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Abstract

The goal of this study was to determine whether the use of nesting material or polycarbonate 

shelters, as enrichment devices would have an impact on endpoints commonly measured during 

the conduct of the National Toxicology Program (NTP) 13-week studies. The study design was 

consistent with the NTP 13-week toxicity studies. Harlan Sprague Dawley (HSD) rats and their 

offspring, and B6C3F1/N mice were assigned to control (unenriched) and enriched experimental 

groups. Body weight, food and water consumption, behavioral observations, fecal content, clinical 

pathology, gross pathology, organ weights, and histopathology were evaluated. Enriched male 

mice and male and female rats exhibited decreased feed intake without a subsequent decrease in 

body weight; this may have been the result of the nesting material reducing the effect of cold 

stress thereby allowing for more efficient use of feed. There were statistical differences in some 

hematological parameters, however these were not considered physiologically relevant since all 

values were within the normal range. Gross pathology and histopathological findings were 

background changes and were not considered enrichment-related. Nesting material and shelters 

were used frequently and consistently and allowed animals to display species typical behavior. 

There was no significant impact on commonly measured endpoints in HSD rats and B6C3F1/N 

mice given enrichment devices.
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INTRODUCTION

Animal welfare is a prevailing and important issue in biomedical research. Much 

advancement has been made with regard to providing adequate care, environments, and 

husbandry in which laboratory animals can thrive. The research community endeavors to 

fulfill and improve the three Rs: replacement, refinement, and reduction (Russell and Burch, 

1959). One aspect currently in the forefront of animal welfare is a method of refinement 

referred to as environmental enrichment.
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The most recent edition of the Guide for the Care and Use of Laboratory Animals (the 

Guide, NRC, 2011) encourages biomedical research programs to facilitate the development 

and use of enrichment programs. Environmental enrichment is defined as “a measure and/or 

resources designed to promote expression of natural, species typical behaviors”. The goals 

of environmental enrichment include decreasing abnormal behaviors and providing a certain 

degree of control over its environment to the animal, hence improving animal welfare 

through the reduction of stress (Brinkman, 1996). Multiple studies have shown that 

environmental enrichment can lead to improvements in animal welfare such as decreased 

maladaptive behaviors and decreased aggression (Van der Meer et al. 2004). According to 

The Guide, investigators, animal care staff, and IACUC members are encouraged to design 

enrichment programs after consulting current and applicable literature. Environmental 

enrichment is a variable that must be evaluated on a case-by-case basis with each 

experiment and constructed on the specific needs of the program (NRC, 2011).

The Guide recommends the use of appropriate enrichment methods for vertebrates used in 

research. Users of research animals have a responsibility to address enrichment from an 

animal welfare perspective. There are challenges associated with adding environmental 

enrichment to an animal study, including, 1) enrichment devices may introduce a potential 

variable, 2) the composition of the enrichment device may impact the study, 3) the 

physiological effects on the study animals, and 4) the practicality of implementing devices 

in a research program. Ultimately, it is the responsibility of the researchers, veterinary team, 

and IACUCs to test and support environmental enrichment that is deemed appropriate for 

the facility and study. There is ample literature on the use and comparison of various 

enrichment devices in non-regulatory rodent studies, thus increasing the likelihood of 

finding enrichment suitable for the needs of a specific regulatory study (Dean, 1999).

The goals of this study were to evaluate whether or not the animals used the enrichment 

devices provided, and to determine whether studies conducted by the National Toxicology 

Program (NTP) were positively or negatively impacted by the use of enrichment devices. 

We hypothesized that the use of enrichment in NTP studies will have no detrimental impact. 

Currently in NTP studies, animals are provided social enrichment through group housing of 

male rats, female rats, and female mice in feed, water and gavage studies. Male mice and 

pregnant rats are housed individually and have visual and olfactory contact with 

conspecifics. Animals used for inhalation and dermal studies are housed individually as 

well. Our study evaluated the impact of the use of nesting material (Crink-l'nest™, The 

Andersons, Inc., Maumee, OH) in mouse studies, and nesting material (Crink-l'nest™) or 

rectangular polycarbonate shelters (Rat Retreats™, Bio-Serv, Frenchtown, NJ) for pregnant 

dams and their weanlings in rat studies. The endpoints evaluated included body weight, food 

and water consumption, behavioral observations, fecal content, clinical pathology, gross 

pathology, organ weights, and histopathology.

MATERIALS AND METHODS

Animals

Eleven to fourteen-week old time-mated female Harlan Sprague-Dawley rats, Hsd: Sprague 

Dawley® SD® were obtained from Harlan, Inc. (Indianapolis, IN) on gestation day 2 (GD2). 
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The dams were provided NIH-07 irradiated pelleted feed, (Zeigler Brothers, Inc., Gardners, 

PA) and tap water ad libitum during the gestation and lactation period. Post weaning, 

NTP-2000 irradiated pelleted feed (Zeigler Brothers, Inc., Gardners, PA) and tap water were 

provided ad libitum to the rat weanlings. The pregnant dams were housed individually 

during the study and with their litters after gestation. On postnatal day 28, the pups were 

weaned and randomized into group housing. Male rat weanlings were housed in pairs and 

female rat weanlings were housed in groups of three. Sentinel rats assigned to the study (6/

sex) were evaluated and were negative for lymphocytic choriomeningitis virus, Mycoplasma 

pulmonis bacteria, rat parvovirus 1, rat minute virus, Kilham's rat virus, Toolan's H-1 virus, 

pneumonia virus of mice, rat coronavirus, sialodacryoadenitis virus, reovirus type 3, rat 

theilovirus, and sendai virus.

