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Abstract. Some reports have described the low reactivity of rats to a water-escape platform during their initial exposition to the 
Morris water maze or Cincinnati water maze, which impedes task acquisition. To assess the attention of rats to tactile stimuli, 
we measured the paw tactile reactivity in rats exposed to the original water “Extrapolation Escape Task” (EET). In this test, 
a rat tries to dive to escape from a plastic cylinder immersed into a water tank. Only rats with high trait anxiety demonstrated 
tactile neglect after their initial exposition to that water locomotion task. Previous EET training, but not novelty, motivation, 
the physical factors of water immersion, exercise or stress influence that effect. We propose that there is a distractor effect of 
the difficult diving task on ordinary tactile oriented behavior in anxious rats.
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Introduction
It is well known that rats and mice have an inborn tendency 
to seek solid ground when in water. But in experimental con-
ditions (initial exposition to the Morris water maze, Cincin-
nati water maze, etc.) some animals do not respond to the 
hidden escape platform and instead swim away (Vorhees & 
Williams, 2016; Weitzner et al., 2015). Those animals suffer 
a type of stress from being unable to escape: forced swim 
(FS) stress. It induces an immobility (floating behavior), 
often interpreted as a symptom of depressive-like behav-
ioral despair, which influences spatial memory formation 
in water mazes (Drugan et al., 2013; de Kloet & Molendijk, 
2016; Ježek et al., 2010; Sandi et al., 1997). Many research-
ers recommend pushing the “inattentive” animal to the hid-
den platform to help it to escape. But this technique vio-
lates the equivalence of the experimental treatment for all 
individual animals under the given experimental condition 
(Vorhees & Williams, 2016). Pre-training in the maze facili-
tates escape behavior (Weitzner et  al., 2015) but impedes 
the testing of non-naive animals in subsequent maze exper-
iments. It alleviates deficits resulting from sex differences, 
age, lesions or drug administration (Wagner, 2013).

The mechanism of the animals’ inattention to the 
hidden platform is not known. It is generally recognized 
that navigation from one location to another can be 
achieved using a variety of distinct strategies that rely upon 
different forms of interoceptive or exteroceptive cues, as was 
evident in the earliest laboratory studies on complex maze 
learning in the rat. In the first exposition to water maze 
task, egocentric navigation is characterized by the ability to 
locate places using proximal and internal cues, including 
limb movements to estimate speed and heading to estimate 
direction. Tactile perception is essential for fine motor 
control, and contributes to a sense of self (Tan et al., 2014; 
Paolucci et  al., 2015; Dominici et  al., 2009). We propose 
that the egocentric navigation task in the first exposition to 
swimming distracts the attention of animals from the touch 
sensation.

We hypothesize that tactile inattention would correlate 
with anxious behavior in rats. Rats whose behavior reflects 
different levels of anxiety are the translational models 
of human anxiety disorders. Gustavson and colleagues 
(2017) found stronger attention distraction in people 
with heightened anxiety. As a model of different anxious 
behaviors in water we chose to compare jumping and 
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non-jumping rat groups in the original water test, namely 
“Extrapolation Escape Task” (EET) (Bondarenko, 1980; 
Rayevsky et al., 1990). In that test, a rat is placed for up to 
two minutes inside a cylinder, the lower edge of which is 
lowered into the water. Rats therefore are exposed to two 
stressors: cold water and restraint in the cylinder. After 
water immersion, some rats (“jumping rats”; JR) try to jump 
on the wall of the cylinder. This is a display of the natural 
tendency of anxious rats to avoid the water (Bondarenko 
& Bondarenko, 2014; Javelot, 2011). But the cylinder has 
a high wall and the rats’ jumping behavior is ineffective. 
The rats can then dive under the water to escape from 
the cylinder. Other rats (“non-jumping rats”; NJR) dive 
without any preliminary jumping. In preliminary research, 
it was found that the JR may be used as an animal model 
of trait anxiety (Bondarenko & Bondarenko, 2014). Typical 
behavior of JR and NJR in the EET is illustrated in the 
Supplementary online materials (SOM). We propose that 
the JR will demonstrate a more pronounced EET-induced 
tactile inattention compared to the NJR.

