
Genetic diversity contributes to abnormalities in pain
behaviors between young and old rats

A. Chaloner & Beverley Greenwood-Van Meerveld

Received: 3 March 2011 /Accepted: 5 October 2011 /Published online: 18 November 2011
# American Aging Association 2011

Abstract Aging has profound yet unpredictable effects
on pain perception and incidence of anxiety disorders.
However, the mechanisms underlying age-related pa-
thologies are confounded by contradictory observations
in rodent models. Therefore, the goal of our study was to
test the hypothesis that genetic variability contributes to
age-related pain behaviors and susceptibility to anxiety.
To address this hypothesis, we examined pain and
anxiety-like behavior in young or old Brown Norway
(BN), Fisher 344, and BN/F344 (F1), three rat strains
used in studies to evaluate the effect of aging.
Mechanosensitive thresholds were assessed using the
Von Frey assay, and visceral pain sensitivity was
measured via the visceromotor response to colorectal
distension. Anxiety-like behavior and exploration was
quantified in the elevated plus maze. In the BN strain,
old rats exhibited increased mechanosensitive thresh-
olds compared to young rats; however, age did not affect
visceral sensitivity in this strain. In F344-BN rats, the
number of abdominal contractions induced by the

highest colonic distension pressure was significantly
lower in old rats. However, following colonic sensitiza-
tion, a difference was no longer apparent. In the F-344
strain, visceral hypersensitivity following afferent sen-
sitization was evident in young rats at all distension
pressures but was not observed in older animals at
20 mmHg. Aging significantly reduced maze explora-
tion across all strains. Our data demonstrate that age-
and strain-related alterations exist in pain behavior and
highlight the effects of aging on exploratory behavior.
These findings suggest that strain differences contribute
to the controversial data on the effects of aging on pain
perception.
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Introduction

Abdominal pain due to visceral hypersensitivity, the
primary symptom of the irritable bowel syndrome
(IBS), is most often diagnosed in patients in their
mid-twenties and, as a result, has largely been
considered a disorder present in younger patients
(Bennett and Talley 2002). However, epidemiological
studies have shown that 10–20% of geriatric patients
within the USA report IBS-like symptomatology,
which is consistent with the national average for
IBS within the general population (Friedel and
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Krevsky 2000; Ehrenpreis 2005; Talley et al. 1991).
In response to rectal distension, elderly individuals
have elevated sensory thresholds for first sensation,
urge to defecate, and first painful sensation as
compared to young control subjects (Lagier et al.
1999). Additionally, the elderly exhibit a higher
threshold to painful sensation in response to intra-
esophageal balloon distension (Lasch et al. 1997). In
addition, while some clinical studies show little or no
difference in somatic pain sensitivity, many have
demonstrated that elderly patients have altered sensi-
tivity to thermonociception, ischemic pain, and
pressure pain (Harkins et al. 1986; Edwards and
Fillingim 2001; Lautenbacher et al. 2005). Taken
together, these studies suggest an overall reduction in
global pain sensitivity with advancing age.

A strong connection between altered pain percep-
tion and heightened anxiety has been observed with
over 60% of IBS patients with a diagnosed anxiety
disorder (Whitehead et al. 2002). These patients have
altered hypothalamic–pituitary–adrenal (HPA) axis
activity that results in enhanced release of stress
hormones at baseline and following stressful stimuli
(Dinan et al. 2006; Chang et al. 2009). Altered
anxiety has also been reported within the geriatric
population where the rate of anxiety symptom
reporting is at least three times that of the general
population (Scrable et al. 2009).

The mechanisms responsible for abnormal pain
perception and increased anxiety in the elderly are
currently unknown, and previous mechanistic inves-
tigations using rodents have produced inconsistent
results which do not allow for a definitive conclusion
on the effects of aging on pain and behavior (Gagliese
and Melzack 2000). There are numerous sources of
variability within these data, but the most obvious
inconsistencies likely arise as a result of genetic
diversity between rodent strains and methodological
variations between studies. Therefore, the aims of the
present study were designed specifically to (1)
determine potential effects of rodent strain on changes
in mechanosensitive thresholds and visceral pain
behavior with age and (2) to examine the effect of
aging on anxiety-related behavior in three rodent
strains using uniform methodological assessments
within a single laboratory.