Three to four week-old B6C3F1/N mice were obtained from the NTP colony maintained at 

Taconic Biosciences Inc. (Germantown, NY). The mice were provided irradiated NTP-2000 

diet (Zeigler Bros. Inc, Gardners, PA) and tap water, ad libitum. Male mice were single 

housed and female mice group housed, 5 per cage. Vendor surveillance records indicated 

that the mice were free of common murine pathogens. Sentinel mice (5/sex) assigned to the 

study were evaluated and were negative for the bacterial agent Mycoplasma pulmonis and 

the following viruses: ectromelia virus, murine rotavirus, mouse hepatitis virus, minute virus 

of mice, mouse norovirus, mouse parvovirus, pneumonia virus of mice, reovirus 3, Sendai 

virus, Theiler's mouse encephalomyelitis virus, and lymphocytic choriomeningitis.

Housing and Environmental Conditions

Animals were housed in an Association for Assessment and Accreditation of Laboratory 

Animal Care (AAALAC) International accredited facility and in accordance with the Guide 

for the Care and Use of Laboratory Animals (NRC, 2011). Animals were quarantined and 

acclimated for 10 days upon arrival. The housing rooms were maintained on an alternating 

12-hour light/dark cycle with a temperature range of 68-73 °F and 35 -65% humidity. Solid 

bottom polycarbonate cages (Lab Products, Inc., Seaford, DE) with certified, irradiated 

hardwood bedding (Beta-Chips, Northeastern Products Corp., Montville, NJ) were used to 

house the animals. Procedures performed during the study were reviewed and approved by 

the facility's Institutional Animal Care and Use Committee.

Study Design

The study design was consistent with the NTP 13-week (subchronic) toxicology studies 

(including perinatal exposure in rats), which are designed to characterize the subchronic 

toxicity of chemical, physical or biological agents. The endpoints evaluated included body 

weight, food and water consumption, behavioral observations, fecal content, clinical 

pathology, gross pathology, organ weights, and histopathology.

The study was staggered by one week to accommodate handling of a large number rat of 

pups. In rats, each pregnant dam was randomly assigned to a treatment (enriched, n=32) or 

control (unenriched, n=18) group by body weight after identification via tail tattoos (Table 

1). Pregnant dams were weighed on GD5 and every three days thereafter until parturition; 

GD5 was the first day nesting material was added to the cage and behavioral observations 
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were started. Pups were weighed every three days and rat weanlings weighed weekly. Food 

and water consumption were measured weekly, at postnatal day 28 (PND28), the litters were 

weaned and randomly assigned to three groups (n=30/sex) which included unenriched, 

enriched with nesting material, or enriched with shelters (Table 2). Weaned rats were held 

for up to 13-weeks.

In the 13-week mouse study, each animal was randomly assigned to the treatment (enriched) 

or control (unenriched) groups (n=40/sex) following subcutaneous implantation of 

transponders for identification (Table 3). Mice were weighed and behavioral observations 

were started on Day 1 (D1) of the study; D1 was the first day nesting material was added to 

the cage. Mice were weighed weekly. Additionally, food and water consumption were 

measured weekly.

Enrichment

Natural, non-bleached nesting material (approximately 8 g/cage; Crink-l'Nest™, The 

Andersons, Inc., Maumee, OH) was added to the cages of the pregnant rat dams in the 

enriched group through out pregnancy and lactation. When the rat pups from the enriched 

group were weaned, the weanling rats were divided to receive either the nesting material or 

shelters until the end of the study. The pregnant dams in the unenriched group were kept in 

the same housing with no enrichment; rat weanlings from these dams continued to be 

housed without enrichment. For mice, approximately 6 g of nesting material was added to 

the cages at each cage change until the end of the study. The unenriched mice were kept in 

identical housing with no enrichment.

Behavioral Observations

Behavioral observations were performed prior to and 24 h after the addition of fresh 

enrichment (clean nesting material or clean shelters) to the cages. Observations were 

performed to determine the frequency of use and activity involving the enrichment devices. 

Cage changes were performed twice weekly for the rats and female mice with fresh nesting 

material (rats and mice) or clean shelters (rats only) added at each change. Cage changes 

were performed once a week for male mice with fresh nesting material added at each 

change. Observations occurred on the day of cage change before the enrichment was 

changed and 24 h later to view the interactions with the enrichment. Observations for all 

study animals were performed between 06:00 and 10:00 h and took approximately one hour 

(12 hr light cycle began at 06:00 h). The observer recorded the activity of the animals and 

the animal's interaction with the enrichment device (nest building or use of the shelters) on 

an ethogram driven tally sheet specifically adapted for this study (Ethogram adapted from 

Winnicker et al., 2012). The ethogram was adapted in the following way:

1) Rodent activity in each cage was divided into 3 main categories

a. Active - activities that included 1) rearing, 2) ambulating, 3) climbing

b. Maintenance - activities that included 1) grooming, 2) feeding/drinking, 

3) nest building
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c. Inactive - activities that included 1) sleeping, 2) resting while awake and 

motionless

2) Use of enrichment device

a. Rodent did not touch enrichment material

b. Rodent only scattered enrichment material

c. Rodent made nest with enrichment material or used shelters

Examination of Fecal Content

Fecal samples of 5-6 pellets per cage were collected weekly to examine for remnants of 

ingested nesting material (mice and rats) and plastic from the shelters (rats). The fecal 

samples were placed in a petri dish with water, crushed, placed on white filter absorbent 

paper (Nalgene® VERSI-DRY®, Waltham, MA) and viewed under a dissecting microscope 

to aid in identifying enrichment material.

Clinical Pathology

For mice and rats, K2EDTA-anticoagulated whole blood samples were collected at necropsy 

under isoflurane anesthesia from the retro-orbital venous sinus (mice) and retro-orbital 

plexus (rats) for a complete blood count (CBC) evaluation. The CBC included: a red blood 

cell (erythrocyte) count (RBCs count), hemoglobin (HB), hematocrit (HCT), mean 

corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular 

hemoglobin concentration (MCHC), platelet count (PLT), total white blood cell (leukocyte) 

count (WBCs count), leukocyte differential (both % and absolute): (neutrophils [NEU], 

lymphocytes [LYM], monocytes [MON], eosinophils [EOS], basophils [BAS] and large 

unstained cells [LUC]), reticulocytes (RET% and RET). The CBCs were analyzed for mice 

using the ProCyte Dx hematology analyzer (IDEXX Laboratories, Westbrook, Maine) and 

for rats using the ADVIA 2120 hematology system (Siemens Medical Solutions, Malvern, 

PA). Blood smears were prepared for each specimen and stained with Romanowsky-stained 

and examined to assess RBC, WBC and platelet morphology.

