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ABSTRACT

The genetically heterogeneous NIH-HS rat stock has
been characterized by its response to anxiety- and
fear-inducing situations, thus leading to the conclu-
sion that they are arather anxious and passive coping
type of rats. Taking advantage of these profiles, and
knowing that they show very poor performancein the
two-way active (shuttle box) escape/avoidance task,
we have tested NIH-HS rats (n = 80) in the forced
swimming test (FST) as well as we have studied es-
cape response deficits (i.e. response failures) of the
same animals in the two-way shuttle box task. They
were also tested for anxiety in the elevated zero-maze.
The goal of such a study was that of investigating
whether there are associations or relationships among
helplessness-like or passive coping responses between
both models of depression, i.e. the FST and the help-
lessness-like escape deficits in the shuttle box task.
Theresultsfor thefirst time show associations among
responses from both depression models and that se-
lecting rats for displaying extreme (active or passive)
responses in one of the models predict in a coherent
manner (according to the hypothesis) their behaviour
in the other model. These findings are discussed in
the context of the concurrent validity of both models
of depression as well as concerning the possible rele-
vance of NIH-HS rats as a tool for future studies on
thisfield.
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1. INTRODUCTION

The forced swimming test (FST), first introduced by
Porsolt et al. [1], is a behavioral procedure used to re-
produce in rodents passive coping responses to stress
that may model certain aspects of human depression. This
test has been widely used to evaluate the clinical efficacy
of antidepressant treatments. Thus, antidepressant drugs
with different pharmcodynamic properties (see [2]), as
well as electroconvulsive shock, transcranial magnetic
stimulation, and vagus nerve stimulation [3,4] decrease
the duration of immobility and increase active escape-
directed behaviors (i.e. active swimming or struggling).
The FST is also sensitive to a number of experimental
models of predisposition to depression, including chronic
mild stress and unpredictable vs. predictable acute stress
[5,6], and has been used as a marker of depressive-like
behavior in selectively bred lines or strains of rodents
[7-11].

The learned helplessness model of depression, first
described by Overmier and Seligman [12], is based on
the impairments of escape learning that follow exposure
to inescapable (uncontrollable) electric shock. Such a cog-
nitive impairment, jointly with several motivational/
emotional alterations (e.g. anhedonia), provides face va-
lidity to the model, while the syndrome reversibility by
chronic antidepressant treatment lends predictive validity
to it (for review see for instance [13]). While prior un-
controllable/unpredictable stressful (shock) experience is
commonly used for induction of learned helplessness,
some particular rodent strains/lines (or subpopulations
within a given strain) provide models in which helpless-
ness-like responses can be observed even without prior
stress exposure, that is to say, animals selected according
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to a given behavioural criterion (related with emotiona-
lity/fearfulness; e.g. [14,15]), specific rat strains (e.g. the
WKY rat strain; [7,10,13,16]) or selectively bred strains,
i.e. psychogenetically or pharmacogenetically selected
rodent strains (e.g. [9,11,17-21]), may provide “depress-
sion” models per se, without the need of using previous
exposure to predisposing factors such as stressful ex-
periences (see further in the “Discussion”).

The “National Institutes of Health -N/NIH-Geneti-
cally Heterogeneous Rat Stock™ (hereafter, NIH-HS rats)
was developed by Hansen and Spuhler [22] with the aim
of having a more naturalistic, genetically heterogeneous
rat stock which could yield a broad-range distribution of
responses to experimental conditions and could serve as
a base population for selection studies. With this aim, the
NIH-HS rat stock was formed through an eight-way
cross among eight inbred rat strains (see “Methods” be-
low; Hansen and Spuhler [22]). Recent genetic studies
have demonstrated that the NIH-HS rat stock is a unique
animal model for the simultaneous identification and fine
mapping of QTLs (Quantitative Trait Loci) even to a
gene resolution level (for reviews see [23,24]). From the
phenotypic stand point, our behavioural and hormonal
studies of the heterogeneous rat stock clearly indicate
that the NIH-HS rat colony (established in our laboratory,
at Autonomous University of Barcelona, in 2004) exhib-
its a behavioural “defensive” profile indicating that these
animals are rather fearful and anxious, presenting a pre-
dominantly passive/reactive coping style as well as stress-
prone (i.e. enhanced) hormone response profile. Thus,
the anxiety/fear and stress hormone response profiles of
NIH-HS rats are much closer to the (high anxious, stress
prone) passive coper RLA-I rats than to the (low anxious,
stress resistant) proactive coper RHA-I rats [23,25-30].