To investigate these aims, we selected three rodent
strains which are currently available from the National
Institute of Aging (NIA): the Brown Norway (BN),

Brown Norway–Fischer 344 (BN/F344 (F1)) (F1), and
the F344 rats. In these animals, we measured mechano-
sensitive thresholds and visceral sensitivity. Since IBS is
a disorder characterized by visceral hypersensitivity
(Whitehead et al. 1990), visceral sensitivity assessment
was performed at baseline and following induction of
visceral hypersensitivity. In addition, rats were eval-
uated on the elevated plus maze (EPM) to assess
anxiety-like behavior. The data from this study
elucidate the differential effects of aging on pain in
three rat strains which may translate to the heteroge-
neous results observed in human studies concerning
pain perception in the elderly.

Materials and methods

Animals

Young (6 month) and old (26 month) Brown Norway,
Brown Norway–F344, and F344 rats were obtained
from the NIA colonies at Harlan Sprague–Dawley
Inc. (Indianapolis, IN, USA). All rats in the current
study were male with an experimental number of
seven to nine animals per group. Rats were given
food and water ad libitum at 23°C in a 12:12-h light-
dark-controlled room. Due to the large size of the
aged rats, animals were single housed upon arrival to
prevent cage-mate aggression. To reduce the stress
associated with shipping and the novel laboratory
environment, all rats were acclimated to the animal
facility for 1 week followed by an additional week of
acclimatization to the experimenter and the laboratory
environment. During the second week of acclimation,
rats were brought into the laboratory between the
hours of 9:00 AM and 2:00 PM, weighed, and
handled by the investigator. All experiments were
approved by the Institutional Animal Care and Use
Committee (protocol number 08–065).

Mechanosensitive threshold assessment

The Von Frey assay is a standard technique to record
mechanosensitivie thresholds in rodents. Following a
30-min acclimation to the experimental environment,
rats were placed individually in a clear, plexiglass
cage on an elevated wire mesh floor and allowed to
acclimate for an additional 30 min to the apparatus.
After the acclimation period, an IITC 2390 series
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Electronic Von Frey Anesthesiometer (IITC Life 164
Science Inc, Woodland Hills CA, USA) was used to
digitally record the threshold to elicit hindpaw
withdrawal in response to mechanical stimulation. In
this procedure, the Von Frey probe was applied with
constant pressure to the plantar surface of the hind
paw and the minimal force required to elicit hind paw
withdrawal was recorded from the digital display of
the anesthesiometer. The procedure was performed in
triplicate on the same hind paw of each animal with
5 min between each test and somatic mechanosensi-
tive thresholds were quantified as the average
withdrawal threshold (Myers et al. 2007).

Visceral sensitivity assessment

Following an overnight fast (16–18 h), all rats were
briefly anesthetized by isoflurane inhalation (2–5%).
A strain gauge force transducer was surgically
attached to the external abdominal oblique muscula-
ture to quantify the visceromotor response (VMR) to
colorectal distension (CRD). The strain gauge lead
wires were externally looped around to the dorsal
surface of the animal and attached to the back using a
single stitch. A 5-cm colorectal balloon was inserted
9–11 cm into the distal colon and secured by tape at
the base of the tail. Rats were allowed to recover for
30 min before assessment of visceral sensitivity. The
VMR to colorectal distension CRD was quantified by
observing the number of abdominal contractions
recorded by the strain gauge sutured onto the
abdominal musculature. Following a 10-min control
period where the balloon was inserted but not
distended, three isobaric distensions were performed
at 20, 40, and 60 mmHg. The distension pressures
were maintained for a period of 10 min while the
number of abdominal contractions was recorded to
indicate the level of visceral sensitivity at each
distension pressure. A 10-min resting period was
allowed between distensions. During this procedure,
rats were fully conscious and ambulatory (Ness and
Gebhart 1988; Myers and Greenwood-Van Meerveld
2007; Tyler et al. 2007). Following an initial series of
CRD, rats were given a colonic infusion of dilute
acetic acid (1.5 ml of 0.6% COOH). The acetic acid
solution was used to cause acute sensitization of
colonic afferent fibers, thereby inducing visceral
hypersensitivity within 60 min (Langlois et al.
1994). One hour after acetic acid infusion, a second

series of CRD was performed using the same balloon
distention protocol as previously described (baseline,
20-, 40-, and 60-mmHg distensions) and the VMR
was recorded. Immediately following the last distension,
rats were anesthetized using isoflurane inhalation (5%)
and euthanized.

