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aBsTRacT
Sleep deprivation is a condition that is more and more observed in 
modern society bringing various neurobehavioral effects, being anxious 
states one of the main problems. Many studies have successfully 
demonstrated the relationship between sleep deprivation and anxiety 
in clinical research. As to basic experimentation, various models 
have been efficiently used in order to evaluate an anxious behavior. 
However, the same efficacy is not found on basic studies that deal 
with the relationship between paradoxical sleep and anxiety. The 
great majority of studies which approach this matter in animal 
models do not present results that may be applied to clinical practice 
and this is basically due to two reasons: inconsistency among results 
and lack of replicability as related to clinical studies. It has to be 
emphasized that the use of animal models is extremely useful, mainly 
under experimental conditions which cannot be ethically or plausibly 
be approached in human beings. So, the present theoretical assay 
tries to evaluate in a brief and critical manner the applicability of 
animal models in sleep deprivation under a translational perspective.
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ResUMO
A privação de sono é uma condição cada vez mais observada 
na sociedade moderna, resultando em diversos efeitos 
neurocomportamentais. Um dos principais efeitos comportamentais 
dessa condição é a proeminência de estados ansiosos. Diversos 
estudos têm demonstrado, com sucesso, a relação entre privação 
de sono e ansiedade na pesquisa clínica. Quanto à experimentação 
básica, diversos modelos têm sido eficientemente empregados na 
avaliação do comportamento do tipo ansioso. Todavia, a mesma 
eficácia não é encontrada nos estudos básicos, que abordam a 
relação entre privação de sono paradoxal e ansiedade. A maioria dos 
estudos que aborda essa relação em modelos animais não apresenta 
resultados passíveis de extrapolação à prática clínica, e isso se deve 
basicamente a dois motivos: inconsistência entre resultados e falta 
de replicabilidade em relação a estudos clínicos. Ressalta-se que o 
uso de modelo animais é extremamente útil, sobretudo em condições 

experimentais que não podem ser ética ou plausivelmente abordadas 
em seres humanos. Desse modo, o presente ensaio teórico busca 
avaliar, de modo sucinto e crítico, a aplicabilidade dos modelos 
animais de privação de sono, sob uma perspectiva translacional.

Descritores: Ansiedade; Sono; Pesquisa básica; Modelos animais; 
Pesquisa médica translacional

inTRODUcTiOn
Anxiety has been described as one of the most 
important consequences of sleep deprivation. This 
effect was first reported by Dement(1), in the pioneer 
experiment with REM (rapid eye movement) sleep  
deprivation in human beings. In this study, in individuals 
deprived of REM sleep, the appearance of a triad of 
neurobehavioral comorbidities was noted, composed 
by increased anxiety associated with attention deficit 
and aggressiveness. Currently, several studies allow 
concluding that anxiety, especially in the form 
of generalized anxiety disorder, is an important 
consequence of sleep depriva    tion, both of total sleep 
or restricted to REM(2-4). Inversely, anxiety disorders 
lead to significant alterations in the architecture and 
quality of sleep(5). In this case, this relation becomes 
valid for all types of anxiety disor     ders, and is not 
limited to the generalized anxiety disorder. 

The relevance of the correlation between anxiety 
and sleep deprivation may be verified by the large 
number of publications on these two themes. Many of 
these publications come from basic research, especially 
studies conducted in experimental animals. However, 
it is noted that animal experiments do not mimic the 
anxiogenesis observed in sleep deprived human beings(6). 
In fact, many experiments performed in rodents indicate 
an anxiolytic condition due to lack of sleep. 
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The discrepancy in the relation between sleep 
deprivation and anxiety, when comparing the results of 
basic and clinical research, is not valued in literature. 
Nonetheless, the implication of this verification is 
worrisome, since it questions the translational applicability 
of basic studies in the area. In this way, the present 
theoretical study aims to evaluate, in a succinct and 
critical manner, the applicability of animal models of 
sleep deprivation from a translational perspective. 

animal models of anxiety
several animal models may be used to evaluate anxiety-
like behaviors in experimental animals. Indeed, 
these models are valuable experimental tools for the 
investigation of anxiety, and produce data of great 
relevance and clinical applicability. In general, these 
models are applied to small rodents (rats and mice), 
commonly used in biomedical experimentation. Analysis 
of the anxiety-like behavior in animals is based primarily 
on the quantification of latency, on the frequency and 
duration of specific behavioral parameters. 

