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ABSTRACT  

Insomnia may be the only sleep illness for which there has been a significant amount of top-down 

theorising. This could be because a framework is needed to understand a disorder with various causes 

and a sneaky progression. One of the most common sleep disorders, insomnia, comprises both daytime 

complaints and sleep-related issues. For excellent health and a high quality of life, you must get enough 

sleep. Despite this, there is a rising global prevalence and burden of insomnia condition, which can be 

acute (short-term) or chronic. Animal studies have been extremely helpful in helping us understand 

the mechanism of sleep and the causes responsible for sleep disorders, even though human beings  are 

frequently used as subjects in research on sleep and sleep disorders. The disease of narcolepsy has 

likely benefited the most historically from animal studies of sleep disorders because research on mice 

and dogs uncovered previously unknown pathways underlying this ailment. This review examines 

both in vivo studies of insomnia and in vitro models that cover the key components of sleep. 

Keywords: Insomnia, sleeping disorder, tuberos mamillary nucleus (TMN), Hypothalamo-

pituitary-adrenal (HPA) axis, lack of sleep 

INTRODUCTION  

Individuals who struggle to fall asleep are 

said to have insomnia, also known as 

sleeplessness. At the appropriate time they 

are not able to sleep or wakeup. After 

insomnia, it's common to feel exhausted, 

low on energy, irritable, and depressed. It 

may make it more difficult to focus and 

study, and it may also increase your risk of 

having an automobile accident [1]. Short-

term insomnia could endure for a few days 

or a few weeks, whereas long-term 

insomnia can last longer than a month. 

Additionally risky results by working night 

shifts and having sleep apnea [2]. The 
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following situations seem to make someone 

more susceptible to insomnia. 1) Age (those 

over 60 are more likely to experience 

insomnia); 2) Females 3) a history of 

depression; 4) a medical issue or drug use. 

Additionally, studies have shown that the 

following behaviours aggravate insomnia: 

1) expecting to have problems sleeping and 

worrying about it constantly 2) taking 

excessive amounts of caffeine 3) 

consuming wine soon before bed 4) 

smoking before bed 5) oversleeping in the 

afternoon or evening 6) erratic sleep/wake 

cycles [3]. For assessing patients sleep 

laboratory is used with identifying 

narcolepsy, sleep disordered breathing 

(SDB), separating idiopathic from 

psychogenic hypersomnia, and researching 

the initial efficacy, ongoing efficacy or 

tolerance, as well as potential withdrawal 

effects, of hypnotic medications [4-5].  

Sign and symptoms [6] 

 finding it tough to get comfy in bed 

and having trouble falling asleep 

 Night-time awakenings that leave you 

unable to fall back to sleep and early 

morning awakenings 

 Having trouble remembering and 

being unable to concentrate on daily 

tasks 

 Insomnia, irritation, sadness or 

anxiety during the day 

 having little energy or a feeling of 

exhaustion during the day 

 difficulty focusing 

 being unpleasant, hostile, or 

impetuous 

Classification of insomnia 

Insomnia is classified into 5 types,  

1. Acute insomnia  

Acute insomnia is a brief instance of 

sleeplessness that lasts some days to 

some weeks. The most typical form of 

insomnia is this one. An upsetting 

occasion, such losing a loved one or 

starting a new career, frequently leads 

to acute sleeplessness, also known as 

adjustment insomnia [7]. Other 

factors that contribute to acute 

insomnia include death of a family 

member or close friend, relationship 

problems, pain, specific medications, 

acute illness, or allergens can all 

cause stress. Other factors that can 

cause stress include an unfamiliar 

environment, excessive noise or light, 

extreme temperatures, an 

uncomfortable bed or mattress, new 

jobs or schools, relocation, work 

deadlines, or exams [8]. 

2. Chronic insomnia  

Chronic insomnia is a trickier 

condition to treat. A common side 

effect of chronic insomnia in patients 

is daytime cognitive, emotional, or 
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performance impairment., which  has 

an impact on the patient as well as his 

family but also on co-workers, care 

takers , and family members. Patients 

with insomnia are more likely to visit 

doctors' offices and hospitals, skip 

work more frequently, and commit 

errors or have accidents at work [9–

10]. 