Thus, taking advantage of the fact that we know the
NIH-HS rats are, as a population, passive coping rats
with very poor ability for the acquisition of the two-
way—shuttle box-active escape/avoidance task (see [23,
25,27, 28]), we made the hypothesis that at least a sub-
sample of the heterogeneous rat stock could display a
kind of “spontaneous” (i.e. as we are not using any prior
stress) helplessness in the shuttle box task, i.e. a rela-
tively elevated number of escape failures (hereafter, re-
sponse failures or “R failures”), and that such a “help-
less” profile would show some associations with passive
coping strategies in the forced swimming test (i.e. rela-
tively high levels of immobility and/or low levels of
struggling -escape-directed- behaviour).

It is important to notice here that no previous work has
addressed the issue of whether helplessness-like re-
sponses (i.€. response failures) in the shuttle box escape
task and passive/depressive-like behaviour in the FST
(i.e. high levels of immobility and/or low levels of strug-
gling) are related or associated to each other in hetero-
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geneous (outbred, unselected) rats, an issue that is im-
portant for the concurrent validity of both procedures as
models of depressive-like symptoms.

2. METHODS
2.1. Animals

Subjects were 80 male NIH-HS rats, coming from 40
different litters and being 3 months old at the beginning
of the experiment. They were housed in pairs in macro-
lon cages (50 cm x 25 cm x 14 cm), maintained with
food and tap water available ad libitum, under conditions
of controlled temperature (22°C + 2°C; 50% - 70% hu-
midity) and a 12-h light/12-h dark cycle (lights on at
08:00 h).

2.2. Procedure and Appar atus

Experiments were performed during the light cycle, be-
tween 09:00 and 19:00 h., and in accordance with the
Spanish legislation on “Protection of Animals Used for
Experimental and Other Scientific Purposes” and the
European Communities Council Directive (86/609/EEC)
on this subject. The experimental protocol was approved
by the Autonomous University of Barcelona Ethics com-
mittee. Three behavioral tests were administered (in or-
der: FST, elevated zero-maze and two-way escape/ avoi-
dance-shuttle box-task), with 1 week elapsing between
each two consecutive tests. The sequence and the char-
acteristics of the tests were as follows:

2.2.1. Forced Swimming Test (FST)

The procedure used was very similar to that described by
Porsolt et al. [1] and modified by Detke et al. [31] (see
also [32]). Swim sessions were conducted by plunging
the rats in individual vertical plastic cylinders (60 cm tall
X 19 cm diameter), containing 40 cm of water at 24°C -
26°C. The experimental procedure consisted of two ses-
sions: an initial 15-min “pretest” followed 24 h later by a
5-min test. Following swim sessions, rats were removed
from the cylinders, gently dried with paper towels and
returned to their home cages. Water was changed for
each rat. The apparatus was situated in a black-painted
testing room dimly illuminated with white fluorescent
light (36 W) situated in the ceiling (2.5 height), and the
behavior was videotaped and measured outside the test-
ing room. Variables recorded during two sessions, were:
1) Immobility: rat was making only those movements
necessary to keep its head above water; 2) Struggling: rat
was making active swimming motions, thus displaying
vigorous (escape-directed) activity with its four legs and
keeping a vertical position [31].

