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Environmental-Enrichment-Related
Variations in Behavioral, Biochemical, and
Physiologic Responses of Sprague-Dawley and
Long Evans Rats

Anne TM Konkle,"?" Amanda C Kentner,® Stephanie L Baker,2 Angela Stewart,? and Catherine Bielajew?

The behavioral, biochemical, and physiologic consequences of 6 wk of environmental enrichment were evaluated in male
Long Evans and Sprague-Dawley rats and compared with those of rats in standard single-housing conditions. Standard
housing provided little or no social or physical stimulation whereas environmental enrichment comprised group housing
for 8 h daily in a 3-story cage equipped with novel stimuli. Dependent measures included performance in the forced swim
test, thresholds for brain-stimulation reward, sucrose intake and preference, determination of corticosterone levels before
and after brief restraint stress, and rate of weight gain. In forced swimming tests, active behaviors (diving, swimming with
struggling, and climbing) tended to dominate over passive behaviors (sinking, floating) in both groups and outbred rat stocks
(especially in enriched groups) on the first day. These behaviors were replaced with maintenance behaviors such as groom-
ing and swimming without struggling on the second exposure, with enriched Long Evans rats showing the largest decline
in activity. Baseline plasma corticosterone levels were elevated in both rat stocks after 6 wk of enrichment. After restraint
stress, hormone levels in enriched animals tended to peak earlier and approach or exceed baseline values more quickly than
was observed in the comparable control groups. Rate of body weight gain was greater in enriched Long Evans rats than
Sprague-Dawley or control rats. Our observations indicate that stock- and group-associated differences in several indices
occur in association with enrichment. The data support the claim that environmental enrichment may render animals more

resilient to challenges.

Abbreviations: BSR, brain-stimulation reward; EE, environmental enrichment; FST, forced swim test.

Environmental enrichment (EE) paradigms are designed
to enhance laboratory animals’ surroundings to encourage
natural behaviors. Some enrichment paradigms also include a
social component, based on the social interactions typical of the
genus and species. For example, wild mice and rats generally
live in colonies, whereas hamsters are known to be social with
unfamiliar animals only during mating.?!

Adverse environmental conditions have been shown to
affect the susceptibility of animals exposed to diverse stress
regimes, reflected in their behavioral,”** physiologic,252%36:56
and biochemical®®!¢ responses in a strain-dependent man-
ner.”%16 Therefore, a diverse environment might be expected to
alter their response to such stressors. A review of the literature
reveals few behavioral investigations of the effects of EE on
response to a stressor, and the results of biochemical studies in
this context have generally been inconsistent. For example, some
laboratories have reported no difference in corticosterone levels
between EE- and standard-housed animals after exposure to a
stressor, 223346 whereas others have observed a reduction in the
corticosterone levels of Sprague-Dawley rats* or even elevated
levels of plasma corticosterone in enriched Wistar rats.32 These
differences may be due to length of EE exposure or in-strain
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responsivity to stress. Therefore, the first aim of the present set
of experiments was to investigate whether rat strain influences
the behavioral and physiologic measures typically used to as-
sess stress responses.

Behaviors observed during the forced swim test (FST) and
sucrose intake values are known to be affected by environmental
conditions.”!%2837 Historically, the FST has been used to assess
behavioral despair, as indexed by the degree of immobility in an
inescapable environment. After antidepressant administration,
immobility typically is replaced by more active behaviors.*1-44
EE attenuated behavioral despair in male Sprague-Dawley rats
during the FST.? In our hands, exposure to 5 min of FST gener-
ally results in more active or escape behaviors (mostly frantic
swimming with struggling and climbing) and in the second
5-min test, less vigorous swimming (without struggling). This
pattern is not as prominent in stressed male rats.” In the present
study, we evaluated the effects of EE on behaviors exhibited
in the FST, hypothesizing that animals with experience in an
enriched environment would demonstrate less swimming
with struggling in the second test compared with rats living in
standard housing conditions.