Among the most commonly used models for analysis 
of this behavior we point out the elevated plus maze, 
considered the gold standard for evaluation of anxiety 
in basic research(7,8). This is a cross-shaped platform, 
elevated 50cm from the floor, with two opposing arms 
open and two opposing arms closed laterally (Figure 1). 
By means of this equipment, the animal is place under 
a condition in which the natural tendency to explore 
the environment, an action that denotes anxiolysis, 

is confronted with the tendency to remain in a safe 
environment, represented by the closed arms of the 
platform, a condition that denotes anxiogenesis. Other 
similar models are capable of evaluating anxious-type 
behavior to different degrees, such as discriminative 
avoidance task(9), the open field test(10), the zero maze(11), 
and the T maze(12). Finally, the quantification of a few 
specific parameters may be indirectly related to anxiety. 
In this case, we highlight self-grooming, immobilization, 
locomotion, and the number of fecal boluses.

An alternative model to the classic methods of 
behavioral evaluation in experimental animals was 
recently proposed by Kalluef and Tuohima(13,14). This 
model uses self-grooming as a parameter for inferring 
about anxiety-like behavior. It is observed that, 
despite classic measurements (latency, frequency, and 
duration), animals with low or high levels of anxiety 
are different in what regards to the microstructure 
and progression of this behavior. In animals with 
low levels of anxiety, self-grooming is performed 
in well-ordered and uninterrupted cephalocaudal 
progressions, denoting body cleaning but not anxiety. 
On the other hand, in animals with prominent anxious 
behavior, self-grooming is performed in fragmented 
and disorganized progressions. In this model, it is 
interesting to note how ethological observations, such 
as descriptions of the microstructure of the behavior of 
self-grooming in rodents, may be used in drawing up a 
research model with a high potential for translational 
application. 

In spite of criticism and methodological drawbacks 
to most models of evaluation of anxiety-like behavior 
in rodents(15), one can affirm that, in general, they are 
efficient, as long as correctly utilized. Even so, this is 
an area in constant renovation and under recurring 
theoretical reconsiderations, which result in adaptations 
to the models that already exist and the creation of 
new models. It is these adaptations that guarantee the 
applicability of these animal models to the most varied 
experimental conditions. 

Basic research in sleep deprivation and anxiety 
The applicability of animal models of anxiety described 
herein seems to not be repeated when sleep deprivation 
is introduced as an additional variable. In these 
cases, paradoxical sleep deprivation (analogous to the 
deprivation of REM sleep), seems to produce anxiolytic 
effects in most cases(16-19). This effect is evident primarily  
by the increased time during which the sleep deprived  
animals remain in the open arm of the platform, when 
compared to animals not deprived of sleep. Nevertheless, 

Figure 1. Elevated plus maze. This apparatus consists of a cross-shaped 
platform, elevated 50cm from the floor, and with a pair of opposing open arms 
and a pair of opposing closed arms laterally. It is the gold standard method for 
evaluation of anxious-type behavior in rodents. (A) Open arms; (B) closed arms
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there are reports of increased anxiety-like behavior 
under similar conditions(6,20). Regarding total sleep 
deprivation, there are no studies conducted in basic 
research that have related it to anxiety-like behavior. 

Despite the impossibility of affirming, with certainty, 
the reason for the discrepancy of data mentioned 
above, one can list, as possible causal factors, differences 
among species (rats versus mice), in the paradoxical 
sleep deprivation protocol and in handling and 
housing of the animals. Indeed, these are the main 
arguments presented by Silva et al.(6) to justify the 
findings of increased anxiety in face of prior studies 
that demonstrated anxiolysis due to paradoxical sleep 
deprivation. Additionally, one should pay attention to 
the fact that the studies considered to demonstrate 
the inconsistency of data come from the use of the 
elevated plus maze. Therefore, one can indicate, as 
reasons for the disparity described, a possible lack of 
sensitivity, inaccuracy, or partial impropriety of the 
elevated plus maze when associated with paradoxical 
sleep deprivation. 

consequences of disparities between basic and clinical 
research 
Regardless of the reasons for the discrepancies 
presented, the lack of consensus among the results 
presented herein hinders the translational applicability 
of the findings. Additionally, this verification is even 
stronger when considering that most of the animal 
studies do not mimic the condition of anxiogenesis 
found in sleep-deprived individuals. In fact, while a 
sleep-deprived individual presents a prominent state 
of anxiety, most of the animal studies show a decrease 
in anxiety-like behavior in analogous conditions. In this 
way, extrapolation of data from basic sciences to clinical 
practice is hampered. Studies that evaluate interventions 
in addition to the relation between sleep deprivation 
and anxiety become dubious. Since the correlation 
between sleep and anxiety in experimental science is 
not yet well established, the evaluation of additional 
variables is imprecise. For example, one could highlight 
studies that assess the effect of specific drugs on the 
anxiety-like behavior in animals that are sleep deprived 
or under similar circumstances. Since there is no 
consensus as to the direct relation between the primary 
variables, the evaluation of the pharmacological effect 
becomes inaccurate. This is the case, for example, 
of Huang et al.(21), who evaluated the effect of drugs, 
such as eszopiclone and zolpidem on sleep and anxious 
behavior, and of Garg and Kumar(22), who investigated 

the effect of trazodone and imipramine in the relation 
between these two variables. 

