (2010)58 Mice
Internal or external (18 

hours)

CORT, 
Lymphocytes

BW

Disturbed values for at 
least four weeks after 

external transfer

Hoorn (2011)33 Mice External transfer BP
Three weeks 

acclimatization required

Moura (2011)56 Rat Internal transfer Social memory
Internal transfer can 

disturb social recognition 
memory

Lee (2012)47 Rats and 
Mice

External transfer by 
truck (24 hours)

BW
Bodyweight recovers in 

one day

Bundgaard (2012)17 Mice CORT, IgA
Acclimatization: CORT ≤ 1 

week, IgA: ≥ 4 weeks

Arts (2012)4 Rats External transfer
CORT, CK BW, 
HR, BP, ACT, 
Behaviour

One week acclimatization 

Pritchet-Corning 
(2013)60 Rats

External transfer by 
truck (24 hours)

Reproduction 
Gestation period and litter 

size increased

Arts (2014)5 Rats External transfer
CORT, BW, HR, 

ACT, 

Acclimatization needed: 
eight days for males, two 

weeks for females 

Arts (2014)6 Rats External transfer

CORT, BW, 
Temperature, 

Food and water 
intake, GLUC, 

Behaviour 

Acclimatization needed: 
One week for males, two 

weeks for females 

T
able 1. C

on
tin

ued

Previously Published Studies
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The European Directive 2010/63/EU on The Protection of  Animals 
Used for Scientific Purposes specifically mentions the need of  
appropriate boxes, conditions and acclimatization.27 Besides this 
directive, a European regulation on the protection of  animals during 
transit (EG 1/2005) exists, meant for all vertebrate animals, but 
covering only specifications for livestock.28

ILAR states ”careful planning for all types of  transportation should occur 
to ensure animal safety and well-being. The process of  transportation should 
provide an appropriate level of  animal biosecurity, while minimizing zoonotic 
risks, protecting against environmental extremes, avoiding overcrowding, 
providing for the animals’ physical, physiological, or behavioral needs and 
comfort, and protecting the animals and personnel from physical trauma”.36

In general, guidelines emphasize the appropriate and timely planning 
and coordination of  often complicated (door-to-door) transfers, 
ensuring minimization of  transit times. Proper documentation is 
also essential to minimize delays in shipping and receipt. These may 
include health certificates, contacts and addresses of  senders and 
receivers, emergency procedures and veterinary contact information 
or other permits as requested. Special considerations may be necessary 
for transporting animals with special conditions, such as pregnant, 
perinatal, geriatric, surgically prepared or immune deficient. In all 
cases, appropriate loading and unloading facilities should be provided 
for the safe and secure transfer of  animals at an institution.

Animals from commercial breeders are usually of  high health quality; 
animals from universities or research institutes are more frequently 
colonized or infected with unwanted agents. To considerably reduce 
risk of  agent introduction, it is important that sufficient information 
of  the health status is provided for the colony of  origin, for example 
a FELASA guideline based Health report.61

Many transportation companies ceased transportation of  laboratory 
animals, pressured by animal rights activists. Only a handful of  
airline companies ship laboratory animals and even fewer airports 
have facilities to (temporarily) house them. This makes logistics of  
transporting laboratory animals to their final destination a material 
challenge, often leading to detours or waiting times.62 
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Daily Practice in Transportation
Transfer of  small laboratory rodents occurs according to Standard 
Operating Procedures (SOP’s) of  breeding facilities and transportation 
companies. During our studies we utilized a daily practiced paradigm 
of  small laboratory animals being transferred from a breeding facility 
(Envigo RMS BV., formerly Harlan Laboratories, Inc., Horst, the 
Netherlands) to a research facility. Many different scenarios are 
possible in arranging transportation for research animals between 
institutes. As the majority of  research animals are transferred by 
ground (estimated on 92%)36, this thesis focuses on transfer by truck 
or van. Although in our case, the door-to-door distance was relatively 
short (<200km), the complete procedure took 24-28 hours and the 
actual transfer was only a small part of  it. Few problems occur during 
transportations organized by commercial breeders (0.035% in US).35 

In our studies, all animals were bred according to normal breeding 
procedures, with the small difference that after weaning, selected 
animals were not placed in inventory stock as husbandry procedures 
describe, but placed in a similar area where researchers could begin 
baseline measurements, with similar racks, cages, feed and water 
and care taking protocols. In this way, animals were handled and 
housed similar to inventory stock animals, and not transferred more 
often. In the case of  studies including surgery, animals underwent 
proper recovery periods before baseline measurements began. After 
a period of  baseline measurements, animals were packed in standard 
transportation boxes and shipped to a research facility (either to the 
Central Laboratory Animals Research Facility (CLARF) of  Utrecht 
University  or to Amsterdam Animal Research Center  (AARC) 
of  the Free University of  Amsterdam). A standard transportation 
box (Figure 1) for rats as used in our studies measures 62x44x15 
cm and is supplied with bedding (aspen wood shavings, Tierwohl, 
Classic® bedding, Rettenmaier & Söhne, Rosenberg, Germany), 
food pellets (Teklad 2018 irradiated or autoclaved rodent diet) and 
a water source (Hydrogel™ , Harlan, Indianapolis, USA). This 
type of  transportation box can be used for shipping 25 small rats of   
50-75 to eight larger rats >325 gram. In our studies, cage mates were 
packed in one single transportation box. This type of  transportation 
box exists in different sizes for various species (Table 2). 
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Example of  transportation box used for laboratory rodents.

After packing, animals are checked by a second care taker before the 
lids are sealed with tape. The boxes are then collected per animal 
room and transferred to the shipping room, where the boxes can be 
sluiced out of  the barrier. Depending on the number of  boxes having 
to be sluiced out, waiting times in this area can increase (Figure 2 
“1”), although protocols instruct minimization of   waiting times. 
After sluicing, the transportation boxes are transferred by fork-
lift truck (Figure 2 “2”) in a protective crate to an on-site climate 
controlled holding area (approximately three minutes), where all 
transportation boxes (≥ 700 per day) are collected. At the holding 
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Species Max Number Size (cm) Cm2/animal

Mice Juvenile: 26 
Adolescent: 20
Adult: 14

41x28x18 
(=1148 cm2)

≈ 44
≈ 57
≈ 82

Rat Juvenile: 30 
Adolescent: 16
Adult: 6

64x42x16 
(=2688 cm2)

≈ 90
≈ 168
≈ 448

Guinea pig Juvenile: 8 
Adolescent: 5
Adult: 2

56x35,5x20 
(=1988 cm2)

≈ 249
≈ 398
≈ 994

Sizes of  transportation boxes used for different species (example, depending on 

bodyweight and temperature, internal information Envigo RMS BV) 
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area, all boxes are placed on rolling racks to be shipped per truck to 
a logistic centre in the afternoon. (Figure 2 “3”) A short trip (30 min, 
30 km) per climate controlled truck (Figure 2 “4”) brings the animals 
to a logistic centre where animals are distributed over various routes. 
Some animals are reloaded directly to a second truck or van, but 
in our case, the animals spent the night at the climate controlled 
logistic centre to be loaded in a climate controlled van early the next 
morning. (Figure 2 “5”) Boxes are fixed to racking inside the van, 
in order to avoid shifting during shipment. Transport entails various 
destinations, stopping and unloading boxes at every location. After 
several hours of  travel in the van, our animals reach their final 
destination. (Figure 2 “6”) At the receiving research facility, boxes 
are unloaded and stacked in a hallway for a researcher or care takers 
to receive them. Animals are usually unpacked in the room in which 
they are being housed. (Figure 2 “7”) Depending on the destination 
facility, animals may be housed in quarantine or brought directly to 
their destination room.

In general, during the transfer procedure,transported animals 
encounter changes which, in most cases will increase their stress 
level. Some examples of  possible changes (adapted from a review 
publication Swallow et al. (2005)70 animals may encounter during 
or after transfer:
• Handling (placing in a transport box)
• Separation from family
• Loading and unloading
• Movement and vibrations during the journey
• Noise and smell
• Fluctuations in temperature and humidity
• (voluntary) Reduced food and water intake

Timeline of  transfer procedure

F
igure 2.
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• Disruption of  light-dark regime
• New housing and care protocols at the end-user
• New animal care takers
• Possibly new social groups or hierarchies 
• New diet 
• New bedding

Modelling Daily Practice
In our studies we chose to use an experimental design reflecting 
common daily practice. The Wistar rat is a commonly used outbred 
strain and sold in the largest numbers by commercial breeders, 
compared to other (outbred) stocks. This stock therefore represents a 
large population of  the animals currently transported by commercial 
breeders. Furthermore, in Wistar rats it is possible to measure in one 
study a variety of  parameters (for example, HR, BP, locomotor activity 
(ACT)) by using radiotelemetry technique41, combined with several 
other parameters like core temperature, behaviour, blood values.

Transfer procedures are considered to cause discomfort and a 
physiological stress response in laboratory rodents. The parameters 
used in our studies reflect either the impact on the animal (quantify 
the stress) or they are an indicator for the acclimatization process.
All living organisms strive towards a dynamic equilibrium, called 
homeostasis. Stressors are physical and psychological events 
that threaten this equilibrium. Transportation of  animals is a 
known stressor that leads to a (temporary) disturbance of  normal 
physiology (homeostasis).74 Stressors trigger physiological and 
behavioural responses that are aimed at restoring homeostasis.24 
The autonomic nervous system (ANS) controls physiological 
homeostasis. The ANS consists of  the sympathetic nervous system 
(SNS) and the parasympathetic nervous system (PNS), two highly 
integrated systems that usually work reciprocally or antagonistically. 
Activation of  the SNS generates mobilization and expenditure of  
energy in an organism, whereas PNS activation contributes to 
energy conservation and resource storage.54 

The system which is classically involved in stress is the hypothalamus-
pituitary-adrenocortical (HPA) axis.30 The central nervous system 
(CNS) when aroused by a stressor is activated which results in a 
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highly intertwined pattern of  physiological and behavioural stress 
responses.79 The stress response, during physical exercise and during 
a stress reaction, is reflected in rapid activation of  the SNS, leading 
to the release of  catecholamines such as noradrenalin (NAd) from 
widely distributed synapses and adrenalin (Ad) from the adrenal 
medulla24, leading to increased cardiovascular activity, showing 
increased HR (tachycardia) and BP. Blood concentrations of  adrenal 
glucocorticoids start rising immediately. Also, respiratory rate 
and the release of  glucose are increased. Other activities such as 
digestion, reproduction, growth and immunity are suppressed by the 
PNS. Cannon (1915) called this the fight-flight response because the 
whole is consistent with the physiological preparation for physical 
activity.18 Chronic stress results in pathological lesions and various 
adverse effects such as impaired fecundity and immunosuppression.22

In order to evaluate stress in laboratory animals, measuring various 
clinical signs and behavioural parameters can be undertaken, such 
as HR, BP, BW gain, food and water consumption, BT, urination, 
defecation, ACT, posture, vocalisation etc.51,55 

Physiological Indicators of Acclimatization
When measurements of  physiological parameters are performed 
using conventional measurement techniques, such as indwelling 
catheters, sensors, and/or electrodes, the results must be interpreted 
with caution, as these conventional techniques also have effects 
on the animals. Some well-described examples are the increase 
in catecholamine levels and the increase in BP when rats are 
immobilized.42 Radio-telemetry provides a method to obtain 
accurate and reliable physiological measurements, such as BP, HR, 
electrocardiogram (ECG) and body temperature (BT), from awake 
freely moving animals.31,41 Radio-telemetry is a valuable tool that 
can be used as one of  the methods to investigate animal well-being 
without the influence of  handling and other restraint since HR, 
BP and BT, next to other parameters such as levels of  circulating 
corticosterone and glucose, adrenal gland mass, behaviour and food 
consumption, can be used as indicators of  animal stress to measure 
the adaptation to a new environment.43 
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The physiological stress response can also be measured by an 
increase in BT, also known as stress induced hyperthermia (SIH). 
SIH has been described as a rise in the thermoregulatory set point 
that is not caused by an increased physical activity or affected by 
ambient temperature. Like HR, BT shows a strong diurnal rhythm 
with high levels during the active periods.32 SIH can be measured 
within 10 minutes after the onset of  a relatively mild stressor.26,48,81 
Besides the effect of  stressors on BT, providing an appropriate thermal 
environment is an important element of  animal transportation. 
Temperature is one of  the key factors causing discomfort known from 
studies on livestock during transfer. Temperature has been indicated 
as a major factor leading to loss of  body weight and mortality during 
animal transfer in many species.39,44,53,80 Rapid temperature changes 
might be a stress factor during transfer of  small laboratory animals. 
Rodent transportation boxes are usually stacked, which constricts 
the airflow around the boxes. Nowadays, most boxes are designed 
in such a way allowing for airflow. Inside the transportation boxes, 
animals have little means of  regulating their BT. Ideally, animals 
should be transported using climate controlled vehicles. The ILAR 
guidelines give ranges of  temperatures, based on the thermo neutral 
zone and the highest and lowest tolerated temperatures (Table 3).35

Getting insights on temperature relations between in- and outside 
the transportation boxes and between environmental temperature 
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Species Core 
temperature

Thermo 
neutral zonea

Lowest 
tolerated 

temperatureb

Highest 
tolerated 

temperatureb

Transfer 
temperature 

rangec

Mouse 36.5±1.3 26.0-34.0 -5.0 34.0 4.0-34.0

Rat 36.7±0.9 26.0-33.0 -15.0 34.0 6.0-33.0

Guinea pig 39.2±0.7 28.0-30.0 -20.0 36.0 4.0-34.0

Hamster 36.8±0.2 28.0-32.0 -30.0 32.0 6.0-34.0

Rabbit 39.5±0.6 15.0-20.0 -10.0 32.2 4.0-33.0

Temperatures and ranges in rodents (°C)
a Thermo neutral zones can vary by strain, age, and reproductive or health status.
b Temperatures resulting in no substantial change in core temperature over a 
short time period (see guidelines for more information and time ranges)
c Conditions inside the transportation box (e.g. warm, deep bedding) will allow 
the animals to establish a comfortable microenvironment. 
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and core body temperature requires temperature registration of  
environment and animal. For our studies environmental temperatures 
were registered with pre-programmable temperature loggers. Core 
body temperature was measured with pre-programmable devices. 
Internal studies at Envigo RMS BV. indicate that temperature inside 
the transportation boxes is on average 4-5 degrees higher than the 
ambient temperature (see also Appendix II).

Body Weight (BW)
Body weight loss or a reduction in BW gain in growing rats may be 
an indication of  disease, pain, stress or discomfort in an animal.55 
Reduction in BW gain has been observed in several studies where 
rats have been subjected to different acute or chronic stressful 
conditions.22 

The parameters BW and food and water intake are easy to evaluate, 
which can be directly implemented in acclimatization protocols at 
receiving facilities. These two parameters show instantly the impact 
of  transfer on the animal. 

Stress Hormones 
The best known stress hormones are corticosteroids, but their name 
could also be anti-stress hormones, because their primary function 
is protection and adaptation. Corticosteroids are well known for 
their inverted-U curve of  concentration and effect and their levels 
may be used as markers of  stress in small laboratory animals.9,40 
Corticosteroids maintain cardiovascular homeostasis, mobilize 
energy stores by gluconeogenesis in the liver and mediate immune 
suppression.22 Moreover, chronic enhanced plasma corticosteroid 
levels are considered to indicate welfare problems.79 Also, routine 
handling and blood collection increase serum concentrations of  
hormones such as corticosterone and high levels of  corticosterone 
will affect the normal physiology of  the animals.1,9,74 Although the 
release is slower than that of  catecholamines.

Physical Stress
Besides physiological stress, during transfer, animals can also 
experience physical stress (for example, movement of  the boxes or 
truck). Creatine kinase in the blood after transfer indicates the level 
of  muscle damage, thereby giving a sign of  physical stress.7,11
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Behaviour
Studies often use behaviour as a read out parameter for internal 
processes.75 Behaviour can provide insights in the effects of  transfer 
on internal (neurobiological) processes, which stress is known to 
affect.65 It is known for example that stress has an effect on locomotor 
activity23,29, exploration63, eating2 and grooming behaviour.14,37,73 

Scope and Outline of this Thesis
The objective of  this thesis was to assess the adaptive response of  
Wistar (HsdCpb:WU) rats with respect to the complex process 
of  transportation from the breeder to a new animal facility. The 
final goal of  this thesis was to evaluate the adaptive and the non-
adaptive aspects, respectively, of  response to different scenarios of  
acclimatization. We emphasize the studies were chosen  to represent 
common daily practice. It is appreciated that this choice partially 
goes at the expense of  being able to differentiate between the discrete 
effects of  distinct sub-sets of  the transportation process. Overall, this 
thesis is specifically dedicated to applied laboratory animal science, 
rather than intending to represent fundamental animal research.
 
Based on the knowledge of  in what way and the duration of  
the transport stress will effect the physiology and behaviour of  
laboratory rats, we aim at obtaining objective information about 
acclimatization. This can be used as a tool for defining more 
accurate acclimatization period and setting up Standard Operation 
Procedures (SOP’s) and guidelines on the transport (external as well 
as internal) of  laboratory rats and, in extrapolation, other small 
laboratory animals.

Chapter 1 of  this thesis provides a historic overview and describes 
the regulations and guidelines about transported animals. The impact 
of  transportation on small laboratory animals on physiological 
parameters; BW; stress hormones; physical stress and behavior are 
discussed. 

Chapter 2 describes a first investigation into the impact of  
transportation on physiological and behavioural parameters in male 
Wistar (HsdCpb:WU) rats. Animals were externally transferred. 
Before and after transfer measurements were performed on BW, 
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HR, BP, ACT, CK, CORT and behaviour. Comparisons were made 
between pre- and post transfer, as well as between transferred and 
non-transferred animals.

Chapter 3 was designed to measure whether a difference exists in 
response between male and female Wistar (HsdCpb:WU) rats in 
reaction to transfer and physiological acclimatization after transfer. 
Physiological measurements were performed by telemetry to get 
insight on sex specific effects of  transfer on BW, HR, BP, ACT and 
CORT.

The effects found in the first two studies showed significant effects 
on several physiological and behavioural parameters. 

Chapter 4 investigates the possible causal relation between 
environmental temperature and core body temperature to determine 
the effect of  transfer temperature in both male and female Wistar 
(HsdCpb:WU) rats. Also, CORT, GLUC and behaviour were 
measured during this study again making comparisons between 
transferred and non-transferred animals and before and after transfer 
within the same animal.

It was hypothesized,internal facility procedures might have a 
significant affect on the animals as well, a (pilot) study was designed 
to determine the effect of  reversal of  light regime combined with 
an internal transfer measuring physiological parameters through 
radiotelemetry. This study is described in Chapter 5.

Chapter 6 describes the effects of  a combined external transfer with 
light regime reversal at arrival. This study measures behavioural 
parameters and CORT before and after a commonly used paradigm 
of  the combination transfer and light regime reversal.

Chapter 7 summarizes and discusses the previous chapters. This 
chapter places all results in the perspective of  daily practice and 
current literature.

Note: September 2015, Harlan Laboratories BV was renamed Envigo RMS 
BV. Published chapters therefore refer to Harlan Laboratories BV.
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Abstract 

Transportation of  laboratory rodents 
unavoidably causes stress. Nevertheless, 
very little is known about the effects of  
transportation and how long it takes for 
the animal to recuperate. In the present 
study we investigated physiological and 
behavioral parameters before and after 
transportation, as well as in transported 
and non-transported animals. Blood 
samples were taken for analysis on 
plasma corticosterone and creatine 
kinase. Physiological measurements 
were performed by means of  telemetry, 
measuring heart rate, blood pressure 
and activity. Behavior was measured 
by means of  home cage observations. 
Plasma corticosterone levels were 
increased at least up to 16 days after 
transportation. Blood pressure and heart 
rate showed a lasting decrease after 
transportation. Grooming increased 
while social interactions and locomotor 



37

ch
ap

ter 2

activity decreased after transportation. 
With this study we have demonstrated 
that there is a long lasting effect of  
transportation on physiological and 
behavioural parameters. Our results 
show that the stressful impact of  
transportation embraces all parts of  the 
procedure, including for example the 
packing of  the animals. Researchers must 
be aware of  this impact and provide a 
sufficient acclimatization period to allow 
for the (re-)stabilization of  parameters. 
Insufficient acclimatization periods 
will not only endanger the reliability of  
research results, they will also endanger 
the welfare of  the animal used.

Keywords: acclimatization, behaviour, corticosterone, rats, 
rodents, telemetry, transportation

Abbreviations
ACT: activity, as measured by telemetry device; ANOVA: 
analysis of  variance; BP: blood pressure; BS: blood sample; 
BW: body weight; ΔBW: body weight gain; CK: creatine 
kinase; CORT: corticosterone; GRO: self-grooming; HR: 
heart rate; MAP: mean arterial pressure; LOC: locomotor 
activity, as scored by behavioral observations; OBS: behavioral 
observation; SI: social interaction.
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Introduction
Every day thousands of  laboratory rodents are being transported all 
over the world. Although especially transport between institutes, e.g. 
from a breeding- to a research facility, which may last several days 
and long distance transportation, can be expected to induce quite 
some stress in animals71, rarely any evidence exists about the effects 
of  transportation on the animals physiology and behaviour, or how 
long it takes for the animal to recuperate.58,69 To obtain reliable 
scientific results from experiments using animals, their physiological 
status is demanded to normalize/stabilize up to a condition which 
can be defined as baseline. Using stressed animals is likely to result 
in considerable and unintended effects on research results.49 

There are no clear-cut legal recommendations concerning 
acclimatization periods for experimental animals. Article 5 of  
Appendix A of  the European Convention for the Protection of  
Vertebrate Animals used for Experimental and Other Scientific 
Purposes (ETS no 123) (Council of  Europe 2006) states ‘….even if  
the animals are seen to be in sound health it is good husbandry for them 
to undergo a period of  acclimatization before being used in a procedure. 
The time required depends on several factors, such as the stress to which the 
animals have been subjected which in turn depends on several factors such 
as the duration of  the transportation and the age of  the animal. This time 
shall be decided by a competent person’.13 Most experiments make use of  
an acclimatization period after transport to decrease the influence of  
transportation-related stress on results. However, the duration of  this 
acclimatization period is scarcely based on scientific research and 
varies tremendously between facilities (from 1 day up to 3 weeks).

During a transportation procedure many different stressors are 
present, such as confinement, novelty, changes in temperature and 
light condition and exposure to new animal caretakers and procedures. 
In general, animals subjected to such stressors react with changes in 
their physiology, such as body weight (BW), hormone levels, heart 
rate (HR), body temperature and blood pressure (BP).11,49,58,69 Further, 
several studies found deteriorating effects of  transportation on the 
immune system2,17, and on nutritional parameters.58 In general, stress 
is an adaptive response to stressful stimuli (stressors) that disrupts the 
physiological balance.70 Activation of  the hypothalamic-pituitary-
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adrenal (HPA) axis results in the release of  stress hormones, such as 
corticosterone (CORT) from the adrenal glands.27,44 Elevated levels 
of  CORT are known to affect a variety of  physiological parameters, 
such as BP, HR, immune system function as well as behavioural 
patterns.17,26,74 Although long-lasting (chronic) stress may result 
in pathological conditions33,43,62, acute stress responses mostly are 
characterised by an adaptive value, i.e. preparing an individual to 
adequately respond to a challenging situation.43,50 After termination 
of  the stressful situation, physiological and behavioural pattern turn 
to homeostasis within several hours.33 Notably, it has been reported 
that an individuals’ baseline-condition (homeostasis) after stress may 
be different from that before stress, a phenomenon which is referred 
to as allostasis.44 Broom (1986) defines animal welfare as ‘its state as 
regards its attempts to cope with its environment’.6 Does this coping 
mean return to an internal set-point (homeostasis)? McEwen (2002) 
proposed that allostasis is a better term for physiological coping 
mechanisms than homeostasis.44 Allostasis, which means ‘stability 
through change’, has the potential to replace homeostasis as the core 
model of  physiological regulation. The capacity to change is crucial 
to physical and mental health and good animal welfare.34

To our knowledge it has not systematically been investigated yet, 
how long it takes for laboratory rodents to return to a (potentially 
new) baseline-level after between-institute-transportation. To gain 
first insights into this question, we here defined a transport procedure 
as transporting animals from the breeding facility to a second animal 
facility by van, including all procedures and changes that come with 
it, like packing procedure, the change of  animal chamber, cages 
and caretakers. We then compared physiological and behavioural 
measurements in male Wistar rats before and after transportation as 
well as in transported and non-transported animals.

Conventional measurements of  physiological parameters often 
include potentially stressful procedures like handling, immobilizing 
or anaesthesia, which may themselves have effects on the 
animals.7,29,40,73 Radiotelemetry provides a method to obtain accurate 
and reliable physiological measurements from conscious, freely 
moving animals38,67 over a longer period of  time9,26,37,39 and can thus 
be used to obtain non-confounded data on physiological changes 
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in laboratory rats due to transportation.11 We here acquired mean 
arterial (blood) pressure (MAP), HR and locomotor activity (ACT) 
by means of  radiotelemetry transmitters. Besides these parameters, 
home cage behavior, bodyweight (BW) and bodyweight gain (ΔBW), 
plasma levels of  CORT and plasma levels of  creatine kinase (CK) 
were measured. Plasma CK was used as an indicator for muscle 
damage.24,61

The main aim of  this study was to investigate the stress effect in 
laboratory rats due to transportation. Further, we aimed at evaluating 
the acclimatization period necessary for the animals to (re)establish 
a (potentially new) baseline status. This knowledge can not only be 
expected to decrease the variation in research results in transported 
animals, resulting in a decrease in the number of  animals required 
to get valid experimental results, but will furthermore improve the 
welfare in laboratory rodents by allowing for defining the time 
period needed by the animals to recover from transportation stress.

Materials and Methods

Ethical Note
The protocol of  the experiment (DEC-DGK number: 2008.I.01.004) 
was peer-reviewed by the scientific committee of  the Department 
of  Animals in Science & Society, Utrecht University, The 
Netherlands, and approved by the Animal Experiments Committee 
of  the Academic Biomedical Centre, Utrecht, The Netherlands. 
The Animal Experiments Committee based its decision on ‘De Wet 
op de Dierproeven’ (The Dutch ‘Experiments on Animals Act’, 
1996) and on the ‘Dierproevenbesluit’ (The Dutch ‘Experiments 
on Animals Decision’, 1996). Both documents are available online 
at: http://www.vet.uu.nl/nca_nl/legislation or http://wetten.
overheid.nl. Further, all animal experiments followed the ‘Principles 
of  laboratory animal care’ and refer to the Guidelines for the Care 
and Use of  Mammals in Neuroscience and Behavioral Research. 
(National Research Council 2003.)

Animals & Housing Conditions
Subjects were 108 male rats (HsdCpb:WU; Wistar Unilever, Harlan 
Laboratories BV, Horst, The Netherlands), 6 weeks old (150-160 g) 
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on day -35 (Table 2), randomly divided over 36 cages of  3 animals 
each. During the first part of  the experiment all animals were 
group housed inside the SPF (specific pathogen free) barrier of  the 
breeder in a regular animal-chamber at a constant temperature of  
20˚C (19,5-22˚C) and humidity of  >40% (42-55 %). Animals had 
ad libitum access to food (Harlan Teklad irradiated 18% protein 
rodent diet 2918) and processed (acidified (pH 5,8-6,4), chlorinated 
(6-8 ppm), softened, and filtered (0,02 microns)) water. Light-dark 
regime was maintained at 12:12h, lights on at 6:00 am, with dimmed 
lights from 6:00-8:00 and 16:00-18:00. During the second part of   
the experiment after transportation, the animals of  the transported 
group (group 1) were housed under standard laboratory conditions 
of  the animal facilities of  Utrecht University in a temperature (22 
± 2) and humidity (45-50%) controlled animal chamber, light-dark 
regime was maintained at 12:12h, lights on at 6:00 am, no dimmed 
light period.

Group composition was maintained throughout the entire 
experimental period. Cage-cleaning and weighing of  the animals 
occurred weekly. All procedures were performed by either the 
researcher herself  or by the animal caretakers at the facilities.

Blood Sampling
A total of  four blood samples was taken, always on weekdays 
3-4 hrs after ‘lights on’. All 108 animals were sampled. The first 
sample was taken 7 days before transportation (baseline: BS1). The 
second sample was taken on the day of  transportation, directly 
after unpacking (BS2). The third sample was taken 7 days after 
transportation (BS3) and the fourth and last sample was taken 
16 days after transportation (BS4) (Table 2). Blood was sampled 
from the tail vein, using a sterile razorblade (Gem-star, Solingen, 
Germany) and lithium heparine coated microvette tube (Sarstedt,  
Nümbrecht, Germany), as described by M. Fluttert et al..22 The 
samples were taken in a separate, dedicated room, within 2 minutes 
of  retrieving the cage from the rack, never exceeding the maximal 
allowed sampling-quantity of  8 mg/kg bodyweight (BW)/14 
days. Samples were stored on ice until centrifugation in a tabletop 
centrifuge (Eppendorf  5402, Boom B.V., Meppel) at 4 ºC for 10 min 
at 14000 rpm. Plasma was stored in a -18˚C freezer until analysis. 
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Plasma CORT levels were determined using a commercial 
radioimmunoassay (RIA) kit (ImmuChemTM, MP biomedicals, 
LLC, Solon, USA) according to the protocol of  the supplier. Besides 
plasma CORT, the samples were analyzed on plasma CK, using a 
commercial kit for colorimetry (EnzyChromTM, BioAssay Systems, 
Hayward, USA) according to the protocol of  the supplier. Each 
sample for both plasma CORT and plasma CK was analyzed in 
duplicate.