3. Onset insomnia  

A prevalent condition with 

accompanying disability or 

considerable distress and daytime 

symptoms is sleep onset insomnia, 

commonly known as difficulties 

falling asleep. Despite being 

frequently linked to psychological or 

emotional issues, sleep onset 

insomnia can also be brought on by a 

physical disease or a sleep or 

circadian imbalance [11]. 

4. Maintenance insomnia  

Sleep maintenance insomnia, 

commonly referred to as middle 

Insomnia is the inability to start and 

maintain a sleep cycle. for the 

duration of a whole night. Having 

difficulty to return back to sleep once 

a person wakes up from sleep in the 

midnight. Throughout whole course 

of the night, this form of waking can 

happen multiple times, leading to 

disrupted and insufficient sleep [12]. 

5. Behavioural insomnia of childhood  

A reputable source states that 

behavioural insomnia of childhood 

(BIC) affects about 25% of children. 

It comes in three different subtypes: 

BIC sleep onset: People who have had 

negative sleep associations, like being 

breastfed or rocked to sleep as 

children, may experience this form of 

sleep start. They might also include 

sleeping while watching TV or 

having a parent nearby. 

BIC limit setting: A youngster who 

displays this BIC tries to delay going 

to bed repeatedly and eventually 

gives up. This behaviour includes, 

among other things, asking for a 

drink, using the restroom, or asking a 

parent to tell them another story. 

BIC combined type: This type 

combines the other two BIC subtypes. 

This occurs when a child fails to fall 

asleep because they associate sleep 

negatively and because their parents 

or other caregivers failed to establish 

boundaries [13]. 

Prevalence  

According to various criteria, 8 to 40% of 

the general individual experience insomnia. 

Indications of insomnia, like difficulty in 

falling or Sleeping through the night, 

getting up early, or getting restless sleep at 

any given time, affect 20–30% of the 

general population, whereas 8–10% of 

persons experience chronic insomnia. 



Mandal SD And Mohanty A*                                                                                                                    Review Article 
 

 
1838 

IJBPAS, April, 2024, 13(4) 

Additionally, 4% of people habitually take 

sleeping pills [14–16]. Insomnia risk factors 

were discussed in a conference on the state 

of science was held in June 2005. There are 

two demographic risk factors: age and 

gender, that affect older people and women 

more frequently than other groups [17]. 

Invivo models of insomnia 

1. Stress related models 

Stress can have a variety of distinct effects 

on sleep which depends on the nature and 

extent of the stress causing agents, how 

long it lasts, how long it is applied, and how 

susceptible a person is to stress. In general, 

short-duration, mild stress interventions 

have been proven to increase REM sleep, 

whereas long-duration, severe stress 

interventions have been shown to disrupt 

sleep and result in situations that are similar 

to insomnia [18, 19]. 

 Psychological stress  

 Water-tank and grid-over-water 

paradigms  

 Foot electroshock 

 Fear and fear conditioned stress  

 Sensory stimulation 

2. Pharmacological perturbation of 

sleep–wake 

The creation and control of different sleep 

stages have been associated with a number 

of different pharmacological processes. 

Serotoninergic raphe nuclei, dopaminergic 

ventral tegmental region, cholinergic LDT 

and PPT, noradrenergic locus coeruleus 

(LC), histaminergic tuberomammillary 

nucleus (TMN), and hypocretinergic lateral 

hypothalamic area the main wake-

promoting nuclei. There are numerous 

levels of intervention available from 

substances that affect these 

neurotransmitter systems to cause aberrant 

sleep patterns [18]. 

Types of pharmacological perturbation of 

sleep wake model,   

a) Adenosine and the caffeine model 

b) Acetylcholine 

c) Serotonin 

d) Norepinephrine 

e) Histamine 

f) Dopamine and psychostimulants 

g) GABA 

h) Glutamate 

i) Prostaglandins 

j) Neuropeptides 

k) Exposure to and withdrawal from 

ethanol. 

