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• Chronic Mild Stress (CMS) reduces sucrose intake in selectively-bred rats.
• CMS causes reduction of preference for sucrose vs. water in selectively-bred rats.
• Decreases in sucrose intake and preference are not due to CMS reducing food intake.
• Overall preference for sucrose over water is reduced but persists after CMS.
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To test the possibility that chronic mild stress (CMS) might be unreliable in producing its often-intended out-
come (i.e., decreased preference for sucrose, hypothesized to represent depression-relevant anhedonia) because
it is typically applied to “normal” rats, a CMS procedure was applied to rats that may possess genetic susceptibil-
ity to affective disorders, having had been selectively-bred to show behavior indicative of such disorders. These
rat lines were: Hyperactive (HYPER) rats, which show characteristics of bipolar disorder, Swim-test Susceptible
(SUS) and Swim-test Resistant (RES) rats, being susceptible or resistant to effects of stress in the swim test, Swim
High-active (SwHi) and Swim Low-active (SwLo) rats, which innately show high or low activity in the swim test.
These selectively-bred lines were compared to normal, non-selectively bred (NS) rats. During CMS, HYPER rats,
both females and males, as well as RES and SwHi rats, showed reduced consumption of a palatable 2% sucrose
solution, and reduced preference for sucrose (vs. water) in comparison to non-stressed rats (no CMS) of the
same lines. In contrast, CMS produced no decrease in sucrose consumption or in preference for sucrose in normal
NS rats, and actually a caused a slight increase in sucrose consumption and preference in male NS rats. Other
measures that indicate depression – food intake and motor activity in the home cage – were also assessed.
SwLo and SwHi showed greater sensitivity to having their home-cage ambulatory activity reduced by CMS
than did NS rats, but no other such differences relative to NS rats were seen for these other measures; thus,
changes in sucrose intake or preference could not be explained by a change in caloric intake. These results sug-
gest that the genetic attributes of animals can influence the outcome of CMS, and that the application of CMS to
normal, non-selected rats may account, at least in part, for the unreliability of CMS in decreasing consumption of
palatable substances and decreasing preference for such substances.

© 2013 Published by Elsevier Inc.
1. Introduction

In the early 1980s Richard Katz developed the chronic unpredictable
stress paradigm for use as an animal model of depression [1,2]. In the
chronic unpredictable stress procedure, rats are subjected to a series
of different stressors over an extended period of time (weeks to
months), the stressors being varied from day to day in a random order
so as to prevent habituation. In the late 1980s Paul Willner developed
Medicine, Emory Briarcliff Cam-
ta, GA 30306, USA. Tel.: +1 404

sevier Inc.
a modified version of Katz's chronic unpredictable stress procedure
which he termed “chronic mild stress” (CMS) [3]. The main focus of
the effect of CMS has been on its ability to reduce intake of a palatable
sucrose or saccharine solution which both Katz and Willner believed
to indicate the presence of anhedonia in rodents [2,4]. Subsequently,
many investigators have utilized CMS procedures, with types and
schedules of stressors used in CMS varying considerably between stud-
ies (e.g., [3,5–7]). Despite its widespread use, CMS has been the focus of
considerable controversy. Perhaps the greatest concern regarding CMS
has been its unreliability in producing decreases in intake of palatable
solutions, particularly sucrose. While some investigators are able to
get such an effect from CMS, other investigators have reported no effect
(see, for example, introductory section in Ref. [8]). This concern was
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sufficiently widespread that Willner acknowledged it in his “10-year
summary of CMS effects” [9], noting in that same publication that he
himself was having difficulty reproducing his own findings after mov-
ing his laboratory and changing his animal provider.

Another significant issue has been Willner's contention that the de-
crease in sucrose intake produced by CMS is indicative of a loss of prefer-
ence to sucrose. In the case of intake of highly palatable fluid such as a
sucrose solution, to show that an animal has lost its preference for sucrose
it is necessary to show not only that intake of the sucrose solution de-
creases but that the rat correspondingly increases its intake of water,
thus reflecting “loss of preference for sucrose”; otherwise, sucrose intake
might have decreased simply because CMS reduced total fluid intake. The
latter would occur as follows: that stress readily decreases food intake in
rodents is well established and widely known [10–13]. Insofar as sucrose
is a source of calories, a stress-induced decrease in nutritive food intake
could well reduce intake of sucrose without there being any influence
of a change in “preference for sucrose.” Additionally, even if rats are of-
fered a non-nutritive palatable solution such as saccharine rather than su-
crose, rats are prandial drinkers, meaning their fluid intake is tied to how
much they eat, so a CMS-induced decrease in solid food consumptionwill
decrease their total fluid intake. As will be discussed below, demonstrat-
ing a CMS-induced loss of preference for sucrose has proved to be quite
difficult; in fact virtually all studies that have examined effects of CMS
on sucrose intake find that after exposure to CMS animals still vastly pre-
fer the sucrose solution to water (e.g., [3,14–21]).

One possibility suggested for overcoming the unreliability of the
effects of CMS on the sucrose preference measure calls attention to
differences between rodent strains, suggesting that some strains
may be more susceptible to the effects of CMS than others, and that
one should consider using susceptible rodent strains [8,22,23]. Unfor-
tunately, a number of the studies that have examined effects of CMS
in different strains, including those cited above, did not offer the ani-
mals a choice between the palatable substance and a less-palatable
one (i.e., sucrose vs. water) but only assessed consumption of palat-
able substance or sucrose, and therefore these studies could not de-
termine possible loss of preference for the palatable substance as
opposed to simply a decrease in intake. Nielsen et al. [8] nevertheless
concluded “Our results show that there is a need for rat strains in
which there is a greater sensitivity for detecting stress effects.”

In our review of the literature, we have found only two studies in ro-
dents in which CMS resulted in a decrease in sucrose intake as well as a
compensating increase in water intake to indicate that preference for
sucrose was lost [5,6]. All other CMS studies showed only a decrease
in sucrose intake (if any effect) but little or no change in water intake.
Regarding the animals used in these two studies, Strekalova et al. [5]
used C57BL/6N mice, which Griffiths et al. [23], in comparing effects of
CMS in different strains of mice, reported this strain to show a decrease
in consumption of a palatable diet when exposed to a chronic stress
condition as did certain other strains, but also summarized data
indicating that C57BL/6N was not particularly prone to showing
depression-related behavioral or physiological changes. However, a
distinguishing feature of the Streklova et al. study thatmaywell account
for the distinct loss of preference for sucrose seen in this study was that
the CMS procedure was sufficiently severe that several animals died
during the course of treatment; thus, severity of the stress resulting
from CMS may have been quite important in producing the outcome
obtained. In contrast, Pucilowski et al. [6] did use a rat line that was
selectively-bred for a depression-related phenotype; they used the
Flinders Sensitive rat (FSL), selectively bred for showing hypersensitiv-
ity to cholinergic agonists, a characteristic hypothesized to be present in
people who are depressed [24]. Thus, Pucilowski et al. observed a
CMS-induced loss of preference for a palatable sucrose solution
when they used a rat that had been selectively bred for showing a
depression-related characteristic.

We here continue to explore the strategy used by Pucilowski et al.;
that is, we use rats selectively bred for “depression-relevant”
characteristics. In the present study, rats from several lines that
have been selectively bred for behavior related to affective disorders
were subjected to a CMS procedure to determine whether these qual-
ities would make them more susceptible to the effects of CMS than
non-selectively bred Sprague–Dawley (NS) rats. In particular, five se-
lectively bred lines of rats derived from Sprague–Dawley rats were
studied: Hyperactive (HYPER), Swim-test Susceptible (Susceptible
or SUS), Swim-test Resistant (Resistant or RES), Swim Low-active
(SwLo), and Swim High-active (SwHi). The characteristics of these
lines are as follows are described in the paragraph below.

HYPER animals are distinguished by the fact that they exhibit in-
creased spontaneous nocturnal ambulatory activity compared to nor-
mal animals, as well as showing an extreme elevation of nocturnal
ambulatory activity for several days (2–7 days) after being exposed
to a stressor when young (2–3 months old). In contrast to this
“manic-like” outburst, older male HYPER rats (10–14 months old)
show profound and prolonged decreased nocturnal ambulatory activ-
ity after being exposed to a strong stressor [25], and similar-age older
female rats as well as some 6 month-old male rats “cycle” between
periods of hyperactivity andmarkedly reduced activity after exposure
to a strong stressor. Based on these (and other) characteristics, it is
suggested that HYPER animals may be a potential endogenous
model of bipolar disorder in rats [26]. SUS rats show reduced activity
in a swim test after being exposed to a stressor whereas RES rats are,
as their name implies, resistant to this effect on swim test activity
[27]. Thus, as indicated by swim test activity, SUS rats appear to be
more susceptible to the effects of stress than NS rats when assessed
in a swim test whereas RES rats appear to be more resistant to the ef-
fects of stress than NS rats in the swim test. SUS rats also can be used
in a screening procedure which detects several classes of effective an-
tidepressant drugs while not responding to drugs that often produce
“false positives” in other drug screens [28]. SwLo rats show much re-
duced activity in the swim test (i.e., little struggle and much floating)
even when they have not previously been subjected to any stressor,
and, in contrast, SwHi rats show a great amount of activity (i.e.,
much struggling and little floating) in a swim test [29]. SwLo rats, un-
like SwHi rats, also exhibit a strong “therapeutic” response in the
swim test (i.e., a marked increase in struggling behavior) after chron-
ic administration (two weeks) of activating antidepressants including
tricyclics, which suggests that the SwLo rat may be an model of atyp-
ical depression [30]. For each of these selectively-bred lines, they
were compared, in all experiments, to “control” rats consisting of
the parent population of Sprague–Dawley rats that are bred in the
normal, non-selected manner (NS) and maintained under similar
conditions in our laboratory.
2. Methods