Plasma and feces were collected at necropsy and corticosterone concentrations were 

analyzed using an Apex Automatic Gamma Counter (ICN/Micromedic Systems, Huntsville, 

AL) using a double antibody, 125I radioimmunoassay method obtained from MP 

Biomedicals, LLC. (Orangeburg, NY). The plasma samples were analyzed following the 

procedures provided by the reagent manufacturer. The fecal samples were analyzed 

following methods described previously by Touma et al. (2004).

Anatomical Pathology

Following euthanasia with 100% carbon dioxide and death confirmed by opening the chest, 

a complete necropsy was performed. All gross lesions collected and were documented. 

Liver, spleen, thymus, adrenal glands, lung, kidneys, and gastrointestinal tract were 

collected and weighed. The gastrointestinal tract was opened and examined. The collected 

tissues were fixed by immersion in 10% neutral-buffered formalin for 24 h and transferred 

to the histopathology laboratory for processing.
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Statistical Methods

For animals that were multiple-housed, feed and water consumption was estimated as 

amounts per animal per day, based on consumption totals for each cage. For pregnant HSD 

dams, feed consumption, water consumption, and body and organ weights were compared 

between enriched and unenriched groups using two-sample t-tests (significance = p < 0.05). 

Because not all dams produced litters, a one-sided Fisher's exact test was used to compare 

littering rates between the enriched and unenriched groups. For rat weanlings, feed and 

water consumption and body and organ weights were compared among the three groups 

(unenriched, nesting material, and shelters) using analysis of variance followed by Tukey's 

test to adjust for conducting multiple tests. Corticosterone values were not normally 

distributed (skewed to the right), so analyses were conducted by two-sample t-tests on log-

transformed values. Prior to analysis of the hematology data, extreme values were identified 

by the outlier test of Dixon and Massey (1951) and implausible values, i.e., extreme values 

from causes other than treatment and values that the laboratory indicated as being 

inadequate due to measurement problems, were eliminated from the analysis. There were 

eight such values excluded from the statistical analyses. Hematology data, which typically 

has a skewed distribution, were analyzed using the two-sided nonparametric multiple 

comparison method (Dunn, 1964) in which the unenriched group was considered the 

comparator group. Litter effects were not considered in the analysis of the rat weanling data.

For the mouse data, two approaches were employed to assess the significance of pairwise 

comparisons between enriched and unenriched groups in the analysis of continuous 

variables. Parametric multiple comparison methods (Williams, 1971, 1972; Dunnett, 1955) 

were used to analyze organ and body weight data that have approximately normal 

distribution. Nonparametric multiple comparison methods (Shirley, 1977; Dunn, 1964) were 

used to analyze hematology and hormone data which typically have skewed distributions. 

Jonckheere's test (Jonckheere, 1954) was used to assess the significance of dose-response 

trends and to determine whether a trend-sensitive test (Williams’ or Shirley's test) was more 

appropriate for pairwise comparisons than a test that does not assume a monotonic dose-

response (Dunnett's or Dunn's test). Trend-sensitive tests were used when Jonckheere's test 

was significant at p<0.01. Prior to analysis, extreme values identified by the outlier test of 

Dixon and Massey (1951) were examined by NTP personnel. Implausible values, extreme 

values from animals that were suspected of being sick due to causes other than treatment, 

and food and water values indicated as being inadequate due to measurement problems were 

eliminated from the analysis. There were 27 individual animal food and water consumption 

values and 1 hematology value excluded from the statistical analyses.

RESULTS

Body Weight, Food and Water Consumption

There were no differences in mean body weights of the rat dams between enriched and 

unenriched groups (Table 4). Food consumption was significantly higher for the unenriched 

dams compared to the enriched dams between postnatal days 15 -27 (weeks 6 and 7) of the 

study (Table 5). No statistically significant difference was seen in water consumption 

between the two groups of dams (data not shown).

Churchill et al. Page 6

Toxicol Pathol. Author manuscript; available in PMC 2017 February 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Body weights of male weanling rats were similar among the three groups, with sporadic 

marginally (p< 0.05) significant differences on PND 4, PND 15, PND 18, preweaning. No 

differences were seen in body weights post weaning (Figure 1A). Feed consumption of the 

unenriched male weanling rats was significantly higher than the shelter group throughout 

most of the study (Figure 1B). Feed consumption of the unenriched was higher than the 

nesting material for the majority of the weeks but it was not statistically significant. Water 

consumption of the unenriched male weanling rats was significantly higher than the nesting 

material and the shelter enriched groups on weeks 1 and 2 . Water consumption of the 

nesting material enriched male weanling rats was significantly higher than the shelter group 

on weeks 5, 6, 8, 9, of 13 (Figure 1C).

The female weanling rats with shelters had significantly higher body weights on PND 4 of 

the study compared to the unenriched and nesting material enriched groups, but post-

weaning, body weights were similar among the three groups of female rat weanlings (Table 

6). Feed consumption in the unenriched female rat weanling groups was significantly higher 

than the shelter group on weeks 3, 5, 6, 10, 11, and 13 (Figure 2A). Feed consumption of the 

unenriched was higher than the nesting material for the majority of the weeks but it was not 

statistically significant. Similarly, water consumption in the unenriched female rat weanling 

group was significantly higher than the shelter enriched groups at weeks 1, 5, 6, 10, and 11 

(Figure 2B).