2.2.2. Elevated Zero-Maze (ZM)
The maze, similar to that described by Shepherd et al.
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[33], comprised an annular platform (105 cm diameter;
10 cm width) made of black plywood and elevated to 65
cm above the ground level. It had two open sections
(quadrants) and two enclosed ones (with walls 40 cm
height). The subject was placed in an enclosed section
facing the wall. The apparatus was situated in a black
testing room, dimly illuminated with red fluorescent light,
and the behavior was videotaped and measured outside
the testing room. Time spent in the open sections (Time),
number of entries in the open sections (Entries), number
of stretched attend postures (SAP) were measured for 5
minutes (for details of the validity of the test see refer-
ences in [26-29,33].

2.2.3. Two-Way Active, Shuttle Box Escape/Avoidance
Task (SH)

The experiment was carried out with 2 identical shuttle
boxes (Letica, Panlab, Barcelona, Spain), each placed
within independent, sound-attenuating boxes constructed
of plywood. A dim and diffuse illumination was provided
by a fluorescent bulb placed behind the opaque wall of
the shuttle boxes. The experimental room was kept dark.
The shuttle boxes consisted of two equally sized com-
partments (25 cm X 25 cm x 28 cm), connected by an
opening (8 cm X 10 cm). A 2400-Hz, 63-dB tone plus a
light (from a small, 7-W lamp) functioned as the CS
(conditioned stimulus). The US (unconditioned stimulus),
which commenced at the end of the CS, was a scrambled
electric shock of 0.7 mA delivered through the grid floor.
Once the rats were placed into the shuttle box, a 4-min
familiarization period elapsed before training commenced.
Each training trial consisted of a 10-s CS, followed by a
20-s US. The CS or US was terminated when the animal
crossed to the other compartment, with crossing during
the CS being considered as an avoidance response and
during the US as an escape response. Once a crossing
had been made or the shock (US) discontinued, a 60-s
inter-trial interval (ITI) was presented during which
crossings (ITC) were also scored. Training consisted of a
single 50-trial session.

The variables recorded were 1) “context-conditioned
freezing”, i.e. the time spent freezing (Freezing) during
the first five inter-trial intervals of the training session
(when no rat had made any avoidance response); 2) the
number of escape response failures during training (“R
failures”, i.e. the rat does not cross to the opposite com-
partment neither during CS nor US presentation; this is
the first “helplessness”-like variable); 3) the average re-
sponse latency for the first ten trials (“10Latency”, be-
cause this is the phase of training where most “R fail-
ures” are present, about 90% of them; this is the second
“helplessness”-like variable); and 4) the number of avoi-
dances (Avoidances) during the whole 50-trial training
session. Context-conditioned freezing, was measured by
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two trained observers (between-observer reliability, r >
0.95) as the time a rat spent completely motionless except
for breathing movements (see details and references on
the validity of this task in [26-30,34]).

2.3. Satistical Analysis

A correlation matrix and obliquely-rotated (oblimin di-
rect) factor analysis were performed to study the associa-
tions among the different and most relevant dependent
variables (10 variables) of the three behavioral tests
(these 10 representative variables were selected accord-
ing to—and to be consistent with—the same criteria we
have used in previous studies; see [26-30]). Finally, we
constituted extreme subgroups of the NIH-HS rats by
selecting animals with values £ 1 SD for (see Tables 1
and 4): 1) “Immobility5” and “Struggling5” combined
(thus an extreme “Passive coping” subgroup—i.e. low
“Struggling5” and high “Immobility5”, n = 8—and an
extreme “Active coping” subgroup—i.e. high “Strug-
gling5” and low “Immobility5”, n = 13—were consti-
tuted); 2) extreme scores in “R failures” (i.e. response
failures), thus forming a “No R failures” (n = 30) sub-

Table 1. Descriptive statistics of the most relevant behavioral
variables from the elevated zero-maze test, the forced swimming
test and the shuttle box training session.

