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Background: In mice, chronic pain can be alleviated with enriched environments (EEs). The 

purpose of this preliminary study is to investigate whether pain behaviors in rats with peripheral 

neuropathy would be altered when keeping these animals in either 1) standard laboratory cages 

or in 2) a significantly EE.

Methods: Two groups of rats (n=8/group) underwent a spare nerve injury surgery of the right 

hind leg; one group (n=8) was returned to standard ventilated cages (2 rats/cage), the other (n=8) 

placed in an EE (8 rats/ferret cage with toys). A third group (n=8) underwent a sham surgery 

and was used as control. These animals were returned to standard ventilated cages (2 rats per 

cage). Spare nerve injury surgery consisted of ligation/transection of the tibial and common 

peroneal branches of the sciatic nerve of the right leg only. Von Frey Filaments were applied to 

test mechanical sensitivity of both hind paws.

Results: The right paw of nerve-injured animals was hypersensitive to mechanical stimuli at 

2, 4, and 8 weeks following the surgery; however, animals in the EE conditions showed signifi-

cantly (P<0.05) less mechanical sensitivity than rats left in the standard caging environment 

(2, 4, and 8 weeks postsurgery: standard environment 2.8±0.5, 2.8±0.7, and 2.6±0.4 and EE 

4.7±0.6, 5.8±0.5, and 5.5±0.7). Sham animals were unaffected by the surgery.

Conclusion: Environmental enrichment alleviated mechanically induced chronic pain in a 

spared nerve injury rat model of neuropathic pain. Findings also suggest that environmental 

enrichment, as a method to alleviate pain, may be species-specific, motor behaviors being a 

very important parameter when considering pain modulation.

Keywords: environmental enrichment, spare nerve injury, neuropathy, chronic pain, rats

Introduction
Environmental enrichment used to increase animal welfare is gaining interest in labora-

tory animal medicine, and is important for alleviation of chronic pain. Studies in both 

animals1–8 and humans9,10 looking at environmental effects on pain recovery following 

surgery show a significant alleviation of pain with environmental enrichment.

Rodents living in enriched environments (EEs) show less pain behaviors fol-

lowing a peripheral nerve injury than those living in a standardized laboratory cage 

environment.5–8 However, in these studies, animals were kept for a short period of 

time (<1 month) in the EE from the start of the study. In mice, it has recently been 

shown that pain can be alleviated with environmental enrichment well after the estab-

lishment of chronic pain.3,4 In this preliminary study, we investigated whether pain 

following an induced peripheral neuropathy in rats would be altered when keeping 

these animals in a significantly EE compared to standard laboratory cages over a 
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period of 2 months. Our previous experiments3,4 show that 

pain can be alleviated in mice with environmental enrich-

ment, whereas a minimally EE in rats showed no effect with 

regard to the alleviation of chronic pain.11 In the present 

experiment, environmental enrichment was significantly 

modified compared to laboratory animal research standards 

by increasing cage size and number of “toys,” as well as 

increased opportunities for social interactions, to assess 

whether these modifications would be sufficient to alleviate 

chronic pain in rats.

Materials and methods
Animals and husbandry
Twenty-four Sprague Dawley rats (CRL:CD[SD]; Charles 

River, Saint-Constant, QC, Canada) weighing between 225 

and 250 g were used for this study. Following their arrival, 

they were kept in a standard laboratory animal environment 

(fresh filtered air, 15 changes/hour; temperature, 21°C±2°C; 

humidity 50%±20%; and light/dark cycle, 12:12 hours). Rats 

were housed (groups of 2) on hardwood bedding (Beta chip, 

Northeastern Products, Warrensburg, NY, USA) in ventilated 

cages (Green Line IVC Sealsafe Plus, Tecniplast, West Ches-

ter, PA, USA) with only black PVC tubing for environmental 

enrichment. Following their arrival, and a 1 week acclimation 

period, rats were then acclimated daily to the von Frey equip-

ment for 1 week and underwent surgery the following week.

Following the spare nerve injury (SNI) surgery, one 

group of rats (n=8; SNI-SE) was returned to the ventilated 

cages (2 rats/cage) and another group (n=8; SNI-EE) placed 

in groups of eight in ferret cage (Ferret Home cage 485, Pet 

Products, Chicago, IL, USA; dimensions: 31 inches long, 20 

inches wide, and 41.5 inches high with 7/8-inch wire spacing) 

with toys (colored balls, paper, PVC tubing, plastic spirals). 

One group underwent a sham surgery (n=8; Sham-SE), and 

these animals served as negative controls. Following surgery 

they were returned to the ventilated cages (2 rats per cage) 

in a standard environment. All rats received tap water and a 

standard laboratory rodent diet (Charles River Rodent Chow 

5075, Charles River) ad libitum. The experimental protocol 

was approved by the University of Montreal institutional 

animal care committee prior to animal use, in accordance with 

the guidelines of the Canadian Council on Animal Care.12

Surgical procedures
SNI surgery consisted of ligation and transection of the 

tibial and common peroneal branches of the sciatic nerve of 

the right leg only, while sparing the sural nerve.13 Surgeries 

were performed under general anesthesia (2% isoflurane in 

1 L O
2
/min). The tibial and common peroneal nerves were 

ligated with silk suture (Ethicon 6/0) and cut. The skin was 

closed with 6/0 silk, and topical antiseptic polysporin cream 

(bacitracin/polymyxin) was applied. Sham surgery involved 

exposing the nerve without damaging it.

