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Choosing an appropriate rodent model is a critical prerequisite for obtaining reliable and translationally 
relevant data in sleep and stress research. This review compares three widely used models: BALB/c 
mice, C57BL/6 mice, and Wistar rats, focusing on their genetic background, systemic physiology, 
neurophysiological features, sleep–wake architecture, circadian rhythms, and stress- and immune-related 
traits. BALB/c mice are characterized by high anxiety, hyperreactive hypothalamic–pituitary–adrenal axis 
responses, a Th2-skewed immune profile and altered serotonergic signaling, together with a relatively flexible 
circadian system and shorter endogenous free-running circadian period. These features make BALB/c a 
convenient model for stress-induced insomnia and circadian resilience. We argue that no single model is 
universally optimal: species-level differences between mice and rats exceed strain-level differences between 
BALB/c and C57BL/6, and these should be explicitly considered. Rational selection and, when appropriate, 
combined use of these models can substantially improve construct validity, reproducibility and translational 
impact in experimental sleep research.
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INTRODUCTION

Current sleep research increasingly treats sleep as 
a core pillar of public health rather than a lifestyle 
choice. Recent global estimates suggest that 
more than 850 million adults live with insomnia, 
and major reviews argue that insufficient and 
irregular sleep contribute substantially to 
cardiometabolic, neurodegenerative, and mental 
health burdens; however, sleep quality still 
receives less priority than diet or exercise in 
many national health strategies [1].

A major shift is the move from single metrics 
such as “hours slept” to multidimensional 
sleep phenotypes derived from wearables and 
accelerometers. A large UK Biobank analysis of 
88,461 adults showed that objectively measured 
sleep traits, including timing, rhythm stability, 
and fragmentation, are associated with 172 
diseases across multiple organ systems, with 
more than 20 percent of the burden of conditions 
such as Parkinson’s disease, type 2 diabetes, and 
acute kidney failure statistically attributable to 

adverse sleep profiles. Inflammatory markers 
such as leukocyte counts and C-reactive protein 
appear to partially mediate these associations, 
highlighting immune signaling as a key link 
between sleep disruption and chronic disease [2].

At the same time, alterations in sleep archi
tecture and circadian regularity are gaining 
traction as early markers of neurodegenerative 
disease. Systematic reviews and cohort studies 
indicate that reduced slow-wave sleep, increased 
sleep fragmentation, and greater day-to-day 
variability in sleep timing correlate with amyloid 
and tau biomarkers, mild cognitive impairment, 
and subsequent dementia, and deep sleep deficits 
in particular are being investigated as a modifiable 
risk factor for Alzheimer’s disease [3].

Methodologically, the field is moving 
toward continuous and computationally rich 
representations of sleep. Deep learning models 
that generate a continuous sleep depth index 
across the night reveal digital biomarkers that 
predict all-cause mortality and coronary heart 
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disease more sensitively than traditional stage 
labels, while related metrics such as sleep tem
poral entropy quantify fragmentation patterns 
linked to cardiometabolic risk. Personalized 
AI systems that combine lifelog data with 
physiological signals are beginning to propose 
individualized sleep recommendations, pointing 
toward closed-loop interventions that adapt to a 
person’s circadian profile in real time [4].

Together these lines of work support a 
systems-level view of sleep that integrates 
circadian biology, immune and metabolic 
pathways, brain aging, and advanced analytics, 
with the long-term goal of using objective 
sleep phenotypes both to detect disease early 
and to guide targeted prevention and treatment 
strategies.

Animal models play a central role in 
advancing modern sleep research because they 
allow precise control of neural circuits, genetics, 
and environmental conditions that cannot be 
manipulated in humans. Rodent and zebrafish 
models have been essential for uncovering 
the mechanisms of circadian regulation, slow 
wave generation, sleep fragmentation, and the 
inflammatory pathways that link disordered 
sleep to cardiometabolic and neurodegenerative 
diseases. These systems also enable high-re
solution electrophysiology and optogenetics, 
which help map the network dynamics underlying 
changes in sleep depth and architecture. As 
computational approaches become more integ
rated into the field, animal models provide the 
ground truth needed to validate new digital 
biomarkers and machine learning algorithms 
for sleep staging and sleep depth estimation. 
Taken together, they remain indispensable for 
translating systems-level insights about sleep 
into targeted therapeutic strategies.