In the context of stress research, the presence of an anhedonic
state typically is evaluated by using behavioral measures such
as thresholds for brain-stimulation reward?”** and sucrose
intake and preference.?3755 The recent finding that EE also
alters the behavioral profile of animals with respect to sucrose
intake? prompted us to include this measure in our study to
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determine the general hedonic status of animals in an enriched
environment. We also evaluated rate of weight gain and corti-
costerone levels after 6 wk of EE, because these 2 measures are
used frequently as indices of environmental challenges.?1058
In chronic mild stress studies, 3 to 6 wk of administration is a
fairly standard regime.”81926:28,550

In summary, we conducted 2 studies using male Sprague-
Dawley and Long Evans rats. In the first, we assessed weight
gain and plasma corticosterone levels after 6 wk of EE. In ad-
dition to these physiologic measures, we administered weekly
sucrose intake and preference tests. In the second study, thresh-
olds for brain-stimulation reward were collected biweekly, and
exposure to the FST was evaluated after 6 wk of EE.

Materials and Methods

Animals. A total of 58 male rats (Long Evans, 28; Sprague—
Dawley, 30; Rattus norvegicus) were obtained from Charles River
Laboratories (St Constant, Quebec, Canada). The health status
of the animals was verified by the vendor with regard to a list
of excluded pathogens provided to the University of Ottawa
(http:/ /www.criver.com/en-US/ProdServ/ByType/ResMo-
dOver /health/Pages/indexbyspecies.aspx; see Area C72). A
flowchart detailing the schedule of procedures, from the time
of arrival to the animal facility, is presented in Figure 1. Rats
from each outbred stock were separated into either control or
EE groups. Upon arrival, all animals were singly housed in clear
polycarbonate cages until the beginning of the experiments, at
which point control animals remained singly housed and EE
animals were housed in groups of 4 or 5 per large cage (0.46
m height x 0.51 m width x 0.25 m depth—approximately twice
the size of a standard cage). All animals had free access to food
and water and were maintained on a 12:12-h light:dark cycle
with lights on at 0700 and a room temperature range of 23 +
2 °C. Body weights were recorded weekly. All manipulations
were conducted in accordance with the Canadian Council on
Animal Care!! and received institutional approval.

In the first study, after a 3-wk period of sucrose training and
stabilization, 16 animals of each stock (8 per group) received 6
wk of EE, during which weekly tests of sucrose intake and pref-
erence were administered; body weight was recorded weekly. At
the end of the treatment phase, trunk blood and adrenal glands
were collected. Both body and adrenal weights were used as
gross measures of a stress response.

In the second study, 12 Long Evans (6 per group) and 14
Sprague-Dawley (7 per group) rats received 6 wk of either
control or EE treatment. Prior to treatment, all animals were
implanted with a stimulating electrode in the ventral teg-
mental area, allowed to recuperate from surgery, and trained
to lever-press for brain-stimulation reward on a continuous
reinforcement schedule. Before euthanasia, all animals in this
study underwent 2 trials of the FST.

Environmental enrichment. The enrichment exposure phase
occurred in 4- to 6-mo-old rats. The enriched groups were
housed from 0800 to 1600 h Monday through Friday in a large
3-story cage built with grid sides for climbing (0.73 m height x
0.44 m width x 0.75 m depth—a commercial ferret cage). The
cage was equipped with a metal running wheel, climbing rope,
cloth hammock, and large plastic tubes in addition to small rub-
ber and plastic toys (Tonk toys, PetSmart, ON, Canada). Food
and water were available at all times in the cage. Although
we did not quantify them, typical behaviors of animals in this
environment include running through the tubes, climbing the
grid walls, eating, drinking, lying in the tubes, lying in the
hammock, and gnawing the rope.

