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Abstract. The neuropeptide galanin is a widely dis-
tributed neurotransmitter/neuromodulator that reg-
ulates a variety of physiological processes and also 
participates in the regulation of stress responses. The 
effect of stress is dependent on the activity of the hypo-
thalamic-adenohypophyseal-adrenal axis. Although 
the adenohypophysis is a crucial part of this axis, 
galanin peptides and their receptors have not yet been 
identified in this part of the pituitary after activation 
of the stress response. Since there are many contro-
versies about the occurrence of individual galanin 
receptor subtypes in the adenohypophysis under ba-
sal conditions, we decided to verify their presence 
immunohistochemically, and we clearly demonstrat-
ed that the adenohypophysis expresses neuropep-
tides galanin, galanin-like peptide, and subtypes of 
galanin receptors GalR1, GalR2 and GalR3. The 
specificity of the reactions was confirmed by Western 
blots for galanin receptors. Using real-time qPCR we 
also demonstrated the presence of three GalR sub-
types, with the highest expression of GalR2. In addi-
tion, we tested the effect of stress. We found that 
acute stress did not induce any changes in the GalR2 
expression, but increased expression of GalR1 and 
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decreased that of GalR3. We confirmed the involve-
ment of the galanin system in the stress regulation in 
the adenohypophysis.

Introduction
Environmental factors are very important in human 

pathologies; however, their precise mechanisms of ac-
tion are not known. One of these important factors is 
stress, which can be studied in animal models. We have 
studied the relationship between acute stress and the 
regulation by neuropeptides in the brain. The most inten-
sively recently studied neuropeptides are galanin (Gal) 
and galanin-like peptide (Gal-LP), widely distributed 
neurotransmitters. Galanin regulates a variety of physio-
logical processes and also participates in some pathologi-
cal disorders and stress responses. Galanin acts through 
three receptor subtypes, GalR1, GalR2 and GalR3, 
which display substantial differences in their functional 
coupling to G regulatory proteins using different mes-
senger cascades (Šípková et al., 2017a). Subsequent sig-
nalling activities are involved in the regulation/modula-
tion of neuroendocrine and behavioural functions.

Our previous results demonstrated that galanin in-
creased the locomotor behaviour and this effect was an-
tagonized by Gal antagonist M40, indicating that gala-
nin penetrates the blood brain barrier (Klenerova et al., 
2011). We found that galanin elicits anxiolytic-related 
and anti-stress effects, which are dependent on the ac-
tivity of the hypothalamic-adenohypophyseal-adrenal 
(HPA) axis. Since the hypophysis is a crucial part of this 
axis and since there are many controversies about the 
involvement of galanin and individual galanin receptor 
subtypes in the adenohypophysis (AH), we estimated 
the expression of this peptide under basal conditions and 
after stress.

In addition, we investigated the expression of galanin 
receptor subtypes in the rat adenohypophysis, which 
plays an important role in the hypothalamic-adenohypo-
physeal-adrenal axis regulation.
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Material and Methods

Animals

We used male Wistar rats (Velaz, Prague, Czech 
Republic) with average starting body weight 220 g. 
Animals had free access to standard pellet food and wa-
ter. Rats were housed 4–5 per cage and maintained on a 
standard 12 h light/12 h dark cycle, at a constant tem-
perature (21 ± 1 °C). Treatment of rats was in accord-
ance with the Declaration of Helsinki Guiding Principles 
on Care and Use of Animals [DHEW Publication, NHI 
80-23]. The study was approved by the Ethical Review 
Committee, First Faculty of Medicine, Charles Univer-
sity.

Stress procedure
Animals were exposed to an acute restraint (immobi-

lization) stressor (IMO) lasting 60 min, which was fol-
lowed by 1 h pause after the stress termination (Kle-
nerova et al., 2002). IMO was applied by fixing forelimbs 
and hind limbs of the rat with adhesive plaster; then the 
animal was restrained in a snug-fitting plastic mesh. 
This mesh was bent to conform to the size of an indi-
vidual animal and a bandage fixed this shape of mesh. 
After the end of exposure to stress, rats were returned to 
their home cages. Control animals remained untreated 
and were used directly after their removal from the 
home cage. This type of stress was also tested in behav-
ioural studies (Klenerova et al., 2011).

Tissue preparation 
Adenohypophyses were promptly removed after rat 

decapitation and then stored at –80 °C until processed. 
To determine the expression of mRNAs of galanin pep-
tides with RT qPCR and Western blot procedures, we 
used AH homogenates. Homogenization was done in a 
MagNA Lyser homogenizer (Roche Diagnostics GmbH, 
Mannheim, Germany). Following that, homogenates 
were exposed to ultrasound and centrifuged (MagNA 
Lyser, Roche Diagnostic GmBH, Mannheim, Germany) 
in order to get clear supernatant to assess proteins. 

