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Abstract
Introduction. The pineal gland is a photo-neuro-endocrine organ situated inside the 
brain, that secretes serotonin, melatonin and N,N-dymethyltriptamine. This narrative 
review will address the latest information gathered on this function of the gland as 
well as the unknown roles it may have. The different histological and pathological 
findings of the pineal gland have demonstrated a role in clinical manifestations of 
numerous endocrine, neurological and psychiatric pathologies.
Materials. For this narrative review we used the NCBI website database PubMed. 
The search terms were “Pineal Gland” AND/OR “histology, melatonin, DMT, 
pathology”. Total number of articles included were 86.
Results. We have reviewed physiological information of melatonin and DMT, 
anatomical, histological and histopathological information on the pineal gland and 
its role in endocrine, neurological and psychiatric pathology.
Conclusion. The role of melatonin in immunity and its potential therapeutic 
effects show promising potential for further research. DMT seems to have a role in 
psychiatric pathology and potential therapeutic effects. Proper tumoral screening and 
diagnostic protocol are required.
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Background 
This narrative review will integrate 

both old and recent information regarding 
the history, anatomy, histology, physiology, 
pathology and clinical implications of the 
pineal gland, and its secreted molecules: 
serotonin, melatonin and N,N-dimethyl-
tryptamine. We will describe historical 
background information and past research 
on the subject, as well as discuss the more 
recent information and how they can impact 
our current understanding of the pineal 
gland, and possibilities for further research.

The identification of the pineal 
gland as a distinct organ is attributed to 
Galen of Pergamon (130-200 B.C.). He 
first described the organ as being part of 
the brain, characterizing it as a gland and 
calling it konareion, or conarium in latin, 
because of its shape [1,2]. In antiquity 
the pineal gland was referred to as an 
enigmatic organ by Van Gehuchten, due 
to its role in creating a bridge between 
material and spiritual life [3].

The anatomical descriptions 
of Andreas Vesalius Bruxellensis 

(1515-1564) was the basis for the 
conceptualization of the pineal gland as 
the “seat of the soul” by René Descartes 
(1596-1650), or as the organ of psycho-
physiological control [1,2]. 

Descartes was an avid defender of 
the Ancient Greek beliefs, which suggested 
that human passion altered the cognitive 
process, affectivity and is the creator of 
madness. This belief was maintained until 
the Renaissance period [2,4]. 

As technology evolved, and 
microscopy appeared, the pineal gland has 
received its unofficial title as “The Third 
Eye”, mostly because of its histological 
similarities to the lateral eyes of amniotic 
vertebrates [1,2]. Today this notion of a 3rd 
eye is part of the photo-neuro-endocrine 
system, composed of the retina, central 
nervous system and the pineal gland [5]. 

Present both in diurnal and 
nocturnal vertebrates, the pineal gland is 
responsible for the secretion and release 
of melatonin, a hormone regulated by the 
circadian rhythm and suppressed by light 
stimuli [1]. The discovery of melatonin 
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and serotonin in the pineal gland, as well as the quantitative 
variability based on day and night cycles was made possible 
due to fluorescence techniques [6,7]. 

The beginning of melatonin research started 
in 1958 when Aaron B. Lerner (1920-2007) isolated, 
at Yale University, 100 micro grams of N-acetyl-5-
metoxytriptamine, extracted from 250.000 processed 
bovine pineal glands, the substance being called melatonin 
[8]. The discoveries derived from the research of melatonin 
has acknowledged most of the hypothesis postulated by 
Descartes [4]. Although humans are not considered photo-
periodic beings, this hormone highlights seasonal traits that 
may lead to seasonal affective disorders, and in the short 
term, to „“jet-lag” disturbances from abrupt changes in 
time zones [9]. 

The pineal gland is now defined as a photo-neuro-
endocrine transducer that forms an integral part of the brain, 
it offers information on the circadian rhythm, thus further 
connecting the outside world with internal biochemical and 
physiological needs and functions of the human body [9]. 