Study 1. Behavioral procedure: sucrose test. Animals were
first acclimatized to a 1% sucrose solution for 48 h (without
water present) and then to 2 bottles containing separate solu-
tions of 1% sucrose and water. Over a period of 3 wk, 5 baseline
measures of sucrose intake and preference were collected in
the following manner. Before each test, animals were food and
water deprived overnight and the group housed rats placed
in individual cages 1 h prior to the sucrose test. In order to
reduce the potential novelty stress associated with individual
placement in the cage for the sucrose test, each animal was also
housed for a short period (1 h) in its “test’ cage during collection
of body weights. Fluid intake was recorded at the end of the
one hour sucrose test; note that food was not available during
the test period. Preference for sucrose was determined by the
ratio of sucrose (g) to total liquid intake (g) (sucrose + water)
and converted to a percentage. After the collection of baseline
data, sucrose tests were conducted weekly during the 6 wk of
enrichment according to the above procedure.

Physiologic procedures. Blood sampling. Immediately after
the enrichment phase, tail-blood samples were collected in an
alternating fashion between the control and enriched groups
over a period of 2 d to ensure that all samples were collected
within the same time-frame (0800 to 1100). Briefly, the rat’s tail
was lanced close to its tip and blood collected on filter paper;
the procedure was an adaptation of a previous method®” and
is described elsewhere.”® A time-0 sample was collected, after
which the animal was restrained in a plastic cone for 10 min.
Subsequent blood samples were taken at 15, 30, 60, and 120 min
after onset of the stressor. Filter paper was left to dry for 4 to
5h, and then was stored in plastic bags at —20 °C until further
analysis.

Corticosterone assay. Blood samples were eluted from the filter
paper by placing a single 3.2-mm punch in a glass tube and
adding 100 uL Dulbecco phosphate buffered saline (containing
0.1% gelatin) to each tube. These were shaken for 1 h at 50 rpm
atroom temperature, refrigerated overnight, and shaken for an
additional hour the following morning.?”

Plasma corticosterone levels in duplicate samples were deter-
mined using a commercially available radioimmunoassay kit
(ICN Biomedicals, Costa Mesa, CA). The intraassay variability
was less than 10%. Total corticosterone concentration levels
were determined as outlined previously.?”

Statistical analyses. All statistical analyses were carried out
by using the Statistica software package (StatSoft, Tulsa, OK).
We used mixed 3-factor analysis of covariance for the body
weight data, with group and stock as the independent factors
(2 levels each) and time as the repeated factor (6 levels). The
fixed covariate was baseline body weight. Organ weights were
analyzed by using a 2-factor design with treatment (2 levels)
and stock (2 levels) as independent factors.

Two-way randomized group ANOVA (treatment versus
stock) were conducted on the time 0 corticosterone data, which
represent the hormone levels immediately after the 6 wk of EE.
The effect of a subsequent stressor on the absolute corticos-
terone levels was investigated separately for each stock via a
trend analysis. Finally, 3-way mixed ANOVA (treatment, stock,
time) were conducted on the corticosterone values obtained
after restraint. These results were followed by pairwise ¢ tests
with Bonferroni correction, as appropriate. Sucrose intake and
preference were analyzed similarly to the weight data, with
the addition of body weight at each time point designated as
a running covariate.

Study 2. Surgery. Immediately before surgery, rats received
atropine sulfate (0.05 mg/kg) to prevent excessive bronchop-
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Week Day Time Study 1 Study 2
0 Arrival of animals Arrival of animals
1to2 1to 14 Acclimation and habituation Acclimation and habituation
3to5 15 to 35 Sucrose training and baseline Surgery
6to7 36 to 49 Brain-stimulation reward
training and baseline
6to11 36to77 0800 to 1600 EE
38, 45,52, 59, 66,73 1600 Body weight
39, 46, 53, 60, 67, 74 1000 Sucrose test
78 and 79 0800 to 1100 Blood collection
8to13 50 to 91 0800 to 1600 EE
52,59, 66, 73, 80, 87 1600 Body weight

51, 54, 58, 61, 65, 68, 72,75,79, 800
82, 86, 89

92 and 93 0800 to 1100

Brain-stimulation reward tests

FST

Figure 1. Flowchart illustrating the schedule and experimental procedures.

