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Introduction

Environmental stimuli, such as light and tem-
perature, are transduced into neuroendocrine signals
by the cyclic circadian synthesis and release of me-
latonin by the pineal gland (1,2). Melatonin is the
best-known pineal neurohormone. Its synthesis and se-
cretion are physiologically regulated by photic stimuli
(length and intensity of light and duration of dark-
ness)(3). Therefore, pineal and serum concentrations
of melatonin show a circadian, as well as a seasonal
periodicity in most including man (4). Psychosocial fac-
tors and stress also seem to modify the production of
melatonin, and alterations of he circadian rhythm of
its release have been associated with anxiety states,
autoimmune disorders  and cancer(5). Furthermore,
the pineal gland and melatonin in particular seem to
exert an oncostatic role in a variety of experimental
and clinical models(6). It is reported that functional
and pharmacological inhibition of melatonin synthesis
leads to a significant depression of humoral and cell-
mediated immune responses in mice(7,8). In this re-
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gard, an increasing amount of information has dem-
onstrated the intimate connections existing between
the neuroendocrien and the immune systems(8). The
thymus gland was considered to represent a target
site for immunomodulatory actions of the environ-
mental stimuli and pineal gland. For these reasons, we
studied the effect of permanent darkness and perma-
nent light on pineal gland and thymic morphology. 

Material and Methods

30 Swiss albino rats (15 female, 15 male), aged
4wk, were used. Because previous research has been
also made on rats, we preferred to use rats to be
able to compare our results with the literature. The
animals were housed 5 female or 5 male percage.
They were fed a regular diet and water ad libitum un-
der controlled conditions. The animal rooms were
maintained at a temperature of 23˚±2˚C. The rats
were divided into 3 experimental groups, each com-
prising 5 females and 5 males. The 1st group was
kept in a dark room for a period of 5 wk, the 2nd
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thymus cortex thickness was 34.5%. In
group II, the thymus weight decreased by
21% and the decrease in the thymus cortex
thickness was 18%. The differences among
groups in the thymus weight and the thymus
cortex thickness were found statistically sig-
nificant.

In differences in the diameter of the pineal
gland and the pineal cell number of the dark-
ness group and the light group according to
the control group was not found statistically
significant. However, the differences in he
diameter of he pinealocyte nuclei among the
groups were statistically significant. These
findings point out that the changes in the pe-
riods of darkness and light have effects on
the pineal gland and immune system. 
Key Words: Photoperiodicity, pineal gland,
immune system, morphometry, rat.

Abstract: It is known that periods of con-
stant darkness and constant light cause stim-
ulation and inhibition of melatonin secretion
from the pineal gland. It is also suggested
that neuroendocrine responses to environ-
mental stimuli, such as light, can influence
immune responses through the pineal gland.
For these reasons, in this study the effects of
the alterations in the photoperiod rhythm on
the pineal gland and thymus morphology
were experimentally investigated. 

30 Swiss albino rats, aged 4 wk, were di-
vided into 3 groups. Group I rats were kept
in a dark room, group II in a room under a
bright artificial light and group III (control)
animals were exposed to a 12:12 h light:
dark cycle. All animals were killed after 5 wk.
Overall body weight was not affected by the
dark or light periods. In group I, the thymus
weight increased by 38%, the increase in the
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group under a bright artificial light for 5 wk and the
3rd in the animal house where the photoperiod was
day light-darkness 12-12 h. In order to observe the
effects of the constant darkness and constant light on

the thymus and the pineal gland morphology the body
weight, thymus weight, thymus cortex thickness, pine-
al gland diameter, pinealocyte number and pinealocyte
nuclei diameter were measured. 

Fig 1. Thymic cortex thickness (H-E x 200). A) Control, B)
Constant light, C) Constant darkness (Arrows indicates
corcito-medullary line)

Fig 2. Pinealocyte nuclei diameter (H-E x 1000). A) Control, B)
Constant light, C) Constant darkness 
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Following ether anesthesia, all animals were
weighed and were sacrified by cardiac perfusion with
10% formalin solution. The thymus was removed, dis-
sected from adjacent connective tissue and weighed.
The entire pineal gland was also removed. After dis-
section, the thymus and the pineal gland were fixed in
10% buffered formalin solution and for further his-
tological examinations the specimens were embedded
in paraffin, 6 mm sections were cut and stained with
hematoxylin and eosin. The binocular Zeiss Axiophot
photomicroscope was used for the morphological anal-
yses.