Assessment of anxiety-like behavior: elevated
plus maze

One day following the Von Frey assay, anxiety-like
behavior was determined using a standard EPM
(elevated 50 cm from the ground with each arm 50 cm
in length). The maze was cleaned with a 20% ethanol
solution and allowed to dry before experimental testing.
Following a 30-min acclimation period to the experi-
mental room, animals were placed on the maze facing an
open arm and allowed to explore for a period of 5 min.
The percentage of time spent in the open arms was
recorded as an indicator of anxiety, and maze explora-
tion was recorded as the total number of arm entries,
number of head dips, number of rears, and end
explorations during the 5-min testing period (Myers
and Greenwood-Van Meerveld 2007). Behavior of the
animal on the maze was recorded by a digital video
camera which was mounted directly above the maze.
The digital video was reviewed by a blinded observer
for behavioral scoring.

Data analysis

Data are represented as the mean±SEM. A two-way
ANOVA was used to analyze potential differences in
the percent time in open arms (anxiety-like behavior),
total number of arm entries (locomotor activity) on
the EPM, and mechanosensitive thresholds with age
and strain as factors and Bonferroni post tests.
Changes in the VMR due to CRD were analyzed
with a 2×3×4×2 repeated measures ANOVA with
afferent sensitization (normosensitive vs. hypersensi-
tive), strain, distension pressure, and age as factors
followed by Tukey–Kramer post hoc tests. Within-
strain comparisons of VMR to CRD were analyzed
with a repeated measures two-way ANOVA with
distension pressure and age or afferent sensitization as
factors followed by Bonferroni post tests. Animal
numbers were seven to nine per group for each assay.
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Results

Mechanosensitive thresholds

Assessment of mechanosensitive thresholds revealed
a significant main effect of strain [F(2,41)=16.2, p<
0.0001]. Although there was no main effect of age,
there was a significant strain×age interaction [F(2,41)=
6.48, p<0.01], which is explained by the impact of
age on somatic threshold to mechanical stimulation in
the BN strain (Fig. 1a). Old BN rats had reduced
mechanical sensitivity quantified as an increased

amount of force required to elicit a nociceptive
hindpaw withdrawal reflex compared to their younger
counterparts. However, no difference was observed
between old and young rats in the nociceptive with-
drawal reflex of BN/F344 (F1) (Fig. 1b) or F344 rats
(Fig. 1c).

Visceral sensitivity assessment

Visceral sensitivity was assessed by measurement of a
nociceptive behavioral reflex to luminal distension of
the colorectum. A main effect of pressure was
observed as a graded increase in the VMR to CRD
in both young and old rats [F(3,120)=208.61, p<
0.0001]. Consistent with previous results, the
ANOVA revealed a main effect of colonic sensitiza-
tion where the VMR to CRD was increased following
intracolonic acetic acid administration (sensitized) in
both young and old rats of all rodent strains (Figs. 2,
3, and 4) (Langlois et al. 1994). A main effect of
strain was also observed [F(2,40)=32.45, p<0.0001]
where post hoc tests revealed that BN rats are least
responsive to CRD, F344 rats exhibited the highest
VMR to CRD, and the BN/F344 (F1) strain was an
intermediate between BN and F344 animals. Although
there was no main effect of aging across all rodent
strains, within-strain comparison indicated differential
effects of age on visceral hypersensitivity. In the BN
strain, there was no main effect of age and both young
and old rats exhibit similar levels of visceral sensitivity
across all distension pressures at baseline and following
intracolonic infusion of acetic acid (Fig. 2a and b). In
BN/F344 (F1) rats, there was a significant age×pressure
interaction where old animals had a significant reduc-
tion in the VMR to CRD at 60 mmHg as compared to
young adult rats [F(3,39)=3.91, p=0.0156] which
suggests that aging decreases visceral sensitivity to
high-intensity nociceptive stimuli within this strain
(Fig. 3a). However, this decreased visceral sensitivity
with age is abolished following direct sensitization of
colonic afferents where no difference is observed in the
VMR to CRD between young and old BN/F344 (F1)
rats across all distension pressures following intra-
colonic acetic acid (Fig. 3b). Young F344 animals were
highly susceptible to the effects of acetic acid on colonic
afferent sensitization and show visceral hypersensitivity
following intracolonic infusion of acetic acid at all
distention pressures (Fig. 4a). However, in the F344
strain, colonic afferents become less vulnerable to
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Fig. 1 Effects of aging on somatic sensitivity in three rodent
strains. a In the BN strain, old rats required an increased force
to elicit a nociceptive withdrawal reflex of the hindpaw as
compared to young animals. Aging had no effect on somatic
sensitivity in b F344-BN or c F344 rats. *p<0.05 vs. young
animals of the same strain
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acetic acid sensitization at the lowest distension
pressure of 20 mmHg where old rats exhibit an
increase in the VMR to CRD at only 40 and 60 mmHg
following intracolonic acetic acid (Fig. 4b).

