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SUMMARY
Classical studies pointed out to a possible di-

vision of rodents’ pineal parenchyma in various 
regions and layers, also observing variations in 
nuclear sizes that could depend on luminosi-
ty cycles. The aim of this study is to analyze the 
morphological changes of nuclear sizes of pine-
alocytes that occur in the pineal gland of albino 
rats during different hours of the day, seasons 
and photoperiods, taking into account the differ-
ent layers and regions. We studied differences 
on karyometric indices of pinealocytes of the pe-
ripheral (cortical) and central (medullary) layers 
of pineal gland in order to analyze the circadian 
and seasonal modifications, and establish wheth-
er these are indicative of functional differences 
between proximal, intermediate, and distal por-
tions. Results showed that the total karyometric 
values of the distal area are clearly higher than 
those of the other two areas, and in turn those of 
the intermediate area are also significantly higher 
than those of the pars proximalis; and also, that 
there are significant differences between the pe-
ripheral and central karyometric indices of all the 
pineal regions analyzed. Moreover, there are sig-
nificant evolutionary circadian, photophasic and 

seasonal differences between regions and the pi-
neal layers analyzed. 
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INTRODUCTION
The pineal gland (named “pineal” by Galen be-

cause of its resemblance to pine nuts), also known 
as conarium, or epiphysis cerebri, is a small neuro-
endocrine organ present in the nervous system 
of vertebrates. It is located in the ceiling of the 
diencephalon, behind splenium corpus callosum, 
between habenularis and posterior commissures.  
Its main function is the rhythmic synthesis and 
release, during the dark hours of the day–night 
cycle, of melatonin. This control of melatonin 
production is known as an endogenous circadian 
timing system which is suppressed by light. This 
relationship between luminosity and the physiol-
ogy of the pineal gland has been known for a long 
time (Wurtman and Axelrod, 1964, Axelrod et al., 
1965, Merrit and Salkowski, 1959, Wurtman and 
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Ozaki, 1978). This circadian rhythm, or “clock”, 
controls a number of behaviors such as the sleep–
wake cycles, feeding, and cognition rhythms. Noc-
turnal secretion of melatonin is present in all spe-
cies analyzed so far, but is interpreted differently 
depending on whether the animal is nocturnal or 
diurnal, and it guarantees a time-sensitive and 
ecologically well-adapted behavior of humans 
and animals (Macchi and Bruce, 2004; Sapède 
and Cau, 2014; Koch et al., 2015; Shoja et al., 
2016). Moller and Baeres described that the main 
cell type in mammals’ pineal gland are pinealo-
cytes (95%), followed by glial cells (astrocytic and 
phagocytic subtypes). Pinealocytes are responsi-
ble for the synthesis and secretion of melatonin 
(Moller and Baeres, 2002; Aulinas et al., 2019).

The pineal gland has been studied from differ-
ent morphological viewpoints in an attempt to es-
tablish links with the corresponding physiological 
rhythms parameters. Its size and anatomy vary 
significantly among vertebrates; but among them, 
it should be noted that the anatomy of the rodent 
pineal gland is considered, by diverse morpho-
logical characteristics, more complex (Quay and 
Renzoni, 1966; Becker and Vollrath, 1983; Mat-
sushima et al., 1983; Cimas et al., 1992; Sakai et 
al.,1996; Borjigin et al., (2012).

In view of the variable length of the pineal gland 
in rodents, a classification in different types was 
proposed (Vollrath, 1979, 1981). The long, rod-
like pineal organs that read the cerebellum and 
are closely related to the skull, belong to types A, 
AB, ABC, etc. The pineal gland of the rat is classi-
fied in this last type (Fig. 1). 

In a similar line, various classical morphological 
and physiological animal studies suggest a possi-
ble division of the pineal gland parenchyma into 
an external (“cortex”) and central (“medullar”) 
layers (Quay and Renzoni 1966, Romijn, 1975, 
Matsushima el al.1983, Semm, 1983, Cimas et al. 
1992, Hira, 1998), and revealed variations in nu-
clear size during different point-time. 