Telemetry
Surgery took place behind the barrier of  the breeder (Harlan 
Laboratories B.V., Horst, the Netherlands), thus ensuring that no 
animals were transported prior to the study. When the animals were 
8 weeks old (average BW 204 g (186-218)), surgery was performed 
by an experienced surgical technician on eighteen randomly selected 
animals in a dedicated room in the breeding facility. In 18 cages, 
one animal was implanted with a 7.7 g radio-telemetry transmitter 
(model TA11PA-C40, Data Sciences International, St Paul, MN, 
USA). Pre-operatively the animals were given analgesia with 
carprofen (subcutaneously, 5 mg/kg), which was repeated every 
12 hours until 2 days after surgery. The animals were anaesthetised 
with an intraperitoneal (ip) injection with ketamine (75 mg/kg) 
followed by an ip injection of  médétomedine (Dexdomitor ® 10 mg/
kg). During surgery, local analgesia was administered (Lidocaine®, 
Eurovet Animal Health, Cuijck, the Netherlands) and the eyes were 
protected with Duodrops® (Produlab Pharma, Raamsdonkveer, the 
Netherlands). The implantation procedure was carried out under 
strictly aseptic conditions as described by Kramer et al. (2003)38 for 
mice and by Huetteman (2009)28 for laboratory rodents, in which the 
transmitter canulla was directly fixed into the abdominal aorta, and 
the body of  the transmitter was permanently fixed to the inside of  
the abdominal muscles. The still unconscious animals were brought 
back to the animal chamber to recover. As soon as the animals 
regained consciousness after the surgical procedure, they were group 
housed with their two non-implanted cage mates. The eighteen 
cages containing transmitter animals were placed above a receiver 
station (RPC-1, DSi, St. Paul, MN, USA). The remaining eighteen 
cages were placed in a conventional rack. To prevent detection from 
adjacent transmitters, all receiver-cage couples were placed in a 
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U-shaped stainless steel profile. After surgery, five of  the transmitters 
did not measure correct MAP and HR values, ACT was measured 
correctly. These five animals were assigned to the control group 2 
(Table 1). Of  the other thirteen cages containing an animal with 
a functional transmitter, nine were randomly selected and assigned 
to group 1, the remaining four cages were added to group 2. The 
other eighteen cages containing only non-implanted animals were 
randomly assigned to two extra control groups (group 3 and 4) to 
control for transmitter or surgery effects (Table 1). 

Behavioral Observations
All animals were observed in their home cage on a fixed location in 
the animal chamber (the same location in the rack for all animals), 
using a JVC digital video camera on a tripod. Observations were 
performed by continuous focal sampling for 5 min, directly after 
cage cleaning, 3-5 hrs after ‘lights on’. All three animals per cage 
were scored. Cleaning disturbs the animals and increases the level of  
activity in rats, this offers an opportunity to observe active behavior 
during the daylight period. 8,60 

Eighteen behavioral parameters were scored using the software The 
Observer (Noldus, Wageningen, The Netherlands). For analysis 
the behavioural parameters were assigned to different behavioural 
categories:
1. Activity/Locomotion (LOC): consisting of  the scored behaviours 

explore, rear, walk, shake, scratch, scan and hop/jump.
2. Social interactions (SI): consisting of  social explore, social 

groom, follow/chase, push and pinn.

Group Transmitter n Transportation BW MAP/HR
/ACT OBS. CORT

/CK

1 = transported Yes, one animal 
per cage 9 Packed and 

transported Yes Yes Yes Yes

2 = control Yes, one animal 
per cage

9 (4 functional  
transmitters)

No Yes Yes Yes Yes

3 No 9 Packed Yes No No Yes

4 No 9 No Yes No Yes Yes

Schedule of  experimental groups and parameters

T
able 1.  
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3. Self-grooming (GRO), consisting of  six behaviors which together 
compose the cephalo-caudal-sequence that animals perform in an 
undisturbed situation30: fore-paw licking, face/nose wash, head 
wash, body wash/fur licking, hindleg licking, tail/genitals licking.

Transportation Procedure
During the first week after surgery the animals were weighed and 
checked daily for clinical abnormalities. After 5 days MAP and 
HR measurements started at a collection rate of  every 3 minutes 
for 10 seconds, 24 hours per day. ACT was expressed as counts per 
minute, with every count representing a movement of  the rat of  
1,5-2 cm, detected by the system as change in signal strength. ACT 
was recorded continuously and was stored every 3 minutes (total 
activity of  3 minutes). Twenty four days after surgery, the rats of  
group 1 and 3 were prepared for transport in the room in which 
they were housed. The rats were removed from their cage, weighed 
and allocated with their cage mates in solid floor plastic transport 
boxes with filters (64x42x16 cm, Williton Box Co, Taunton, United 
Kingdom). The boxes were prepared with wood bedding (Tierwohl, 
Classic® bedding, Rettenmaier & Söhne, Rosenberg, Germany), 
diet pellets (Harlan Teklad Rodent Diet), and Hydrogel™ (Harlan, 
Indianapolis, USA) as a water source. The lids of  the boxes were 
closed and taped. The animals of  group 2 and 4 were left undisturbed.

The animals in group 1 and 3 were packed in the transport boxes between 
10.00 and 11.00 am and placed back on the telemetry receivers. 1 hour 
later, the boxes were taken to the holding area, from which the loading 
of  the vans occurred. The temperature in the holding area was set to 17 
°C. Light-dark regime in the holding area was identical to the animal 
chambers. The next day at 06.00 am the animals of  group 1 were 
loaded into an unlit, climate-controlled (15 °C) van and transported to 
a second animal facility. The journey lasted approximately 3 hours. As 
soon as the animals arrived at the receiving facility, they were placed 
on the telemetry receivers in the destination animal chamber for 2 
hours before they were unpacked by the researcher. At the receiving 
facility, data recording resumed every 3 minutes for 10 seconds, 24 
hours per day. Environmental conditions were similar to those in the 
breeding facility. At the moment group 1 was being transported, group 
3 was unpacked and weighed, and blood samples were taken in the 
holding area by the researcher. Subsequently, the animals of  group 
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3 were euthanized by an ip injection of  barbiturate. 21 days after 
transportation, measurements were ended and all animals of  group 
1, 2 and 4 were euthanized, similarly to group 3. Table 2 shows an 
overview of  all performed procedures.

Statistical analyses
The experimental (and statistical) unit is the entity that can be 
assigned at random to one of  the treatments, independently of  
all other experimental units. Any two experimental units must be 
able to be assigned to different treatments.20 In the present study 
the cage was the experimental unit. Therefore, body weight (gain) 
was averaged per cage using only the non-transmitter animals. For 
analysis of  frequency and duration of  behavioral parameters as well 
as blood plasma parameters, also cage-averages were used. However, 
these cage averages were based on three animals per cage. Data of  
the telemetry output were averaged to 24 hour per animal (=cage). 
Some plasma samples had corticosterone values below the detection 
limit. To be able to use these data, these samples were given the 
value one-half  of  the detection limit.4

Exp day Group Procedure

-35 all Selection 108 animals and distribution over 36 cages of 3 animals

-26,-25 1,2 Surgery on 1 animal per cage in 18 of the 36 cages

-25 - -12 1,2 Recovery of surgery (transmitter animals)

-20 1,2, Start telemetry measurements (transmitter animals)

-9 - -2 1,2 Baseline recordings of telemetry data in transmitter animals

-8 all Blood sample 1 (baseline):BS1

-7 1,2,4 Home cage Observation 1 (baseline): OBS1

-1 1,3 Packing and transportation to holding area

0 1
3

1,2,4
1,2,4

Transportation to second facility, continuation of telemetry measurements
Unpacking, weighing, blood sample 2: BS2, euthanization
Blood sample 2 after arrival of Group 1: BS2
Home cage Observation 2: OBS2

6 1,2,4 Blood sample 3: BS3

7 1,2,4 Home cage Observation 3: OBS3

14 1,2,4 Home cage Observation 4: OBS4

16 1,2,4 Blood sample 4: BS4

21 all End of telemetry measurements, euthanization 

T
able 2.

Schedule of  performed procedures
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All statistical analyses were carried out according to Petrie and 
Watson (2006)53, Quinn and Keough (2002)54, and/or Field (2009)21, 
using a SPSS® for Windows (version 16.0) software program 
(SPSS Inc., IL, USA). Two-sided, exact (i.e. for the non-parametric 
tests;) probabilities were estimated throughout.47 Continuous data 
(body weight, blood plasma parameters, telemetry parameters and 
duration of  behavioral parameters) were summarized (both in tables 
and figures) as means and standard deviations (SD).

The Kolmogorov-Smirnov one-sample test was used to check 
Gaussianity of  the continuous data. This was done per experimental 
group and led to the conclusion that several parameters were not 
normally distributed. All experimental groups of  these non-normal 
distributed parameters were transformed to a Gaussian distribution 
by using a mathematical function (for example logarithmic, logistic, 
exponential transformation). If  it was not possible to fulfil via 
transformation this criterion, the continuous parameter in question 
was rank-transformed.12

Continuous data are tested for significant differences by multivariate 
repeated measures ANOVA (analysis of  variance). Tests of  
significance are derived using the Wilk’s lambda criterion. The 
choice of  a multivariate instead of  an univariate statistic in the 
repeated measures ANOVA is based on the criteria given by 
Algina and Keselman (1997).3 For telemetry data, within the 
groups (to compare the animal with itself) a period of  seven days 
before transportation was compared with an equal period after 
transportation, again using a repeated measures ANOVA. It is 
known that sound and activities in animal facilities have influence 
on physiological values of  laboratory animals.65 Therefore before-
after analyses were performed by comparing only equal days (for 
example Monday before vs Monday after), thus ensuring no effect 
of  environmental factors biasing the results.

For all repeated measures ANOVA’s, homoscedasticity was tested 
by the Levene’s test, which is a powerful and robust test based on 
the F statistic.41 When necessary, the variances were equalized 
by logarithmic or logistic transformation of  the continuous data. 
After transformation, the variances should be similar and the 
transformed within-group data should be normally distributed. If  
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it was not possible to fulfil this criterion via logarithmic or logistic 
transformation, the continuous parameter in question was rank-
transformed.12

If  the repeated measures ANOVA detected significant effects, 
group means of  the continuous parameters were further compared. 
Between-subject post hoc comparisons (group differences) were 
done with either unpaired Student’s t tests for normally distributed 
data, or for non-normally distributed data, the same comparisons 
were performed using a Mann-Whitney U-Wilcoxon rank sum W 
test. The unpaired Student’s t tests were performed using pooled 
(for equal variances) or separate (for unequal variances) variance 
estimates. The equality of  variances was tested with the Levene’s test. 
For the unpaired Student’s t test with separate variance estimates, 
SPSS® uses the Welch-Satterthwaite correction.59 Within-subject 
post hoc comparisons (time effects, i.e. before and after packing/
transportation) were made using a paired Student’s t test when 
the difference between the two compared groups was normally 
distributed or, if  not, Wilcoxon matched-pairs signed ranks test was 
used.

Discrete data on the ordinal scale (total numbers of  the behavioral 
parameters) were first rank-transformed and subsequently subjected 
to multivariate repeated measures ANOVA.12 Post hoc comparisons 
were made with either Wilcoxon matched-pairs signed ranks test for 
paired data (time effect) or Mann-Whitney U-Wilcoxon rank sum W 
tests for unpaired data (group differences).

The variability of  data (i.e. the continuous data, except duration 
of  behavioral parameters) form the different groups was compared 
by using the Levene’s test. To achieve independence from average 
values the coefficient of  variation (CV; SD/mean value) was used 
instead of  the variance (SD2) to compare the variation between the 
groups.

To take the greater probability of  a Type I error due to multiple 
hypotheses into account, a more stringent criterion should be used 
for statistical significance (i.e. for the paired and unpaired Student’s 
t tests, Mann-Whitney U-Wilcoxon rank sum W tests, and Wilcoxon 
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matched-pairs signed ranks test). We approached this problem by 
calculating so-called Dunn-Šidák corrections (α = 1 – [1 – 0.05]1/λ; λ 
= number of  comparisons).42 In all other cases, the probability of  a 
Type I error < 0.05 was taken as the criterion of  significance.

Results

Bodyweight (BW) and Bodyweight Gain (ΔBW)
There was no overall difference in BW or ΔBW between the groups 
(group effect: p=0,176, ΔBW: p=0,081). There was a Time effect 
(group BW: p< 0,001, ΔBW: p< 0,001) and a Time x Transport 
interaction effect (group BW: p<0,001, ΔBW: p<0,001). On the 
day of  transportation, there was a significant difference in ΔBW 
compared to the moment of  packing between the transported group 
1 and the non-transported group 2 (mean group 1=-5,44 g, mean 
group 2= +4,53 g, p<0,001). Group 1 decreased 1,51 percent in 
BW, group 2 increased 1,28 percent in BW during the same period 
between packing and unpacking of  group 1, approximately 27 hours. 
Results of  group 3 were similar to those in group 1, results of  group 
4 were similar to those in group 2, showing there was no effect of  
transmitter on BW or ΔBW.

Plasma Corticosterone (CORT) 
A significant elevated level of  plasma CORT of  groups 1 and 2 that 
contained animals with transmitters, compared to groups 3 and 4 with 
no transmitter animals, was evident already before transportation ( λ 
= 3 : α = 0,017) (BS1: group 1 (mean:98,5 ng/ml) and 2 (mean: 93,1 
ng/ml) vs. group 3 (mean: 24,8 ng/ml) and 4 (mean: 17,2 ng/ml) 
(p<0,017)) (Figure 1). This increased level of  plasma CORT was not 
only found in the animals that had received a transmitter, but also in 
their cage mates (data not shown). The average plasma CORT level 
of  the control group (group 2) was on baseline level at BS2 after 
transportation of  group 1. 

There was an overall Transport- , Time- and Time x Transport effect 
(all effects: p<0,017). Directly after transportation (BS2), plasma 
CORT levels of  group 1 were significantly higher than the levels in 
control group 2 (mean group 1: 115,9 ng/ml, mean group 2: 35,7 
ng/ml, p>0,017). Although still declining at BS4 (fig. 1), plasma 
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CORT levels of  group 1 stayed continuously significantly higher 
during the rest of  the experiment (p<0,017). Results of  Group 3 
at BS2 were similar to those of  Group 1. There was no significant 
difference between 1 and 3 at BS2 (mean group 3: 96,26 ng/ml, 
p=0,333). Alike group 1, group 3 was significant different from 
group 2 (p=0,001) and 4 (mean group 4: 31,8 ng/ml, p>0,001).

Creatine Kinase
No significant differences were found between plasma CK levels of  
transported vs control animals on either of  the sampling moments( λ = 
3 : α = 0,017, mean group 1= 83,12, mean group 2= 92,46, p=0,331)). 
Plasma CK levels within the groups did not differ significantly 
between consecutives samples (all p>0,017, data not shown).

Telemetry
Mean arterial Pressure (MAP)
Figure 2 shows the time course of  the average 24h values of  the 
MAP, starting 1 week before transportation and continuing until 3,5 
weeks after transportation. Data of  MAP show an overall gradual 
increase, mirrored by a Time-effect in the repeated measures 
ANOVA (7 days before vs. 7 days after transportation, p=0,031). 
During transportation there was a significant decrease in MAP in the 
transported group 1 (Rep measures ANOVA, before-after x Transport 
interaction, p<0,001). MAP in group 1 does not recuperate (to the 
before-transportation-level) during the time-span of  this experiment.

Heart Rate (HR)
The 24h averaged HR values (fig 2) show an overall slight gradual 
decrease (repeated measures time effect, p=0,014). During 
transportation there was a significant decline in HR (before-after x 
Transport interaction, p<0,001), which did not recuperate during 
the remaining time of  the experiment.

Activity (ACT)
ACT levels of  the non-transported group 2 were stabile during the 
time course of  the experiment. Group 1 showed an increase-trend 
in ACT during transportation (repeated measures ANOVA, before-
after x Transport interaction, p=0,102), which continued on this 
elevated level during the remaining period of  the experiment. 
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Behavior
Overall there was an significant difference between group 1 and 
2 in total number of  behaviors performed (sum of  LOC, SI and 
GRO parameters) and the total number of  different behaviors 
performed during the observations period (p=0,024 and p<0,001). 
Group 1 performed significantly more different behaviors before 
transportation (OBS1: mean rank group 1= 39,11, mean rank group 
2= 23,89, p=0,041), but significantly less after transportation at 
OBS2 and OBS4 (OBS2: mean rank group 1= 12,00, mean rank 
group 2= 42,00, p<0,000; OBS4: mean rank group1= 15,11, mean 
rank group 2= 57,22, p<0,001).

Also the average duration per performed behavior differed 
significantly between the groups (p<0,001). In group 1 the relative 
duration of  behaviors was significantly shorter before transportation 
(OBS1: mean group 1= 6,2%, mean group 2= 7,3%, p=0,050), in 
comparison to the relative duration after transportation at OBS2, 

Plasma CORT levels (mean in ng/ml + SD) of  cages at 4 sampling moments. 
At BS1 (baseline) Group 1 (black square) and 2 (black circle) (with transmitters) 
are significantly higher than Group 3(white square) and 4 (white circle) (without 
transmitters). At BS2 (directly after transport) Group 1 (packed and transported) 
and 3 (packed) are significantly higher than the non-transported control Group 
2 and 4. Group 1 continuously stays significantly higher until BS4 (16 days after 
transportation).
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OBS3 and OBS4 (OBS2: mean group 1= 8,12%, mean group  
2= 6,2%, p<0,001; OBS3: mean group 1= 7,3%, mean group  
2= 5,9%, p=0,038; OBS4: mean group1= 8,3%, mean group  
2= 5,5%, p=0,001). Results of  group 4 were similar to those in group 2.

Locomotor activity (LOC)
When looking at the frequency of  observed locomotion-related 
behaviors, significant differences were found between group 1 
and group 2. Baseline values were equal (OBS1: mean group1 
= 74,70, mean group 2= 66,56, p=0,073). LOC was significantly 
lower in the transported animals than in the control group at the 
second observation moment directly after transportation (OBS2 
mean group1= 57,74, mean group 2= 82,19, p<0,001) and also at 
the last observation moment 2 weeks after transportation (OBS4: 
mean group 1= 68,78, mean group 2= 79,48 ,p=0,013). No effect 
was found at OBS3. Comparing the observation moments within 
the groups showed that there was a significant decrease between 
OBS1 and OBS2 within group 1 (p=0,004), while there was a 

Graph of  MAP in mmHg and HR in bpm (mean 24h + SD). No overall differences 
between group 1 (transported=TP) and group 2 (control=CO). Group 1 shows 
a significant decrease during transportation (day 0) and continues on this level 
until the end of  the experiment (day 21). Group 2 shows an increase in MAP and 
a decrease in HR over time.

F
igure 2.
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significant increase within group 2 (p=0,027). This increased LOC 
within group 2 was also present at OBS4, when compared to OBS1 
(p=0,020). When comparing OBS2 and OBS3 within group 1, a 
significant increase back to baseline level appeared (OBS2 vs. OBS3 
p=0,004 OBS1 vs. OBS3 p=0,652).

There were no differences found in the duration of  LOC (in 
percentage of  total observation time), neither between the two 
experimental groups, nor within the groups. The duration of  LOC 
was nearly significantly higher in the control animals of  group 2 
at OBS2 (OBS2: mean group 1= 75,73%, mean group 2= 87,00%, 
p=0,064).

Social Interactions (SI)
When comparing the frequency of  SI between the groups, the 
transported animals of  group 1 showed significantly less SI than 
the control animals of  group 2 at OBS2 (mean rank group 1= 11,19, 
mean rank group 2= 19,07, p=0,004) and OBS4 (mean rank group 
1= 16,07, mean rank group 2= 20,63, p=0,038). The number of  
observed SI’s within the group 1, showed a significant decrease 
between OBS1 and OBS2 (mean rank OBS1= 22,15, mean rank 
OBS2= 11,16, p=0,008), followed by a significant increase between 
OBS2 and OBS3 (mean rank OBS3= 16,74, p=0,008) back to 
baseline level (OBS1 vs OBS3 p=0,098). 

Relative durations (in percentage of  total observation time) of  SI in 
group 1 were significantly reduced in comparison to group 2 (Figure 
3) at all observation moments, except at baseline level (OBS1: mean 
group 1= 12,02%, mean group 2= 8,78%, p=0,297; OBS2: mean 
group 1= 4,10%, mean group 2= 10,13%, p=0,026; OBS3: mean 
group 1= 4,42%, mean group 2= 10,85%, p=0,003; OBS4: mean 
group 1= 3,51% , mean group 2= 11,24%, p<0,000). The relative 
durations of  SI within group 1 decreased between OBS1 and OBS2 
(p=0,006), and stayed continuously decreased for all observations 
after transportation (OBS1 vs OBS3 p=0,010, OBS1 vs OBS4 
p=0,007). Within group 2 no significant differences were found 
between the four observation moments.
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When looking more detailed to the individual behavioral 
parameters, it was concluded that all individual parameters of  
which SI consisted, contributed to the overall decrease of  SI in 
group 1 (data not shown).

Self-Grooming (GRO)
GRO frequencies showed a significant difference at OBS2, at which 
the transported group 1 had a higher level of  GRO than group 2 
(OBS2: mean group 1= 14,37 , mean group 2= 8,74 ). GRO increased 
significantly between OBS1 and OBS2 within group 1 (OBS1: mean 
group 1 7,52, p=0,020), followed by a significant decrease between 
OBS2 and OBS3 (OBS3: mean group 1= 7,16, p=0,008). Within 
control group 2 there were no significant differences between the 
observation moments.

The duration of  grooming showed a significant difference between 
group 1 and 2 at the baseline observation moment. Animals of  group 
1 spent more time on grooming (OBS1: mean group 1= 10,73%, 
mean group 2= 6,46%). Within group 1 there was a significant 
decrease in grooming duration between OBS 1 and OBS2 (OBS2: 
mean group 1= 6,21%, p=0,009), OBS1 and OBS3 (OBS3: mean 
group 1= 5,97%, p=0,003) and OBS1 and OBS4 (OBS4: mean group 
1= 2,94%, p<0,000). In both groups 1 and 2, there was a significant 
decrease in grooming duration between OBS2 and OBS4 (group 1: 
p=0,026, mean group 2: OBS2= 7,80%, OBS4= 4,90%,  p=0,041).

Examining the different behavioral parameters of  which GRO is 
composed made clear that the increased level of  GRO (frequency) 
after transportation (OBS2) within group 1 compared to baseline 
(OBS1) was caused by an increase in fore paw licking (frequency: 
p=0,004, duration :p<0,001) and face/nose wash (frequency: 
p=0,006, duration: p<0,001), the first two grooming-components 
of  the cephalo-caudal sequence. None of  the other grooming 
components were significantly increased.

Discussion

Overall, the results show that transportation from the breeder to 
another institute significantly affects physiology and behaviour 
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in laboratory rats. Some parameters seem to stabilize at a level 
different from initial baseline, which indicates allostasis rather 
than homeostasis. More specifically, MAP and HR were decreased 
after transportation and did not return to pre-transportation levels, 
but gained a level at which they stabilized after approximately 4 
days. Increased CORT levels did not return to baseline within the 
observation period of  this study. The effects of  transportation on 
several behavioral parameters were still visible after two weeks.

Corticosterone
Plasma CORT levels in the transported animals were overall higher 
than those of  control animals. Levels of  the control groups with 
non-operated animals were comparable with those of  other studies 
measuring plasma corticosterone levels in rats during the light 
phase.36,55 At baseline there was an elevated level of  CORT in both 
experimental groups with transmitters, but not in the extra control 
groups without transmitters. This increase may still represent a post-

Duration of  SI at 4 observation moments in group 1 and group 2 (percentage 
of  observed time). At OBS2, OBS3 and OBS4 (day 0, 7, 14) SI of  group 1 
(transported, blocked) is significantly lower than group 2 (control, black) and 
significantly lower than OBS1 (baseline: day -7). No significant differences 
within control group 2. Within group 1 are OBS2, OBS and OBS4 significantly 
lower than OBS1 (baseline).
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surgery effect, although Greene et al. (2007) found that a recovery 
period of  one week was sufficient after transmitter implantation 
in Sprague-Dawley rats.28 Based on plasma CORT values in the 
transmitter control group in the present study, recovery of  surgery 
should have been continued for one more week before sampling for 
‘baseline’ plasma CORT levels. Group 3 showed that packed-but-
not-transported animals also have a significantly increased plasma 
CORT level compared to non-packed control animals. 

Differences in management and animal care between facilities can 
cause differences in effects on experimental parameters. For example 
caretakers were constantly present (during the light phase) at the 
breeding facility, while in the receiving facility, caretakers were only 
present for about 0,5 hours per day. Next to this difference in daily 
routine, the transported animals had to adapt to the new housing 
conditions as well. Both factors might induce increased levels of  
plasma CORT. Segar et al. (2009)66 found increased plasma CORT in 
male F344 and BN rats, Marin et al. (2007)43 in Wistar rats and Croft 
et al. (2008)14 in male TO mice after exposure to a novel environment. 
The transported animals of  group 1 may as well have been 
sensitized by transportation and, therefore, may have developed an 
increased stress-responsivity compared the non-transported animals 
in the control group, resulting in higher plasma CORT levels. 
Although we cannot exclude the possibility of  different baseline  
CORT-levels in experimental groups, such a difference would be 
considered unlikely. The fact that CORT-levels did not return to  
pre-transport baseline in our study may be explained by a process of  
allostasis, i.e. establishment of  a new baseline level after transport.44 
However, no definite conclusion can be drawn about the homeo- or 
allostasis of  the plasma CORT levels after transportation, because 
levels seem to decline towards the end of  the study, instead of  
stabilizing.

Blood pressure and heart rate
In contrast to earlier studies reporting elevations in blood pressure 
due to both acute6  and chronic23,64 stress, blood pressure (MAP 
values) here were shown to decrease after transportation. 
However, Adams et al. (1987) found a similar acute decrement in 
MAP after a repeated social stressor (defeat) in male S/JR rats.1 
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Furthermore, we found no positive correlation between plasma  
CORT levels and MAP as described by Scheuer et al. (2004).64 

MAP levels in transported animals stabilized within the first week 
after transportation at 107 mmHg. MAP values of  the control 
group increased within 4 weeks from 106 mmHg in the week before 
transportation to 110 mmHg in the last week. This is in agreement 
with other studies which found an age effect on MAP in rats in 
which MAP was increased in aged rats compared to young rats.19,36 
Compared to baseline levels reported in the literature (370-375 
bpm16; 350 bpm36, HR levels in both groups 1 and 2 were rather high 
during the first weeks of  the experiment (mean group 1 and 2= 413 
bpm). Several studies found an age-effect on HR in rats, in which 
HR was lower in aged animals (23/26 months) than in young rats 
(3-4 months) (Buwalda, et al. 1992; Korte, et al. 1992).10,36

The first week after transportation HR in both groups stabilized. In 
the control group HR levels at 375 bpm, in the transported group at 
351 bpm. Bradycardia has been reported in several studies concerning 
transportation. Stemkens et al. (2009)69 found a decreased HR in 
guinea pigs after transportation and Capdevila et al. (2007)11 found 
this effect in rats. Similar findings have been reported for rats after 
exposure to an emotional stressor (footshock and social defeat)35,48,56 
and after exposure to a mild stressor.10 In the present study only 
resting levels of  HR (during lights-on) were significantly decreased, 
making the amplitude of  HR between ‘light on’ and ‘lights off ’ larger. 
This is comparable to the findings of  Harper et al. (1996) who found 
an increase in HR amplitude in LE rats after surgical and social 
stress.26 Sgoifo et al. (2005) found a reduction in amplitude of  daily 
HR in Wistar rats after social stress which lasted up to 3 weeks.68 
Finally, Meerlo et al. (2002) found a decrease in HR amplitude in 
wild type rats after social conflict which lasted 2 weeks.46

Both MAP and HR seem to stabilize on a lower level after 
transportation, again indicating an allostasis effect rather than a 
return to pre-transport baseline levels in these parameters.
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Behavior
Behavioral observations have been performed during lights-on 
conditions, i.e. the resting period of  rats. By cleaning the cages 
directly before observations, animals were well awake and triggered 
to perform behavior in this semi-novel environment.18

The most striking result of  this study was that rats reduced their 
social behaviors significantly after transportation. Play-related 
behaviors (e.g. ‘play/fight’, ‘follow/chase’ and ‘pinn’)72 were 
reduced to almost zero after transportation and stayed absent during 
the remaining period of  this study. During the same period, levels 
of  these parameters in non-transported control animals stayed 
on baseline level. Notably, social play is considered a positive 
indicator of  welfare, which is absent in stressful situations.51 In 
addition, another parameter of  SI, social grooming, also decreased 
significantly after transportation. This effect on social behaviour in 
transported rats could indicate that the welfare of  these animals is 
compromised by transportation for a period of  at least two weeks. 
More research is needed to evaluate these newly acquired levels of  
SI and whether or not these levels are allostatic.

Self-grooming, a common behavior in rodents, is considered as 
a behavioral marker for stress and has been shown to be highly 
sensitive to experimental factors.31 In this study, transported rats 
showed an increased frequency, but not duration, of  self-grooming 
behavior directly after transportation. Self-grooming behavior often 
occurs in response to (mild) stressors. Such grooming is supposed to 
play a role in de-arousal of  the animal. After one week, grooming 
frequency levels in this study were back to before-transportation 
baseline.

Rodent grooming is an intricately patterned behavior which 
generally proceeds in a cephalo-caudal direction. This pattern can 
be disrupted by both, acute and chronic stress15 and is sensitive to 
different levels of  stress.30 High or low levels of  stress, respectively, 
have a divergent effect on the grooming microstructure, in which 
high stress levels show an increase in interruptions and incorrect 
transitions in the cephalo-caudal sequence. The increased nose and 
head wash found in the present study thus indeed indicates elevated 
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stress levels in the transported animals. Although both groups were 
confronted with a novel situation (clean cage), the transported 
rats’ regional distribution of  grooming was markedly affected by 
transportation, manifested in increased rostral grooming (nose and 
head wash). However, the transportation effect on GRO in this 
study seems to last less than one week, because rostral grooming 
was only increased during OBS2, after which grooming levels in the 
transported animals returned to baseline level. 

Bodyweight
Decreased or even negative BW gain in the transported animals 
might have been due to a reduced intake of  food and/or water, to 
increased defecation30,32,52 or to an increased need for energy resulting 
in the use of  body fat reserves during transportation. However, the 
differences in BW gain disappeared within a week. Packed animals 
showed identical weight loss to the transported animals and therefore 
weight loss might be due more to packing than to transportation.

