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ABSTRACT 
The pineal gland is an endocrine organ located in the cranial vault. Its endocrine 

function has been extensively studied and has been found to be the cause of 

important regulatory functions in the physiology of the human body. Although the 

initial approaches to the suggestive action of this organ on the organism were of a 

philosophical and spiritual nature, in the last century technological advances have 

made it possible to clearly elucidate its effector function as an endocrine gland. In this 

order of ideas, the objective of this review is to address basic and recent descriptions 

of the physiology of the pineal gland. 
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INTRODUCTION 

The pineal gland (PG) has been described as an 

organ that is capable of excreting a hormone called 

melatonin (MLT) that plays an important role in the 

circadian cycle (1). At the beginning of mankind's 

interest in anatomy and physiology (Renaissance 

era) this gland was still considered as part of the 

spiritual component of the body, as science evolved 

through later discoveries that the pineal gland 

exerted a regulating and synchronizing effect on the 

physiology of the organism, it was given physical 

functions (2). The scope of the hormone it excretes 

extends to important fields of human physiology 

such as the circadian cycle, sleep-wake cycle, mood 

states (its deficit causes depressive states), some 

topics that we will go into below, but not before 

addressing what was assumed about this gland 

throughout history.  

 
HISTORY 

The PG has been the subject of debate in 

philosophical circles. It was Ariens-Kappers who 

expressed that the oldest references with 

physiological-spiritual connotations regarding this 

gland were made by Herophilus, a philosopher who 

proposed that the PG had control over blood 

circulation by functioning as a sphincter that 

regulated the flow of pneuma psychikon, or the 

breath of life, from the central ventricle to the 

posterior ventricle in the brain (3). Galen proposed 

that the PG was nothing more than a pseudo-

lymphatic gland that functioned as an anchor site to 

the intricate network of blood vessels that irrigate 

the brain mass belonging to the dorsal and posterior 

diencephalon regions, a somewhat more physical 

approach, however, still related to spiritual theories 

(4). 

In the Middle Ages, different theories enriched 

the theoretical corpus regarding the duality between 

the soul and the body, assigning to the organs some 

probable spiritual functions, with new thoughts or 

improvement of the existing ones by important 

figures such as Thomas Aquinas, a famous monk 

influenced by the prevailing Christianity of the feudal 

age (5). In the Renaissance there was an explosion in 

anatomical explorations led by important figures 

such as Leonardo Da Vinci, who through his detailed 

drawings of human anatomy deepened the curiosity 

of the medical eminences of the time about the vital 

functions of different organs (6). The soul was 

located in the third ventricle of the brain, while the 

spinal cord was responsible for distributing the 

sensations generated in the soul to the body (6). 

Later Descartes proposed that the soul should have 

a physical residence or physical counterpart in the 

human body, the PG being the abode of the soul. 

According to him, the cerebral organs were 

duplicated except for the PG, which was curiously 

located in the center of the brain (7). Descartes' 

theories were later discredited by figures such as 

Antoine Jacques Louis Jourdan who argued that his 

ideas were nothing more than chimeras relegated to 

the realm of fiction (8).  

Descartes' theories were later discredited by 

figures such as Antoine Jacques Louis Jourdan who 

argued that his ideas were nothing more than 

chimeras relegated to the realm of fiction (9). In 

addition, it was also hypothesized that the pineal is 

an endocrine gland. In 1958, it was determined that 

the pineal gland secretes melatonin, which regulates 

the circadian rhythm in the studies of Lerner et al 

(1,10). The history of the pineal gland is long and its 

functions were only elucidated in the 20th century. In 

previous centuries the gland's functions were based 

on superstition and a misunderstanding of its 

anatomy. However, even with our better 

understanding of the gland, all of its functions have 

yet to be determined (11). 

 
EMBRYOLOGY AND HISTOLOGY 

The PG is formed from the neuroectoderm of the 

posterior portion of the roof of the diencephalon. It 

is initially recognized in the caudal portion of the 

diencephalon as a structure called the pineal body. 