Such size variations were also established be-
tween the peripherical (cortical) and central 
(medullary) gland regions. Although such cor-
tico-medullary differences have not been con-
firmed by all authors of that time (Welsh et al., 

1979, Heidbüchel and Vollrath,1983), they have 
been suggested by others, especially in relation 
to rodents (Milline et al.,1968, Blumfield and Tap, 
1970, López-Iglesias et al., 1987; Martínez-Soria-
no et al., 2002). Some authors (Diehl et al, 1984) 
have reported cortico-medullary differences, al-
though these were found to depend of the pineal 
region considered. In turn, Becker and Vollrath 
(1983) reported rhythmic differences in pinealo-
cyte nuclear size within the peripheral but not in 
the central gland layer; besides, studies in differ-
ent seasons (Popova et al, 1975) have shown the 
central and peripheral regions of the pineal gland 
differ in responsive capacity.

Fig. 1.- Different types of pineal gland in rodents. Based on the 
studies of Vollrath, 1979 and 1981.
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This study attempts to establish that these 
karyometric differences may be a consequence 
of varying conditions in natural luminosity. To 
do this, we have studied the variations that the 
karyometric index of the pinealocytes of the 
peripheral and central layers could experience 
during the established photoperiods in order to 
be able to analyze the 24-hour periods and sea-
sonal modifications and establish if these are 
indicative of functional differences between the 
proximal (pars proximalis), intermediate (pars in-
termediate), and distal (pars distalis) areas of the 
rat’s pineal gland. 

MATERIALS AND METHODS

Animals

120 adult male Wistar rats that weighed 280 ± 
20 g were used for this experiment. Only male rats 
have been used to avoid the complex interactions 
that melatonin and the estrous cycle of female 
rats may have had in the experiment (Chuffa et 
al., 2013).

Animals were housed in the Central Research 
Unit of the University of Valencia, with a con-
trolled cycle of 12 hours light/12 hours darkness 
under natural circadian and seasonal luminos-
ity (light/dark cycle) (i.e. 08:00-18:30 pm during 
the short photoperiod (Winter and Autumn) and 
07:00-21:30 pm. for the long photoperiod (Spring 
and Summer), as established from Valencia Me-
teorological Centre information), and constant 
temperature (22 ± 2 °C) and humidity (55 ± 10%). 
All the animals came from litters born on similar 
dates. Animal experimentation was carried out 
in accordance with the European Community’s 
Council Directive and was approved by the Ethics 
Committee of the University of Valencia. Animals 
were weighed weekly to determine any possible 
differences between groups. Rats were divided in 
four groups of 30 rats for each season. Water and 
food were given ad libitum.

Animals were sacrificed in groups of five, every 
four hours (06:00, 10:00, 14:00, 18:00, 22:00 and 
02:00). This was carried out in Autumn (20/21 Oc-
tober), Winter (2/3 February), Spring (20/21 April) 
and Summer (1/2 July).

Perfusion

Animals were sacrificed after anesthesia with 
an intraperitoneal injection of sodium Nembutal 
(10%). Afterwards, they were perfused with 5% 
glutaraldehide following saline cleansing. Once 
removed, the pineal bodies were fixed and refixed 
in osmium tetroxide. 

Electron microscopy study

Once the pineal glands were obtained, they were 
post-fixed in osmium tetroxide for 90 minutes and 
dehydrated with graded series of acetone, stained 
with 5% uranyl acetate and 1% phosphotungstic 
acid in 70% acetone, and finally embedded in 
Epon resin. Afterwards, tissue was cut transverse-
ly with an ultramicrotome into thin sections and 
(1 μm) stained with toluidine blue (Fig. 2).

