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ABSTRACT 

Light regulates numerous physiological functions including se-
cretion of different hormones. Our aim was to determine morpho-
logical and functional changes of the pituitary growth hormone 
(GH) and prolactin (PRL) producing cells in female rats exposed 
to constant light regime from the peripubertal to adult period of 
life. Starting from the thirtieth postnatal day, female Wistar rats 
were exposed to constant light (600 lx) for the following 95 days. 
Controls were maintained under the regular laboratory lighting 
conditions. The GH and PRL cells were immunohistochemically 
visualized. Changes in cell volumes and volume densities were 
evaluated by stereology. Concentrations of PRL and GH in circu-
lation were also determined. We detected significant decrease of 
the GH cell volume and volume density, followed by reduced the 
GH blood concentration in comparison to the controls. In con-
trast, PRL cells were larger in size and their volume density was 
significantly increased when compared to the controls. Accord-
ingly, PRL concentration was elevated. It can be concluded that 
exposure of female rats to constant light regime, from peripuber-
tal to adult period of life, causes inhibition of the pituitary GH and 
stimulation of PRL cells. 
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INTRODUCTION 

Numerous biological activities, including energy metab-
olism, body temperature, feeding, locomotion, reproduction 
and other types of behavior are rhythmic in nature and syn-
chronized with 24h light-dark cycle. Among the others, en-
docrine factors are highly rhythmical. Their rhythms are 
mostly endogenously generated, persist without environmen-
tal cues and are driven by intrinsic timekeeping mechanism 
known as the master circadian clock, which in mammals is 
located within the suprachiasmatic nucleus (SCN) of the hy-
pothalamus (1). Although endogenous, circadian rhythms are 
synchronized, or entrained, with external environmental 
stimuli of which the light is most predictable synchronizing 
agent. The SCN receives direct retinal input through the reti-
nohypothalamic tract that maintains entrainment of the en-
dogenously rhythmic cells with the light-dark cycle (2). The 
SCN directly or via pineal nocturnal hormone melatonin co-
ordinates the timing of circadian rhythms, including daily 
control of hormone secretion. However, some of endocrine 
rhythms are diurnal and are driven by alternating cycles of 
light and darkness, rather than being internally organized. In 
contrast to circadian rhythms, diurnal rhythms cease when 
environmental conditions are constant and no longer provide 
time cues (1, 2). The hypothalamo-pituitary-adrenal and -
gonadal axes, prolactian (PRL) and melatonin secretion are 
under circadian regulation, while the growth hormone (GH) 
secretion is diurnal and essentially sleep-dependent, i.e. GH 
secretion is not rhythmic in the absence of sleep (3). How-
ever, it has been suggested that GH secretion relies on an in-
teractive effect of the exogenous and endogenous compo-
nents, which both drive its 24-h rhythm (4). 

Growth hormone and PRL are synthetized and secreted 
from somatoropic (GH) and lactotropic (PRL) cells of ante-
rior pituitary. Somatotropic and lactotropic cells are consid-
ered to be “sister cells” since they are differentiated from the 
same, Pit1 cell lineage (5). Both hormones are controlled by 
stimulating and inhibitory influences from the hypothalamus, 
modulated by sex steroids and have important role in pubertal 
maturation. Growth hormone promotes growth and develop-
ment of the body directly affecting muscle and bone growth, 
lipid metabolism, milk production, and the release of several 
hormones. Indirectly, it affects several processes in the body 
by stimulating the production and release of insulin-like 
growth factor from the liver (6, 7). The release of GH from 
anterior pituitary is regulated predominantly by two hypotha-
lamic peptide hormones; the GH-inhibiting hormone, soma-
tostatin and the GH-releasing hormone, (GHRH) (6). The GH 
release follows diurnal rhythm in humans, with the highest 
mean plasma GH levels and pulse frequency during sleep on-
set (8). Interestingly, in male rats the GH secretion patterns 
are independent of the time of day, but in females the GH 
release seems to follow a diurnal rhythm, with pulse fre-
quency and amplitude found to be increased during the dark 
period (9). 

 

Prolactin in the mammals affects reproductive, sexual, 
metabolic, immune, and other functions. Synthesis and secre-
tion of the PRL is controlled by prolactin-releasing factors 
such as the thyrotropin-releasing-hormone, oxytocin, neuro-
tensin, vasoactive intestinal polypeptide and vasopressin; 
prolactin-inhibiting factors such as dopamine, somatostatin, 
or gama-aminobutyric acid (10). Its secretion has a circadian 
pattern that persists in constant conditions in humans and rats 
(10) and is abolished after lesions of the SCN (11). Experi-
mental data strongly suggest that the daily rhythm exhibited 
by neuroendocrine dopaminergic neurons is endogenous in 
nature and entrained by light (1, 10, 12). 