With the start of the 19th century, mental illness  
began to be linked to organic causes [4]. Mark D. Altschule 
and Julian Kitay conducted 17 studies in which they 
administered pineal gland extract in patients diagnosed 
with schizophrenia; these results were promising, thus 
opening the door for further research, like modern 
neuroleptic studies that have managed to provide much 
more conclusive results [10].

Rick Strassman, author and psychiatry professor of 
the University of Medicine, New Mexico, has theorized 
that the pineal gland is capable of producing N,N-dimethyl-
tryptamine, an extremely powerful hallucinogen, derived 
from tryptophan, especially under certain stress conditions 
like the moment of birth, the process of giving birth or 
the moments before death [2]. This molecule might be the 
one responsible for the near-death experiences reported 
by patients resuscitated after cardiac-death, later research 
underlying a cascade effect in which serotonin and 
endogenic opioids are also involved in these hallucinatory 
experiences [11-13]. 

N-N-dimethyl-tryptamine was first synthesized in 
1931 by Richard Manske, and observed in plants by Oswaldo 
Goncalves de Luma in 1946 [2,12,14]. Rick Strassman has 
demonstrated the existence of N,N-dimethyl-tryptamine in 
the pineal gland of rodents [2,11,13]. 

Methods
In making this narrative literature review I have 

used the NCBI website database PubMed “https://www.
ncbi.nlm.nih.gov/PubMed/”. By using the advanced search 
builder of the database, the search terms were chosen 
using MeSH terms with the main keyword “pineal gland” 
initially, followed by AND/OR “histology, histopathology, 
history, physiology, pharmacology, anatomy, clinical data, 
psychiatry, endocrinology, neurology, melatonin, DMT”. 

All fields of search were used, incorporating both older 
published articles, and the main focus was directed towards 
more recent articles, published in 2016, 2017 and 2018, 
by focusing the field of search to “Publication dates” and 
selecting the most recently published articles. The main 
search, using the keywords that appear in the title of the 
article, without including publishing date, revealed 14250 
total articles; by using Pineal Gland AND Histology we have 
received a result of 5330 publications, of which 20 were 
selected by using [Publication dates] 2016 to present, and 
100 more were selected out of the total 14250 based by the 
relevance to the subject, including additional search terms 
like “calcification”, “morphometry”, “rat”, “clinical data”, 
“psychiatry”, “neurology”, “endocrinology”, “history”, 
“pathology”, “DMT”, “melatonin”, “physiology”. The 
selection method was based on the total citing of the articles 
and the impact factor of the published research, preferring 
articles published in the Journal of Pineal Research. After 
removing duplicate citations, and excluding articles that 
had no clear methodology and content redundancies, the 
total number of articles included were 86.

Other inclusion criteria were the English language, 
relevance to the topic, peer reviewed, recent information, 
wide geographical data. Articles incorporated were 
systematic reviews, narrative reviews, meta-analysis, 
experimental research, animal research, drug clinical 
trials, morphological, histological and imagistic studies, 
as well as historical reports. The main test species used 
in experiments included in the review were rodent or 
human species. Original articles were preferred over 
other reviews. Exclusion criteria included research aimed 
at non-endocrine, neurological and psychiatric oriented 
pathologies. Careful attention was paid to the correlation 
between non-scientific information on the pineal gland and 
evidence based scientific data found in the literature. All 
researched references have been properly cited using the 
Vancouver system.

Articles that were selected were chosen based on the 
reputation of the journal and author, accuracy of methods, 
analysis and coherence. Any inconsistencies or missing 
evidence led to the exclusion of the article from this review.

Results
Anatomy
The pineal gland is part of the epithalamus [15] and is 

in direct contact with the 2 recesses of the third ventricle, the 
pineal recess and the dorsal suprapineal recess that contains 
the choroidal plexus. The pineal gland is attached to the 
posterior part of the 3rd ventricle, between the posterior 
commissure and the dorsal habenular commissure [16]. 