Measurements of 100 peripheral (cortical) and 
100 central (medullar) pinealocyte nuclei have 
been previously reported to be sufficiently rep-
resentative for each animal (Cimas et al., 1992). 
These 100 nuclei were selected from four sections 
taken from the pars distalis, intermediate and prox-
imalis. Nuclear size measurements were made in 
two layers of the gland (central and peripheral lay-
ers), which have different staining aspects (Romi-
jn, 1975). Only clearly visible pinealocyte nuclei 
were considered. All four selected sections were 
at least 15 μm away from the preceding one to 
avoid including the same pinealocyte nucleus in 
more than one section. 

Nuclear measurements were performed follow-
ing Martínez-Salvador et al. (2018). Once the visu-
al field of the preparation to be analyzed was ac-
quired, the contour of the nuclei object of analysis 
was drawn using an electronic pencil, and then, all 
the content of the screen was eliminated, except 
that of the surface of the drawing. Then, VISILOG 
program estimated nuclear volume (V) using Jac-
obj’s formula with the following karyometric indi-
ces: longer diameter (A), shorter diameter (B) and 
a constant (k). V = Π/6 × A × B2 × k. (Jacobj, 1935). 

To obtain the value of k, we took a Neubauer 
camera and photographed a square of it, which 
we subjected to the same computer process as 
the pieces to be studied. This gave us figures 1720 
times higher than expected. Since a 1000x mag-
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nification objective was used for the photographs, 
k would correspond to 1/1000, that is, to 1.72 the 
value of the constant that we need.

Statistical analysis

Statistics were done after a descriptive study. A 
comparative analysis of the variables was carried 
out by contrast and significance tests. Any P-val-
ues lower than 0.05 were considered statistically 
significant. An analysis of variance (ANOVA) or 

a Kruskall-Wallis test (depending on descriptive 
statistics) was used when comparing the means 
of more than two variables.

RESULTS

General Analyses

A general analysis of the mean volumes of the 
three regions shows that karyometric indices of 

Fig. 2.- Immunohistochemical preparations (toulidine blue) of a pineal gland showing the difference between the cortical and med-
ullary layers. CO: Cortical layer. ME: Medullary layer. Scale bars = 100 µm.
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the distal region (or pars distalis) are significant-
ly greater than those of the intermediate (or pars 
intermediate) and proximal (or pars proximalis) 
regions, being this last the region with the lowest 
karyometric indices (F=485,32, p<0,05) (Fig. 3A). 

On the other hand, and once the sample has 
been segregated according to layers, a general 
analysis by layers shown that, in the pars dista-

lis, the medullary layer values are greater than 
the cortical ones (F = 76.140; p <0.01), while in 
the case of karyometric indices in the intermedi-
ate and proximal regions (or pars), cortical layer 
tend to be higher than the medullary, during dark 
phase, (F = 0.402; p> 0.05 and F = 1.517; p> 0.05; 
respectively). On the contrary, values of medullar 
layer are higher that cortical, but not in a signifi-
cant manner (Fig. 3B).

Fig. 3.- A) General comparison of karyometric indexes by regions. It can be seen that distal region has significant higher values than 
proximal and intermediate region. All data are presented as the mean +/- 2 SEM. *p<0,05 in respect to proximal region. **p<0,05 in 
respect to proximal and intermediate regions. B) General comparison of karyometric indexes by regions and layers. It can be seen 
that in the distal region, medullary layer values are significantly greater than the cortical ones, while cortical layer’s karyometric in-
dices in the intermediate and proximal tend to be higher. All data are presented as the mean +/- 2 SEM. *p<0,05 in respect to cortical 
layer of distal region. C) General comparison of karyometric indices depending on the photophase. There are statistically signifi-
cant differences between the light and dark phases. All data are presented as the mean +/- 2 SEM. *p<0,05 in respect to light phase.
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General analyzes focused on karyometric indi-
ces depending on the photophase (light or dark), 
independently of other variables, show higher 
values in the dark photoperiod (t=-9,549; p<0,01) 
(Fig. 3C).