Modern world society is subjected to the disturbances of 
circadian rhythms by shift work, sleep deprivation, and envi-
ronmental light pollution. Lighting during nighttime can have 
detrimental effect on human health (13). Cardiovascular dis-
eases (14), metabolic syndrome (15), depression (16), and 
even cancer (17) are associated with disturbances of circa-
dian rhythms.  

Since the light is one of the major factors entraining cir-
cadian rhythms with the environment, valuable insight into 
the effects of their disturbance comes from studies of animals 
exposed to constant light, known as functional pinealectomy 
(18). It causes melatonin and serotonin deprivation associ-
ated with changes in behavior (19) including sexual behavior 
(20); structural and functional changes in the pituitary-thy-
roid (21) and -adrenal axes (22, 23); alteration in metabolism 
(24); promotion of aging and tumorigenessis (25) as well as 
changes in blood pressure (26). Additionally, continual ex-
posure of female rats to an environment of constant illumina-
tion is used for developing of the polycystic ovary syndrome 
in the rodent model (27). 

Having in mind that the PRL and GH secretion patterns 
are sex- and age-dependent, and their importance in pubertal 
maturation, we aimed to examine the effects of functional 
pinealectomy on morphofunctional features of the GH and 
PRL cells in female rats chronically exposed to constant 
light, from peripubertal to adult period of life. 

MATERIAL AND METHODS 

Animals and Experimental Design 

Female Wistar rats were housed in the unit for experi-
mental animals at the Institute for Biological Research 
“Sinisa Stankovic”, Belgrade, Serbia. The first group of rats 
(n=6) was placed into constant ambient light conditions 
(24h/day, light intensity of 600 lx) on the 30th day of life 
(CL). Animals were maintained in these conditions for the 
following 95 days. The second group was kept under regular 
laboratory lighting conditions (12h light–12h dark) during 
the same period and served as a control group (n=6; C). All 
animals had free access to food and water and were 
maintained at constant temperature conditions (21±2°C). All 
animal procedures were in compliance with the European 
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Communities Council Directive (86/609/EEC) and were 
approved by the Ethical Committee for the Use of Laboratory 
Animals of the Institute for Biological Research “Sinisa 
Stankovic”, the University of Belgrade (No 2–12/13). 

Tissue Preparation and Immunohistochemistry  

Pituitary glands were excised, weighted, fixed in the 
Bouin’s solution for 48 h and dehydrated in increasing con-
centrations of the ethanol and xylene. After embedding in 
Histowax (Histolab Product Ab, Göteborg, Sweden), each 
tissue block was serially sectioned at 5 µm thickness on a ro-
tary microtome (RM 2125RT Leica Microsystems, Wetzlar, 
Germany). Series of sections cut through three tissue levels 
(dorsal, middle and ventral portions) of the pars distalis were 
used for the immunohistochemical and immunofluorescence 
localization of the GH and PRL containing cells. After rehy-
dration, the sections were stained immunohistochemically. 
Somatotropic and PRL cells were visualized using the perox-
idase enzymatic method as previously described (28). 
Briefly, sections were incubated with polyclonal hGH or 
hPRL antibodies (1:300 v/v (DAKO A/S, Glostrup, Den-
mark) for 24 h at 4°C. After a 5-min rinse in the PBS,  sec-
tions were incubated for 45 min with secondary antibody 
(1:500 v/v porcine-anti-rabbit IgG (obtained from DAKO 
A/S, Glostrup, Denmark), rinsed for 5 min in the PBS, incu-
bated for 45 min with rabbit-antiperoxidase serum (1:100) 
(DAKO A/S, Glostrup, Denmark) and again rinsed in the 
PBS. The antigen–antibody complex was visualized using a 
0.05% DAB liquid substrate chromogen system (Dako A/S, 
Glostrup, Denmark). Sections were thoroughly washed under 
running tap water and counterstained with hematoxylin. An-
tibody localization was visualized using a 0.05% DAB liquid 
substrate chromogen system (Dako A/S, Glostrup, Den-
mark). Sections were thoroughly washed under running tap 
water and counterstained with hematoxylin. 

Stereological measurements 

Immunohistochemically stained 5 µm thick sections of 
the pars distalis were used for morphometric examinations of 
the GH and LH cells that possessed visible nuclei. The cell 
volumes of the examined cells (Vc) and their volume densi-
ties (VV) were estimated by light microscopy at 1000x mag-
nification using the M42 multipurpose test system (29). The 
volumes of cells were expressed in µm3, while their volume 
densities were given as percentages of total pituitary cells in 
mm3.  