2.1. Animals and housing conditions

Prior to the start of the study, all rats were group-housed with 2–3
animals per cage in our vivarium and kept on a 12:12-h light cycle.
Lights went on at 0700 h, off at 1900 h, and colony temperature
was maintained between 20 and 22 °C. During the study, rats
were maintained in activity-monitoring rooms where the animals
were housed individually in standard size polypropylene cages
(18 × 9 in.) having light sensors arrayed across the length of cage
that enables recording of motor activity 24 h per day. Temperature
and light cycle in the activity rooms was the same as in the vivarium.
Food and water were available ad libitum, with food and water intake
recorded daily. In addition, when sucrose was available in addition to
water, sucrose intake was also recorded daily. Ambulatory activity
was continuously recorded during the study, accumulated in 1.0-h
bins throughout the day, and separated into dark-phase and
light-phase activity for analysis.
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2.2. Experimental design

Prior to any CMS procedures being given, rats were placed into an
activity-monitoring room as described above and the study began
with a seven day baseline period. During this baseline period, activity
and consumption were measured. Sucrose was provided in addition
to water for three days starting on the third day of the baseline period
and ending on the fifth day; this established a baseline measure for
sucrose intake. The sucrose solution given during baseline and also
during the subsequent CMS period was a 2% sucrose solution that
rats consume readily. Following the baseline period, the rats were di-
vided into two groups: stressed and non-stressed (i.e., CMS-treated
vs. non-CMS-treated). Animals of each rat line were allocated to
these two groups based on the measurements made during the base-
line period, with the groups matched on the following variables (in
order from greatest to least priority): sucrose intake, body weight,
dark phase motor activity, light phase motor activity, food intake,
and water intake. In some cases, not all variables could be matched
so that the two groups were equated, although sucrose intake, body
weight, and dark phase motor activity of the groups were always
closely matched.

After the baseline period was over, rats in the stressed group were
subjected to the CMS procedure which lasted 27 days; the non-stress
group simply remained in their home cages. It should be noted that to
avoid possible transmission of stress to adjacent animals via phero-
mones, the CMS-treated rats and the non-CMS-treated rats were
housed in separate activity-recording rooms during the CMS phase of
the study. The CMS procedure used in this study consisted of eight dif-
ferent stressors (see Table 1) randomly repeated three times each dur-
ing the course of the experiment. There were also three days during the
CMS phase on which rats were subjected to no stressors.

Whenever the 2% sucrose solutionwas given to rats, it was given for
three consecutive days. This was done three times during the experi-
ment: during the baseline period (days 3–5) as described above, in
the middle of the CMS procedure (days 17–19), and on the last three
days of the CMS procedure (days 32–34). Regarding sucrose presenta-
tion during the CMS phase, it should be noted that an exception to the
randomness of the CMS schedule described above was that a
three-day sequence of restraint, foot shock, and no-stress (in that
order) was always used during each sucrose exposure period during
CMS; this was done so that sucrose intake during the two periods of ex-
posure during CMS could be compared with each other without possi-
ble differences due to different stressors being used at each time. Only
in the case of the first sucrose administration period during CMS to fe-
male rats was this particular order of stressors not used. Additionally,
Table 1
Stressors used in Chronic Mild Stress (CMS) regimen.

Stressor Abbreviation Description

Restraint Res Rats were individually restrained for 2 h
Food deprivation FDep Food was removed from cages for 24 h

(water available ad libitum).
Overnight illumination NiLi Lights were left on overnight thus

extending the rats light phase to 24 h.
White noise WN Rats were subjected to 1 h of 95 dB

white noise.
Foot shock Shk Rats placed on a grid floor and foot

shocks delivered for 1 h session at 1.0 to
1.5 mA.

Bedding switch BedS Rats were placed in other rats cages for
48 h. Wet bedding was applied the day
after.

Wet bedding WetB The bedding of each cage was soaked
with 450 ± 5 ml of water and changed
after 24 h.

Forced swim Swim Rats were placed in a shallow tank of
water at 78 °F for 15 min.

None None No stressors administered
it should be noted food deprivation as a component of CMS has been
said to be sufficient to cause a decrease in sucrose intake, hypothesized
to be due to decreased caloric intake as a result of decreased metabo-
lism [17,18,31]. However, it has also been found that increasing the
time between food deprivation and presentation of sucrose to over
24 h is sufficient to eliminate a decrease in sucrose intake during CMS,
presumably because of elimination of the effects of food deprivation
[18,32]. Because a decrease in sucrose intake could have resulted from
proximity of sucrose presentation to food deprivation, any food depri-
vation stressor was always administered at least 96 h before the start
of a sucrose presentation period, and thus the effects of stress (CMS)
on sucrose intake and/or preference for sucrose observed in this study
cannot be attributed to the use of food deprivation during CMS.

2.3. Experiments

2.3.1. Experiment 1
This experiment studied female HYPER rats. Rats used in the study

included 41st generation female HYPER rats (n = 12) and female
non-selected rats (n = 12). Rats of each line were divided equally
into a stressed and non-stressed group so that each group consisted of
n = 6 HYPER and n = 6 non-selected rats. At the start of the experi-
ment, female HYPER and non-selected rats were 4–6 months old. As
stated above, stressed and non-stressed groups were matched as de-
scribed above.

2.3.2. Experiment 2
This experiment studied male HYPER rats. Rats used in the study

included 43rd generation male HYPER rats (n = 12) and male
non-selected rats (n = 12). As for female HYPER rats, each line was
divided into a stressed and non-stressed group of n = 6 HYPER and
n = 6 non-selected rats. At the start of the experiment, male HYPER
and non-selected rats were 6–8 months old. Stressed and
non-stressed groups were matched as described above.

2.3.3. Experiment 3
This experiment studied male SUS and male RES rats. Rats used in

the study included 44th generation male SUS rats (n = 12), 44th gen-
eration male RES rats (n = 12), and male non-selected rats (n = 12),
36 being themaximum number of rats our activity rooms could accom-
modate. For this study, groups were divided into stressed and
non-stressed groups at a 2:1 ratio of stressed-to-unstressed animals.
Thus, the stressed group consisted of n = 8 SUS rats, n = 8 RES rats,
and n = 8 non-selected rats (for a total of n = 24 rats), while the
non-stressed group consisted of n = 4 SUS rats, n = 4 RES rats, and
n = 4 non-selected rats (for a total of n = 12 rats). At the start of the
experiment SUS, RES, and non-selected rats were 6–7 months of age.
Stressed and non-stressed groups were matched as described above.

2.3.4. Experiment 4
This experiment studied male SwHi and SwLo rats. Rats used in

the study included 40th generation male SwHi rats (n = 12), 40th
generation male SwLo rats (n = 12), and male non-selected rats. As
with the previous experiment, groups were divided into stressed
and non-stressed groups at a 2:1 ratio of stressed-to-unstressed ani-
mals. Thus, the stressed groups consisted of n = 8 SwHi rats, n = 8
SwLo rats, and n = 8 non-selected rats (for a total of n = 24 rats),
and the non-stressed groups consisted of n = 4 SwHi rats, n = 4
SwLo rats, and n = 4 non-selected rats (for a total of n = 12 rats).
At the start of the experiment the SwHi, SwLo, and non-selected
rats were 3.5–4.5 months old. Stressed and non-stressed groups
were matched as described above.

One SwLo rat from the stressed group died in the middle of the ex-
periment and its data was subsequently removed from all statistical
analyses.
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2.4. Statistical analysis

All variableswere analyzed using a three factor analysis of covariance
(rat line × stress/no stress × day) with repeated measures across the
day factor, the covariate being the mean for that measure across the
baseline days. In experimentswith three rat lines, in addition to the over-
all analysis comparing all three rat lines, separate analyses of the same
type were carried out comparing two rat lines to each other. Finally,
within each rat line the stressed and non-stressed groups were com-
pared to each other using a two factor analysis of covariance (stress/no
stress × day) with repeated measures across the day factor, the covari-
ate again being obtained in the same manner as described above.

Some special notations are as follows: in the analysis of dark phase
motor activity, data obtained on those days when overnight illumina-
tion and wet bedding stressors were used as stressors were left out of
the analyses (six days total) because these manipulations markedly
decreased or increased ambulatory activity. In the analyses of food in-
take, data obtained on those days when food deprivation stressor was
administered (three days) were left out of the analyses since food in-
take was completely absent on such days. In addition, the days on
which rats were given sucrose were left out of the analyses of food in-
take because the availability of sucrose decreased food intake; this
was done during the baseline period (omitted from determining co-
variate) and during the CMS phase.

Sucrose intake was analyzed in two different ways. First, an analysis
was done that included all days on which sucrose was available during
the CMS phase. As previously described, a three factor, repeated mea-
sures analysis of covariance was done, using mean sucrose intake dur-
ing baseline (pre-CMS, days 3–5) as the covariate for each rat. In
addition, a second analysis was done that examined sucrose intake on
the first day of each of the two sucrose exposure periods during the
CMS phase. Again, data were analyzed by a three factor repeated mea-
sures analysis of covariance, using the first day of sucrose intake during
baseline (day 3) as the covariate. The reason for the second analysis that
considered sucrose intake only on thefirst day of each sucrose exposure
period is that this time period (i.e., 24 h sucrose intake) is often used in
other CMS studies and is reported in the literature, so that comparison
of the results obtained here to other studies can be made. Still other
CMS studies have used consumption over a 1–2 h sucrose exposure,
but such a short exposure period has been reported to be less accurate
than a 24 h exposure period [19,32,33]. Thus, we analyze sucrose intake
across the two 3-day exposures during the CMS phase that we utilized,
and also sucrose intake in the first 24 h period of each of these
exposures.