In each specimen three different measurements
were made (the thickest, medium, the thinnest) for
thymus cortex thickness and their means were cal-
culated. For pineal gland diameter estimation sections
covering the entire extent of the epiphysis were made
and greatest length and greatest width of he pineal
gland were measured and their mean values were cal-
culated in each specimen.

Sections containing the pineal gland were projected
by a camera to a monitor. The pineal cell count and
nuclei mesaurements were made from the monitor’s
secreen. To determine the pinealocyte number (numer-
ic density), per unit area, in every specimen 5 differ-
ent areas were counted and means were calculated.
For the diameter of  pinealocyte nuclei, in each speci-
men 50 pinealocyte nuclei were measured (totally 500
nuclei for each group). Each group’s mean was then
calculated. 

Data were expressed as the mean ± the standard
error of the mean (SEM). Since sample sizes were too
small to know their distributions, statistical analysis of

data were performed by the Kruskal Wallis variance
analysis and Wilcoxon rank sum test. 

Results

Overall body weight was not affected by he dark
or light periods. 

Thymus weight and cortical thickness were mark-
edly increased or decreased at the end of the dark or
light periods respectively. Compared to control group,
in group I (darkness) the thymus weight increased by
38% and the increase in the thymus cortex thickness
was 34.5%, while in group II (light) the thymus
weight decreased by 21% and the decrease in thick-
ness affecting the cortex was 18% (Fig. 1, Table).
The differences among groups in the thymus weight
and thymus cortex thickness were found statistically
significant. The mean diameter of he pineal gland in
group I (darkness) was 730 µm, in group II (light)
565 µm and in group III (control) 615 µm. While the
difference in the diameter of the pineal gland between
group I (darkness) and group II (light) was statistically
significant, the difference between group I (darkness)
and group III (control) and between group II (light)
and group III (control) were not statistically sig-
nificant. The differences in the pineal cell number (be-
tween group I and group III, group I and group II,
group II and group III) were observed to be in-
significant. However, the differences in the pinealocyte
nuclei diameter among the groups which were exposed
to different lighting conditions were considered sta-
tistically significant (Fig. 2, Table). For all parameters
there were no significant differences between male
and females.

Controls Dark Light

Body weight (gr) 126.0±4.8 131.5±5.0 124.0±6.4

Thymus weight (mg) 296.7±18.0 408.9±19.5* 231.9±9.1*

Thymic cortex thickness(µm) 194.0±7.3* 261.0±15.3* 165.3±6.2*

Pineal gland diameter (µm) 615.0±15.4 730.0±45.0 565.0±39.0

Pineal cell number(per unit area) 45.6±1.6 46.3±1.9 43.8±2.0

Pinealocyte nuclei diametre (µm) 5.90±0.11 6.65±0.19* 5.06±0.06*

*  : p<0.01 vs control

**: p<0.05 vs control

Table. The effects of constant darkness
and constant light on body
weight, thymus weight and
thymic cortex thickness the pineal
gland diameter, pineal cell
number and pinealocyte nuclei
diameter in rats (mean±S.E.M.).
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Discussion

It is well established that lighting conditions are di-
recthly responsible for the functional state of the pine-
al gland in that light inhibits and darkness enhances
its activity(3). It is also reported that seasonal vari-
ations have affected the sizes of pinealocytes or pineal
glands in many wild animals under natural conditions
(9,10,11). Pinealocyte volumes or pinealocyte sizes are
generally larger in winter or during hibernation(11).
By contrast, pinealocytes of the hare are larger in size
from summer to fall(9), and maximall diameters of
pinealocytes of the bat are obtained in the fall (be-
ginning o hibernation) in males and in early spring
(ending of hibernation) in males and in early spring
(ending of hibernation) in females(10). In feral animals
under field conditions, it is possible that seasonal
changes in a variety of environmental factors other
than photoperiods may cause changes in size of pine-
alocytes and pineal glands. Thus, it is difficult to de-
termine to what degree the photoperiods is involved
in such seasonal variations. The present study dem-
onstrated clearly the effects of photoperiods on size of
pineal gland and pinealocyte nuclei diameter in rats un-
der laboratory conditions. 