In water maze experimental protocols, animals are 
usually exposed to water with a temperature of +24 °C from 
4 to 6 minutes. Hypothermia-induced analgesia is a very 
obvious effect of that procedure (Yesilyurt et  al., 2015). 
Forced swim stress-induced nociception alterations in rats 
are usually shown by tail withdrawal assays (Spradley et al., 
2012). Adult rats swimming in a water tank use only their 
back legs (Clarac et al., 1998). Diving under the lower edge of 
the cylinder in the EET is a 3D spatial underwater swimming 
behavior also involving only the back legs (see SOM). That 
is a novel two-legged locomotion for swimming-naïve 
laboratory-housed albino rats (Bondarenko, 2013; Stryjek 
et al., 2012). Paolucci and colleagues demonstrated that the 
same tactile skin receptors react both to skin tension during 
the movement of the animal and to touch. That is, they form 
both the locomotor scheme of the body and the represen-
tation of the surrounding space (Paolucci et al., 2015). We 
propose that the skin of the rats’ back legs is more sensitive 
than the tail skin to tactile inattention induced by the 
swimming locomotion task. To measure the effect of water 
on the rats’ tactile reactivity, we used the Randall-Selitto 
paw pressure test that was developed as a tool to assess 
response thresholds to mechanical pressure stimulation; it 
is often considered a measure of nociception modulation 
(Randall & Selitto, 1957). This test involves applying an 
increasing mechanical force to the surface of the paw until 
withdrawal occurs (paw withdrawal, PW threshold).

We hypothesize that the jumping behavior as such 
would not contaminate the nociception threshold of the 
back legs for the following reason: a water-escaping jumping 
behavior includes an active fore paw motion (see SOM). 
This behavior is a typical land-based type of locomotion. 
We propose that the automatic jumping behavior is not a 
case of swim-induced nociception alterations.

We compared the effect on the rats’ tactile reactivity 
of several water immersion experimental conditions that 
were close to the water maze paradigms in some crucial 
aspects, but did not involve the spatial orienting task. The 
conditions included the regular EET paradigm (cognitive 
task other than navigation and no forced swimming) and 
EET combined with a FS paradigm (forced swimming and 
still no navigation task). The possible role of the training 

factor in tactile inattention was studied by comparing the 
single and multiple EET expositions.

Method

Subjects
The work was performed on 93 male Wistar rats (“Stolbo-
vaya” farm) weighing 220 – 250 grams, in standard vivarium 
conditions with free access to food, water and natural light. 
The rats had never before fallen into the water.

Design
Before the procedure, the rats were randomly divided into 
five experimental groups, described below.

1. EET – 1 (n = 25): the first exposition to the EET. To 
evaluate the role of the physical load factor, the number of 
jumps (the most energy-consuming form of behavior) was 
recorded in EET – 1;

2. EET – 1 + FS (n = 16). To assess the role of the 
water stress-induced depressive-like behavior in tactile 
inattention, we use a forced swim (FS) paradigm. The 
forced swim test is based on the progressive immobility 
a rodent displays when immersed in a beaker filled with 
water from which no escape is possible. After the rat dives 
in the EET equipment, the cylinder was removed and the 
animal was left to swim for 10 minutes in the tank to form 
a depressive-like immobile behavior. Immobility (i.e., 
floating) was defined as the lack of movements except 
those that will aid in keeping the animal’s head above water 
(Porsolt et al., 1977).

3. Passive control (n = 30): 10 minutes exposure to the 
dry tank.

4. Active control (n = 10): Rats were placed for 10 
minutes in the water tank (to a height of 5  cm., which 
does not force them to swim) at a temperature of 24 °C for 
exposure to the physical factors of water. In the “active” and 
“passive” control groups, an EET for JR and NJR post hoc 
classification was carried out 24 hours after the dry tank or 
the water tank exposition.