For mice, body weights of the enriched group were similar to those of the unenriched group 

for males (Figure 3A) Body weights of the unenriched females were increased on 4 of the 13 

weeks (Figure 4A).

The unenriched male mice group consumed significantly more feed than the enriched group 

(Figure 3b), while feed consumption among the female mice was similar between the 

enriched and unenriched groups (Figure 4b).

Water consumption did not differ significantly between the enriched and unenriched groups 

for either male or female mice (data not shown).

Behavioral Observations

After the nesting material was introduced, the rat dams in the enriched group constructed 

simple nests. All dams that littered, placed their pups in nesting material. The rat weanlings 

enriched with nesting material, continued to build nests for resting and sleeping. Both dams 

and nesting material enriched weanling rats were observed to consume small (on average 0.5 

cm × 0.5cm) bits of nesting material. This was typically observed at cage change with the 

both rat dams and weaned rats. Occasionally, the rats would actively construct nests and 

consume small amounts of nesting material and continue to nest build. At other times, when 

no particular nest building activity was occurring and the dam or pup would consume small 

amount of nesting material then go on to another activity such as grooming or drinking. 

There was no consistent correlation between activity type and nesting material ingestion. 

Occasionally, dams were observed ingesting a small flake of bedding and then continue on 

with exploration activity. The weanling rats enriched with shelters at weaning, used the 

shelters for resting and were occasionally observed to use it for play with cagemates. The 
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rats used the shelters daily and there was no physical evidence or observation of the rats 

gnawing on the shelters (Figures 5 & 6).

The nesting material was placed into the enriched group mouse cages on day 1 of the study, 

and overnight was used to construct nests, as with the rats. Observations were conducted 

during the lights on period in the room and majority of the enriched mice were resting. 

There were observations noting mice nest building with the nesting material. The enriched 

mice were not observed sleeping outside the nest during the observation periods or ingesting 

the nesting material. Enrichment was refreshed twice weekly for female mice and all rats, 

and once weekly for male mice during the cage change. The day following the placement of 

the nesting material, a new nest was observed. Female mice slept in clusters and used the 

nest for sleeping. The control male mice appeared to perform nest building activity by 

gathering the bedding into a concave bed.

Gross Fecal Evaluations

One fecal pellet typically contained one 0.5cm by 0.5cm or smaller piece of nesting material 

along with some bedding material in the rat dams and weanling samples. Pieces of the 

shelters (used for rats only) were not seen in the fecal evaluations.

During the study, gross examination of mouse fecal pellets did not reveal any enrichment 

pieces. Fecal samples only contained food and bedding pieces.

Hematological and Corticosterone Evaluation

Hematology evaluations revealed that the red blood cell parameters of HB, HCT, MCH, and 

MCV of the nesting material enriched dams showed a statistically significant decrease in 

comparison to the control rat dams. The total white blood cell, lymphocyte and monocyte 

counts of the male shelter enriched rat weanlings showed a statistically significant increase 

in comparison to the unenriched male rat weanlings. The male nesting material-enriched rat 

weanlings demonstrated a statistically significant decrease in platelets compared to the 

unenriched male rat weanlings. The lymphocytes of the nesting material enriched female rat 

weanlings showed a statistically significant decrease in comparison the female unenriched 

group. The female shelter enriched rat weanlings showed statistically significant increase in 

hematocrit compared to the unenriched females. The shelter and nesting material enriched 

female rat weanlings showed a statistically significant increase in MCHC in comparison to 

the unenriched female rats. The MCH was statistically decreased in the shelter and nesting 

material female rat weanlings compared to the control group. All of the hematology 

parameters were within normal range for the HSD rat. Though statistically significant, the 

observed differences were not considered to be of physiological significance.

Male mice in the enriched group had a slight, statistically significant increase in the platelets 

and reticulocytes over the unenriched group but it was not physiologically significant. The 

female enriched mice compared to the unenriched female mice had significantly higher 

counts of WBCs (LYM, NEU, MON) and RBC (HB, MCHC, MCV) but, like the males, the 

differences were not physiologically significant.
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Plasma corticosterone levels for the rat dams were similar between the enriched and 

unenriched groups. Fecal corticosterone of the enriched rat dams was significantly higher 

than in the unenriched rat dams (Table 7A). Plasma corticosterone levels were not 

significantly different among the three groups of weanling rats of either sex. Fecal 

corticosterone collection was inadvertently not performed on all the weanling rats and 

statistical analysis could not be performed.

The plasma corticosterone levels of the enriched male mice were significantly higher than in 

unenriched male mice, while there was no significant difference in fecal corticosterone 

levels between the two groups of male mice (data not shown). Fecal corticosterone levels of 

enriched female mice were significantly higher than in unenriched female mice, but the 

plasma corticosterone levels did not differ significantly between the enriched female mice 

and the unenriched female mice. Tables 7A-7C summarizes above hematological and 

corticosterone data.

Gross and Histopathology Evaluation

At necropsy, some of the enriched rat dams and weanlings in the nesting material group had 

small amounts of nesting material within the stomachs. Significant microscopic findings 

were not observed in the gastrointestinal tract of these rats compared to rats having no 

nesting material in the stomachs. None of the rat weanlings had shelter pieces present in 

their stomachs. Microscopic lesions seen in the rat dams and weanlings were considered 

incidental background changes common to the HSD rat. The rat dams and weanlings in each 

group showed incidental microscopic changes consisting of proteinaceous cast, chronic 

progressive nephropathy and mineralization of the kidneys. The nephropathy appeared to be 

in the early stages of development for each animal at the time of necropsy. Mixed cell 

infiltrate of the liver, infiltrate of alveolar histiocytes, thymic cyst, and age related lymphoid 

hyperplasia were observed across all animal groups. The incidental background lesions 

between the enriched and unenriched groups of the rat dams and weanlings were comparable 

in occurrence and type.