The choice of an animal model is a corners
tone for obtaining reliable and reproducible 
results in neurobiological research. This 
decision extends beyond mere convenience and 
requires a thorough understanding of the gene
tic, physiological, and behavioral characteristics 
that shape an animal’s phenotype [5, 6]. In the 

context of sleep research, where neural networks 
closely interact with systemic physiology, these 
fundamental differences become especially 
critical.

Genetic background
A fundamental difference between the analyzed 
animal strains lies in their genetic architecture. 
BALB/c and C57BL/6 mice are inbred strains, 
whereas Wistar rats are outbred [7]. Inbred 
strains (BALB/c, C57BL/6) are generated 
through at least 20 generations of sibling 
mating [5], resulting in genetic identity among 
individuals [5, 8]. This reduces data variability 
and enhances reproducibility [8]. In contrast, 
outbred stocks like Wistar maintain high levels 
of genetic heterozygosity [7], which more 
closely resembles the diversity of the human 
population [9] and is valuable for toxicology 
and pharmacology. However, the long-standing 
assumption that inbred lines exhibit lower 
phenotypic variability has been questioned [9]. 
Outbred lines may demonstrate greater «genetic 
buffering» and resilience to environmental 
changes, whereas inbred strains, lacking this 
flexibility, can be hypersensitive to minor 
fluctuations in housing conditions [9, 10]. 
From the standpoint of translational relevance, 
inbred lines are indispensable for studying the 
function of individual genes (for example, on 
the C57BL/6 background) [11]. Outbred models 
better reflect human population heterogeneity 
but may require larger sample sizes [6].

General characteristics of strains
Each model possesses a unique set of systemic 
physiological characteristics that directly 
influence sleep regulation. For example, the 
albino inbred BALB/c strain is characterized by 
a calm temperament, a strong Th2-type immune 
response (making it a model for allergy), a 
predisposition to carcinogenesis, and resistance 
to diet-induced obesity [12, 13, 14]. C57BL/6 is 
the most widely used inbred strain and serves as 
the standard background for transgenesis [11]. It 
exhibits a Th1-dominant immune response [13] 
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and shows high susceptibility to obesity, type 
2 diabetes, and atherosclerosis [11, 14]. Wistar 
rats are an outbred albino stock valued for their 
docility and rapid growth and are extensively 
used in toxicology, pharmacology, and as a 
surgical model [15].

Neurophysiological correlates
BALB/c mice are distinguished by a relatively 
large brain mass and notably enlarged volumes 
of the forebrain and hippocampus [16]. They 
may exhibit hippocampal lamination defects as 
well as complete or partial agenesis of the corpus 
callosum [16]. These structural features may 
underlie their high-anxiety phenotype, thereby 
increasing the construct validity of this strain 
for certain disorders [17].

Serotonergic (5-HT) system.  BALB/c mice 
carry a polymorphism in the Tph2 gene, which 
results in altered synthesis and turnover of 
serotonin compared with C57BL/6 [18]. This 
alteration may be associated with their high 
anxiety and makes these animals a valuable 
tool for testing hypotheses regarding the role of 
serotonin in sleep pathology and anxiety [19].   

Dopaminergic (DA) system.  The strains differ 
in their sensitivity to the neurotoxin MPTP: 
young C57BL/6 mice are sensitive, whereas 
young BALB/c mice are resistant [20]. The 
GABAergic system   is of primary importance for 
sleep regulation. BALB/c mice exhibit reduced 
density of benzodiazepine (BZ) receptors, 
particularly in the amygdala, compared with 
C57BL/6 [19], which explains their distinct 
response to BZ-receptor agonists [19].

BALB/c mice are characterized as a high-
anxiety strain with a hyperreactive hypo
thalamic–pituitary–adrenal (HPA) axis [17]. 
C57BL/6 mice display lower anxiety levels [21], 
and their HPA-axis response to chronic stress 
may be blunted [22]. Wistar rats are a classical 
model for stress research [23].

Differences in cognitive profiles are task-
dependent.  BALB/c mice are considered 
“poor learners” in the Morris water maze [24], 
whereas they may outperform C57BL/6 in visual 
discrimination tasks [21]. Wistar rats are a well-
established model for studying the effects of 
sleep deprivation on hippocampus-dependent 
memory [25].

