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Effects of Handling and Vehicle Injections
on Adrenocorticotropic and Corticosterone
Concentrations in Sprague-Dawley Compared
with Lewis Rats

Molly Deutsch-Feldman,”* Roberto Picetti," Katharine Seip-Cammack,f Yan Zhou, and Mary Jeanne Kreek

The hypothalamic—pituitary—adrenal (HPA) axis is a key factor in the trajectory of the addiction-like cycle (a pattern of
behavior characterized by escalating drug use, withdrawal, and relapse) in preclinical and clinical studies. Concentrations
of HPA hormones change in laboratory animals in response to standard experimental procedures, including handling and
vehicle injections. We compared HPA activity in adult male Lewis (inbred) and Sprague-Dawley (outbred) rats, 2 common
strains in rodent models of addiction, after different schedules of handling and saline injections, to explore the extent to
which HPA responses differ by strain and whether interindividual differences underlie addiction vulnerability. The 4 treat-
ment conditions were no, short, or long handling and saline injections. In handled groups, rats were handled for 1 to 2 min
for 3 times daily and were euthanized after 7 d (short handling) or 14 d (long handling). The injection schedule in the saline
injection group mimicked that in a model of binge-like cocaine exposure. Across all treatment groups, concentrations of
adrenocorticotropic hormone were higher in Sprague-Dawley than in Lewis rats. In Sprague-Dawley rats, corticosterone
concentrations decreased after continued handling but remained constant in Lewis rats. Interindividual variability in hor-
mone levels was greater in Sprague-Dawley than Lewis rats, although corticosterone variability decreased after continued
handling. Prolactin did not differ between groups of either Sprague-Dawley and Lewis rats before or after handling. This
study underscores the importance of prolonged handling before experimenter-provided drug-administration paradigms and

of strain-associated differences that may affect study outcomes.

Abbreviations: ACTH, adrenocorticotropic hormone; HPA, hypothalamic—pituitary—adrenal.

Studies in medical and life science often require repeated
handling or injection of rodent subjects over the course of the
experiment. Of primary concern is the ability to minimize
stress associated with these procedures, which are necessary
and unavoidable aspects of most behavioral, pharmacologic,
and endocrine studies. A growing body of research suggests
that experimental conditions, such as the presence and type
of handling®>”* and providing saline injections,'3® affect
basal physiologic measures and, potentially, performance on
behavioral assays.

Inconsistencies and high variability in behavioral data have
been attributed, in part, to differences in the laboratory environ-
ment, including animal housing and husbandry. In addition,
several environmental factors have been shown to influence
experimental outcomes. These include cage changes,!'? place-
ment on cage racks,!” and environmental noise,??7% both
in studies using mice®¥ and rats.!®!” These environmental
differences may act as physical stressors, which are known to
alter basal neuroendocrine stress responses and contribute to
psychologic stress.!! Although the specific process of handling
or injection has been shown to affect endocrine stress responses
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in mice,!! less is known about how these responses manifest in
commonly used rat strains.

Several groups have investigated the effects of various types
of stress on rat hormone concentrations as well as the different
hormonal response patterns of various rat strains. For example,
corticosterone concentrations increased in response to ampheta-
mine more dramatically in Sprague-Dawley rats than in Lewis
rats.?! A similar pattern occurred after the rats experienced
restraint stress.?’ Another study found that the initial rise in
corticosterone levels due to restraint stress is attenuated in both
Sprague-Dawley and Lewis rats after prolonged exposure to
the stressor.!? In addition, a study comparing Lewis and Fischer
rats found that during an extended-access self-administration
protocol, neither ACTH nor corticosterone was elevated at 24 h
after the rats’ final cocaine self-administration session in Lewis
rats but remained increased in Fischer rats.?’

The present study expands on these data by examining how
standard laboratory techniques affect neuroendocrine stress
responses. The techniques in this study were designed to mimic
standard animal handling and injection protocols frequently
used in neurobiologic endocrine studies. It is important to quan-
tify the effect of these practices to understand how laboratory
techniques contribute to changes in stress hormone concentra-
tions and thereby influence study outcomes.

Routine laboratory procedures such as handling and in-
jections present stimuli that can be associated with mild to
moderate physical or psychologic stress.'® The hypothalamic-
pituitary—-adrenal (HPA) axis regulates physiologic processes
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that enable adaptive responses to external stressors, including
distress caused by handling or injections, and helps to maintain
homeostasis. The intensity and duration of a stressful stimu-
lus influences the magnitude of physiologic stress response
produced by the subject,® and repeated exposure to the same
stressor results in a reduction in response over time, that is,
desensitization or habituation.'”® Minimizing disruptions to
basal HPA activity is particularly important in pharmacologic
and endocrine studies,® because HPA responses prior to, dur-
ing, and after exposure to drugs of abuse contribute importantly
to the trajectory of drug dependence and addiction.2%2534

The purpose of the current study was to compare changes in
HPA response between 2 commonly used rat strains by using
different handling and injection protocols, 2 typical laboratory
procedures that can elicit stress. We compared these responses
in outbred Sprague-Dawley rats with those from the inbred
Lewis strain. Lewis rats have an HPA axis that is relatively
hyporesponsive to stress, and this strain responds strongly to
multiple drugs in several behavioral tests.?*?’