This pineal body is nothing more than an epithelial 

thickening in the midline at the level of the 

diencephalon that from the seventh week begins to 

undergo a process of invagination that will culminate 

in the formation of the solid organ (12). 

Histologically the PG is mainly composed of two 

types of parenchymal cells. Pinealocytes and 

interstitial cells (13). Pinealocytes are organized in 

lobules formed by connective tissue. They are mainly 

characterized by the production of MLT, a hormone 

important for metabolic regulation processes, as well 

as for the control of the sleep-wake cycle (14). 

Interstitial cells constitute approximately 5% of the 

cell types in this gland, established as supporting 

cells in the tissue (15).  
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MORPHOLOGICAL STRUCTURE 

The PG has been described as a small, odd, 

endocrine organ located in the roof of the midbrain, 

above the superior colliculi and behind the third 

ventricle (16). It is joined to the habenular and 

posterior commissures by means of the pineal stalk, 

whose body is bathed by cerebrospinal fluid and 

covered by pia mater, the pia mater in turn becomes 

a capsule that provides the gland with partitions that 

in turn allow its irrigation (17). The so-called pineal 

region, however, contains the gland in a wider space, 

defined by the corpus callosum and the choroid 

plexus of the third ventricle above, by the lamina 

quadrigemina and the cerebellum below, and 

laterally by the thalamus and the cerebral 

hemispheres (18). 

The weight of the gland can vary between 100 to 

200 mg, and measure between 5 to 8 mm long and 3 

to 5 mm wide (12). Its innervation is given mainly by 

the superior cervical ganglion of the paravertebral 

chain, of sympathetic and parasympathetic type 

(12,13). 

On the other hand, its irrigation, unlike others in 

the body, is considered of a high flow considering 

that it is a small endocrine organ, in addition to the 

fact that the blood vessels that integrate it lack a 

blood-brain barrier (13,16). In addition, a study by 

Macchi & Bruce identified that the PG reached a 

blood flow that equaled the neurohypophysis in rats 

and was exceeded only by the flow from the kidneys 

(12,13). Cellularly, it has been described that 

pinealocytes, so called the cells that compose the PG, 

are equivalent to those found in the retina, more 

specifically to retinal cones, lower order neurons and 

glial cells; therefore, it was mainly catalogued as a 

visual organ (12). 

 

NEUROLOGICAL PATHWAYS AND TRACTS 

Anatomically, the structures that make up the central 

nervous system comprise a series of complex 

interconnected pathways for the fulfillment of 

various functions (15). The PG communicates via the 

suprachiasmatic nucleus (SCN) and the 

retinohypothalamic tract (RHT), such that afferent 

fibers coming from the RHT are mainly located in the 

ventrolateral region of the CNS, while efferents 

depart to the dorsolateral region (15). 

The most studied afferent pathway is part of the 

visual pathway, starting in the ganglion cells of the 

retina, which are conducted through the optic nerve 

and optic chiasm until they reach the hypothalamus, 

however, it is independently of the perception of 

images (12,15). 

On the other hand, the efferent fibers that cross 

the suprachiasmatic nucleus form the so-called 

multisynaptic pathway of the PG, whose route guides 

it to the hypothalamus, specifically its 

paraventricular nucleus, from there its axons depart 

to preganglionic neurons in the lateral intermediate 

column of the sympathetic type in the spinal cord 

between the T1 and T3 segments, and to the 

superior cervical ganglion where they activate 

noradrenergic neurons (18). The latter form the 

nervus conarii, whose fibers reach both sides of the 

tentorium and unite in the midline to finally enter the 

PG in its posterior portion, taking the name of pineal 

nerve (13,18). The parasympathetic innervation is 

provided by the sphenopalatine nerve and the otic 

ganglia. And for its part, the trigeminal ganglion 

through some of its branches also provides 

innervation to the gland (14). 

 

NEUROENDOCRINE COMPONENT 

The main hormonal molecule secreted by the PG is 

MLT, which is able to exert many endocrine functions 

at the CNS level and throughout the body physiology, 

so it is not considered a pure neural hormone (19). 

