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Background: Cocaine- and amphetamine-requlated transcript (CART) peptide
is the substance distributed in various parts of the nervous system. The majority
of previous studies described this substance in the brain, where it takes part in
requlatory processes connected with the food intake. CART is also present in the
peripheral nervous system, especially in the enteric neurons and nerves located
in the wall of the stomach and intestine, but many aspects of distribution and
functions of this peptide in the digestive organs remain unknown. The aim of the
present study was to investigate the changes of CART-positive nerves in the porcine
gallbladder after administration of low-dose Salmonella Enteritidis lipopolysac-
charide (LPS) using the single immunofluorescence technique.

Materials and methods: Seven days after the injection of 5 ug/kg b.w. LPS S. Enteri-
tidis the gallbladders were collected. CART-positive nerves were studied with standard
single immunofluorescence method and counted per observation field (0.1 m?).
Results: In control animals the average number of CART-positive nerves per ob-
servation field (0.1 mm?) amounted to 5.38 + 0.32, 11.11 = 1.56 and 2.97 =+
+ 0.24 in gallbladder neck, body and fundus, respectively. LPS administration
caused the increase in the number of CART-positive fibres in all parts of gallblad-
der, and these values amounted to 12.74 = 0.57, 19.75 = 0.19 and 5.1 = 0.05
in the gallbladder neck, body and fundus, respectively.

Conclusions: The obtained results suggest that CART is involved in the neuronal
regulatory processes in the porcine gallbladder under physiological conditions,
but also during pathological processes, but exact functions of this peptide in this
organ remain unexplained and require the further investigation. (Folia Morphol
2017; 76, 4: 596-602)
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INTRODUCTION

Cocaine- and amphetamine-regulated transcript
(CART) peptide is the substance widely distributed
in the living organism, both in the nervous system
and endocrine cells [25]. It has been described for
the first time in the ovine hypothalamus in 1981 by
Spiess et al. [35]. CART, whose name derives from the
increase in its level after administration of cocaine
and amphetamine in rat striatum [7], occurs in vari-
ous forms, of which CART 55-102 and CART 62-102
are the most important in terms of biological activity
[23, 25].

First of all CART has been described in the central
nervous system, where it is localised among others
in the hypothalamus, nucleus of the solitary tract,
nucleus accumbens, thalamic relay nuclei, olfactory
bulb and amygdala [7, 22]. It is well known, that
this peptide may be involved in a broad spectrum of
functions within the central nervous system. CART is
mainly known as a factor which participates in the
feeding behaviour as an important inhibitor of ap-
petite [37], but it also takes part in the autonomic
regulation, fluid balance, processes connected with
actions of anxiety and reward system, sensory stimuli
conduction, as well as stress and immunological reac-
tions [1, 18, 25, 38].

Contrary to the brain, the knowledge concerning
the distribution and functions of CART in the periph-
eral nervous system is rather scanty. Till now, CART
has been described in neuronal structures of spinal
preganglionic nuclei, pancreas and adrenal medulla
[8, 17, 25, 41], but particularly high number of neu-
rons and nerve fibres immunoreactive to CART has
been noted in the enteric nervous system located in
the wall of the gastrointestinal tract [3, 14, 25, 42].
In spite of the fact that CART is relatively prevalent in
the wall of stomach and intestine, its functions within
the gastrointestinal tract are not fully explained. It is
assumed that this peptide may participate in regula-
tory processes connected with intestinal motility, but
mechanisms of these actions still remain unknown
[34, 36]. Moreover, it is known that expression of
CART in the enteric nervous structures may change
under the influence of various pathological factors,
which suggests the participation of this peptide in
adaptive and/or neuroprotective processes within
enteric neurons during intestinal and extra-intestinal
diseases and intoxications [12, 15, 16, 26].

It should be pointed out that, contrary to the
stomach and intestine, information about distribution
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of CART in nervous structures within the gallbladder
wall is very scanty, because only one previous study
[10] described this substance in intramural neuronal
structures of the gallbladder of guinea pig.