No gross findings were observed at necropsy of the B6C3F1/N mice. Nesting material was 

not found on examination of the contents of the stomach and upper small intestines of the 

mice. All lesions observed on histopathology were considered incidental background 

changes common to the B6C3F1/N mice. The incidental lesions consisted of hyperplasia of 

the adrenal cortical subcapsular cells, renal tubular proteinaceous cast, minimal mixed cell 

infiltrate of the liver, and hematopoiesis in the spleen of both groups and sexes. Renal 

tubular cytoplasmic vacuolation was seen in the males but not the females. The 

accumulation of homogenous eosinophilic hyaline material within gastric epithelial cells in 

the cardiac region of the glandular cells was observed in both group of females but not seen 

in the males. Lymphoid hyperplasia was seen and attributed to age related active lymphoid 

tissue. The incidental background lesions were generally similar between the enriched and 

unenriched groups of the mice with no differences in the occurrences or types of lesions.
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Organ Weights

The mean thymus weight of the unenriched rat dams was significantly higher than that of the 

enriched group. All other organ weights (adrenal glands, kidneys, liver, lungs, spleen) of the 

rat dams were not significantly different between enriched and unenriched rat dams. The 

unenriched male and female weanling rat groups showed a significantly higher mean liver 

weight than the shelter enriched group of weanling rats. In male weanling rats, the 

unenriched group had a significantly higher mean lung weight than the shelter enriched 

groups (Table 8).

Organ weights in the male and female mice did not differ significantly between enriched and 

unenriched groups (data not shown).

DISCUSSION

The goal of this study was to determine the impact of environmental enrichment devices on 

endpoints evaluated during the conduct of NTP subchronic studies. Additionally, we 

observed the interaction of the rats and mice with the enrichment devices. We hypothesized 

that the enrichment devices would not cause an adverse effect on the animals or the 

measured endpoints. The study showed that the rats and mice used the enrichment devices 

frequently and consistently, allowing species-typical behavior. It also appeared that some of 

the natural stresses that may affect experimental outcomes such as cold stress and isolation 

stress were alleviated with the use of enrichment devices. These types of stresses are of 

particular concern with singly-housed rodents. It has been shown that these stresses can 

result in altered physiology and increased aggression in mice, respectively (Morgan et al., 

2007; Masumoto et al., 2005). Both sources of stress can have an effect on the well being of 

rodents.

Food consumption by the singly housed unenriched male mice was greater than that by the 

singly housed enriched male mice. This has been observed in several other studies 

evaluating the effects of enrichment on food and water intake (Van de Weerd et al., 1997; 

Olsson et al., 2002; Watson, 1993). Watson et al. (1993) observed similar results in 

individually housed mice. The insulation of the nesting material may have allowed singly 

housed male mice to maintain thermoregulation and reduce heat loss to the environment. 

Although the present study did not directly measure body temperature, studies on 

thermoregulation of rodents have shown that nesting material may decrease heat loss and 

help mice maintain normal core body temperature (Gaskill et al. 2011). The Guide 

recommends 68-79° F as the dry bulb macro environmental temperature for housing rodents, 

however, the preferred temperature for mice is approximately 86°F (Gaskill et al., 2011). It 

could be speculated that if nesting material were not available, the energy conserved by the 

enriched mice would have been used to maintain their core temperature. The nesting 

material as enrichment is a means for rodents to control chronic cold stress, which 

potentially could be a variable in experimental outcomes (Sesti-Costa et al. 2012; Kokolus et 

al. 2013; Morgan et al. 2007). Nesting material may be a way to mitigate this variable. The 

body weight of the unenriched and enriched groups of male mice showed no significant 

difference. The enriched male mice had less feed intake but were able to maintain a body 

weight comparable to that of their unenriched counterpart. This finding suggests that the 
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nesting material may have enhanced the food conversion by the enriched mice as noted by 

other investigators (Gaskill et al., 2013 B).

The female mice in both the unenriched and enriched groups showed no difference in food 

and water intake. An increase in food consumption similar to that observed in male mice 

was expected but was not observed. This may have occurred because female mice are group-

housed and sleep in clusters, which may contribute to more efficient thermoregulation than 

in singly housed males. Due to the social nature of mice, group clustering is likely the 

common resting and sleeping behavior. Nesting material may play a lesser role in 

thermoregulation in adult female mice that are group housed.

Differences in food consumption between the dams on weeks 6 and 7 of the study 

(PND15-27) was most likely due to additional consumption of food by the litters. Male and 

female enriched rat weanlings had decreased food and water consumption consistently over 

several weeks. The body weights of the nesting material and shelter enriched rat weanlings 

were similar to those of the unenriched rat weanlings. Few studies have specifically focused 

on thermoregulation in rats. Kinder (1927) and Boice (1977) demonstrated that rats build 

nests in response to temperature decreases. It has been shown that rat nest building activity 

is inversely related to the temperature of the housing environment; nest building was seen as 

independent of parturition as non-pregnant rats built nests when the material is available 

(Kinder, 1927). Several studies have shown that nest building by rats is not limited to 

females and is a part of their normal species typical behavior (Kinder 1927; Jegstrup et al. 

2005; Manser et al. 1998b). It is probable that the rats in our study used their enrichment 

devices for thermoregulation and were performing normal species-typical behavior.

In previous studies, rats have been shown to prefer caging with enrichment vs. no 

enrichment (Bradshaw and Poling, 1991). These studies also support the finding that non-

pregnant rats build and maintain nests. Construction of nests by rats can vary in complexity. 

As in mice, nest building in rats appears to be influenced by the type of nesting material and 

the strain of rat. (Manser et al., 1998a; Jegstrup et al., 2005). In the present study, both dams 

and offspring rats provided nesting material built nests; the dams used the nests for resting, 

and to gather, house, and nurse their pups. Once weaned, the rat weanlings used the nests for 

sleeping during the light period. Rats provided the shelters after weaning, used them to rest 

on or in during the light period. Rats have shown a preference for shelters when given the 

option of nesting material or shelter. In scenarios where both nesting and shelters were an 

option, rats combined and used both enrichment devices. (Masser et al., 1998a; Patterson-

Kane et al., 2001). Our observations support the findings that rats build nest and use shelters 

making them both biologically relevant enrichments.

