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Abstract

Habanero pepper fruits contain capsaicin (CAP) characterised by a spicy taste. Astrocytes ex-
press vanilloid receptor (TRPV1), which interacts with cannabinoids including CAP. Only a few
studies revealed that CAP leads to alterations of the arcuate nucleus (ARC) structures. The aim of
this study was to analyse the GFAP (GFAP-IR) and S100β (S100β-IR) immunoreactive astrocytes of
ARC in adult rats after intragastric administration of habanero pepper fruits. Adult, Wistar rats
received a peanut oil – control group (C) – and oil suspension of habanero pepper fruits at a dose of
0.08 g dm/kg b.w. for 7 days – E1 group – and 28 days – E2 group. After euthanasia, the brains were
embedded in paraffin blocks using a routine histological technique. Frontal slices of ARC were
immunohistochemically stained for GFAP and S100β using specific antibodies in the per-
oxidase-antiperoxidase method. Astrocytes of ARC were morphologically and morphometrically ana-
lysed under a light microscope. The results of the study did not reveal statistically significant changes
in the density of GFAP-IR cells in E1 and E2 groups of rats in comparison with group C. A statisti-
cally significant increase in the density of S100β-IR astrocytes was observed in the E1 group and
a decrease in the E2 group. Astrocytes with expression of both studied proteins were characterised by
morphological alterations in ARC in the E2 group. The obtained results suggest an influence of CAP
contained in habanero pepper fruits on the reactivity of astroglia, which may have an impact on the
astrocyte-neuron interactions in order to maintain a proper activity of nervous cells in ARC.
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Introduction

Habanero pepper fruits (Capsicum chinense Jacq.)
contain an active alkaloid called capsaicin (CAP)
which is characterised by a spicy and burning taste.
These fruits are used in the food, pharmaceutical and
cosmetic industries. The most important properties of
CAP are the irritant and analgesic effect, and influ-
ence on fat tissue metabolism and thermoregulation.
The influence of CAP on the organism depends on
the dose, timing and the route of administration
(Pieńko 2013). Intragastric application of CAP at
a high dose to rats (50 mg/kg b.w. for 60 days) has
a negligible impact, leading only to the inhibition of
growth. (Monsereenusorn 1983). This alkaloid is mild-
ly toxic after oral administration. Hydrolysing en-
zymes take part in its metabolism which occurs in the
gastrointestinal tract (Surh and Lee 1995). However,
less than 5% of an unchanged form of CAP enters the
human and rat brain with blood (O’Neill et al. 2012).
CAP in low doses exhibits medical properties but the
severe toxic effect of high doses of the alkaloid cannot
be excluded (Olszewska 2010). Its neurotoxic effect
was described in rats after systematic administration
(Sugimoto et al. 1998). Moreover, a neurotoxic effect
of CAP was demonstrated in adult humans after sub-
cutaneous administration. (Simone et al. 1998). CAP
may be transported via the blood-brain barrier (BBB),
although the mechanism of the transport is not known
(Güler et al. 2012).

The arcuate nucleus (ARC) of the hypothalamus
is involved, inter alia, in the regulation of the food
intake mechanism and body weight control. ARC, via
numerous connections with other areas of the brain,
takes part in many functions. It is involved in the regu-
lation of secretory mechanisms of the pituitary gland,
in the neuroendocrine integration of the organism, in
the reproduction, in the response to stress and the
control of pain (Belousov and van den Pol 1997).
ARC neurons produce numerous neurotransmitters
including glutamate and modulators such as neur-
opeptide Y (NPY) and cholecystokinin (CCK) (Park
et al. 2004).

CAP binds to a vanilloid membrane TRPV1 re-
ceptor (transient receptor potential vanilloid subtype
1) also known as capsaicin receptor in the hy-
pothalamic structures (O’Neil and Brown 2003). Not
only the nerve cells but also the astrocytes have
a TRPV1 mRNA and the protein that can interact
with the cannabinoids, including CAP (Toth et al.
2005).