Therefore, the aim of the present investigation
was to investigate the distribution of CART in nerve
fibres located in the wall of different part of porcine
gallbladder both under physiological conditions and
after administration of lipopolysaccharide (LPS) from
Salmonella Enteritidis. Lipopolysaccharides — the
common component of Gram-negative bacteria cell
wall are known as the factor that causes a wide range
of pathological reactions including endotoxin shock,
various tissue injury, disturbances in immunological
processes and lethality [4, 29]. The gallbladder may
also undergo changes under the influence of LPS. Pre-
vious studies described, among others, LPS-induced
cholecystitis and fluctuations in mucin secretion by
gallbladder epithelial cells [5, 20], but the changes in
the innervation of this organ after LPS administration
has not been investigated at all. Moreover, the major-
ity of previous studies concerned the high doses of
LPS [11, 19, 20], while this study was performed on
“low single dose”, which can simulate the asympto-
matic carrier state of Salmonella spp.

On the other hand, the pig, species used dur-
ing the present experiment, seems to be an optimal
experimental animal due to relatively well known
anatomical, physiological and enzymatic similarities
between human and porcine organisms [39]. So the
results obtained during this study, may be an animal
model of the influence of LPS on human gallbladder.

MATERIALS AND METHODS

The investigation was performed on 10 immature
sows (at the age of 8-9 weeks, 16-18 kg body weight)
Piétrain X Duroc breed, which during experimental
procedures were kept in typical laboratory condition
and nourished using standard feed for pigs of this
age group. Animals were clinically healthy, and in all
pigs faecal analysis excluded asymptomatic carrier
state of Salmonella sp. After 2-week adaptive pe-
riod animals were randomly divided into two groups
(5 pigs in each group): control group (C group) and
experimental (LPS group). All animals were premedi-
cated, according to the method previously described
by Mikolajczyk [28], with intramuscular injection of
atropine (Atropinum Sulfuricum, Polfa Warszawa
S.A., Poland, 0.035 mg/kg b.w.), ketamine (Bioketan,
Vetoquinol Biowet Sp. z 0.0., Poland & Vetoquinol
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S.A., France, 7.0 mg/kg b.w.) and medetomidine
(Cepetor, CP-PharmaHandelsges mbH, Germany,
0.063 mg/kg b.w.).

Then, in experimental group LPS from Salmonella
enterica serotype Enteritidis (catalogue no. L7770
Sigma, Aldrich, Germany) was given intravenously
into the marginal ear vein at dose 5 ug/kg b.w. (in
10 mL saline solution), described previously as a “low
single dose”, which in experimental conditions may
simulate the asymptomatic carrier state of Salmonella
spp. [40]. The control animals received intravenously
10 mL saline solution without LPS.

All experimental procedures were performed in
agreement with the instructions of Local Ethical Com-
mittee for Animal Experimentation in Olsztyn, Poland
(decision no. 73/2015 from 29t September 2015).

After 7 days — the period which in the light of
the previous studies is sufficient for the emergence
of changes in the nervous system after LPS admin-
istration [31, 32], all pigs were again premedicated
(in the described above manner) and after 15 min
were subjected to general anaesthesia using propo-
fol (Scanofol, NORBROOK, Northern Ireland, IRL.PN,
4.5 mg/kg b.w. given intravenously) and then euthanised
with pentobarbital (Morbital, Biowet Putawy Sp.
z 0.0, Poland, 60-70 mg/kg b.w., given intravenously).