Determination of serum hormone concentrations 

Serum concentrations of the GH and PRL in control and 
experimental rats were measured by the Delfia method (hGH 
and hPRL Delfia kits; LKB, Turku, Finland).  

Statistical analysis 

All results were expressed as means for six animals per 
group ± SD. The data were tested for normality of distribu-
tion by the Kolmogorov–Smirnov test, whereas the 

homogeneity of variances was evaluated by the Leven’s test. 
Student’s t-test was used to compare the mean values. The 
minimum level of statistical significance was set at p<0.05. 

 
RESULTS 

Body mass and pituitary weights 

Results on bodymass, absolute and relative pituitary 
weights are summarized in Table 1. Exposure of female rats 
to CL, from peripubertal period of life to adulthood, resulted 
in significant decrease of the weight by 22.9% (p<0.05) com-
paring to the control group. In absolute and relative pituitary 
weights, no significant changes were detected (Table 1).  

Table 1. Effects of prolonged exposure to constant light 
(CL) on body mass and pituitary weight  

in adult female rats 

(g) Body mass 

Absolute 
pituitary 
weight 
(mg) 

Relative  
pituitary 
weight 

(mg x 100)/ 
body mass 

C 304.2 ± 19.6 15.3 ± 0.8 5.1 ± 0.5 
CL 234.4 ± 25.6* 14.3 ± 1.6 5.3 ± 0.9 

All values are given as mean ± SD (n=6); *p<0.05  
CL vs. Control 

Immunohistochemical analysis 

Somatotropic cells (GH) in the pituitary pars distalis of 
control females were stained intensely and homogenously. 
They were ovoid to pyramidal in shape, usually present in 
groups and in close contact with blood capillaries (Fig. 1a). 
After chronic exposure to constant light, the immunolabeled 
GH cells were ovoid to polyhedral in shape, but smaller in 
size and more frequently present alone than in groups (Fig. 
1b) comparing to the controls.  

 
Figure 1. Representative micrographs of the GH (a, b)  
and PRL cells (c, d) in the pituitary of control (C; a, c)  

and females exposed to constant light (CL; b, d).  
Bar scale – 20 m. 
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Figure 2. Stereological parameters of the GH (a, b) and 
PRL cells (c, d) in the pituitaries of control (C) and  

females exposed to constant light (CL).  
All values are provided as the mean ± SD;  

n = 6. *p < 0.05, CL vs. C. 
 

Figure 3. Serum levels of the GH (a) and PRL (b) in  
control (C) and females exposed to constant light (CL).  

All values are presented as the mean ± SD; n = 6.  
*p < 0.05, CL vs. C. 

 

Lactotropic (PRL) cells of control females were polygo-
nal in shape with the spherical nuclei, surrounded by rela-
tively small portion of the pronounced immunolabeled cyto-
plasm (Fig. 1c). In the pituitaries of females exposed to con-
stant light, PRL cells were larger; their shape was irregular, 
with more pronounced prolactin content within their cyto-
plasm (Fig. 1d). 

Stereological analisys 

Stereological analysis confirmed findings of the histolog-
ical examination. Namely, volume of the GH cells was sig-
nificantly decreased after constant light exposure, by 17.1% 
(p<0.05), comparing to the control values (Fig. 2a). Conse-
quently, the percentage of somatotropic cells within the pitu-
itaries of females exposed to constant light, i.e. their volume 

density, was decreased by 20.5% (p<0.05) (Fig. 2b). Volume 
of the PRL cells was increased by 10.0% compared to the 
control values (Fig. 2c), however, this increase did not reach 
statistical significance. On the other hand, volume density of 
the immunoreactive PRL cells was increased by 16.3% 
(p<0.05), comparing to the controls (Fig. 2d). 

Serum GH and PRL concentrations 

After exposure to the constant light, serum GH concen-
tration decreased by 67.0% (p<0.05) (Fig. 3a). On the other 
hand, the PRL concentration increased (p<0.05) two-fold 
(Fig. 3b) compared to the controls. 

DISCUSSION 

In an effort to elucidate whether the functional pinealec-
tomy influence pituitary GH and PRL cells, their immuno-
histochemical and morphofunctional properties were as-
sessed in adult female rats exposed to the constant light re-
gime from peripubertal period of life. Our results provide ev-
idence that constant light conditions induce structural and 
functional changes of pituitary GH and PRL cells. 