Table 1: Comparative neurobehavioral profile of the analyzed strains

Characteristic BALB/c C57BL/6 Wistar rat
Key neuroanatomy Large hippocampus, 

possible defects in 
hippocampal lamination 
and corpus callosum 
development [16]

Standard model, age-
related changes in 
connectivity [26]

A well-mapped brain, 
a model for studying 
hippocampal plasticity 
[27]

Serotonin system Tph2 polymorphism, 
altered 5-HT metabolism 
[18]

«Normal» 5-HT level [18] A classical model 
for studying 5-HT 
metabolism [28]

Dopamine system Resistant to MPTP at a 
young age [20]

Sensitive to MPTP [20] Used in research on 
dopaminergic systems

GABA-BZ receptors Reduced density in the 
amygdala [19]

«Normal» density [19] Model for studying 
GABAergic drugs [29]

Basic anxiety High [17] Low/moderate [17, 21] Low, obedient [15]
Reactivity of the  
HGA axis

High, hypersecretion of 
corticosterone [17]

Moderate, can be muted 
[22]

Classical stress model 
[23]

Cognitive profile Depends on the task; fast 
learning on a touchscreen, 
slow in a water maze [21, 24]

General purpose model, 
age-related memory 
decline [30]

A model for studying 
hippocampal-dependent 
memory [25]
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Basic sleep architecture and polysomnographic 
signatures
Basic sleep architecture and polysomnographic 
signatures
In sleep research, the most significant distinc
tions are those directly related to sleep structure. 
BALB/c mice spend substantially more time in 
NREM sleep and less time awake during the 
light phase compared to C57BL/6 [31]. Wistar 
rats have a well-documented baseline sleep 
architecture [32]. Rodent sleep is naturally 
more fragmented than human sleep [33], 
but stress or pathology can exacerbate this 
fragmentation [34]. EEG analysis is the gold 
standard for sleep staging, revealing substantial 
baseline differences in the spectral composition 
of the EEG between strains. BALB/c mice 
exhibit reduced power in fast-frequency bands 
(beta, gamma) compared to C57BL/6 [35], a 
characteristic associated with their lower seizure 
threshold [35]. Baseline EEG spectra serve 
as functional biomarkers, and the lower fast-
frequency power in BALB/c [35], along with 
their tendency toward hypersynchronization, 
makes them an attractive model for studying 
sleep disorders comorbid with epilepsy.

One of the most striking differences between 
strains is the much shorter endogenous circadian 
period in BALB/c (τDD ≈ 23.0 hours) compared 
to C57BL/6 (≈ 23.8 hours) [36]. BALB/c mice 
are also more resistant to circadian disruption; 
they resynchronize to a phase shift much faster 
(≈ 3 days) than C57BL/6 (≈ 8 days) [37]. This 
difference correlates with lower expression of 
the core clock gene Npas2 in BALB/c mice 
[37]. Thus, the strains represent two distinct 
strategies: BALB/c possess a “flexible” clock 
that adapts rapidly, while C57BL/6 have a more 
“rigid” but stable clock [37]. This distinction 
makes C57BL/6 a model of vulnerability to 
jet lag, whereas BALB/c serves as a model of 
resilience.

A key indicator of the homeostatic component 
of sleep regulation (Process S) is the intensity 
of slow-wave activity (SWA) during NREM 
sleep, which increases after sleep deprivation 

(SD) [32]. Homeostatic responses differ ac
ross genotypes, with inbred strains showing 
genetic variations in their response to SD [38]. 
C57BL/6 mice exhibit a robust SWA rebound 
[39]. In BALB/c, this response likely depends 
strongly on stress induced by the SD procedure 
itself [40]. Wistar rats are a classical model 
for investigating the consequences of SD 
[25]. Notably, SD is inherently a stressor. In 
hyperreactive strains such as BALB/c, a strong 
stress response [17] (corticosterone release) 
may mask the “pure” homeostatic drive, a factor 
that must be considered when interpreting SWA 
rebound.

Characterized by high anxiety, a hyperreacti
ve HPA axis, and prolonged sleep disturbances 
after stress exposure [19], BALB/c mice are 
an excellent model for studying stress-induced 
insomnia. In contrast, C57BL/6 mice serve as 
a robust model for investigating the effects of 
SD on cognitive functions and metabolism [39], 
as well as for generating transgenic lines [41]. 
Wistar rats are a cornerstone model for studying 
deficits in hippocampus-dependent memory 
[25]. The opposing immune profiles of these 
strains, Th2 in BALB/c versus Th1 in C57BL/6 
[13], further enhance their utility as powerful 
tools for examining interactions between sleep 
and immunity.

CONCLUSIONS

This mini-review did not aim to provide 
an exhaustive comparative characterization 
of all available laboratory rodent models; 
instead, it focused on those most accessible 
and widely used. The interspecies differences 
(Mus musculus vs. Rattus norvegicus) are 
physiologically much deeper and broader than 
the differences between mouse strains (BALB/c 
vs. C57BL/6). Each of the models considered 
has a unique neurobiological profile.