We also measured prolactin, which, although not part of the
HPA axis, is under hypothalamic control. An increased prolactin
level has been associated with acute stress.? Therefore, handling
may affect prolactin concentrations. In addition, measuring the
prolactin concentration allows us to identify the extent to which
handling influences nonHPA activity. Furthermore, prolactin af-
fects the activity of tuberoinfundibular dopamine neurons?® and
can be used in translational research as an indirect biomarker
for dopamine concentration.® Given the established role of
dopaminergic systems in several neurobiologic diseases and
disorders, examining the role of prolactin response to handling
stress may offer novel insight into the dysregulated circuits
underlying these diseases.

Materials and Methods

All rats were purchased from a single vendor to maintain
consistency and avoid potential differences between vendors
in rats’” basal and stress-induced HPA responsivity.?8

Young adult male Lewis and Sprague-Dawley rats (Charles
River Laboratories, Wilmington, MA) were housed in a stress-
minimized suite in the animal colony at The Rockefeller
University, which is AAALAC-accredited. Each rat was 73 to 74
d old at the start of the study (Day 0) and was singly housed in
a standard clear cage with nest material and ad libitum access to
food and water. Lewis rats weighed 273.8 £10.8 g (mean +1 SD),
and Sprague-Dawley rats were 311.8 £12.6 g. Eight rats of each
strain were randomly assigned to 1 of 4 groups: no handling,
short (7 d) handling, long (14 d) handling, and saline injections.
Rats were housed in temperature- and humidity-controlled
rooms and maintained on a 12:12-h reversed light:dark cycle
(lights on, 0900). Cages were changed during the second han-
dling bout (or injection) on days 2, 6,9, and 12. Because exposure
to a novel (for example, clean) cage can increase corticosterone
concentrations,'? the last regularly scheduled cage change oc-
curred more than 26 h before euthanasia in all groups. All animal
care and experimental protocols were in compliance with the
Guide for the Care and Use of Laboratory Animals'® and approved
by the IACUC of The Rockefeller University.

Experimental interventions began on day 1, the day after rats
arrived at the colony (day 0). Rats in the no-handling group
remained in their homecages without being handled or receiv-
ing injections. Rats were weighed during regularly scheduled
cage changes on day 2, 6, 9, and 12; rats were picked up and
quickly lowered into a metal bowl for weighing so that handling
was minimized. For short- and long-handling groups, each rat

was handled gently 3 times daily at 1-h intervals, mimicking
the schedule of saline injections (see following section). All
handling and injections were done by the same investigator.
During handling, rats were gently held in the experimenter’s
hand or on her arm next to her torso, without being restrained
except for a light hold at the base of the tail. Each handling
boutlasted 1 to 2 min, with the exception of days 1 and 2, when
handling bouts lasted 3 to 4 min. During the first 2 d of the
experiment, handling bouts were slightly longer in an effort
to expose rats to the experimenter and help them to adapt to
the start of the experiment. Rats were euthanized after either
7 d (short-handling group) or 14 d (short-handling group).
Weights were recorded at the start of the first handling session
each day. Rats in the saline-injections group each received an
intraperitoneal injection of physiologic (0.9%) saline (0.2 mL) 3
times each day at 1-h intervals, on a schedule mimicking that of
a rodent model of binge-like cocaine use.*>3138 Injections took
place at 0930, 1030, and 1130 and were administered daily for
14 d. Injections were given by gently placing each rat on the
experimenter’s torso, lifting its rear leg to expose its ventrum,
and inserting the syringe. Rats were only handled during the
process of administering their injections, with the exception of
days 1 and 2, when rats were handled for 3 to 4 min prior to
injection. Weights were recorded each day immediately before
rats’ first injection.

At 30 min after their last handling bout or injection, rats were
transferred in their homecage to the necropsy room (transport
time, approximately 15 s), where the lid on their homecage
was promptly replaced with a clean metal lid connected to a
CO, regulator and flowmeter. Rats were exposed to CO,” until
anesthetized, recumbent, and breathing deeply (100 to 120 s)
and were then decapitated by using a guillotine.