Sucrose preference – i.e., the extent to which sucrose was preferred
overwater –was also analyzed. Themorewater animals ingestwhen su-
crose is also available, the less the animal prefers sucrose. To quantify
water intake relative to sucrose intake, the ratio of water intake to total
fluid intake (WI:TFI) was computed for each day that both sucrose and
water were available. The higher this value is, the more water is con-
sumed relative to total fluid intake, and therefore the less sucrose is pre-
ferred. This indicator of sucrose preference was then analyzed
statistically in the same manner as sucrose intake described above.

A small number of aberrant animals (n = 3) were not included in
the sucrose analyses. In contrast to rats that typically consume over
90% of their fluid intake as sucrose on any day when the sucrose solu-
tion as well as water is available, these three rats consumed less than
50% of their fluid intake as sucrose on at least one day during the base-
line period and overall showed a greatly reduced sucrose preference
relative to other rats; insofar as they did not show a typical preference
for sucrose to begin with, these animals were omitted from analyses
of sucrose consumption. In Experiment 1, one female non-selected rat
consumed less than 50% of its total fluid intake as sucrose on two days
of baseline, and overall intake of the sucrose solution across the three
days of baseline was 50.6% of its total fluid intake compared to all
other rats in this study whose intake of the sucrose solution averaged
94.6% of total fluid intake, with a standard deviation (SD) around this
mean of 4.4%; thus, intake of the sucrose solution by the aberrant rat
was 9.9 SDs lower than the mean of the other animals in the experi-
ment. In Experiment 4, two male SUS rats showed an even more pro-
nounced lack of preference for sucrose. Across the three days of
baseline, these two rats average intake of sucrose was 28.5% and
12.8% respectively of their total fluid intake compared to all other rats
in this experiment whose intake of sucrose averaged 97.0% of their
total fluid intake, with a SD around this mean of 1.8%; thus, sucrose in-
take of these two rats was 39.2 and 48.1 SDs lower than themean of the
other animals in the experiment. In summary, these three rats showed
essentially nopreference for sucrose as do typical rats, and their tenden-
cy to consume the sucrose solution as opposed to water differed from
other rats at well beyond the .00001 level.

All experimental methods in the study were approved by the
Emory University Institutional Animal Care and Use Committee
(IACUC #214-2009).

3. Results

3.1. Sucrose intake

3.1.1. HYPER rats
Fig. 1 (top) shows the sucrose intake of stressed and non-stressed fe-

male Non-selected (NS) and HYPER rats. As can be seen in the Figure,
compared to the amount of sucrose ingested on the initial presentations
before the CMS phase (shown at left of dotted lines), sucrose intake
tended to increase with successive three-day presentations that oc-
curred during the CMS phase, particularly on the first day of each of
these presentations. Regarding statistical analysis, when sucrose intake
on all days during the CMS (stress) phase of the study was analyzed by
a three factor (rat line × stress condition × day) repeated measures
analysis of covariance (mean sucrose intake of each animal prior to
CMS phase as the covariate), a significant difference between the rat
lines was found [F(1, 18) = 12.958, p = .002] thereby indicating that
sucrose intake of female HYPER rats was significantly lower than sucrose
intake of female NS rats during the CMS phase. Most importantly, a sig-
nificant rat line × stress condition interaction was found [F(1, 18) =
7.590, p = .013], thereby indicating stress vs. non-stress affected sucrose
intake in HYPER females differently from NS females. Fig. 1 shows that
whereas stress tended to increase sucrose consumption in NS females,
stress had the opposite effect of decreasing sucrose consumption in
HYPER females. Comparison of the stress vs. non-stress conditions
within each of the two rat lines by similar repeated measures analysis
of covariance revealed that in HYPER females sucrose intake of
stressed rats was indeed significantly lower than that of non-stressed
rats [F(1, 9) = 12.184, p = .007]. In NS females, however, the tendency
of stress to increase sucrose intake compared with non-stress did not
reach statistical significance [F(1, 8) = 2.428, p = .158].

When only the first day of each exposure period was analyzed sim-
ilarly, a significant difference between rat lines was found [F(1, 18) =
6.909, p = .017], but the interaction of rat line × stress/no stress did
not reach significance [F(1, 18) = 2.681, p = .119]. When the stress
vs. non-stress conditions were compared within each rat line, stressed
HYPER females showed significantly lower sucrose intake than
non-stressed HYPER females [F(1, 9) = 7.383, p = .024], while there
was no significant difference between stressed and non-stressed NS fe-
males [F(1, 8) = 0.394, p = .548].

Fig. 1 (bottom) shows the sucrose intake of stressed andnon-stressed
male NS andHYPER rats. As can be seen in this figure, males rats showed
similar effects as were seen in females; that is, compared to the amount
of sucrose ingested on the initial presentations before the CMS phase
(shown at left of dotted lines), sucrose intake also tended to increase
with successive three-day presentations that occurred during the CMS
phase, particularly on thefirst day of each of these presentations. Regard-
ing statistical analysis, when sucrose intake on all days during the CMS
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Fig. 1. Sucrose intake (ml of 2.0% sucrose solution ingested) on eachday of the three3-day segments that sucrose solutionwas available to female andmaleNon-selected (normal, NS) and
HYPER rats prior to and during daily application of various stressful conditions constituting “chronic mild stress” (CMS). “Stressed” animals received the stressor conditions while
“Non-stressed” animals did not. For stressed animals, the left of dotted line shows daily intake in the segment prior to stressors being applied (Baseline), and to the right of dotted line
shows intake during the two segments when stressors were applied. Mean and standard error for each day is shown. Results for female rats are shown in upper graphs (one experiment)
and for male rats are shown in lower graphs (another experiment). X-axis labels indicate which stressor was implemented on each day; for explanation of abbreviations see Table 1.
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(stress) phase of the study was analyzed as described above for the fe-
males rats, a significant difference between the rat lines was found
[F(1, 19) = 13.229, p = .002] thereby indicating that sucrose intake of
male HYPER rats during the CMS phase was significantly lower than su-
crose intake of male NS rats. The interaction of rat line × stress/no stress
was significant [F(1, 19) = 4.625, p = .045], which indicated that stress
vs. non-stress affected sucrose intake inHYPERmales differently fromNS
males. Fig. 1 shows that, as was seen in female HYPER rats, stress tended
to increase sucrose consumption in NS males while having the opposite
effect of decreasing sucrose consumption inHYPERmales. Comparison of
the stress vs. non-stress conditions within each of the two rat lines by
similar repeated measures analysis of covariance revealed that the
lower sucrose intake of stressed HYPER males compared with
non-stressed HYPER males approached significance [F(1, 9) = 3.916,
p = .079] while the difference between stressed and non-stressed NS
males was not significant [F(1, 9) = 1.147, p = .312].

When only the first day of each exposure period was analyzed
similarly, the significant difference between rat lines was found
[F(1, 19) = 20.015, p = .001], and a significant interaction of rat
line × stress/no stress was also evident [F(1, 19) = 8.127, p = .010].
This significant interaction was supported when the stress vs.
non-stress conditions were compared within each rat line. Stressed
HYPER males showed significantly lower sucrose intake than
non-stressed HYPER males [F(1, 9) = 5.236, p = .048], while the
tendency of stressed NS males to show higher sucrose intake than
non-stressed NS males approached significance [F(1, 9) = 3.528,
p = .093].

3.1.2. SUS and RES rats
Fig. 2 (top) shows the sucrose intake of both stressed and

non-stressed male NS, SUS and RES rats. As was seen in the results
described above, sucrose intake tended to increase during with suc-
cessive presentations that occurred during the CMS (stress) phase
relative to the initial ingestion of sucrose before the CMS (stress)
phase, Regarding statistical analysis, when sucrose intake on all
days during the CMS (stress) phase of the study was analyzed by a
three factor (rat line × stress condition × day) repeated measures
analysis of covariance (mean sucrose intake of each animal prior to
CMS phase as the covariate), a significant difference between rat
lines was found [F(2, 27) = 11.637, p = .001]. The data shown in
Fig. 3 indicates that this resulted from the sucrose intake of RES rats
being lower than that of NS and SUS rats. Similar analyses comparing
pairs of rat lines confirmed this, revealing that sucrose intake of
NS and SUS rats during the CMS phase did not differ significantly
[F(1, 17) = 1.969, p = .179] whereas the RES rats showed signifi-
cantly lower sucrose intake than NS rats [F(1, 19) = 9.389, p =
.006] and SUS rats [F(1, 17) = 33.364, p = .000]. The interaction of
rat line × stress/no stress was not significant [F(2, 27) = .322, p =
.728], which indicated that stress did not affect different rat lines dif-
ferently. This result was supported by comparison of stress vs.
non-stress within each rat line, which revealed no significant differ-
ences within the SUS, RES, or NS rat lines [F(1, 7) = .000, p = .998;
F(1, 9) = .211, p = .657; and F(1, 9) = .656, p = .439 respectively].