ulmonary secretion and then were anesthetized by continuous
administration of halothane (Fluotec 3, Cyprane, Keighley, UK).
The oxygen flow rate was set at 1.5 L/min, and the halothane
concentration set between 3% and 4% for anesthesia induction
and reduced to 0.5% to 2% for maintenance; the rate was ad-
justed according to animals’ responses. Palpebral and foot pad
reflexes to pinches were used to assess the stage of anesthesia.
To avoid discomfort due to pressure from ear and incisor bars
during surgery, lidocaine hydrochloride gel (Xylocaine 2%,
AstraZeneca, Mississauga, Canada) was applied topically
inside each rat’s ears and just behind the upper incisors. The
rats’ eyes were covered with ophthalmic ointment (BNP, Vetcom
Inc, Upton, Canada) to prevent dryness. For pain management,
oral acetaminophen (300 mg/mL; 100 to 200 mg/kg, Glebe
Apothecary, Ottawa, Canada) was given for 3 d before and 3 d
after surgery in the drinking water. In conjunction with treated
drinking water, doses of acetaminophen rectal gel (50 mg/mL;
100 to 200 mg/kg for a 250- to 300-g rat, Glebe Apothecary,
Ottawa, Canada) were given at the start of surgery and 4 to 6
h postoperatively.

Electrodes were aimed bilaterally through holes drilled in
the skull dorsum at the ventral tegmental area by using the
coordinates 4.8 mm posterior to bregma, 0.7 mm lateral to the
midsaggital suture, and 8.0 to 8.4 mm below the skull surface.3
The electrodes were fashioned from stainless steel wire (di-
ameter, 250 ym) and insulated with epoxylite or polyimide at
the polished tip; electrodes were made inhouse or purchased
(Plastics One, Roanoke, VA). A flexible stainless steel wire was
wrapped around 4 stainless steel skull screws and served as
the current return. The entire assembly was secured to the skull
with dental acrylic.

Behavioral procedures. Brain-stimulation reward. After a
minimum of 7 d recovery from surgery, the rats were trained
to press a lever to self-administer brain stimulation on a con-
tinuous-reinforcement schedule. All tests were conducted in a
wood-and-polycarbonate box measuring 28 cm x 38 cm x 44
cm. A rodent lever protruded from a side wall approximately

3 cm above the floor. A constant-current amplifier®® and an
integrated circuit pulse generator built inhouse supplied the
electrical stimulation. The current was monitored continuously
on an oscilloscope by reading the voltage drop across a 1-kQ
precision resistor in series with the rat. Each depression of the
lever produced a 500-ms train of rectangular, monophasic, ca-
thodal pulses that were 100 s in duration, with a train duration
of either 300 or 500 ms.

Rats were introduced to the threshold procedure once lever
pressing was deemed reliable (when experimenter-assisted
shaping was no longer required). Rate-frequency functions were
determined by using a descending method of limits, starting
with a frequency value that supported a high rate of respond-
ing and descending by 0.10 common log units at the start of
each 60-s trial until a value for which little or no responding
was obtained. The current was held constant and ranged from
200 to 630 pA across animals. The beginning of each trial was
signaled by 3 priming stimulations, which were set at the same
stimulation parameters as the subsequent 60-s trials.

A frequency threshold, defined as the value that supported
half the maximal response rate, was determined for each curve;
this value was interpolated from the rate-frequency function.
Four rate-frequency functions were generated during each
session. The first was considered a warm-up; the thresholds
based on the last 3 iterations were averaged to produce a single
threshold value per session per current tested. Thresholds were
deemed stable for each rat when they did not vary by more than
0.11og,, units for 3 consecutive test days. After a single baseline
session, the animals were exposed to 6 wk of EE, and threshold
tests were conducted biweekly.