3. Modification of the light–dark cycle 

and circadian perturbations 

A homeostatic mechanism and a circadian 

timing process make up the two processes 

that regulate the sleep-wake cycle in 

rodents. Circadian rhythms process 

establishes the periods of time with varying 

levels of sleep inclination, while the process 

of homeostasis reflects the requirement to 

fall asleep, which increases at the time of 

alertness and decreases at the time of falling 
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asleep. Uncertainty still exists over how the 

two processes interact with one another 

[18]. 

4. Genetic models 

Sleep is influenced by genetics, and 

numerous studies have shown that in rats 

and mice, both baseline undisturbed sleep 

and disturbed sleep alter depending on the 

strain. The majority of comparative 

research have been carried out on mice, and 

these results reveal significant variations in 

strain for the 24-hour sleep duration and 

distribution, particularly during the dark 

period. 

5. Diseases and pathophysiological 

models 

a) Metabolic disturbances 

Obesity in humans is linked to sleep 

disruption, which includes increased 

alertness and excessive daytime 

sleepiness. However, high-fat diet-

induced obesity in mice and rats reduces 

alertness and enhances NREM sleep, 

while having no effect on REM sleep.  

b) Neurodegenerative disorders and 

ageing 

Age-related sleep/wake cycle problems 

have been thoroughly established in 

both humans and animals. A decrease in 

sleep efficiency, a loss of delta power, a 

drop in the number of SWS and REM 

sleep, a fragmentation of sleep with 

more frequent awakenings, and a 

reduction in the amplitude of the 

circadian cycle are a few of these 

effects.  

6. Pentobarbital-induced sleep test 

The behavioural technique of the test for 

induced sleep by pentobarbital is employed 

to assess the sedative-hypnotic activity. The 

tests were carried out from 13:00 to 17:00. 

Sleep onset was defined as the interval from 

the time pentobarbital was administered to 

the loss of the righting reflex, and the length 

of sleep as the time it takes for recovery 

after the loss of the righting reflex [19]. 

7. PCPA-induced insomnia model  

A serotonin inhibitor of synthesis has the 

ability to specifically inhibit tryptophan 

hydroxylase, which can cause irregular 

sleep patterns and insomnia. A popular 

animal model for insomnia involves 

depriving rodents of sleep by injecting 

PCPA intraperitoneally. The sleep induced 

by pentobarbital test will be carried out 12 

hours following the final PCPA dose [19]. 

8. Cage change insomnia model  

This model is a rodent model for acute 

environmental stress-related insomnia that 

is created by repeatedly placing rats in 

cages that were previously occupied by 

strangers for five to seven days. A modest 

tress response is induced by this treatment, 

which is seen in the animal's vigilance 

states (waking up, active waking the 

frequency spectrum of the 

electroencephalogram changes during 

REM and NREM sleep [19]. 
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9. Canine models.  

Dogs, cats, and horses have all been 

reported to experience spontaneous 

narcolepsy in addition to people. EEG 

recordings from affected dogs indicate 

normal electrical activity and sleep stages 

as well as SOREMSP. Cataplexy events in 

affected dogs may be partial or entail entire 

collapse. In general, familial instances have 

an early onset and mild symptoms, while 

sporadic cases have a variable onset and 

more severe symptoms. A highly 

standardised food-elicited cataplexy test is 

used to assess cataplexy in dogs [20]. 

Invitro studies 

Brain Waves  

A few millionths of a volt electrical 

voltages oscillate as brain waves in the 

brain. The CNS's ability to coordinate its 

actions depends on the synchronisation and 

desynchronization of rhythms. Ionic 

currents travel through synaptic 

connections as neurons exchange 

electrochemical messages. Neuronal 

oscillations or brain waves are periodic 

voltage variations or recurrent neural 

activity patterns that move across brain 

regions and are produced by synchronising 

the electrical activity of the neurons at the 

network level. 