When only the first day of each exposure period was analyzed sim-
ilarly, the significant difference between rat lines remained [F(2, 27) =
18.715, p = .000]. Further analyses comparing pairs of rat lines re-
vealed that SUS rats showed the highest sucrose intake, their intake
being significantly higher compared to NS rats [F(1, 17) = 5.152,
p = .037] and RES rats [F(1, 17) = 52.272, p = .000]. RES rats showed
the lowest sucrose intake, not only being lower than SUS rats but signif-
icantly lower thanNS rats aswell [F(1, 19) = 14.804, p = .001]. The in-
teraction of rat line × stress/no stress was not significant in the ANOVA
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Fig. 2. Sucrose intake (ml of 2.0% sucrose solution ingested) on each day of the three 3-day segments that sucrose solution was available to male Non-selected (normal, NS) vs.
Susceptible (SUS), Resistant (RES), Swim-High active (SwHi), or Swim-Low active (SwLo) rats prior to and during daily application of various stressful conditions constituting
“chronic mild stress” (CMS). Results for NS, SUS and RES rats are shown in upper graphs (one experiment) and for NS, SwHi and SwLo rats are shown in lower graphs (another
experiment). All other aspects of graphs are the same as in Fig. 1.
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that included all three rat lines [F(2, 27) = .593, p = .560], norwas this
interaction significant in any ANOVAwhere pairs of rat lines were com-
pared. However, when intake of stressed vs. non-stressed rats were
compared within each rat line, SUS rats did not show a significant
difference [F(1, 7) = .087, p = .776], but for RES and NS rats stressed
rats tended to show lower sucrose intake than non-stressed rats
[F(1, 9) = 4.639, p = .060, and F(1, 9) = 3.718, p = .086 respectively].

3.1.3. SwHi and SwLo rats
Fig. 2 (bottom) shows the sucrose intake of both stressed and

non-stressed male NS, SwHi, and SwLo rats. As was seen previously, su-
crose intake tended to increase duringwith successive presentations that
occurred during the CMS (stress) phase. Regarding statistical analysis,
when sucrose intake on all days during the CMS (stress) phase of the
study was analyzed by a three factor (rat line × stress condition × day)
repeated measures analysis of covariance (mean sucrose intake of each
animal prior to CMS phase as the covariate), there was no significant
effect of rat line [F(2,28) = 0.409, p = .668] but the interaction of rat
line × stress/no stress was significant [F(2,28) = 3.649, p = .039],
thereby indicating that stress vs. non-stress affected sucrose intake dif-
ferently in different rat lines. Fig. 2 shows that this interaction occurred
because stress decreased the sucrose intake of SwHi rats relative to the
heightened intake of non-stressed SwHi, but SwLo and NS rats showed
little difference between stressed and non-stressed. Analyses comparing
pairs of rat lines revealed a significant rat line × stress/no stress interac-
tion when SwHi and NS rats were compared [F(1, 19) = 6.221, p =
.022], and that this interaction approached significance when SwHi and
SwLo were compared [F(1, 18) = 3.564, p = .075]. This interac-
tion was not significant when SwLo and NS lines were compared
[F(1, 18) = .634, p = .436]. These results were supported by
comparison of stressed and non-stressed rats within each line, which
showed that stressed SwHi rats consumed less sucrose than
non-stressed SwHi rats [F(1, 9) = 6.161, p = .035], while there was
no such difference between stressed and non-stressed rats of the
SwLo and NS lines [F(1, 8) = .152, p = .707, and F(1, 9) = .828,
p = .387, respectively].

When only the first day of each exposure period was analyzed sim-
ilarly, the interaction of rat line × stress/no stress was also significant
[F(2, 28) = 3.518, p = .043]. Further analyses comparing pairs of rat
lines revealed a significant interaction of rat line × stress/no stress be-
tween SwHi and NS rats [F(1, 19) = 5.526, p = .030] and SwHi and
SwLo rats [F(1, 18) = 4.719, p = .043], thereby indicating that stress
reduced the intake of sucrose intake in SwHi rats but did not do so in
NS and SwLo rats. Comparison of stressed and non-stressed rats within
each line showed that stressed SwHi rats had significantly lower su-
crose intake than non-stressed SwHi rats [F(1, 9) = 6.773, p = .029]
whereas stressed and non-stressed of NS and SwLo rats did not differ
[F(1, 9) = .712, p = .421, and F(1, 8) = .155, p = .704 respectively].

3.2. Preference for sucrose (vs. water)

Affinity for sucrose can be measured not only by the amount of su-
crose consumed but also by the relative amount of water consumed;
the more water consumed when sucrose is available, the less the pref-
erence for sucrose, and vice versa. Therefore, one can determine how
strong the preference for sucrose is by calculating the ratio ofwater con-
sumed to the total fluid ingested (water + sucrose) on each of the days
that sucrose was offered. As stated above, the higher the ratio of water
consumed to total intake, the lower the preference for sucrose, and
vice versa. This measure we refer to below as preference for water.
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Fig. 4. Preference for water (i.e., percent of total fluid intake that was water) on each day of the three 3-day segments that 2% sucrose solution also was available to male
Non-selected (normal, NS), Susceptible (SUS), Resistant (RES), Swim-High active (SwHi), or Swim-Low active (SwLo) rats prior to and during daily application of various stressful
conditions constituting “chronic mild stress” (CMS); higher preference for water indicates lower preference for sucrose solution. Results for NS, SUS and RES rats are shown in upper
graphs (one experiment) and for NS, SwHi and SwLo rats are shown in lower graphs (another experiment). All other aspects of graphs are the same as in Fig. 1.
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Fig. 3. Preference for water (i.e., percent of total fluid intake that was water) on each day of the three 3-day segments that 2% sucrose solution also was available to female and male
Non-selected (normal, NS) and HYPER rats prior to and during daily application of various stressful conditions constituting “chronic mild stress” (CMS); higher preference for water
indicates lower preference for sucrose solution. Results for female rats are shown in upper graphs (one experiment) and formale rats are shown in lower graphs (another experiment). All
other aspects of graphs are the same as in Fig. 1.
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3.2.1. HYPER rats
Fig. 3 (top) shows preference for water of both stressed and

non-stressed female NS and HYPER rats. When all days on which rats
were offered sucrose aswell as water were analyzed by a three factor re-
peatedmeasures analysis of covariance as described for sucrose intake in
the previous section, a significant interaction of rat line × stress/no
stress was found [F(1, 18) = 5.439, p = .032], thereby indicating that
preference for water was affected differently by stress in female HYPER
andNS rats. Fig. 3 shows that this occurred because stress increased pref-
erence for water (i.e., decreased preference for sucrose) in HYPER fe-
males but not in NS females. This significant interaction was supported
by comparison of stress and non-stress conditions within each rat line,
which revealed that stressed HYPER females showed significantly higher
preference for water (and therefore lower preference for sucrose) than
non-stressed HYPER females [F(1, 9) = 16.078, p = .003] whereas
stressed and non-stressed NS females did not show a significant differ-
ence in preference for water [F(1, 8) = .859, p = .381].

When only the first day of each exposure period was analyzed simi-
larly, the interaction of rat line × stress/no stress approached signifi-
cance [F(1, 18) = 3.344, p = .084] thereby indicating that the
preference for water tended to be affected differently by stress in female
HYPER andNS rats. However, comparison of stress and non-stresswithin
rat lines revealed that while stress tended to increase preference for
water in HYPER females, the difference was not significant [F(1, 9) =
2.895, p = .123], nor was the tendency for stress the decrease prefer-
ence for water in NS females [F(1, 8) = .952, p = .358].

Fig. 3 (bottom) shows preference for water of both stressed and
non-stressed male NS and HYPER rats. When all days in which rats
were offered sucrose as well as water were analyzed by a three factor
repeatedmeasures analysis of covariance as described previously, a sig-
nificant difference between rat lines was found [F(1, 19) = 8.497, p =
.009], thereby indicatingHYPERmales showed significantly higher pref-
erence for water (and therefore lower preference for sucrose) com-
pared with NS males. The interaction of rat line × stress/no stress
approached significance [F(1, 19) = 4.004, p = .060], thereby indicat-
ing that preference for water tended to be affected differently by stress
in male NS and HYPER rats. Fig. 3 shows that this occurred because
stress increased the preference for water (i.e., decreased the preference
for sucrose) in HYPER males more so than in NS males. This interaction
effect was supported by comparison of stress and non-stress conditions
within each rat line, which revealed that a higher preference for water
(and therefore lower preference for sucrose) in stressed HYPER males
in comparison to non-stressed HYPER males approached significance
[F(1, 9) = 4.234, p = .070], whereas there was no indication of a dif-
ference in preference for water between stressed and non-stressed NS
males [F(1, 9) = .001, p = .973].

When only the first day of each exposure period was analyzed
similarly, a significant difference between rat lines was also found
[F(1, 19) = 11.998, p = .003], thereby indicating that HYPER males
showed higher preference for water overall than did NS males.
More importantly, the interaction of rat line × stress/no stress was
significant [F(1, 19) = 5.405, p = .031] thereby indicating that pref-
erence for water was affected differently by stress in male HYPER and
NS rats. Fig. 3 shows that this occurred because stress increased
preference for water much more so in HYPER males than in NS
males. The interaction effect was supported by comparison of stress
vs. non-stress with each rat line, which revealed that stressed
HYPER males showed significantly higher preference for water than
did non-stressed HYPER males [F(1, 9) = 14.965, p = .004], whereas
preference for water was not significantly different when stressed and
non-stressed NS males were compared [F(1, 9) = 3.106, p = .112].