The gland is situated on the sagittal line, it is solid, 
pine cone shaped, of red-grey color, approximately 5-9 
mm in length and 1-5 mm in width. It weighs 100-180 
mg. [1,2]. Its vascularization is assured by the posterior 
choroidal arteries and the internal cerebral veins [16]. 
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The size of the pineal gland in mammals depends on the 
geographic location and climate, its size and activity being 
dependant on luminous stimulus [2,17]. The weight of the 
pineal gland is directly proportionate to its volume and 
parenchymal nuclear density [18].

There are anatomical variations in the localization 
of the pineal gland, there are two main types; type A sits 
proximally to the posterior side of the dyencephalus, while 
the elongated ABC type extends towards the cerebellum [1]. 

The photo-sensory information arrives at the pineal 
gland through a complex multi-neuronal pathway that starts 
from the retina [16,19-21]. The first part of this anatomic 
tract is between the retina and the central nervous system 
through the retinohypothalamic tract [16,22]. The second 
part is between the central nervous system and the lateral 
hypothalamus, where neural pathways cross towards the 
spinal cord and the superior cervical ganglions [16,23]. 
Noradrenergic postganglionar fibers pass through to the 
pineal gland via the conari nerves, passing through the 
cerebellous tentorium. Recent studies show that there are 
connections between the pineal gland, habenular nucleus 
and a retino-suprachiasmatic pathway [16,24]. 

Another morphometrical study shows that the 
biggest pineal gland, in volume, is that of the human age 
group between 30-50 years, but also with the lowest density. 
A link between the height and weight of the subject, and 
its volume, has been established, as the mean of volume is 
situated in individuals over 80 kg in weight. The most dense 
pineal gland belongs to individuals with a weight between 
61 and 70 kg. Also the smallest width of the pineal gland 
was reported in individuals under 165 cm height [25]. 

Physiology
Melatonin
The pineal gland has an endocrine role, the main 

hormone secreted is melatonin [16,26]. Melatonin, or 
N-acetyl-5-metoxytriptamine is an indoleamine with a 
molecular weight of 232 kDa [26,27]. Its synthesis is 
dependant on external light, light inhibits secretion, while 
darkness stimulates it, using the post-ganglionar beta-
adrenergic sympathethic fibres of the cervical sympathethic 
ganglia [16,26,28]. Studies show that in blind subjects there 
is an independent rhythm of melatonin secretion [16,29]. 

Besides the circadian rhythm of melatonin secretion, 
there are more secretion rhythms to take in consideration, 
the ultradian rhytm [16,30], the infradian rhythm and 
seasonal rhythm [1,16,31]. For individuals living at the 
North Pole, during the permanent darkness of winter, 
melatonin secretion is at its peak values [1]. These changes, 
especially the seasonal ones, gives birds the ability of 
premonition, and for other mammals it allows seasonal 
hibernation, thermoregulation and reproduction [16,32]. 

The precursor of melatonin is tryptophan, which is 
hydroxylated within the pinealocytes to 5-hydroxytryptophan 
by a hydroxylase. 5-hydroxytryptophan is the decarboxylated 
by the aromatic-L-amino acid decarboxylase into serotonin. 

Serotonin then gets transformed into melatonin due to the 
methyltransferase-O-hidroxi-indole enzyme (HIOMT) 
[1,12,16,26,33]. This biochemical reaction chain is what 
suggested the presence of N,N-dymethyl-triptamine (DMT) 
in pinealocytes [10]. 

Most studies show that peak melatonin secretion is in 
the dark phase of the circadian rhythm, in both sexes [16,34]. 
Studies also show that tryptophan levels rise in photophase 
and serotonin levels lower in scotophase [1,35,36]. Apart 
from the circadian rhythms, there is also the ultradian rhytm 
[30] and seasonal rhythm. Individuals that live in the north 
pole have peak maximal values of melatonin during the 
permanent darkness of winter [1,16,31]. 