Forced swimming test Mean + SEM SD
Immobility15' 637.8+£25.5 180.3
Struggling15' 44.7+4.1 28.9
Immobility5' 189.0 £ 8.0 69.6

Strugglings' 334+34 29.7
Elevated zero maze test

Entries 47+£04 3.5
SAP 95+09 7.5

Shuttle box training session
Freezing (s) 212.3+44 40.2
Avoidances (#) 51+0.9 8.4
R failures (#) 33+0.7 6.6
10Latency (s) 13.9+04 3.7

Mean + SEM (and SD -standard deviations-) are shown. “Immobility15"
and “Struggling15": measures (s) from the first 15-min swimming session.
“Immobility5” and “Struggling5”: measures (s) from the second 5-min
swimming session. “Entries” (n): number of entries in the open sections in
the Elevated zero-maze; “SAP”: number of stretched-attend postures were
measured for 5 minutes in the Elevated zero maze; “Freezing”: total time of
context-conditioned freezing (s) during five minutes (i.e. the first 5 intertrial
intervals in the shuttle box training session). “Avoidances”: total number of
avoidances in the 50-trial shuttle box session (n); “R failures”: total num-
ber of escape/avoidance response failures (i.e. no compartment changes
when the CS or US were present) during the shuttle box training session;
“l0Latency”: the average response latency for the first ten trials (i.e. when
most “R failures” occur) in the shuttle box training session; n = 80.
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group and a “High R failures” (n = 10) subgroup; and 3)
extreme scores in “l0Latency” (the average response
latency for the first 10 trials of shuttle box escape train-
ing), thus forming a “Short 10Latency” (n = 15) sub-
group and a “Long 10Latency” (n = 14) subgroup (see
Table 1 for descriptive statistics—mean = 1 SD—of the
whole sample, and Table 4 for descriptions and com-
parisons between those extreme subgroups).

Student’s t-tests for independent samples were used to
analyze the differences between the values of each pair
of extreme subgroups.

3.RESULTS

Table 1 shows the descriptive statistics of the whole
NIH-HS sample for variables from the ZM. FST and the
shuttle box training session.

Concerning the main hypothesis of the present study,
the correlation matrix (Table 2) mainly shows: 1) sig-
nificantly moderate to high correlations among FST mea-
sures (r = 0.68 between Strugglingl5' and Struggling5'; r
= 0.43 between Immobilityl5' and Immobility5', and
negative correlation—r = —0.56—between Struggling5'
and Immobility5'); 2) a low but significant negative cor-
relation between Struggling5' and “l10Latency” (r =
—0.25; and, 3) as expected, there are positive corre-
lations among shuttle box variables (e.g. r = 0.31, be-
tween Freezing and “R failures”, and r = 0.64 between
“10Latency” and “R failures”) (see Table 2).

Obliquely-rotated factor analysis (Direct oblimin), to
make more conceptual sense to those correlational pat-
terns, was then applied to the 10 target variables (Table
3). A four-factor solution was obtained in which the first
factor was dominated by FST variables, the second factor

was especially represented by “Immobility” variables, the
third is essentially a ZM factor and the fourth is exclu-
sively a shuttle box task factor (see Table 3(a)). This first
test-related 4-factor structure was then reduced to a two-
factor solution after applying the Catell’s Scree test (Ta-
ble 3(b); see the criteria for this test in [25,26]) accord-
ing to the eigenvalues of the first two factors. This solu-
tion (Direct Oblimin) showed two independent factors
which explained 42.5% of the variance (correlation be-
tween factors = 0.078; Table 3(b)). Factor 1, tentatively
named “Coping style”, grouped FST variables (“Strug-
gling5™ and “Struggling15", loading 0.74 and 0.85 re-
spectively, and “Immobility15™, loading —0.66) in asso-
ciation with the two helplessness-like measures from the
shuttle box escape task (“l10Latency” and “R failures”,
loadings of —0.29 to —0.38, respectively) and also with
low loadings of ZM measures (SAP and “Entries”, load-
ing 0.31 and 0.26 respectively). Factor 2 mainly rep-
resented conditioned conflict (thus, temptatively named
“Conflict solving”; [26,27]), as indicated by the loadings
of shuttle box task variables (loadings of —0.70, —0.63,
—0.44 for “R failures”, “10Latency” and “Freezing”, and
0.62 for “Avoidances”) (Table 3(b)).