3.2.2. SUS and RES rats
Fig. 4 (top) shows the preference for water of stressed and

non-stressed male NS, SUS, and RES rats. When all days in which rats
were offered sucrose as well as water were analyzed by a three factor
repeated measures analysis of covariance as described in the Methods
section, a significant difference between rat lines was found
[F(2, 27) = 8.970, p = .001], which indicated that different rat lines
showed significantly different preference for water. Further analyses
comparing pairs of rat lines revealed that preference for water did not
differ when SUS and NS rats were compared [F(1, 17) = .296, p =
.593] whereas RES rats showed significantly higher preference for
water (and therefore lower preference for sucrose) when compared
with either NS or SUS rats [F(1, 19) = 7.293, p = .014 and
F(1, 17) = 9.343, p = .007 respectively]. However, the interaction of
rat line × stress/no stress was not significant [F(2, 27) = .552, p =
.599], which indicated that stress did not affect water preference differ-
ently in the rat lines.

When only the first day of each exposure period was analyzed
similarly, the significant difference between rat lines remained
[F(2, 27) = 10.226, p = .000]. Further analyses comparing pairs of
rat lines revealed that preference for water did not differ when SUS
and NS were compared [F(1, 17) = .002, p = .963], but RES rats
showed significantly higher preference for water when compared
with either NS or SUS rats [F(1, 19) = 12.176, p = .002, and
F(1, 17) = 12.856, p = .002 respectively]. The interaction of rat
line × stress/no stress approached significance [F(2,27) = 3.229,
p = .052], thereby indicating that preference for water tended to be
affected differently by stress in different rat lines. Further analyses
comparing pairs of rat lines revealed that the interaction of rat
line × stress/no stress did not differ when SUS and NS rats were com-
pared [F(1, 17) = .020, p = .890], while this interaction approached
significance when RES rats were compared with either NS or SUS rats
[F(1, 19) = 4.167, p = .055, and F(1, 17) = 3.737, p = .070 respec-
tively]. These results were supported by comparisons of stressed and
non-stressed rats within each rat line, which revealed that preference
for water (and therefore lower preference for sucrose) was distinctly
higher in stressed RES rats than in non-stressed RES rats [F(1, 9) =
9.655, p = .013] while this difference did not reach significance in
either SUS or NS rats [F(1, 7) = 4.292, p = .077 and F(1, 9) =
1.110, p = .320 respectively].

3.2.3. SwHi and SwLo rats
Fig. 4 (bottom) shows the preference for water of both stressed

and non-stressed male SwHi, SwLo, and NS rats. When all days in
which rats were offered sucrose as well as water were analyzed by
a three factor repeated measures analysis of covariance as described
previously, the rat line × stress/no stress interaction was significant
[F(2, 28) = 6.106, p = .006]. When pairs of rat lines were compared
in the samemanner, significant rat line × stress/no stress interactions
were found comparing SwHi and NS rats [F(1, 19) = 14.610, p =
.001], and SwHi and SwLo rats [F(1, 18) = 4.956, p = .039], thereby
indicating that stress increased preference for water (i.e., decreased
preference for sucrose) more so in SwHi rats than in NS or SUS rats.
The interaction of rat line × stress/no stress between SwLo and NS
rats was not significant [F(1, 18) = 1.430, p = .247], which indicated
that stress did not affect SwLo and NS rats differently. These results
were supported by the evidence that stressed SwHi rats showed
significantly higher preference for water (and therefore lower
preference for sucrose) than did non-stressed SwHi rats [F(1, 9) =
12.629, p = .006]. In contrast, preference for water did not differ for
stressed and non-stressed SwLo rats [F(1, 8) = .326, p = .583]
while in NS rats, stressed rats tended to show lower preference for
water (i.e., higher preference for sucrose) compared to non-stressed
NS rats [F(1, 9) = 4.687, p = .059.], opposite to the effect of stress
seen in SwHi rats.

When only the first day of each exposure period was analyzed
similarly, a difference between rat lines was found that approached
significance [F(2, 28) = 2.766, p = .080] as did the interaction of
rat line × stress/no stress [F(2, 28) = 2.699, p = .085]. Further anal-
yses comparing pairs of rat lines revealed that SwHi rats showed
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significantly lower preference for water compared to NS rats
[F(1, 19) = 5.567, p = .029], while the difference between SwHi
and SwLo rats did not reach significance [F(1, 18) = 2.842, p =
.109] nor was there a difference when NS and SwLo rats were com-
pared [F(1, 18) = .474, p = .500]. Importantly, the interaction of
rat line × stress/no stress was significant when SwHi and NS rats
were compared [F(1, 19) = 5.307, p = .033]. This interaction did
not reach significance when SwHi and SwLo rats were compared
[F(1, 18) = 3.095, p = .096] or when SwLo and NS rats were com-
pared [F(1, 18) = .303, p = .589]. These results were supported by
the evidence from comparison of stress and non-stress rats within
each rat line. In SwHi rats, stress caused an increase in water prefer-
ence (i.e., reduced preference for sucrose) relative to non-stressed
rats [F(1, 9) = 11.694, p = .008], whereas stress produce no such
difference in SwLo or NS rats [F(1, 8) = .053, p = .824, and
F(1, 9) = .383, p = .551 respectively].
3.3. Food intake

3.3.1. HYPER rats
Fig. 5 (top) shows the food intake of both stressed and

non-stressed female NS and HYPER rats. The three factor repeated
measures analysis of covariance as described in the Methods section
yielded a significant difference between stress groups [F(1, 19) =
10.566, p = .004], thereby indicating that stressed females overall
showed significantly lower food intake than did non-stressed fe-
males. More importantly, the interaction of rat line × stress/no stress
was not significant [F(1, 19) = .389, p = .540], indicating that stress
did not affect female NS and HYPER rats differently. Comparison of
stress vs. non-stress within rat lines revealed that stressed NS females
showed significantly lower food intake than did non-stressed NS
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Fig. 5. Food intake on each day (grams of food eaten) for female and male Non-selected (norm
constituting “chronic mild stress” (CMS). Results for female rats are shown in upper graphs (o
lines just above the x axis denote days on which sucrose administration during CMS took plac
females [F(1, 9) = 5.445, p = .044] while this difference did not
reach significance in the HYPER females [F(1, 9) = 3.035, p = .115].

Fig. 5 (bottom) shows the food intake of both stressed and
non-stressed male NS and HYPER rats. The three factor repeated mea-
sures analysis of covariance as described in the Methods section
yielded a significant difference between rat lines [F(1, 19) =10.085,
p = .005], thereby indicating that HYPER males showed significantly
lower food intake than did NS males during the CMS phase. As with
the females, there was a significant difference attributable to stress
[F(1, 19) = 7.395, p = .014], thereby indicating that stressed
males overall showed significantly lower food intake than did
non-stressed males. The interaction of rat line × stress/no stress
was not significant [F(1, 19) = .036, .852], indicating that stress did
not affect food intake of HYPER and NS males differently. Comparison
of stress vs. non-stress within rat lines, however, revealed that
stressed HYPER males showed significantly lower food intake than
did non-stressed HYPER males [F(1, 9) = 7.579, p = .022], and that
this difference, though in the same direction, did not reach signifi-
cance for NS males [F(1, 9) = 1.905, p = .201].
3.3.2. SUS and RES rats
Fig. 6 (top) shows the food intake of both stressed and

non-stressed male NS, SUS and RES rats. The three factor repeated
measures analysis of covariance as described in the Methods section
yielded a significant difference between rat lines [F(2, 29) = 4.194,
p = .025], thereby indicating that different rat lines showed signifi-
cantly different food intake during the CMS phase. Further analyses
comparing pairs of rat lines revealed that RES rats showed significantly
lower food intake than NS and SUS rats [F(1, 19) = 8.291, p = .010,
and F(1, 19) = 4.063, p = .058 respectively]. SUS and NS rats did not
show significantly different food intake [F(1, 19) = 1.919, p = .182].
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Fig. 6. Food intake on each day (grams of food eaten) for male Non-selected (normal, NS), Susceptible (SUS), Resistant (RES), Swim-High active (SwHi), or Swim-Low active (SwLo)
rats prior to and during daily application of various stressful conditions constituting “chronic mild stress” (CMS). Results for NS, SUS and RES rats are shown in upper graphs (one
experiment) and for NS, SwHi and SwLo rats are shown in lower graphs (another experiment). Short lines just above the x axis denote days on which sucrose administration during
CMS took place. All other aspects of graphs are the same as in Fig. 1.
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The interaction of rat line × stress/no stress was not significant,
[F(2, 29) = .993, p = .383], thereby indicating that therewas not a sig-
nificant difference in how stress affected food intake of the different rat
lines. However, comparison of stress vs. non-stress within each rat line
revealed that stressed NS rats showed significantly lower food intake
than non-stressed NS rats [F(1, 9) = 9.158, p = .014], and stressed
SUS rats tended to show lower food intake than non-stressed SUS rats
[F(1, 9) = 3.409, p = .098]. Compared to these two rat lines, food in-
take of stressed and non-stressed RES rats did not differ significantly
[F(1, 9) = 1.032, p = .336].