Using radio-immuno-assay methods the median 
melatonin production levels are 28,8 micrograms/day 
according to a study done in New York by V. Lacoste, L. 
Wetterberg [37]. 

The effects of melatonin are: antigonadotrophic [16] 
with atrophic effects on the sexual organs, an effect that is 
highly dependant on the seasonal rhythm of secretion, thus 
having potential paradoxical effects [31]. Other effects of 
melatonin are: downregulation of thyroid activity [16,38,39], 
hypothermic [16], sleep inducing [1], hypotensive by 
increasing norepinefrine levels, regulating cardiac beta 
receptors and increasing mesenteric arterial dilation capacity, 
[33,40-42], Iimmuno-regulatory by using the NFƘB 
transcription factor and binding to ƘB receptors, regulating 
synthesis rates of glucocorticoids and melatonin[1,43,44], 
Antioxidant by inducing the Nrf2-ARE signaling pathway, 
and clearing free radicals [42,45-48], oncostatic [1,43,49], 
thymic modulator [50] and neuroprotector [42,48]. 

Melatonin receptors are represented by MT1, MT2 
and MT3 receptors [26,48]. With senescence, the number 
of receptors start to decrease, and the incidence of neuro-
psychiatric disorders increases [48]. These receptors 
are also present in the cerebral cortex, the hippocampus, 
basal nuclei, diencephalon and mesencephalon [48]. 
Also MT receptors are located at retinal level, and also 
the vascularization of the retina, choroidal layer, sclera, 
cornea, crystalline and ciliary body. Melatonin has been 
documented to have a regenerative effect in corneal lesions 
and regulation of intraocular pressure [26]. 

A study shows exogenously administered melatonin 
might have a protective effect against X ray radiation [51]. 

N,N-dymethyl-tryptamine
N,N-dymethyl-tryptamine (DMT) is an endogenous 

hallucinogenic compound that is found within the pineal 
gland, alongside melatonin and serotonin. The role of DMT 
is not properly defined. Similar to endogenous opioids it 
might be partially responsible for perception, conscience, 
vision, imagination and dreaming. The main receptor it 
interacts with is 5-HT2A and sigma-1 [1,11-14,16].

The presence of DMT is found both in animal 
and vegetal species, for example the Amazonian plant 
Anadenanthera peregrina, which was used by the peruvian 
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shamans for religious rituals, because of its psychoactive 
effects. DMT has been classified as a Schedule I drug in 
1970 for external use. Endogenous secretion was found 
to be much lower than the doses used in psychoactive 
purposes, by external consumption [2,13]. 

DMT is synthetised from tryptophan by the 
L-amino-acid-decarboxylase and the indoletiamine-N-
methyl-transferase (INMT). INMT has been found in 
peripheral tissues as well as pineal parenchyma, thus 
suggesting a multi-focal synthesis of DMT [12,13]. DMT 
has been identified in the pineal gland and brain of the rat, 
using gas chromatography and mass spectrometry studies 
done by Barker, Borjingin, Lomnicka, Strassman (2013), 
Barker (2018) and Jacob and Presti (2005) [11-13]. 

Latest research proposes that DMT be classified as a 
neurotransmitter, having the potential to synthetise, deposit 
and release at cerebral level. Its therapeutic value might 
reside in the treatment of depression, anxiety and schizoid 
psychosis [12,13]. 

Nichols, in 2018, writes that the synthesis of DMT 
in humans has been discovered, initial studies showing that 
these quantities are too small for it to have hallucinogenic 
effects, but suggests a possible physiological variation that 
needs further research [2]. 

Fontanilla et al., in 2010, demonstrate that 
haloperidol administration significantly reduces the 
quantity of DMT present in the central nervous system [14]. 

Histology
The pineal gland is made up of follicules and lines 

of pinealocytes and glial tissue [52]. 
The cyto-architectural aspect is extremely variable. 