Glial fibrillary acidic protein (GFAP) and S100β
protein are the markers of mature astrocytes. GFAP
establishes the glial intermediate filaments (IFs)
forming the cell cytoskeleton (Montgomery 1994, Eng

et al. 2000). A large expression of GFAP was demon-
strated in astrocytes of ARC. However, it may dy-
namically change depending on the microenviron-
ment conditions. Under the influence of many factors,
astrocytes may be morphologically altered, including
the reorganization of the filaments and functional
changes, which affect the neurons (Tardy et al. 1993,
Eng et al. 2000).

S100β, which belongs to calcium binding proteins
from the EF-hand family, is localised in the nuclei and
cytoplasm of astrocytes. This protein occurs as free or
it binds to membranes, type III intermediate fila-
ments, centrioles, microtubules and the mitotic
spindle. It decreases calcium concentration in cells
and thus it acts as a buffer. After releasing of the
protein to intracellular space by astrocytes it affects
the neurons and other glia. S100β in nanomolar con-
centration has a trophic effect on nervous system
structures (CNS) and in micromolar concentration it
is toxic and leads to apoptosis of neurons and glia
(Donato 2003).

Only a few studies demonstrated the effect of
CAP on brain structures depending on the route, dose
and time of administration. A significant increase of
GFAP and glutamine synthetase immunoreactivity in
ARC and in median eminence (ME) was demon-
strated in rats after subcutaneous administration of
CAP (Okere and Waterhouse 2004). CAP effect on
cholecystokinin (CCK) and neuropeptide Y (NPY)
expression was described in some areas of the brain in
rats after oral administration using a fat rich diet
(Park et al 2004).

Untill now, the impact of CAP on astrocytes after
intragastric administration of habanero pepper has
not been shown. Therefore, the aim of this study was
to morphologically and morphometrically analyse the
GFAP (GFAP-IR) and the S100β (S100β-IR) im-
munoreactive astrocytes of ARC in adult rats after
8-day and 4-week administration of habanero pepper
fruits.

Materials and Methods

Animals

The experiments were approved by the Second
Local Ethics Committee in Lublin (No. 21/2013). The
study was conducted on 15 adult male Wistar rats
(120-125 g) from a laboratory animal farm. The ani-
mals were kept in an air-conditioned room with rela-
tive air humidity of 45-47% and a temperature of
22-23oC in a 12 h light/12 h dark cycle. The rats were
fed with commercial fodder for laboratory animals
(LSM, Agropol Motycz Poland) and they had perma-
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nent access to water ad libitum. The acclimation per-
iod was 16 days prior to the experiment. The rats
(n=15) were divided into two experimental (E1 and
E2) and one control group (C). Field, dry fruits of
habanero pepper with HPCR – the specific content of
capsaicin of 7.64 mg /dm (capsaicin and dihydrocap-
saicin) were suspended in peanut oil. The suspension
was administered to the rats at a dose of 0.08 g dm/kg
b.w. for a period of 7 days (E1) and 28 days (E2).
Daily doses were divided into 2 equal parts and ad-
ministrated every 12 h. The suspension concentrations
(about 0.5 ml) were prepared for every animal and
was applied intragastrically using special, automatic
plastic tubes for feeding of rodents (Instech Labora-
tories, Inc., Plymouth Meeting, PA USA). Control
animals (C) received approximately 0.5 ml of pure
peanut oil using the same method. The rats were eu-
thanised 12 h after the last administration of the sus-
pension. The brains were immediately dissected, fixed
in fresh and buffered 10% formalin (pH-7.0) for 12
h at 4oC and embedded in paraffin blocks using a rou-
tine histological technique. Frontal, 6 μm-thick slices
containing ARC were obtained in the microtome.

