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Introduction
Until about 50 years ago, the pineal gland, also called epiphysis, 

was taken into consideration as important for the human life by the 
only philosophic tradition as the potential site of the soul, whereas 
it was excluded from the clinical investigations by also the same 
Endocrinologists, despite its endocrine nature. 

Th e pineal gland was progressively considered as potentially 

important also from a clinical point of view aft er the discovery of 
its endocrine activity, namely consisting of the production of the 
indole hormone melatonin (MLT) [1] and its fundamental role as 
neurochemical transducer able to modulate the biological functions 
according to the universal information’s, mainly  the light/dark 
circadian rhythm, with a higher production of MLT during the night 
and a lower secretion during the light phase of the day [2]. 

However, MLT is not the only hormone produced by the pineal 

 

  ABSTRACT
Despite the well demonstrated role of both pituitary and pineal glands in the regulation of the endocrine system, the knowledge of the functional relation 

between hypothesis and epiphysis is one of the less established aspect of the human physiology, particularly in the case of pituitary tumors, even though the 
inhibitory effect of the pineal on tumor cell proliferation has been conϐirmed by several experimental conditions. 

The present study was carried out to study the effects of a chronic administration of the most investigated pineal hormone, melatonin (MLT) in patients 
with hypophyseal tumors, which did not respond to the conventional therapies. The study included 14 patients (prolactinoma:6; acromegaly:5; ACTH secreting 
tumor:2; chromophore tumour:1), who were compared with a control group of 50 healthy subjects. 

The pineal function was evaluated by measuring the daily and nightly urinary excretion of the mail MLT metabolite, the sulfatoxymelatonin (6-MTS). Patients 
affected by pituitary tumors showed signiϐicantly higher mean values of 6-MTS during the light phase of the day than controls, whereas no difference was found 
in the night mean values. After an oral administration of MLT at a pharmacological dose of 20 mg/day in the late evening for 3 consecutive months, GH and PRL 
mean values decreased on MLT therapy in acromegaly and prolactinoma patients, respectively, without, however, signiϐicant differences. Moreover, a rapid 
normalization of ACTH levels was achieved in one of the two patients suffering from ACTH secreting tumor. Hypophyseal tumor dimension remained substantially 
unchanged on study. 

These preliminary results would suggest an enhanced pineal function with loss of its physiological circadian rhythmicity in patients suffering from pituitary 
tumors and that the pineal hormone may potentially display an inhibitory effect on pituitary tumor cell proliferation, including patients with pituitary tumors for 
whom no other effective conventional therapy may be available.
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gland, since it produces at least three other indole hormones, mainly 
released during the light phase of the daily period and consisting of 5- 
methoxytryptamine (5-MTT), 5-methoxytryptophol and 5-methoxy-
indole acetic acid, some peptides such as arginine vasotocin (AVT), 
and several other hormones of beta-carbolic nature, the most known 
of them is the 5-methoxy-1,2,3,4-tetrahydro-beta-carboline, also 
called pin line of pine line (PNL) [3,4]. 

Because of the fundamental role of the pineal gland in the 
neuroendocrine modulation of the biological functions, including 
endocrine, nervous, immune and cardiovascular activities [5], it 
would be important to evaluate the eff ects of the pineal gland, or of 
at least its most investigated hormone MLT, on the other structures 
involved in the neuroendocrine regulation of the diff erent biological 
systems, mainly the endocrine system, and in particular its infl uence 
on the pituitary gland, which represents the master endocrine gland 
according to the common opinion of the Endocrinologists. 

On the contrary, every though the existence of a fundamental 
regulatory connection between pituitary  and pineal glands had 
probably been already understood at the beginning of the medical 
Sciences in the old Greece, as suggested by the same names of 
epiphysis for the pineal gland and hypothesis for the pituitary gland 
to put into evidence a regulation upon or under, respectively, the 
biological dynamics, the experimental data concerning the possible 
fundamental relationship between hypophyseal and pineal endocrine 
functions are limited and controversial, since MLT has been proven 
either to stimulate, to inhibit or to have no eff ect on the endocrine 
secretions of the anterior hypothesis [6-8] and very few clinical 
studies have been carried out up to now to explore the infl uence of 
the pineal gland on the pituitary endocrine function [9-11]. 