Anxiety-like behavior and maze exploration

Although aging did not appear to affect anxiety-like
behavior as measured by percent time in the open

arms [F(1,38)=3.24, p=0.08], there was a main
effect of age on exploration of the elevated plus maze
[F(1,38)=12.14, p<0.01], observed as a significant
decrease in total arm entries in old as compared to
young rats Additionally, no differences were noted in
number of head dips or end exploration between
young and old rats. However, the was a significant
strain×age interaction [F(2,27)=4.57, p<0.05],

VMR – Brown Norway

0

5

10

15

20

0 20 40 60

Distension Pressure (mmHg)

Young
Old

a Normosensitive

0

5

10

15

20

0 20 40 60

Distension Pressure (mmHg)

Young
Old

b
Hypersensitive

# 
A

b
d

o
m

in
al

 C
o

n
tr

ac
ti

o
n

s
# 

A
b

d
o

m
in

al
 C

o
n

tr
ac

ti
o

n
s

Fig. 2 Effect of age on visceral sensitivity in BN rats. a The
VMR to CRD was similar at all distension pressures in both
young and old rats with normosensitive colons. b Visceral
sensitivity was not affected by age following acute sensitization
with dilute acetic acid. p>0.05 at all distension pressures
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Fig. 3 Effect of age on visceral sensitivity in F344-BN (F1)
rats. a Old F344-BN (F1) rats exhibited a reduced VMR to
CRD at 60 mmHg as compared to young animals. b Following
colonic sensitization, young and old F344-BN (F1) rats had a
similar VMR to CRD at all distension pressures. *p<0.05 vs.
old animals at 60 mmHg
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explained by an increased number of rears in young
vs. old F344 rats (Table 1).

Discussion

In the current study, age was found to have an effect
on mechanosensitive thresholds and visceral pain

behavior which varies with rodent strain; whereas
exploration of the EPM decreases with age across all
strains. Our data suggest that inconsistent results
reported previously on the effects of aging on pain
likely arise, in part, due to strain differences between
studies, suggesting that genetic background can
contribute to differences in the effect of age on pain
behavior. Furthermore, the data indicate that each
strain utilized within these experiments is uniquely
suited to investigate the underlying mechanisms of
changes in pain perception with age which occur
within the clinical population.

Although controversial, the majority of clinical
observations have shown an increase in somatic pain
thresholds in old patients as compared to young adults
(Gibson and Helme 2001; Horch et al. 1992; Meliala
et al. 1999; Harkins et al. 1986; Lautenbacher and
Strian 1991; Jensen et al. 1992). Specifically, geriatric
patients have a higher pain threshold with exposure to
sharpened Von Frey filaments or stimulation with a
hypodermic needle, which indicates a decrease in
mechanosensitive nociceptive thresholds with age
(Horch et al. 1992; Meliala et al. 1999). This
phenomenon is also observed in the present study
where old BN rats exhibit an increased threshold to
elicit nociceptive withdrawal of the hindpaw in
response to mechanical stimulation, indicating a
decrease in tactile sensitivity. Therefore, the finding
that mechanosensitive thresholds were increased with
age in BN rats suggests that the BN strain represents
an appropriate model for studying the mechanisms
responsible for elevated mechanical sensory thresh-
olds, which has been observed within a specific aged
cohort in the clinical setting. Previous reports indicate
that somatic pain assessments may be confounded by
age-related deficits in complex behavioral endpoints,
such as reduced hindpaw licking following the hot
plate test (Berry et al. 2007). However, these age-
related behavioral deficits are unlikely to be a con-
founding factor in the current study as the Von Frey
method relies on simple, reflexive behavior, which has
been shown to remain intact with age (Gagliese and
Melzack 2000).