Immunohistochemistry

To inhibit the endogenous peroxidase activity,
brain slices containing ARC were treated with 0.4%
H2O2 for 30 min at room temperature (rt). In order to
eliminate background staining the slides were incu-
bated in 10% goat serum (Sigma-Aldrich) for 20 min.
Immunohistochemical detection of astrocytic markers
GFAP and S100β was carried out using a per-
oxidase-antiperoxidase method (PAP). A set of anti-
bodies (Sigma-Aldrich) and reagents diluted in 0.5M
Tris buffer (TBS, pH-7.6) were used. The monoclonal
rabbit anti-GFAP antibody and mouse anti-S100β
antibody were applied on the slides to reveal as-
trocytic proteins. The material was incubated in pri-
mary antibodies for 24 h at 4oC. Subsequently, the
secondary, species appropriate, monoclonal
anti-IgG-peroxidase antibody was used for 1h at rt.
The dilutions of antibodies were prepared according
to the producer’s recommendations. Diaminoben-
zidine (DAB) was used as a chromogen. Additionally,
after immunostaining, the slides were counterstained
with Mayer’s haematoxylin. A reaction specificity con-
trol was performed omitting the primary antibodies
and replacing them with normal goat serum.
GFAP-IR and S100β-IR in ARC were analysed and
photographed under a light microscope BX51 (Tokyo,
Japan) using an Olympus Color View IIIu digital cam-
era. On the basis of GFAP-IR and S100β-IR the mor-
phology of the astrocytes was analysed.

Morphometric analyses

Average density of GFAP and S100β-immunoposi-
tive cells in ARC was analysed in the Cell∧D program
(Olympus, Tokyo, Japan). From every group
(C,E1,E2) 25 slices were randomly chosen for each
studied protein. Two photos were taken from each
slice. A grid of squares 150x150 μm (22.5x10-3 mm2)
was imposed on the microphotographs. GFAP-IR and
S100β-IR astrocytes were counted in 2 randomly se-
lected squares from each photo. Measurements of 100
squares were obtained per each studied group for both
proteins. Statistical analyses were carried out with the
R 3.0.2 program. In order to compare the results
a nonparametric Kruskal-Wallis test was used. The sig-
nificance factor was set to 0.05.

Results

Microscopic analyses of GFAP-IR
astrocytes in ARC

Immunohistochemical reactions revealed the pres-
ence of astrocytes with GFAP expression in ARC in all
studied groups. The protein was localised in the cytop-
lasm of cell bodies and processes.

Numerous astrocytes with intensive GFAP-IR were
present in rats’ ARC of C and E1 groups. Many pri-
mary and thick processes arose from the cell bodies
and divided into secondary, thinner branches. Oval or
round nuclei were localised in the centre of the cytop-
lasm. Astrocytes with fewer processes were observed
very seldom (Fig. 1, 2). On the other hand, in ARC of
animals from the E2 group the astrocytes were mor-
phologically altered. In their oval cell bodies the nuclei
were localised eccentrically and a few, thick primary
processes divided into short branches arose from the
other side of the cell (Fig. 3).

Microscopic analyses of the S100β-IR
astrocytes in ARC

Immunohistochemical reactions demonstrated the
presence of S100β-positive astrocytes in ARC in all
groups of animals. In the analysed area of the brain, in
rats from C and E1 groups a reaction product was lo-
calised mainly in the nuclei and cytoplasm of cell bo-
dies. Initial parts of the processes were seldom ob-
served (Fig. 4, 5). However, oval cells with two or three
thick processes divided into minor branches were pres-
ent in rats’ ARC from the E2 group (Fig. 6). Moreover,
an astroglia with similar morphology as in animals from
the C and E1 groups was sparsely observed.
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Fig. 1. Immunoreactivity of the GFAP-positive astrocytes in the arcuate nucleus (ARC) of C group.

Fig. 2. Immunoreactivity of the GFAP-positive astrocytes in the ARC of E1 group.
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Fig. 3. Immunoreactivity of the GFAP-positive astrocytes in the ARC of E2 group.

Fig. 4. Immunoreactivity of the S100β-positive astrocytes in the ARC of C group.
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Fig. 5. Immunoreactivity of the S100β-positive astrocytes in the ARC of E1 group.

Fig. 6. Immunoreactivity of the S100β-positive astrocytes in the ARC of E2 group.
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Morphometric analyses of the GFAP-IR
and S100β-IR astrocytes in ARC

Morphometric and statistical analyses of the aver-
age density of the GFAP-positive cells in ARC of the
E1 and E2 groups did not significantly differ in com-
parison with C animals (Fig. 7).