Some glands have a perfectly lobular aspect, separated by 
connective tissue, in others the connective tissue is much 
more abundant, and the parenchyma is arranged in a insular 
pattern [53]. The capsule of the gland is well defined by the 
pia mater. The pinealocytes form the pineal parenchyma 
and the astrocytes dominate the glial tissue [52]. 

An MRI study made in Iceland shows that the 
median volume of the pineal gland is 207 mm3 and 59% 
of the glands have presented cysts and 20% have presented 
calcifications [54]. 

Pinealocytes have a poorly delimited cytoplasm as 
seen on Haematoxylin-Eosin, but using special stains like 
silver one can see numerous cytoplasmatic appendages. 
The nucleus contains numerous chromatin granules 
and a proeminent nucleolus [53]. These vesicles in the 
nucleus are positive to the immunohistochemical marker 
Synaptophisin [55]. 

A larger pineal parenchymal volume is directly 
proportional to the amount of secreted melatonin. This 
volume only contains pinealocytes. The more parenchyma 
is occupied by calcifications, gliosis and cysts, the more 
dysfunctional the glands secretory activities are [55]. 

Pinealocytes also stain immunohistochemically 
for NSE (Neuron specific enolase), and the main 

neurotransmitter is serotonin. The interstitial cells, the 
astrocytes and oligodendrocytes stain with GFAP (Glial 
fibrillary acidic protein), S-100, vimentin and antigen C1, 
its main neurotransmitter also being serotonin [16,56-58]. 

The calcifications found in the pineal gland are also 
called ”corpora arenacea” or ”acervuli” and are represented 
by calcified concretions. The acervuli can have either a 
globular or lamellar concentric shape [52]. Studies show 
that after the age of 30, the incidence of calcifications is 
extremely high [53]. 

Anthony James Doyle and Graeme D. Anderson 
published CT studies in 2006 that have shown that the 
incidence of calcifications in the pineal gland has risen, one 
study presents rare calcifications in children, the youngest 
being 3 years old. In children under the age of 6 calcifications 
were present in 1%. Between 8-14 years old the prevalence 
is of 39%. There was no difference between sexes [59]. 

Baconnier et al. published in 2002 a study that 
shows that age and calcification presence are directly 
proportional, 97% of calcifications are found at ages of 
over 5. The presence of choroid plexus calcifications 
exists from a young age and should not be mistaken for 
intraparenchymatous calcifications [60]. 

In the pineal gland of children one can observe 
microcalcifications, thought to be a skeleton for the adult 
calcifications [52,61,62]. 

There are two main categories of calcifications 
present in intraparenchymal calcifications of the pineal 
gland: the polycrystalline berry-shaped complexes and the 
smaller lamellar, well defined crystalline concretions [63]. 

Spectroscopy has shown that these crystals are made 
out of calcium, carbon and oxygen mostly, having similar 
features to the internal ear otoconia. Electron microscopy 
studies have detailed three types of crystals: cubical, 
cylindrical and hexagonal. 95% of which are cylindrical [63]. 

Gliosis is variable, some glands contain small 
plaques and others contain huge plaques of glial tissue [53]. 

Cysts are a usual discovery in the pineal gland, being 
present in 25-40% of cases [36,53,64]. Most cysts are found 
in gliosis areas, and there are some that are covered by 
parenchymal epithelium or ependymal epithelium [53]. There 
have been cases of sudden death and acute hydrocephalus 
because of intracystic hemorrhage [56,64]. Symptomatic 
cysts are very rare and vary in size between 7 mm and 4.5 cm 
diameter [56,65,66]. The prevalence of asymptomatic cysts in 
adults, as shown by an MRI study, is around 23%, and their 
evolution is benign [64]. In children, the presence of cysts is 
very low, a pediatric population study shows it to be around 
3% [60]. Presently there is no protocol in place for monitoring 
asymptomatic cysts, both radiologically and surgically [65]. 

