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Abstract

Early life stress is a risk factor for developing functional pain disorders. The “limited bedding” 

(LB) model (Gilles et al., 1996) elicits psychological stress in the dam and her pups by providing 

minimal nesting material following delivery. Little is known about the effects of LB on visceral 

pain. Rats (female, male) were exposed to LB on postnatal days 2–9. Electromyographic 

visceromotor responses (VMR) were recorded at age 11–12 weeks during titrated colorectal 

distension. LB exposure resulted in significant visceral hyperalgesia in both sexes. Sex differences 

were demonstrated only in non-stressed controls, with females showing greater VMR. Our results 

prepare the way for use of the LB model in studying the development of visceral pain in adults 

with functional gastrointestinal disorders.

Keywords

visceral pain; abdominal pain; nociception; colorectal distension; early life stress; sex differences; 
nesting behavior

INTRODUCTION

Psychological stress during the early stages of life results in immediate and enduring effects 

on brain development and increases the risk of psychopathology in adult life. Recent work 

has highlighted an important role also for early life stress in the development of functional 
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pain disorders [1], including functional gastrointestinal disorders and its associated visceral 

pain [2–4]. Preclinical studies have demonstrated that maternal separation during early life 

predisposes animals to visceral hyperalgesia as adults [5–7]. A second model of 

psychological stress, the “limited bedding” model was introduced by Gilles et al. [8] as an 

alternate model of maternal neglect and abuse that, unlike the maternal separation model, 

allows continuous presence of the mother. In the limited bedding model minimal nesting 

material is provided to the dam following delivery of her pups. Typically this results in 

increased maternal anxiety and decreased nurturing behavior (licking/grooming), increased 

rough handling, and increased pup vocalization [9,10]. Long-term consequences on the 

offspring include increased stress hormone release, reduced expression of hypothalamic 

corticotrophin releasing hormone, adrenal hypertrophy [11], decreased social and 

exploratory behavior [9,10], increased learned helplessness in the Porsolt swim test [9], 

impaired visual-spatial memory in the Morris Water maze [12], decreased dendritic 

branching in the CA1 area of the hippocampus [12], increased CRH-positive interneurons in 

the hippocampus [12], and increased c-fos expression in the amygdala in response to a stress 

challenge [9]. A recent report demonstrated that offspring also show alteration in mechanical 

nociceptive thresholds and prolongation of prostaglandin E2 hyperalgesia in skeletal muscle 

[13]. Little is known about the effects of limited bedding on visceral pain responses, which 

we explored in the current study.

METHODS

Animals

All experiments were conducted under a protocol approved by the Institutional Animal Care 

and Use Committee of the University of Southern California and are in accordance with the 

guidelines of the Committee for Research and Ethical Issues of the International Association 

or the Study of Pain. Adult female and male Wistar rats (3 month old) were purchased from 

Harlan Sprague Dawley (Indianapolis, IN, USA) and were housed in the vivarium on a 12-

hour light/12-hour dark cycle with free access to water and rodent chow. Breeding was 

performed in the vivarium in separately housed breeding pairs (1 male, 1 female) for the 

production of male and female offspring.

Limited Bedding Model

The model was adapted from Gilles et al. [8]. One day after testing, plug-positive dams were 

individually housed under standard vivarium conditions. On postnatal day 2 litters and dams 

were transferred to a standard cage equipped with a steel grid (2.5 cm above the floor, 5 

mm2 mesh). The only bedding material available was a paper towel (1 paper towel for 8–15 

pups, ½ towel for <8 pups) that the dam would shred and uses to make her nest. The paper 

towel was replaced at postnatal day 4/5 (female pups n=11, male pups n=11). Control 

groups (female pups n=11, male pups n=10) were left undisturbed and maintained with 

standard woodchip bedding. On postnatal day 9 all litters and dams (limited bedding and 

control) were returned to standard housing conditions using woodchip bedding. Upon 

weaning on postnatal day 21, offspring were separately placed in same sex, social groups of 

3, and housed until 10–11 weeks of age under standard vivarium conditions.
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Surgical procedures

Animals at age 10–11 weeks were anesthetized (isoflurane 2% in 70% oxygen and 30% 

nitrous oxide). A telemetry transmitter (TA11-CTA-F40, Data Sciences Intl., St. Paul, MN, 

USA) was implanted subcutaneously on the dorsum of the animal just caudal to the scapula. 