Based on the above-mentioned arguments, we 
observe that under current conditions, the relevance 
of basic studies that cover the interface between sleep 
and anxiety is compromised. Thus, the discussion of 
methodological alternatives that intend to solve this 
problem becomes necessary.

Methodological alternatives
As was highlighted before, the relevance of the use 
of animal models in research on anxiety disorders is 
unquestionable. Nevertheless, this same relevance is 
not found in studies that involve sleep deprivation, 
due to inconsistency of the results coming from animal 
research and to the lack of reproducibility of clinical 
data in basic science. In this sense, it is necessary to 
discuss alternatives to the basic models currently 
used in approaching the association between sleep 
deprivation and anxiety, so that these may be equally 
applicable. Some alternatives to this panorama are 
discussed below. 

Currently, the reasons for the aforementioned 
discrepancies are not known. Even considering that 
there are studies that show an increase in anxiety-like 
behavior by sleep deprivation, especially over the 
last decade, the volume of publications with these 
characteristics does not yet allow these results to be 
unanimously extrapolated. For this, the replication 
of these data is necessary, in order to reaffirm their 
translational applicability. It is expected that with the 
replication of the findings, a consensus will be reached 
regarding anxiolysis or anxiogenesis as a behavioral 
result of paradoxical sleep deprivation in animals. 
Consequently, this fact would make the previous 
opposing facts as resulting from occasional variations. 
Additionally, a possible verification of the replication 
of these experiments would be the maintenance of the 
inconsistencies of the results. In this hypothetical case, 
the inapplicability of animal models of anxious behavior 
for experimental situations that involve paradoxical 
sleep would be demonstrated. 

It is appropriate to investigate properly the reasons 
for the cited discrepancies. This would allow refining 
of behavioral techniques used in basic research, thus 
guaranteeing greater applicability of the data obtained. 
Even if the reason for the said discrepancies is not 
known, one way to guarantee data reproducibility is to 
repeat exclusively to protocols of the experiments in 
which anxiogenesis was obtained as an effect of sleep 
deprivation. This measure would assure the applicability 
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of results of future studies, based on protocols that 
effectively mimic the association found in human beings. 

Finally, other behavioral methods may be sought 
for assessing the anxiety-like behavior, besides the 
elevated plus maze. In fact, Garg and Kumar(22) used, 
in an interesting way, several alternative tests such 
as the actophotometer and the zero maze, besides 
the elevated plus maze. However, the specific context 
addressed by the authors, added to the lack of similar 
studies, precludes the evaluation of consistency and the  
applicability of these tests. We further point out the 
potential use of the grooming evaluation algorithm, 
described earlier. This protocol has been used with 
success to evaluate anxiety-like behavior in various 
contexts(23-26), although there are still no results described 
in literature with the use of this method as to sleep 
deprivation. 

cOncLUsiOns
Sleep deprivation is a condition increasingly more 
observed in modern society, which results in various 
neurobehavioral effects. This fact is sufficiently strong 
to guarantee the importance of research on the interface 
between sleep deprivation and anxiety. Indeed, clinical 
studies brought to light evidence and have detailed 
this relationship in an interesting way. Nevertheless, 
we demonstrated that basic studies on the association 
between sleep deprivation and anxiety do not replicate 
it efficiently. 

From a translational perspective, the use of animal 
models is valid since it enables the application of 
experimental conditions that could not be plausibly 
or ethically used in human beings. However, the 
inconsistency of data obtained in animal research, 
added to the disparity, when compared to the results 
of clinical research, impairs the use of a translational 
approach. Knowing the potential importance of animal  
models for the investigation of the relation between 
sleep deprivation and anxiety, we propose that the 
basic studies in this area should be replicated. This  
recommendation is especially valid for those protocols 
that point to anxiogenesis as a result of sleep deprivation, 
similar to the primary observations made in human 
beings. Additionally, we strongly suggest the use of 
new and alternative methodologies for the evaluation 
of the association between the studied themes, seeking 
protocols sufficiently sensitive and applicable to 
these experimental conditions. We hope that these 
recommendations enable the extrapolation, in the 
future, of data on sleep and anxiety obtained in animal 
research to clinical practice. 
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