MLT is an endogenous indolamine, with circadian 

regulation given by the suprachiasmatic nucleus; 

characteristically, it is a lipophilic hormone, which 

confers it the ability to rapidly cross the blood-brain 

barrier and target cells of its action (20). 

MLT is released into the bloodstream, following 

the endogenous circadian cycle given by the 

hypothalamus, through the light-dark cycle, i.e. it is 

produced during the night as long as it is dark, in 

addition to the sympathetic stimulation given by the 

adrenergic nerves that make up the hypothalamic 

retino pathway (18,21). Because melanopsin 

decomposition is stimulated during the day in the 

retinal ganglion cells, it uses the hypothalamic retinal 

pathway to carry its signal to the hypothalamus and 

thus inhibit its synthesis. It is synthesized from an 

essential amino acid, tryptophan, which is 

biotransformed by the action of four enzymes (20). 

Initially, tryptophan through the action of the 

enzyme tryptophan hydroxylase, which adds a 

hydroxyl group to the 5-position of the indole ring to 

form 5-hydroxytryptophan (5-HTP). Subsequently, 5-

hydroxytryptophan forms serotonin via an aromatic 
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amino acid decarboxylase. Now, before finally being 

MLT, serotonin is transformed by the enzyme 

serotonin N-acetyltransferase. And finally, MLT is 

formed from N-acetyl serotonin as substrate and 

obligatory step for its synthesis by means of the 

enzyme hydroxyindole-O-methyltransferase (20-22). 

After its synthesis, MLT travels through the 

bloodstream bound to albumin, and upon reaching 

the liver it is metabolized to 6-hydroxymelatonin by 

cytochrome P450, mainly in its CYP1A2 isoform, and 

the latter is conjugated to 6-sulfamethoxymelatonin 

for its subsequent urinary excretion (21).  

 

REGULATION AND FUNCTIONS OF THE PINEAL GLAND 

It has been difficult to determine all the physiological 

functions of PG because its main product (MLT) has 

a complex regulation in vivo, being controlled by 

various stimuli inside and outside the individual. 

Therefore, experimental studies have not found a 

way to reproduce the exact pattern of natural MLT 

production (22-24), but we know that the main 

regulation comes from the suprachiasmatic nucleus, 

which is the circadian pacemaker (20,23,24).  

MLT peaks depend on light exposure and season 

(due to changes in day length). MLT production 

increases in the dark phases of the day in almost all 

animals. Light exposure in the retina stimulates the 

suprachiasmatic nucleus which sends signals that 

decrease MLT production. This regulation gives the 

body representation of external environmental 

conditions (28-31).  

Other factors involved in MLT production are 

adrenergic stimuli and inflammatory products. 

Another important source of control is known to be 

the release of noradrenaline (NE) by the sympathetic 

fibers of the cervical sympathetic ganglia that 

stimulate its secretion mainly at night 

(24,30,31,32,33). Extra-pineal MLT production is also 

under the control of several neurotransmitters 

(glutamate, acetylcholine, vasoactive intestinal 

peptide, substance P and pituitary adenylate cyclase-

activating peptide), but to a lesser extent than NE 

(27,30). Inflammatory products can increase or 

decrease MLT production. Pathogen- and hazard-

associated molecular patterns (PAMP and DAMP) 

modulate nocturnal MLT synthesis during 

inflammatory processes (27,33). In addition, several 

cytokines and signaling pathways such as IFN, LPS, 

beta-amyloid peptide, NFκB, JAK/STAT have been 

observed to have complex effects on MLT production 

(33).  

MLT has a wide range of effects in the body and 

acts through two G-paired protein receptors (MT1, 

MT2) and another of the quinone reductase family: 

MT3 (27). It is involved in important and basic 

processes in mammalian life, such as the timing of 

seasonal physiology, reproduction and sleep (Table 

1).  

 

Table 1. Summary of pineal gland functions (21,24,31). 
 