Conclusions

In pursuance of  the concept of  homeostasis, it can be concluded 
that animals that undergo transportation reveal partly persisting 
changes in physiological and behavioural parameters. Applying 
the concept of  allostasis on these results would result in a different 
view on acclimatization periods, shifting anticipation from a return 
to baseline levels to stabilization (adaptation) of  parameters at 
potentially different levels. If  stabilization would be considered 
acclimatization, physiological and behavioral parameters would 
probably indicate a much shorter acclimatization period compared 
to acclimatization by achieving before-transportation levels. A 
similar study with a longer continuation of  measurements after 
transportation should be performed to give insight to the possibility 
of  return to baseline levels on a long term basis.

No conclusions can be drawn about the effects of  transportation 
on other strains, female individuals or other species, based on 
the results of  this study. Due to the minimum BW of  200 g for 
implanting the transmitter, and the recovery period after surgery, 
the age at which the animals in this study were transported was a 
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few weeks higher than the average age animals normally are being 
transported from the breeder (6-7 wks). Furthermore, internal (in-
house) transportation is also a disruption of  environment and can 
have similar effects as external transportation and should thus be 
investigated in more detail.71 Additionally, it should be taken into 
account that international transport may necessitate an extended 
period of  acclimatization due to disturbance of  the diurnal rhythm 
of  the animals.13 More research is needed to complete the picture 
of  transportation related stress and acclimatization periods in 
laboratory rodents.

Recommendations for sufficient acclimatization periods strongly 
depend on the parameters investigated. Studies with rats recommend 
an acclimatization period of  3 days, based on nutritional parameters58 
and physiological parameters.11 Rowland et al. (2000)57 recommended 
an acclimatization period of  7 days based on myocardial antioxidant 
enzyme activity. Both Van Ruiven et al. (1998) and Rowland et al. 
(2007) measured only after transportation, so no inferences can be 
made about whether or not the advised acclimatization periods are 
based on homeostasis or allostasis.57,58 In the study of  Capdevilla 
et al. (2007), HR and ACT measures returned to baseline levels of  
before transportation, but animals were transported back to the point 
of  departure.11 No study had combined the effects of  transportation 
on physiology, behavior and blood values thus far. 

If  acclimatization is defined as a period of  3 successive days in which 
the parameters are on a stabile level, acclimatization in this study 
occurs after approximately one week if  exclusively based on MAP 
and HR. However, since plasma CORT was not stabile after 3 weeks, 
a second prolonged study is needed to be able to draw a conclusion 
whether or not plasma CORT and behavioural parameters return to 
baseline level or stabilize at a new level.

We have demonstrated that there is a significant, and often long 
lasting, effect of  transportation on behavioral and physiological 
parameters in rats. Our results show that the stressful impact of  
transportation embraces all parts of  the procedure, including for 
example the packing of  the animals. Researchers must be aware of  
this impact and provide a sufficient acclimatization period to allow 
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for the (re-)stabilization of  parameters. Insufficient acclimatization 
periods will not only endanger the reliability of  research results, it 
will also endanger the welfare of  the animal used.
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Abstract: 

Most laboratory animals used in research 
are vendor-bred and transferred to 
research facilities. Transfer procedures 
might have considerable and unintended 
effects on research results. In the present 
study we compared physiological and 
behavioral parameters before and 
after external and internal transfer, 
as well as between transferred and 
non-transferred Wistar rats. The impact 
of  both external and internal transfer 
on body weight, plasma corticosterone 
levels, heart rate, blood pressure, and 
locomotor activity was studied in both 
male and female Wistar rats, taking 
into account the sex differences in stress 
responsivity. External transfer was 
found to decrease body weight, increase 
plasma corticosterone, increase activity, 
increase heart rate in female rats, 
but decrease heart rate in male rats. 
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Parameters showed differences between 
the sexes and light phases. This study 
shows that acclimatization after transfer 
is sex-specific and researchers should 
take the sex into consideration when 
determining the acclimatization period. It is 
recommended to allow for acclimatization 
of at least 8 days in males and two weeks in 
females after external transfer and timely (2 
days before starting experiments) transfer 
the animals internally to the testing room.

Keywords: transportation; transfer; acclimatization; 
heart rate; blood pressure; locomotor activity; corticos-
terone; rat

Abbreviations

ANOVA analysis of variance
auc area under the curve
BS blood sample
CORT plasma corticosterone
DAT day after transfer
DBT day before transfer
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Introduction

Most laboratory animals used in research are vendor-bred and 
transferred from the breeding facility to a research facility at some 
point. During such a transfer procedure, animals are exposed to 
numerous unfamiliar environmental influences, such as noise and 
smells, changes in temperature and light conditions, and frequent 
handling and movement.56 Transfer to the research facility may last 
several days, thus representing a prolonged series of  diverse stressors 
for the animals, which can be expected to induce a significant stress 
response in the animal.47,60 Also in-house transfer has been found to 
have long-lasting effects.63 The use of  stressed animals in experiments 
is considered to have considerable and unintended effects on 
research results, and results obtained in stressed animals are known 
to differ significantly from those in non-stressed animals.31,32,42 Even 
if  animals are not vendor-bred, they are usually transferred from a 
breeding section to a research section in-house, which may affect the 
animals just as well.47

In general, animals subjected to a stressful procedure like transfer 
between different locations react with diverse physiological responses, 
such as alterations in body weight, hormone and glucose levels, heart 
rate, and blood pressure.4,10,15,27,46,58,64 Although no previous studies 
have embraced all parts of the transfer procedure, some studies have 
found deteriorating effects of  transportation or transfer on the 
immune system1,16 and on nutritional parameters.64 However, 
reliable and reproducible scientific results from experiments using 
laboratory animals are demanded to represent baseline values or 
experimentally induced alternations from such baseline values31,32,42  
and, thus, physiological status after transfer at the beginning of  each 
experiment must be (re)stabilized up to a level that does represent 
such a baseline. It should be noted though that baseline levels after 
transfer are not necessarily identical to levels before transfer (such 
a fixed baseline status is referred to as homeostasis 32,42, but instead 
may be established at a different, yet stable, level in response to 
previous experiences and age-related changes of  the individual (such 
a dynamic baseline status is referred to as allostasis). 32,42  
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In biomedical research, recommendations for acclimatization periods 
vary grossly: the majority of  the researchers working with laboratory 
animals wait 5–7 days after transport from the breeders to their animal 
facility before using their laboratory animals in experiments, while a 
diverse set of  recommendations can be found, varying from some 
days to 2–3 weeks.4,26,27,44 Given that allostatic processes in response 
to prolonged stress procedures have been shown to last from hours 
up to weeks and longer33, transfer-induced changes may represent an 
important confounding variable during a time period that potentially 
exerts commonly used acclimatization periods. Therefore, the 
question how long animals should be allowed to acclimatize after 
transfer deserves further investigation.15 Surprisingly few studies have 
fully explored the acclimatization period that might be necessary 
after transfer of  research animals.15,58,64 These studies, however, 
primarily have been concentrating on the effects of  transport alone, 
while not experimentally controlling for all parts of  the transfer 
procedure.  We therefore set up a series of  experiments aiming at 
determining the duration of  stress responses in male and female rats 
during and after having been transferred between two locations. It is 
important to note that we tried to stay as close to the daily practice 
as possible, even if  that restricted our parameters. The transfer of  
research animals withholds a multitude of  procedures, which cannot 
be investigated independently. Therefore, the transfer-procedure as 
described in our studies consists of  weighing and packing the animals, 
multiple movements of  the transportation boxes between buildings/
areas (breeding location—barrier-holding area, where animals arrive 
after leaving the barrier—logistic center, where transportation boxes 
are distributed onto the trucks—research facility—in-house) and 
includes the change of  environment and caretakers. In a previous 
study we measured a variety of  physiological and behavioral 
parameters in male Wistar rats before and for 3.5 weeks after transfer 
from a supplier to a research facility.4 We found that heart rate, mean 
arterial blood pressure, locomotor activity, plasma corticosterone 
(CORT), and certain behavioral parameters did not return to pre-
transport levels during this time period. Thus, stabilization seemed 
to occur on an allostatic level rather than a homeostatic level. In 
our previous transportation study, heart rate, blood pressure, and 
behavioral parameters were stabilized after approximately one week, 
corticosterone had not been stabilized after 3 weeks. 4
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To determine external validity of  the previous study, we performed 
an extended replication in the current study, changing the starting 
location, adding the factor of sex and adding an additional internal (in-
house) transfer to the study as well as prolonging the measuring 
period after transfer.24,35,55,57,62

To reliably acquire blood pressure, heart rate, and activity, radio-
telemetry transmitters were used. Radio-telemetry is a method to 
obtain accurate and reliable physiological measurements from 
conscious, freely moving animals 24,62 over a longer period of  
time.9,10,25,34,36 In addition, body weight and blood corticosterone 
(indicating acute hormonal stress response) were measured.32,42

Animals, Materials, and Methods

Ethical Statement 
The protocol of  the experiment (DEC-DGK number: 2008.I.01.004) 
was peer-reviewed by the scientific committee of  the Department of  
Animals in Science & Society, Utrecht University, The Netherlands, 
and approved by the Animal Ethics Committee of  the Utrecht 
University, The Netherlands.

Animals and Housing 
Subjects were 18 male and 18 female rats (HsdCpb: WU; Wistar 
Unilever, Harlan Laboratories BV, Horst, The Netherlands), 3 
weeks old (50–60 g) at the start of  the experiment. Animals were 
weaned and moved to the animal room of  the Surgical Unit, 
adjacent to the animal breeding unit. They were randomly divided 
over 18 Makrolon Type III cages, with a floor surface of  820 cm2 
(Tecniplast, S.p.A., Buguggiate, Italy) and Aspen bedding (Abedd, 
Indulab Switzerland), enriched with homemade square PVC piping 
shelters and paper tissues (Kleenex, Kimberley-Clark Inc., Madrid, 
Spain), containing either two males or two females and placed in 
an individually ventilated cage (IVC) rack (type AHM A4, Biozone 
Ltd., Ramsgate, UK).

Because of  the restrictions of  doing telemetry implantation surgery 
and performing an experiment inside the breeder’s animal barrier, 
the animals used in this experiment grew up in the surgical unit 
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adjacent to the barrier instead of  inside the barrier as in the former 
study, regarding all normal breeding unit protocols. Nevertheless, 
circumstances were somewhat different in the surgical unit, 
especially concerning the amount of  animal caretakers (less) and 
the working activities during the day (less) and therefore the total 
amount of  disturbance during the entire housing period (less). 

During the first part of  the experiment, until transfer, all animals 
were housed in the surgical unit of  the breeder in an animal room with 
a controlled environment maintained at a constant temperature of 20 °C 
(19.5–22 °C) and a relative humidity of  >40% (42%–55%). Animals 
had free access to food (Harlan Teklad irradiated 18% protein rodent 
diet 2918) and processed water (acidified (pH 5.8–6.4), chlorinated 
(6–8 ppm), softened, and filtered (0.02 microns)). Light-dark regime 
was maintained at 12:12h, lights on at 6:00 am, ±350 lux one meter 
above the floor. The animals remained in the same group composition 
during the entire experiment. Cage cleaning and weighing of  the 
animals occurred weekly. All procedures were performed by either 
the researcher herself  or by the biotechnical staff  at the facilities.

According to a randomized schedule, five cages with males were 
selected and assigned to Group 1, the remaining four cages were 
assigned to Group 3. Five cages with females were randomly selected 
and assigned to Group 2, the remaining four cages were assigned to 
Group 4.

Blood Sampling
Blood samples were taken at 11 predefined moments during the 
experiment, always on weekdays at 3–4 h after “lights on” (see 
Figure 1). The first blood (BS1) sample was taken 5 days before 
surgery, the second one (BS2) 16 days after surgery. Blood Samples 
2–6 (BS2-BS6) were taken weekly in the period of  14 days before 
until 14 days after transfer, with Blood Sample 5 (BS5) taken on 
the day of  transfer, directly after unpacking in the animal facility. 
Blood Samples 7 (BS7) and 8 (BS8) were taken after periods of  2 
weeks on Days 28 (DAT28) and 42 (DAT42) after transfer. BS9 
was taken directly after internal transfer to a different animal room 
(see “internal transfer”), BS10 and BS11, one and two weeks after 
internal transfer, respectively. The first blood sample was taken from 
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all animals. The other blood samples were taken from one animal 
per cage, according to a randomized schedule with equal variation 
between animals with and without transmitters.

Blood was sampled from the lateral tail vein, using a sterile razorblade 
and microvette tube, as described by M. Fluttert et al.21 The samples 
were taken in a separate, dedicated room, within 2 min of  retrieving 
the cage from the rack in the animal housing room. Samples were 
immediately put on ice and within an hour brought to the lab to be 
centrifuged (10 min, maximum RPM). Plasma was pipetted into 1.5 
mL Eppendorf  tubes and stored at -18 °C until analysis.

Plasma was analyzed with a commercial radioimmunoassay (RIA) 
kit on plasma CORT, specified for rats and mice (ImmuChemTM, MP 
biomedicals, LLC, Costa Mesa, CA, USA) according to the protocol 
of  the supplier. Each sample was analyzed in duplicate.

Telemetry
Surgery took place at the Surgical Unit of  the breeder (Harlan 
NL, Horst, the Netherlands), thus ensuring that no animals were 
transported prior to the study. When the animals were 8 weeks 
old (average body weight males 300 g, females 197 g), surgery was 
performed by an experienced surgical technician on eighteen animals. 
In all 18 cages, one animal was implanted with a 7.7 g radio-telemetry 
transmitter (model TA11PA-C40, Data Sciences International (DSI), St 
Paul, MN, USA). Pre-operatively the animals were given analgesia 
with carprofen (Rimadyl©, Pfizer Animal Health, Exton, PA, USA) 
subcutaneously, 5 mg/kg), which was repeated every 12 h until 2 
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days after surgery. The animals were anesthetized with isoflurane 
inhalation anesthesia. During surgery, the eyes were protected with 
Duodrops® (Produlab Pharma, Raamsdonkveer, The Netherlands). 
The implantation procedure was carried out under strictly aseptic 
conditions as described by Kramer et al. 35 for mice and by  
Huetteman28 for laboratory rodents, in which the transmitter cannula 
was directly fixed into the abdominal aorta, and the body of  the 
transmitter was permanently fixed to the inside of  the abdominal 
muscles. The still unconscious animals were brought back to the 
original animal room, where they were placed in a cage that was 
placed on a heating pad (approximately 37 °C). As soon as the 
animals regained consciousness after the surgical procedure and 
were able to walk, they were pair housed with their non-implanted 
cage mate. All cages were placed above a receiver station. To prevent 
detection from adjacent transmitters, all receivers and cages were 
placed in a U-shaped stainless steel profile. During the first week 
after surgery the animals were weighed and checked daily. Directly 
after surgery, telemetry measurements started at a collection rate of  
every 3 m for 10 s, 24 h per day. Locomotor activity was expressed as 
counts per minute, with every count representing a movement of  the 
rat of  1.5–2 cm, detected by the system as change in signal strength. 
Locomotor activity was recorded continuously and was stored every 
3 min (total activity of  3 min).

External Transfer Procedure
Transfer in this experiment includes not only the physical movement 
of  the animals from breeder to research facility, but also the packing 
procedure and changes of  animal room, cages, and caretakers.

Thirty days after surgery, the rats of  Group 1 and 2 were prepared 
for transfer into the room in which they were housed. The rats were 
removed from their cage, weighed, and allocated with their cage 
mate in solid floor plastic transport boxes with filters (64 × 42 × 16 
cm, Williton Box Co., Taunton, UK). The boxes were prepared with 
wood shavings (Tierwohl, Classic® bedding, Rettenmaier & Söhne, 
Rosenberg, Germany), weighed diet pellets on the box floor (Harlan 
Teklad Rodent Diet 2018), and weighed Hydrogel™ sacks (Harlan, 
Indianapolis, IN, USA) as a water source. The lids of  the boxes were 
closed and taped. The animals of  Group 3 and 4 were left undisturbed. 
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The animals in Group 1 and 2 were packed in the transport boxes 
between 10.00 a.m. and 11.00 a.m. After 1 h, the boxes were brought 
to a second unit (holding area) where all boxes with animals were 
collected. At the end of  the afternoon (around 16.00), all boxes 
were transported by truck to a logistic center (approximately 30 km 
from breeding site). The animals were kept there overnight, until the 
loading of  the vans occurred. The temperature in the holding area 
was set to 17 °C. The next day at 04.00 a.m. the animals of  Group 
1 and 2 were loaded into an unlit, climate-controlled (15 °C) van 
and transported to the receiving facility (Central Laboratory Animal 
Research Facility Utrecht (CLARF), Utrecht, the Netherlands). 
The journey lasted approximately 6 h, including multiple stops for 
delivery of  other animals. As soon as the transportation boxes with 
animals arrived at the receiving facility, they were placed on the 
telemetry receivers in the designated animal room for 2 h before 
they were unpacked by the researcher. At the receiving facility, data 
recording resumed every 3 min for 10 s, 24 h per day for 65 days. 
Environmental and housing conditions were comparable to those 
in the breeding facility. Consumed amounts of  feed and Hydrogel 
were acquired by deducting amounts left in the box from the initial 
amounts.

Internal Transfer Procedure
At the 49th day after transfer (DAT49), the transported groups 
(Group 1: male and Group 2: female) were internally transferred to 
another animal room. The cages with the animals were placed on 
a trolley and left on this cart for approximately half  an hour, while 
the telemetry setup was installed in the new animal room. Then they 
were driven around for approximately 5 min. In the new animal 
room, the cages were positioned in a new randomized order in the 
racks and telemetry measurements continued for two more weeks. 
Figure 1 shows an overview of  all performed procedures.

Statistical Analyses 
In the present study the cage was the experimental unit.18 Therefore, 
body weight (gain) was averaged per cage. For analysis of  plasma 
CORT of  BS1, cage-averages were also used. This did not apply to 
the remaining blood samples, because then only one animal was 
sampled. Data of  the telemetry output was averaged to 24 h or light-
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period per animal. Some plasma samples had CORT values below 
the detection limit. These data values were replaced by the value 
pre-half  of  the detection limit.3 CORT was analyzed using the area 
under the curve (auc).17

Data was imported into Excel (Microsoft Inc. Seattle, USA) for 
sorting and then exported to SPSS® for Windows (version 20) 
software program (SPSS Inc., Chicago, IL, USA). Two-sided, exact 
(i.e., for the non-parametric tests19,45,49,50; probabilities were estimated 
throughout. Continuous data (body weight, blood plasma parameters, 
telemetry parameters) were summarized as means and standard deviations 
(SD). Telemetry data was analyzed both by whole day (24 h) and split 
for light period (average 12 h dark period and 12 h light period). 
One of  the big advantages of  telemetry is that not only groups or 
experimental units can be compared, but also the animals can be their 
own control. This was used to make before transfer vs. after transfer 
comparisons within the groups. Surgery was found not to have an 
effect on the results and was therefore left out of  further analyses.

Data that did not show Gaussianity was transformed if  possible, if  
not, the continuous parameter in question was rank-transformed.12

Continuous data were tested for significant differences by multivariate 
repeated measures ANOVA. Tests of  significance were derived using 
the Wilk’s lambda criterion.2 For telemetry data within the groups 
(to compare the animal with itself), a period of  seven days before 
transfer was compared with an equal period after transfer, again 
using a repeated measures ANOVA (within group effects: time, 
lightphase). It is known that noise and activities in animal facilities 
have influence on physiological values of  laboratory animals.52 
Therefore, before-after analyses were performed by comparing only 
equal days (for example Monday before vs. Monday after), ensuring that 
no effect of  day of  the week could have biased the results. Between-
group differences (Sex, Treatment, Sex and Treatment-interaction) 
were analyzed by comparing the groups with a repeated measures 
ANOVA during the different phases of  the experiment (i.e., before 
transfer, which is the baseline or reference period, between day 
before transfer (DBT)15 and DBT2; and after transfer between day 
after transfer (DAT)1 and DAT48), as well as during before (DAT41-
DAT48) and after (DAT50-DAT62) internal transfer.
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For all repeated measures ANOVA’s, homoscedasticity was tested by 
the Levene’s test [41]. When necessary, the variances were equalized 
by logarithmic or logistic transformation of  the continuous data or 
by rank-transformation.12

If  the repeated measures ANOVA detected significant effects, 
group means of  the continuous parameters were further compared. 
Between-subject post hoc comparisons (group differences) were done 
with either unpaired Student’s t tests for normally distributed data, 
or for non-normally distributed data, the same comparisons were 
performed using a Mann-Whitney U-Wilcoxon rank sum W test. The 
unpaired Student’s t tests were performed using pooled (for equal 
variances) or separate (for unequal variances) variance estimates. 
Within-subject post hoc comparisons (time effects, i.e., before and 
after packing/transfer) were made using a paired Student’s t test when the 
difference between the two compared groups was normally distributed or, 
if  not, Wilcoxon matched-pairs signed ranks test was used.51

To take the greater probability of  a Type I error due to multiple 
hypotheses into account, a more stringent criterion should be 
used for statistical significance. We approached this problem by 
calculating Dunn-Šidák corrections (α = 1 − [1 − 0.05]1/λ; λ = number 
of  comparisons).40 In all other cases, the probability of  a Type I error 
<0.05 was taken as the criterion of  significance.

Results

Body Weight and Feed Consumption 
Both body weight and body weight gain (ranked) showed an overall 
significant time × sex effect (repeated measures: all p < 0.001). On 
the day of  transfer (DAT0), there was a significant difference in body 
weight gain between the transferred and the non-transferred groups in 
both male and female animals (males: t

(16)
 = −2.34, p = 0.032; females: 

t
(16)

 = −5.64, p < 0.001). Male transferred rats decreased 1.12 percent 
in body weight between packing and unpacking, male control rats 
increased 0.75 percent in body weight during the same period. 
Female transferred rats decreased 2.37 percent in body weight 
between packing and unpacking, female control rats increased 0.43 
percent in body weight during the same period.
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During transfer male rats consumed on average 51 (41–68) gr 
Hydrogel and 17.3 (14–23) gr feed, female rats consumed on average 
54 (38–74) gr Hydrogel and 7.5 (5–12) gr feed.

Internal transfer did not have a significant effect on body weight or 
body weight gain, but sex differences remained.

Plasma Corticosterone (CORT)
CORT

auc
 both before and after transfer showed a significant time × 

sex effect (before transfer: F
before(1,14)

 = 6.1; p = 0.027 after transfer: 
n.s.) (see Figure 2a,b). CORT

auc
 before vs. after transfer also showed a 

sex effect (females > males; F
(1,8)

 = 43.33; p < 0.001). CORT
auc 

showed 
a sex effect before and after internal transfer: (both Females > Males;  
F

before(1,8)
 = 24.45; p = 0.001, F

after(1,8)
 = 55.56; p < 0.001). Comparing 

CORT
auc

 measurements before with measurements after internal 
transfer showed a before-after (before transfer > after transfer; F

(1,8)
 

= 13.00; p = 0.007) and a sex-effect (females > males; F
(1,8)

 = 74.15; 
p < 0.001).

Heart Rate 
During the baseline period (DBT15-DBT2), heart rate (Figure 3a,b) 
showed a time × sex × transfer-interaction trend (F

(11,352)
 = 1.60; p = 

0.098) on heart rate. Splitting for light phase showed a time × sex 
× transfer effect (F

(10,140)
 = 1.93; p = 0.045), showing that over time, 

transfer affects heart rate in the two sexes differently. 

After transfer (DAT2-DBT48), heart rate showed a sex effect (females 
> males; F

(1,32)
 = 10.76; p = 0.003). Splitting for light phase showed 

during the dark period a time × transfer (F
(8,107)

 = 2.2; p = 0.036) 
effect and a sex × transfer (F

(1,14)
 = 4.1 ; p = 0.063) and a time × sex 

× transfer (F
(8,107)

 = 1,76; p = 0.096) trend, suggesting that during the 
dark period transfer affects heart rate differently in the two sexes, 
depending on the time. During the light period it showed a time × 
sex (F

(28,393)
 = 2,26; p < 0.001) and a time × transfer (F

(9,393)
 = 4.82; p 

< 0.001) effect.

Comparing the week before with the week after transfer showed a 
significant before-after × sex effect (dark period; F

(1,14)
 = 14.37; p = 0.002 

light period; F
(1,14)

 = 11.79; p = 0.004) during both dark- and light period.
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Comparing the groups (transferred vs. control) per week showed sex 
effects in heart rate every week. There were sex × transfer effects in 
the first 4 weeks after transfer during dark period.

Comparing the week before internal transfer to the week after 
internal transfer, the transferred group showed a significant sex-
effect (females > males; dark period: F

(1,8)
 = 10.63; p = 0.012; 

Averaged plasma corticosterone (CORT) levels in ng/mL (mean ± SD) at  
11 sampling moments in female (a) and male (b) Wistar Unilever (WU) rats, 
DBT: day before transfer, DAT: day after transfer (TP: n = 5, CO: n = 4).

F
ig

ur
e 

2.
 



81

ch
ap

ter 3

light period: F
(1,8)

 = 20.20; p = 0.002) and a time effect (dark period:  
F

(4,33)
 = 2.71; p = 0.045 light period: F

(5,43)
 = 4.31; p = 0.002) during 

both dark and light periods. During the dark period there was also a 
before-after transfer effect (before transfer < after transfer; F

(1,8)
 = 7.44;  

p = 0.026).

Average 12 h heart rate in beats per minute (bpm) (mean ± weekly standard 
deviation (SD)) during dark(D) and light(L) period between DBT14 and DAT61 
in transported (TP) and control (CO) female (a) and male (b) WU rats. DBT: day 
before transfer, DAT: day after transfer (TP: n = 5, CO: n = 4).

F
igure 3.
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Mean Arterial Blood Pressure
Unfortunately, due to unexpected technical errors with data 
sampling no correct mean arterial pressure data was recorded at 
the starting/control facility. Therefore we have only reliable mean 
arterial pressure data of  the transferred animals after transfer. 
Telemetry data after transfer showed no significant sex differences in 
mean arterial pressure and no significant effects of  internal transfer 
on mean arterial pressure.

Activity
Activity showed no significant difference between the experimental 
groups before transfer (Figure 4). After transfer activity showed a sex-
effect on activity during the light period (females > males; F

(1,14)
 = 14.34; 

p = 0.002), but not during the dark period.

Comparing activity the week before to the week after external transfer 
showed a sex-effect (females > males; F

(1,14)
 = 12.13; p = 0.003) during 

the light period, and a before-after × transfer interaction (in the 
transferred groups: before < after; F

(1,14)
 = 10.55; p = 0.006) during 

the dark period, meaning transfer increased activity. Comparing the 
groups (transferred vs. control) per week showed overall sex effects 
during the light period.

Comparing the week before internal transfer to the week after, 
internal transfer showed a sex-trend (females > males; F

(1,8)
 = 4.04; 

p = 0.079) in the transferred group during the light period. It also 
showed a time effect during the light period (F

(5,37)
 = 14,60; p < 

0.001) and a time trend during the dark period (F
(4,32)

 = 2.48; p < 
0.064). There were opposite before-after effects of  internal transfer 
on activity during the dark and light periods. During the dark period 
there was a before-after effect, with before transfer > after transfer (F

(1,8)
 

= 5.28; p = 0.051), and during the light period the effect was before 
transfer < after transfer (F

(1,8)
 = 5.87; p = 0.042).

Temperature and Humidity in Transportation Boxes
Temperature logging inside the transportation boxes showed a 
highly variable temperature during transfer. Temperature fluctuated 
between 18.8 °C and 25.5 °C between packing and unpacking in 
spite of  the climate control of  the facilities and the van. Average 
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humidity in the transportation boxes rose to levels of  84%, in 
contrast to normal housing conditions of  40%–50%.

Discussion

Transfer of  animals between facilities includes a variety of  factors. 
This multitude of  factors makes it difficult to standardize the 
transfer process and, thus, respective effects on transferred batches 
of  animals may vary considerably. Therefore, it is not surprising 
that the results of  the present study did not exactly reproduce our 
previous findings on the effects of  transfer in male rats.4 Still, we 
again found long-lasting changes at the physiological and activity 
level in male Wistar rats and, moreover, the sex comparison revealed 
some marked differences in transfer effects between male and female 
rats.

While both males and females lost weight during transfer, this 
loss of  body weight was larger in females, similar to the effects 
found by Sterrenburg et al.(2012).59 Weight loss, however, was 
modest compared to other transfer studies,10,37,58 a difference that 
may be due to the fact that total transfer procedures are unlikely 
to be identical in different studies. The relatively modest weight 
loss in the present study may be explained by decreased food 
and water intake and increased defecation during transfer,30,48,63 
since BW gain returned to control levels within two days. Body 
weight sometimes is used as guiding indicator for determining the 

Locomotor Activity (ACT) (mean ± SD) during the light period in  
days −14 (DBT14) to 62 (DAT62) in transported and control male and female 
WU rats. DBT: day before transfer, DAT: day after transfer (TP: n = 5, CO:  
n = 4).

F
igure 4.
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necessary acclimatization period of  animals after transfer.37 Given, 
however, the marked differences in body weight changes in response 
to apparently different overall transfer procedures and, moreover, 
that body weight seems to stabilize earlier than other parameters, 
it might not be advisable to rely on this parameter alone. Blood 
corticosterone (CORT) levels revealed a large variation in both 
sexes, but especially in females, making it difficult to interpret this 
data straight forwardly. Both sexes showed an increase in CORT 1 
week after transfer (Figure 2a,b). After subsequent internal transfer 
no significant increase in CORT was observed. This finding is in 
contrast with the results of  a study by Tuli et al.(1995), who found 
a one-day rise in CORT in BALB/c mice after in-house transfer.63 
However, BALB/c mice have been reported to show a high, acute 
stress response to environmental challenges8, while Wistar rats have 
not been reported to be especially susceptible to stressors.38 Finally, 
in non-transported males as well as females an increase in CORT 
levels was found in experimental Week 4 (DAT42) after transfer, 
which could not be explained by known external factors.