On the other hand, morphometric and statistical
analyses of the average density of astrocytes with S100β
protein expression in E1 and E2 groups showed statisti-
cally significant differences in comparison with C ani-
mals. A statistically significant increase of S100β-im-
munopositive astrocytes was observed in ARC of the
E1 group. On the other hand, a statistically significant
decrease in the average astrocytic cell density was pres-
ent in ARC of the experimental E2 group (Fig. 8).
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Fig. 7. Average density of GFAP-IR in ARC of the studied
groups of rats (C, E1 and E2). Data shows mean density of
GFAP-immunopositive cells in an area of 22.5 x 10-3mm2

with standard deviation bars.
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Fig. 8. Average density of S100β -IR cells in ARC of the
studied groups of rats (C, E1 and E2) Data shows mean
density of S100β-immunopositive cells in an area of 22.5
x 10-3mm2 with standard deviation bars.
* statistically significant differences (Kruskal-Wallis, p<0.05).

Discussion

Our studies revealed a slight influence of
habanero pepper fruits, and thus of CAP, on the
GFAP-IR cell density in ARC after 8-day and 4-week

intragastric administration to rats (groups E1 and E2)
in comparison with the control group (C). However,
morphological alterations were observed in the E2
group. A few primary processes arose from one pole
of the oval cell bodies. They divided into secondary,
smaller branches. These changes may suggest the acti-
vation (hypertrophy) of astrocytes caused by 4-week
administration of habanero pepper fruits. We suggest
that some immunohistochemically stained glial pro-
cesses may be invisible due to a loss of GFAP in IFs.
This may indicate an increase in mobility and prolon-
gation of astrocytic processes to protect the neurons.
Astrocytes in vivo and in vitro are capable of produc-
ing three proteins: GFAP, vimentin and nestin which
are bound to IFs. Studies of primary astrocytic cul-
tures revealed that the absence of GFAP and vimen-
tin completely abolishes the production of IFs. With-
out IFs astrocytes expressed significant changes of
shape. They were more oval with a few short pro-
cesses. The results of these studies indicate that the
IFs are directly involved in prolongation of the glial
processes (Lepekhin et al. 2001). On the other hand,
the presence of the GFAP stabilizes the cell shape
and limits the plasticity of the glial processes. There-
fore, the loss of the GFAP may increase the glial pro-
cesses mobility and they may extend in the direction
of synapses. In proper conditions the cells affect neur-
onal transmission. They uptake the excess of calcium
ions and mainly glutamate (Glu) from the extracellu-
lar space. Glu enters the astrocytes by specific trans-
porters: glutamate glial transporter 1 (GLT-1) and
glial glutamate and aspartate transporter (GLAST)
(Bélanger and Magistretti 2009). The absence of
GFAP in Ifs may lead to intracellular glutamine syn-
thesis from glutamate (Lepekhin et al. 2001). Our re-
sults suggest that the CAP present in the habanero
pepper fruits may cause a reduction of the GFAP con-
tent in some glial processes in ARC, which in conse-
quence may lead to alterations in the neuronal micro-
environment, neuron-astrocyte interaction and neur-
onal nets plasticity. Different results were obtained in
rats 75 min after subcutaneous administration of
CAP. A significant increase in GFAP immunoreactiv-
ity and glutamine synthetase (GS) was demonstrated
in ARC and ME astrocytes. The authors of this work
suggest that these alterations affect a functional adap-
tation of astrocytes to cope with the CAP effect in
order to maintain a proper microenvironment for
neurons. GS activity induced by CAP indicates the
increased level of Glu uptake by astrocytes from the
intracellular space (Okere and Waterhouse 2004).
Comparing our own results with other authors’ re-
sults, we suggest that the astrocytes may respond dif-
ferently depending on the route and time of CAP ad-
ministration. For the first time, we studied the ex-
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pression of the S100β protein in astrocytes after in-
tragastric administration of CAP contained in
habanero pepper fruits. We demonstrated the
time-dependent effect of these fruits on the density
and morphology of astrocytes with S100β expression
in ARC. The shorter time of administration of the
fruits caused a statistically significant increase in glial
cell density in the E1 group. This may be a conse-
quence of intensified synthesis of the studied calcium
binding protein caused by an influx of calcium ions
into the astrocytes. Our studies suggest indirectly
that regulatory mechanisms are activated in the as-
trocytes. S100β may increase the frequency of cell
divisions, remodelling the cell cytoskeleton via IFs
formation inhibition (Yashuda et al. 2004). One of
the most basic features of astroglia reactivity is the
synthesis of S100β. This calcium binding protein re-
acts to changes of intracellular calcium ion levels and
decreases their concentration. This buffer protein
takes part in calcium-dependant cellular processes. It
has been demonstrated that it blocks microtubule
synthesis or that it stimulates the breakdown of
gliofilaments formed by GFAP (Donato 2003). On
the other hand, a longer time of habanero fruits ad-
ministration, and thus higher levels of CAP in ARC
of the E2 group, resulted in a statistically significant
decrease of the density of astrocytes with S100β ex-
pression in comparison to group C. This suggests
that a release of S100β from astrocytes to intracellu-
lar space may be increased and this autocrinally and
paracrinally affects neurons and different types of
glia. We observed the appearance of glial processes,
which is the result of astrocytes reactivity (Donato
2003). Other authors revealed that in the hippocam-
pus of an epileptic model an excitation of astrocytic
Glu metabotropic receptors type II (mGluR3) re-
sults in S100β secretion from astrocytes and in conse-
quence this leads to a decrease in the number of
these glial cells with S100β expression. The protein
also shows a neuroprotective effect and increases the
survival of specific neuronal populations (Sakatani et
al. 2008). Phenotypic astroglial alterations in ARC
indicate that the BBB is permeable for CAP derived
from habanero pepper fruits after intragastric ad-
ministration to rats.