For immunofluorescence determination of galanin 
peptides we used tissue slides. Frozen AH tissue sections 
were cut with Cryostat Leica CM1850 (Leica Micro-
systems, Nussloch, Germany) in thickness of 5 μm. 
Slides were treated with poly-L-lysine (Sigma-Aldrich, 
Darmstadt, Germany) and exposed to standard washing 
phosphate-buffered saline (PBS). Before application of 
specific primary antibodies, the slices were incubated 
for 2 h at room temperature with blocking buffer (1% 
bovine serum albumin (BSA), 0.1% TritonX-100 and 
2% normal goat serum) (Bovine Serum Albumin, 
Sigma-Aldrich, St. Louis, MO; Normal Goat Serum, 
Gibco, Waltham, MA). Blocking is an important step for 
minimizing unspecific binding of the primary antibody 
within the cell, and the permeabilization step with deter-
gent is performed to enable the antibodies to cross the 
cellular membranes. 

mRNA expression of galanin peptides using the 
real-time PCR technique

The expression of mRNA transcripts of galanin and 
galanin receptor subtypes was determined by real-time 
quantitative polymerase chain reaction (RT qPCR) 
(Kozera and Rapacz, 2013) from AH homogenates. The 
real-time qPCR reaction was performed in the CFX96 
Real-Time System (Bio-Rad, Richmond, CA). Total 
RNA was isolated from AH of controls and stress-ex-
posed animals using the TRI reagent (Sigma-Aldrich) 
following the protocol of the manufacturer. RNA was 
reverse-transcribed using Superscript III Reverse Tran-
scriptase (Invitrogen, Life Technologies, Prague, Czech 
Republic) and single-strand cDNA was synthesized 
from 4 µg of total RNA. The primers were designed to 
amplify the sequences corresponding to galanin subtype 
receptors and β-actin was used as a reference house-
keeping gene (Genbank Accession No. NM_031144). 
Classical PCR reactions were first conducted to con-
firm the specificity of primers (Bio-Rad, Prague, Czech 
Republic). Reactions for all samples were performed in 
triplicates, and a reverse transcriptase negative control 
was tested to exclude any contamination from DNA am-
plification. Quantification analysis of the data was per-
formed using the Optical System Software (Bio-Rad). 

We determined the galanin receptor subtype mRNAs 
by reference of their CT value to the CT value of the ref-
erence gene β-actin. The relative expression ratios were 
calculated using the 2-ΔΔCT method (Livak and Schmitt-
gen, 2001). Delta-Delta CT measured the differences be-
tween the values of our reference housekeeping gene 
and the values of our samples. The expression level of 
the β-actin gene was used to normalize for differences in 
the input cDNA. Reactions for all samples were per-
formed in triplicate, and a reverse transcriptase negative 
control was tested to exclude any contamination from 
DNA amplification. The specificity of each amplicon 
was then determined by using the melting curve.

Statistical significance was calculated with one-way 
analysis of variance (ANOVA) followed by Bonferroni’s 
post-hoc test; P < 0.05 was regarded as significant. As 
alternative calculation we used the Relative Expression 
Software Tool (REST-MCS© – version 2) to calculate 
the relative expression ratios using the pairwise fixed 
reallocation randomization test (Pfaffl et al., 2002).

Western blot procedure
The specificity of primary antibodies was confirmed 

with the Western blot procedure. The AH homogenate 
was loaded onto 4–20% Mini-Protean TGX gel (Bio-
Rad). After electrophoresis the separated proteins were 
transferred using the Trans-Blot Turbo Transfer System 
(Bio-Rad) and the Trans-Blot Turbo Mini Nitrocellulose 
Transfer Pack (Bio-Rad) to nitrocellulose membranes. 
The membranes were incubated with primary antibodies 
detected with the Vectastain ABC kit (Vector Labs, 
Burlingame, CA).
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Immunohistocheminal methods 