Large variability and higher CORT levels in females compared to 
males like those obtained in this study have been reported before by 
Van Ruiven et al. (1998)64, where female CORT levels were increased 
compared to those in males several days after transfer. Similarly, 
Sterrenburg et al. (2012)59 and García-Cáceres et al.(2010)23 reported 
female Wistar rats as having higher CORT levels than male rats. 
Estrus is one known factor that causes high variation in basal CORT, 
resulting in female animals having high(er) CORT levels than 
males and decreased negative feedback ability.6,11,20,24,53,54,55,66 The 
decreased CORT levels in transferred females directly after transfer 
is in line with findings of  Van Ruiven et al.(1998), who similarly 
found lowered CORT-levels after transport and increased levels 3 
days thereafter.64 Such changes may either be due to effects on the 
feedback mechanism of  the hypothalamic-pituitary-adrenal (HPA)-
system, as mentioned above, but may as well be caused by fasting 
or heat stress of  the animals during transfer.14,43 The high variability 
in CORT levels in female rats makes CORT a rather unreliable 
parameter for assessing the effect of  transfer. Further, we decided 
not to correct for cycle to decrease the inter-individual CORT 
variability, because this would have demanded additional handling 
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of  the animals, which would make the study less representative for 
daily practice.

In conclusion, a stable baseline in CORT values did not seem to be 
established in either male or female rats throughout the experimental 
period. Overall, females were more active than males, a sex difference 
that is well known in rats.29,41 Both sexes showed weekly activity 
peaks associated with cage cleaning. External transfer increased 
activity levels in both males and females for 8 days, before returning 
to before-transfer levels. Internal transfer briefly decreased activity 
levels in both sexes, which returned to previous baseline levels at Day 2 
after internal transfer, indicating acclimatization periods of 8 days after 
external and 2 days after internal transfer.

The highly variable temperature (rises of  six degrees within one 
hour) and high humidity inside the transportation boxes during the 
entire transfer procedure can be considered one of  the main stressors 
for transferred animals61, causing a rapid ammonia production22, 
although in the present study transportation-boxes contained only 
two animals instead of  the usual six individuals and although 
temperature registration inside the transportation boxes indicated 
maximum temperatures of  25.5 °C, which is only slightly higher 
than the optimum comfort zone temperature for rats of  21–23 °C.26 
Usually, the animals are bred and housed at a constant temperature 
of  22 ± 1 °C during their lives and are not exposed to any (either 
cold or heat) temperature stress. Further, since the animals drink 
(and eat) very little during transfer, they have very limited means of  
regulating their body temperature while the different stressors the 
animals experience during the transfer are likely to accumulate and 
to induce a rise in body temperature of  rats.13 Due to methodological 
considerations we did not include measurements of  core temperature 
in the animal itself  in the current study, but restricted our assessment 
to cage temperature. However, since body temperature is considered 
highly relevant for potential transfer effects, this parameter was 
further investigated in a follow up study.5 A sex effect was found 
in heart rate as well (Figures 3a, b), with females having an overall 
higher heart rate than males. Quite unexpectedly though, in males 
and females the transfer effects on heart rate seemed to be opposing: 
transferred females showed higher heart rate levels after transfer 
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than non-transferred control females, while in males the transferred 
animals showed lower heart rate levels than the non-transferred control 
males, similar to the previous study. Although Azar et al. (2008)7 found 
sex and treatment × sex differences in heart rate, and also in heart rate 
response to a stressor in rats, they did not report any opposing sex-
treatment interactions.7 In this study, however, the effects of  transfer 
on heart rate seem to indicate that female rats may have a different 
physiological response to transfer than males. The lapse of  heart 
rate after transfer indicates allostatic stabilization in approximately  
1 week in males and in just over 2 weeks in females, although no 
return to before-transfer levels is observed, which makes it somewhat 
difficult to point out the exact moment of  recovery based on heart 
rate solely. Considered together with activity, this information would 
strengthen the advice to acclimatize rats for a period of  two weeks.

Conclusions

Extending the effects found in male rats in a previous study, 
significant transfer effects were found in both male and female rats. 
It surely needs to be mentioned that the study was performed at 
an age of  the animals at which they are still physically developing, 
which makes the observed lack of  stable baselines as observed in 
almost all parameters somewhat difficult to interpret. However, 
transferring experimental animals at about this age is daily practice and, 
in consequence, is the difficulty of determining a definite acclimatization 
period. Nevertheless, some clear transfer effects were found, such as an 
increase in heart rate and activity in female rats that may be used to 
frame a useful acclimatization period.

This study shows that acclimatization processes can be sex-specific 
and researchers surely should take this specificity into consideration 
when planning acclimatization periods after transport of  their 
experimental animals. Based on the current study, and taking the 
results of  the previous study into consideration, we would suggest 
that two weeks are likely to be sufficient for stabilization of  the 
studied parameters after transfer, while the often recommended one 
week clearly would be insufficient. We would advise to postpone 
experimental procedures in males until at least 8 days and in females 
at least two weeks after arrival of  the animals from a supplier and, 
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further, timely (at least 2 days before starting) move animals to 
experimental units if  this requires internal transfer.
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Abstract: 

Transfer from the breeding facility to a 
research facility is a stressful event for 
laboratory animals. Heat stress has been 
reported to constitute one of  the major 
concerns during transport of animals. 
This study measured ambient and body 
temperature, corticosterone and glucose 
levels, body weight, behavior and water 
and food intake before, during and after 
transfer in Wistar rats. Decreased body 
weight, water and food intake were 
observed on the day of  transfer in rats. 
Environmental temperature strong ly 
affected body temperature of  rats and 
needs to be controlled. Male rats need to 
habituate for at least one week, females 
for two weeks after transfer.

Keywords: transportation; transfer; body temperature; ambient 
temperature; glucose; corticosterone; behavior; Thermochron 
iButton; rats
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Simple Summary: 

This study measured effects of  transfer 
on body temperature, stress hormone 
levels, body weight, behavior and water 
and food intake  in rats. Environmental 
temperature strongly affected body 
temperature of  rats and needs to be 
controlled. Male rats need to habituate 
for at least one week, females for two 
weeks after transfer.
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Introduction 

The transfer of  laboratory animals from the breeding facility to 
research facilities embraces a variety of  challenges for the animals, 
such as physiological and social stress due to handling, with new 
sounds and smells, fluctuations in temperature and humidity, 
disruption of  light-dark cycle, separation from cage mates, and 
new caretakers.1,32 Such stressors lead to activation of the hypophysal-
pituitary-adrenal (HPA)-axis, promoting secretion of  corticosterone 
and production of  glucose (for review see McEwen 2000).29 Several 
studies on transportation of rodents report an increase in plasma 
corticosterone 1,33,38 and plasma glucose levels41, as well as disrupted 
behavior1,39,42, though occasionally a decrease in corticosterone and 
glucose levels in transported rats have been found.44 Also, decreased 
heart rate, blood pressure, and body weight have been related to the 
process of  transportation in rodents1,8,39 and a decrease in glucose 
levels was detected in rabbits transported to the slaughter house.27

Heat stress has been reported to constitute the most frequently 
occurring cause of  death in transported animals and thus might be 
considered as one of  the major stressors during transfer.24 A previous 
study on transport in rats showed highly variable temperatures in 
transportation boxes.2 During a pilot study with mice at Harlan 
Laboratories BV (The Netherlands), the peak temperature inside 
the transportation box was found to exceed 30 °C.3 Syversen et 
al. (2008) for example found fluctuations in temperature of  11 °C 
during air transfer in more than 60% of  shipments.40 It is known that 
stress-induced-hyperthermia and ambient temperature (T

a
) affect body 

temperature (T
b
).13,19,21,26,30,34 Results of  studies measuring T

b
 before 

and after transfer, however, are inconsistent: Capdevilla et al. (2007)8 
found no effect of  transfer of  rats on T

b
, while Dallman et al. (2006)11 

observed an increase in T
b
 of  rats when moving a cage within the same 

room or to another room, respectively. Stemkens-Stevens et al. (2009) 
transported guinea pigs for a shorter or longer period, respectively, 
which resulted in a decreased T

b
 in both conditions.39 Changes in T

b
 

have been shown to affect physiological parameters9,23,31, metabolism 
and behavior21, and plasma corticosterone and glucose.22
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In laboratory animal vivaria either a constant temperature within 
the rat’s thermal neutral zone is used or suitable cage enrichment 
is supplied in order to give the animals the opportunity of  self-
regulating their environmental temperature. Neither a constant 
temperature, nor cage enrichment is present during transfer. It is 
to be expected that fluctuations in T

a
 during transfer will modulate 

T
b
 in laboratory animals during and after transfer, and that transfer 

stress in combination with ambient temperature fluctuations may 
result in either hypo- or hyperthermia in transported animals. Both 
short termed modulation in ambient temperature and potential 
hyperthermia may constitute a serious challenge for the adaptive 
capacities for animals that are being transferred from a breeder to 
a research facility. Before transfer, animals are housed in stable 
environmental conditions, which are optimized for temperature, 
humidity, and air composition. During transfer, animals can 
experience temperatures that fluctuate and deviate from the 
temperatures they are used to, and after transfer animals need to 
adapt to new standard conditions. In this study, we measured T

a
 and 

T
b
 and their interaction before, during, and after transfer to elucidate 

the animals’ responses to such temperature challenges, which no 
other study has measured so far. How temperature affects the animal 
during and after transfer was measured biochemically, by plasma 
corticosterone and glucose.

The transfer of  research animals withholds a multitude of  
procedures, which results in a multifactorial stressor that can hardly 
be disentangled. Therefore, the transfer procedure as referred to in 
our studies embraces weighing and packing of  the animals, multiple 
movements of  the transportation boxes between buildings/areas 
(barrier - holding area - logistic center - research facility - in house) 
and includes the change of  environment and caretakers.

The present study extends on previous findings on the effect of  
transfer procedures in male and female rats by now relating effects 
to the animals’ core temperature, to body weight, body temperature, 
food and water intake, plasma-corticosterone and -glucose (indicating 
hormonal stress response) and home cage behavior.2
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Materials and Methods

Experimental procedures were approved by the Animal Ethics 
Committee of  Utrecht University.

Animals and Housing
Immediately after weaning 48 male (aged 3 weeks, weighing 38.5 ± 
2.5 g) and 48 female (aged 3 weeks, weighing 37.8 ± 2.5 g) Wistar 
rats (HsdCpb:WU, Harlan Laboratories BV, The Netherlands) 
were moved in house from the animal breeding room to the animal 
room of  the Surgical Unit of  Harlan NL. All rats were color coded 
on their backs with spray for individual recognition, which was 
repeated weekly after weighing. Rats were housed in groups of three in 
translucent type IV Makrolon cages (Floor area 1815 cm2) with bedding 
(wood shavings), an opaque black polyethylene tube, and tissues. 
The rats had free access to processed water (acidified (pH 5.8–6.4), 
chlorinated (6–8 ppm), softened and filtered (0.02 microns)) and 
food (Harlan Teklad 2018S, irradiated Global 18% protein rodent 
diet, Harlan, Madison, WI, USA). The rats were kept under a 12 h:12 
h light regime, lights on at 6.00 am, in a temperature (22–24.5 °C) and 
humidity (50%) controlled vivarium. Group compositions of  the 
rats remained constant during housing and during and after transfer.

Experimental Setup
Three days after weaning, a temperature logger was implanted in one 
rat per cage to record core body temperature according to a randomized 
schedule. After a recovery period of 14 days, baseline measurements started. 
Four weeks after surgery, 48 rats (24 male and 24 female, eight cages 
per sex) were randomly selected and transferred to a new facility at the 
Utrecht University, the remaining 48 rats stayed at the breeding facility as 
a non-transferred control group. Housing conditions (temperature and 
humidity settings) were similar at both facilities (Harlan Laboratories 
BV and the Central Laboratory Animal Research Facility (CLARF) of  
the Utrecht University and Medical Centre).

The first week after surgery and the first week after transfer, body 
weight (BW) was registered daily in all animals. The remaining time 
all animals were weighed three times a week. Every week a blood 
sample was taken by tail vein incision as described in Paragraph 2.6.
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Implantation Temperature Logger
Before implantation, temperature loggers (Thermochron iButton, 
DS1921L-F50, Dallas Semiconductor, Sunnyvale, CA, USA: Ø 17 
mm, height 6 mm, weight 4 g) were programmed to start measuring 
simultaneously two weeks after implantation and to record and store 
T

b
 every 30 min. The iButtons were coated with a thin layer of  silicon 

(Elastostil E41, Wacker) for water protection and applicability for 
abdominal use, and equipped with non-absorbable ligatures (Silkam 
5-0, B.Braun, Melsungen, Germany) for fixation to the abdominal 
wall. The abdomen of  fully anesthetized rats (Isoflurane 2.5%, 
O

2
:NO

2
 (1:2)) was shaved and disinfected. An incision was made 

to open the skin and abdominal wall. iButtons were attached to 
the ventrolateral part of  the abdominal wall and the abdomen and 
skin were closed with absorbable sutures (Vicryl 5-0, Ethicon, San 
Angelo, TX, USA). Ten minutes before and one day after surgery, 
meloxicam (0.55 mg/kg, Metacam 5 mg/mL, Boehringer Ingelheim 
Vetmedica, St. Joseph, IN, USA) was administered subcutaneously 
(sc) to provide analgesia. Also, the rats received an antibiotic (5.55 
mg/kg, Enrofloxacin 50 mg/mL, Bayer AG, Barmen, Germany) 10 
min before surgery.

Transfer
The day before transfer (DBT1), the rats in the selected cages were 
packed with three animals per standard transportation boxes (62 × 
44 × 15 cm), 1 cage per box. Besides bedding and sufficient food 
pellets from the home cage, a water source (HydroGel, Clear H2O, 
Portland, ME, USA) was included in the transportation box. The 
remaining cages of  male and female rats stayed in the original animal 
room at the breeding facility.

In 13 transportation boxes, a temperature logger (Keytag, Askey 
Dataloggers B.V., Leiderdorp, The Netherlands) protected by wire 
mesh was attached to the wall of  the box. To the outside of  one 
box an iButton was attached to measure outside-box temperature. 
Immediately after packing, transportation boxes were moved to a 
temperature controlled holding area at the breeding site for approximately 
100 min at a temperature of  22–25 °C. At the end of  the afternoon, 
approximately 5 h after packing, rats were transferred by truck to 
a climate controlled logistic center (Boxmeer, The Netherlands), 
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approximately 20 min and 27 km away, where the rats stayed 
overnight for 13 h at a temperature of  T

a
 17 °C, until transfer early 

the next morning (DAT0). Transfer from Harlan NL to CLARF 
Utrecht took six hours, with several stops for unloading, in a climate 
controlled van preset at 15 °C. All transfer procedures were performed 
according to work instructions of  the breeding facility, which are 
based on the ILAR guidelines (2006).24 In the new animal facility 
rats were exposed to unfamiliar caretakers, sounds, new cages, and a 
humidity higher by about 15%. Room temperature, water, food, and 
cage enrichment were equal to control situation.

Water and Food Intake
Food and water intake were weighed daily per cage in transported 
and control groups during and four days after transfer.

Blood Collection and Analysis
Blood was collected by tail vein incision (as described by Fluttert 
et al(2000)18) (approximately 200 μL/sample) a week before, 
directly after and weekly after transfer (five times total), between 
3 h and 4 h after lights were switched on. Sampling of  blood was 
the day’s first procedure. Blood samples were taken from two rats 
per cage (one rat with and one without a temperature logger), 
according to a randomized schedule with equal distribution over the 
animals. After sampling, animals were rewarded with a small amount 
of birdseed. Plasma-corticosterone (CORT) levels were determined in 
duplicate with radio immunoassay (RIA) specified for rats and mice 
(ImmuChemTM double antibody 125I RIA kit, MP Biomedicals, LLC, 
OH, USA) according to the protocol of  the supplier. Plasma-glucose 
(GLUC) was measured with the Glucose Assay Kit (BioChain, 
Hayward, WI, USA) following the o-Toluidine method [29] and 
read out using a microplate reader (DTX 880 Multimode Detector, 
Beckman Coulter Inc., Brea, CA, USA).

Behavioral Observations
All behavioral observations were scored live in the home cage in 
randomized cage order, directly after cage cleaning. Cleaning 
disturbs the animals and increases the level of  activity in rats, 
which offers an opportunity to observe active behavior during the 
daylight period.6,36 Observations were performed by continuous 
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focal sampling for 5 min, 3–5 h after the start of  the light period. 
One animal per cage was scored, according to a cage randomization 
schedule, with randomized equal distribution between animals 
with and without an iButton. Eighteen behavioral parameters were 
scored using the software The Observer (Noldus, Wageningen, The 
Netherlands) see table in Appendix I. For analysis, the following 
three behavioral categories, each consisting of  different behavioral 
elements, were used:

1. Activity/Locomotion (LOC): consisting of  the behaviors 
explore, rear, walk, shake, scratch, scan, and hop/jump.

2. Social interactions (SI): consisting of social exploration, social 
groom, follow/chase, push and pin.

3. Self  grooming (GRO), consisting of  six behavioral elements 
which together compose the cephalo-caudal-sequence that 
animals perform in an undisturbed situation: fore-paw licking, 
face/nose wash, head wash, body wash/fur licking, hind leg 
licking, tail/genitals licking.25

Statistical Analysis
In the present study the cage was the experimental and therefore 
statistical unit.16 If  applicable, parameters were averaged per cage. 
Body weight data was corrected for weight of  the iButton. Data, 
residuals, and variance were tested for Gaussianity using a One-
sample Kolmogorov-Smirnov test. Having a temperature logger was 
found not to have a significant effect and was therefore left out as 
factor. To detect overall effects and differences between before and 
after transfer for all parameters apart from behavior, a Repeated 
Measures ANOVA was executed. Data was considered significant 
when p < 0.050. An Independent-Samples t-test was used to compare 
transfer vs. control cages and male vs. female with each other per day 
for T

b
, BW, food and water intake, CORT and GLUC. Alpha was 

corrected for multiple factors using the Dunn-Šidák correction and 
data was considered significant when p < 0.025. Pearson’s correlation 
coefficient was calculated for the correlation between T

a
 and T

b
.

Behavior was analyzed using a Linear Mixed Model, obtaining the 
best fit using a model with a random intercept. Data was analyzed 
both split and un-split for treatment, with factors treatment, 
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time/observation, sex and their interactions, all non-significant 
interaction terms were removed. Dependent variables were the 
duration percentages of  total grooming (=sum of  all self-grooming 
behaviors), total social interaction behavior and total active and 
locomotor behavior. The Q-Q plots of  the residuals indicated that 
all behavioral variables were normally distributed.

Some plasma samples had CORT values below the detection limit 
(7.7 ng/mL). These data values were replaced by the value pre-half  
of  the detection limit.34

Calculations were performed using Microsoft Excel 2003. SPSS 16 
(IBM SPSS Statistics, New York, NY, USA) was used for statistical 
analysis. All data is displayed as mean ± SD, both in tables and 
figures.

Results

Body Weight
There was a sex effect on bodyweight (M > F, F

(1,28)
 = 540.0, p < 

0.001) (Figure 1). Transfer resulted in a decrease in BW of  transferred 
animals compared to the control animals. This difference was 
significant at day of  transfer (male: t

(14)
 = −2.63, p = 0.020, female: 

t
(14)

 = −2.68, p = 0.018). One day after transfer this decrease was no 
longer significant. In the week before transfer, males increased in 
weight 7.1 ± 1.5 g/day. On the day of  transfer they lost on average 
6.2 ± 3.8 g (=3.2%), followed by an increased bodyweight gain of  
11.8 ± 4.7 g the day after transfer. Females increased in weight the 
week before transfer 4.3 ± 1.4 g/day. On the day of  transfer they lost 
on average 5.8 ± 2.6 g (=3.8%), followed by an increased bodyweight 
gain of  8.7 ± 3.8 g the day after transfer.

Water and Food Intake
Food and water intake are shown in Table 1. Over the total measured 
period there was a treatment effect (Transfer < Control: F

(1,28)
 = 

36.63, p < 0.001), a sex effect (M > F; F
(1,28)

 = 69.59, p ≤ 0.001) 
and a time × treatment interaction (F

(3,85)
 = 73.36, p ≤ 0.001) found 

for water intake. During transfer, a water source was added to the 
transportation box. Less of  this water source was consumed by 
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Body Weight (gram ± standard deviation (SD)) in male (squares) and female 
(circles), transferred (black symbols-solid line) and control (white symbols-
dotted line) rats, 7 days before (DBT) until 23 days after (DAT) transfer (n = 
8). * indicates significant different growth between transferred (TF) and control 
(CO) individuals.

Water (g) Day 0 Day 1 Day 2 Day 3 Day 4

M Transfer 42.13 ± 11.10 * 80.75 ± 18.43 66.38 ± 10.18 71.50 ± 10.54 * 71.38 ± 5.07 *

M Control 86.63 ± 7.31 73.63 ± 6.61 76.13 ± 7.62 85.63 ± 8.48 91.38 ± 5.01

F Transfer 26.63 ± 6.07 * 66.75 ± 5.63 * 50.13 ± 3.83 52.38 ± 4.60 52.38 ± 5.45 *

F Control 64.13 ± 6.13 55.13 ± 6.58 56.63 ± 6.80 61.63 ± 10.49 68.38 ± 9.81

Food (g) Day 0 Day 1 Day 2 Day 3 Day 4

M Transfer 40.63 ± 6.02 * 65.25 ± 7.57 * 60.63 ± 5.29 * 61.88 ± 6.31 61.00 ± 3.96

M Control 69.50 ± 3.38 44.13 ± 2.59 54.00 ± 3.42 56.75 ± 2.76 60.50 ± 2.88

F Transfer 31.25 ± 3.28 * 53.50 ± 3.16 * 45.75 ± 3.49 * 45.75 ± 3.54 * 44.63 ± 3.70

F Control 50.75 ± 4.83 33.13 ± 3.64 39.75 ± 4.06 39.13 ± 4.09 47.00 ± 3.30

F
igure 1.

T
able 1.

Water and food intake (mean ± SD grams) per cage of  transferred and control 
rats (M = male and F = female). Day 0 is day of  transfer. * Significantly different 
from control per t-test (p < 0.025) between transfer and control group, n = 8 
cages of  three animals.
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the transferred animals, both male and female, compared to water 
consumed by male and female control rats (male: t

(14)
 = −9.47, p 

< 0.001, female: t
(14)

 = −12.30, p < 0.001) during the same period. 
Compared to male transferred rats, male control rats showed a 
higher water consumption at day 3 (t

(14)
 = −2.98), p = 0,01) and Day 

4 after transfer (t
(14)

 = −7.94, p < 0,001). Water intake of  female 
transferred rats was significantly higher at day 1 (t

(14)
 = 3.80, p ≤ 

0.002) and in female control rats on Day 4 (t
(14)

 = −4.03, p = 0,001). 
Over the total measured period, there was a time × sex interaction 
(F

(4,106)
 = 2.50, p = 0.050), a time × treatment interaction (F

(4,106)
 = 

172.02, p < 0.001) and a time × sex × treatment interaction (F
(4,106)

 
= 3.61, p = 0.010) found for food intake. Food intake was reduced 
during transfer in both male and female transferred rats (male: t

(14)
 

= −11.83, p < 0.001, female Z = −3.37, p < 0.001). Food intake 
was increased in transferred female rats for three days after transfer 
and in transferred male rats for two days after transfer (p ≤ 0.010), 
compared to control animals.

Body Temperature
Post mortem examination after the completion of  the study showed 
that most of  the iButtons were attached to the abdominal wall 
with one suture. Two iButtons were encapsulated, one of  which 
was detached and found back at the opposite side of  the abdomen. 
However, the two concerning rats had shown no clinical signs. 
After data analysis of  the loggers it was determined that it was not 
necessary to remove them from the study.

No sex effect was found for body temperature T
b
, therefore data was 

pooled for analysis and the results are shown in Figure 2. During dark 
periods, T

b
 was increased for all groups compared to light periods, 

shown as a light period effect (F
(1,52)

 = 160.50, p < 0.001), except 
on the day before transfer (DBT1) for transferred animals (Figure 
2), when transferred rats were packed in transportation boxes and 
were transferred to the logistic center awaiting final transfer to the 
CLARF. During the dark period there was a before-after × treatment 
interaction (F

(1,26)
 = 9.82, p = 0.004), which was not found during the 

light period. During the dark period of  transfer a decreased T
b
 was 

found in both sexes (t
(13)

 = −4.77, p = 0.001).



107

ch
ap

ter 4

Ambient Temperature
The highest T

a
’s inside the transportation boxes were measured when 

transportation boxes were collected at the holding area of  Harlan 
NL (male: 28.50 °C, female: 27.40 °C, Figure 3). Environmental 
temperature varied between 22 °C and 25 °C at the holding area. 
During transfer to CLARF Utrecht with the climate controlled van (15 
°C), T

a
 inside transportation boxes with male rats decreased to 17.30 

°C and 17.10 °C for female rats. During the period of  transfer T
a
 at the 

housing facility of  control groups varied between 24.1 °C and 25.1 °C.

A significant correlation was detected between T
a
 (solid line) and T

b
 

(solid line with diamonds) during transfer of  rats (Figure 3, r > 0.7, 
p < 0.001). In the control situation T

a
 (dotted line) and T

b
 (grey line 

with circles) were not correlated (r = −0.061, p > 0.050).

Blood Parameters
In CORT levels a time × sex interaction (F

(4,112)
 = 21.14, p < 0.001) 

and a time × treatment interaction (F
(4,112)

 = 3.93, p = 0.005) were 

Core body temperature Tb (°C ± SD) in transferred (TF: triangles, solid line) and 
control (CO: diamonds, dotted line) rats during dark (black symbols) and light 
(white symbols) period, 7 days before (DBT) until 22 days after (DAT) transfer 
(n = 16), sexes pooled. * indicates significant difference between TF and CO.

F
igure 2.
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Plasma corticosterone levels (nmol/L) in male (squares) and female (circles), 
transferred (black symbols-solid line) and control (white symbols-dotted line) 
rats, one week before, on day of  transfer and one, two and three weeks after 
transfer (n = 8). * indicates significant difference between TF and CO.

Core body temperature Tb of  transferred (triangles) and control (diamonds) rats 
and ambient temperature Ta inside transportation boxes (solid line) (°C ± SD) 
during transfer and in control area (dotted line) (top x-axis: time since packing, 
bottom x-axis: actual time). The black-white bar at bottom indicates light (white) 
and dark (black) periods. Different stages during transfer are included. n = 16, 
sexes pooled.

F
ig

ur
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found (Figure 4). Female rats had higher CORT levels that also 
increased more over time than male rats (F

(1,28)
 = 80.96, p < 0.001).

GLUC levels of  female rats were lower than GLUC levels in male 
rats (F

(1,27)
 = 23.19, p < 0.001). A time × sex (F

(4,108)
 = 4.71, p = 0.002) 

effect was found, but no transfer effect (Figure 5).

Behavior
Analysis of  the behavioral data showed a time × sex interaction 
on all parameters (Table 2). Further analysis of  the behavioral 
data (Table 3) showed that in female rats transfer decreased social 
behavior and increased grooming behaviors. Activity was increased 
1, 2 and 3 weeks after transfer in all groups. Social behavior was 
decreased after transfer in all groups, except in female control rats 
1 week after transfer. Grooming was increased in female transferred 
rats directly after unpacking, but differed no longer from baseline 
after one week of  acclimatization. After 3 weeks of  acclimatization 
all behavioral elements in female rats seemed to have stabilized. In 
male rats differences in behavioral elements were found comparing 
after-transfer observations with baseline, but no significant differences 
were found between observations after transfer.

Plasma glucose levels (mg/dL) in male (squares) and female (circles), transferred 
(black symbols-solid line) and control (white symbols-dotted line) rats, one week 
before, on day of  transfer and one, two and three weeks after transfer (n = 8).

F
igure 5.
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Obs −1 0 1 2

sex ACT SOC GRO ACT SOC GRO ACT SOC GRO ACT SOC GRO

0 F NS ↓0.003 ↑<0.001

M ↑0.043 ↓0.052 NS

1 F NS NS NS NS ↑0.007 ↓<0.001

M ↑<0.001 ↓0.002 ↑0.017 NS NS NS

2 F ↑0.002 ↓0.011 NS ↑0.004 NS ↓<0.001 ↑0.003 ↓0.024 NS

M ↑<0.001 ↓0.003 ↑0.013 NS NS NS NS NS NS

3 F ↑<0.001 ↓<0.001 NS ↑<0.001 NS ↓<0.001 ↑<0.001 ↓0.001 NS NS NS NS

M ↑<0.001 ↓0.001 ↑0.004 NS NS ↓0.056 NS NS NS NS NS NS

Effect ACT SOC GROtot

Sex F(32,32) = 5.73, 
p = 0.023 NS NS

Treatment NS NS NS

Observation (time) F(88,32) = 12.29, 
p < 0.001

F(110,30) = 9.00,  
p < 0.001

F(103,104) = 4.49,  
p = 0.005

Sex x Treatment NS NS NS

Sex x time F(88,32) = 4.00, 
p = 0.005

F(110,30) = 3.08,  
p = 0.019

F(94,104) = 4.70,  
p = 0.002

Treatment x time NS NS NS

Sex x Treatment x time F(90,32) = 2.35, 
p = 0.077

F(110,30) = 2.46,  
p = 0.066 NS

Behavioral observations; Effects (bold p-values) and trends (italic p-values) of  
transfer on the behavioral categories Locomotor activity (ACT), Social behavior 
(SOC) and Grooming (GRO) n = eight cages.

T
ab

le
 2

.

Behavioral observations; Comparison between observations, −1: 1 week before 
transfer; 0: directly after transfer; 1: 1 week after transfer; 2: 2 weeks after 
transfer; 3: 3 weeks after transfer (significant: bold p-value, trend: italic p-value), 
Split for sex. ↑: increase or ↓: decrease of  behavior during observation on vertical 
axis (left) compared to behavior during observation on horizontal axis (top)  
n = eight cages. (Dunn-Šidák correction for multiple comparison(per sex): 
1−((0,95)^(1/n)), n = 10 (number of  comparisons) α = 0, 005).