• Negative regulation of thyroid activity 

• Hypothermic 

• Sleep inducer 

• Hypotensive by increasing norepinephrine levels, 

regulating cardiac beta receptors and increasing 

mesenteric arterial dilation capacity 

• Immunoregulatory through the use of transcription 

factor NFƘB and binding to ƘB receptors, regulating 

glucocorticoid and MLT synthesis rates 

• Antioxidant by inducing the Nrf2-ARE signaling 

pathway and scavenging free radicals 

• Oncostatic 

• Thymic modulator 

• Neuroprotector 

 

REPRODUCTION 

PG has several effects on reproduction and sexual 

maturation due to its effects on the regulation of 

hormone release at the pituitary level. It determines 

gametogenesis, sexual maturation, pregnancy and 

menopause (35). It is considered to have paradoxical 

effects at the reproductive level as its effect depends 

on peaks of secretion and the season in which it 

occurs. However, it is not yet clear how the duration 

of MLT exposure in the pars tuberalis may affect TSH 

and GnRH release and its effects on peripheral 

tissues to regulate reproduction (22,24). 

 

SLEEP 

Park et al investigated the relationship between 

pineal gland volume (PGV) and symptoms of REM 

sleep behavior disorder (RBD) in a cohort of 

previously healthy individuals. They followed the 

cohort for two years and administered the REM 

Behavioral Sleep Disorder Screening Questionnaire 

(RBDSQ) and measured VMP by magnetic resonance 

imaging (MRI). The results showed that individuals 

with symptoms or at risk for RBD had a smaller PGV 

(37). This finding is supported by other studies, just 
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as PG calcification and cysts are also known to trigger 

sleep disturbances (27). MLT deficits due to weight 

gain and obesity have deleterious effects on sleep, 

circadian rhythm, and neuroendocrine functions 

(30,37). In addition, it has been shown in several 

studies that MLT administration greatly improves 

sleep disorders (34,37,38). 

MLT improves sleep through several mechanisms 

by acting on muscle tone, controlling GABAergic 

function and improving sleep efficiency (33). 

 

CIRCADIAN RHYTHM 

In mammals, PG adjusts organisms to respond to the 

needs of each season and choose the best time of 

the year for reproduction, hibernation, etc. as it 

translates environmental changes depending on 

changes in light during the day. MLT acts on clock 

neurons and clock genes to generate a circadian 

rhythm (33,34). 

It appears that gestational MLT synchronizes 

maternal and fetal circadian clocks and also 

regulates the timing of offspring puberty, as it also 

determines fetal adrenal development (23,30). 

Nowadays the circadian rhythm can be altered due 

to exposure to nocturnal light. This alteration may 

even increase the likelihood of tumor growth as the 

protective effect of MLT is lost (23). 

 

MOOD 

PGV is associated with mood disorders (39). There 

have been reports of abnormal MLT secretion and 

increased expression of stress hormones at night 

that alter sleep and, consequently, mood. It has a 

relationship not only with mood disorders, but also 

with other mental illnesses such as schizophrenia 

(26). 

In depression, MLT has been used as a treatment 

because its levels decrease during the crisis and 

increase immediately after recovery (25). 

 

PREGNANCY 

During pregnancy, MLT is responsible for 

synchronizing maternal and fetal physiology and 

guiding fetal development through MLT receptors in 

the fetal pituitary gland. In addition, the circadian 

rhythm of maternal control by light exposure and 

transmitted to the fetus as an MLT signal determines 

the future behavior of the offspring in terms of 

growth and sexual maturation (28). On the other 

hand, MLT levels in lactation show no relationship 

with offspring behavior and circadian regulation (23). 

 

TEMPERATURE 

The relationship between MLT and core body 

temperature is still a matter of debate. Some 

research shows a decrease in MLT during the rise in 

temperature in the ovulatory phase of the menstrual 

cycle and a higher peak MLT concentration during 

the luteal phase than during the follicular phase (35). 

 

ENDOCRINE CONTROL 

In a case-control study, the PGV was compared with 

MRI techniques. It showed that healthy controls had 

a larger PGV in contrast to obese people. And that 

PGV was inversely related to body mass index (BMI). 

Decreased LTM has also been related to insulin 

resistance and the presence of type II diabetes 

mellitus (37).  