Pineal gland diameter in the rats which were kept
in constant darkness and constant light for 5 weeks
did not show significant differences when compared to
that in control group, while the difference between
the dark and light groups was significant. We could
not find difference in the pineal cell number (numeric
density). However, the pineealocyte nuclei diameter de-
creased in light group while it increased in dark
group. The difference in the pinealocyte nuclei
diameter among groups was found statistically sig-
nificant. Larger nuclei under constant darkness are be-
lieved to be functionally more active than smaller nu-
clei under constant light(12). Vollrath(13) stated that
constant light induced atrophy of pinealocytes. How-
ever, Matsushima et al (12) have studied on Chinese
hamsters raised under light: dark 16:8 and light: dark
8:16 and stated that the ones raised under long pho-
toperiods (L:D 16:8) have larger pineal glands com-
posed of larger pinealocytes than those raised under
short photoperiods (L:D 8:16). They also observed
that the pinealocytes in he Chnese hamsters raised un-
der L:D 16:8 were not larger than those in animals
raised under photoperiods shorter or longer than
16hr. Thus, L:D 16:8 may be the optimal photoperiod
for the development of the pinealocytes in the Chinese
hamster (12). However,  Dombrowski & McNulty
(14,15), who studied on intact and blinded Golden

hamsters for 8 weeks, observed that pinealocyte nuclei
and cytoplasm volume decreased while the nucleolar
size was enhanced following optic enucleation. They
stated that these changes in the nucleolar size were
the indications of increased synthetic activity in re-
spond to light deprivation (14,15). We observed an in-
creas in the diameter of the pinealocyt nuclei which in-
dicates an increasing functional activity in respond to
darkness. Though Quay(10) stated that the maximal
nuclear diameter in pinealocytes of the bat are ob-
tained at the beginning of hibernation in males, and at
the end of hibernation in females, we did not observe
any sex related differences in the pineal diameter,
pinealocyte number and the diameter of the pine-
alocyte nuclei.

There are relatively few studies on a possible con-
nection between lymphopoietic system and pineal gland
or enviromental stimuli(16). Mice kept for 3 genera-
tions under constant environmental light do not grow
normally and show marked atrophy of the thy-
molymphatic system, and permanent light causes a sig-
nificant depression of humoral and cell mediated im-
mune responses in this species(7). It has been
demonstrated that exogenous melatonin enhanced anti-
body production through an increase in spleen cellular-
ity, and that when normal nonstressed mice were in-
jected with sheep red blood cells, an injection of
melatonin led to increase in antibody production with-
out thymic enlargement(17). In addition, the immun
reactivity and circulating lymphocytes were shown to
fluctuate according to a circadian rhythm(18,19,20).
Although Maestroni and Pierpoli(17) reported that the
growth was not normal in mice raised under constant
light for 3 generations we did not observe difference
in he body weight of the rats raised under constant
light or constant dark for 5 weeks. While an experi-
ment of 5 weeeks was not sufficient to effect the
body weight, we observed significant changes in the
thymus weight and thymus cortex thickness at the end
of the same amount of time. In group dark the thy-
mus weight increased by 38%, the increase in the
thymus cortex thickness was 34.5% while in group
light the thymus weight decreased by 21% and the
decrease in the thymus cortex thickness was 18%.
Mahmoud et al.,(21), who did similar studies, re-
ported that the thymus weight increased by 315%
and the increase in the thypmus cortex volume was
190% in the rats raised constant darkness for 4
weeks and that the thymus weight decreased by 53%
and the decrease in the thymus cortex volume was
61% in the rats kept under constant light for 4
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weeks. The rate of increase and decrease in our find-
ings was not so high as that in theirs. However, the
increase in group dark was higher (almost twice as
high as) than the decrease in group light, as was in
their findings.

Acute stress and adrenal steroids are known to in-
hibit the immune response, and involution of the thy-
mus is generally accepted as a reliable sign of the im-
munosuppressive action of steroid hormones(22,23).
Clinical and experimental studies have shown that me-
latonin has important immunoregulatory functions
(4,6). It is reported that the involution of he thymus
induced by acute stress could be countered by ex-
ogenous melatonin(17,24). Since both melatonin and
adrenal steroids do effect immune reactivity in op-
posite modes, the thymus gland was considered to
represent a target site for the immunomodulatory in-
teractions of those hormones(25,26,27) reported that

the effect of the melatonin on he thymic morphology
was directly dependent on the anti-glucocolrticoidal ef-
fect. In the contrary, Familari & Funder(28) pointed
out that melatonin was not a glucocorticoid an-
tagonist. Furthermore, the effects of the melatonin
were shown to be exerted through opioid peptides,
namely B-endorphin, had direct effects on the cell of
the immune system(17,24). The findings of Mahmoud
et al(21) and ours, in which the increase in the thy-
mus weight and thymus cortex thickness in group
dark was higher than the  decrease in group light,
seem to support the findings of Familari & Funder(28)
and Maestroni et al.(17,24). The effects of he en-
vironmental conditions to the pineal gland and through
the pineal gland to the thymus, direct or indirect, may
have important physciological and immunotherapeutic
implications. 
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