Table 4(a) shows that selection for displaying extreme
(combined) “Immobility5” and “Struggling5” scores,
thus obtaining a “Passive coping” subgroup and an “Ac-
tive coping” subgroup, leads to differences in helpless-
ness-related responses, as the “Passive coping” group
shows higher number of “R failures” (t(19) = 2.1, p <
0.05) and longer “10Latency” (t(19) = 3.1, p < 0.01) than
the “Active coping” subgroup (Table 4(a)). Most out-
standingly, when selecting subgroups of rats with rela-
tively high helplessness-like behaviour (i.e. “High R

Table 2. Correlation matrix among the main variables from the elevated zero-maze test, the forced swimming test and the shuttle box

training session.

Immobilityl5'  Struggling 15' Immobility5' StrugglingS' Entries SAP  Freezing Avoidances R failures 10Latency

Immobility15' 1
Struggling 15 —-0.15 1
Immobility5' 043" -0.18 1

Struggling5' -0.11 0.68" -0.56" 1

Entries 0.01 -0.02 -0.19 0.10 1

SAP 0.15 -0.02 -0.19 0.20 037" 1

Freezing -0.13 -0.06 -0.04 -0.16 -0.02 0.03 1

Avoidances 0.23 -0.02 0.03 -0.06 0.04 031" -0.23 1

R failures -0.18 -0.18 -0.04 -0.19 -0.08  —0.03 031" -0.19 1
10Latency -0.12 -0.17 0.16 -0.25" -0.51"  —0.10 0.19 -0.19 0.64" 1

*p < 0.05 Pearson’s correlation coefficient. **p < 0.01 Pearson’s correlation coefficient. ***p < 0.001 Pearson’s correlation coefficient; n = 80. See Table 1 for

details of the variables.
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Table 3. Factor analyses of the most relevant behavioral variables (five-and two-factor solutions). (a) First obliquely-rotated factor
analysis: four-fold solution; (b) Second obliquely-rotated factor analysis: two-fold solution.

@

Factor 1 Factor 2 Factor 3 Factor 4

Elevated zero-maze
Entries (#) - - 0.74 -
SAP (#) - 0.51 0.70 -
Forced swimming test
Immobility15' - 0.78 - -
Struggling15' 0.86 - - -
Immobility5' -0.53 0.46 -0.53 -
Struggling5' 0.93 - - -
Two-way shuttle box avoidance session
Freezing (s) - -0.31 0.37 0.41
Avoidances (#) - 0.70 - -0.26
R failures (#) - - - 0.87
10Latency (s) - - - 0.85
Eigenvalues 2.2 2.05 1.49 1.03

Explained variance: 67.7%

(b)

Factor 1 “Coping style” Factor 2 “Conflict solving”

Elevated zero-maze
Entries (#) 0.26 -
SAP (#) 0.31 0.32
Forced swimming test
Immobility15' - 0.6
Struggling15' 0.74 -
Immobility5' —0.66 0.33
Struggling5' 0.85 -
Two-way shuttle box avoidance session
Freezing (s) - —0.44
Avoidances (#) - 0.62
R failures (#) -0.29 —-0.70

10Latency (s) -0.38 —0.63

Explained variance: 42.5%

Correlation between factor = 0.078

Only loadings with absolute values > 0.25 are shown. (a) Oblique five-factor solution (direct oblimin) with 10 selected variables (factors with eigenvalues
greater than 1); (b) Two-factor solution and correlation between factors, showing that both factors are orthogonal (independent); n = 80. See Table 1 for details
of the variables.
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Table 4. Comparisons between subgroups of N/Nih-HS rats selected according to their extreme (high vs. low) scores in relevant
variables from the forced swimming test or from the shuttle box training session. (a) Subgroups with extreme values in “Struggling5"
& “Immobility5”; (b) Subgroups extreme in “R failures”; (c) Subgroups extreme in “10Latency”.