After decapitation, trunk blood was collected in EDTA-coated
tubes and placed in ice before being centrifuged at 1839 x g at
4 °C for 15 min. Plasma was removed promptly and stored at
-80 °C. Brains were removed, frozen in powdered dry ice, and
stored at —80 °C for future mRNA analysis, according to stand-
ard laboratory protocols. Concentrations of circulating ACTH
were measured by using an ACTH '?°I radioimmunoassay kit
(DiaSorin, Stillwater, MN). Corticosterone concentrations were
measured by using a corticosterone %] radioimmunoassay kit
(MP Biomedicals, Solon OH). Prolactin concentrations were
measured by using a prolactin ELISA (Abcam, Cambridge
MA). All neuroendocrine values were measured in duplicate
samples from each rat in a single assay. To minimize circadian
variability, all euthanasias occurred approximately 3 h after the
start of the light cycle, when basal corticosterone concentrations
reach their circadian nadir.!®

Analyses were performed using Statistica (version 5.5, Stat-
Soft, Tulsa, OK). We performed Bartlett tests to determine equal
variance before running ANOVA. All ANOVA were followed
by a Newman-Keuls posthoc test between treatment groups
or across days. A P value of 0.05 was used to define statistical
significance.

Results

The average weight of each group of Lewis or Sprague-
Dawley rats increased over the duration of the study (7 to 14 d;
Figure 1). Weights of rats in the short- and long-handling groups
were compared over the first 7 d by using 3-way ANOVA (group
x strain x day). This analysis revealed a significant effect of
strain (F, ,; = 124.5, P < 0.01) as well as a significant interaction
between strain and day (F,, = 5.27, P < 0.01). Weights of rats
in the long-handling and saline injection groups also increased
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Figure 1. Daily body weight. Rats in the NH group were weighed on
days 2, 6,9, and 12; all other groups were measured daily. All groups
showed increases in weight. Sprague-Dawley rats were heavier at
baseline and gained significantly (P < 0.01) more weight across days
than did Lewis rats. Error bars represent 1 SD.

over the entire 14-d period (main effect of day, FB'36 ,=5494,P<
0.01), and there was a significant interaction between strain and
day (F,, ,, =5.05, P <0.01). There were no significant interactions
between handling group with either of the other 2 variables.

Hormone concentrations were analyzed by using 2-way
ANOVA with group and strain as independent measures. Values
that were beyond a 2-SD range were omitted, as were samples
that fell outside of the 20% confidence range in 2 separate
RIA assays. Analyses showed that, compared with Lewis rats,
Sprague-Dawley rats had significantly higher ACTH concentra-
tions across handling groups (main effect of strain, FL5 ,=71.29,
P <0.01; Figure 2 A). ACTH concentrations did not differ as a
result of handling in either strain, suggesting that handling
manipulations did not influence ACTH concentrations circu-
lating at the time of euthanasia. As expected, interindividual
variability of ACTH concentrations was more pronounced in
Sprague-Dawley rats as compared with Lewis rats (Figure 2 B).

Corticosterone concentrations differed significantly between
strains: Sprague-Dawley rats had significantly higher corti-
costerone than did Lewis rats (F, ., = 10.08, P < 0.01). However,
corticosterone concentrations in Sprague—Dawley rats decreased
significantly according to handling practices, in that continued
handling led to reduced corticosterone concentrations (F, ., =
4.58, P < 0.05; Figure 3 A). Corticosterone concentrations in
Lewis rats did not differ as a result of handling.

Variability between strains was calculated by using a Bartlett
test for the equality of variance (strain x group). This test re-
vealed an unequal variance between strains for both ACTH (P
<0.01) and corticosterone (P < 0.01). Interindividual variability
was more pronounced in Sprague-Dawley rats as compared
with Lewis rats (Figures 2 B and 3 B).

Prolactin concentrations did not show any significant differ-
ence between strains or across groups (Figure 4 A). In addition,
unlike ACTH and corticosterone concentrations, prolactin levels
showed similar interindividual variability within groups of
Lewis and Sprague-Dawley rats. This variability did not change
as a result of extended handling or providing saline injections
in either strain (Figure 4 B).

Discussion
The goal of the present work was to study the effects of 2
standard laboratory stressors, regular handling and intraperi-
toneal injections, on 2 commonly used strains of laboratory
rats. Differences in stress response, mediated primarily by HPA
activity, may be a key factor contributing to inconsistencies in
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Figure 2. (A) ACTH concentrations in blood collected 30 min af-
ter the last handling bout or injection. ACTH was significantly (P <
0.01) higher in Sprague-Dawley rats than in Lewis rats, but ACTH
concentration did not differ between handling groups. Error bars
represent 1 SD. (B) Scatter plot showing individual ACTH concentra-
tions. Sprague-Dawley rats showed greater interindividual ACTH
variability than did Lewis rats, whose concentrations remained con-
sistent across handling groups. In addition, Lewis rats showed a de-
crease in interindividual variability after extended handling. L, Lewis;
S, Sprague-Dawley. NH, no handling; SH, short handling; LH, long
handling; SI, saline injection.

data collected by different laboratories or different investigators,
even when experimental variables and subjects are carefully
described and controlled. In addition, HPA responsiveness
contributes to rats’ response to pharmacologic interventions and
trajectory of drug addiction,?*?* emphasizing the importance
of characterizing different strains” HPA activity in response to
routine aspects of experimental protocols. The present data dem-
onstrate clear HPA-associated differences between an inbred
strain of rats (Lewis) and an outbred strain (Sprague-Dawley)
in their responses to various handling and injection procedures.