A skin incision was made on the abdomen and electrodes of the transmitter were tunneled 

subcutaneously to the abdominal incision. Tips of the electrodes were bared, placed in 

parallel (0.5 cm apart), and stitched into the left external oblique musculature, just superior 

to the inguinal ligament. The receiver platform was linked via a data exchange matrix to a 

computer. Implants can be turned on and off with an external magnet and send a 

radiofrequency signal of electromyographic (EMG) activity to a receiver platform placed 

underneath the experimental cage on the day of recording. All animals were allowed to 

recover for seven days.

Assessment and quantification of the visceromotor response to colorectal distension

The rats were habituated to an uninflated colorectal balloon and the experiment cage for 45 

min per day for three days prior to measurement of the visceromotor response (VMR). VMR 

to colorectal distension (CRD) was assessed as described before [14,15]. Briefly, under light 

isoflurane anesthesia (1.5% isoflurane × 3 min), a flexible latex balloon (length = 6 cm) was 

inserted intra-anally such that its caudal end was 1 cm proximal to the anus. The silicon 

tubing connecting the balloon and the barostat (Distender Series II, G&J Electronics Inc., 

Toronto, Canada) was fixed to the base of the tail with adhesive tape and covered by a 

stainless steel spring for protection against animal biting. Animals were allowed to recover 

for 30 min in the experiment cage, the floor of which was covered with bedding from the 

animal’s home cage. The CRD procedure consisted of two series of phasic distension to 

constant pressure of 10, 20, 40, and 60 mmHg with 20-s duration and 4-min interstimulus 

intervals. The VMR was quantified by measuring EMG activity in the external oblique 

musculature. EMG signals were recorded telemetrically at a sampling rate of 1 kHz, 

digitized and stored on a computer with the Dataquest ART 3.0 software (Data Sciences 

Intl., St. Paul, MN, USA). EMG waveforms were lowcut filtered at 20 Hz to eliminate 

movement interference, and then full-wave rectified. Area under the curve (AUC) was 

calculated for the 20-s distension period normalized by the 20-s before-distension baseline.

Estrus cycle staging would require daily vaginal lavage over 2 weeks, which would 

introduce additional stressors potentially confounding the “no-stress” comparison, as well as 

the sex differences comparison [16]. Therefore, we evaluated high or low estrogen states 

using uterine weights which change in response to estradiol levels during the 4- to 5-day 

estrus cycle of the rat [17].

Data analysis

To avoid ambiguities associated with the interpretation of a three-way ANOVA results (with 

Stress and Sex as the between-subjects factors, and CRD as the within-subjects factor with 

repeated measure), and given that the effect of increasing CRD levels is well known, we 

chose to apply ordinary two-way ANOVA (with Stress and Sex as the between-subjects 

factors) for individual CRD pressure level. Fisher’s Least Significant Difference (LSD) tests 

were performed with P < 0.05 considered statistically significant. Data were presented as 
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mean ± SEM. All analyses were conducted using Prism (version 6.05, GraphPad Software, 

Inc., La Jolla, CA, USA).

RESULTS

Results are shown in figure 1. For 60-mmHg CRD, there were significant main effects of 

Stress (F1,39 = 12.97, P = 0.0009) and Sex (F1,39 = 6.057, P = 0.02), but no significant Sex 

× Stress interaction. Fisher’s LSD test revealed significant pairwise differences for Male/

Control vs. Male/Stressed (P = 0.005, significant after Tukey’s correction for multiple 

comparisons), Female/Control vs. Female/Stressed (P = 0.04), Male/Control vs. Female/

Control (P = 0.03), but not Male/Stressed vs. Female/Stressed (P = 0.2).