T
ab

le
 3

.
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Discussion

The present study investigated whether changes in core temperature 
of  Wistar rats may be an underlying cause for findings in previous 
studies in which we found that transfer affected rats at both the 
physiological and behavioral level.1,2 Further, in the current study we 
identified sex specific changes, which showed allostatic stabilization 
within 2 weeks, though inter-individual variability proved to be 
high.2 Though hyperthermia was expected due to a combination of  
stress and elevated ambient temperature, this effect was not observed 
during or after transfer. This seems noteworthy, especially since the 
day before transfer, when animals were packed, was a warm summer 
day and temperature inside transportation boxes reached up to 28 °C.

Body temperature was recorded every 30 min in the present study. 
From the literature it is known that maximal rise of  body temperature 
induced by disturbance was detected after 10 min in male NMRI 
mice,43 followed by a gradual decrease during the following 30–60 
min.11,22 While we did not find any significant increase of  body 
temperature in rats, ambient and body temperature appeared to be 
significantly correlated during transfer, but not during the control 
phase. From these results we conclude that, at least under transfer 
conditions as used in our study, core temperature is unlikely to be 
the primary cause for physiological or behavioral transfer effects.

As body temperature is correlated with the animal’s overall activity,7 
changes in both parameters are determined by circadian rhythm.7,35 
During transfer, however, body temperature appeared to be lower 
during the dark period in transferred rats when compared to the 
animals in the control situation, which may be explained by lower 
activity of  the animals in the transportation box.

Further, after transfer, body temperature in transferred rats was 
lower during the light period when compared to control animals, 
which may be a response to differences in the management regime 
between facilities (for example, fewer disturbances by personnel).

Transfer is a stressful event for rats, as shown in previous studies 
resulting in elevated levels of  CORT.1,34,38 Here, CORT levels in male 
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rats of  both experimental groups remained stable over time while all 
females revealed increasing CORT levels over the same time period. 
No significant transfer effect on CORT levels occurred, which 
contrasted previous findings. However, in extrapolating results 
from a study in rabbits where it has been shown that rewarding 
and handling at an early age led to more tame animals that also 
did not struggle during a tonic immobility test,46 we provided 
rats in the present study with a reward after blood sampling and 
weighing, which may have counteracted the stress caused by blood 
sampling, thus, resulting in less increase in plasma corticosterone 
levels compared to other studies. Except at baseline and directly 
after transfer, CORT levels of  female rats were higher compared to 
male rats. It is known that the HPA-axis activity is sex-dependent, 
resulting in higher baseline CORT levels46 and a more pronounced 
increase in CORT levels after exposure to a stressor in female rats.28 
Further, rats used in the present study were adolescent, implying the 
development of  estrous in females, which also is known to increase 
CORT levels.4,17,20,47 Similar to findings in the literature, decreased 
CORT levels in transferred female rats directly after transfer had 
been found in our previous study2 and by Van Ruiven et al. (1998).44 
Unexpectedly however, an increased level of  CORT was measured 
in male control animals at the day of  transfer, an effect that may 
be attributed to external conditions (here: in the replacement of  a 
technician who collected the blood samples).

As result of  a stress-response, the production of  glucose (GLUC) has 
been reported to increase.12,37 However, in the present study GLUC 
levels were within a normal range 134–219 mg/dL.45

Conclusions

Bodyweight and food and water intake recovered within a few days 
after transfer. Behavior in this study shows time effects, most clearly in 
female rats, but no treatment effects, indicating that before-after transfer 
differences may be a matter of  aging rather than of  transfer-stress. 
Daily practice shows that most laboratory animals are transferred at 
an age at which they are still (physically) developing.
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This study showed that it took one day for body weight and 
temperature, two days for water intake, and four days for food intake 
to return to control levels. Levels of  CORT and GLUC were not 
affected by transfer in this study. Behavioral parameters indicate that 
female rats seemed to stabilize after two weeks of  acclimatization, 
male rats within one week. Although core temperature in this 
study was not affected by transfer, it is recommended to keep 
environmental temperature and temperature inside transportation 
boxes as constant as possible, and within the physiologically neutral 
range of  the animals, as external temperature strongly correlates 
with core body temperature in rats. We conclude from these findings 
that it is advisable to use an acclimatization period of  at least one 
week in male and two weeks in female Wistar rats.
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Abstract

Research animals are subject to a 
sequence of  (often facility specific) 
procedures and protocols. These may 
include shifting or reversal of  light 
regime in order to study physiological 
and/or behavioural parameters during 
office hours. We here evaluate whether 
the often-used “one day per shifted 
hour” strategy offers sufficient time to 
habituate for the animals, by measuring 
activity (ACT), mean arterial blood 
pressure (MAP) and heart rate (HR) 
by using a radiotelemtry system. We 
found that physiological parameters 
(HR, MAP, ACT) needed respectively 
nine,  10 and eight days to stabilize and 
return to baseline levels after multiple 
procedures, including internal transfer 
followed by a light regime reversal. We 
conclude that male Wistar rats should 
acclimatize at least 10 days after a light 
regime reversal before letting them be 
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subject in research procedures measuring 
comparable parameters. For other 
parameters, different acclimatization 
periods might be advisable.

Keywords: transportation, transfer, light regime reversal, blood 
pressure, heart rate, activity, rats
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Introduction

Research animals are subject to a variety of  (often facility specific) 
procedures and protocols, with most of  them being transferred from 
a breeding facility to a research or other facility or location later 
in life. There are numerous transfer method (external and in-house, 
by road or air) and various transport distances and time schedules, 
leading to difficult to assess changes in the animal’s physiology and 
behaviour. After transfer animals may be exposed to a different light 
regime (=light-dark rhythm settings in the animal room) and may or 
may not be allowed for a certain acclimatization period. All these 
(early) life experiences will affect the animal, potentially affecting 
baseline values for successive experimental research.  

Rodents are nocturnal animals, which means that these animals 
are active at the time of  the day when there is no or little light 
present. Multiple parameters, like behaviour (exploration, resting, 
eating locomotor activity (ACT), anxiety/risk assessment), 
cognition, physiology (heart rate (HR), blood pressure (BP), plasma 
corticosterone, body temperature) are known to be sensitive to 
circadian effects in laboratory rodents.6,14,20,25,28,29 Performing research 
on such parameters during human office hours without reversing the 
animals’ light regime therefore means to disturb the animals during 
their resting phase.23 When evaluating physiological and behavioural 
parameters of  nocturnal animals, this should preferably be done 
during the dark- phase to avoid such disturbance. Therefore many 
researchers to adjust or reverse the light regime in the experimental 
unit when working with laboratory rodents. Generally speaking, 
laboratory animals usually are bred using a conventional light  
regime, with lights on during the day, allowing the animal care 
takers at the breeder facility to work their office hours during the 
light-phase. Not all clients need reversed animals so breeding in a 
reversed light regime is not an option. This means that, after transfer 
of  the rodents from the breeder to a research laboratory and if  light 
regime is reversed, the animals have an internal mismatch of  up 
to 12 hours. This mismatch requires a habituation period for the 
animals to acclimatize to the new light regime. 
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This phenomenon, known as ‘jet lag’ in humans, is associated 
with general malaise, gastrointestinal distress and disorientation 
in humans.11,12 In rodents it is found to affect activity and resting 
behaviour.17 The circadian system requires several days to adjust to 
light regime shift. During this period of  readjusting, a temporary 
disruption of  daily rhythm can be observed in rats.21 For example, 
it took male rats 4-5 days physiologically (BP, HR, ACT) to 
synchronize to their new light cycle after a phase forward switch of  
6 h.27 In mice a light-dark phase shift caused a near 2-weeks lasting 
change in plasma corticosterone levels.11 Also, in rats, a 6 h advance 
in light regime resulted in an acclimatization period of  12-14 days 
for locomotor activity to resynchronized with the external light-dark 
cycle.17 

Nowadays, most of  the research facilities use acclimatization periods 
after transfer, which differs from a few days up till two weeks.2,3,4 For 
acclimatization after light regime shifts, a commonly used rule-of-
thumb in research animals facilities is one day acclimatization per 
shifted hour. Although (much) shorter acclimatization periods are 
also practiced. However, not many studies have determined the effects 
of  light regime shift on physiological parameters and the expected 
acclimatization period which should be offered to laboratory rodents 
to recover. The aim of  this research was to determine the effects 
of  a commonly used combination of  procedures: transfer, internal 
transfer and shifting light dark regime for 12 h on the physiology 
and activity of  laboratory rats, and to determine the time needed for 
acclimatization. 

We have chosen to keep the procedures as close as possible to 
daily practice. The choice for only male animals results from the 
availability of  these animals from a previous study, which has been 
described by Arts et al (2012).2

Material and Methods

Ethical Note
The protocol of  the experiment (DEC-DGK number: 2008.I.01.004) 
was peer reviewed by the Department of  Animals in Science & 
Society, Utrecht University, The Netherlands, and approved by 
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the Animal Experiments Committee of  the Academic Biomedical 
Centre, Utrecht, The Netherlands. 

Animals & Housing Conditions
Male Wistar Unilever rats (HsdCpb:WU; n = 27; bodyweight 
443,5 ± 17,1 g, Envigo RMS BV., Horst, The Netherlands) were re-
used after a study on the effects of  transportation on physiological 
parameters (see Arts et al 2012).2 All procedures (surgery, blood 
sampling, transportation, behavioural observations) as well as 
the radiotelemetry system are extensively described previously.2,3,4 
Before starting this study, animals were internally moved to a 
second animal facility within the Utrecht University and therefore 
re-packed in transportation boxes again and transported by a van for 
5 min. During this study the animals were housed under standard 
laboratory conditions of  the Central Laboratory Animal Research 
Facility of  the Utrecht University, in a temperature (22 ± 2 °C) and 
humidity (45-50%) controlled room, 3 animals per cage (cages: n=9). 
Per cage, one animal was implanted with a 7.7 g radio-telemetry 
transmitter (TA11PA-C40, Data Sciences International (DSI), 
St Paul, MN, USA), which finally lead to a total of  9  implanted 
animals. Physiological data (BP and HR) was recorded every 3 
minutes for 10 sec, 24 h per day for 14 days and the animals had ad 
libitum access to food and acidified water, ACT was accumulated 
per 3 minutes. Light-dark  regime during acclimatization after 
internal transfer was maintained at 12:12h, lights on 7 am – 7 
pm. Animals were acclimatized for 8 days (Arts et al 2014) before 
reversing the day-night light regime at 1 pm, to lights on 7 pm – 7 
am. Group composition was maintained the same throughout the 
entire experimental period. Cage-cleaning of  the animals occurred 
weekly on Wednesday (Figure 1) and all procedures were performed 
by either the researcher herself  or by the animal caretakers from the 
facilities. 

Timeline schedule of  experiment (cc: cage cleaning), 8 days before reversal 
(DbR), 15 days after reversal (DaR)
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Statistical analyses
All statistical analyses were carried out according to Petrie and 
Watson,18 Quinn and Keough,19 and/or Field,10 using a SPSS® for 
Windows (version 16.0) software program (SPSS Inc., IL, USA). 
Two-sided, exact (i.e. for the non-parametric tests; (Mundry and 
Fischer 1998)16) probabilities were estimated throughout. Data of  
the telemetry output were averaged to 24 hour, light period or Part 
of  Day (= 12h day or 12h night) per animal (=cage). 

The day before light reversal (a (non cage cleaning-) weekday) 
was considered to be the baseline value for before-after reversal 
comparisons, that were analyzed per light period. Parameters 
were considered ‘stabilized’ when General Linear Model repeated 
measures over 3 days showed no time effect.

The Kolmogorov-Smirnov one-sample test was used to check 
Gaussianity of  the continuous data. Continuous data are tested for 
significant differences by multivariate repeated measures ANOVA 
(analysis of  variance). Tests of  significance are derived using 
the Hyunh-Feldt criterion. The choice of  univariate instead of  a 
multivariate statistic in the repeated measures ANOVA is based on 
the criteria given by Algina and Keselman ( 1997).1

 
Continuous data of  telemetry parameters were summarized as 
means and standard deviations (SD). If  the repeated measures 
ANOVA detected significant effects, group means of  the continuous 
parameters were further compared. Between-subject post hoc 
comparisons (group differences) were performed with an unpaired 
Student’s t tests for normally distributed data.

Results

Both Part of  day and light period data showed Gaussianity. On 
Wednesdays ACT and HR during the day was always higher, 
assumingly because of  cage cleaning. 

Activity (ACT) 
GLM repeated measures on the whole series (=22 days) showed 
within the animals a Time x Part of  Day effect (p<0,001). On the 
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last 2 days before reversal there was a Part of  Day effect (Night>Day, 
p=0,001). A Time effect (increase) was no longer found starting from 
Day 8 after Reversal (DaR8) (Figure 2). 

Comparing ACT per light period (Baseline vs. Day after Reversal 
(DaR)1-15) showed that during the dark period, ACT at DaR6 is no 
longer significantly different from Baseline (Table 1) and during the 
light period ACT is no longer significantly different from Baseline 
at DaR8.

Mean Arterial Pressure (MAP)
GLM repeated measures on the whole series (=22 days) revealed 
within the animals a Time x Part of  Day effect (p<0,001). On the 
last 2 days before day and night reversal (Baseline) no Time effect 
(p=0,719), no Time x Part of  Day effect (p<0,142), and no Part of  
Day effect (p=0,164), was found.

Activity (ACT) levels (average movements per minute ± SD) in male Wistar rats 
before and after reversal of  day-night regime, during day (7 am7 pm) and night 
(7 pm 7 am)  period. Exp day -1 is baseline. For comparing ACT within the light 
phase, use day data before reversal vs night data after reversal, for comparing 
ACT in the dark phase, use night data before reversal vs day data after reversal.
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GLM repeated measures (3 days in a row) revealed no longer a 
Time effect (increase) from day 5 after light regime reversal, as MAP 
reaches a maximum. Day 7 and 8 after light regime reversal showed 
a significant decrease in MAP and from day 9 onwards there is no 
longer a time effect found on MAP (Figure 3).

Comparing MAP per light period (Baseline vs DaR1-15) showed that 
during the dark period, MAP at DaR 10 is no longer significantly 
different from Baseline (Table 1). During the light period MAP is no 
longer significantly different from Baseline at DaR 9.

Heart Rate (HR)
GLM repeated measures on the whole series (=22 days) showed 
within the animals a Time x Part of  Day effect (p<0,001) (Figure 
4). On the last 2 days before light regime reversal no time effect 
(p=0,629) and no Time x Part of  Day effect (p=0,330) was found, 
however a Part of  Day effect (Night>Day, p=0,001) was observed.

GLM repeated measures showed no longer a time effect (increase) 
from day 8 after light regime reversal (Figure 4).

Comparison of  Baseline (B) with all Day after Reversal (DaR) data points (paired 
samples T-test) w=Wednesday, after DS-correction for multiple comparison  a 
significance-level of  α=0,003 was used, for parameters Activity (Act), Blood 
Pressure (BP) and Heart Rate (HR) in Dark (D) and Light (L) phase.

Act-D Act-L BP-D BP-L HR-D HR-L

B - DaR1 w
B - DaR2
B - DaR3
B - DaR4
B – DaR5
B – DaR6
B – DaR7
B – DaR8 w
B – DaR9
B – DaR10
B – DaR11
B – DaR12
B – DaR13
B – DaR14
B – DaR15 w

n.s.
.000
.000
.000
.000
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
.000
.000

n.s.
.000
.000
.000
.000
.000
.001
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

n.s.
n.s.
.001
.000
.000
.000
.000
.000
.001
n.s.
n.s.
n.s.
.000
.000
n.s.

n.s.
.002
.000
.000
.000
.000
.000
.000
n.s.
n.s.
n.s.
n.s.
n.s.
.000
n.s.

n.s.
.000
n.s.
n.s.
n.s.
.000
.001
.001
n.s.
n.s.
n.s.
n.s.
n.s.
.003
.001

n.s.
.002
.000
.000
.000
.000
.000
.000
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

T
able 1. 
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Heart Rate (HR) levels (average beats per minute  ± SD) in male Wistar rats 
before and after reversal of  day-night regime, during day and night period. Exp 
day -1 is baseline. For comparing activity HR within the light phase, day data 
before reversal vs night data after reversal was used and for comparing HR in the 
dark phase, night data before reversal vs day data after reversal was used.

Mean Arterial Blood Pressure (MAP) levels (average  ± SD) in male Wistar rats 
before and after reversal of  day-night regime, during day and night period. Exp 
day -1 is baseline. For comparing MAP within the light phase, day data before 
reversal vs night data after reversal was used and for comparing MAP in the dark 
phase, night data before reversal vs day data after reversal was used.
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Comparison of  HR per light period (Baseline vs DaR1-15) revealed 
that during the dark period, HR at DaR 9 is no longer significantly 
different from Baseline (Table 1) and also during the light period HR 
is no longer significantly different from Baseline at DaR 9.

Discussion

In this study we found that physiological parameters (HR, MAP, 
ACT) needed 9,  10 and 8 days, respectively, to stabilize and re-
establish baseline levels after multiple procedures, including 
internal transfer followed by a light regime reversal. These findings 
contrast e.g. Campos et al (2006) who reported that HR, Systolic 
Blood Pressure, and ACT in Sprague Dawley rats needed 6-7 days 
stabilization after a 12 h shift,8 while de Buuse (1999) reported 4 days 
of  habituation for ACT and BP and 5 days for HR in male Sprague-
Dawley rats after a 6 h shift.27 Such differences may however be due 
to variations in housing (group housing vs individual) conditions, 
protocols of  shifting or other aspects of  handling and transport. 

The lack of  a significant difference between the light and dark period, 
respectively, in MAP at baseline measurement before reversal in our 
experiment may indicate that 8 acclimatization days was not sufficient 
to recuperate properly after internal transportation. In general there 
is a clear difference between MAP during day and night period.2,3,4,27 
Others studies showed only minor effects for 1-2 days after an 
internal transportation.2,13,26 However, in all these studies the animals 
were transported in their own home cages by cart, while in our study 
the internal transport was performed using standard transportation 
boxes and a van. Therefore, this internal transportation might be 
more comparable to  an external transportation, which is known 
to cause significantly more stress,2,3,4,9,27 even though duration of  
the current transfer procedure is only a fraction of  regular external 
transfer. Our study seems to confirm the results of  Stemkens-Sevens 
et al (2009), who found that effects of  transfer on guinea pigs are not 
correlated with the duration of  the transfer.24 We feel however that 
this study should be replicated with female rats as well, as previous 
studies showed sex dependent acclimatization periods.3
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From the results of  the here presented study we conclude that 
male Wistar (HsdCpb:WU) rats should acclimatize at least 10 
days after a light regime reversal before letting them be subject 
in research procedures measuring comparable parameters. This 
acclimatization time is less than expected than the guideline of  1 
day per shifted hour (10 days vs 12) and less habituation may suffice. 
This could implicate reduction of  costs for housing and caretaking 
of  small laboratory animals. However, taking into consideration the 
variability in results between studies, it might be advisable to include 
some extra time to include uncertainty on strain or sex differences. 
One day acclimatization per shifted hour seems to be a reasonable 
and useable rule-of-thumb to cover acclimatization for ACT, HR and 
BP in this set-up. For other parameters and experimental settings, 
different acclimatization periods might be needed. 
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Abstract

Many (behavioural) researchers choose 
to house laboratory rodents under a 
reversed light regime after transfer from 
the breeder to the research facility. It 
is not known whether this time shift 
in addition to transfer-stress results in 
a prolonged need for the animals to 
habituate to the new conditions. This 
study investigated the effects of  such 
transfer-light regime reversal paradigm 
on plasma corticosterone (CORT) and 
home cage behaviour in male and female 
Wistar rats. CORT in females increased 
after transfer. Active behaviour was 
decreased after transfer and recovered 
faster in the rats of  both genders 
on a reversed light regime. Resting 
behaviour was increased after transfer 
and also recovered faster in the rats on 
a reversed light regime. The results of  
the behavioural observations show that 
animals housed under a reversed light 
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regime after transfer acclimatize quicker 
than non-reversed control animals. It 
may be suggested that acclimatization is 
supported by the absence of  disturbance 
during the animals’ resting phase under 
a reversed light regime. However, two 
weeks of  acclimatization is advised in 
both males and female rats, regardless 
of  whether a light regime reversal has 
been applied.

Keywords: transportation, transfer, corticosterone, behaviour, 
light regime reversal, rats



138

Introduction

Most living beings have a circadian rhythm that spans about 24 
hours. Within this circadian rhythm an active phase and a resting 
phase can be distinguished of  which the timing is species-dependent. 
In contrast to human researchers, laboratory rodents are nocturnal 
animals, i.e., they are active during night time and sleep during 
day light hours. Many researchers choose to reverse the light-dark 
phases in the animal rooms when performing behavioural animal 
studies such that during normal office day light hours the animals 
are in their dark- and therefore activity phase, since this was found 
to support the animals’ welfare when they are less disturbed in 
their resting phase.1 This however means that, after transferring the 
animals from the breeder, where in general animals are bred and 
housed under a conventional light regime, to the research lab, where 
the animals then may immediately be exposed to a reversed light 
regime, a mismatch or ‘jet-lag’ exists of  approximately 12 hours.

Transportation itself  (further mentioned as ’transfer’ to indicate 
the inclusion of  handling and changes of  environment, cages and 
caretakers, besides the physical movement of  the animals from 
breeder to research facility) can be expected to induce a significant 
stress response in the animal. 25,29

In general, animals subjected to a stressful procedure like transfer 
between different locations react with diverse physiological 
responses, such as alterations in body weight, hormone and glucose 
levels, heart rate and blood pressure.3,4,5,8,10,17,19,24,26,30,33 Previous 
studies have also found deteriorating effects of  transportation or 
transfer on behaviour,3,5 the immune system, 2,7 and on nutritional 
parameters.24,33 Reliable and reproducible scientific results from 
experiments using laboratory animals must represent baseline 
values or experimentally induced alternations from such baseline 
values18,19 and, thus, the physiological and psychological status after 
transfer at the beginning of  each experiment must be (re)stabilized 
up to a level that does represent such a baseline. Therefore a certain 
acclimatization period after stressors like transfer and/or light 
regime reversal is needed to stabilize parameters to be measured.



139

ch
ap

ter 6

In biomedical research, recommendations for acclimatization 
periods vary grossly: it is common to wait 5 – 7 days after transport 
of  the animals from the breeders to the animal facility before using 
them in experiments. However, a diverse set of  recommendations 
can be found, varying from some days to 2-3 weeks.3,4,5,17,28,30 Previous 
studies indicated allostatic stabilization for one or two weeks (in 
respectively male and female rats) after transfer for physiological and 
behavioural parameters.3,4,5 For acclimatization after light regime 
shifts, a commonly used rule-of-thumb in research animals facilities 
is one day acclimatization per shifted hour. A previous study on 
light regime reversal after a short transfer of  10 min between two 
separate buildings indicated physiological acclimatization by 
showing a homeostatic stabilization of  heart rate and blood pressure 
after respectively nine and 10 days in adult Wistar (HsdCpb:WU) 
rats equipped with radiotelemtry transmitters (Chapter 5), which is 
somewhat longer than the seven days found by Campos et al. in SD 
rats. Yamaguchi et al. found re-entrainment of  activity behaviour 
in wild type mice of  8-10 days after an eight hour forward shift, 
confirming the “one-day-per-shifted-hour” rule of  thumb.34

The combination of  transfer and reversal of  the light regime might 
lead to changes in adaptation in laboratory animals and may require 
an adjustment in the currently practiced acclimatization periods.

In this study we elucidate the effect on acclimatization of  a commonly 
used paradigm of  a light regime reversal after a transfer from the 
breeder to the research facility. Where others have studied the 
adaptation process solely after transfer,2,31,33 we aimed to extend the 
results we found previously on transfer stress and acclimatization, 
performing in the current study an extended replication,27 adding 
the factor ‘reversal of  light regime’, by using physiological and 
behavioural parameters to measure stress and acclimatization in 
Wistar rats before and after transfer. 

It is important to notice that we tried to stay as close to the daily 
practice as possible, even when that restricted our parameters. 
Without increasing the handling moments, we measured parameters 
representing the status of  the animals, such as body weight, 
corticosterone levels and behaviour.
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Animals, Material and Methods

This experiment was approved by the Animal Experiments 
Committee of  the Academic Biomedical Centre, Utrecht, The 
Netherlands (DEC-DGK 2011.I.06.057).

In this study we used 96 (48 males and 48 females) Wistar Unilever 
rats (HsdCpb:WU) (Envigo RMS BV., Horst, the Netherlands). 
Animals were bred and weaned in the breeding unit of  Envigo 
RMS BV., Horst, The Netherlands. After weaning at three weeks 
of  age, all animals were housed in the animal room at the surgical 
unit adjacent to the breeding unit of  Envigo RMS BV., Horst, The 
Netherlands. 

Rats were housed in groups of  three in clear type IV Makrolon 
cages (floor area 1815 cm2) (Tecniplast, S.p.A., Buguggiate, Italy) 
with bedding (Abedd LTE E-001, Indulab Switzerland), a clear red 
polyethylene tube, and tissues. The rats had free access to processed 
water (acidified (pH 5.8-6.4), chlorinated (6-8 ppm), softened and 
filtered (0.02 microns)) and food (Harlan Teklad 2018S, irradiated 
Global 18% protein rodent diet, Harlan, Madison, USA). The 
animals were housed in a temperature and humidity controlled 
vivarium with relative ambient temperature (T

a
) of  19.3-22.5ºC and 

a relative humidity of  58.5-67.1%. Light regime at the breeding 
facility was maintained at 12 hours light on and 12 hours red light 
with a switch at 6.00 am from red to white and 18.00 pm from white 
to red. Group compositions of  the rats remained consistent during 
housing and during and after transfer. Each animal was tail marked 
for individual identification using a non-toxic marker, which was 
repeated after weighing if  necessary. 

The data was collected in two batches during which the animals 
were studied for five weeks, one week before transfer and four weeks 
following transfer, starting when the animals were eight weeks. 
Collection of  body weight data of  the animals started when the 
animals were 6 weeks of  age. The first batch contained male rats  
(n = 16 cages of  three rats), the second batch contained females  
(n = 16 cages of  three rats), which were sequentially tested with 
identical protocols. 
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Baseline measurements were collected at the breeding facility after 
which animals were transferred to one of  the animal units of  the 
Amsterdam Animal Research Center (AARC) Free University, 
Amsterdam, the Netherlands, where the post transfer measurements 
of  the experiment were performed. 

Transfer
At nine weeks of  age, all rats were packed with their cage mates in 
transportation boxes (62x44x15 cm), supplied with bedding, food 
pellets and a water source (HydroGel, Clear H2O, Portland, USA).

In 11 boxes a temperature logger (Keytag KTL 108, Askey 
Dataloggers B.V., Leiderdorp, the Netherlands) protected by wire 
mesh was attached to the inside of  the lid. Directly after packing 
transportation boxes were moved to a temperature controlled 
holding area at the breeding site (1.7h, T

a
 22-25°C). At the end of  

the afternoon, approximately five hours after packing, rats were 
transferred for approximately 30 minutes by climate controlled  
truck to a climate controlled logistic centre (Boxmeer, the 
Netherlands) where the rats stayed overnight (for 13h, T

a
 17°C) 

until transfer early the next morning. Transfer from the Harlan 
logistic centre to AARC Amsterdam lasted approximately six  
hours in a climate controlled van preset at 17°C. In the new animal 
facility rats were  exposed to unfamiliar care takers, sounds, new 
cages and a humidity that was on average 10% higher. Water, food 
and cage enrichment were equal to control situation at the breeder 
site.

The animals were transferred according to Envigo RMS BV.’ 
protocols. After transfer the animals were housed in the AARC, Free 
University in Amsterdam, where the post-transfer measurements of  
the experiment were performed. 

Directly after transfer, eight boxes were assigned to either the 
control group (CON) or the reversal group (REV), according to 
a randomized schedule. Light conditions for CON animals were 
identical to before transfer circumstances (i.e. white light 6 am – 6 
pm, red light 6 pm – 6 am). REV animals were housed in a reversed 
light regime (i.e. red light 6 am – 6 pm, white light 6 pm – 6 am) 
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after transfer. All other housing conditions (temperature, water, 
feed) were comparable to conditions before transfer.

Behavioural observations
Video recordings were made from Monday - Friday during the 
baseline week and four weeks post transfer. All recordings were 
made in the animals’ home cage during the hour around light switch 
white to red light (between half  hour before – half  hour after switch) 
and between 2 – 3 hours after white lights were switched off.

In total eight tube cameras were used for collecting behavioural data. 
One tube camera recorded two cages at the same time. Images of  
the tube cameras were converted with two 4-channel-quads (Sanyo 
VQM-801P and EQM100 mono quad) and recordings saved on 
DVD-R’s using a DVD-recorder (Panasonic DMR-EH63EC-K). 

Since the light-dark switch itself  was found to have a large impact 
on the behaviour of  the rats (the transition from light to dark creates 
such a big impulse that the animals almost immediately become 
active all at once,9,23 it was decided to score behaviour from the 
recordings after two hours of  lights off, thus 8:00 pm – 9:00 pm in 
baseline and control groups and 8:00 am – 9:00 am in the reversal 
groups. Recorded observations were randomized and scored blind 
by a trained person. The individual animals’ behaviour of  all three 
animals was scored every 10 seconds during two 5-minute intervals 
(29 observations per interval), the first starting at 05:00 after the 
beginning of  the recording (8.05 am/pm), and the second starting 
at 50:00 after the beginning of  the recording (8.50 am/pm), using 
The Observer 5.0 software (Noldus, Wageningen, the Netherlands). 

Behavioural parameters which were scored: self-grooming, eating/
drinking, resting, social exploration/social grooming, playing/
fighting, all other behaviours (active) and not visible, as was defined 
in the behavioural ethogram used previously by Arts et al. (2012), 
Appendix I.3

Plasma corticosterone
Blood was collected weekly by tail incision (approximately 200µl/
sample) a week before, directly after and weekly after transfer (five 
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times total), between 3 and 4 hours after lights were switched on.14 
During the baseline week, samples were taken between 9 - 10 am. 
Post transfer blood samples from the CON animals were taken at 9 
am, blood samples from the REV

 
animals were taken from 9 pm, 

3 hours after the white light went on. Samples were collected in a 
separate room, according to a randomized schedule. The samples 
used for corticosterone (CORT) were taken within 2 minutes from 
retrieving the cage from the rack. After collection, the samples were 
directly put on ice until all samples had been collected, after which 
blood samples were centrifuged (14000 rpm for 10 minutes at 4°C) 
within the hour. Plasma was pipetted into 1,5 ml Eppendorf  tubes and 
stored at -18°C until analysis. Analysis of  the plasma was performed 
by using a CORT enzyme immunoassay (ELISA) kit (DetectX®, 
Arbor Assays, Michigan, USA, cat. no. K014-H5). Samples were 
analyzed in duplicate. Plates were read at 450 nm (Beckman Coulter 
DTX 880, software Anthos Multimode Detectors version 2.0.0.13).