BALB/c mice are characterized by high 
stress reactivity [17], a flexible circadian system 
[37], a Th2-type immune response [13], and low 
serotonin levels [18]. They serve as an excellent 
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model for studying stress-induced insomnia and 
circadian resilience.

C57BL/6 mice exhibit lower anxiety [21], 
a rigid circadian system [37], a Th1-type 
immune response [13], and a predisposition 
to metabolic disorders [14]. As the standard 
background for genetic manipulations [11], they 
are indispensable for investigating the genetic 
regulation of sleep.

Wistar rats display calm behavior [15], 
larger body size, and high genetic diversity [9]. 
They are a predominant model in preclinical 
pharmacology and toxicology and serve as 
a classical model for studying interactions 
between sleep, stress, and memory [23, 25].

For screening a novel anxiolytic or hypnotic 
compound, an initial assessment in Wistar 
rats (noted for genetic heterogeneity) [9] 
is recommended, followed by mechanistic 
studies in BALB/c and C57BL/6 mice (which 
have distinct 5-HT/GABA systems) [19]. 
Comparisons between BALB/c (high-anxiety) 
and C57BL/6 (low-anxiety) strains [17] may 
reveal the role of innate anxiety.

In conclusion, it is essential to emphasize 
that no single model is universally superior. 

The optimal choice always depends on the 
specific scientific question. An informed 
selection, grounded in a deep understanding of 
comparative neurobiology, is fundamental to 
ensuring rigor, reproducibility, and translational 
relevance in sleep research.
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Вибір відповідної моделі лабораторних гризунів є критич-
ною передумовою для отримання надійних та трансляцій-
но релевантних даних у дослідженнях стрес-індукованих 
розладів сну. Ми порівнюємо три широко використовувані 
моделі, доступні в українських лабораторіях, – миші 
BALB/c і C57BL/6 та щури лінії Wistar – з акцентом на 

Table 2: Summary of sleep phenotypes and circadian rhythms

Parameter BALB/c C57BL/6 Wistar rat
Basic NREM sleep High % in the light phase 

[31]
Lower % in the light 
phase [31]

~67% of total sleep time 
(in the light phase) [32]

Basic REM sleep Low % of total sleep [31]
Longer REM sleep 
latency [24]

Higher % of total sleep 
[31]

~15% of total sleep time 
(in the light phase) [32]

Basic EEG signature Reduced power of fast 
frequencies [35]

Higher power of fast 
frequencies [35]

Pronounced delta 
(NREM) and theta (REM) 
rhythms [32]

Circadian period Short (~23.0 hours) [36] Longer (~23.8 hours) [36] Standard for rodents (~24 
hours) [39]

Circadian flexibility High (fast 
resynchronization) [37]

Low (slow 
resynchronization) [37]

Used in circadian 
disruption models [42]

Homeostatic SWA-
ricochet

Can be masked by stress 
[40]

Powerful and predictable 
[39]

Powerful, classic model 
[25, 32]

Sleep response to 
stress

Prolonged disturbances, 
especially REM sleep 
[19]

Less pronounced 
disorders [19]

Increased REM sleep, 
altered theta oscillations 
[23]

BALB/c, C57BL/6 and Wistar rats as complementary models in translational sleep research
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їхній генетичний фон, системну фізіологію, нейрофізіо-
логічні особливості, архітектуру циклу сон–неспання, 
циркадні ритми, а також характеристики, пов’язані зі 
стресовою та імунною відповіддю. Для мишей BALB/c 
характерні високий рівень тривожності, гіперреактивні 
відповіді гіпоталамо-гіпофізарно-наднирникової осі, 
імунний профіль із зсувом у бік Th2 та змінена серо-
тонінергійна передача, у поєднанні з відносно гнучкою 
циркадною системою та коротшим ендогенним циркадним 
періодом. Такі особливості роблять BALB/c зручною 
моделлю для вивчення стрес-індукованого безсоння та 
циркадної стійкості. Жодна окрема модель не є універсаль-
но оптимальною: міжвидові відмінності між мишами та 
щурами перевищують міжлінійні відмінності між BALB/c 
та C57BL/6, і це важливо враховувати. Раціональний ви-
бір і, за потреби, комбіноване використання цих моделей 
можуть суттєво підвищити конструктну валідність, відтво-
рюваність і трансляційний потенціал експериментальних 
досліджень сну.
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