For 40-mmHg CRD, there were significant main effects of Stress (F1,37 = 7.841, P = 0.008), 

but not Sex (P = 0.3) or Sex × Stress interaction (P = 0.1). Fisher’s LSD test revealed 

significant pairwise differences for Male/Control vs. Male/Stressed (P = 0.004, significant 

after Tukey’s correction for multiple comparisons) and a trend for Male/Control vs. Female/

Control (P = 0.07). For 20-mmHg CRD, there were no significant main effects or Sex × 

Stress interaction. Fisher’s LSD test revealed significant pairwise differences only for Male/

Control vs. Male/Stressed (P = 0.03).

For 10-mmHg CRD, there were no significant main effects or Sex × Stress interaction. 

Fisher’s LSD test revealed no significant pair-wise differences. In female rats, there was no 

significant difference in uterine weights (P = 0.14) or in the correlation of the VMR and 

uterine weights (Female/Control R2 = 0.0059, Female/Stress R2 = 0.00113).

DISCUSSION

Our study demonstrated the presence of visceral hyperalgesia in adult animals with a prior 

history of exposure to limited bedding during postnatal days 2–9. These results confirm 

similar findings reported for the maternal separation rat model [5–7]. Differences in our 

study were most apparent at 60-mmHg of CRD in stressed animals compared to nonstressed, 

control animals. During 40-mmHg CRD the effect of stress was significant in males but not 

in females as the difference in females was masked by a higher VMR in the control animals.

Sex differences in the VMR response were demonstrated only in non-stressed controls, with 

females showing greater responses. These findings are consistent with a prior report in 

normal rats [18]. The higher VMR noted in female controls and a possible ceiling effect to 

the VMR in the stressed female animals at 60-mmHg of CRD, precluded us finding a 

significant VMR sex difference in the stressed animals, though a nonsignificant trend was 

apparent.

The VMR response to CRD has previously been shown to fluctuate with the estrus cycle in 

anesthetized [18,19] and in awake, restrained rats [20] (but see also [15,21]). In our study, 

there was no significant correlation of uterine weights with the VMR in both the stressed, as 

well as non-stressed females. We did not assess individual stages of the estrus cycle by 

vaginal lavage (daily × 2 wks.), as this would have had the potential to introduce additional 

stressors that could confound a comparison to the ‘no stress’ condition, as well as in 
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revealing sex differences. Future work may need to examine the relationship of serum 

estradiol levels with the VMR in the limited bedding model.

The ‘limited bedding’ model is easy to implement and less time intensive, while still 

maintaining many of the abnormalities in behavior, stress hormone response, and neural 

changes observed in the ‘maternal separation’ model. The model has the unique advantage 

of inducing abnormal maternal care without separating the dam from her pups. This may 

approximate the clinical situation more closely, in so far as stress is in the presence, rather 

than in the absence of a caretaker. The model, furthermore, avoids the daily handling of 

pups which may itself alter stress hormone release by the hypothalamic-pituitary-adrenal 

axis [22].

A number of prior studies have documented that acute or subchronic stress in adult animals 

can elicit visceral hyperalgesia (e.g. [14]), possibly as a result of induced hyperexcitability 

of nociceptive dorsal root ganglia neurons [23], as well as central pain amplification [24]. A 

strong clinical argument can be made for the inclusion of measures of early life stress-

induced visceral hyperalgesia in animal models of functional bowel disorders based on the 

understanding that early life adversity affects pain behavior in functional gastrointestinal 

disorders [2–4]. Our results prepare the way for use of the limited bedding model in 

preclinical studies on visceral pain, as has been suggested also by others [25].
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Figure 1. Viseromotor responses (VMR) to colorectal distension (CRD)
VMR (mean ± standard error) is shown for stressed female (n = 11), control female (n = 11), 

stressed male (n =11), and control male rats (n = 10). *: P < 0.05 (Fisher’s LSD test).
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