Immediately after euthanasia gallbladders were
collected, fixed in a solution of 4% buffered para-
formaldehyde (pH 7.4) for 30 min and rinds in phos-
phate buffer (0.1 M, pH 7.4, at 4°C) for 3 days (with
daily exchange of buffer). Then tissues are put into
18% phosphate-buffered sucrose and storage at 4°C
for at least 2 weeks. After this period the particular
parts of gallbladders (neck, body and fundus) were
frozen at —22°C, cut perpendicular to the lumen into
14-um-thick sections using microtome (Microm, HM
525, Walldorf, Germany), fixed on glass slides and
subjected to single-labelling immunofluorescence
technique described previously by Gonkowski et al.
[13]. Sections of the particular parts of gallbladders
were dried for 45 min at room temperature (RT) and
incubated (1 h, RT) with blocking solution (10% goat
serum, 0.1% bovine serum albumin [BSA], 0.01%
NaN,, Triton X-100, thimerosal in phosphate buff-
ered saline [PBS]). Then, samples were incubated
(overnight; RT, in a humid chamber) with rabbit anti-
CART IgG (Phoenix Pharmaceuticals, INC, Belmont,
CA, USA, catalogue no. 1-003-61, working dilution
1:8000). The next day, complexes of mentioned above
antibodies and appropriate antigens were visualised

598

Table 1. The number of nerve fibres immunoreactive to cocai-
ne- and amphetamine-regulated transcript (CART) peptide per
observation field (0.1 mm2) in the neck, fundus and body of
porcine gallbladder under physiological conditions (C group)
and after administration of lipopolysaccharides (LPS group);
mean =+ standard error of mean (SEM)

Part of gallbladder C group LPS group
Neck 5.38 = 0.32* 12.74 = 0.51*
Body 11.11 + 1.56* 19.75 £ 0.19*
Fundus 2.97 = 0.24* 5.1 +0.05*

Statistically significant differences (p < 0.05) between C and LPS groups in the particular
parts of the gallbladder are indicated with asterisk (*).

by incubation (1 h, RT) with secondary antibody —
Alexa Fluor 546 donkey anti-rabbit IgG (Invitrogen,
Carlsbad, CA, USA, working dilution 1:1000). Each
step of immunofluorescence technique was followed
by rinsing the sections with PBS (3 X 10 min, pH 7.4).

To denotation of the labelling specificity standard con-
trol procedures, including pre-absorption of anti-CART
IgG with appropriate antigen, as well as “omission” and
“replacement” tests were performed and these proce-
dures completely eliminated specific stainings.

The evaluation of the density of CART-positive
nerves in the wall of particular parts of gallbladder
(including neck, body and fundus) was performed by
the counting of these fibres per microscopic obser-
vation field (0.1 mm?). The number of nerve fibres
were denoted in 4 fragments of the particular parts
of gallbladder per each pig (in 5 field per section) and
obtained data were pooled and presented as mean
+ standard error of mean (SEM). Statistical analysis
was made with ANOVA-test (Statistica 9.1, StatSoft,
Inc.) and differences were considered statistically
significant at p < 0.05.

RESULTS

During the present investigation CART-positive
nerve fibres were noted in the wall of all parts of the
gallbladder studied, both under physiological condi-
tions and after LPS administration (Table 1, Fig. 1),
and the density of them clearly depended on the
gallbladder fragment. All CART-like immunoreactive
(L1) nerves studied during the present experiment
were situated within the muscular layer.

In control animals the most numerous nerves im-
munoreactive to CART were localised within the body
of gallbladder, where the number of them averagely
amounted to 11.11 = 1.56 CART-LI nerves per obser-
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Figure 1. Nerve fibres immunoreactive to cocaine and amphetamine regulatory (CART) peptide in the neck (1), body (Il) and fundus (111) of the
porcine gallbladder under physiological conditions (a) and after lipopolysaccharides administration (b); CART-like immunoreactive nerves are

indicated with arrows.

vation field (Fig. 1, lla). Significantly smaller number of
fibres was observed in the neck and fundus (Fig. 1, la) of
the gallbladder (Fig. 1, llla), where these values achieved
5.38 = 0.32 and 2.97 =+ 0.24, respectively (Table 1).
LPS S. Enteritidis administration caused the in-
crease in the number of CART-positive nerves in all
parts of the gallbladder (Fig. 1, I-llIb), but the inten-
sity of observed changes was varied (Table 1). The
most visible fluctuation in the number of CART-LI
fibres was noted in the body o gallbladder (the in-
crease by above 8.5 percentage points [pp]) (Fig. 1,
IIb). A slightly lower changes were observed in the
gallbladder neck, where LPS-induced increase in the
CART-positive fibres density amounted to above
7 pp (Table 1, Fig. 1, Ib). The less visible changes were
studied within the fundus of gallbladder (Fig. 1, llib).
In this fragment the average number of CART-positive
nerves has increased from 2.97 + 0.24 t0 5.1 = 0.05
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per observation field (above 4 pp). Differences in the
number of CART-LI nerves located in all parts of gall-
bladder between control animals and pigs after LPS
administration were statistically significant (p < 0.05).