In the present study, ACTH concentrations were higher in
Sprague-Dawley than Lewis rats, regardless of handling group,
and remained consistent across groups. Corticosterone con-
centrations were initially higher among Sprague-Dawley rats,
as observed in the no-handling and short-handling groups. In
contrast, corticosterone concentrations in Sprague-Dawley rats
after continued handling dropped to levels equal those of the
Lewis rats. The fact that this attenuation affected corticosterone
only and not ACTH suggests an effect at the adrenal level. Given
that prolactin concentrations were similar for both strains, the
hormonal differences between Sprague-Dawley and Lewis rats
appears to be HPA-axis—specific.

Interindividual differences in ACTH and corticosterone
concentrations were more pronounced in Sprague-Dawley
than Lewis rats, as expected in light of the wider genetic variability
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Figure 3. (A) Corticosterone concentrations in blood collected 30 min
after the last handling bout or injection. Basal corticosterone concen-
trations were significantly (P < 0.01) higher in Sprague-Dawley rats
and decreased with continued handling and saline injections. Con-
centrations for Lewis rats remained constant across groups. Error bars
represent 1 SD. (B) Scatter plot showing individual corticosterone
concentrations. Sprague-Dawley rats again showed greater interin-
dividual variability as compared with Lewis rats, although this vari-
ability decreased with continued handling. There was no change in
Lewis interindividual variability with continued handling. L, Lewis;
S, Sprague. NH, no handling; SH, short handling; LH, long handling;
SI, saline injection.

characterizing outbred strains.!* For Sprague-Dawley rats,
the high degree of interindividual variability in ACTH and
corticosterone again seem to be HPA-specific, because little vari-
ability in plasma prolactin emerged in this group. Our results
are consistent with the broad genetic variation within outbred
strains, such as Sprague-Dawley, and limited genetic variation
within inbred strains, like Lewis.

The present study extends existing literature examining the
effects of several stressors on various rat strains. One group of
researchers identified a rise in corticosterone concentrations
after rats were placed in restrain cages; however, this effect
was attenuated when rats remained in the cages for extended
periods of time.!” These previous results were consistent in
both Sprague-Dawley and Lewis rats, in contrast to the present
findings of corticosterone elevation followed by habituation
exclusively in Sprague-Dawley rats. This difference may be
due to the fact that the stress in our study is much milder than
is a restrain cage and therefore does not cause any change in
Lewis rats’ corticosterone concentrations.

Prior work that examined the effect of restraint stress on
corticosterone concentration after amphetamine administra-
tion identified a larger increase in corticosterone concentration
in Sprague-Dawley rats than Lewis.?! Our results are consist-
ent with this finding. In addition, the previous study?’ noted
an almost immediate (15 min after being placed in a restrain
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Figure 4. (A) Prolactin concentrations in blood collected 30 min after
the last handling bout or injection. Concentrations were similar for
both strains and did not change as a result of handling. Error bars
represent 1 SD. (B) Scatter plot showing individual prolactin concen-
trations. There was no difference in variability between strains, and
variability remained consistent for both Lewis and Sprague-Dawley
rats across handling groups. L, Lewis; S, Sprague-Dawley. NH, no
handling; SH, short handling; LH, long handling; SI, saline injection.

cage) rise in prolactin in both strains. At the 30-min time point,
Sprague-Dawley rats showed a decreased prolactin concentra-
tion whereas Lewis rats did not.?! The discrepancy between
these data and the findings from the present study may be
explained by the type and severity of stressors used in the 2
studies. Furthermore, samples previously were drawn from the
rats only 15 and 30 min after the induction of stress,?! whereas
in the present study, rats were handled for a minimum of 7 d.
This difference suggests that stress may cause a temporary spike
in prolactin concentration that dissipates over time.

In conclusion, neuroendocrine markers of stress differ be-
tween Sprague-Dawley and Lewis rats after a series of standard
and universally used laboratory techniques. The present data
highlight the specific effects of investigator handling and the im-
portance of sufficient handling and sham injections to habituate
rats to handlers and to decrease neuroendocrine stress responses
prior to initiating an experiment. These practices may minimize
preexisting interindividual variability in the experimental data,
particularly in outbred strains, and facilitate the interpretation
of the primary behavioral and molecular results.
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