Proximal Region (Pars proximalis)

24-hour evolution

a.	 Cortical layer

	 Results show that evolution of karyometric 
indices throughout 24 hours is different, and 
constant alternating ascending and descend-
ing changes between the different time points 
of seasons can be observed. A substantial oscil-
lation can be observed from 6 to 10 AM (Fig. 4).

b.	 Medullary layer
	 Circadian evolution of karyometric indices in 

the medullary layer happens to be different 
and alternating, but follows a more regular 
line compared to cortical layers (Fig. 4).

Seasonal Evolution

Focusing analytically on a seasonal analysis, 
results show that karyometric indices of medul-
lary layer decrease progressively since the spring 
with respect to indices of the cortical layer, which 
slightly increase. This tendency becomes statisti-
cally significant in the summer (F=5,699; p<0,05) 
(Fig. 5).

Photophasic evolution

A more exhaustive analysis, taking into account 
the cell layers, results show a tendency of the 
karyometric indices to be higher in the medul-
lary layer on the light photoperiod, with respect 
to the cortical layer (t=-3,396; p<0,01). Otherwise, 
karyometric indices of the medullary layer are 
smaller with respect to the cortical layer in the 
dark photoperiod (t=2,264; p<0,05) (Fig. 6). 

Fig. 4.- Evolution of karyometric indices in layers throughout 24 hours and divided by regions. All data are presented as the mean 
+/- 2 SEM.
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Intermediate Region (Pars Intermediate)

24-hour evolution

a.	 Cortical layer
	 Evolution of karyometric indices throughout 

24 hours is different, observing a substantial 
oscillation from 18 to 22 PM (Fig. 4). 

b.	 Medullary layer
	 Circadian evolution of karyometric indices in 

the medullary layer happens to be different 
and alternating, but, again, follows a more 
regular line compared to that of the cortical 
layer. Nevertheless, a similitude with changes 
in the cortical layer’s karyometric indices can 
be seen on the 18-22 PM oscillation (Fig. 4).

Seasonal Evolution

In this area the values of both layers are very 
similar throughout the long photoperiod seasons, 
and results show an evolution curve overlapping 
in the spring-summer period, and those of the 
peripheral layer become greater in the winter. 

Results show significant differences between lay-
ers in the autumn (t= -3,52, p<0,05) and winter 
(t=4,03, p<0,05), the short photoperiods (Fig. 5).

Photophasic evolution

General results for the region show statistically 
significant differences between the light and dark 
photoperiods. Taking into account the cell layers, 
results show high medullary layer karyometric 
indices with respect to the cortical layer during 
the light period (t=-2,066; p<0,05); and on coun-
terpoint, karyometric indices of the medullary 
layer are smaller with respect to the cortical layer 
in the dark photoperiod (t=2,105; p<0,05) (Fig.6).

Distal Region (Pars Distalis)

24-hour evolution

a.	 Cortical layer
	 Results show that karyometric indices’ curves 

are very similar independently of the time of 
the day (Fig. 4). 

Fig. 5.- Seasonal evolution of karyometric indices in layers and divided by regions. A decrease of values can be seen on the med-
ullary layers in respect to cortical layers on proximal region on summer and winter; on the other side, parallel curves can be ap-
preciated on intermediate and distal regions, with some statistically significant points on the autumn-winter period (intermediate 
region) and in autumn and spring (distal region). All data are presented as the mean +/- 2 SEM. *p<0,05 in respect to cortical layer.
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b.	 Medullary layer
	 In the medullary layer, it can be observed that 

the general evolution of the circadian curves is 
very similar to those of the cortical layer (Fig. 
4). Interestingly, even though the curves are 
quite regular and have no large oscillations, 
karyometric indices are higher during all day 
than those seen in the other regions.

Seasonal Evolution

Results show that the karyometric indices’ 
curves are similar, practically parallel. Neverthe-
less, results also show that the medullary layer 
has higher values; these differences are statisti-
cally significant on autumn and spring (Fig. 5).