Th e well documented Antiproliferative activity of MLT, as well as 
of 5-MTT and PNL [3-4,12], would further justify the investigation 
of the pineal-hypophyseal interactions, particularly in the case of 
pituitary tumors. 

In more detail, MLT may either inhibit or stimulate cell 
proliferation through a regulation of the apoptotic processes, by 
promoting the apoptosis in the case of rapidly proliferating cells and 
by inhibiting the apoptosis when it is excessively expressed. 

At present, however, most experimental and clinical studies 
are limited to the infl uence of the pineal gland on prolactin (PRL) 
or growth hormone (GH)-secreting pituitary tumors, whereas few 
data only are available on adreno-corticotropin hormone (ACTH)-
secreting tumors. In any case, the precise relationship between MLT 
and the pituitary functions remains controversial, and it would 
change in relation to the evolution of the diff erent living species. MLT 
has appeared to stimulate GH and PRL secretion in cultured pituitary 
cells, whereas no eff ect was seen on the other pituitary endocrine 
secretions [13]. 

MLT, as well as other pineal indoles, may exert an important ant 
gonadotropic activity in animal species, whereas it does not seem to 
inhibit the gonadal functions in humans [14]. As far as the pineal 
infl uence of pituitary tumors, the experimental data available in the 
literature have shown an inhibitory role of MLT on the growth of 
pituitary tumors, particularly on prolactinoma [15,16]. 

Th e same somatostatin-analogues would inhibit GH secretion 
from GH-secreting tumors at least in part by stimulating MLT 

secretion [17]. Th e anti-proliferative activity of MLT on the pituitary 
adenomas is also suggested and confi rmed by the experimental 
evidence that patellectomy may enhance the frequency of spontaneous 
pituitary tumors, whereas the administration of pineal extracts has 
been proven to inhibit pituitary cell proliferation [18,19]. 

Moreover, as far as the pineal function in GH- and PRL-secreting 
pituitary tumors is concerned, the few available clinical studies are in 
agreement with the evidence of a compensatory enhanced production 
of MLT during the day with a following progressive disappearance 
of its physiological light/dark circadian rhythm [17,20-21], whereas 
normal MLT values have been described in ACTH secreting pituitary 
tumors [21]. 

Finally, the administration of somatostatin analogues has been 
proven to restore a normal light/dark MLT rhythm in acromegaly 
patients [17]. 

Th e acute administration of mild pharmacological doses of MLT 
would not infl uence GH and PRL secretion in GH- and PRL-secreting 
tumors, respectively [20], while there is no study on the eff ects of a 
chronic MLT administration in patients with pituitary tumors. At the 
other side, the eventual eff ects of the pituitary hormones on the pineal 
function, or at least on MLT secretion, are yet less investigated and 
established, even though the few experimental studies available up to 
now would suggest a potential stimulatory role of the pituitary gland 
on the pineal, since the hypophysectomy has been proven to induce 
histological alterations and atrophy of the pineal gland [22,23]. 

In any case, at present it has been shown that the responsiveness 
of the pituitary gland to MLT would be depending on animal species, 
dosage, time of administration and pubertal development state [24], 
and in particular it has been shown that an acute administration of 
MLT may inhibit GH and PRL secretions in the only prepubertal 
subjects, and stimulate PRL secretion in the only pubertal subjects, 
without any particular eff ect on the other hypophyseal hormones. 

Th e controversial results reported in the literature about the 
infl uence of the pineal function on the pituitary gland would mainly 
be due to the fact that at least for MLT it has been demonstrated 
that its action on the pituitary functions would be the end result of 
three major mechanisms, consisting of a direct action of MLT on 
the pituitary cells, a regulation of the hypothalamic function, and a 
modulation of the neurotransmitter pathways involved in the control 
of the hypothalamus, in particular by increasing serotonin brain 
content [25]. 

Th e intra-pituitary production of cytokines, which may infl uence 
the hypophyseal hormone secretions, would also be under a pineal 
regulation, because of the fundamental role of the pineal gland in the 
control of the cytokine network [26]. 