(a)
“Passive coping” (n = 8) “Active coping” (n = 13) Student’s “t”
ELEVATED ZERO-MAZE: Entries 46+09 51+13 0.3
SAP 7.6+0.7 12.8+5.0 0.9
FORCED SWIMMING: Immobility15' 837.0 +£20.0 546.4 +51.0 37"
Struggling15' 295+0.5 66.5+4.9 42"
Immobility5' 291.3+45 97.2+9.7 13.9™
Struggling5' 23+0.9 78.5+8.0 9.0™"
SHUTTLE BOX: Avoidances (#) 0.7+0.3 1.9+1.7 0.5
R failures (#) 4.0£1.6 1.1£0.4 2.1°
Freezing (s) 221.9+8.8 208.6+13.2 0.8
10Latency (s) 173+1.7 123+0.7 317
(b
“No R failures” (n = 30) “High R failures” (n = 10) Student’s "’t”
ELEVATED ZERO-MAZE: Entries 51406 4.0+0.9 0.8
SAP 95+1.1 12.8+5.0 0.6
FORCED SWIMMING: Immobility15’ 664.7.0 £35.1 546.7 +161.2 1.0
Struggling15’ 448+43 163+53 22°
Immobility5’ 189.4+10.8 199.0 +26.1 0.4
Struggling5’ 32.1+4.1 154+39 1.9+
SHUTTLE BOX: Avoidances (#) 79+19 28+1.5 1.5
R failures (%) 0+0.0 19+3.4 14.17
Freezing (s) 202.9+6.4 241.0+7.6 25
10Latency (s) 14.1+1.6 211413 10.7°
(©)
“Short 10Latency” (n = 15) “Long 10 Latency” (n = 14) Student’s “t”
ELEVATED ZERO-MAZE: Entries 43+09 3.9+0.5 0.4
SAP 8.4+0.7 8.0+2.4 0.4
FORCED SWIMMING: Immobility15' 624.3 +62.3 535.55+33.1 0.8
Struggling15' 475+6.9 229+79 22"
Immobility5’ 187.7+18.9 204.9+19.9 0.6
Struggling5’ 451+94 16.4+4.4 2.8"
SHUTTLE BOX: Avoidances (#) 7.1+£26 1.9+0.9 1.4
R failures (#) 0.6+0.4 126+2.8 43"
Freezing (s) 200+ 10.1 226.1+9.9 1.8
10.8£0.1 21.7+0.7 167

10Latency (s)

(a) Values (mean + SEM) of NIH-HS subgroups selected for their extreme (+ 1 SD; see Table 1) scores in “Struggling5' + Immobility5”. Thus an extreme “Pas-
sive coping” subgroup (i.e. low “Struggling5” and high “Immobility5”, n = 8) and an extreme “Active coping” subgroup (i.e. high “Struggling5” and low “Im-
mobility5”, n = 13) were constituted; (b) Values (mean + SEM) of NIH-HS subgroups selected for their extreme (+ 1 SD; see Table 1) scores in “R failures” (i.e.
response failures), thus forming a “No R failures” (n = 30) subgroup and a “High R failures” (n = 10) subgroup; (c) Values (mean = SEM) of NIH-HS sub-
groups selected for their extreme (£ 1 SD; see Table 1) scores in “10Latency” (the average response latency for the first 10 trials of shuttle box training), thus
forming a “Short 10Latency” (n = 15) subgroup and a “Long 10Latency” (n = 14) subgroup. +p < 0.05 one-tailed (under the hypothesis that lower levels of
;‘§truggling§” were expected in the forced swimming test in rats showing the relatively highest levels of response failures—i.e. “High R failures™—). “p < 0.05,
p<0.01, p<0.001 (two-tailed). All comparisons made with Student’s t-test for independent samples. See variable symbols in Table 1.