Forced swim test. At the conclusion of the 6-wk enrichment
phase, rats in the second group were administered the FST.
The rats were immersed in an opaque acrylic cylinder (height,
62.5 cm; diameter, 32.5 cm) filled with water (24 °C) to a depth
of 48.5 cm. Trial duration was 5 min, after which rats were re-
moved from the cylinder, towel dried, and returned to a heated
cage. The next day, the test was repeated at the same time,
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between 0800 and 1000. All sessions were videotaped (Sony
Color Video Camera, Sony, New York, NY) and then scored by
2 blinded observers, who determined whether the predominant
behavior was active, passive, or other (Figure 2). To facilitate
the analyses and comparison of our data with those of others,
we grouped the 7 behaviors described in Figure 2 into clusters
of active (swimming with struggling, climbing, and diving),
passive (floating and sinking), and other (swimming without
struggling and grooming, which are neither escape nor despair
behaviors). Interrater reliability was greater than 95%. Scoring
was completed with the aid of customized software (Stewart
Software, University of Ottawa, Ottawa, Canada) that recorded
the frequency and duration of behaviors in 1-min bins.

Histology. After completion of all behavioral tests, rats re-
ceived a lethal dose of sodium pentobarbital (65 mg/kg IP;
Somnotol, MTC Pharmaceuticals, Cambridge, Canada). They
were perfused intracardially with saline followed by buffered
10% formalin containing 10% sucrose. Brains were removed
and stored in the formalin solution at 6 °C for a minimum of
24 h. Coronal sections were placed on gelatin-coated slides and
stained with cresyl violet to locate the electrode tips by using
the Paxinos and Watson?® atlas.

Statistical analysis. The response rate and frequency thresh-
olds for brain-stimulation reward were evaluated by using
mixed 3-factor analysis of covariance. Group and stock were the
independent factors (2 levels each) and time the repeated factor
(12 levels); baseline values served as the fixed covariate. Given
interindividual differences in the train duration and currents
used, frequency thresholds were transformed to charge values
to better compare the total amount of stimulation delivered
across animals. A mean charge value was calculated for each
rat by using the formula:

Q=INd,

where Q is the charge in puC, I is the current in pA, N is the
required number of pulses in the stimulation train, and d is the
pulse duration in s.23 These data were analyzed in the same
manner as those pertaining to the rate and frequency thresholds
described earlier.

Each cluster of swimming behavior (active, passive, or other)
was analyzed in a mixed 3-factor ANOVA design with group
and stock as the independent factors and day as the repeated
factor. The Hundt—Felt correction for violation of the assumption
of sphericity was applied to repeated factors with more than 2
levels* as an adjustment to the degrees of freedom.

Results

Study 1. Weight. Panels A and B of Figure 3 show the percent-
age change in body weight from baseline in study 1. The 6-wk
EE treatment was associated with a significant (Fz,41 =787, P
< 0.01) interaction between stock and time, with Long Evans
and Sprague-Dawley rats showing 18% and 12% increases in
body weight, respectively, over the entire treatment phase. The
treatmentxtime interaction was due to a difference (Fz, = 3.67;
P <0.05) in the rate of weight gain (enriched, 15%; control, 10%)
between enriched and control rats over the course of the 6-wk
study period. Stock was not a significant factor in the interaction.
Differences in baseline weights between groups of individual
stocks were not significant.

Corticosterone. Figure 4 displays the corticosterone levels in
each group before (time 0) and after (time 15 to 120) restraint.
Significant (F, ,, = 19.44; P =0.001) differences were found at time
0, that is, before the restraint stressor was applied, after 6 wk

Behavior
Floating

Description

Rat remains motionless, with no
limb movements

Rat makes only those
swimming motions necessary
to keep its head above water

Rat makes swimming motions
with vigorous movements of
all paws

Rat makes vigorous movements
with its forepaws in and out
of the water and directed at
the walls

Rat’s body is submerged with
its head toward the bottom of
the tank

Face washing with paws and
head shaking

Typical falling motion in which
the rat is submerged under
water with its head facing up.

Swimming without struggling

Swimming with struggling

Climbing

Diving

Grooming

Sinking

Active behaviors: swimming with struggling, climbing, diving.
Passive behaviors: floating, sinking.
Other behaviors: swimming without struggling, grooming.

Figure 2. A description of each of the behaviors scored during the
5-min FST.

of treatment. No other baseline differences were observed. The
quadratic trend analyses conducted on all time points (0 to 120
min) separately for stock were significant (P <0.001 in all cases).