Although mechanosensitive thresholds were altered
with age in the BN rat strain, the BN/F344 (F1) strain
did not exhibit age-dependent changes in tactile
mechanical sensitivity. However, we observed a de-
crease in the number of abdominal muscle contractions
in response to luminal distension of the colon at the
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Fig. 4 Effects of primary afferent sensitization in young and
old F344 rats. a Young rats have an increased number of
abdominal contractions at 20, 40, and 60 mmHg following
acetic acid infusion. b An increase in the VMR to CRD is
observed at 40 and 60 mmHg following intracolonic acetic acid
in old F344 rats
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high-intensity distention pressure of 60 mmHg in aged
BN/F344 (F1) rats. These results suggest that aged BN/
F344 (F1) rats have reduced sensitivity to high-intensity,
nociceptive visceral stimuli. Similar results have also
been observed in Sprague Dawley rats where decreased
nociceptive sensitivity is only observed in aged rats with
the application of a high-intensity stimulus (Goettl et al.
2000). Furthermore, these animal data compliment a
clinical study where older adults rate a noxious
stimulus as less intense than their younger counter-
parts (Gibson et al. 1991). Additional clinical studies
have reported that elderly patients have a higher
threshold to first painful sensation in response to
rectal and esophageal distension (Lasch et al. 1997;
Lagier et al. 1999). Therefore, BN/F344 rats may
represent a model for investigating the mechanisms
responsible for decreased sensitivity to visceral
nociceptive stimuli with age, which has been ob-
served in the elderly population. Our data show that
the decreased visceral sensitivity to high-intensity
stimuli with age is lost following colonic infusion of
dilute acetic acid. Intracolonic acetic acid has been
shown to induce visceral hypersensitivity within 1 h
and may involve a subset of neurons called “silent
nociceptors” which are polymodal nerves that are
normally quiescent but can be activated by chemical
irritants (Sengupta and Gebhart 1994; Robinson and
Gebhart 2008; Langlois et al. 1994). These silent
nociceptors may activate in response to acetic acid
stimulation and compensate for the decreased visceral
sensitivity to nociceptive distension observed in the
non-sensitized, aged cohort.

In the F344 strain, we observed that, while young
rats exhibited visceral hypersensitivity at all disten-
sion pressures, colonic sensitization was not effective

at inducing visceral hypersensitivity at the 20-mmHg
distension in old rats, which has been shown to be a
non-noxious distension pressure (Ness and Gebhart
1988). These data indicate that visceral afferents of
aged rats are less vulnerable to the effects of acetic
acid sensitization which suggests that F344 rats have
decreased sensitivity to a visceral insult with age. Our
data have a high degree of clinical relevance given
that the physiological role of pain is to alert the
central nervous system to insults which may result in
tissue damage, and a decreased awareness of visceral
injury with age have severe health-related consequen-
ces resulting from a delayed diagnosis of specific
disease states (Robinson and Gebhart 2008; Moore
and Clinch 2004; Tresch 1998; Liston et al. 1994;
Hilton et al. 2001). Indeed, our results are consistent
with clinical literature where geriatric patients with
organic disorders such as peptic ulcer disease may not
present with abdominal pain until the occurrence of
severe gastric damage, resulting in a poor prognosis
and increased mortality from diseases-related compli-
cations (Vreeburg et al. 1997). Therefore, these
experiments suggest that the F344 strain represents
an appropriate animal model for investigating the
underlying mechanisms responsible for diminished
perception of visceral injury with age. Future transla-
tional research in the F344 strain may allow for
significant prevention of disease-related complica-
tions in elderly patients.