5. EET – 5 (n = 10). To assess the role of the training 
factor in tactile inattention, rats were placed in EET four 
times at intervals of 24 hours. Then, 24 hours after EET – 4, 
the rats were exposed to EET – 5 for a subsequent PW 
threshold measure.

Equipment
We used “Extrapolation Escape Task” (EET) equipment 
made by Open Science. The Randall-Selitto paw pressure 
test was performed using an analgesimeter (Ugo Basile).

Procedure
All experiments took place in winter between the hours of 
11.00 and 13.00.

Using the paw pressure test we registered (in conven-
tional units) the threshold strength of the hard cone tip’s 
pressure on the surface of a hind paw of the animal, causing 
paw withdrawal (PW). The arithmetic mean of the data 
values for the first measurements of each animal’s right and 
left paws was used. The baseline level of PW (PW0) was 
determined 30 minutes before the start of the experiment.

http://www.cogjournal.org/
http://cogjournal.org/eng/4/4/BondarenkoRJCS2017.html#SOM
http://cogjournal.org/eng/4/4/BondarenkoRJCS2017.html#SOM
http://cogjournal.org/eng/4/4/BondarenkoRJCS2017.html#SOM


Nina A. Bondarenko Anxiety and the Problem of “Inattentive” Animals

www.cogjournal.org

47

The Russian Journal of Cognitive Science Vol. 4, Issue 4, December 2017

In the EET test, a rat was placed for up to two minutes 
inside a cylinder with a diameter of 10 cm, the lower edge 
of which was lowered into the water (240C) to a depth of 
2.5 cm. for up to two minutes. The height of the water 
column is 25 cm. in a water tank with a diameter of 60 cm. 
Immediately after diving, the rats were removed from 
the water. According to Bondarenko (1980), 80 % of the 
animals dive up to 20 seconds after water immersion and 
escape hypothermia. We registered the number of attempts 
to jump out from the water before diving. Two rats did not 
dive in EET within two minutes and were eliminated from 
the experiment. After that, all animals were divided into 
jumping rats (JR) and non-jumping rats (NJR) subgroups.

The water immersion’s antinociceptive effect 
continues for some time after water stress termination 
(Abdelhamid et  al., 2013). Therefore, the PW test was 
performed twice. The first test (PW1) was immediately 
after extraction of the animal from the water in EET. PW1 
was used to assess the nociception threshold induced by 
the interaction of locomotor and tactile tasks. Then the 
rat was placed for 15 seconds in a home cage for restoring 
land-based locomotion, and after that PW2 (the only water 
stress-induced nociception) was measured (Spradley et al., 
2012; Hough, 2014). A PW change (PWC1 = PW1 – PW0 
and PWC2 = PW2 – PW0) was calculated for each animal.

Statistical Analysis
Because of the small number of animals in some groups, 
nonparametric methods of statistical analysis were used 
(Chang, 2003): the Kruskal-Wallis test for distribution 
equality of PWC1 and PWC2 across groups, the Mann-
Whitney U test for statistical comparison of PWC data in 
the JR and NJR groups, and the Kendall rank correlation 
coefficient was calculated between the PWC and number 
of jumps in the EET – 1 group and between the PWc1 and 
the immobility duration for the EET – 1 + FS group. The 

p-level was adjusted with Bonferroni correction for mul-
tiple comparisons to handle the multiple testing problem 
(α = .05/4 = .0125).

Results

The descriptive statistics of the PW0, PW1 and PWC1 in every 
experimental and control group and post hoc subgroup are 
presented in Table 1.

The Kruskal – Wallis test showed no significant change 
of PWC2 across experimental groups (Н (4) = 0.053, p = .974). 
For PW1 and PWC1, the null hypothesis that results for all 
experimental groups come from the same distribution was 
rejected (H (4) = 12.997, p = .002; H (4) = 36.69, p < .001). 
Therefore, pairwise comparisons were conducted between 
the passive control group and every other group (see 
Table 1).