Photophasic evolution

General results for the region did not show 
statistically significant differences between the 
light and dark photoperiods. Nevertheless, there 

are significant differences: in both photoperiods 
(light and dark), the medullary layer’s karyomet-
ric indices are higher than those of the cortical 
layer (t=-4,489; p>0,05; t=-8,138; p<0,01; respec-
tively) (Fig. 6).

DISCUSSION
Starting by analyzing the general aspects of the 

results, we can observe that the total karyometric 
values of the distal region are clearly higher than 
those of the other two regions, and in turn those 
of the intermediate region are also slightly (but 
significantly) higher, over those of the pars prox-
imalis (Fig. 3). Within each of these three regions 
there are also differences, since while in the distal 
region the medullary layer values are higher than 
the cortical ones, in the intermediate and prox-
imal portion the cortical values tend to be high-
er, but no statistically significant differences are 
found in between them (Fig. 3). 

Fig. 6.- Photophasic evolution of karyometric indices in layers and divided by regions. In the proximal region, it can be seen that 
there is an increasing tendency of these indexes on the cortical layer in darkness in respect to the light photoperiod. This is the op-
posite in the medullary layer. Also, indexes are higher in the medullary layer on the light photoperiod, in respect to cortical layer; on 
the contrary, they are higher in the cortical layer on the dark photoperiod. In the intermediate region, values are significantly higher 
in both layers in the dark photoperiod. In the distal region, results show that indexes are similar in both light and dark photoperi-
ods. Nevertheless, there’s a significant decrease of values on the cortical layer in respect to medullary layer in the dark photoperiod. 
All data are presented as the mean +/- 2 SEM. *p<0,05 in respect to cortical layer.
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If we go on to analyze the variations that occur in 
the cortical and medullary layers of each of the pi-
neal regions throughout the four seasons, (Fig. 5), 
two interesting circumstances are observed: the 
first is that, while in the distal and intermediate 
portions the evolution of both layers maintains 
a certain parallelism throughout all the seasons, 
in the proximal part the behavior during spring 
and summer is different (and opposite), and it be-
comes parallel in the autumn and winter seasons, 
which would suggest an influence of the short 
photoperiod seasons on the functioning of both 
layers in this pineal segment. Another aspect to 
highlight along the same lines is that, while in the 
distal region the values of maximum cortical and 
medullary activity occur in the spring season, in 
the intermediate season they occur in the winter 
season; and in the proximal region, it is maxi-
mum in the spring for the medullary layer and in 
the summer for the cortical layer, which indicates 
that the seasonal influence is not produced in a 
uniform way over the entire gland. Likewise, these 
variations are another piece of data that points to 
the difference in functional behavior between all 
the factors analyzed in this work, variations that 
undoubtedly seem to be determined by the photo-
physical characteristics (geomagnetic variations, 
wavelengths of solar radiation…) of seasonal evo-
lution, which influence each one of the pineal re-
gions differently (Gerasimov et al., 2014).

Differences between the medullary and cortical 
layers also exist in each of the regions according 
to photoperiods, since while in the distal part the 
karyometric indices of the medullary layer are al-
ways higher in both photophases, in the interme-
diate and proximal region the medullary layer’s 
values are higher during the light photoperiod, 
but the cortical layer’s values are higher during 
the dark period (Fig. 4). All these data point to 
the global existence of differences in the karyo-
metric indices between the three pineal portions 
analyzed, and also to differences between the pe-
ripheral and central layers of each of the pineal 
regions analyzed, differences that seem to be me-
diated by the photophase.

Analyzing more specifically the 24-hour peri-
od evolution of the cortical and medullary layers 
(Fig. 6), we observe that the cortical layer of the 

proximal and intermediate regions tends to show 
the higheest oscillations, and has a different evo-
lution than the medullary layer. Otherwise, both 
the scortical and medullary layer of the distal re-
gion follow a similar evolution, being the medul-
lary layer’s karyometric indices higher than those 
of the cortical layer; and these indices of the distal 
region are higher than those expressed by the oth-
er regions.