3.3.3. SwHi and SwLo rats
Fig. 6 (bottom) shows the food intake of both stressed and

non-stressed male NS, SwHi and SwLo rats. The three factor repeated
measures analysis of covariance as described in the Methods section
yielded a significant interaction of rat line × stress/no stress [F(2,
28) = 7.353, p = .003], thereby indicating that stress affected the
food intake of the rat lines differently. Further analyses showed that
SwHi rats, which often showed increased food intake in response to
CMS, responded to CMS differently from both NS and SwLo rats. Anal-
yses comparing pairs of rat lines revealed a significant interaction of
rat line × stress/no stress when SwHi rats were compared to either
NS rats or SUS rats [F(1, 19) = 11.568, p = .003, and F(1, 18) =
4.657, p = .045 respectively]. When SwLo and NS rats were com-
pared, the interaction of rat line × stress/no stress also approached
significance [F(1, 18) = 4.376, p = .051], thereby indicating that
the stress-induced decrease in food intake of NS rats differed from
the lesser effect of stress on food intake in SwLo rats. When stress
vs. non-stress was compared within each rat line, SwHi rats actually
showed a tendency toward stress-induced elevation of food intake
[F(1, 9) = 2.902, p = .123], SwLo rats showed no significant differ-
ence in stress vs. non-stress food intake [F(1, 8) = .201, p = .666],
and NS rats showed significantly lower food intake of stressed rats
relative to non-stressed rats [F(1, 9) = 7.898, p = .020].
3.4. Dark phase motor activity

3.4.1. HYPER rats
Fig. 7 (top) shows the dark phase motor activity of both stressed

and non-stressed female NS and HYPER rats. The three factor repeat-
ed measures analysis of covariance as described in the Methods sec-
tion yielded a significant difference between rat lines [F(1, 19) =
16.871, p = .001], indicating that female HYPER rats showed signifi-
cantly higher ambulatory activity during the dark phase than did fe-
male NS rats. Insofar as HYPER rats show elevated ambulatory
activity compared to normal rats, this was an expected finding. No
other effect comparing female HYPER and NS rats was significant.

Fig. 7 (bottom) shows the dark phase motor activity of both
stressed and non-stressed male HYPER and NS rats. The three factor
repeated measures analysis of covariance as described in the
Methods section yielded a significant difference between rat lines
[F(1, 19) = 5.622, p = .028], indicating that, as was seen in the fe-
males, male HYPER rats showed, as expected, significantly higher am-
bulatory activity during the dark phase than did male NS rats. There
was a near-significant overall effect of stress [F(1, 19) = 4.264,
p = .053], indicating a general tendency for dark phase activity to
be lower in stressed animals compared with non-stressed animals.
When stress vs. non-stress was compared within each rat line, this
difference did not reach significance within the HYPER rats
[F(1, 9) = 2.483, p = .150], but it did approach significance within
the NS rats [F(1, 9) = 4.043, p = .075]. Not surprisingly, the interac-
tion of rat line × stress/no stress was not significant [F(1, 19) = .488,
p = .493].
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Fig. 7. Ambulatory activity during the 12-h dark portion of the day (activity counts per hour are shown) on each day for female and male Non-selected (normal, NS) and HYPER rats
prior to and during daily application of various stressful conditions constituting “chronic mild stress” (CMS). Results for female rats are shown in upper graphs (one experiment)
and for male rats are shown in lower graphs (another experiment). Short lines just above the x axis denote days on which sucrose administration during CMS took place. All other
aspects of graphs are the same as in Fig. 1.
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3.4.2. SUS and RES rats
Fig. 8 (top) shows the dark phase motor activity of both stressed

and non-stressed male NS, SUS and RES rats. The three factor repeat-
ed measures analysis of covariance as described in the Methods sec-
tion yielded a significant difference between rat lines, F(2, 29) =
11.655, p = .000, which indicated that the rats lines differed signifi-
cantly in amount of ambulation during the dark phase. Further anal-
yses comparing pairs of rat lines revealed that the dark phase
ambulatory activity of RES rats was significantly lower than either
NS or SUS rats [F(1, 19) = 8.017, p = .011, and F(1, 19) = 21.653,
p = .000 respectively], while SUS rats conversely showed the highest
dark phase ambulation, being significantly higher not only than RES
rats but NS rats as well [F(1, 19) = 4.451, p = .048]. The ANOVA
containing all groups showed a significant overall difference between
stress and non-stress [F(1, 29) = 13.187, p = .001], and, more
importantly, a significant interaction of rat line × stress/no stress
[F(2, 29) = 3.908, p = .031], the latter indicating that stress/
no-stress affected dark phase ambulatory activity differently in the
different rat lines. Further analyses comparing pairs of rat lines re-
vealed that the interaction of rat line × stress/no stress was signifi-
cant when SUS and RES lines were compared [F(1, 19) = 6.871,
p = .017], thus indicating that stress reduced the higher dark phase
ambulation of SUS rats while having little effect on the lower ambula-
tion of RES rats. This interaction did not reach significance when SUS
rats were compared to NS rats [F(1, 19) = 1.555, p = .228] or when
RES were compared to NS [F(1, 19) = 2.635, p = .121]. These results
were supported by the evidence that stressed SUS rats showed signif-
icantly lower dark phase motor activity than did non-stressed SUS
rats [F(1, 9) = 11.067, p = .009], while comparison of stress vs. no
stress within RES rats showed no significant difference in dark phase
activity [F(1, 9) = .020, p = .889]. Within NS rats, stress produced a
near-significant decrease in dark phase activity compared with
non-stress [F(1, 9) = 4.844, p = .055].

3.4.3. SwHi and SwLo rats
Fig. 8 (bottom) shows the dark phasemotor activity of both stressed

and non-stressedmale NS, SwHi and SwLo rats. The three factor repeat-
ed measures analysis of covariance as described in the Methods section
yielded a significant overall difference between stress vs. non-stress
[F(1, 28) = 36.245, p = .000], and, more importantly, the interaction
of rat line × stress/no stress was significant [F(2,28) = 5.066, p =
.013], the latter indicating that stress/no stress affected dark phase am-
bulatory activity differently in the different rat lines. Further analyses
comparing pairs of rat lines revealed that the interaction of rat
line × stress/no stress between SwHi and NS rats was significant
[F(1, 19) = 9.809, p = .005], while this interaction approached signif-
icance when SwLo and NS rats were compared [F(1, 18) = 3.347, p =
.084]; these effects showed that stress decreased dark phase ambula-
tion more so in both SwHi and SwLo rats than in the NS rats. The inter-
action of rat line × stress/no stress was not significant when SwHi and
SwLo rats were compared [F(1, 18) = 1.910, p = .184]. These results
were supported by comparison of stress vs. no stress within each rat
line, which revealed that both SwHi and SwLo rats showed significantly
lower dark phase ambulation than non-stressed SwHi and SwLo rats
[F(1, 9) = 32.712, p = .000, and F(1, 8) = 12.396, p = .008 respec-
tively], while the difference between stressed and non-stressed NS
rats was not significant [F(1, 9) = 1.069, p = .328].

3.5. Effects of CMS: relationship between measures

To assess whether the effect of CMS on different rat lines was sim-
ilar across the various measures taken, a correlation matrix showing