 

PAIN 

MLT has an effect on pain control through its effects 

on sleep, and control over neurotransmitters such as 

GABA and dopamine. It can decrease cyclic AMP 

production and activates the opioid receptor directly 

or indirectly. In addition, in animal models, a 

decrease in NMDA-induced currents in spinal cord 

gelatinous neurons has been observed (38). 

 

OXIDATIVE STRESS 

MLT protects the cell through its direct and indirect 

antioxidant and anti-inflammatory effects, as it is a 

neutralizer of oxygen free radicals, as well as 

regulating the activation of second messengers that 

activate pro-inflammatory pathways such as cAMP 

and cGMP. It has been shown that it can control 

transcription factors related to the retinoic acid 

receptor (ROR) (27,30). It has also been shown to 

have protective effects on X-ray exposure (24). 

 

NEUROGENESIS 

MLT also plays a neuroprotective role in many 

central nervous system disorders, especially in 

dementias. MLT is thought to exert anti-

neurodegenerative properties through ROR 

receptors (30) and the disappearance of MLT 

receptors leads to neuropsychiatric disorders in the 

elderly (25). 

In Alzheimer's disease (AD) it has been identified 

that MLT production is impaired and leads to 



 523 Recent descriptions on physiological concepts of the pineal gland: what's new? 

impaired neurogenesis due to reduced expression of 

brain-derived neurotrophic factor and glial cell-

derived neurotrophic factor. MLT stimulates neural 

stem cell replication in the midbrain and 

hippocampus, depending on day length (27). 

 

OTHER FUNCTIONS 

The effects of MLT are not only central. In the 

gastrointestinal tract, MLT has protective effects on 

the gastric mucosa. In addition, it has regulatory 

effects on the immune response that controls 

leukocyte migration, inhibits the activation of 

inflammatory signaling, and regulates the 

proliferation and activation of immunocompetent 

cells (24). It also has regenerative effects on corneal 

lesions and regulation of intracranial pressure (24). 

There is evidence that reduced levels of MLT 

contribute to cognitive impairment in AD patients. 

This not only affects cognition but also sleep and 

circadian rhythm (27). In addition, MLT appears to be 

involved in the pathogenesis of AD, as it is implicated 

in the inhibition of tau phosphorylation, attenuated 

levels of beta-amyloid protein precursor production 

and its deposition in the CNS (27). 

Melatonin could be considered a cardioprotective 

agent, it is associated with a reduction of iatrogenic 

lipoproteins (40). In a murine model, 

hypercholesterolemia was induced in rats by a diet 

rich in lipids and carbohydrates, melatonin was 

administered orally at a dose of 10 mg/kg/day, 

presenting in the lipid profiles measured. 

Subsequently, these profiles were characteristically 

antiatherogenic: total cholesterol, very low-density 

lipoprotein (VLDL) and low density lipoprotein (LDL) 

concentrations decreased, while high density 

lipoprotein (HDL) cholesterol concentrations 

increased (41). Another product of PG (and other 

peripheral tissues), N-dimethyltryptamine, is 

responsible for perception, consciousness, vision, 

imagination and dreams, and has potential 

therapeutic targets for depression, anxiety and 

psychosis (24). 

Future perspectives include the need to 

investigate whether there are chronic changes in the 

physiology of the pineal gland due to the new 

disease called COVID-19, specifically due to the 

neurotropism of SARS-Cov-2 and 

neuroinflammatory mechanisms caused by this 

virus (42-45). In addition, the development of robotic 

neurosurgery and other emerging techniques such 

as neurogenomics and neuroimaging genetics 

should also be encouraged in order to better 

understand the pathophysiology of pineal gland-

associated diseases (46,47).  

 

CONCLUSIONS 

The pineal gland is an endocrine organ that fulfills 

multiple functions in the physiology of the body, so it 

is very important to understand and study it. Its main 

product is the hormone melatonin, in future 

research this hormone could play a major role in the 

therapy of multiple neurodegenerative pathologies, 

such as Alzheimer's disease, schizophrenia and 

major depressive state, as well as protector of heart 

and cerebrovascular diseases. 
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