Clinical researchers have shown that anxiety-
related disorders are significantly more prominent in
elderly and heightened anxiety often develops as
elderly individuals become aware of the cognitive and
physical decline associated with age (Himmelfarb and
Murrell 1984; Jorm et al. 1997; Preville et al. 2002;

Table 1 Effect of age on behavior in the elevated plus maze

% Time in open arms Total number
of arm entries

Number of rears Number of head dips Number of end
explorations

Young Old Young* Old Young Old Young Old Young Old

Brown Norway 15.8±6.0 33.7±11.5 7.4±1.0 5.7±0.6 12.5±1.3 10.2±0.8 8.0±2.9 4.4±1.6 0.4±0.4 0.2±0.2

BN/F344 (F1) 23.8±8.3 14.3±4.2 7.3±1.0 4.4±1.1 14.2±1.1 14.3±1.3 7.5±2.6 7.5±1.7 1.0±0.6 0.8±0.5

F344 13.7±3.2 31.8±7.7 7.1±1.1 3.4±0.6 13.3±3.2* 5.1±1.3 10.7±3.2 8.3±1.3 1.3±0.3 1.4±0.6

Aging had no significant effect on the percent time spent in the open arms of the EPM. A significant main effect of aging on maze
exploration was observed where old rats had a decreased total number of arm entries. Additionally, young F344 rats exhibited
increased rearing as compared to old rats of the same strain. Data are represented as the mean±SEM.

*p<0.01 young vs. old animals
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Sinoff and Werner 2003; Jonas et al. 1997). Addi-
tionally, a recent study has shown that aging is
associated with increased variability in the HPA
response to stress in BN/F344 and F344 rats (Segar
et al. 2009). Therefore, changes in anxiety-like
behavior may be expected to occur with age in these
rodent strains. In the current study, the elevated plus
maze was utilized to assess anxiety-like behavior
which is quantified as the amount of time spent in the
open vs. the closed arms and requires that each group
exhibit similar maze exploration for accurate data
interpretation (Hogg 1996). However, our findings
indicate that there is a decrease in maze exploration
quantified as a reduced number of total arm entries in
aged animals and reduced rearing, which is significant
in old F344 rats. These data are consistent with
previous results found in 129 Sv/Ev mice, where
older mice were less exploratory than young animals
(Berry et al. 2007). In the current study, having shown
that young and old animals do not participate in the
plus maze assay to the same degree, the time spent in
open arms cannot be used to accurately compare
anxiety-like behavior. Furthermore, the use of alter-
nate assays (i.e., light–dark emergence test and
acoustic startle) to compare anxiety-like behavior
between young and old rats may also be problematic
due to age-related sensory degradation including a
decline in visual acuity and hearing (Katz and
Robison 1986; Gratton et al. 2008; Syka 2010;
Caspary et al. 1999). Such age-related confounding
factors may be overcome by additional behavioral
tests to assess locomotive activity and/or visual
acuity.

A previous study reported that survivorship curves
vary with rodent strain (Turturro et al. 1999).
Therefore, a potential confounding factor in interpret-
ing the current data is that the old group of animals
was defined according to a chronological age of
26 months rather than based upon the survival curves
of the respective strains. In the current study, the ages
of the rats were selected in an effort to remain
consistent with previous literature on the effects of
age on pain perception. In such studies, 3–6 months
of age is commonly used to represent adulthood and
“aged” cohorts typically range from 24 to 28 months,
regardless of strain (Gagliese and Melzack 2000;
Novak et al. 1999; Crosby et al. 2006; Crisp et al.
1994a, b; Akunne and Soliman 1994; Knisely and
Hamm 1989).

In summary, given the recent substantial increase
in the proportion of elderly in the population and the
large influence of pain on the quality of life in older
patients, the study of altered visceral and somatic pain
perception with age is increasingly important. Trans-
lational research using rodent models will help
identify specific mechanisms responsible for altered
pain perception in healthy aging adults. Our study is
the first to investigate the influence of age on pain
behavior and anxiety in three separate rodent models
and highlights the importance of rodent genetic
background on nociception while reducing inter-
laboratory differences. These results highlight the
importance of strain selection in conducting research
on the effects of age on pain with rodent models. The
important finding of these strain-specific effects of
aging may aid in the investigation of specific
mechanisms involved in altered pain perception with
age and potentially lead to the development of novel
therapeutic targets for treatment of pain specifically in
the elderly.
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