Copyright © 2013 SciRes. OPEN ACCESS
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failures”, “Long 10Latency”; Tables 4(b) and (C), re-
spectively), these also show significantly lower levels of
“Struggling5™ and “Struggling15"™ than the correspond-
ing “No R Failures” and “Short 10Latency” subgroups
(see Student’s t-test comparisons in Tables 4(b) and (c)).

4. DISCUSSION

The present study shows, for the first time, the relation-
ship/associations between a passive coping style in the
forced swimming test (FST; an inescapable stress situa-
tion and an animal model of depressive symptoms) and
the helplessness-like behavioural profile in the two-
way—shuttle box- escape/avoidance task, as indicated by
“R failures” and “10Latency” (two variables which indi-
cate escape deficits). Response failures in this task, either
under “fixed ratio 1”’—as in the present study—or “fixed
ratio 2” reinforcement programs, have been traditionally
considered as an index of learned helplessness and, there-
fore, a behavioural phenotype with some validity for model-
ling some human depressive symptoms (e.g. [13]). In our
study, “R failures” and “l10Latency” (response latency
during the first 10 escape/avoidance trials, where most
—90%—"R failures” occur) are associated with strug-
gling and immobility responses in the FST in the ex-
pected direction as indicated by the following evidence:
1) the higher the immobility and the lower the struggling
levels, the higher the number of response failures and the
longer “10Latency” values, as indicated by the structure
of the first factor in the factor analysis (see the two-fold
solution in Table 3(b)); 2) the subgroup of rats selected
for their extremely “passive” coping style (i.e. high
“Immobility5” and low “Struggling5™ levels; Table 4(a))
in the FST display more “R failures” and longer “10La-
tency” values than the subgroup of rats selected for their
“active coping” style (i.e. low “Immobility5”™ and high
“Struggling5"™ levels) in the FST (see Table 4(a)); 3)
likewise, the subgroup of NIH-HS rats selected for
showing “High R failures” (Table 4(b)) or “Long 10La-
tency” (Table 4(c)) in the shuttle-box escape/avoidance
task (let us say, the “helpless” rat subgroup) show a pre-
dominantly passive coping style, and display lower lev-
els of “Struggling5"” and “Struggling15"™ responses than
the “No R failures” or “Short 10Latency” subgroups (see
Tables 4(b) and (c), respectively).

It is outstanding that none of the three criteria used for
generating the extreme “helpless”, i.e. active vs passive
coping, subgroups (represented in Tables 4(a)-(c)), led to
significant differences in typical anxiety variables from
the elevated zero-maze test, such as SAP and “Entries in
open sections” ([26-29]; see Tables 4(a)-(c)). Moreover,
it is important to notice that all the above-mentioned dif-
ferences between the selected (extreme) subgroups ap-
pear in absence of apparent gross motor differences be-
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tween them, as indirectly indicated by the number of
“Entries” in the elevated zero-maze (see Tables 4(a)-(c))
or by the number of “Intertrial crossings” during the
shuttle box session (i.e. crossings performed during the
50 intertrial intervals—i.e. no CS nor US present—),
which were 16.2 = 2.1 and 23.5 &+ 4.5 (mean = SEM; not
significant difference) for the “passive coping” and “ac-
tive coping” subgroups, respectively (corresponding to
Table 4(a) subgroups).