Two main patterns were characteristic after restraint. First,
the baseline corticosterone levels in enriched Sprague-Dawley
and Long Evans groups are elevated relative to their control
groups. Second, corticosterone values in the EE groups return
to baseline levels more quickly than in the associated control
groups. For example, hormone levels in both Sprague-Dawley
and Long Evans control groups at 2 h after restraint are still 3 to
4 times higher than before restraint. In contrast, for the enriched
Sprague-Dawley groups, values at 120 min after restraint are
about 30% below that of baseline, and for enriched Long Evans
groups, roughly 50% above baseline.

Analysis on these data based on all time points revealed sig-
nificant effects of time (F, , =47.3; P <0.001) and timextreatment
(F, 4 = 6.8; P =0.00009). The time x treatment effect developed
because enriched groups, collapsed across stock, showed a
more rapid and earlier peak (15 to 30 min) in corticosterone
than did the comparable control group (peak at 30 to 60 min).
Planned pair-wise comparisons on baseline data were significant
in both stocks (Sprague-Dawley, P = 0.0008; Long Evans, P =
0.02). Similarly, the comparison between time 0 and time 120
min after restraint was significant in Sprague-Dawley control
animals (P = 0.002).

Organ weights. Enrichment and stock did not significantly
affect adrenal gland weights. Adrenal gland weights (mean
+ SEM) were: control Sprague-Dawley, 0.048 + 0.002g; EE
Sprague-Dawley, 0.048 + 0.003 g; control Long Evans, 0.047 +
0.003 g; and EE Long Evans, 0.049 +0.001 g.

Sucrose consumption. Sucrose intake and preference data
are depicted in Figure 5. No overall effects of treatment were
found for either of the 2 measures, with or without body weight
included as a covariate.

Study 2. Brain-stimulation reward. Histologic analyses verified
that all electrode tips were positioned in the medial forebrain
bundle, with most tips in or near the ventral tegmental area.’ EE
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Figure 3. Percentage change in body weight (mean + SEM) over the course of 6 wk of treatment. (A) Sprague-Dawley rats. (B) Long Evans rats.
Six weeks of enrichment gave rise to significant (P < 0.05) strain x time and treatment x time interactions.
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Figure 4. Absolute plasma corticosterone levels (mean + SEM) that were obtained in response to enriched or standard housing conditions. Data
were collected immediately after enrichment (time 0) and 15 to 120 min after brief restraint. Both strains of rats demonstrated group differences
at time 0 after 6 wk of enrichment. After restraint, significant time and timextreatment effects were found.

had no effect on maximal response rates (Figure 6 A), frequency
threshold data (Figure 6 B), or charge values.

FST. Data from the FST after 6 wk of EE are shown in Figure
7. Analysis of the frequency associated with each behavioral
cluster indicates overall that Sprague-Dawley rats were more
active than Long Evans rats (F,,, = 9.53; P < 0.01). Enriched
animals showed a greater increase (131%) in the frequency of
other behaviors from the first to the second test day as compared
with control rats (71%; F,=674P< 0.05). This difference was
evident for both swimming without struggling (F, ,,=6.22; P <
0.05) and grooming (F, ,, = 4.78; P < 0.05); frequency of groom-
ing was higher (F, , = 4.36; P < 0.05) overall in EE rats than the

1,22

controls. Grooming frequency was higher (F, ,, =5.14; P <0.05)
on the second day versus the first day predominantly in the
Long Evans animals, with an overall difference in grooming
between stocks; values from Long Evans rats greater than those
of Sprague-Dawley (FL22 =10.51; P < 0.005). The frequency of
passive behaviors was unaltered by treatment.

Analysis of duration (Figure 7) revealed that the decrease in
the overall duration of active behaviors was greater (39%) in the
EE group than in the control group (17%; F,»,=7.02; P <0.05).
This pattern was reversed in the cluster of other behaviors, with
the time spent performing other behaviors on the second day of
testing dramatically increased in EE rats (F, , = 8.28; P < 0.01):

1,22
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Figure 5. Sucrose intake and preference data (mean + SEM) associated with 6-wk EE. (A and C) Sprague-Dawley rats. (B and D) Long Evans rats.

enriched rats showed a 151% increase compared with 36% for
control animals. Further analysis of each behavior in the other-
behavior cluster revealed this pattern in the swimming without
struggling behavior (FL22 = 8.23; P < 0.01) whereas duration of
grooming was unaffected by EE but was higher (F, ,, = 12.85;
P <0.005) on day 2 in the Long Evans rats only. The time spent
engaged in passive behaviors was unchanged. This overall
pattern was most evident in the Long Evans rats.