The Kruskal-Wallis test showed inequality of experi-
mental conditions for both the NJR (H (4) = 9.65, p = .047) 
and JR (H (4) = 25.86, p  <  .001) subgroups of animals. 
Pairwise comparisons were then conducted between the 
results of each subgroup in the passive control condition 
and every other condition. The results of the pairwise 
conditions are presented in Figure 1.

Discussion

We found no significant change of PWC2 in all animals. 
This contradicts the data that show swim stress nocicep-
tion decreases in rats in the tail withdrawal assay (Spradley 
et al., 2012). It is well established that a tail flick response 
is mediated by spinal neuronal mechanisms but a paw flick 
response is mediated by supraspinal ones (Deuis, Dvora-
kova, & Vetter, 2017). So the technical and conceptual 

Table 1. The Effect of the Experimental Condition on PW0, PW1 and PWC1 in JR and NJR Animal Subgroups

Group
Sub-
group

n
PW0 PW1 PWc1

Md Q1 Q3 p Md Q1 Q3 p Md Q1 Q3 p

passive 
control

JR 19 4.8 3.5 6.0 — 4.5 4.0 6.3 — 0.0 – 1.0 + 1.0 —

NJR 11 5.0 3.8 5.5 — 5.5 5.0 5.5 — + 0.5 0.0 + 0.5 —

Total 30 5.0 3.0 5.0 — 5.3 4.3 5.5 — 0.0 – 1.6 + 1.0 —

active 
control

JR 5 4.5 4.0 5.0 1.000 4.5 4.5 5.5 .602 + 0.2 – 0.5 + 1.0 .676

NJR 5 5.0 4.5 5.8 .175 5.3 4.5 5.5 .582 + 0.5 0.0 + 0.5 .754

Total 10 4.8 4.0 5.8 1.000 4.5 4.5 5.5 .807 + 0.5 – 0.5 + 0.8 .880

EET – 1

JR 19 4.5 3.5 5.5 .963 6.5 6.0 9.0 .033 + 2.5* + 2.0 + 4.5 .008

NJR 6 5.0 4.0 5.5 .465 5.0+ 5.0 5.5 1.000 0.0 + 0.0 + 0.5 .347

Total 25 4.7 4.5 5.5 .468 6.3* 5.5 7.0 .006  + 2.2 + 1.5 + 2.8 .058

EET – 5

JR 5 4.5 3.5 5.0 1.000 3.0 2.5 3.8 .016 – 0.5* – 1.0 0.0 .003

NJR 5 4.5 3.0 5.5 .784 3.0* 2.5 3.7 .009 – 1.0* – 0.5 0.0 .011

Total 10 4.9 3.5 5.5 1.000 3.0* 2.5 3.7 < .001 – 0.5* – 0.5 0.0 .010

EET – 1 + FS

JR 11 4.5 4.0 5.5 1.000 9.0* 6.5 12.5 .002 + 7.0* + 3.0 + 11.5 .012

NJR 5 5.0 3.0 5.0 1.000 4.0 + 4.0 5.0 .117 + 1.0+ 0.0 + 1.0 .296

Total 16 5.2 5.0 5.3 .450 8.0* 6.0 12.0 .010 + 4.0* + 2.0 + 9.0 .006

Notes: Data are presented in the form of medians, lower and upper quartile values and p-values for comparisons 
with the passive control baseline; 
* p < .0125 to the passive control group; 
+ p < .05 to the JR subgroup
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factors may be critical in observing this relationship, 
including the type and intensity of task demand and the 
degree of temporal overlap between task and pain process-
ing (Buhle & Wager, 2010).

There was no significant modification of PWC1 in the 
active control compared to the passive control groups of 
animals (see Figure 1). We propose that neither novelty nor 
the physical impact of the water immersion (cold stress, 
water sensation) influence the rats’ paw tactile reactivity.