Body Weight
Body weight was monitored for all animals from six weeks after 
birth until the end of  the experiment. Body weight was measured 
three times a week in the male batch. After evaluation of  the male 
batch it was decided that weighing two times a week in the female 
batch would be sufficient. In the week of  transfer, body weight was 
monitored every day in both batches.

Statistical Analysis
In the present study the cage was the experimental and therefore 
statistical unit.10 If  applicable, parameters were averaged per cage. 

Physiological parameters
Body weight measurements and CORT levels were analysed using a 
Restricted Maximum Likelihood (REML) approach using a linear 
mixed model in GenStat.15 This model accounts for dependent 
measurements (repeated measurements per animal/cage).

For analysis of  body weight measurements the following model was 
used:
Yghijk= µ + SEXg*DAYSFROMTRANSPORTh* TREATMENTi  + 
CAGEj + RATk + errorghijk
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Yghij represents the body weight (grams) for rat k with sex g in cage 
j of  treatment group i at h days from transport. Combinations of  
cage (1-16) and animal (1-3) made up the random component of  
the statistical model, and sex (m, f),  days from transport (-20,-15…, 
20, 25),  treatment(CON, REV) and interactions between these were 
included as fixed effects.

In total 2016 body weight measurements were taken and analyzed.

For analysis of  CORT levels the following model was used:
Yghijk= µ + SEXg*WEEKh*TREATMENTi + CAGEj + RATk + 
errorghijk

Yghij represents the CORT levels (ng/ml) for cage j with rat k with 
sex g in week h with treatment j. Combinations of  cage (1-16) and 
animal (1-3) made up the random component of  the statistical model, 
and sex (m, f), week (-1-3), treatment (CON, REV) and interactions 
between these were included as fixed effects.

In total 320 CORT samples were collected and analysed.

Results are presented as predicted means by the statistical model 
±SE, unless stated otherwise. Significant effects were further 
compared using a Student’s t-test, using a Dunn-Šidák corrections 
for multiple comparisons where applicable (α = 1 – [1 – 0.05]1/λ; λ = 
number of  comparisons).20

Behavioural observations
Analyses of  variance were carried out on the daily averages per cage 
data (87 scored behaviours per day).  The factors in the analyses 
were group, time, sex and their interactions.  Cage was included as 
a blocking factor since the same cages (and animals) were assessed 
during each week. There was no evidence of  a significant difference 
between the groups or of  an overall difference between the times 
for the category ‘not visible’. Therefore this category was left out of  
further analysis.

Where there was evidence of  an interaction with Treatment (F-test; 
p<0.05), analyses of  variance were performed for each sex and/or time 
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separately.  Further comparisons were made between the relevant means 
as necessary using Student’s t-test based on the error mean square from the 
analysis of  variance.  For both Time and the Group by Time interaction, 
further comparisons between Week -1 and the other time points were 
always presented in the results tables and only discussed in the results 
section when the main effect or interaction term was significant.

Results

Body weight (BW)
BW measurements showed that the overall mean of  BW of  the 
males was 187±6 grams at the start of  the study (6 weeks of  age) 
and 395±14 grams at the end of  the study (12 weeks of  age) (Figure 
1). BW of  female rats was 146±8 grams at the start of  the study and 
229±12 grams at the end of  the study. On average, transfer decreased 
BW of  rats by 3.0% in males and 3.2% in females, as measured at 
unpacking directly after transport. BW increase resumed in all groups 
after one day. The linear model analysis of  body weight showed a 
sex effect (males > females, F

1,1958
=27254; p<0.001), a time effect 

(F
1,1958

=13717; p<0.001) and a sex x time interaction (F
1,1958

=2353; 

Body weight (gram ±SD) in male (diamond) and female (circle) Control (black 
symbols) and Reversal (white symbols) Wistar rats between 19 days before 
external transfer until 25 days after transfer

F
igure 1.
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p<0.001). No significant treatment effect in BW between the CON and 
REV group was found in either sex, but analysis did show a sex x time 
x treatment interaction (F

1,1958
=5.9; p<0.015), in which M CON show 

a lower BW after transfer than M REV of  approximately 9 grams.

Corticosterone (CORT)
The linear mixed model analysis showed evidence of  an effect of  
sex (males < females, F

1,281
=86.3; p<0.001) and treatment (control > 

reverse, F
1,120

=7.2; p=0.008) on plasma CORT levels. 

The linear mixed model analysis also showed evidence of  an 
interaction effect of  sex, time and treatment on plasma CORT levels 
(F

4,108
=3.15, p=0.015). Figure 2 displays male and female CORT 

levels during the experiment. Contrasts were checked only for 
significant differences between treatment groups, given a same sex 
and week of  experiment, but other striking differences were noted.

In the week of  transport both male groups showed visually, but not 
significantly increased CORT level, compared to baseline (p=0.066). 
In week 1 after transport male CORT in both CON

 
and REV group 

had returned to baseline levels, where they stayed during the 
remaining time of  the study. 

From the baseline week onwards females from both groups had 
substantially higher CORT levels than the males (F

1,28
=128, 

p≥0.001), only in the week of  transfer, this difference was not 
significant (p=0.247). 

Female groups did not have increased CORT levels in the week of  
transfer (p=0.806). Levels of  CORT in female CON rats increased in 
weeks 1, 2 and 3 after transfer over 200 ng/ml. Corticosterone levels 
in female REV rats increased in weeks 1 and 2 after transfer to over 
200 ng/ml and decreased the third week after transfer.  

Behaviour
Figure 3 shows an overview of  all observed behaviour in male and 
female, control and reversal Wistar (HsdCpb:WU) rats, divided over the 
different categories and experimental weeks. The Additional Table at 
the end shows information on averages and SD values per sex per group.
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Average plasma corticosterone levels (ng/ml +SD) of  control (CON) and 
reversed (REV) male (M) and female (F) rats pre and post transfer 
#: significant difference compared to baseline measurement week -1 (n=8 cages 
per group)

Observed behaviour in male and female, control and reversal Wistar rats, divided 
over the different categories and experimental weeks

F
igure 2. 

F
igure 3.
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Active Behaviour
The analysis showed evidence of  interactions between Group, 
Time and Sex (F

4,104 
= 5.99, p<0.001) and analyses of  variance were 

carried out for each time and sex separately (Figure 4). Males in 
the Control group showed significantly lower amounts of  Active 
behaviour than males in the reversal group during Weeks 1, 2 and 
3 (all CON<REV; p≤0.008). Females in the Control group showed 
significantly higher Active behaviour at baseline (week -1), but lower 
after transfer, compared to the females in the Reversal group (weeks 
1, 2 and 3) (week -1: CON>REV, week 1,2,3: CON<REV; p≤0.024). 
Analysis showed that in the Reversal groups, the female rats showed 
significantly higher Active behaviour than the males, during Weeks 
0 and 3 (F>M; p≤0.028).  Active behaviour was scored significantly 
more in  the baseline Week -1 compared to Week 0 after transfer 
for males in both groups and for females in the control group (both 
sexes week-1> week 0; p<0.001). The week after transfer (week 1), 
this difference no longer existed for the Male Reversal group, but 
was still significant in the Male Control group (week -1 > week 1; 
p<0.001) as well as in the Female Control group (CON: week -1> 
week 1) The Female Reversal group however scored significantly 
higher on Active behaviour one week after transfer (REV week 

Average daily scored behaviour (y/87) per experimental week in male and 
female, control and reversal rats *= significant difference between same sex 
treatment groups (CON vs REV), #= significant difference compared to baseline 
measurement week -1 (n=8 cages per group)

F
ig

ur
e 

4.
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-1 < week 1; p≤0.008).  These differences persisted in the female 
rats during the second week after transfer (Week 2) (CON: week 
-1> week 2, REV week -1 < week 2; p<0.001).  In the last week, 
both Male groups showed significantly less Active behaviour than 
baseline measurements (both week -1> week 3; p=0,01) For females 
this only showed in the control group (week -1> week 3; p≤0.010).

Resting
There was an interaction between Group and Time (F

4,104 
= 16.18, 

p<0.001). The Control groups showed significantly less Resting 
behaviour during the week following transfer (week 0) compared 
to the Reversal group, but significantly more during the weeks 
thereafter (week 0: CON<REV, week 1, 2, 3: CON>REV; p≤0.039). 
Both treatment groups showed significantly more resting behaviour 
in the week after transfer (Week 0) all: week -1< week 0; p<0.001).  
The Control groups remained showing higher Resting behaviour 
during the rest of  the observed time (week -1< week 1, 2,3; 
p<0.001). In week 2, the Reversal groups are scored significantly 
lower on Resting behaviour compared to baseline (p=0.046). There 
was no significant difference between the treatments at baseline 
(Week -1). After transfer (Week 0) Resting was significantly higher 
in the Reversal groups. In weeks 1,2 and 3 after transfer, the Reversal 
groups showed significantly less Resting behaviour (p≤ 0.034). There 
was no evidence of  a difference between the sexes.

Eating
Analysis showed an interaction between Group and Time (F

4,104 

= 3.76, p=0.008). There was no evidence of  a difference between  
the sexes. Both treatment groups showed significantly higher  
Eating behaviour after transfer, compared to baseline (all: week-
1 > week 0, 1, 2, 3; p≤0.017). Control groups of  both sexes were  
scored significantly higher on Eating behaviour than the Reversal 
groups the week after transfer (Week 0, both sexes CON>REV; 
p<0.001).

Self-grooming
There was evidence of  a significantly higher amount of  Self-
grooming scored in Control rats compared to the Reversal rats 
(CON>REV; F

1,28 
= 0.06, p=0.035) and of  an overall difference 
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between the times (F
4,104 

= 27.04, p=0.014). Further comparisons 
were made for each week compared to baseline Week -1; in Week 
3 significantly more Self-grooming behaviour was scored compared 
to baseline (week -1) (week -1 <week 3; p=0.008). There was no 
evidence of  a difference between the sexes.

Social
There was no evidence of  a significant difference between the 
treatment groups or of  an overall difference between the times.  
Female rats showed significantly more Social behaviour than male 
rats (F

1,28 
= 9.69, p=0.004).

Playing/fighting
Data showed interactions between Group and Time (F

4,104 
= 2.48, 

p=0.049) and between Time and Sex (F
4,104 

= 4.53, p=0.002) and 
analyses of  variance were carried out for each time and sex separately 
There was a significant difference between the sexes for the control 
group during baseline (week -1males < females, p=0.009) and for the 
reversal group during Week 0 (males < females p=0.032). Data showed 
a significant decrease between the Week -1 and Week 0 mean values 
for males in both groups (p≤0.001). There was a significant difference 
between the Week -1 and Week 1 mean values for males in both groups 
(p≤0.023). There was a significant difference between the Week -1 and 
Week 2 and 3 mean values for males in the control group (p≤0.034). 
Female rats in the reversal group showed a decrease trend compared to 
baseline week -1 on week 0 (p=0.054) and week 3 (p=0.050).

Discussion

A multitude of factors affects animals during inter and intra facility 
transfer. This study represent a much used paradigm of a inter facility 
transfer including a light regime reversal at arrival, using a frequently 
used outbred strain of  rats. The results largely reproduce previous 
findings and showed some surprising results concerning the effects 
of  light regime reversal.

As found in previous studies 3,4,5 , this study showed direct effects of  
transfer on body weight, corticosterone and behavioural parameters, 
in particular active, resting and eating behaviour. Differences found 
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in grooming, play and social behaviour do not seem to be biological 
relevant because of  the low frequencies in which they occur. 

Body weight and growth followed a pattern comparable to previous 
studies. Approximately 3% decrease during transfer seems to be a 
consistent value in WU rats in this set-up. Although not statistically 
significant, body weight of  male CON rats visually seems to stay a bit 
behind after transfer, compared to the REV rats. Even though CON 
animals show higher eating behaviour during the first observations 
after transfer. The REV group had more time in the dark period, 
and thus more awake time, between arrival and first observation to 
compensate and might be already satiated by the time of  the first 
observation.

The high CORT level in male CON group after transfer is mainly 
caused by 2 males in two cages having extremely high CORT levels. 
However, we also found animals having a very low CORT level. These 
individual extreme reaction show high variability between reactions 
of  animals within the same setting. Previous transfer studies also 
showed high variation in CORT.3,4,5,Chapter 5 Individual animals seem 
to react very different to a complex stressor like external transfer. 
The fact that we used an outbred strain might have added to that 
variability. In females it is known that CORT levels are affected by 
the estrous cycle, resulting in a higher variation.16,21

CORT levels are known to be influenced by the circadian rhythm for 
which the suprachiasmatic nucleus of  the hypothalamus is responsible. 
Neurons of  this nucleus show daily rhythms in firing rate. Basal levels 
of  glucocorticoids show a pronounced difference across the day, with 
a peak occurring just before the onset of  the activity phase of  the 
animal, i.e. in the early morning for diurnal and in the early evening 
for nocturnal species.10 CORT measurements in the current study 
were taken during the resting (light) phase, aiming for the stable low 
values in CORT during this period. Even though blood samples were 
taken within 2 minutes from retrieving the cage from the rack in a 
separate room, it is possible that a physiological reaction had initiated 
rise in CORT by cues outside the animal room (noise, scent).
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In both sexes and treatment groups, activity (‘active’) was decreased 
after transfer. Interestingly, both sexes showed a recovery in the REV 
group after 1 week and a continuing decreased activity in the CON 
group, even though in the females the CON baseline before transfer 
was higher than the REV group, making the effect even larger.
High resting behaviour was found directly after transfer, initially 
in both sexes and the REV group higher than in the CON group. 
Comparable to Active, the REV groups recover after approximately 
one week, while the CON do not. During transfer the animals were 
in a dark environment, which artificially elongates the dark period 
of  the day of  transfer with approximately 6 hours. The CON groups 
were subsequently housed under white light, giving them a short day 
or resting period of  6 hours, while the REV rats were housed under 
red light, extending their active period for another 6 hours. REV rats 
therefore had a continuous active phase for 24 hours and CON rats 
had a short resting phase of  6 hours. 

Playing/fighting was decreased in male rats after transfer for 1 week, 
but did not seem to be affected by treatment. However, no strong 
conclusions can be drawn from this effect due to the low frequencies 
observed for this behaviour.

Taking into account that acclimatization of  physiological 
parameters is not always aligned with behavioural parameters,3 
physiological parameters need some additional consideration. A 
previous study (Chapter 5) showed physiological parameters (Heart 
rate, Mean Arterial Pressure, Activity) needed respectively 9, 10 
and 8 days to stabilize and return to baseline levels after multiple 
procedures, including internal transfer followed by a light regime 
reversal. Campos et al found that physiological parameters (Heart 
rate, Systolic Blood Pressure, Activity) in SD rats needed 7 days 
stabilization after a 12 h shift. Van der Buuse et al found 4 or 5 day 
stabilization period for Blood Pressure and Activity or Heart Rate 
after a 6 hour forward shift.32
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Conclusion

This study does not shift perspectives regarding acclimatization time 
needed after inter facility transfer of  laboratory rodents. However, it 
does shed some more light on the effects of  light regime reversal after 
transfer: We expected a light regime reversal to have an additional 
impact on the animals regarding acclimatization after transfer, but 
the results of  the behavioural observations show that animals of  
which light regime was reversed upon arrival, acclimatize quicker 
than non-reversed control animals. Taking previous studies into 
account, we advise an acclimatization period of  2 weeks in males 
and female rats, regardless of  whether a light regime reversal has 
been applied. 
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Weekly averages of  scored behaviour per sex per group

  Male

week Treatment Active
Auto-

grooming
Resting Eating Playing Social

  Mean Sd Mean Sd Mean Sd Mean Sd Mean Sd Mean Sd

-1
Control 41,03 10,37 21,02 6,68 15,03 8,48 12,17 6,60 1,23 0,99 9,49 3,89

Reversal 38,18 6,76 20,79 2,81 15,58 8,75 15,06 3,91 2,47 1,59 7,89 4,97

0
Control 20,07 8,36 28,28 7,75 37,05 13,71 8,73 5,71 0,95 0,87 4,89 1,72

Reversal 16,86 9,30 18,30 12,11 61,77 18,73 1,17 1,02 1,19 1,16 0,69 4,37

1
Control 23,71 9,54 28,44 7,35 29,80 4,73 8,23 2,89 1,67 1,21 8,13 3,53

Reversal 39,20 5,91 23,46 5,51 17,45 9,48 12,07 4,57 2,36 1,19 5,43 5,02

2
Control 28,29 8,18 27,27 5,77 29,42 9,05 6,43 2,78 2,33 2,56 6,24 5,09

Reversal 39,28 4,11 24,66 5,30 12,16 3,97 10,86 5,76 4,36 2,81 8,65 1,49

3
Control 23,19 5,24 31,88 9,45 31,93 13,13 5,57 5,00 3,78 4,15 3,62 6,93

Reversal 28,84 7,02 26,96 7,11 27,33 8,35 7,32 3,93 2,29 1,24 7,24 5,39

  Female

week Treatment Active
Auto-

grooming
Resting Eating Playing Social

  Mean Sd Mean Sd Mean Sd Mean Sd Mean Sd Mean Sd

-1
Control 37,19 7,05 22,68 5,52 17,7 5,61 14,98 5,81 2,79 2,4 4,63 2,12

Reversal 30,81 4,25 24,16 4,66 21,04 13,12 11,16 7,65 5,29 3,52 7,51 4,92

0
Control 19,78 9,84 27,64 6,39 37,03 19,01 6,32 4,69 3,37 4,02 5,83 5,15

Reversal 24,38 6,99 21,28 7,48 44,78 15,95 2,78 4,02 2,1 2,2 4,65 5,56

1
Control 27,1 5,87 24,47 5,69 34,4 12,68 7,82 3,79 3,34 2,66 2,85 2,06

Reversal 37,44 10,28 24,93 5,07 20,64 9,91 5,81 3,6 5,97 4,21 5,18 4,29

2
Control 19,96 6,43 22,2 9,12 42,86 13,84 6,63 4,31 4,91 3,48 3,4 2,2

Reversal 42,95 6,43 23,1 6,67 15,76 9,24 7,37 4,29 5,02 5,15 5,77 2,72

3
Control 21,35 7,29 31,47 10,57 37,6 11,75 4,36 3,93 3,38 3,29 1,81 1,58

Reversal 34,23 3,15 25,72 5,72 25,17 5,57 6,02 4,03 4,21 3,7 5,34 4,7
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General Discussion
Transfer of  small laboratory animals between facilities includes 
a variety of  factors. This multitude of  factors makes it difficult 
to standardize the transfer process and, thus, possible effects on 
transferred batches of  animals may vary considerably. In this sense, 
it is not surprising that the results of  the different studies in this 
project did not exactly reproduce each other. Nevertheless, we 
consistently found long-lasting changes at the physiological and 
behavioural level in Wistar rats. Moreover, the results revealed some 
marked differences in transfer effects between male and female 
rats and some surprising results in response to the combination of  
transfer and reversal of  light regime.

Stress is a part of  life and is not inherently bad. Where experiencing 
severe stress can be harmful for both humans and animals, all life forms 
have evolved mechanisms generally to cope with stressful situations 
in their lives. When an animal is confronted with environmental 
challenges it reacts with behavioural and physiological feedback 
mechanisms to maintain constant internal characteristics of  the 
body, a mechanism, which is called homeostasis.39,53 Homeostasis 
implies that the controlled physiological variables are kept at their 
‘set point’. This definition refers in a general way to the balanced 
interaction that exists between the animal and its surroundings. 
If  we consider such a balance a status of  welfare, the definition 
of  homeostasis implicitly suggests that without environmental 
challenges animal welfare would be guaranteed. However, absence 
of  environmental stimulation or hypostimulation is known to 
cause boredom and thereby also will impair animal welfare.79 
Further, as stated above, animals have been evolved to cope with 
distinct challenges. Therefore, the mechanisms of  allostasis has 
been introduced to describe a more dynamic interaction between 
an animal and its changing environment: Allostasis, maintaining 
stability through change, involves mechanisms that change the 
controlled physiological variable by predicting what level will be 
needed to meet anticipated demand.39,53 As Moberg states: “Our 
challenge is to differentiate between the little non-threatening stresses of  
life and those stresses that adversely affect an animal’s welfare.”, with 
“stress” being defined as: “the biological response elicited when an 
individual perceives a threat to its homeostasis”.54 
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One stress characteristic that has been reported likely to induce a 
welfare-impairing stress effect is the predictability of  a stressor, with 
the absence of  predictability being known to have a pronounced 
effect on the behavioural and physiological effects of  stress in 
e.g. rats.4,16,37,56 Transfer procedures, notably, represent a sequence 
of  highly unpredictable stressors at different levels of  severity for 
the animal, which results in various stress responses, that may be 
assumed negatively to affect the animal’s welfare if  allostasis is 
not allowed to take place. This thesis shows that after transfer of  
laboratory rats processes of  allostasis indeed take place as reflected 
by changes and re-stabilisation of  behaviour and physiology over 
time. While some parameters measured here show a faster process 
of  allostasis than others, researchers should realize that it is the 
whole animal that should be allowed to acclimatize to changed 
environmental conditions, before exposing the animal to another 
challenge such as an experiment. Therefore, the longest lasting time 
period of  acclimatization known should be leading for the definition 
of  best practice protocols for acclimatization after transfer.

Indicators for the Assessment of the Acclimatization 
Period Needed
Body weight (BW)
BW showed very consistent results across the studies. During 
transfer BW decreased with 1-5% in male rats and 2-4% in female 
rats. This is in line with results of  Lee et al. who found a BW change 
of  -3.7% (varying between +0.9 and -6.1) in rats transferred by truck. 
The same study measured BW in mice, reporting +0.6g increase 
in outbred ICR mice and -4.7 decrease in inbred C57BL/6 mice, 
indicating that inbred strains might be more affected by transfer 
then outbred strains.46 Stemkens et al. (2009) found that the BW 
of  guinea pigs is affected more (approximately -8%), demonstrating 
the versatility of  effects between species.68 The acute effects on BW 
seem to be directly related to decreased food and water intake, as 
shown in Chapter 4 (Figure 1 and Table 1). As rats eat and drink 
less during transfer they are prone to losing weight. Observation 
of  the transportation boxes after transfer showed that faecal pellets 
produced during transfer were large and moist, compared to regular 
pellets. Increased defecation is a known side-effect of  stress, leading 
to acute BW loss.35 BW might give an indication of  the level of  
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acute effect of  transfer on the animals. However, BW  seems to be 
independent of  acclimatization as indicated by the lack of  correlation 
with stabilization of  other parameters and is therefore not a reliable 
parameter for acclimatization.

Plasma Corticosterone (CORT)
CORT levels are considered an indicator for the level of  stress an 
animal experiences. Short-term (acute) increase in blood plasma 
corticosteroids as such is indicative of  an adaptive stress response, 
and thus should not necessarily be considered as negative. However, 
if  levels are raised chronically, this is of  concern as it impacts 
on normal functioning.4 Overall, the studies in this thesis found 
increased CORT levels after transfer, indicating that transfer is a 
stressful event for the animals. There were inter-study differences in 
onset of  the increase. Some of  our studies showed acute effects at 
arrival (male rats Chapter 6 fig 2), others showed a delayed increase 
(male rats chapter 3 fig 2b; female rats Chapter 3 fig 2a, Chapter 6 fig 
2). The females showed consistent acute decreased CORT levels at 
arrival, followed by a continued increase during the acclimatization 
period, regardless of  the duration of  acclimatization. Acute 
decreased CORT levels in female rats have been found not only 
in this project, but also by others.75 Fasting during transfer may 
interfere with acute corticosterone responses in rats, as others found 
a decreased CORT response to a novel environment after 24h fasting 
in rats.15 In Chapter 3 where a 7 week acclimatization period was 
applied, CORT levels in female rats visually seem to stabilize at 5 
weeks after transfer, although high variability of  the data makes it 
hard to prove this statistically. Male rats showed either an acute or a 
delayed increase in CORT level, which stabilized at before-transfer 
levels in most studies 1-3 weeks after transfer. 

CORT levels of  female rats were overall higher as compared to 
male rats. It is known that the Hypothalamic Pituitary Adrenal-axis 
activity is sex-dependent, resulting in higher baseline CORT levels 

and a more pronounced increase in CORT levels after exposure to 
a stressor in female rats.22,50 Further, rats used in these studies were 
adolescent, implying the development of  the estrus cycle in females, 
which also is known to increase CORT levels.2,20,80 Given the fact 
that the studies should mimic daily practice, this limiting factor 
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prevented the additional handling for ostrus identification in the 
female rats, which the data could have been corrected for.

All studies in this thesis showed (very) high inter-individual variability 
in CORT levels. Individual animals seem to react very differently to 
a stressor such as (external) transfer, which makes CORT a difficult 
parameter to interpret.54 Also, small adjustments in procedures, like 
providing a reward after blood sampling or replacing a technician 
(Chapter 4), seem to have increasing effects on level and variability 
of  CORT. Controlling or standardizing all procedures might lead 
to reduced variability and might thus be advisable. However, 
standardization of  the test situation would not guarantee identical 
results either. Even though standardization might be desirable, it is 
found to be merely impossible to do so.13,77

Besides stress, there are many factors influencing blood 
corticosterone levels, such as diurnal and ultradian rhythm, and, in 
females, and estrus cycle.47,64 Lightman (2008) found for example 
that after each pulse of  secretion there is a period of  inhibition during 
which the HPA axis is insensitive to activation by a mild stressor.47 
Corticosterone levels on their turn influence a multitude of  other 
parameters, like physiology (heart rate, blood pressure), metabolism 
and immunology.14

Increased CORT levels provide an indicator of  ongoing 
acclimatization in male rats. However, low levels do not always seem 
to correlate with stabilization in other (physiological) parameters. In 
female rats this parameter might be useful if  corrected for estrus. 
Non-invasive methods like fecal corticosterone measurements can 
be a useful refinement to explore.14 

Heart rate (HR) and Mean Arterial Pressure (MAP)
In Chapter 2, 3 and 5 radiotelemetry was used to obtain physiological 
(and partly behavioural) data. Conventional measurements 
of  physiological parameters often include potentially stressful 
procedures like handling, immobilizing or anaesthesia, which may 
themselves have effects on the animals.6,28,43,66,76 Radiotelemetry 
provides a method to obtain accurate and reliable physiological 
measurements from conscious, freely moving animals 41,65 over a 
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longer period of  time24,40,42,73 and can thus be used to obtain non-
confounded data on physiological changes in laboratory rats due to 
transportation.11 If  regular housing procedures, like cage change, 
induce significant physiological responses, a long-term acute 
stressor like transfer is likely to do the same and more. Sharp et al. 
(2002) concluded that after cage change alone, a procedure of  a few 
minutes, male rats needed at least 2 hours acclimatization before 
obtaining reliable results, based on HR and MAP.66

In Chapter 2 (Figure 2), (male) rats showed, after an initial acute 
decrease during transfer, allostatic acclimatization of  HR and MAP 
within the first week after transfer. Bradycardia has been reported in 
several studies concerning transportation. Stemkens et al.68 found a 
decreased HR in guinea pigs after transportation and Capdevila et 
al.11 found this effect in rats, which the authors explained as an effect 
of  stress. Similar findings have been reported in rats after exposure 
to an emotional stressor (footshock and social defeat)38,57,63 and after 
exposure to a mild stressor.9 The effects of  transfer on HR found in 
Chapter 3 (Figure 3a and 3b) seem to indicate that female rats may have 
a different physiological response to transfer than males. The lapse of  
HR after transfer indicates allostatic stabilization in approximately 
1 week in males and in just over 2 weeks in females. Taking into 
account that the studies were performed at an adolescent age at 
which the animals are still physically developing, the observed lack 
of  stable baselines as observed in almost all physiological parameters 
is difficult to interpret. However, transferring experimental animals 
at this age is daily practice and, in consequence, is the difficulty of  
determining a definite acclimatization period. 

HR and MAP as measured by radiotelemetry are reliable and 
possibly the to be preferred indicators of  acclimatization, but have a 
high impact on the animal because of  the required surgery.

Behaviour
Home cage behavioural observations were performed in Chapter 2, 4 
and 6. Data were collected by scoring live animals after cage change 
during the light period (Chapter 2 and 4) or scoring video during 
the dark period (Chapter 6). By cleaning the cages directly before 
observations (Chapter 2 and 4), rats were well awake and triggered 
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to perform behaviour in this semi-novel environment18, and might be 
more comparable to studies performing behavioural tests during the 
light phase, while observations during the dark period (Chapter 6) 
give a view on non-triggered, natural occurring behaviour during the 
active phase of  the rats.

Observed behaviour was scored according to the ethogram in 
Appendix I. Subsequently, the data were pooled into behavioural 
categories: Locomotor Activity, Social Interaction and Grooming. 
In some cases specific non-pooled data were used if  details could 
elaborate on the findings. The different studies did not always find 
consistent results over the parameters, which is not surprising, 
because the experimental design of  the different studies was not 
identical. Nevertheless observations of  home cage behavior resulted 
in some interesting findings:

Transfer significantly decreased locomotor activity in the male rats, 
as shown in Chapter 2. Chapter 4 did not reveal an acute effect 
of  transfer, whereas Chapter 6 (Figure 4) showed a considerable 
inhibition of  locomotor activity for several weeks. This last result 
is comparable with a study by Gorka et al., who found decreased 
locomotor behaviour in the home cage after a chronic mild stress 
paradigm.23 No other studies were found to assess the stress response 
of  rats in their home cage.

While locomotor activity does not show consistent effects of  transfer, 
it should be noted that this parameter never remains unaffected 
either. However, locomotor activity alone cannot be advised to be 
used as indicator for an acclimatization period needed.