For immunohistochemical detection of galanin, gala-
nin-like peptide and GalR subtypes we used frozen sec-
tions (5 μm) of AH. The detection was performed with 
the use of rabbit polyclonal antibodies (Alomone Labs, 
Jerusalem, Israel): Anti-Galanin Recep tor Type 1 anti-
body (#AGR-011), Anti-Galanin Receptor Type 2 
(#AGR-012) and Anti-Galanin Receptor Type 3 (extra-
cellular) (#AGR-013) at a dilution of 1 : 500, and the 
secondary antibody was Alexa Fluor 488 used at a dilu-
tion of 1 : 600 (Invitrogen, Carlsbad, CA) (Šípková at 
al., 2017b). The immunofluorescence was observed by 
Leica DM5000 B, and the obtained data were analysed 
with the NIS Elements software (Laboratory Imaging 
2015, the Nikon Instruments, Prague, Czech Republic) 
and/or ImageJ (freeware). We evaluated two main pa-
rameters: the number of cells reacting with the primary 
antibody and the density of their immunofluorescence 
signal. Statistical evaluation was performed using the t-
test or one-way ANOVA, and the value of P < 0.05 was 
considered as significant.

Other materials
Materials for RNA isolation and gene expression, an-

tibodies for immunohistochemical studies and Western 
blot are given above. All other materials were generally 
available chemicals. 

Results
In the first part of our experiments we tested the pres-

ence of galanin peptides in the adenohypophysis. We 
used an immunohistochemical method to determine im-
munofluorescent labelling of galanin (A), galanin-like 
peptide (B) and all three subtypes of galanin receptors, 
GalR1 (C), GalR2 (D) and GalR3 (E) in AH slices 
under basal conditions. The magnification is 40× (see 
Fig. 1). To assess the immunofluorescent studies we eva-
luated two main parameters: the number of cells react-
ing with primary antibodies and the density of their im-
munofluorescence signal. We found the presence of all 
tested galanin peptides.

We controlled the specificity of primary antibodies of 
galanin peptides using the Western blot method. Results 
in Fig. 2 demonstrate a single band of specific binding 
for all Gal receptor subtypes GalR1, GalR2 and GalR3 
in the rat adenohypophysis. 

By the RT qPCR technique we demonstrated the ex-
pression of mRNA of GalR1, GalR2 and GalR3 under 
basal conditions. After subtracting CT values of the genes 
from the CT values of the housekeeping gene β-actin, we 
found that the expression of GalR2 was much higher 
than that of the two other genes, GalR 1 and Gal R3, as 
is shown in Fig. 3. 

In the next part of the study we demonstrated the ef-
fect of acute stress on the galanin receptor subtypes. 
Figure 3 shows that acute stress did not induce any 
changes in GalR2 expression. The relative expression 
calculation demonstrated increased expression of GalR1 
and decreased expression of GalR3; both changes were 
statistically significant.

Galanin Receptors and Rat Adenohypophysis

Fig. 1. Control immunofluorescent labelling of galanin pep-
tides

Fig. 2. The results of Western blots of GalRs in the rat ad-
enohypophysis. There are single bands with specific binding 
for all galanin receptor subtypes. The molecular weights of 
receptor subtype proteins differ.

Fig. 3. Comparison of mRNA expression of galanin recep-
tor subtypes GalR1, GalR2 and GalR3 in the rat adenohy-
pophysis. Results from the control group (yellow colour) 
and under application of acute stress one hour after termi-
nation of the stress (red colour). Given 100/∆CT mean val-
ues ± SE.
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We also tested the effect of systemic application of 
galanin immediately after the stress. The results from 
behavioural studies for total movement distance and 
speed of movement (data not shown) demonstrate that 
this systemic application of galanin prevented the de-
crease of locomotion induced after stress (Klenerova et 
al., 2011). This finding indicates that the galanin pep-
tide penetrated the blood brain barrier (Begley, 1994) 
and Gal displayed anxiolytic-like effects and anti-stress 
actions (Klenerova et al., 2009). Our results demonstrat-
ed that galanin is involved in the stress regulation.

Discussion
For our study of the galaninergic system we have 

chosen the anterior pituitary (AH), which is the main 
part of the hypothalamic-pituitary-adrenal (HPA) axis, 
and thus plays a substantial role in stress responses. 
Tortorella et al. (2007) have shown in their survey that 
galanin has an important role in the autocrine/paracrine 
functional regulation of the central and peripheral 
branches of the HPA axis. The mechanism of regulation 
of the AH is rather complex, and it has been generally 
accepted that AH is regulated by the hypothalamus via a 
portal system (Raisman, 1997), but the exact mecha-
nism of galanin action has not been fully elucidated (Liu 
and Ju, 1998). Extensive evidence indicates that galanin 
stimulates the activity of the central branch of the HPA 
axis, i.e., the release of the corticotropin-releasing hor-
mone and ACTH, thereby enhancing glucocorticoid se-
cretion from the adrenal cortex (Klenerova et al., 2017). 
There is also evidence that galanin plays a role in the 
modulation of the HPA axis response to stress (Koz-
lovsky et al., 2009), as well as in the pathogenesis of 
pituitary adenomas and perhaps pheochromocytomas 
(Rauch and Kofler, 2010). Although galanin and its re-
ceptors are expressed in all anatomical components of 
the HPA axis, data on the role of the galanin system in 
the physiology and pathophysiology of the HPA axis re-
main unexplained (Packard et al., 2016). 