The distraction model assumes that the subject directs 
limited attention resources to a competing perception or 
task, putting pain in the background (Bradshaw et al., 2012; 
Petrovic et  al., 2000). Gustavson and colleagues (2017) 
found strong problems with task switching in people with 
heightened anxiety. We found that PWC1 was increased 
above the passive control baseline in highly anxious 
animals (JR) only in the EET – 1 and EET – 1 + FS groups. 
We assume that water locomotion induces the nociception 
threshold increase in JR, and that switching from the more 
attentionally demanding task to the less demanding task 
was difficult for animals with higher levels of trait anxiety.

Correlations between the number of jumps in EET – 1 
and PWC1 (τ = .031, p = .465), and between the duration 
of immobility in the FS and PWC1 (τ = .029, p = .435) were 
not significant. This excludes the influence of the jumping 
locomotion and the immobility behavior on rat paw tactile 
reactivity. We propose that swimming with only the hind 
limbs is a distractor for tactile attention in water-naive JR.

We found a significant decrease in PWC1 in prelimi-
narily trained JR and NJR rats of the EET – 5 group. It may 
be a redundancy which was observed in Pavlovian “signal 
and outcome” trained rats (Utochkin, 2010). Nonetheless, 
we previously found that diving in EET trained rats is 
a goal-directed behavior but not a “signal” behavior 
(Bondarenko, 2013; 2014). We also observed a diving 
locomotion acquisition in EET trained rats (see SOM). 
So, the diving skill may decrease the distractor properties 
of water locomotion as a special object of the animal’s 
attention. Therefore, EET training rather than training 
within the same set-up might be recommended to improve 
rodent performance in water navigation tests.

Conclusions
In summary, our results agree with the hypothesis that the 
water locomotion task influences a rat’s tactile sensitivity. 
We found this effect to be more pronounced in rats with 
higher levels of trait anxiety and suggest that it reflects diffi-
culties in switching from the more attentionally demanding 
task to the less demanding task in such rats. We also found 
that the paw flick test may be a useful model for studies of 
attention distracting in rats, and propose that EET train-
ing improves the hidden platform detection in animal water 
navigation tests.
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Тревожность 
и проблема тактильной 
«невнимательности» 
животных в водных тестах
Нина Бондаренко
Фонд «Развитие фармакологии эмоционального стресса», Красногорск, Россия

Аннотация. «Невнимательность» животных, впервые попавших в воду, к тактильным стимулам осложняет обна-
ружение «спасительной платформы» в тестах Морриса, Цинциннати и др., что, в свою очередь, нарушает способ-
ность животных к обучению навигации в этих тестах. Выявление причин тактильной «невнимательности» животных 
является актуальным для оптимизации процедуры эксперимента. В настоящей работе для оценки внимания крыс 
к тактильным стимулам регистрировали пороговое значение силы тактильного воздействия, вызывающего мотор-
ную реакцию отдергивания задней лапы. В качестве локомоторной задачи крысам предлагалось поднырнуть под 
стенкой цилиндра, нижним концом опущенного в воду (тест «Экстраполяционное избавление», ТЭИ). Обнаружено, 
что только локомоторная задача подныривания в ТЭИ, но не факторы новизны, уровня мотивации, погружения 
в воду или физической нагрузки снижали реактивность высокотревожных животных на тактильные стимулы. Этот 
эффект не наблюдался у крыс, обученных подныриванию в ТЭИ. Можно предположить, что у крыс, как и у людей, 
способность к переключению с более сложной задачи на более простую (в нашем случае с подныривания на отдер-
гивание лапы) зависит от уровня тревожности.

Контактная информация: Нина Бондаренко, bondarenko52nina@gmail.com; 143444, Московская обл., г. Красно-
горск, мкр. Опалиха, ул. Счастливая, 32.

Ключевые слова: крысы, тест «Экстраполяционное избавление», тактильные рецепторы, схема тела, локомоторная 
задача, дистракторы, ингибирование, тревожность
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