In Chapter 2 and 4, reduced social behaviour was observed in the 
home cage. Both genders revealed either significant reduction of  
social behaviour, or a trend towards reduction for one week. Chapter 
6 found no overall decreased social behaviour, but did find a specific 
reduced play-fight behaviour for one week in male rats, although 
frequencies were low. Social behaviour and play are considered 
positive indicators of  welfare, which is absent in stressful situations.59 
The reduction in these behaviours may thus indicate that welfare 
in these animals during acclimation cannot be considered positive. 
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Again, social behaviour alone cannot be recommended for use as 
indicator for the acclimatization period the animals may need after 
transfer. 

Maintenance or self-grooming, a common nurturing behaviour in 
rodents, usually occurs in a state of  low arousal. Self-grooming 
behaviour also often occurs in response to (mild) stressors and 
is considered as a behavioural marker for stress and has been 
shown to be highly sensitive to experimental factors.32,33,36 Stress-
induced grooming is often described as “displacement activity”.74 

Short-lasting stress-exposure can induce long-lasting changes in 
grooming behaviour in experimental animals. In rodents, grooming 
is considered to play an important role in behavioural adaptation 
to stress, including stress-coping and de-arousal.31 Different types 
of  (husbandry related) stressors (e.g. handling, restraint, novelty) 
change the amount and time course of  grooming. In Chapter 2, 
transported rats showed an increased frequency, but not duration, 
of  self-grooming behaviour directly after transportation. After one 
week, grooming frequency levels in this study returned to before-
transportation baseline. In Chapter 4 grooming was significantly 
increased in the female rats directly after transfer and revealed a 
trend to be increased in week 1 and 2 after transfer. Rodent grooming 
is an intricately patterned behaviour, which generally proceeds in a 
cephalo-caudal (head to tail) direction. This pattern can be disrupted 
by both acute and chronic stress17 and is sensitive to different levels 
of  stress.31 High or low levels of  stress, respectively, have a divergent 
effect on the grooming microstructure, in which high stress levels 
show an increase in interruptions and incorrect transitions in the 
cephalo-caudal sequence. The increased rostral grooming (nose and 
head wash) found in Chapter 2 indicates the possible elevated stress 
levels in the transferred animals. 

Although self-grooming is a useful indicator of  the animal’s response 
to stress after transfer, it should not be considered a reliable indicator 
of  acclimatization.
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Enviromental Factors that can be controlled for 
Temperature
Many factors during transfer cannot be controlled for during transfer, 
like duration or distance. Temperature, however, is a factor that can 
largely be manipulated during the transfer procedure. It is therefore 
not surprising that breeders, transport companies and laboratory 
animal facilities are interested in this factor, as demonstrated by 
the multiple requests for temperature measurements during transfer 
(Appendix II, III and IV). In most studies, temperature during 
transfer was registered in- and outside the transportation boxes. These 
temperature data consistently show highly variable temperatures, 
with steep rises and falls of  multiple degrees Celsius in short periods 
of  time. In Chapter 4 a strong correlation was found between the 
core body temperature of  the animals and the ambient temperature. 
Appendix II shows that temperatures inside the transportation boxes 
are 4-5° Celsius higher than environmental temperatures. Keeping 
temperatures stable at animal level (thus, inside the transportation 
boxes) will presumably alleviate the perceived stress of  the transfer 
for the animals. This can be achieved by setting temperatures for 
areas containing animals in transportation boxes to 17° Celsius, as 
most laboratory rodents are housed at 22° Celsius as advised by the 
Guide for the Care and Use of  Laboratory Animals.27 

Internal transfer 
Internal transfer in Chapter 3 was performed 7 weeks after external 
transfer, by moving the complete cages per cart to a different room 
in the same building and department, a procedure of  approximately 
35 minutes. In Chapter 5, the animals had been moved to a different 
building, by packing them in transportation boxes and driving 
them by car (a few minutes) to the new location. Both procedures 
again showed significant effects on several animal parameters. Even 
though the two procedures were both relatively short in duration, 
remarkable differences were found regarding their effects. While 
moving the cage to a new room affected ACT and HR for 2 days, 
internal transfer of  the rats per transportation box to a new building 
affected ACT, HR and MAP considerably longer, that is for at 
least 8 days. Although Tabata et al. (1998) found an effect of  cage 
transportation on glucose levels in mice, no effect was found in 
rats.69 Dahlin et al. (2009) neither found an effect of  internal transfer 
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on excretion of  faecal corticosterone metabolites in rats.14 Moura et 
al. however, found a disturbing effect of  internal transfer on social 
recognition memory.55

Internal transport should not be considered a minor disturbance of  
the animals, but should rather be treated as seriously as external 
transfer.

Light regime reversal
To investigate if  the combination of  transfer and reversal of  the 
light regime might require an adjustment in the currently practiced 
acclimatization periods, Chapter 5 and 6 studied the effects of  
light regime reversal on physiological and behavioural parameters. 
Chapter 5 found that physiological parameters (HR, MAP, ACT) 
needed 9, 10 and 8 days, respectively, to stabilize and re-establish 
(new) baseline levels after multiple procedures, including internal 
transfer followed by a light regime reversal. These findings contrast 
e.g. Campos et al. (2006)10 who reported that HR, Systolic Blood 
Pressure, and ACT in Sprague Dawley rats needed 6-7 days 
stabilization after a 12 hour shift, while they are in line with Van 
den Buuse et al. (1999)72 who reported 4 days of  habituation for 
ACT and BP and 5 days for HR in male Sprague-Dawley rats after a 
6 hour shift. Such differences between studies may however be due 
to variations in housing (group housing vs individual) conditions, 
protocols of  time shifting or other aspects of  handling and transport.

Chapter 6 represents a more common situation in which male and 
female rats are transferred and at arrival are housed on a reversed 
light regime. This study showed that the behaviour of  animals in 
the control groups (no light regime reversal) recovered more slowly 
than the behaviour of  the animals in the reversed groups. Control 
rats also showed higher amounts of  self-grooming, possibly as a 
result of  increased stress levels. Altogether it took the rats two weeks 
to recover from transfer and light regime reversal, comparable to 
studies that included transfer only.

Somewhat in contrast to our expectation, combining transfer and 
light regime reversal did not appear to result in a need for longer 
acclimatization than transfer without reversal of  light regime.
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Results in Daily Practise: the Black Box
Laboratory rodents are packed in transportation boxes at the 
breeding site and are unpacked at the research facility and what 
happens in between is (mainly) guesswork, a so-called “black box”. 
Many parameters, like stress hormones, HR, BP and behaviour are 
impossible to measure during transfer, but the effects show that the 
impact of  this procedure as a whole on laboratory rats is substantial. 

Overall, the results show that transferring rats from a breeder to a 
research facility significantly affects their physiology and behaviour. 
Some parameters seem to stabilize at a level different from initial 
baseline, which indicates allostasis rather than homeostasis. After 
two weeks, parameters that stabilize, have reached their (new) 
baseline level. Not all parameters do stabilize within two weeks. In 
CORT we have found highly fluctuating and continuously increasing 
levels in female rats. Therefore we cannot consider CORT a reliable 
indicator for acclimatization in adolescent female rats. Although 
affected by transfer, locomotor activity shows inconsistent durations 
of  effect. Longer acclimatization possibly leads to stabilization of  
locomotor activity, which should be investigated further. Therefore 
we advise at least two weeks of  acclimatization.

Although many different acclimatization periods have been found in 
previous studies, the majority of  research facilities practice one week 
of  acclimatization after external transfer. Results from this thesis 
show that this should be increased to (at least) two weeks, assuming 
one should use the longest lasting (allostatic) stabilization known.

As Prager et al. stated in their review, too little information on 
transportation (-duration) and acclimatization is mentioned 
in published reports.60 While the ARRIVE guidelines34 do not 
specifically mention transport, it would be advisable to include 
details on transfer (vehicle, duration) and acclimatization period in 
publications on animal experiments, so that informed comparisons 
of  experimental results can be made across different laboratories.

As shown in Appendices II, III and IV, users of  laboratory rodents are 
becoming more interested in the process and the effects of  transfer. 
More frequently, collaborative studies are performed between the 
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commercial breeder and the destination (research) facility to gain 
insight in specific transfer routes. Studies on temperature and body 
weight have little impact on the animals, but can give valuable 
information on transfer and thus on the required acclimatization 
period. Transfers with temperature extremes and high body weight 
losses might require extended acclimatization periods.

From the studies in this thesis, some practical advises can be given:
acclimatization of  male and female rats should be two weeks; 
although some parameters seem to stabilize faster, it is the whole 
animal that should be allowed to acclimatize, not only one distinct 
parameter;

• acclimatization is also needed after internal transfer; 
• strain and age at transfer of  the animals should be taken into 

account, since factors such as adolescence and inbred strain might 
demand an adjustment of  the acclimatization period;

• appropriate acclimatization periods for a specific combination 
of  animal (species, strain, age) – parameter – transfer procedure 
(vehicle, duration, distance) need to be acquired;

• environmental temperatures for transportation boxes containing 
rats should be 5 °Celsius lower (=17 °C) than housing temperatures 
(=22 °C).

Critical Remarks on the Animal Model
The model used in these studies was the outbred strain Wistar 
Unilever (HsdCpb:WU). To mimic daily practice, studies were 
performed with adolescent animals of  both sexes in one of  the most 
frequently used rat strains. Usually rats are shipped from breeder to 
research facility between five and eight weeks of  age. The Wistar 
rat is known as a docile, easy to handle strain, suitable for general 
studies, mimicking the outbred human population. Although the 
Wistar rat is commonly used as an animal model, a single species 
and strain cannot represent (or model) the variety of  rodent species 
and strains available for biomedical research. 

Strain differences are known to exist in a multitude of  parameters. 
Jonasson (2005) found strain and species differences in a systematic 
review on sex differences in rodent models for learning and memory, 
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with in some behavioural paradigms contrasting sex effects between 
the species.30 Ramos et al. (1997) found large variation between six 
different rat strains in several behavioural paradigms testing anxiety.62 
They even found opposing strain specific differences between the 
sexes on several variables. Faraday et al. (2002) found sex and strain 
differences in responses to different behavioural paradigms after long 
term stress in rats.19 Windle et al. (1998) found strain differences 
in stress responsiveness, like duration of  corticosterone release and 
behavioural parameters.81 Certain inbred strains like the Brown 
Norway and the Spontaneous Hypertensive Rat are found to show 
higher anxiety related behaviour and might thus be more susceptible 
to stressors, while rat strains such as Lewis and Wistar are found 
to be less responsive in anxiety paradigms.62 Pritchet-Corning 
(2013) found that the two outbred stocks of  rats used in their study 
(Sprague Dawley and Wistar) were remarkably resistant to the effects 
of  transport stress as assessed by breeding performance.61 When 
extrapolating the results from this thesis to other strains, the advised 
acclimatization periods should be considered as a minimum, as the 
effects might presumably be larger in more sensitive (inbred) strains.

Moreover, the studies in this thesis used animals at an adolescent 
age. Adolescence represents a sensitive period of  brain development 
and exposure to stressors during this period can have long-lasting 
effects, e.g. on drug sensitivity, exploratory behaviour and avoidance 
learning.49,51 Although basal stress hormones do not change during 
puberty, the HPA axis response to acute stress is exaggerated in 
prepubertal animals, and there is a delayed return to basal values 
after stress exposure.29,49 Laroche et al. (2009) state that shipping 
during the adolescent period was found to cause a long-term 
suppression of  ovarian steroid-induced sexual behaviour in female 
mice. The effects of  shipping on female sexual behaviour were 
limited to the peripubertal/adolescent period and suggest that 
the peripubertal period is a critical period of  stress vulnerability.44 
McCormick et al. (2007) describe prolonged HPA axis activation in 
response to stressors during adolescence compared to adulthood.52 
If  animals are more susceptible to transfer stress during adolescence, 
acclimatization periods found in this thesis may be shortened for 
adult animals. More research on the effects of  age on shipping and 
acclimatization is needed. Given the evidence that exposure to 
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stress in adolescence may alter behavioural responses and cognitive 
performance in adulthood, it might be wise in certain (cognitive) 
research fields to reflect on shipping animals during adolescence.

In conclusion, while we are aware of  the limitations that result from 
using only rat strain in this project, we are convinced that these 
results are at least applicable to the thousands of  Wistar rats used 
each year in scientific research. Moreover, taking into account the 
arguments mentioned above, the results in this thesis may also be 
extrapolated to some degree to other rat strains. And lastly, the 
results of  this thesis may help to specify research protocols for the 
evaluation of  acclimatization needs in other species.

Critical Remarks on the Method Used 
As stressed throughout this thesis, we considered it very important 
that the methods that were applied reflected daily practice, in order 
to make the results readily transferrable to the relevant research 
fields. Because of  practical issues, such as lack of  presence of  
a suitable area to perform aseptic surgery inside the breeding 
locations, in most of  our studies animals were not housed with 
regular stock animals, but were housed in the adjacent animal room 
of  the surgical unit. Even though all procedures and materials in 
housing, handling, caging, bedding and diet were identical, there 
were some minor differences in the overall protocol, such as the 
number of  caretakers and the total duration of  human activity 
(environmental disturbances) in the animal room during working 
hours. Only the study in Chapter 2 was completely performed from 
within the regular animal breeding rooms. Opinions on the effects 
of  caretaking procedures vary. Where Gärtner (1980)21 and Büttner 
(1979)8 mentioned decades ago that animals are affected very little 
by the presence of  caretakers, more recent studies show that animals 
are most certainly affected by their environment and husbandry 
procedures.3,5,12,66 In retrospection, the stress levels in animals from 
the barrier unit seem higher than those from the surgical unit. 
A pilot study with behavioural observations of  8 week old male 
Wistar rats from the regular breeding room in the barrier unit that 
showed higher stress related behaviour after arrival, reinforced this 
supposition (data not shown). If  the animals used in this thesis 
were less stressed than regular commercial animals at baseline, this 
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might have led to a underestimation of  the effect of  transportation 
on the research parameter.

A wide variety of  effects has been found in other commonly used 
laboratory species, like mice7,26,44,55,58,67,71, guinea pigs,68 rabbits48,70 
and deer mice25, on a multitude of  parameters. However, only one of  
these studies (Stemkens et al.)68 included all aspects of  transportation. 
Given the variability in stabilization times found between species, 
sex, age and research parameters, it is difficult to give a general 
advice on acclimatization, which would be valid for all species and 
parameters. The effects found in rats and the acclimatization periods 
advised as based on the studies in this thesis cannot be applied one-
to-one to all species. More research is needed to define reliable 
acclimatization periods in other species. In situations where specific 
research designs use large quantities of  animals (e.g. batch testing 
in pharmaceutical industry), it would be advisable to determine the 
acclimatization period specific for the used species, sex, age and 
research parameter.

In this thesis we have not included duration of  transportation as 
a factor in the studies. Others, however, have included this factor 
in their research set up, although with minimal emphasis.1,68,78 As 
many would hypothesize that transfer duration would correlate 
with the quantity of  stress, so far no study has concluded this. Both 
Wallace (mice, 1976)78 and Stemkens (guinea pigs, 2009)68 found 
that packing-only causes similar effects as transferring the animals. 
This is in line with the effects found in Chapter 2, where body weight 
gain and corticosterone levels of  packed-only rats where comparable 
to those of  rats that were actually transferred. An internal study by 
LeBlanc (2015) concluded that short and long transfer had similar 
effects on the body weight of  both rats and mice.45

So while again we do see the limitations resulting from the protocol 
and design used for the studies presented in this thesis, we consider 
the results of  use for a better idea on general acclimatization needed, 
at least in Wistar rats. Also, we consider it important that internal 
transfer should not be underestimated in its effects. Concerning the 
inclusion of  a light regime reversal in the transfer procedure, the 
advised two weeks of  acclimatization still seems sufficient.
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Conclusions 

Even though there are legislation and guidelines available on the 
transportation of  laboratory animals, much of  this information is 
based on livestock practices. It would be advisable to acquire more 
knowledge on the effects of  transfer on the different species used 
in laboratory research. Only by increasing the data on effects of  
transfer on different species, sex, age and strains, will make the 
required acclimatization period more transparent.

Based on the longest allostatic stabilization found in the combined 
results of  all studies in this thesis, an acclimatization period of  
two weeks would be advisable. However, researchers should invest 
in acquiring appropriate acclimatization periods by determining 
stabilization periods needed for their specific animal model, 
experimental design and other specific study-aspects. Such effort 
would contribute to improve welfare in their animals (Refinement) 
and reduced inter-animal variability in research results, which would 
lead to lower numbers of  animals needed (Reduction).

In conclusion, I trust that this thesis and its separate publications 
shape the consciousness of  those entrusted with the care of  
small laboratory animals. Whether you are an animal caretaker, 
technician, researcher or facility manager, bear in mind the major 
life event that newly arrived animals just underwent. The life of  the 
animals doesn’t start when they arrive at the research facility. The 
early life experiences of  animals do count as well and one needs to 
be aware of  that. 
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Summary

Laboratory Animal Science is a multidisciplinary science 
contributing to the humane use and care of  laboratory animals and 
to the quality of  animal experiments. Animal staff, researchers and 
regulators strive continuously to improving welfare of  animals used 
in research. Transportation of  small laboratory rodents has thus 
far stayed mainly below the radar of  their scrutiny. Not only does 
transportation directly affect the welfare of  the animal, the effects of  
transportation on research results can lead to the wrong conclusions. 
Daily routine procedures with small laboratory rodents imply 
many stressors that cause temporary deviation from the animal’s 
(physiological) homeostasis. Stressors affect many different 
processes in the body. In stressful situations the animal will react 
in a different way to a stimulus as compared to how it would react 
in an unstressed situation. In that sense a stressful response of  the 
animal may therefore bias research results. To acquire reliable data 
from transferred animals, transfer stress can perhaps be ameliorated 
by implementing an acclimatization period between arrival and 
onset of  the study. Those involved in animal research are aware that 
animals need such acclimatization after arriving at their facility. 
However, the duration of  this acclimatization period is seldom 
based on evidence-based research, even though the experts are clear 
in their warnings on the effects of  transportation on research results. 

The studies presented in this thesis were designed to measure the 
effects of  transportation on Wistar Unilever (HsdCpb:WU) rats, 
a frequently used general purpose outbred strain of  rats and the 
duration of  these effects. The results may help to optimizing the 
transportation and acclimatization process, to improve the welfare 
of  the animals and increase the validity of  research results. By 
mimicking the daily practise used in animal transfer, the studies 
were set up to be translatable to other research fields. 

Chapter 2 describes the findings of  a first explorative investigation on 
the effects of  transfer on male Wistar (HsdCpb:WU) rats. To measure 
the stress an animal experiences during transfer, a multidimensional 
perspective was chosen. By means of  radiotelemtry physiological 
measurements were performed on heart rate (HR), blood pressure 
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(BP) and locomotor activity (ACT). Effects on behaviour were 
studied by performing home cage observations on locomotor 
activity (LOC), social interactions (SI) and self-grooming (GRO). 
Regular blood samples were taken to measure the effects on plasma 
corticosterone (CORT) and creatine kinase (CK). Throughout the 
study, the animals were weighed weekly (BW).

This study included a control group that was packed but not 
transferred to measure the effects of  packing-only. 

Overall, transfer had significant effects on physiological and 
behavioural parameters in male rats. We found that HR, BP, ACT, 
CORT, and certain behavioural parameters did not return to pre-
transport levels during this time period. Stabilization seemed to occur 
on an allostatic (newly acquired) level rather than a homeostatic 
level. Based on stabilization of  HR and BP, one could conclude that 
a one week acclimatization is sufficient for the animals to recuperate. 
However, CORT and behaviour (SI) showed no signs of  recovery 
during the three weeks acclimatization used in this study.

The transferred animals used in this study were subsequently used 
for a pilot study on the effects of  internal transfer combined with 
light-regime reversal (Chapter 5)

In Chapter 3 the investigations were continued by identifying 
possible sex differences in reaction to transfer. The measuring period 
after transfer was prolonged to 7 weeks to increase insight on the 
duration of  effects of  transfer on the animals, more specifically to 
investigate whether full stabilization on CORT and behaviour would 
occur on a longer term. The study was extended with an internal 
transfer to further evaluate the effects of  transfer. Chapter 3 describes 
the study in which we compared physiological and behavioural 
parameters before versus after external and internal transfer, as 
well as between transferred versus non-transferred Wistar rats. 
The impact of  both external and internal transfer on body weight 
(BW), plasma corticosterone levels (CORT), heart rate (HR), blood 
pressure (BP), and locomotor activity (LOC) was studied in both 
male and female Wistar rats, taking into account the sex differences 
in stress responsivity. 
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The results showed differences between the sexes and light phases. 
External transfer was found to decrease BW for one day and 
increase ACT for eight days in both sexes. Further, transfer affected 
HR differently in the two sexes, showing an increased HR in female 
rats, but a decreased HR in male rats. Female rats show an acutely 
decreased CORT at unpacking before they show increased CORT. 
CORT was increased in both sexes one week after transfer. Female 
rats showed large variability in CORT, most likely caused by the 
estrus cycle. No stable CORT level was measured throughout the 
experiment. Internal transfer had no effect on body weight, but it 
did have a small effect on HR and ACT for two days in both sexes. 
Temperature registration inside the transportation boxes showed 
highly variable temperatures and high humidity during transfer.

This study showed that acclimatization after transfer is sex-
specific and researchers should take the sex into consideration 
when determining the acclimatization period. The results indicate 
allostatic acclimatization after 8 days in males and two weeks in 
females after external transfer and 2 days for both sexes after internal 
transfer.

After identifying the effects of  transfer on multiple parameters, a 
possible cause of  these effects was further investigated in Chapter 
4, namely temperature. Heat stress has been reported to constitute 
one of  the major concerns during transport of  animals. This study 
measured ambient and body temperature, corticosterone (CORT) 
and glucose (GLUC) levels, body weight (BW), behaviour and water 
and food intake before, during and after transfer in male and female 
Wistar (HsdCpb:WU) rats. 

After transfer, food intake was increased for two days in male rats 
and three days in female rats, water intake was increased in the 
female rats the first day. CORT levels decreased in females at arrival, 
but no effects on CORT in either sex were found after one week 
of  acclimatization, possibly an effect of  reward after handling. No 
effect on GLUC were found. Female rats showed increased GRO 
and decreased SOC directly after transfer. ACT in both sexes was 
continuously increased and SOC decreased from week 1 after 
transfer onwards compared to baseline. All behavioural parameters 
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had allostatically acclimatized in males the first week and in female 
the third week after transfer.

The normal difference in core body temperature between light 
and dark phase of  the light cycle was found to be missing in the 
transported animals. A strong correlation was found between core 
body temperature and ambient temperature. Ambient temperatures 
of  up to 28,5 °C were found even though all areas and transfer 
vehicles were climate controlled.

Though hyperthermia was expected due to a combination of  stress 
and elevated ambient temperature, this effect was not observed during 
or after transfer. However, the results of  this study indicate that 
environmental temperature does strongly affect body temperature of  
rats and needs to be controlled. Male rats need to habituate for at 
least one week, females for two weeks after transfer.

In Chapter 5, male rats were surgically prepared with radiotelemtry 
transmitters and were re-used (after the study presented in Chapter 
2) for an additional pilot study on the effects of  internal transfer and 
reversal of  light regime. This study evaluates whether the often-used 
“one day per shifted hour” strategy offers sufficient time to habituate 
for the animals. 

Animals were acclimatized for eight days after an internal transfer 
to a different building. Light regime was then reversed to lights on 7 
pm- 7 am. This study measured locomotor activity (ACT), heart rate 
(HR) and blood pressure (BP) after internal transfer and before and 
after light regime reversal. 

This study showed that physiological parameters (HR, BP, ACT) 
needed respectively 9, 10 and 8 days to stabilize and return to baseline 
levels after multiple procedures, including internal transfer followed 
by a light regime reversal. The lack of  a significant difference between 
the light and dark period, respectively, in BP at baseline measurement 
before reversal in our experiment may indicate that 8 acclimatization 
days was not sufficient to recuperate properly after internal 
transportation. The internal transfer paradigm in which animals were 
packed in boxes might be more comparable to an external transfer.
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The results of  this study indicate that male Wistar rats should 
acclimatize at least 10 days after a light regime reversal before letting 
them be subject in research procedures measuring comparable 
parameters. Although the animals were used at an older age then 
what is commonly practiced, the results are still valuable to visualize 
the internal physiological process after a light regime reversal. 

Chapter 6 focussed on the effect of  reversing day-night regime on 
acclimatization after transportation on behavioural and physiological 
parameters. In contrast to their human researchers, laboratory 
rodents are nocturnal animals, active during nighttime and sleeping 
during office hours. Many researchers choose to reverse the light-
dark phases in the animal room during their behavioural studies so 
that during daytime, when the researchers are awake and present, the 
animals are in the dark phase and therefore in their activity phase. 
The combination of  transfer and a light regime reversal might lead to 
a modified adaptation in small laboratory animals and may require 
an adjustment in the currently practiced acclimatization periods. 

In this study we used male and female Wistar (HsdCpb:WU) rats 
and measured body weight (BW), plasma corticosterone (CORT) 
and home cage behaviour. Transfer decreased BW of  rats by 3.0% 
in males and 3.2% in females, as measured at unpacking directly 
after transport. BW gain resumed in all groups after one day. Male 
control rats showed lower BW after transfer than reversed male rats. 
There was no significant difference of  treatment or transfer in male 
rats. Female control rats showed increasing CORT levels until the 
end of  the study. Female reversal rats showed increasing CORT for 
two weeks after transfer and a decrease in the third week. 

Control rats of  both sexes showed lower amounts of  active behaviour 
after transfer than the reversal rats. The control rats also showed 
higher amounts of  resting in the last weeks of  the study. Transfer 
increased eating behaviour in all groups compared to baseline. 
The results of  the behavioural observations show that animals 
housed under a reversed light regime after transfer acclimatize 
quicker than non-reversed control animals. It may be suggested that 
acclimatization is supported by the absence of  disturbance during 
the animals’ resting phase under a reversed light regime. However, 



189

S
u

m
m

ary

two weeks of  acclimatization is advised in both males and female 
rats, regardless of  whether a light regime reversal has been applied.

Based on the studies in this thesis, some practical advises can be 
extracted:

• acclimatization of  male and female rats should be two weeks; 
although some parameters seem to stabilize faster, it is the whole 
animal that should be allowed to acclimatize, not only one distinct 
parameter; acclimatization is also needed after internal transfer;

• strain and age at transfer of  the animals should be taken into 
account, since factors such as adolescence and inbred strain might 
demand an adjustment of  the acclimatization period;

• appropriate acclimatization periods for a specific combination 
of  animal (species, strain, age) – parameter – transfer procedure 
(vehicle, duration, distance) need to be acquired;

• environmental temperatures for transportation boxes containing 
rats should be 5 °Celsius lower (=17 °C) than housing temperatures 
(=22 °C).
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Proefdierkunde is een multidisciplinaire wetenschap die bijdraagt aan 
het humane gebruik en verzorging van proefdieren en de kwaliteit 
van dierexperimenten. Dierverzorgers, biotechnici, onderzoekers en 
wetgevers streven continue naar het verbeteren van het welzijn van 
dieren die voor onderzoek gebruikt worden. Transport van kleine 
knaagdieren voor onderzoek (muizen en ratten) heeft tot dusver 
beneden de radar van hun kritische blik kunnen blijven. Transport 
heeft echter niet alleen een direct effect op het welzijn van de dieren, 
de effecten van transport op onderzoeksresultaten kunnen ook leiden 
tot verkeerde conclusies.

De dagelijkse routinematige handelingen met kleine proefdieren 
omvatten vele stressoren die een tijdelijke afwijking van de 
(fysiologische) homeostase van het dier kunnen veroorzaken. 
Stressoren beïnvloeden vele verschillende processen in het lichaam. 
In een stressvolle situatie zal een dier op een andere manier op een 
stimulus reageren dan het zou doen in een stressvrije situatie. Op deze 
manier kan een stress reactie van een dier de onderzoeksresultaten 
beïnvloeden. Om betrouwbare data te verkrijgen van getransporteerde 
dieren, kan de transportstress verminderd worden door het 
implementeren van een acclimatisatieperiode tussen het transport 
en de aanvang van het onderzoek. Degenen die betrokken zijn bij 
dierexperimenteel onderzoek zijn zich ervan bewust dat dieren zo’n 
acclimatisatieperiode nodig hebben na aankomst op hun faciliteit. 
Echter, de duur van deze acclimatisatieperiode is zelden gebaseerd 
op wetenschappelijk gefundeerd (“evidence based”) onderzoek, 
ook al zijn de experts helder in hun waarschuwingen betreffende de 
effecten van transport op onderzoeksresultaten. 

De onderzoeken in dit proefschrift zijn dusdanig ontworpen 
dat deze de effecten van transport, en de duur van deze effecten, 
meten in Wistar Unilever (HsdCpb:WU) ratten, een veelgebruikte 
uitteelt stam voor algemene onderzoeksdoeleinden. De resultaten 
zouden kunnen helpen in het optimaliseren van het transport en 
acclimatisatie proces, om hiermee het welzijn van de dieren en de 
validiteit van de onderzoeksresultaten te verbeteren. De gekozen 
opzet van de onderzoek was dusdanig dat, door de dagelijkse 
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praktijk van proefdiertransport te imiteren, vertaling naar ander 
onderzoeksvelden mogelijk is.

Hoofdstuk 2 beschrijft de bevindingen van een eerste verkennend 
onderzoek naar de effecten van transport op mannelijke Wistar 
(HsdCpb:WU) ratten. Om de stress die een dier tijdens transport 
ervaart te meten, is hier gekozen voor een multidimensionaal 
perspectief. Door middel van telemetrie zijn er fysiologische 
metingen gedaan op hartslag, bloeddruk en (bewegings-)activiteit. 
Door middel van het observeren van de dieren in hun thuiskooi zijn 
de effecten op gedrag geanalyseerd. Gescoorde gedragingen waren: 
activiteit, sociale interacties en zelf-grooming (vachtverzorging dmv 
poetsen, likken). Ook zijn er op regelmatig basis bloedmonsters 
genomen om de effecten te meten op plasma corticosteron en 
creatine kinase. Gedurende het gehele onderzoek zijn de dieren 
wekelijks gewogen. Om de effecten van enkel inpakken te meten, 
bevatte dit onderzoek een controle groep welke wel ingepakt werd, 
maar  niet getransporteerd.