We are the first to describe the presence of galanin, 
galanin-like peptide and galanin receptor subtypes in 
AH under physiological conditions. Numerous authors 
have reported the distribution of galanin receptors in 
various tissues (see a detailed overview by Waters and 
Krause (2000)), but data on messenger RNAs of the 
galanin receptor subtypes in AH are missing. There is 
evidence that some neuropeptides are involved in the 
stress responses (Klenerova et al., 2006, 2017; Slavikova 
et al., 2016); however, so far there were no data on the 
participation of galanin receptor subtypes during stress. 
We found that galanin has a modulating effect on re-
straint stress-induced short- and long-term behaviour 
changes in rats (Klenerova et al., 2011) and Gal could 
also be involved in the cardiovascular control during 
stress (Skopek et al., 2012; Šípková et al., 2017b). 
Although investigation of the effect of galanin has made 
great progress, we still do not fully understand the pres-
ence and function of each GalR subtype in AH. We dem-

onstrated the expression of mRNA of all subtypes of 
galanin receptors (GalR1, GalR2 and GalR3) under 
physiological conditions and we found that the expres-
sion of GalR2 was much higher than that of the other 
two (GalR1 and GalR3) receptors. In our experiments 
with stress application, we showed that acute stress did 
not produce any changes in the GalR2 expression, but 
increased expression of GalR1 and decreased expres-
sion of GalR3. 

To explain these results we have to recall that the link 
between all three galanin receptors in the cell signalling 
cascades is different (Šípková et al., 2017a). All three 
GalR are members of the family of G-protein-coupled 
receptors, but GalR1 stimulation activates the adenylate 
cyclase pathway with Galα inhibitory protein, GalR2 
stimulation activates phospholipase C and finally, the 
stimulation of GalR3 activates the Gi/0 protein pathway 
(Lang et al., 2007). A number of pituitary hormones are 
synthesized in AH, which may have a functional rela-
tionship to galanin, in particular the relationship be-
tween ACTH and galanin. Estimation of the co-localiza-
tion of galanin and galanin receptor subtypes with 
ACTH will help determine the role of galanin in various 
types of stress. We have made preliminary experiments 
to study the co-localization of ACTH with the galanin 
system. We found co-localization of ACTH with the 
GalR2 receptor subtype, GalR1 co-localized only rarely, 
and GalR3 co-localized with ACTH in only some cells. 
These results indicate the involvement of galanin recep-
tors in ACTH secretion in the rat AH, and this research 
warrants continuation.

In summary, the results of our study show that the 
biological activity of galanin signalling is very complex 
and plays a role in several important processes including 
acute stress. Galanin receptor subtypes GalR1, GalR2 
and GalR3 probably mediate many of galanin actions, 
and therefore we intended to determine the relative lev-
els of these receptors in galanin-responsive tissues, in-
cluding the adenohypophysis. The multiple functions of 
galanin have already been reported to be associated with 
disturbances in the galaninergic system signalling, 
which contributes not only to the diversity of possible 
physiological effects, but also to the diversity of after-
stress effects. Therefore, galanin and its receptors pre-
sent a promising target for pharmacology research and 
future treatment possibilities. 

Conclusions
In our study with the immunohistochemistry proce-

dure, we clearly demonstrated that the adenohypophysis 
expresses neuropeptides galanin, galanin-like peptide 
and subtypes of galanin receptors GalR1, GalR2 and 
GalR3. The specificity of the reaction was confirmed by 
Western blots. The effect of restraint stress revealed a 
statistically significant increase in the GalR2 receptor 
subtype expression, with the increase of both the num-
ber of positive cells and the specific signal density. Using 
real-time qPCR we have also demonstrated the presence 
of three GalR subtypes, with the highest expression of 
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GalR2. This might be due to the messenger cascade that 
is utilized by GalR2. The dynamics of the acute restraint 
stress effects seems to be similar as the expression of 
galanin receptors under basal conditions. We confirmed 
the involvement of the galaninergic system in the stress 
regulation in the adenohypophysis.
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