In studies of learned helplessness, prior inescapable
stress is commonly used to induce subsequent helpless
behavior that is measured—among others—in the two-
way shuttle box escape/avoidance task (e.g. [12,14,15];
for a review see [13]). In some cases, however, rats can
be prone to experience helplessness-like symptoms (or to
display passive coping strategies when facing stressful
situations) as a product of selective breeding or some
types of selection according to a behavioural criterion
(e.g. [11,14,15,25,32]). This is the case of the Roman
Low-Avoidance rats (RLA rats; e.g. [32]) and the Flin-
ders Sensitive Line (e.g. [9]), to mention just two exam-
ples, which have been proposed as putative valid models
of depression per se (as well as models of predisposition
to stress-induced depression/helplessness) because they
show passive coping responses under stress/conflict si-
tuations, helplessness-like responses in the two-way es-
cape/avoidance task (even without any prior stress) and
in the forced swimming test and relatively high stress-
induced HPA-axis responses (in the case of RLA rats; e.g.
[9,18,20,25,32]). Moreover, antidepressants are effective
in reducing depressive symptoms in both the RLA and
FSL rat lines/strains, while being devoid of effects on
their RHA and FRL counterparts [9,32]. A case similar to
the RLA line/strain appears to be that of NIH-HS rats, as
this heterogeneous rat stock shows predominantly pas-
sive (i.e. reactive) coping responses when facing a vari-
ety of fear- or anxiety-inducing situations (e.g. condi-
tioned conflict; [25-29]), elevated endocrine responses to
stress and predominantly passive behaviour in both ses-
sions of the forced swimming test (e.g. [23,25,30]). Ac-
tually, in most of these behavioural and endocrine re-
sponses, including their extremely poor ability to ac-
quire/perform the two-way shuttle box escape/avoidance
task, NIH-HS rats closely resemble RLA rats (e.g. the
number of “R failures” and “avoidances” made by NIH-
HS rats in a two-way shuttle box escape/avoidance ses-
sion are very similar to the usual scores of RLA rats; e.g.
see [23,25,27,28]).

In connection with the previous arguments, it is worth
to point out that one of the eight founder strains of the
NIH-HS rat stock is the WKY (Wistar-Kyoto) rat strain.
In this sense, it is interesting that WKY rats have become
one of the most accepted models for depression research
(e.g. see [7,10,16,35-38]), thus showing a predominantly

OPEN ACCESS



90 M. Paléncia et al. / World Journal of Neuroscience 3 (2013) 83-92

passive coping profile in the forced swimming test, in the
hole board, in the open-field test and in the acquisition of
two-way escape/avoidance in the shuttle box, as well as
relatively high stress-induced corticosterone and ACTH
levels [35,37-40]. Our studies suggest therefore that NIH-
HS rats have retained some of the most relevant phe-
notypic characteristics of the WKY rat strain.

To sum up, the present is to our knowledge the first
study providing evidence that there is some relationship
between behaviour in the FST and in the two-way shuttle
box escape task, i.e. a relationship/association between
passive vs. active behaviour in the FST and “escape defi-
cits/helplessness-like responses” in the two-way escape/
avoidance task, thus providing further support to the
(concurrent) validity of these models of depressive
symptoms.

Thus, the NIH-HS rat stock can be proposed as a
model of depressive-like symptoms per se, which pre-
sents some face validity and concurrent validity espe-
cially because, other than the evidence that these rats are
passive coping and stress-prone animals [23,25], there is
an important subpopulation of them that spontaneously
(i.e. without any prior stress induction) develop helpless-
ness-like symptoms such as high levels of “R failures”
(see Tables 4(b) and (¢)) in the two-way escape/ avoid-
ance—shuttle box—task, which are paralleled by (as-
sociated to) low levels of struggling and high levels of
immobility in the forced swimming test (see Table 4(a)).

Further studies will be needed to determine whether
it has predictive validity. In this regard, it would be
interesting to carry out studies to evaluate the (hypo-
thetically high) sensitivity of NIH-HS rats to develop
stress-(uncontrollable shock)-induced “depression” and
whether it is reversible by antidepressant drug treat-
ment, provided that the reported increased hormonal
(HPA) responses to acute stress [25] and the markedly
passive coping style (under aversive/conflicting situa-
tions) of NIH-HS rats clearly support the hypothesis
that they should show elevated sensitivity to various
stress-induced deficits and to develop (enhanced)
learned helplessness as a consequence of stressful ex-
periences.

If studies devoted to test other aspects of (predictive,
construct) validity of this “helplessness”-like subpopula-
tion (as a model of depression) were successful, then
studying predisposition to depression with the NIH-HS
rat stock would have potential advantages, provided the
genetic heterogeneity of the stock and the large number
of genetic recombinants accumulated along many out-
breeding generations (e.g. [23,24]).
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