Behavioral evaluations
All behavioral evaluations were performed in a designated 

rodent behavioral testing room with dimed lights. The threshold 

to withdraw was calculated as previously described.14 Calibrated 

von Frey filaments (Stoelting Co., Wood Dale, IL, USA) were 

applied for 4 seconds, or until paw withdrawal, to test mechani-

cal sensitivity of both limbs. The applied force ranged from 1 

to 26 g, corresponding to filament sizes 4.08–5.46. For each 

animal, the actual filaments used within the aforementioned 

series were determined based on the lowest filament to evoke 

a positive response using the up–down method. Rats were 

acclimated to the experimental setup 15 minutes prior to testing. 

The mechanical sensitivity was assessed on the lateral plantar 

surface of both hind paws. Rats were randomly tested, mixing 

all three experimental groups. The person testing the animals 

was blinded to all experimental conditions.

Statistical analysis
Statistical analyses and graphs were performed using Graph-

Pad Prism 4.0 (GraphPad Software, La Jolla, CA, USA). The 

time course for sensory, motor, and affective measures was 

analyzed by two-way repeated-measures analysis of variance 

(RM-ANOVA) followed by the Bonferroni post hoc test for 

multiple comparisons. All data are expressed and plotted as 

mean ± standard error of the mean. P<0.05 was considered 

statistically significant. If a significant effect of environment 

was observed in the absence of a time effect or an environ-

ment × time interaction, one-way RM-ANOVA was used 

to determine if a time effect existed within each group (ie, 

neuropathic enriched).

Results
Neuropathic rats with environmental enrichment had signifi-

cantly reduced hypersensitivity to mechanical stimuli (Figure 

1; enriched vs impoverished, two-way RM-ANOVA, F(1,18) 

=4.9, P<0.05) compared to animals placed in standard cages. 

This decreased hypersensitivity was observed at 2, 4, and 

8 weeks following the surgery. No significant changes of 

sensitivity to mechanical stimuli were observed in control 

rats that underwent a sham surgery. For all three experimen-

tal groups, the nonoperated paw sensitivities were between 

22.7±0.5 and 24.6±0.6 g (not shown).
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Discussion
Our results show that environmental enrichment has a statisti-

cally significant but moderate impact on pain hypersensitivity 

in a rat model of neuropathic pain. Environmental enrich-

ment significantly decreased pain thresholds to mechanical-

induced pain in rats, an effect that has previously been shown 

in mice.4 Interestingly in mice, enrichment cages decreased 

anxiety and increased exploration; however, in rats, increas-

ing the cage size without adding toys did not modify pain 

behavior, but animals were found to be less anxious with 

an increase in exploratory behavior.11 Importantly, even if 

the ferret cage environment alleviated pain, rats were still 

sensitive to mechanical stimuli and would be considered 

neuropathic, as was observed in mice, suggesting that envi-

ronment enrichment in itself is insufficient to cure pain. 

Altogether our findings suggest that significantly increasing 

rat cage size, providing more environmental enrichment, and 

favoring social interactions can alleviate neuropathic pain. 

Since this is a preliminary study, no attempt was made to 

separate out these different parameters to assess the impor-

tance of each in alleviating pain. Many animal models used 

in research (eg, cancer, musculoskeletal problems, etc.) will 

suffer from chronic pain, and these animals would benefit 

of a more appropriate environment to alleviate pain without 

medications.

One of the main components of the EE in the mouse 

study was a running wheel,4 and exercise is known to 

decrease pain symptoms and improve motor function in 

chronic pain models. This is also an important component 

of the ferret cage, since rats had a significantly increased 

opportunity for exploratory behavior, moving freely on 

different levels of the cage. However, the ferret cage may 

not have been challenging enough, in terms of exercise, 

and a running wheel may be more appropriate to increase 

exercise. However, rats are known to be physically much 

less active than mice.

Stagg et al15 demonstrated that thermal hyperalgesia in 

a rat model of neuropathic pain is reversed with exercise. 

Interestingly, reversal of sensory hypersensitivity was seen 

even when exercise was initiated 4 weeks after spinal nerve 

ligation, and returned 5 days after discontinuing exercise. 

Exercise appears sufficient to have a significant alleviating 

effect on neuropathic pain symptoms, and clinical studies in 

humans suggest that exercise decreases pain symptoms in 

chronic pain patients.16–18 However in our study the results 

with mechanical stimuli did not show the same results.

Conclusion
Environmental enrichment decreased mechanically induced 

chronic pain in an SNI rat model of neuropathic pain. Ani-

mal models used in research (eg, cancer, musculoskeletal 

problems, etc) may suffer from chronic pain, and so a more 

appropriate environment that would alleviate pain without 

medications, which may interfere with research findings, is 

essential.
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