iHwS)SN(detceles-noN SwLo

0

100

200

300

400

R
 e

 s
S

 h
 k

N
 i 

L 
i

W
 N

F
 D

 e
 p

B
 e

 d
 S

W
 e

 t 
B

S
 w

 i 
m

N
 i 

L 
i 2

R
 e

 s
 2

S
 h

 k
 2

N
 o

 n
 e

F
 D

 e
 p

 2
W

 N
 2

B
 e

 d
 S

 2
W

 e
 t 

B
 2

S
 w

 i 
m

 2
N

 o
 n

 e
 2

W
 N

 3
F

 D
 e

 p
 3

N
 i 

L 
i 3

B
 e

 d
 S

 3
W

 e
 t 

B
 3

S
 w

 i 
m

 3
R

 e
 s

 3
S

 h
 k

 3
N

 o
 n

 e
 3

A
m

b
u

la
ti

o
n

 C
o

u
n

t

R
 e

 s
S

 h
 k

N
 i 

L 
i

W
 N

F
 D

 e
 p

B
 e

 d
 S

W
 e

 t 
B

S
 w

 i 
m

N
 i 

L 
i 2

R
 e

 s
 2

S
 h

 k
 2

N
 o

 n
 e

F
 D

 e
 p

 2
W

 N
 2

B
 e

 d
 S

 2
W

 e
 t 

B
 2

S
 w

 i 
m

 2
N

 o
 n

 e
 2

W
 N

 3
F

 D
 e

 p
 3

N
 i 

L 
i 3

B
 e

 d
 S

 3
W

 e
 t 

B
 3

S
 w

 i 
m

 3
R

 e
 s

 3
S

 h
 k

 3
N

 o
 n

 e
 3

Non-stressed
Stressed

R
 e

 s
S

 h
 k

N
 i 

L 
i

W
 N

F
 D

 e
 p

B
 e

 d
 S

W
 e

 t 
B

S
 w

 i 
m

N
 i 

L 
i 2

R
 e

 s
 2

S
 h

 k
 2

N
 o

 n
 e

F
 D

 e
 p

 2
W

 N
 2

B
 e

 d
 S

 2
W

 e
 t 

B
 2

S
 w

 i 
m

 2
N

 o
 n

 e
 2

W
 N

 3
F

 D
 e

 p
 3

N
 i 

L 
i 3

B
 e

 d
 S

 3
W

 e
 t 

B
 3

S
 w

 i 
m

 3
R

 e
 s

 3
S

 h
 k

 3
N

 o
 n

 e
 3

0

100

200

300

400

N
 i 

L 
i

R
 e

 s
F

 D
 e

 p
S

 h
 k

W
 N

B
 e

 d
 S

W
 e

 t 
B

N
 i 

L 
i 2

S
 w

 i 
m

R
 e

 s
 2

S
 h

 k
 2

N
 o

 n
 e

F
 D

 e
 p

2
B

 e
 d

 S
 2

W
 e

 t 
B

 2
N

 o
 n

 e
 2

S
 w

 i 
m

 2
W

 N
 2

F
 D

 e
 p

 3
B

 e
 d

 S
 3

W
 e

 t 
B

 3
N

 i 
L 

i3
S

 w
 i 

m
 3

W
 N

 3
R

 e
 s

 3
S

 h
 k

 3
N

 o
 n

 e
 3

Day

A
m

b
u

la
ti

o
n

 C
o

u
n

t

N
 i 

L 
i

R
 e

 s
F

 D
 e

 p
S

 h
 k

W
 N

B
 e

 d
 S

W
 e

 t 
B

N
 i 

L 
i 2

S
 w

 i 
m

R
 e

 s
 2

S
 h

 k
 2

N
 o

 n
 e

F
 D

 e
 p

2
B

 e
 d

 S
 2

W
 e

 t 
B

 2
N

 o
 n

 e
 2

S
 w

 i 
m

 2
W

 N
 2

F
 D

 e
 p

 3
B

 e
 d

 S
 3

W
 e

 t 
B

 3
N

 i 
L 

i3
S

 w
 i 

m
 3

W
 N

 3
R

 e
 s

 3
S

 h
 k

 3
N

 o
 n

 e
 3

Day

N
 i 

L 
i

R
 e

 s
F

 D
 e

 p
S

 h
 k

W
 N

B
 e

 d
 S

W
 e

 t 
B

N
 i 

L 
i 2

S
 w

 i 
m

R
 e

 s
 2

S
 h

 k
 2

N
 o

 n
 e

F
 D

 e
 p

2
B

 e
 d

 S
 2

W
 e

 t 
B

 2
N

 o
 n

 e
 2

S
 w

 i 
m

 2
W

 N
 2

F
 D

 e
 p

 3
B

 e
 d

 S
 3

W
 e

 t 
B

 3
N

 i 
L 

i3
S

 w
 i 

m
 3

W
 N

 3
R

 e
 s

 3
S

 h
 k

 3
N

 o
 n

 e
 3

Day

SERSUS)SN(detceles-noN

B a s e l i n e
   7  D a y s

B a s e l i n e
   7  D a y s

B a s e l i n e
   7  D a y s

B a s e l i n e
   7  D a y s

B a s e l i n e
   7  D a y s

B a s e l i n e
   7  D a y s

Fig. 8. Ambulatory activity during the 12-h dark portion of the day (activity counts per hour are shown) on each day for male Non-selected (normal, NS), Susceptible (SUS), Resistant
(RES), Swim-High active (SwHi), or Swim-Low active (SwLo) rats prior to and during daily application of various stressful conditions constituting “chronic mild stress” (CMS). Results
for NS, SUS and RES rats are shown in upper graphs (one experiment) and for NS, SwHi and SwLo rats are shown in lower graphs (another experiment). Short lines just above the
x axis denote days on which sucrose administration during CMS took place. All other aspects of graphs are the same as in Fig. 1.
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the relationship between effects of CMS on the different measures
was calculated. To do this required reducing the data for each rat
line on any given measure into a single number, so that a correlation
coefficient then could be computed. This was done by first averaging
the scores for each animal on a measure (i.e., amount of sucrose
ingested, percent of fluid intake that was water, etc.) across all the
days of the CMS procedure to obtain a single number for each animal,
and then the mean of the subjects in that condition was computed. To
express the effects of CMS for each line of rats on that measure, a ratio
was computed by dividing the mean for the stressed (CMS-exposed)
rats by the mean for non-stressed rats of that line; a ratio below 1.00
indicated that CMS tended to reduce the measure whereas a ratio
above 1.00 indicated that CMS tended to increase the measure.
Using this ratio as the single number expressing the effect of stress
for each rat line on each measure, correlations between measures
across the rat lines were computed, and the intercorrelation matrix
is shown in Table 2.

Inspection of this matrix reveals that measures relating to sucrose
ingestion (i.e., sucrose intake and preference for water [inverse of
preference for sucrose]) were highly correlated with one another
(i.e., similar effects of stress on these measures) across the different
rat lines (as would be expected, correlations betweenmeasures of su-
crose intake and preference for water were negative, thereby indicat-
ing that in rat lines where CMS decreased sucrose intake, it increased
preference for water [i.e., decreased preference for sucrose]). As de-
scribed earlier, CMS decreased sucrose intake and increased prefer-
ence for water (i.e., decreased preference for sucrose) in certain
selectively-bred rat lines, and this effect of CMS was seen consistently
in all measures taken. Interestingly, effects of CMS on food intake did
not correlate significantly with effects on sucrose intake or preference
for sucrose, again confirming that CMS-induced changes in measures
of sucrose intake did not relate to any changes in food intake. Finally,
CMS-induced changes in motor activity (dark phase) correlated
somewhat with changes in sucrose produced by CMS; for one mea-
sure, the correlation was significant while for three others the corre-
lation was not. The correlation between changes in food intake and
motor activity was moderate, but in an unexpected direction — the
correlation was negative, indicating that CM-induced decreases in
motor activity tended to be associated with smaller decreases in
food intake produced by CMS or CMS-induced increases in food in-
take across the different rat lines. However, this correlation did not
reach significance.

4. Discussion

In the study reported here, we examined the effects of CMS on
measures of behavior thought to be indicative of depression in the
rat, principally consumption of a palatable sucrose solution, as well
as amount of food intake and ambulatory activity during the dark
portion of the day (when the rat is normally most active) during
the time that the CMS procedure was being administered. The
selectively-bred rat lines indeed differed in how they reacted to
CMS, and particularly when compared to NS rats. We describe first
perhaps the principal results of these studies, which are effects on su-
crose consumption and preference for sucrose. Changes in sucrose
consumption have been the focus of CMS studies since the CMS tech-
nique was first described by Katz [2] and subsequently pursued by
Willner [3]; both authors suggest that decreased sucrose intake and/
or decreased preference for sucrose indicates a loss of ability to ap-
preciate rewarding stimuli, considered by some to be the cardinal
symptom of depression [34].

Although no rat line we tested ever exhibited an actual loss of
preference for sucrose when stressed (insofar as a loss of preference
for sucrose would be indicated by consumption of sucrose at 50% or



Table 2
Correlation matrix of variables studied.

Sucrose intake
(all days)

Sucrose intake
(first days only)

Preference for water
(all days)

Preference for water
(first days only)

Food intake Dark phase motor
activity

Sucrose intake (all days) – 0.94* −0.83* −0.84* −0.16 0.72*
Sucrose intake (first days only) – −0.75* −0.90* −0.12 0.53
Preference for water (all days) – 0.72* 0.08 −0.46
Preference for water (first days only) – 0.50 −0.59
Food intake – −0.51
Dark phase motor activity –

Values represent the Pearson correlation coefficients for the relevant measure of the row versus the relevant measure of the column. Significant correlations (p b .05) are shown in
boldface with superscript star.
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less of total fluid intake), nonetheless certain rat lines exhibited
decreased sucrose consumption and/or decreased preference for su-
crose as a result of CMS. To begin, non-selected (NS) rats, or “normal”
Sprague–Dawley rats, did not show a consistent tendency to decrease
sucrose consumption or preference for sucrose as a result of being ex-
posed to CMS, which is in accord with (a) the oft-reported failure of
CMS to produce this outcome in normal rats, and (b) the unreliability
of CMS in such rats (e.g., [8,35,9] with attached commentaries). The
reason for this study, in fact, was to determine if our selectively-
bred lines of rats, which may contain genetically-based determinants
that predispose animals to depression, might show decreased sucrose
intake or reduced preference for sucrose in response to CMS more
readily than do NS rats. In contrast, when compared to what was
seen in NS rats, HYPER rats, both females and males, showed de-
creased sucrose consumption and reduced preference for sucrose
(i.e., higher intake of water when sucrose was available) as a result
of being exposed to CMS. The CMS-induced decrease in both sucrose
consumption and preference for sucrose in HYPER rats was largest in
the first 24 h of each of the two periods of sucrose presentation dur-
ing CMS. In SwHi and SwLo rats (males), SwHi rats also showed re-
duced sucrose consumption and reduced preference for sucrose
during CMS, whereas SwLo males, like NS rats, manifested no effect
of CMS on sucrose intake or preference. In RES and SUS rats, RES
rats, which overall consumed less sucrose than SUS or NS rats, also
showed a decrease in both sucrose intake and preference for sucrose
in response to CMS, and this effect was again most evident the first
24 h. of each sucrose presentation during CMS. In summary, rats of
selectively-bred lines tested in this study – namely, HYPER, SwHi,
and RES rats – showed, when exposed to the CMS procedure,
significantly reduced sucrose consumption and reduced preference
for sucrose (vs. water) in comparison to how normal (NS) Sprague–
Dawley rats responded to CMS.