Discussion

The purpose of these studies was to evaluate the effects of EE
on several indices—rate of weight gain, adrenal gland weight,
and plasma corticosterone levels after enrichment and in re-
sponse to an acute stressor, sucrose intake and preference, and
brain-stimulation reward and FST behaviors—in Long Evans
and Sprague-Dawley rats. The 6-wk enrichment period was
associated with an increased rate of body weight gain, higher
basal plasma corticosterone levels, and a faster recovery (return
to baseline levels) of corticosterone after stress (brief restraint).
As compared with control rats, EE rats showed less struggling
behavior on the second day of FST.

The effects of EE on physiologic and biochemical indices ap-
pear to be generally inconsistent in the literature. For example,
group-housed Wistar rats and isolated controls showed no
difference in weight gain, > whereas physical and social enrich-
ment reduced weight gain in Sprague-Dawley rats.?’ In mice,

either no difference®? or an increase® in body weight relative
to control animals has been reported. Similarly, corticosterone
levels have been reported as unchanged, elevated, or reduced
as a result of EE.5173132 Some of these differences may be related
to the specific EE protocol or the strain or stock used. In our
hands, the differences between standard-housed and enriched
animals were only evident after at least the third week of en-
richment (Figure 3).

EE also increased baseline (time 0) plasma corticosterone
levels in both stocks of rats (Figure 4). Their biochemical
responses to acute restraint also differed from those of the
control groups, in that the levels in enriched rats returned to
baseline values more quickly than those of the control groups.
Peak corticosterone levels were similar between EE and control
animals; therefore, the higher baseline levels in EE animals
suggests a quicker return to baseline levels in this group after
acute restraint stress.

Sucrose consumption, brain-stimulation reward, and FST
behaviors were measured in separate 6-wk EE groups. The
FST typically is used as a model for screening antidepressants,
but the procedure itself is a powerful stressor.!® A few studies
have reported that , enrichment does not affect mobility and
immobility times in the FST.!*?” However, assessing additional
behaviors® revealed that enrichment increases the duration of
swimming (fast and slow) and diving, with an accompanying
reduction in the time spent immobile or struggling.
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Figure 6. (A, B) Average maximal response rates (bar presses per min) for (A) Sprague-Dawley and (B) Long Evans rats obtained during the 6
wk of EE. (C, D) Mean (+ SEM) frequency threshold per group; (C) Sprague-Dawley rats. (D) Long Evans rats.

The present study assessed the effects of enrichment on 7 FST
behaviors (Figure 2), but for ease of analysis and comparison
with data in the literature, these were grouped into 3 catego-
ries. EE decreased the time spent in active behaviors from the
first to second day of forced swim relative to that of control
animals (Figure 5). Active behaviors were replaced by either
swimming without struggling or grooming on the second day,
that is, an increase in the duration and frequency of other be-
haviors in enriched animals. Enrichment did not affect passive
behaviors, which are most commonly used to assess changes
in the FST. Although our shorter pretest of 5 min may account
for this difference, other authors! report no behavioral differ-
ences between 5-, 10-, and 15-min tests. In addition, our group
previously validated the length of the 5-min trial as adequate
for identifying changes in swim behaviors.” Taken together
with the physiologic and biochemical data, we suggest that the
EE experience provided the animals with the ability to better
habituate to a different environment.