Mice prefer and will work to gain access to nesting material (Olsson et al., 2002). If given 

the choice, mice also have a preference among types of nesting material (Van De Weerd et 

al., 1996 and 1998). Mice tend to prefer more natural material (Hess et al., 2008), which led 

to the type of nesting material chosen for this study. It has been shown that whereas nest 

building ability varies with strain, the type of material provided affects the quality of the 

nests built (Hess et al, 2008). Mice given paper strips built better nests than counterparts 

provided facial tissue or both substrates. During our observations, the enriched male and 
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female mice used the nesting material whenever it was provided. Mice build nests of varying 

complexity based on strain differences or genetic modification. Lactating and pregnant 

C57BL/6J mice built more complex nests than DBA/2J mice (Bond et al., 2002). C57BL/

6JJmsSlc mice built nests faster but with lower walls than JF1/Ms mice (Okayama et al. 

2015); Genetically modified Shn-2 KO mice, exhibited impaired nest building behavior 

(Takao et al., 2013). In the present study, the singly housed male mice not provided nesting 

material was observed making shallow concavities in the bedding resembling a nest. The 

mice exhibited the gathering behavior associated with nest building; gathering the bedding 

material around themselves. Building nests from bedding is not uncommon (Gaskill et al., 

2013 A); however in the present study, group housed female mice were not observed 

building nests in the bedding. It has been demonstrated that mice make better nests when 

given nesting material; enhancing in addition breeding performance and thermoregulation 

(Gaskill et al., 2013 A). Gaskill et al. (2013 A) demonstrated nude mice had reproductive 

improvement when provided nesting material with an increase in numbers of pups birthed 

and weaned (Gaskill et al., 2013 A). The authors scored both the nest with nesting material 

and nest from bedding. Also, the conversion of food consumption to body weight was 

improved in the weaned pups.

Rat offspring appear to learn the purpose of nesting material and nest building skills from 

their dams; it appears that exposure to nesting material at a young age and the type of 

nesting material appear to be important in determining nest building skills (Van Loo et al., 

2004). In addition, rats provided more natural material built more complex nests . During the 

observation periods, dams and weanling rats were seen consuming small amounts of 

bedding and nesting material and both were present in their fecal samples. The shelter 

material did not appear gnawed and none was found in the feces. It has been reported that 

older rats exposed to nesting material tend to ingest the material most likely due to the lack 

of exposure at a young age. More ingestion of nesting material was seen in the rats exposed 

for the first time at an older age (after weaning age). Adult rats in their study ate both the 

naturalistic and nonnaturalistic nesting material (Van Loo et al., 2004). The dams in our 

study had not been previously exposed to nesting material and this is most likely the reason 

for our observations. Our experience with rat pups differed from that of other authors. The 

ingestion of nesting material by the rat weanlings could possibly be a behavior learned from 

observation of the dams. There are no cited references of rats eating bedding known to us, 

however this activity has been noted anecdotally and has been reported to be quite common 

in the pet rats (Tayy, 2007).

In mice, there was no gross evidence in the fecal pellets indicating consumption of the 

nesting material. However, small amounts of bedding material, was present in all fecal 

pellets although the mice were not observed ingesting bedding. There did not appear to be 

any detrimental effects resulting from ingesting the bedding. While unintentional ingestion 

of any substance in a study can be undesirable, screening the substance for contaminants can 

be a viable solution. It is recommended that enrichment devices be evaluated in regards to 

their practical use, benefit, and experimental effect (Dean, 1999).

Rat dams had minimal (≤ 3% in magnitude) differences in the erythron; these were not 

considered physiologically significant. There were a few scattered and minor hematologic 
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changes in the male or female rat weanlings that were inconsistent between the sexes and 

were not considered biologically important or related to enrichment. There were no 

differences in plasma corticosterone values of the male and female rat weanling groups.

In mice, there were no differences in the hematology end points that were considered related 

to enrichment devices. The apparent 6% increase in platelet counts detected statistically in 

male mice, was minor and well within the 642 – 1137 ×103 (5 - 95 percentile) range 

reported for control male B6C3F1/N mice in NTP 13-week studies (NTP, 1990). Although 

there is not a large body of literature regarding platelet responses to stress, it has been 

reported that platelets are not sensitive to stress (Everds et al., 2013). In female mice, there 

was a small increase in the WBC count that was reflected by proportional increases in 

lymphocyte and neutrophil counts. All counts were within the reported biological variability 

for female B6C3F1/N mice (NTP, 1990). Furthermore, the lymphocyte and neutrophil 

distribution percentages were unaffected suggesting that the lymphocyte and neutrophil 

counts were increased solely due to the apparent increase in the WBC count. In general, 

WBC changes related to chronic stress include decreases in lymphocyte counts and variably 

changed neutrophil counts (Everds et al., 2013). These effects did not occur in the present 

study and the minor WBC changes that occurred were not considered related to enrichment. 

This effect has also been reported in rats housed in enriched environments. Thus, the 

statistically significant hematological changes in male and female mice noted above were 

not considered biologically important or related to enrichment.

There was an apparent increase in fecal corticosterone in female mice and plasma 

corticosterone of male mice provided enrichment devices. The increased fecal corticosterone 

concentration in exposed female mice was small and well within the range of normal values 

that have been reported for mice (Touma et al., 2004). Since the female mice were group 

housed, fecal sampling was performed on a cage basis, thus, reducing the overall number of 

samples (n = 8) collected from females compared to the singly housed male mice which 

were sampled on an individual basis (n = 40) and there were no differences in the fecal 

corticosterone concentration. Furthermore, since sampling by cage did not permit equivalent 

representation of all animals housed as a group, pre-analytical variability (and possibly, 

bias) introduced by the sample collection and processing could have affected the outcomes 

of either or both the enriched and un-enriched groups (especially considering the small “n”). 