In Vitro Entrainment of Rhythms and 

Waves In 3D Cell Cultures 

In vitro experiments are easier to control 

and more accurate at reproducing results as 

in contrast to in vivo trials. While in vitro 

neural circuits are distinct from those found 

in living organisms, they nonetheless 

produce a wide range of activities, 

including sophisticated oscillatory 

behaviour and a variety of synchronised 

bursting pattern dynamics [21]. External 

physicochemical stimuli that can re-induce 

clock gene oscillations include Thermic 

oscillations with a two-hour exposure to 

high serum concentrations, exposure to one 

milligram of dexamethasone for an hour, 

and single medium exchanges in tissue 

explants or cultured cells. According to the 

parallel increased expression of the Per1 

and Per2 genes reported in vitro by high 

concentrations of serum stimulation in 

cultured fibroblasts and immortalised cell 

lines33 or in vivo by light stimulation in 

SCN or by sleep deprivation in cortical 

neurons of cryptochrome-deficient mice, 

serum shock may be a useful in vitro 

synchronizer to study the mechanisms 

underlying circadian clock gene expression 

in the sleep-deprived [22-23]. 

Experimental Models Using In Vitro to 

Recapitulate the Essential Elements of 

Sleep 

Intriguingly, recent studies from numerous 

laboratories revealed that when conditions 

are allowed to naturally develop, primary 

murine cortical neuronal cultures typically 

exhibit a sleep-like state, i.e., synchronised, 

low-frequency firing patterns resembling 
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the in vivo slow wave oscillations of NREM 

sleep. Electrophysiological and genetic 

evidence that primary rat cortical cultures 

can mimic wake-like states by applying 

carbachol, an agonist of the acetylcholine 

receptor, which caused a desynchronization 

of the cultures' spontaneous firing. This is 

because cortical cultures lack the sleep-

wake pattern that is present in in vivo 

systems by nature. They really imitate some 

important components of sleep. 

Furthermore, they demonstrated that 

carbachol has a more significant impact on 

some sleep-like signatures—such as delta 

and theta waves—than on beta and low 

gamma waves, which are typically present 

during waking and REM sleep [24-27]. 

Transwell Inserts, Microfluidic Systems, 

And Micropatterning: In Vitro 3D Cell 

Culture Devices 

By dividing an apical from a basolateral 

compartment, trans well inserts are a 

versatile tool for integrating various cell 

types, such as neurons and astrocytes, in a 

3D coculture technique.  In a multi-well 

trans-well system, neurons are typically 

planted in the lower or basolateral 

compartment, while astrocytes are grown 

on the apical side of the insert. As a result, 

although being in the same media, the two 

cultures can be physically divided, making 

it possible to evaluate the effects of 

neurons, astrocytes, and soluble chemicals 

separately. This results in the creation of a 

powerful tool for studies on the interactions 

between neurons and astrocytes, which are 

connected to the function within astrocytes 

the synchronisation of the waves of brain 

[28, 29]. 

Cerebral Organoids 

Cerebral organoids, which are 3D copies of 

in vitro brain spheroids composed of a 

mixed population of neurons and glial cells, 

are created using neural stem cells 

generated from human iPSCs. The early 

stages of neurodevelopment, from the 

production of neuroepithelial cells through 

the construction of rudimentary networks, 

are reflected in brain organoids, according 

to Marton and Paşca as well. These early 

stages include a variety of cell types, 

intercellular connections, and 

microenvironments. Each organoid's 

numerous ventricles are lined by mature 

glia and radial glia/progenitors that 

differentiate into cortical neurons.  

Summary and outlook 

Hence in this review of in-vitro and in-vivo 

models of insomnia- a sleeping disorder or 

any other pathologies associated to this are 

explained in order to develop new 

treatments or development of drugs over 

existing therapies. It has proven extremely 

helpful to understand the mechanics behind 

sleep, its control, and its diseases through 

the use of animal models in study. Animals 

will definitely continue to be important for 

identifying and verifying sleep mechanisms 
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as well as testing therapies for sleep 

disorders, despite subjective features of 

sleep complicating the use of animals for 

the research of some types of disorders. 

Researches are still going on for the 

treatment of insomnia and herbals are also 

now a days mostly used by the patients 

suffering from insomnia because of less 

side effects. More models of insomnia can 

also be developed.     
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