The cyst is made up of three layers, the glial layer, 
pineal layer and Rosenthal fiber layer [56]. They can be 
uniloculated or multiloculated [64]. The glial layer is positive 
for the immunohistochemical marker GFAP [56]. The cyst 
contains cerebrospinal fluid that is hypersignal on MRI, and 
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Congenital Inflammatory Vascular Metabolic Neoplastic
Agenesia Tuberculosis Thrombosis Batten disease Primary
Malformations Siphilis Tay Sachs disease Secondary
Hypoplasia Sarcoidosis

Germ-cell tumors Pineal parenchymal tumors Structural tissue tumors
Teratoma Pineoblastoma

Gliomas
Germinoma Pineocytoma
Endodermal-sinus 
tumor 

Intermediary differentiated 
tumor

Mixt germ cell tumor Papillary tumor [72]

requires differential diagnosis with atypical cystic formations, 
germinal cell tumors and pineal parenchymal tumors [65]. 

Cytologically the pineal gland specimens present 
hypercellularity distributed in fibrillar tissue fragments, 
pinealocytes are described as being big, rounded, 
epithelioid, poorly delimited cytoplasm and moderate 
nuclear pleomorphism cells. Less common are spindle 
cells. Intracytoplasmatic pigments have been described, 
and attributed to lipofuscin [67]. 

Pathology 

Table I. General classification of pineal gland pathology [53].

Non-tumoral pathology
Pineal gland agenesia is exceptionally rare. There 

is a known link with a mutation of the PAX6 gene [68,69]. 
PAX6 is expressed in the telencephallus, diencephallus, 
caudal part of rhombencephallus, mielencephallus, spinal 
chord and pancreas [70]. 

Reece syndrome is a rare congenital disease, 
patients present multiple congenital anomalies. There have 
been cases with retinal dysplasia and associated pineal 
gland hypoplasia or agenesia [53]. 

Two lipidic deposit diseases have been reported. 
Batten disease presents abnormal lipidic deposits in 
the pinealocytes. In Tay-Sachs disease, sphingomyelin 
is deposited in the pinealocites, in both these diseases 
precocious puberty has been reported [53]. 

Tumoral pathology
Tumoral pathology of the pineal gland represents 

under 0.5% of all intracranial tumors. Although rare, 
there is a large spectrum of tumors that can develop at 
this location. The main symptoms of these tumors are 
headaches, nausea, vomiting, ataxia, loss of sight and 
mental state alterations [71]. 

Table II. Classification of pineal gland tumors [53,57,72-74].

Metastasis in the pineal gland is very rare, but can 
be frequent due to the lack of examination of the pineal 
gland during autopsies. A review article by Tapp, in 1979, 
has found an incidence of 1/500 metastasis at pineal gland 
level, most cases being reported as melanomas [53]. 

Gliomas are exceptionally rare, but even cases of 
oligodendroglioma have been reported [75]. 

Germ-cell tumors
Germ-cell tumors emerge from faulty migration of 

primordial germinal cells in the central nervous system. 
These tumours classify as germinomas and embrionary 
carcinomas. Embrionary carcinomas can differentiate 
somatically or extra-embrionary. Extraembrionary 
differentiation leads to trophoblastic tumors like 
choriocarcinoma, and the Yolk-sack, implicitly the Yolk-
sack tumor. Somatic tumors are classified as teratomas, 
both immature and mature [76]. 

Teratomas appear mostly in young adult males, 
under the age of 20. The tumor can be either of solid or 
cystic consistency, and histologically you can find tissues 
from all 3 germinal cell lines [53,77]. They represent 5 
to 18% of primary brain tumors and are found mostly in 
men. The microscopic diagnosis is essential as embrionary 
tumors are radiosensitive while teratomas respond to 
chemotherapy and surgery [77]. 

Immunohistochemical stains for teratomas depend 
on the tissue being formed, but immature tissue is positive 
for alpha-feto-protein and has a high Ki-67 proliferation 
index [76,77]. 