Thus, the higher fecal corticosterone observed in the enriched female mice is of questionable 

significance and was not considered related to enrichment. The higher plasma corticosterone 

of enriched male mice may reflect a response to enrichment. The increase was not of large 

magnitude and, in general, the plasma values for the un-enriched males were similar to 

previously reported values for male B6C3F1/N mice (Islam and Pestka, 2003). Several 

reports have indicated that rats housed in enriched environments demonstrate “eustress” or 

“good stress” that is characterized by generally higher corticosterone values compared to 

age-matched, traditionally-housed animals (Marashi et al., 2003; Benaroya-Milshtein et al., 

2004; Moncek et al., 2004; Konkle et al., 2010). The female mice demonstrated no effect in 

the plasma corticosterone concentrations. However, the females did have approximately 3-

fold higher plasma corticosterone concentrations than the males. This was expected and may 

be related higher corticosteroid-binding protein (a.k.a., transcortin) concentrations in 

females compared to males (Tinnikov, 1999).

Churchill et al. Page 13

Toxicol Pathol. Author manuscript; available in PMC 2017 February 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Enrichment had no apparent effect on the occurrence or incidences of the background 

histological lesions in the rats and mice in this study. The organ weight differences seen in 

the unenriched dams; increased thymus weights, the higher unenriched female weanling rat 

liver weights, and the higher unenriched male weanling rat liver and lung weights were not 

linked to any obvious clinical or hematological abnormalities or the use of any enrichment 

device.

It would be beneficial in future studies to evaluate the effect of various thermal conditions 

on the metabolism of specific xenobiotics. Thermal stress is a progressively trending area of 

research. Maloney et al. (2014) provides a detailed review on the effect of thermal stress on 

the mouse model. The review addresses the concern that mice housed below their lower 

critical temperature have abnormal cardiovascular physiology, metabolism, longevity, and 

disease development. Gordon et al. (2014), gives a through review of the effects of thermal 

stress on toxicant absorption and metabolism by mammals. The latter author emphasizes that 

environmental temperature should not be the only consideration when studying toxicants but 

the thermoregulation by mammalian models. Both authors highlight the important concern 

of using thermally stressed mouse models when extrapolating data for use in humans and the 

need for additional research. In conclusion, the present study showed that the nesting 

material and shelters did not adversely impact endpoints commonly measured during the 

conduct of NTP studies. The only consistent effects appeared to be increased intake in food 

by the unenriched male mice and rat weanlings, with no differences in weight. The 

histopathological evaluations of the animals showed no lesions of consequence and 

hematological values were within the normal range. Overall, the effects of the enrichment 

were positive in light of promoting normal behavior and improved thermoregulation leading 

to reduced physiological stress. We recommend the use of these devices for enrichment 

during the conduct of NTP studies.
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International
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GD5 Gestation Day 5

D1 Day 1

PND Postnatal Day

CBC Complete Blood Count

RBC Red Blood Cell

HCT Hematocrit

HB Hemoglobin

MCV Mean Corpuscular Volume

MCH Mean Corpuscular Hemoglobin

MCHC Mean Corpuscular Hemoglobin Concentration

PLT Platelet

WBC White Blood Cell

NEU Neutrophil

LYMP Lymphocyte

EOS Eosinophil

BAS Basophil

MON Monocyte

RET Reticulocyte
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Figure 1A. 
Comparison of weanling male rat average body weights showed no statistical significant 

differences during the thirteen weeks post weaning. (mean +/− one standard error)
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Figure 1B. 
Feed consumption between the three groups of weanling male rats showed a statistically 

significant difference on weeks 1, 3, 4, 5, 6, 7, 10, 11, 12. The unenriched group consistently 

consumed more feed during the course of the study. (mean +/− one standard error)
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Figure 1C. 
Water consumption of the unenriched male weanling rats was significantly higher than the 

nesting material and the shelter enriched groups on weeks 1 and 2. Water consumption of 

the nesting material enriched male weanling rats was significantly higher than the shelter 

group on weeks 5, 6, 8, 9, of 13. (mean +/− one standard error)
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Figure 2A. 
Feed consumption between the three groups of weanling female rats showed a statistically 

significant difference on weeks 3, 5, 6, 10, 11, and 13. The unenriched group consistently 

consumed more feed during the course of the study. (mean +/− one standard error)
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Figure 2B. 
Water consumption in the unenriched female rat weanling group was significantly higher 

than the shelter enriched groups at weeks 1, 5, 6, 10, and 11. (mean +/− one standard error)
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Figure 3A. 
Mean body weight comparison between the male mice showed no statistically significant 

difference. (mean +/− one standard error)
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Figure 3B. 
Feed consumption between the male mice showed a statistically significant difference on 

weeks 1, 2, 3, 4, 8, 9, 10, 11, 12. The unenriched male mice were statistically increased in 

consumption over the nesting paper enriched male mice during these weeks. (mean +/− one 

standard error)
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Figure 4A. 
Mean body weight comparison between the female mice showed statistically significant 

difference on weeks 9 through 12. (mean +/− one standard error)
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Figure 4B. 
Feed consumption comparison between the female mice showed no statistically significant 

difference (mean +/− one standard error)
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Figure 5. 
Rat weanling using Crink-l'Nest™
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Figure 6. 
Female mice in nest built with Crink-l'Nest™
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Table 1

Allocation of time mated rat dams to experimental groups

Enrichment Group Pregnant Dams (n) Treatment

Unenriched 18 No enrichment

Enriched 32 Crink-l'Nest™
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Table 2