With regard to the effect of enrichment on reward-related
behavior, we found no difference in any of the assessed brain-
stimulation reward measures (Figure 6) or in the sucrose
consumption or preference results between enriched and
isolated control animals (Figure 5). Other authors® previously

reported increased preference for and volume of saccharin
intake after EE, although only in rats with low saccharin pref-
erence. Related paradigms investigating reward anticipation
also show an effect of enrichment. For example, group-housed
animals show a higher incentive value for sucrose®>* and social
contact.>! Conversely, compared with their control counterparts,
socially housed animals that are also exposed to physical enrich-
ment demonstrate a lower anticipatory response for a sucrose
reward.>® Others have shown recently that animals reared
in EE are less sensitive to the rewarding effects of heroin, as
evidenced by a reduction in conditioned place preference in
these animals, whereas behavioral sensitization to heroin is
unaffected by long-term EE.!8 Overall, EE in adult animals ap-
pears to alter their sensitivity to rewards, although the sucrose
test may not be the most sensitive marker in this context and
brain-stimulation reward thresholds may be too robust to be
altered by manipulations other than drug challenges. In the
chronic mild stress paradigm, many investigators have failed
to observe significant changes in the reward indices of brain-
stimulation reward and intake or preference for a weakly sweet
solution. 2715283747

Ideally, behavioral assessment of rodents should be conducted
during their active phase; however, in most studies, including
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Figure 7. Performance (mean + SEM) of the enriched and control Sprague-Dawley and Long Evans rats in FST. The behaviors were classified as
active, passive, or other (see Figure 2 for descriptions). Frequency is plotted in the top 2 rows and duration in the bottom 2 rows, with Sprague-
Dawley data above the Long Evans data. FST were conducted on 2 consecutive days (day 1, left; day 2, right). In the frequency data, strain-
associated differences were found in each behavioral cluster and a treatmentxday interaction in the analysis of other behaviors. Duration data
showed a significant effect of treatment in active and other behaviors and a dayxtreatment interaction in other behaviors.

those that evaluate the effects of enrichment, these assessments  normal day-to-day activity that occurs in a vivarium, and these
are performed during the light hours, or resting phase of the disturbances may alter the circadian rhythm of corticosterone
animals.!2183240 A]] laboratory animals are subjected to the secretion, among other effects. However, the control group, our
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reference condition, is exposed to the same influences. Although
the absolute values associated with the various measures would
have likely been different had the study been conducted during
the dark (or active) phase of the rats, it is difficult to ascertain
whether the proportional differences between groups would
also have been affected.

Because environmental enrichment has varied effects on
physiologic, biochemical, and behavioral measures, one ques-
tions how these differences can be reconciled in order to make
the best use of this paradigm. We and others find elevated
plasma glucocorticoids in enriched animals.>3!%2 However,
this may not necessarily reflect a negative condition. Stress has
been defined as a nonspecific response by the organism to a
significant disturbance.® In other words, the same physiologic
reactions are initiated by a variety of physical and psychologic
stimuli, whether they are of a positive (eustress) or negative
(distress) nature. Therefore, taken together with the increased
rate of body weight gain and lack of change in adrenal gland
weight, one could interpret the biochemical patterns we
observed as a positive condition, given that this increase in
glucocorticoids may allow the organism to better adapt to new
situations. In our hands, EE rats readily entered the enrich-
ment cage, appeared calm, and did not display the avoidance
to handling that is typical of stressed rats,”%2?8 suggesting that
the enrichment experience was a positive one. However, to
assess the effects of enrichment more comprehensively, future
studies by our group will perform preference tests of standard
and enriched rats and carefully qualify group dynamics (for
example, dominant-subordinate hierarchy) both before and
during enrichment.

In conclusion, enrichment experience in adulthood has meas-
urable effects on several physiologic and behavioral indices in
rats. The chronic novelty and accrued sensory and cognitive
experiences associated with an enrichment paradigm may allow
animals to be more resilient in the face of subsequent challenges.
Therefore, rearing animals in an enriched environment rather
than isolation might be a more appropriate basal condition
on which to assess the effects of subsequent manipulations,
particularly when trying to model human psychopathologies
in animals. Ethical concerns alone suggest that standard hous-
ing conditions should include social and physical enrichment;
empirical evidence indicates that the social and physical envi-
ronment has a significant influence on research results.
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