Endodermal sinus tumors represent a selective 
growth of extra-embrionary mesoblastic tissue, they 
occur in ovaries and testicles mostly, and have a high-
grade malignancy. The age incidence is between 15 
and 30 years [53]. The tumor presents a variable 
architecture, predominantly reticular, sinusoidal and 
microcystic. Schiller-Duval bodies are pathognomonic. 
Immunohistochemical stains Glypican 3 and alpha-feto-
protein are positive for the tumoral cells [76,77]. 

Embrionary carcinoma is rarely pure, and often 
has a mixed component. It is represented by plaques of 
pleomorphic cells, with nucleoli, often with glandular 
or papillary architecture. This tumor has a high Ki-67 
proliferation index, presents peritumoral necrosis and 
immunohistochemically it stains for cytokeratin, OCT ¾, 
PLAP and CD30 [76,77]. 

Choriocarcinoma is a trophoblastic tumor, with a 
predominantely cytotrophoblastic population, of round 
nucleolated mononucleated cells and multinucleated 
sincytiotrophoblastic cells with abundant eosinophilic 
cytoplasm. Immunohistochemically the cells stain for beta-
HCG, cytokeratins and HPL [76,77]. 

Germinomas have a maximum incidence after 
the 2nd decade of life, and represent 50% of pineal 
germ-cell tumors. These are high growth rate tumors 
and highly infiltrative. They can metastasize through the 
cerebrospinal channel, and are often byphasic. They stain 
immunohistochemically to OCT 3/4, PLAP, c-Kit and 
SALL4 [53,76,77]. 

Pineal parenchymal tumors
The incidence of these tumors is under 1% of central 

nervous system primitive tumors [57,72,73]. These tumors 
can be well differentiated, like the pineocytoma, or poorly 
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differentiated, as the pinealoblastoma. The pineocytoma 
has a tendency to be well differentiated, with a slow growth 
rate, with Homer-Wright or Flexner-Wintersteiner rosette 
formation, [73,74] while the pinealoblastoma is poorly 
delimitated and with a rapid growth pattern [53] with a 
marked hypercellularity of small, round cells with a poor 
cytoplasm and hyperchromatic and round nucleus [74]. 
An intermediate form tumor is also reported, with a mixed 
architecture, with uniform cells in an abundant stroma. No 
areas of necrosis or excessive mitosis is observed [74]. 
Pineocytoma is positive for Synaptophysin, Neurofilament, 
Chromogranin A immunostains. Intermediate pineal 
tumor is positive for Synaptophisin, Chromogranin A and 
Neurofilament and a Ki-67 index of 1-30%. Pineoblastoma 
is positive to NSE, Synaptophysin, Chromogranin A, 
Neurofilament, partially to GFAP and has a very high Ki-67 
index [56,71,73,74]. 

The papillary tumor has been introduced in the 
World Health Organisation classification in the year 2007. 
This tumor presents a papillary architectural variability 
and cellular pleomorphism. It is an epithelioid tumor with 
papillary aspects and epithelial, ependymal and neuro-
endocrine differentiation. Immunohistochemically it is 
positive to Synaptophysin, Chromogranin A, EMA and has 
a low Ki-67 index [72]. 

Discussion
Melatonin seems to increase serotonin levels in 

the pineal gland, indicating a possible role in the treatment 
of affective disorders, after the serotoninergic theory of 
depression has already been proved at the end of the 1960s [4]. 

There are correlations between schizophrenia and 
melatonin deficiency. It is theorized that HIOMT deficit 
can lead to harmalin-like halucinogenic compounds being 
released [78,79] or N,N-dimethyltriptamine (DMT) [2,80]. 

Other hypothesis: Melatonin stimulates the 
synthesis of prostaglandin E1 which is deficient in 
schizophrenia. Melatonin synthesis is decreased in winter 
when there is a statistical increase of people later diagnosed 
with schizophrenia. Patients with schizophrenia present a 
melanin deposit pattern which is correlated with melatonin 
deficit [1,78,79,81]. 