Allocation of rat offspring to experimental groups

Enrichment Group Number/Sex Pre-weaning Treatment Post-weaning Treatment

Unenriched 30M/30F No enrichment No enrichment

Enriched 30M/30F Crink-l'Nest™ Crink-l'Nest™

Enriched 30M/30F Crink-l'Nest™ Rat Retreats™
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Table 3

Allocation of mice to experimental groups

Enrichment Group Number/Sex Treatment Group

Unenriched 40M/40F No enrichment

Enriched 40M/40F Crink-l'Nest™
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Table 4

Mean body weight comparison of time-mated rat dams by week

Weeks Unenriched Dams Average weight (g) SE Enriched Dams Average weight (g) SE

1 234.3 2.9 232.9 2.4

2 241.9 3.0 242.6 2.6

3 257.9 3.2 257.6 2.7

4 276.6 3.6 276.8 3.0

5 303.2 3.8 301.4 3.5

6 347.6 4.8 346.0 5.1

Note: asterisk (*) denotes p < .05, statistical significance
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Table 5

Mean feed consumption comparison of time-mated rat dams by week

Weeks Unenriched Dams Average Feed Consumption (g) SE Enriched Dams Average Feed Consumption (g) SE

1 18.0 0.6 18.5 0.6

2 18.7 0.4 18.3 0.4

3 20.4 0.5 20.4 0.5

4 31.2 0.9 30.9 1.1

5 46.9 0.7 45.1 2.1

6
83.4* 

a 5.7
53.7 

a 3.0

7
84.9* 

a 3.3
67.8 

a 4.4

Note: asterisk (*) denotes p < .05, statistical significance.

a
Cage consumption (dams and offspring consumed the feed)

Toxicol Pathol. Author manuscript; available in PMC 2017 February 12.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Churchill et al. Page 34

Table 6

Mean body weight comparison of weanling female rats post weaning

Weeks Unenriched Average Weight (g) SE Nesting Material Average 
Weight (g)

SE Shelter Enriched Average Weight 
(g)

SE

1 150.1 1.9 146.3 4.7 146.4 1.7

2 174.7 2.0 171.6 5.4 170.3 2.1

3 196.7 2.5 192.4 5.6 190.5 2.4

4 213.7 2.7 210.3 6.0 207.1 2.3

5 226.9 2.7 222 5.9 222.4 2.8

6 238.2 2.6 235.6 5.9 233 2.9

7 248.5 3.0 245 5.9 241.7 2.7

8 255.6 2.9 250.5 5.7 249.1 2.6

9 262.4 3.0 258.2 6.0 254.1 2.6

10 265.2 2.9 263.7 5.7 259.8 2.8

11 270.6 3.0 265.8 5.6 262.4 3.0

12 274 3.0 268.4 5.6 266.6 2.9

13 272.2 3.0 266.3 5.7 263.5 2.6

Note: asterisk (*) denotes p < .05, statistical significance
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Table 7

Summary of clinical pathology values of statistical significance

7A. Rat Dams.

Parameter Examined Unenriched Mean Value SE SD Enriched Mean Value SE SD

Fecal Corticosterone 66 - 25.3 81.8* 20.8

Hemoglobin 17.1* 0.1 - 16.6 0.1 -

MCH 19.2* 0.2 - 18.8 0.1 -

MCV 60.5* 0.3 - 59.2 0.3 -

Hematocrit 54* 0.5 - 52.5 0.3 -

7B. Weanling Rats.

Parameter Examined Unenriched Mean Value SE Nesting Material Mean 
Value

SE Shelter Mean Value SE

Males WBC 7.93 0.28 8.27 0.39 9.07* 0.32

Lymphocytes 6.61 0.25 6.66 0.36 7.52* 0.28

Monocytes 0.19* 0.01 0.22 0.02 0.27* 0.02

Platelets 894* 37 796 42 863 22

Females Lymphocytes 5.38* 0.18 4.74 0.2 5.46 0.20

MCH 19.3* 0.1 18.8 0.1 18.9 0.1

MCHC 34.9* 0.1 34 0.1 34.1 0.1

Hematocrit 42.2 0.2 42.7 0.3 43.2* 0.2

7C. Mice.

Parameter Examined Unenriched Mean Value SE Enriched Mean Value SE

Male Mice Plasma Corticosterone 85 7 110* 7

Platelets 777 17 825* 14

Reticulocytes % 3.6 0.039 3.736* 0.037

Female Mice Fecal Corticosterone 41.6 1.69 52.37* 3.8

WBC 3.318* 0.170 2.611 0.137

Hemoglobin 14.3 0.1 14.5* 0.1

MCHC 32.5* 0.1 32.3 0.1

MCV 46.8 0.1 47* 0.1

RBC 9.38 0.06 9.52 0.1

Note: asterisk (*) denotes p < .05, statistical significance; Units: Plasma corticosterone - ng/ml; Fecal Corticosterone - ng/mg; Platelets, Monocytes, 
Lymphocytes, WBC, RBC - 1,000,000/microliter; MCHC, Hemoglobin - g/dl; MCV - fl; MCH - pg.
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Table 8

Summary of organ weights of statistical significance

Thymus Mean weight (g) (SE) Liver Mean weight (g) (SE) Lung Mean weight (g) (SE)

Unenriched Rat Dam 0.2972* (0.0132) 13.0711 (0.2574) 1.6336 (0.1197)

Enriched Rat Dam 0.2431 (0.0106) 12.6794 (0.2603) 1.5028 (0.0292)

Unenriched Female Rat Weanling 0.2964 (0.0072) 9.4804* (0.1815) 1.5482 (0.0253)

Shelter Enriched Female Rat Weanling 0.3005 (0.0090) 8.8073 (0.1169) 1.5476 (0.0358)

Unenriched Male Rat Weanling 0.3993 (0.0163) 16.3652* (0.2767) 1.9984* (0.0432)

Shelter Enriched Male Rat Weanling 0.3980 (0.0153) 15.2124 (0.2568) 1.8665 (0.0445)

Note: asterisk (*) denotes p < .05, statistical significance
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