Within the possible mechanisms involved in the infl uence of the 
pineal on the hypophysis, it is in particular the direct action of MLT on 
the pituitary gland to change in relation to several variables, namely 
time of the administration and sexual development, depending on 
the expression of MLT receptor (MT-R) at hypophyseal sites [23, 
27]. According to the down-regulation mechanism, the hypophyseal 
expression of MT-R depends on MLT blood concentrations. 

In the presence of high blood levels of MLT, as occurring 
during the night with respect to the light phase of the day and in the 
prepubertal phase of the life with respect to the post pubertal one 
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[24], the down-regulation mechanisms would allow a diminished 
expression of MT-R by the pituitary gland. Th erefore, the hypophysis 
would be less responsive to the pineal infl uence or at least to MLT 
action in the prepubertal than in the postpubertal period of the 
light and early in the morning than in the late aft ernoon or in the 
evening. Finally, the pineal gland may express both opioid [28] and 
cannabinoid receptors [29]. 

Th en, the pineal could exert its central neuroendocrine 
regulatory role by modulating the infl uence of both brain opioid and 
cannabinoid systems, which play a fundamental role in the control 
of both neurotransmission pathways and the hypothalamic-pituitary 
axis. Th is study was performed to evaluate the pineal function in 
patients suff ering from pituitary tumors and the eff ect of a chronic 
MLT treatment on the endocrine secretion of the hypophyseal 
tumors.

Patients and Methods
Th e study included 14 patients (M/E: 6/8; median age: 44 

years, range 28-72), who were aff ected by pituitary tumors, and 
had progressed under the conventional surgical, radio therapeutic 
or endocrine treatments. Eligibility criteria were, as follows: 
histologically proven pituitary adenoma, measurable lesions, lack 
of response to the previous conventional therapies, and no chronic 
therapy with drugs infl uencing the endocrine secretions. 

Tumor histotypes were, as follows: prolactinoma: 6; acromegaly:5; 
ACTH-secreting adenoma:2; chromophore tumor:1. Each patient 
was evaluated for the pineal function and for the response to MLT 
therapy at pharmacological doses for 3 months. Th e clinical protocol 
was approved by the Ethical Committee, explained to each patient, 
and written consent was obtained. 

Th e pineal function was investigated by measuring the daily (8 
AM- 8 PM) and the night (8 PM-8 AM) urinary excretion of the 
main metabolite of MLT, the 6-suifatoxy-melatonin (6-MTS). 6-MTS 
levels were measured by an enzyme immunoassay (ELISA) method 
using commercially available kits. GH, PRL and ACTH were also 
measured by the ELISA method. Normal values of 6-MTS observed 
in our laboratory (95% confi dence limits) were ranging from 0.4 to 
2.2 mcg/h for the light period and from 0.9 to 5.6 mcg/h for the night 
one, and the circadian rhythm of the pineal function was considered 
to be within the normal range when the night values of 6-MTS were 
at least two times greater than those found during the light phase of 
the day. 

Th e control group consisted of 50 age and sex-matched healthy 
subjects. Tumor dimension was measured by the brain NMR. Aft er 
the evaluation of their pineal function, patients were treated with 
MLT at an oral pharmacological dose of 20 mg once / day in the late 
evening, generally 30 minutes before sleeping, without interruption 
for 3 consecutive months. Hormonal and radiological before and 
aft er 3 months of MLT therapy. Data were reported as mean +/- SE, 
and statistically analyzed by the Student’s t test, the chi-square test 
and the analysis of variance, as appropriate.

Results
6-MTS urinary mean levels observed in patients and in control 

group are reported in Figure 1. Abnormally high daily values of 
6-MTS were seen in 8/14 (57%) patients (prolactinoma: 4; GH-
secreting tumor: 3; ACTH secreting tumor:1). A lack of pineal 

circadian rhythm, with night values of 6-MTS less than at least 
two times greater than the daily ones was found in 10/14 (71%) 
patients, and mean night values of 6-MTS found in patients were not 
signifi cantly higher than those seen during the light phase of the day. 