In view of all these circumstances, it seems ev-
ident that the behavior of the cortical and med-
ullary layers in each of the pineal segments is 
different, and that seasonal, circadian and photo-
phasic factors are not the only ones that must be 
intervening in this difference. In any case, these 
results support and reaffirm the importance of 
the effect of the season, the photophase and the 
24-hour variations according to the topographic 
location of the pinealocyte within the gland. This 
would explain the discordant results of the dif-
ferent experts in the field regarding the variation 
of the karyometric indices both in the peripheral 
(cortical) or central (medullary) layer, since, they 
may be different depending on the time, the sea-
son and the region in which the measurement is 
made: thus,  ,  while in the proximal and interme-
diate parts the cortical values seem to be higher, 
in the distal region the higher values are the med-
ullary ones.

Our results coincide in supporting the existence 
of two zones/layers: peripheral (cortical) and cen-
tral (medullary); and three regions (pars): prox-
imal, intermediate and distal, which would be 
functionally different in the pineal gland of the 
rat, as pointed out by the team of Hira (Hira et 
al., 1988); this functionality would be determined 
by a combined influence of the geomagnetic and 
photophasic aspects of the 24-hour rhythms, sea-
sons and light-dark photophases, as suggested in 
turn by the Cimas and Martínez-Soriano teams 
(Cimas et al., 1992; Martínez-Soriano et al., 2002). 
In this sense, Matsushima’s team (Matsushima et 
al., 1993) showed that the volumes of pinealocytes 
in the pineal glands of rats subjected to a magnet-
ic field during the months of April and October 
experienced volumetric differences between both 
layers and regions, in a proximal-distal direction 
and even between day and night, but these differ-
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ences were vaguely significant in the intermediate 
zone. Photophasic differences were quite evident 
in the month of April and disappeared during the 
month of October. Authors concluded by suggest-
ing that the influence of a magnetic field could ex-
ert a control mechanism of the day/night rhythms 
of the pinealocytes of the rat’s pineal gland. 

Some other published data would support this 
hypothesis: it is known that 90% of pineal cellu-
larity is made up of pinealocytes, and within this 
population two subtypes have been described, α 
and β: while α constitutes 5% of pinealocyte popu-
lation, β constitutes the remaining 85 (Pévet, 1977; 
Moller and Baeler, 2002). Receptors for adrenergic 
(Adrb1, Adra1b, Drd4) and cholinergic (Chrna3, 
Chrnb4) agonists have been found in them, and 
both express high levels of up to 49 different tran-
scriptionists, which are found in the pineal gland 
and in the retina (Coon et al., 2019). Pinealocytes 
α have the specialized role of the methylation of 
N-acetyl-serotonin-methyl-transferase (ASMT), 
which is produced and released by pinealocytes β, 
so both constitute a fundamental set in the elabo-
ration of melatonin, with transcriptional changes 
that occur between night and day, especially in 
β-type pinealocytes (Mays et al., 2018). 

It is also known that melatonin receptors are 
widely expressed not only in the Central Nervous 
System (CNS), but in numerous peripheral tis-
sues, which determines that the circadian rhythm 
of circulating pineal-derived melatonin can have 
important effects on the temporary functional or-
ganization of almost all peripheral organs, with-
out this influence being necessarily involved in 
the feedback through the Suprachiasmatic Nucle-
us (Hardeland, 2013). 

Pituitary adenylate-cyclase activating polypep-
tide (PACAP) is a neuropeptide that was isolated in 
the hypothalamus and localized in the central and 
peripheral nervous systems. Specific receptors 
for it have been found in the pinealocyte mem-
brane and in nerve fibers that access the pineal 
gland. This neuropeptid stimulates the secretion 
of melatonin (Liu and Moller, 2000; Moller and 
Baeres, 2003).