In the pituitary pars distalis of light-treated females, the 
GH cells were smaller in size than in control females which 
was confirmed by stereological analysis, i.e. their volume 
and volume density were decreased. On the other hand PRL 
cells were enlarged, with more intensely stained cytoplasm 
and increased volume density. Francou et al. (30), however, 
did not observe changes in average percentage of the GH or 
PRL cells in females that were exposed to continuous illumi-
nation in adulthood. This discrepancy may originate from the 
different experimental settings. Namely, in our study females 
were exposed to constant light conditions throughout sensi-
tive pubertal maturation, which elicit more stronger changes 
in PRL and GH cells, since it is also a period of maturation 
of Gh1 and Prl genes expression (31). 

Smaller GH cell volume and decreased overall percentage 
in pars distalis resulted in decreased GH blood concentration 
in our study. Changes of environmental lighting conditions 
cause lower amplitudes of GH peaks in adult male rats (32) 
and decreased growth rates, judged by the decreased body 
weight and tail length (33) exposed to continuous light in 
adult or juvenile period of life, respectively. We have also 
observed the reduced body weight in light-treated females in 
the present and in our previous study (21).  

Alternation of circadian PRL rhythms and elevated PRL 
blood level in females exposed to long periods of constant 
light (60-120 days) (34) or from birth till adulthood (35) were 
previously reported. Accordingly, in our study we observed 
increased volume density of PRL cells in light-treated fe-
males that resulted in the increased PRL concentration. 
Rhythmic urine PRL, but with elevated average value, was 
also observed in males under longer (three weeks) (36) or 
shorter (one week) (37) continuous light regime. 
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The effects of melatonin on the GH and PRL cells, i.e. its 
lowered concentration in animals exposed to the constant 
light (36) must be taken into account. It has been reported 
that the GH rhythm was suppressed in rats with removed pin-
eal gland, while after melatonin administration a distinct in-
crease of GH concentration during the day was observed 
(38). Melatonin plays facilitatory role in the GH secretion at 
the hypothalamic level by inhibiting endogenous somatosta-
tin release in men (39). Additionally, there is evidence that 
melatonin treatment decreases rat levels of ghrelin (40), an 
endogenous ligand for the growth hormone secretagogue re-
ceptors (41). 

It is generally accepted that melatonin modulates the PRL 
secretion in the rat. Its inhibitory effect on the hypothalamic 
dopamin release, thus decreasing inhibitory influence of do-
pamin on the secretion of PRL (42) has been shown in vitro. 
However, there are reports that melatonin reduced the PRL 
production from rat pituitary cells in culture (43). Presence 
of melatonin receptors was not confirmed in the PRL cells of 
pituitary pars distalis (44), in contrast to pituitary pars tu-
beralis, which contains a high density of receptors for the 
melatonin and it is implicated in the expression of both cir-
cadian and seasonal endocrine cycles (45). This structure also 
expresses clock genes (46). Hence, in melatonin mt1 receptor 
knockout mice amounts of circulating prolactin are signifi-
cantly higher than in wild-type littermates (47). 

Alterations in light cycles are typically considered as 
stressful. Continuous light exposure caused a significant in-
crease in serum adrenocorticotropic hormone and serum cor-
ticosterone concentration in female rats (22, 23). Stimulated 
pituitary-adrenal axis and elevated glucocorticoid levels may 
affect the GH and PRL cells since exposure to different 
stressors induces the decrease of GH and increase of PRL 
levels (48). Growth hormone concentration can be modulated 
by elevated glucocorticoids by different actions on the hypo-
thalamus, pituitary gland and liver (49). There is also evi-
dence that corticotropin-releasing hormone serves as the me-
diator of the stress-induced suppression of GH via direct syn-
aptic connections between somatostatin neurons (6). Many 
hypothalamic substances are implicated in the prolactin-se-
cretory stress response, and besides dopamine they include 
serotonin, histamine, N-methyl-D,L-aspartic acid, atrial na-
triuretic peptide, b-endorphin and dynorphin, oxytocin, vas-
opressin (10) and melanocortins (50). 

Chronic exposure of female rats to constant light regime 
is used for developing of the polycystic ovary syndrome in 
the rodent model, in which levels of estradiol and estrone are 
elevated (27). It has been show that estradiol inhibits the GH 
(51) and stimulates the PRL secretion (10). 

In conclusion we have demonstrated that exposure of fe-
male rats to constant light regime from peripubertal to adult 
period of life, cause inhibition of pituitary GH and stimula-
tion of PRL cells, judged by their immunohistochemical and 
morphometric features, and physiological endpoint, i.e. con-
centration of these hormones in circulation. 
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