An morphometric MRI study shows a low pineal 
gland volume in patients with depression, bipolar affective 
disorder and schizophrenia. In schizophrenic patients the 
volume is significantly lower [82]. 

Another morphometric study, which took into 
account the degree of calcification and the presence of 
cysts, shows the relationship between pineal volume and 
Alzheimer disease [83]. 

Pineal gland tumors have been reported to be in 
relation with anorexia nervosa, depression, attention deficit 
disorder, psychosis and chronic migraine [79,84]. 

Narcolepsy is correlated with a disturbance in 
melatonin secretion in the pineal gland [16]. 

Studies show that the quantity of serotonin present 
in the pineal gland is linked to tardive dyskinesia, facial 
orodyskinesia and parkinsonism, the symptoms are caused by 
the neuronal pathways the pineal gland is connected to [78]. 

There is evidence that suggests a low plasma level 
of melatonin to be linked to the degree of calcifications 
present in the pineal gland [78]. 

Precocious puberty and hypogonadism are 
associated with pineal gland tumors. The incidence is 
higher in boys. A study has found 21 cases of precocious 
puberty in 56 patients with pineal tumors [1,53]. 

Pineal gland tumors are also associated with 
diabetus insipidus, anterior pituitary gland dysfunction and 
loss of vision and loss of color perception [53]. 

Bayliss CR, Bishop NL, and Fowler RC published 
an article in 1985, showing that increased proportion of 
calcified parenchyma leads to disturbances of the sense of 
direction [85]. 

A forensic study published by Kurtulus Dereli et al. 
in 2018, analyzed the role of the pineal gland in suicide 
victims. The secretory activity of melatonin was quantified 
and proved to be low in patients that have committed 
suicide. This is not enough to imply a direct and routine 
examination of the pineal gland during routine forensic 
autopsies, but it can provide a complementary argument for 
the neurobiological risk factors of suicide [86]. 

Conclusion
All the articles reviewed agree that the pineal 

gland is defined as a photo-neuro-endocrine organ that 
forms an integral part of the brain. It offers information on 
circadian and seasonal rhytms, thus connecting the outside 
world with the internal physiological and biochemical 
needs. Its role is embedded deep in complex neurological, 
endocrinological and psychiatric conditions and processes 
due to its complex pathways and secretory activity of 
serotonin, melatonin and N,N-dymethyl-triptamine. 
Further research into these molecules and their interaction 
with the state of consciousness is required in order to better 
understand the clinical and physiological significance they 
pose. Understanding of these molecules will also help in 
the screening of pineal parenchymal tumors in cases of 
atypical behavioral changes. There is need to quantify 
each effect melatonin has in immunity, homeostasis, anti-
oxidation and neuroplasticity. 

The possible therapeutic effects of DMT and its 
role in the pathogenesis of neurological and psychiatric 
pathology needs to be further researched as we have only just 
documented the presence of this molecule in mammal brains. 

The role of calcifications is not yet fully established 
in current research and the chemical components and 
pathogenesis are not documented properly as yet, there is 
a pattern of correlation with neuro-psychiatric symptoms 
in patients of old age, with increased percentage of 
parenchyma calcified.
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The existence of pineal cysts might explain some 
cases documented as sudden death, as this area is often not 
investigated during routine forensic autopsies.

The incidence of metastasis in the pineal gland 
might not be properly reported due to the lack of routine 
examination of the pineal gland during autopsies.

Pineal gland parenchymal tumors and germ-cell 
tumors might create difficult clinical presentations due 
to endocrine dysfunction, possible manifestations being 
precocious puberty, psychosis, depression, bipolar disorder, 
dementia, which might lead to a fatal misdiagnosis; 
imaging examinations can easily detect pineal gland 
tumors if indicated correctly. Proper microscopic diagnosis 
requires specific immunohistochemical stains and clinical 
interpretation.
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