On the other hand, it is also known that the dis-
tal pineal region receives a large number of vege-

tative afferent terminals from the superior cervi-
cal ganglion, via nervus pinealis. As these terminals 
descend towards the proximal region of the pine-
al gland, they decrease in number and practically 
almost disappear. On the contrary, numerous fi-
bers of central origin are present in the proximal 
region, which attach to the pineal through the 
habenular and posterior commissures. Further-
more, the evident differences in the structure of 
both regions already suggest that both of them 
may be functionally different, the intermediate 
region being a transition zone between the other 
two.

Our results support the data provided in previ-
ously cited works and reaffirm the importance of 
the effect of season, photophase and 24-hour pe-
riods on the topographic location of the pinealo-
cyte within the gland. Furthermore, this is thefirst 
study carried out in rats in a systematic way (to-
gether with Hira et al., 1998, and to the best of the 
authorss knowledge) which, taking into account 
not only the photophasic, daily or seasonal fac-
tors, but also the layers), can establish that differ-
ences in the karyometric indices, found according 
to the most proximal or distal, could be a reason 
that explains the discordant results of the differ-
ent authors regarding the greater or lesser vol-
ume of the karyometric indices of the peripheral 
or central zone, since, as already expressed above, 
these may be different depending on the time, 
season and the region in which the measurement 
is carried out: thus, it can be clearly observed that, 
while in the proximal and intermediate parts the 
cortical values ​​seem to be higher, in the distal, on 
the contrary, the higher values are the medullary 
ones.

This morpho-functional topographic distribu-
tion is suggestive of the possible existence of sev-
eral different layers or “organs” in the pineal pa-
renchyma, and would justify the application and 
use of the term “pineal complex” to the whole, (as 
suggested by Vollrath, 1985) since it could be an 
organ with sub-organs of functional characteris-
tics and different cyclic elements in its interior 
that respond to geomagnetic and photophasic 
influences. Electrophysiological data existing in 
the literature could support this opinion. Indeed, 
several classic authors pointed to the existence 
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of pineal zones with different registers, and even 
pinealocytes with different electrical activity at 
rest or activity, day/night or under the stimulation 
of different hormones and chemical substances 
(Dafny, 1975; Semm and Vollrath, 1979, 1980; 
Reuss and Vollrath, 1984; Reuss et al., 1984). The 
existence of circadian, ultradian and infradian 
rhythms (Vollrath, 1981) in melatonin secretion 
also points in this direction.

On the other hand, it is also interesting to note 
that, according to existing data in the litera-
ture (Quay and Renzoni, 1966; De la Guardia et 
al., 1988; Giménez-González et al., 1991; Guil-
lot-Valls et al., 1995), the medullary layer of the 
pineal gland of the rat is more susceptible to 
changes such as magnetic field influences or lu-
minosity of different natures, than the cortical 
layer; in this same way, Martínez-Soriano et al. 
argued that the combined, seasonal, photopha-
sic and lunar synodic influences are more specif-
ic on the medullary zone than on the peripheral 
one (Martínez-Soriano et al., 2002). So, it can be 
deduced that latitude andthe variation of light ra-
diation and geomagnetic action are factors that 
could influence pineal functioning, and therefore 
its nuclear dynamics (Quay,1963; Cuello and Tra-
mezzani, 1969).

An interesting issue to point out as a limita-
tion of the present study is the exclusive use of 
male animals. As already mentioned, the use of 
females has been avoided due to the well-known 
influence and interaction of melatonin and repro-
ductive hormones in mammalian species (Ozaki 
et al., 1978; Tamura et al., 199; Chuffa et al., 2013; 
Takahashi et al., 2021). In fact, there are studies 
that, after surgical removal of the pineal gland in 
females, found interesting changes in cycle hor-
mones, but in turn evidenced that there is mela-
tonin synthesis in sites other than the pineal gland 
(Dardes et al., 2000). Given all these complicated 
but interesting interactions, and considering that 
their study was not part of this project, it was de-
cided to dispense with females. Still, it would be 
interesting that these types of studies begin to be 
carried out also in females as a future line of re-
search, and, in turn, compare these results with 
those already existing in males.
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