In het algemeen had transport significante effecten op fysiologische 
en gedragsparameters in deze mannelijke ratten. We vonden dat 
hartslag, bloeddruk, activiteit, plasma corticosteron en bepaalde 
gedragsparameters niet terug kwamen naar het gemeten basaal 
niveau vóór transport. Stabilisatie lijkt op een allostatisch (nieuw 
verkregen) niveau te gebeuren in plaats van op een homeostatisch 
niveau. Gebaseerd op stabilisatie van hartslag en bloeddruk kan men 
concluderen dat een week acclimatiseren voldoende lijkt te zijn voor 
de dieren om te herstellen. Echter, plasma corticosteron en (sociaal) 
gedrag geven in dit experiment geen blijk van herstel gedurende de 
drie weken acclimatisatietijd.

De getransporteerde dieren die gebruikt zijn in dit experiment zijn 
na afloop hergebruikt in een pilot onderzoek naar de effecten van 
intern transport gecombineerd met het omdraaien van lichtregiem 
(Hoofdstuk 5).

In Hoofdstuk 3 zijn de onderzoeken voortgezet met het identificeren 
van mogelijke sekseverschillen in effecten van transport. The 
meetperiode na transport werd hierbij verlengd naar 7 weken om het 
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inzicht in de duur van de transporteffecten te vergroten, met name 
om te onderzoeken of  corticosteron en gedrag volledige stabilisatie 
zouden laten zien op de langere termijn. Hoofdstuk 3 beschrijft 
een experiment waarbij we fysiologische en gedragsparameters 
“voor” versus “na” extern én intern transport vergeleken hebben, 
evenals getransporteerde dieren versus niet-getransporteerde Wistar 
(HsdCpb:WU) ratten. De impact van zowel extern als intern 
transport op lichaamsgewicht, plasma corticosteron, hartslag, 
bloeddruk en bewegingsactiviteit is bestudeerd in zowel mannelijke 
als vrouwelijke dieren, waarbij rekening gehouden werd met de 
sekseverschillen in stressrespons.

De resultaten van dit experiment tonen verschillen aan tussen de 
twee seksen en tussen de lichtfasen. Extern transport veroorzaakte 
een afname in lichaamsgewicht en een toename in activiteit in 
beide seksen. Verder had transport een tegenovergesteld effect op 
hartslag in de twee seksen; vrouwelijke ratten lieten na transport een 
stijging in hartslag zien, mannelijke ratten lieten na transport een 
daling zien in hartslag. Vrouwelijke ratten lieten bij het uitpakken 
een acute daling in plasma corticosteron zien, voordat deze ging 
stijgen. Plasma corticosteron was een week na transport in beide 
seksen gestegen. Vrouwelijke ratten lieten een grote variabiliteit 
in plasma corticosteron zien, waarschijnlijk veroorzaakt door de 
oestrus cyclus. Er zijn geen stabiele plasma corticosteron niveaus 
gemeten gedurende dit onderzoek. Intern transport had geen effect 
op lichaamsgewicht, maar had in beide seksen wel een klein effect op 
hartslag en activiteit gedurende twee dagen. Temperatuur registratie 
in de transportdozen liet tijdens transport grote variaties zien in 
temperatuur en luchtvochtigheid. 

Dit onderzoek heeft aangetoond dat acclimatisatie na transport 
sekse specifiek is en dat onderzoekers rekening moeten houden met 
de sekse bij het bepalen van de acclimatisatieperiode. De resultaten 
van dit experiment duiden op een allostatische acclimatisatie 
na extern transport van acht dagen in mannelijke ratten en twee 
weken in vrouwelijke dieren en op twee dagen voor beide seksen na  
intern transport.
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Na het identificeren van de effecten van transport op verschillende 
parameters, is er in Hoofdstuk 4 gekeken naar een mogelijke 
oorzaak van deze effecten, namelijk (omgevings-) temperatuur. 
Hittestress is eerder in literatuur genoemd als een van de 
belangrijkste aandachtspunten tijdens transport van dieren. 
Het hier beschreven experiment was gericht op het meten van 
omgevings- en lichaamstemperatuur, plasma corticosteron en 
glucose, lichaamsgewicht, gedrag en water en voer inname, vóór, 
tijdens en na transport in zowel mannelijke als vrouwelijke Wistar 
(HsdCpb:WU) ratten.

Na transport bleek de voer inname gedurende twee dagen verhoogd 
in mannelijke ratten en gedurende drie dagen in vrouwelijk ratten. 
Water inname was verhoogd gedurende een dag in vrouwelijke 
ratten. Het plasma corticosteron niveau in de vrouwelijke dieren was 
verlaagd bij aankomst, maar verder zijn er geen effecten gevonden 
in plasma corticosteron vanaf  een week na transport. Mogelijk 
is dit uitblijven van effect veroorzaakt door de beloning die de 
dieren ontvingen wanneer ze gehanteerd werden. Er werden geen 
effecten op plasma glucose waarden gevonden. Vrouwelijke dieren 
lieten meer zelf-grooming en minder sociaal gedrag zien direct na 
transport. In beide seksen was activiteit verhoogd en was sociaal 
gedrag verlaagd vergeleken met het basaal niveau (vóór transport), 
vanaf  één week na transport. Respectievelijk een week na transport 
in de mannelijke ratten en 3 weken na transport in de vrouwelijke 
ratten bleken alle gedragsparameters allostatisch geacclimatiseerd.

Het normaliter gevonden verschil in (diepe) lichaamstemperatuur 
tussen de licht en donker fase van de lichtcyclus, bleek niet aanwezig 
te zijn in de getransporteerde dieren. Er werd een sterke correlatie 
gevonden tussen lichaamstemperatuur en omgevingstemperatuur. 
Ondanks de klimaatcontrole in alle ruimtes en voertuigen liep 
de temperatuur in de transportdozen op tot 28,5 °C. Ondanks dat 
hyperthermie (oververhitting) werd verwacht door de combinatie 
van stress en verhoogde omgevingstemperatuur, is dit fenomeen  
niet waargenomen tijdens of  na transport. Echter, de resultaten 
laten wel zien dat omgevingstemperatuur de lichaamstemperatuur 
van ratten beïnvloedt en dat deze daarom zeker gereguleerd dient 
te worden. Mannelijk ratten hadden in dit onderzoek een week na 
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transport nodig om te acclimatiseren, vrouwelijke ratten hadden twee 
weken nodig. 

In Hoofdstuk 5 werden de ratten uit Hoofdstuk 2 hergebruikt voor 
een verkennend (pilot) experiment naar de effecten van het omdraaien 
van het licht regiem. Deze dieren waren voor het experiment in 
Hoofdstuk 2 al voorzien van een telemetrie zender. Dit onderzoek 
evalueert of  het de vaak gebruikte “één-dag-per-verschoven-uur”-
strategie voldoende hersteltijd biedt voor de dieren.

Na een intern transport naar een ander gebouw werden de dieren 
8 dagen geacclimatiseerd. Vervolgens werd het lichtregiem 
omgedraaid naar (wit) licht van 19:00 tot 7:00; een verschuiving van 
twaalf  uur. Tijdens dit onderzoek werd bewegingsactiviteit, hartslag 
en bloeddruk gemeten na het interne transport en vóór en na de 
omdraaiing van het lichtregiem.

Uit de resultaten blijkt dat de fysiologische parameters hartslag, 
bloeddruk en activiteit respectievelijk 9, 10 en 8 dagen nodig hadden 
om te stabiliseren en terug te keren naar het basaal niveau (vóór 
omdraaiing) in deze gecombineerde procedure van intern transport 
en omdraaiing van lichtregiem. Het ontbreken van een significant 
verschil in bloeddruk tussen de licht- en donkerfase tijdens de basaal 
metingen vóór omdraaiing van lichtregiem kan er op wijzen dat 8 
dagen hersteltijd na intern transport onvoldoende was om geheel te 
herstellen. De manier van intern transport, waarbij gebruik is gemaakt 
van transportdozen, kan hierin mogelijk meer vergelijkbaar zijn 
geweest met een extern transport dan met een regulier intern transport.

De resultaten van dit experiment tonen aan dat mannelijke Wistar 
ratten minimaal 10 dagen acclimatisatietijd nodig hebben na het 
omdraaien van lichtregiem voordat ze onderwerp van studie worden 
in een onderzoek naar vergelijkbare parameters. Ondanks dat de 
dieren iets ouder waren dan wat in de dagelijkse praktijk gebruikt 
wordt, achten wij deze resultaten waardevol voor de visualisatie van 
het interne fysiologische proces na het omdraaien van het lichtregiem.

Het experiment dat beschreven is in Hoofdstuk 6 richt zich op 
het effect van het omdraaien van lichtregiem op de acclimatisatie 
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van fysiologische en gedragsparameters na extern transport. In 
tegenstelling tot hun menselijke onderzoekers zijn knaagdieren 
in onderzoek nachtdieren, actief  gedurende de nacht en in rust 
tijdens kantooruren. Veel onderzoekers kiezen er daarom voor 
om in gedragsstudies de licht en donkerfase in de dierkamer om te 
draaien. Dit zorgt ervoor dat wanneer de onderzoekers aanwezig 
zijn, de dieren in hun nacht (donkerfase) en dus actieve fase zitten. 
De combinatie van transport en het omdraaien van het lichtregiem 
zorgt mogelijk voor een gewijzigd herstel in kleine knaagdieren in 
proefdieronderzoek  en kan een aanpassing vereisen in the huidige 
gebruikte acclimatisatieperiodes. In dit onderzoek hebben we 
mannelijke en vrouwelijke Wistar (HsdCpb:WU) ratten gebruikt, 
waarin we lichaamsgewicht, plasma corticosteron en gedrag in de 
thuiskooi gemeten hebben. 

Transport veroorzaakte een afname in lichaamsgewicht van 3,0% 
in mannelijke en 3,2% in vrouwelijke ratten, gemeten direct na 
het uitpakken bij aankomst. Groei (in lichaamsgewicht) herstelde 
zich in alle groepen binnen een dag. Mannelijke controle ratten 
(geen omdraaiing in lichtregiem) lieten na transport een lager 
lichaamsgewicht zien dan de mannelijke ratten in de experimentele  
(omgedraaid lichtregiem) groep. Er is geen significant verschil 
gevonden in lichaamsgewicht met betrekking tot lichtregiem of  
transport in de mannelijke ratten. Vrouwelijke controle ratten lieten 
een verhoogd plasma corticosteron niveau zien tot aan het eind 
van het onderzoek. Vrouwelijke ratten in de experimentele groep 
lieten een verhoogd plasma corticosteron niveau zien gedurende 
de eerste twee weken na transport, waarna tijdens de derde week 
een daling intrad. Controle ratten van beide seksen lieten minder 
actief  gedrag zien na transport dan de experimentele ratten. De 
controle ratten lieten ook meer rustgedrag zien in de laatste weken 
van het onderzoek. Transport verhoogde de hoeveelheid eetgedrag 
in alle groepen vergeleken met het basaal niveau vóór transport. 
De resultaten van de gedragsobservaties laten zien dat de ratten 
die onder een omgekeerd lichtregiem worden gehuisvest, sneller 
acclimatiseren dan de controle dieren. Hierdoor kan er gesuggereerd 
worden dat acclimatisatie ondersteund wordt door de afwezigheid 
van verstoring gedurende de rustfase van de ratten onder een 
omgedraaid lichtregiem. Echter, gebaseerd op de resultaten 
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van dit experiment, adviseren we twee weken acclimatisatie in 
zowel mannelijke als vrouwelijke ratten, ongeacht het wel of  niet 
omdraaien van het lichtregiem.

Gebaseerd op de onderzoeken in dit proefschrift, geven we de 
volgende praktische adviezen:

• Acclimatisatietijd van mannelijke en vrouwelijke ratten moet 
minimaal twee weken bedragen, ondanks het feit dat sommige 
parameters sneller stabiliseren. Het gehele dier moet zich aan 
kunnen passen aan de nieuwe omgeving en niet slechts een enkele 
parameter;

• Acclimatisatie is ook nodig na een intern transport;
• Er moet rekening gehouden worden met stam en leeftijd van de 

dieren tijdens transport, aangezien factoren als adolescentie en 
inteelt mogelijke een aanpassing van de acclimatisatietijd vragen;

• Er moeten passende acclimatisatietijden verkregen worden voor 
specifieke combinaties van dier (soort, stam, leeftijd) - parameter - 
transport procedure (voertuig, duur, afstand);

• Omgevingstemperatuur voor transportdozen met ratten zou  
5 °Celsius lager moeten zijn (17 °C) dan de huisvestingstemperatuur 
(22 °C).
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Appendix I 
Ethogram

Behavior Description

Exploration Animal is sniffing air, the sawdust or cage wall. Collection of behaviors 
like mobile exploration, sniffing, root/dig and gnaw/nibble, manipulating 
shelter. Rearing during exploration is scored as rearing

state

Walk Obvious forward movement of the animal, with as goal to bridge a distance. 
Is scored when more than two steps are made with the hind legs state

Rest (lie&sit) Resting behavior, lying, and sitting without sniffing or looking around in an 
alert state. state

Eat Taking in food state

Shake Shaking of the head or shaking the whole body event

Scan Horizontal rocking movement of the head, with the rest of the body still. If 
performed in a rearing posture this is scored as scan state

Rear Animal is exploring (sniffing, watching) with its fore paws lifted off the 
ground. Only standing on its hind legs, or supported by putting the forepaws 
on the cage wall. If an animal sits sniffing and lifts its forepaws off the 
ground, this is a rear (also if the animal does not stretch its body)

state

Hop/Jump Hop: horizontal movement of the animal by little jumps
Jump: the animal jumps on the spot

state
event

Freeze Animal freezes and stops all movements state

In shelter Animal is (partially) in the shelter. If not visible in the shelter, this is still 
scored as shelter state

Social exploration Animal is sniffing/exploring cage mate state

Follow/Chase Animal is following/chasing a cage mate
Animal is being followed by a cage mate

state
state

Push Animal is pushing a cage mate with its nose or paw
Animal is being pushed by a cage mate

event
event

Pin Animal is pinning a cage mate on its back or side
Animal is being pinned by a cage mate
Often followed by social groom

state
state

Social groom Animal is licking a cage mate or nibbling the fur of a cage mate
Animal is being licked-nibbled by a cage mate 

state
state
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Appendix II

Case study I: Temperature and Body Weigth (BW) of 
RccHan:WIST rats

During our studies, animals were packed as cage mates, per 2 or 3. 
In daily practice, animals are packed in higher numbers depending 
on their body weight. In this case study we investigated a regular 
transfer of  Wistar rats (different substrain: RccHan:WIST) to the 
same destination location as the studies in Chapter 2, 3 and 4. This 
study included 56 males and 54 females. Animals were weighted 
before and after packing and temperature loggers were attached 
inside and outside the transportation boxes. Animals were packed 
5 or 6 per box.

Temperature loggers were programmed to measure every 30 seconds.

Results
Data of  the temperature loggers shows that the average temperature 
inside the transportation boxes holding males was 25,6 ˚C and for 
the females 24,3 ˚C, respectively. BW data shows that males loose 
on average 3,95% of  their total weight at packing, females loose on 
average 3,05% (Table 2 and Figure 4).

With an average outside temperature of  the boxes of  20,7 ˚C, the 
temperature was in the boxes holding males on average 5,1 ˚C higher 
than the outside temperature, in the females 3,7 ˚C (Figure 1). 
Figures 2 and 3 show the variability in temperature between the 
transportation boxes.

Time schedule of  transfer

T
ab

le
 1

.

Packing 8.40 u

Arrival building 3 9.20 u

Loading truck to Boxmeer 13.30

Arrival holding Boxmeer 18.00

Loading van to CLARF Utrecht: 3.30

Arrival CLARF Utrecht 8.30

Unpacking 9.10
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packing unpacking BW loss%

males #56 385,84 370,61 3,95

females #54 229,72 222,61 3,09

Average BW of  male and female Wistar rats before and after transportation

Bodyweight (grams) of  males and females before (packing) and after (unpacking) 
transportation

Conclusions
The difference in BW and thus the total mass of  the animals in the 
boxes is likely to be the cause of  this difference between males and 
females.

The variability in temperature between the transportation boxes  is 
likely to be caused by positioning of  the transportation boxes in the 
stack and in relation to ventilation and air conditioning.
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. 
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e 
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Appendix III 

Case study II: Temperature Monitoring during 
Transportation of Mice
For internal reasons, Company X would like to have insight in truck 
temperatures during transportation of  mice from the breeding site 
at Envigo RMS BV. Horst, the Netherlands to Company X Madrid, 
Spain. 

Current protocols state that the truck is set at a temperature of  17 
or 18 °C. Practice shows that temperature inside the transportation 
boxes is at least 3-4 °C higher, which would mean an expected 
internal box temperature of  20-22 °C, depending on the age, sex 
and number of  animals in the box, which is in line with the housing 
guidelines as stated in the Guide for the Care and Use of  Laboratory 
Animals.

It is known that in rats there are sex differences; temperature in 
transportation boxes of  male rats is higher than in female rats. There 
are also circadian fluctuations, presumably caused by different 
activity phases.

Goal
Collaboration of  Harlan Laboratories and Company X Madrid 
to determine the temperature in the van/truck at the level of  the 
transport boxes during transportation of  mice from Harlan HNL 
Horst to Company X Madrid in order to make a comparison based 
on reliable and practice oriented data.

Methods
Measurements were performed on a regular order of  mice (see Table 
1 for specifications), ordered to be delivered at Company X Madrid at 
June 11th 2014, therefore packed in the Netherlands at June 9th 2014.
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# animals strain sex weight barrier # transportation 
boxes

10 Hsd:ICR(CD-1) M 18-20 g HNL2 1 small

29 Hsd:ICR(CD-1) M 18-20 g HNL2 2 small

72 C57BL/6JRccHsd F 18-20 g HNL1 3 large

4 Hsd:ICR(CD-1) F 22-24 g HNL2 1 small

4 BALB/cOlaHsd F 20-22 g HNL1 1 small

Total: 8

 Details of  the ordered animals

Mice were transported in standard Harlan transportation boxes:

- Large animal box: 635 x 450 x 155 (length x width x height in mm)
- Small animal box: 420 x 290 x 150 (length x width x height in mm)

Transportation boxes included sawdust and sufficient food pellets 
and hydrogel (as water source), with spacers on the lid.

Duration of  the complete door-to-door transfer was approximately 
1 day and 21 hours. 

10 preprogrammed and calibrated Sensitech temperature loggers, 
type TempTale4 USB (http://www.sensitech.com/products/
TT4USBLifeScience, see picture 1) were added to the transport 
of  mice from Harlan HNL Horst, the Netherlands to Company X 
Madrid, Spain. Temperature loggers were programmed for obtaining 
one measurement per minute. Temperature loggers were activated 
and attached to the transportation boxes upon leaving the barriers 
after packing. 

The temperature loggers were disinfected, packed in ziplock bags 
and taped to the side of  the transportation box (see picture 2). The 
driver(s) were responsible for marking the different phases of  the 
journey on paper). Truck temperature registration is calibrated on a 
regular basis.

T
able 1.
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Temperature loggers attached to the transportation boxes

Sensitech temperaturelogger

P
ic

tu
re

 1
.

P
ic

tu
re

 2
.



219

A
p

p
en

d
ix III

Results
Recommended housing temperatures for mice are 18-26 °C 1, 
although the thermoneutral and preferred zone of  mice is found to 
be higher (30-32 °C). 2,3

Temperatures during the complete transfer, as measured by the 
truck system were between 16,2 and 21,0 °C. Ambient temperature, 
averaged over the complete transfer, measured with the temperature 
loggers on the outside of  one of  the transport boxes, was 19,4 (± 1,5) 
°C (±SD) (see Table 2). 

Highest average ambient temperatures (Figure 1) were measured at 
the logistic site in st Feliu, Spain, where the boxes were transferred 
from one truck to a van in the late afternoon: average max 27,0 °. 
Highest individual ambient temperature was measured at the logistic 
site in st Feliu, Spain: max 28,3 °C. 

Lowest average ambient temperatures were measured: 17,8 °C. 
Lowest individual ambient temperature was measured 17,0°C. There 
was a very high comparability between the individual temperature 
registrations, with highly comparable patterns.

Ambient temperatures varied a little between the transport boxes, 
most likely caused by differences of  position of  the transport box in 
the truck regarding to the ventilation system. Temperatures inside 
the truck corresponded very clearly with events during transfer that 
include opening of  the cargo area. Large fluctuations were caused 
especially at loading-unloading moments. Temperature/climate 
control in the cargo area of  the truck and van worked appropriately, 
for they showed a constant temperature range around the set 
temperature during drives, even though outside temperatures were 
quite high the day of  transfer.
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Temp logger low extreme high extreme mean SD

1 18,4 28,3 19,8 1,5

2 18,2 26,5 19,3 1,2

3 18 26,7 19,8 1,3

4 17,1 26,3 19,1 1,4

5 18,2 27,7 20,1 1,7

6 18,1 27,9 20 1,8

7 17,6 26,3 18,8 1,2

8 17,4 26,3 19,1 1,7

9 17,9 28,2 19,6 1,7

10 17 26,2 18,5 1,4

average 17,79 27,04 19,41 1,5

min 17      

max   28,3    
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Summary of  ambient temperature data 

Temperature registration in °C during transfer of  Harlan Horst, the Netherland 
to COMPANY X Madrid, Spain, example of  1 Sensitech temperature logger 
(note: times are shown in GMT=1hr early)

1. Breeding Site Horst the Netherlands (loading) to Boxmeer Logistic Center 
unloading

2. Boxmeer Logistic Center (loading and waiting time)
3. Boxmeer Logistic Center to Lyon/Dagneux, France Logistic center 

(unloading)
4. Lyon/Dagneux, France Logistic center (loading) to st Feliu, Spain Logistic 

center (unloading)
5. st Feliu, Spain Logistic center (loading) to Zaragoza, Spain Logistic center 

(unloading)
6. Zaragoza, Spain Logistic center (loading) to Company X Madrid, Spain 

(multiple stops for unloading)
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Conclusion
The temperatures measured at the level of  the transportation boxes 
were within acceptable ranges for mice. Envigo RMS BV. therefore 
foresees no issues regarding compromised welfare in mice as a result 
of  temperatures during transfer.
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Appendix IV 

Case study III: Temperature Monitoring during 
transportation of Guinea Pigs

There are concerns if  the temperature in the truck is appropriate for 
the Guinea Pigs. 

Current protocols state that the truck is set at a temperature of  17 
°C Practice shows that temperature inside the transportation boxes 
is at least 3-4 °C higher, which would mean an expected internal box 
temperature of  20-21 °C, depending on the age, sex and number of  
animals in the box, which is in line with the housing guidelines as 
stated in the Guide for the Care and Use of  Laboratory Animals.
It is known that in rats there are sex differences; temperature in 
transportation boxes of  male rats is higher than in female rats. There 
are also circadian fluctuations, presumably caused by different 
activity phases.

Goal 
Collaboration of  Envigo RMS BV. BV Horst, the Netherlands and 
Company Z Siena, Italy to determine the temperature in the van/
truck and in the transport boxes during transportation of  Guinea 
Pigs from Harlan HNL Horst to Company Z Siena in order to make 
a comparison based on reliable and practice oriented data.

Methods
Measurements were performed on a regular order of  50 female 
Guinea Pigs, ordered at delivery weight of  225-250 g, packed at 275-
299 g (275,7 ± 6,8 g).

Guinea Pigs were weighed at packing (20-1-2014), unpacking (23-1-
2014) and 4 days after arrival (27-1-2014).

Guinea Pigs were transported in standard Harlan Guinea Pig 
transportation boxes sized: 56 cm x 35,5 cm wide x 20 cm high and 
included sawdust and sufficient food pellets and hydrogel (as water 
source), with spacers on the lid.
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Duration of  the complete packing-to-unpacking transfer was 2 days, 
20 hours and 30 minutes.

10 calibrated Keytag temperature loggers, type KTL-108 (http://
www.askey.nl/index.php/nl/menu-product/cat-keylog-prod/cat-
keytag-rec-prod/8-cont-prod-ktl108) were added to the transport of  
Guinea Pigs from Harlan HNL Horst, the Netherlands to Company 
Z Siena, Italy. Temperature loggers were programmed for obtaining 
one measurement per minute. Upon packing of  the animals the 
temperature loggers were activated. 

The temperature loggers were disinfected, packed in ziplock bags, 
wrapped in mesh wire and stapled to the inside of  the lid, making 
sure no sharp endings protrude into the box. By stapling the loggers 
to the lid the Guinea Pigs cannot lay against them, which would give 
less reliable data. Mesh wire protects the loggers against gnawing.
1 Temperature logger was placed on the outside of  the transportation 
boxes. This external temperature logger was accessible for marking 
specific time points, such as loading. The driver(s) were responsible 
for marking the different phases of  the journey, both on paper as well 
as by marking the external temperature logger. Truck temperature 
registration is calibrated on a regular basis.

At arrival animals were unpacked according to the normal arrival 
and unpacking practice. The temperature loggers were removed 
from the boxes after all normal unpacking procedures have finished.

Results Temperature
Recommended housing temperatures for guinea pigs are 18-26 °C 
1,2,3, although preferred temperatures of  individually housed guinea 
pigs are found to be higher (30 °C) 4.
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Temperature averaged over the complete transfer, as measured by the 
truck system was 17,5 (± 0,7) °C (±SD). External temperature, averaged 
over the complete transfer, measured with a temperature logger on the 
outside of  one of  the transport boxes, was 21,1 (± 2,5) °C (±SD).

Internal temperature, averaged over the boxes and during the 
complete transfer, measured on the inside of  nine of  the transport 
boxes, was 21,5 (± 1,2) °C (±SD). Temperatures in the transport 
boxes seem to be on average 2-5 °C higher than the temperatures 
measured by the truck (Figure 1).

Highest average internal temperatures (Figure 1) were measured at 
the breeding site during packing, before shipment from the barrier in 
Horst: average max 25,0 °C for a few minutes. Average temperatures 
inside the boxes were <26 °C consistently. 

Highest individual internal temperature (Figure 2) was measured at 
the breeding site during packing, before shipment from the barrier in 
Horst: max 27,3 °C. Individual temperatures inside the boxes were 
>26 °C for maximal 24 minutes.

Lowest average internal temperatures were measured the transfer 
from the truck to the holding area in Udine: 15,8 °C. Average 
temperatures inside the boxes were <18 °C for approximately 25 
minutes. In Lyon, temperatures inside the box were <18 °C for 
approximately 3 hours and 14 minutes minutes, lowest average 
temperature in Lyon was 16,1°C.

Lowest individual internal temperature was measured at the exchange 
location in Lyon: min 12,4 °C. Lowest individual temperature inside 
the boxes was <18 °C for maximal 6 hours and 31 minutes. In Udine 
lowest individual temperature was 14,7 °C, <18 °C for maximal 37 
minutes.

Highest external temperatures were measured at the breeding site: 
23,2°C, and at arrival at Company Z: 23,5 °C.

Lowest external temperatures were measured at the exchange 
location in Lyon: 13,3 °C.
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Internal temperatures seem to vary between the transport boxes. 
Differences up to 8 degrees were measured, most likely caused by 
differences of  position of  the transport box in the truck regarding to 
the ventilation system and the differences in activity of  the animals.

Results Body Weight (BW)
On average all animals lose weight during transport. According to a 
scientific study we performed in the past this is quite high in guinea 
pigs.5 It is also our experience that on average the GP’s lose weight 
during transport. It is common practice in HNL that we take into 
account a certain weight loss when packing the GP’s. For Company 
Z they are packed +50 grams. 

Figure 3 shows the BW of  the guinea pigs during this study. On 
average the animals weighted 275,7 g at packing. Analysis of  the 
data shows the weights and they lost on average approximately 8 % 
of  body weight during transport (253,9 g at unpacking) (p<0,001*), 
which is as expected. 4 days after arrival the guinea pigs were 
weighted again. At that moment BW had increased to 301,8 g on 
average, this is significantly higher than at unpacking (p<0,001*) 
and even higher than at packing (p<0,001*).

Compared to reference values of  guinea pigs at the breeding site 
(Figure 4), which grow ± 8 g a day at 4 weeks of  age, transferred 
animal have grown on average slightly less with 3,7 g per day over 
the week. However, taking into consideration the weight loss during 
transfer, the animals compensate highly after transfer with an average 
grow of  16 g per day after transfer. 

This phenomenon is known in rats. During transfer rats lose on 
average 3-4 % in BW. Food and water intake in rats is decreased 
during transfer and increased up to 4-5 days after transfer, while 
defecation is increased during transfer. 
 
* for T-tests: see Tables 1 and 2
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Figure 1.
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Average BW (gram + SD) of  Guinea Pigs at breeding site Horst 
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Mean N Std. Deviation Std. Error Mean

Pair 1
BWpacking 275,70 50 6,825 ,965

BWunpacking 253,92 50 10,902 1,542

Pair 2
BWunpacking 253,92 50 10,902 1,542

BWday4 301,84 50 10,139 1,434

Pair 3
BWpacking 275,70 50 6,825 ,965

BWday4 301,84 50 10,139 1,434

Paired Samples Statistics

Average BW (gram + SD) of  Guinea Pigs on 3 moments
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Conclusion
The temperatures measured in the transportation boxes are within 
acceptable ranges for Guinea Pigs. Envigo RMS BV. therefore 
foresees no issues regarding compromised welfare in guinea pigs as 
a result of  temperatures during transfer.
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Paired Samples Test

Mean Paired Differences t df Sig. 
(2-tailed)SD SEM 95% 

Confidence 
Interval 

Lower Upper

Pair 1 BWpacking - BWunpacking 21,78 13,26 1,88 18,01 25,548 11,62 49 ,000

Pair 2 BWunpacking - BWday4 -47,92 16,92 2,39 -52,73 -43,111 -20,02 49 ,000

Pair 3 BWpacking - BWday4 -26,14 12,18 1,72 -29,60 -22,677 -15,17 49 ,000
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