CAP is passively resorbed by about 50% in the
stomach and then by about 25-40% in the small intes-
tine in human and rats after oral administration. It
enters the liver via the portal vein and is metabolized.
However, it reaches the brain with blood in <5%
(O’Neill et al. 2012). Currently, it is believed that
CAP passes BBB regardless of the route of adminis-
tration. Intraperitoneal, subcutaneous, intracutaneous
and oral administration affects the selective activation
of TRPV1 receptor (Güler et al. 2012). Neurons and

astrocytes in CNS contain TRPV1 receptor which is
a cation channel for Ca2+. The activation of capsaicin
receptor by the ligand leads to Ca2+ influx to the cells
(O’Neil and Brown 2003, Doly et al. 2004, Olszewska
2010, Kopczyńska 2011, O’Neill et al. 2012). However,
other authors suggest that only a certain subpopula-
tion of astrocytes (i.e. in substantia nigra) express the
TRPV1 receptor (Ho et al. 2012). The TRPV1 recep-
tor activation caused by CAP may stimulate astrocytes
to produce endogenous neurotrophic factors includ-
ing ciliary neurotrophic factor (CNTF). This neurot-
rophin, released to intracellular space, stimulates
CNTF receptor localised in the membrane of neur-
ons. This factor prevents degeneration of dopaminer-
gic neurons in substantia nigra and modulates neur-
onal functions in an animal Parkinson’s disease model
after intraperitoneal administration of CAP to female
rats (Nam et al. 2015). Only a few studies conducted
in 6-7-week-old Sprague-Dawley rats revealed that
CAP in a fat rich diet significantly reduces NPY ex-
pression in hypothalamic nuclei neurons (including
ARC), the amygdala and brain cortex. In conse-
quence, it contributes to a reduction in food intake
and weight loss (Park et al. 2004).

To sum up, our results demonstrated that the
period of intragastric administration of CAP con-
tained in habanero pepper fruits has no significant
influence on the density of GFAP-IR astrocytes in
ARC of the E1 and E2 groups of rats, whereas the
density of S100β-IR cells is dependent on the period
of administration of the fruit. The shorter time of
administration leads to an increase in the density of
astrocytes with S100β expression in ARC (E1 group).
Longer period of habanero peppers administration
(E2 group) causes the decrease of the density of as-
trocytes. Morphological alterations of GFAP-IR and
S100β-IR glial cells were observed in the E2 group of
rats after a longer period of habanero pepper fruit
treatment. The obtained results indicate astroglia ac-
tivation, which is probably a result of neuroprotec-
tion. The alterations we demonstrated may have an
influence on astrocyte-neuron interactions to main-
tain proper neuronal activity. Further studies of as-
trocytes and neurons are necessary in order to dem-
onstrate the impact of habanero pepper fruits on the
nervous system.
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