Interestingly, the effects of CMS on food intake were quite different
fromwhatwas seen for sucrose consumption,with the findings for food
intake indicating that decreases in sucrose consumption described
above did not derive from any general decrease in energy metabolism.
This is an important because it has been proposed that the reduction
in preference for sucrose caused by CMS can be due to a reduction in
the caloric intake of rats [18,31]. In NS rats, CMS significantly decreased
their food intake in three out of four experiments, only falling short of
causing a significant decrease in the study that contrasted NS rats
with HYPER males. Thus, while food intake was decreased by the stress
of CMS in NS rats, this did not translate into decreased sucrose con-
sumption or decreased preference for sucrose in these rats. Amongst
the selectively-bred rats, CMS significantly reduced food intake only in
HYPER males (and not in HYPER females). In SwHi rats, which showed
decreased sucrose consumption and decreased preference for sucrose
as a result of CMS, the CMS procedure actually tended to increase their
food intake. In RES rats, which also showed decreases in sucrose con-
sumption and preference with CMS, there was no evidence that of any
CMS-induced decrease in their food intake. That effects of CMS on
food intake were unrelated to effects of CMS on sucrose intake or
preference for sucrose (i.e., preference for water) was also evident
from the correlational analysis of measures shown in Table 2.

With regard to effects on ambulatory activity during the dark phase
of the day (when rats are most active), this measure assesses whether
CMS might have caused a depression of motor activity. CMS decreased
dark phase ambulation in some of the selectively-bred rats. In no exper-
iment did CMS significantly decrease dark phase ambulation of NS rats,
although in two of the three experiments with male NS rats the differ-
ence between stress and non-stressed NS rats approached significance.
Not unexpectedly, HYPER rats, both males and females, showed consid-
erably higher dark phase activity in general than any other line of rats;
moreover, exposure to CMS did not reduce this elevated activity. Regard-
ing the other rat lines, SUS rats had the highest level of dark phase activ-
ity, and, when exposed to CMS, this high level of activity was markedly
and significantly lowered by CMS. In contrast, their counterpart line,
RES rats, had the lowest level of dark phase ambulatory activity, and
CMS did not decrease this further. In SwHi and SwLo rats, CMS signifi-
cantly decreased dark phase ambulation in both lines, and both lines dif-
fered in this respect from NS rats that were not similarly affected. In
summary, “CMS-induced depression of motor activity in the home
cage”was found in SUS, SwHi, and SwLo rats, but not in the other lines.

To summarize, CMS reduced sucrose consumption and preference
for sucrose in certain selectively-bred rat lines, while not having this
effect in NS rats. Reduced sucrose intake and preference was seen in
HYPER (male and female), SwHi, and RES rats. In contrast, CMS re-
duced food intake in NS rats and, in the selectively-bred lines, only
in HYPER males. Depression of ambulatory activity in the home cage
as a result of CMS was seen in SUS, SwHi, and SwLo rats. A summary
of the effects of CMS on the various measures assessed in this study is
shown in Table 3.

Consumption of sucrose has been linked to activity of dopamine
(DA) in the mesocortical DA system, particularly in the shell of the nu-
cleus accumbens (NAcc). Previously, we measured in all of the
selectively-bred rats studied here the concentration of dopamine (DA)
in NAcc, as well as concentration of the dopaminergic metabolite
homovanillic acid (HVA) which is indicative of dopamine release in
NAcc [26]. With regard to how DA release in NAcc affects sucrose con-
sumption, other investigators have shown that DA release increases in
the shell of NAcc when sucrose is consumed, that infusion of a drug
into NAcc that blocks DA reuptake and therefore potentiates DA activity
will increase sucrose intake, and that administration of a DA antagonist
decreases sucrose consumption [36,37]. Other studies have shown that
DA release in shell of NAcc is a linear function of the concentration of the
sucrose solution the rat consumes [38,39]. Such results suggest that DA
release in NAcc mediates sucrose consumption, possibly playing an in-
tegral role in the neural basis of reward obtained from sucrose [40].

What is known about DA release in NAcc of the selectively-bred rats
used in this study? As summarized above, HYPER, SwHi, and RES rats
showed CMS-induced decreases in sucrose consumption and prefer-
ence for sucrose (vs. water). In our article that reported measurement
ofmonoamine levels and relevantmetabolites in different brain regions
of our selectively-bred rat lines [26], we found that HYPER (males only



Table 3
Effect of Chronic Mild Stress regimen (CMS) on the different measures assessed — Summary of results for all Rat Lines.

Rat line Sucrose intake
(all days)

Sucrose intake
(first days only)

Preference for sucrose
(all days)

Preference for sucrose
(first days only)

Food intake Dark phase
motor activity

Non-selected (female) No effect No effect No effect No effect Decrease No effect
Non-selected (male) No effect No effect No effect No effect Decrease Decrease
HYPER (female) Decrease* Decrease Decrease* Decrease† No effect No effect
HYPER (male) Decrease* Decrease* Decrease† Decrease* Decrease No effect
SUS No effect No effect No effect No effect Decrease Decrease
RES No effect Decrease No effect Decrease† No effect No effect
SwHi Decrease* Decrease* Decrease* Decrease† Increase* Decrease*
SwLo No effect No effect No effect No effect No effect† Decrease†

“Decrease” or “Increase” or “No effect”within the Table describes how CMS affected rats of the line named in the first column at left with respect to the measure shown at the top of
the column. Designation of “Decrease” or “Increase” in boldface indicates that this change was statistically significant, while the designation of “Decrease” or “Increase” in
non-boldface indicates that the change approached significance. Next to designations, * indicates a significant difference or † indicates a difference approaching significance
when this effect of stress on the rat line is compared with the effect of stress on the Non-selected rats for this measure, which is based on the stress × rat line interaction in the
ANOVA comparing the two rat lines on the measure.
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analyzed in that study), SwHi, and RES rats showed a significantly re-
duced ratio of the metabolite HVA to the level of DA in NAcc relative
to NS rats and the other selectively-bred lines of rats, thereby indicating
that release of DA of NAccwas lower in these three lines than in NS rats
and in the other rat lines. Interestingly, it is these three rat lines that
show decreases in affinity for sucrose as a consequence of exposure to
CMS. Thus, assuming the DA release in NAcc is important for mediating
sucrose intake, our data with respect to DA release in NAcc of the vari-
ous rat lines points to a vulnerability to reduced sucrose uptake/prefer-
ence of the three lines that in fact showed this effect in response to CMS.

Also with regard to the interplay between DA and sucrose, marked
changes in ambulatory activity were often observed during the 3-day
periods when animals were able to ingest sucrose, likely produced by
stimulation of DA by intake of sucrose. During periods when sucrose
was available, dark phase motor activity would sometimes increase, or
even “spike” upward markedly, returning to a normal level of activity
for that rat line when sucrose was no longer available. Insofar as DA re-
lease in forebrain (NAcc and striatum) stimulates motor activity, it ap-
pears that sucrose ingestion, by stimulating DA release, also caused
increases in ambulatory activity. (Such sucrose-induced increases in
ambulatory activity can be discerned in Figs. 7 and 8; this can be
discerned by comparing activity during sucrose administration periods
to activity of the different lines of animals in periods immediately before
and after sucrose administration.) Spiking of activity was most
pronounced in female rats and the male SwHi rats. Interestingly,
sucrose-induced activity increases, and spiking, were often suppressed
by CMS. In non-stressed female NS, both NS and HYPER rats, spiking
was evident during the first period of sucrose administration during
CMS, andwas suppressed by CMS at this time; in the second sucrose ad-
ministration period, however, stress (CMS) actually accentuated spik-
ing in the NS females (but not in HYPER females). Despite the late
effect seen in female NS rats, CMS generally blocked the increases in
ambulatory activity otherwise produced by sucrose administration.
Not only does CMS usually block sucrose-induced activity increases
and “spiking,” but it can also be seen thatwhen CMS is removed, activity
increases. In particular, during the 3-day periods of sucrose administra-
tion, activity of stressed (CMS-treated) rats often increased on the third
day of these periods when no stressor was given (note “None” designa-
tion for stressor in Figures). In summary, ingestion of the 2% sucrose so-
lution often caused ambulatory activity in the home cage to increase,
and even produced marked upward “spiking” of ambulatory activity
in female rats and male SwHi rats. The usual effect of CMS was to
block increases in home-cage ambulatory activity produced by sucrose
ingestion.

5. Conclusion

In conclusion, the present study found that three of the
selectively-bred rat lines we tested for their responsiveness to a CMS
procedure showed larger decreases in consumption of a palatable su-
crose solution and reduced preference for sucrose (i.e., increased ten-
dency to consume water vs. sucrose) than did randomly-bred
“normal” Sprague–Dawley rats. The rat lines showing this were
HYPER, both females and males, SwHi, and RES. This suggests that cer-
tain selectively-bred rat lines examined here are more susceptible
than randomly-bred Sprague–Dawley rats to showing a CMS-induced
decrease in the principal measure used in CMS studies— sucrose intake
and preference for sucrose. Extrapolating to humans, such results can be
said to suggest that stressmay produce depressive symptoms related to
anhedonia more readily in people who have a genetic predisposition to
depression than is the case in people who do not have this genetic
predisposition.

However, it should be pointed out that a distinct shortcoming of the
results reported here relative to the effect that CMS is proposed to have
is that CMS-induced decreases in sucrose consumption and decreases in
preference for sucrose even in the affected rat lines were small. For ex-
ample, in no casewas there any decrease in preference that approached
a definitive loss of preference for sucrose; all rats still vastly preferred
the sucrose solution to water even during the CMS procedure. Thus,
an effect of the magnitude reported by Strekalova et al. [5] and
Pucilowski et al. [6] was not reproduced in this study. Consequently,
while success in reducing sucrose consumption and the preference for
sucrose by applying CMS to selectively-bred rats was achieved in the
study reported here, the effect was never a large one, and preference
for sucrose might have been reduced but it was not abolished by the
CMS procedure.
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