Moreover, daily mean values of 6-MTS observed in patients 
were signifi cantly higher than in controls (P < 0.01). Night mean 
values of 6-MTS were also higher in patients than in controls, but 
this diff erence was not statistically signifi cant. A normalization of 
PRL levels was achieved in 1/6 (17%) prolactinoma patients, and in 
none of the patients suff ering from acromegaly. Moreover, a rapid 
normalization of ACTH levels, from 378 to 37 pg/ml, was obtained 

in one of the two patients aff ected by ACTH-secreting tumor. 
Both PRL and GH mean levels decreased under MLT therapy, 
without, however, signifi cant diff erences with respect to the 
pretreatment concentrations (PRL: 46 +1- 8 vs 65 +1- 9 ng/ml; GH: 
11 +1- 4 vs 17 +1- 5 ng/ml). MLT therapy was well tolerated by all 
patients, and most of them experienced relaxation, and no biological 
toxicity occurred. Finally, tumor dimensions remained substantially 
unchanged, and no further increase was seen on study.

Conclusion
In agreement with previous preliminary clinical observations, this 

study confi rms that the presence of pituitary tumors is characterized 
by an altered pineal function consisting of an enhanced MLT 
production, but associated with a disappearance of the physiological 
light/dark circadian rhythm [20,21]. With respect to previous data 
reported by other authors [21], ACTH-secreting adenoma may be 
also characterized by an altered MLT secretion. 

Moreover, the results of this preliminary study, which will have 
to be confi rmed in a greater number of patients followed for a longer 
period of time, would seem to suggest that the pineal hormone at 
mild pharmacological doses may control the growth of the pituitary 
tumor cells and inhibit their endocrine secretion. Because of the 
absolute lack of biological toxicity and the dose-dependency of the 
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Figure 1: Day and night urinary mean values of 6-sulfatoxymelatonin (6MTS) 
in healthy controls and in patients with pituitary tumors.
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Antiproliferative properties of the pineal hormone [30], further 
promising results could be achieved by high-dose MLT in the 
treatment of pituitary tumors, for whom no other conventional 
therapy may be available. 

Moreover, a longer period of MLT therapy could also allow 
a decrease in tumor dimensions of the pituitary adenomas. Th e 
mechanisms responsible for the enhanced MLT production in the 
presence of pituitary tumors need to be further investigated and 
understood; however, they could simply be the expression of a 
compensatory mechanism to control the growth of the pituitary 
tumor. From this point of view, the exogenous administration of 
MLT at pharmacological doses would amplify the same biological 
response of patients, consisting of an enhanced MLT production on 
the basis of its Antiproliferative activity [4,7,12]. 

On the other hand, pituitary tumor-related pineal hyper function 
could simply represent the consequence of a possible stimulatory 
eff ect of the pituitary hormones on the pineal endocrine activity, 
as suggested by the experimental evidence of a pineal atrophy in 
hypophysectomized animals [22,23]. 

In any case, further studies, by investigating the other pituitary 
and hypothalamic endocrine secretions, as well as the functional 
status of other fundamental brain structures involved in the control 
of the hypothalamic pituitary axis, such as brain opioid [28] and 
cannabinoid systems [29], will be required to better defi ne the 
mechanisms responsible for the enhanced MLT production in 
patients with pituitary tumors, as well as to explain the potential 
therapeutic eff ects of MLT in the treatment of the neoplastic disease 
of the pituitary gland. 

In particular, it has to be established whether the potential 
anticancer properties of MLT against pituitary tumor growth may be 
the expression of the general anticancer activity of MLT [31,32], or 
whether it may depend on more specifi c mechanisms. Finally, at least 
two other pineal molecules, including 5-MTT and PNL [33], could 
also display antiproliferative properties on the pituitary tumors [3,4]. 

Obviously, the too low number of patients and the diff erent 
tumor histotypes does not allow to achieve defi ne conclusion about 
the possible use of MLT in the treatment of pituitary  tumors, but 
on the same time the results of this study may be suffi  cient to justify 
further clinical studies, not only to treat the pituitary tumors, but also 
to investigate the pineal-pituitary functional axis, which could exert a 
fundamental role in the regulation of the whole endocrine system in 
relation to the diff erent living species [2,27,34].
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