Moreover, LPS changed not only the number, but
also morphology of CART-positive fibres in the wall
of gallbladder. Namely, in control animals two types
of nerves immunoreactive to CART were noted. The
first (more numerous) group of them was composed
of rather thin and delicate nerves (Fig. 1, la, Ila), and
the second group of rare thick fibres (Fig. 1, llla). In
pigs after LPS administration the majority of CART-
-positive fibres were thick and formed bundles with
good visible varicosities (Fig. 1, Ib).

DISCUSSION
The results obtained during the present study are
generally in agreement with previous observations
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concerning investigations on the gallbladder and
gastrointestinal tract. Till now, the sole animal spe-
cies, in which CART-positive neuronal structures have
been noted in nervous structures of gallbladder wall,
is the guinea pig, where this substance is present in
relatively numerous varicose fibres and only single
intramural neurons [10]. Contrary to the gallbladder,
the knowledge concerning the distribution of CART
in nervous structures of the gastrointestinal tract is
significantly extensive. Namely, this substance has
been studied in the different part of the gastroin-
testinal tract in a wide range of mammals’ species,
including human, both in enteric neurons and nerve
fibres, especially located in the muscular layer [25].
So far, the exact function of CART in the neuronal
structures within the stomach and intestine are not
completely explained. It is known that this peptide
may influence the gastric acid secretion and intestinal
motility [34, 36]. These actions are probably regulated
via central nervous system, because direct addition of
CART peptide into intestinal cell culture doesn’t cause
mentioned above effects [9]. The main difficulty in the
exact elucidation of CART activity is that till now the
receptors for CART has not been discovered.

The functions of CART in the innervation of the
gallbladder are completely unknown, but probably
similar to those, which this peptide plays in the gas-
trointestinal tract, namely the participation in the
regulation of muscular contractility and excretive
activity of the mucosal layer. Moreover, it cannot
be excluded that CART in neuronal structures of
the gallbladder may act (like in the central nervous
system) as an endogenous antioxidant and exhibits
neuroprotective and neurotrophic effects, especially
during neuronal cells injury [2, 24, 27, 43]. It is all
the more probable that relatively large number of
previous studies showed the changes in the number
of CART-positive enteric nervous during a wide range
of intestinal and extra-intestinal processes [15, 21,
33], and such fluctuations were also noted during
the present study.

It should be pointed out that the exact mecha-
nisms of observed changes are difficult to explain,
especially due to the fact that the majority of previ-
ous investigations described the influence of high
doses of LPS. First of all, the fluctuation in CART-like
immunoreactivity may be connected with relatively
well-known pro-inflammatory effects of LPS [11].
This LPS activity has been also described within the
enteric nervous system, where bacterial endotoxins
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caused the significant increase in the synthesis of the
major pro-inflammatory cytokine — tumour necrosis
factor-alpha [6]. Probably these mechanisms take
place even in the case of low doses of LPS using dur-
ing the present study. On the other hand, changes
observed in this investigation can be connected with
other actions of LPS, such as the blockade of synap-
tic transmissions, neurodegenerative activity and/or
the influence on sensory stimuli conduction [6, 11,
31]. Direct reasons of observed changes are also not
clear. They may be the result of changes during vari-
ous stages of protein synthesis, including transcrip-
tion, translation or post-translational modification,
in which active forms of CART arise from proCART
polypeptide [23].

CONCLUSIONS

To sum up, the results obtained during the
present investigations not only show that CART
is present in the nervous structures localised in
the wall of porcine gallbladder, but also exhibit
the changes in immunoreactivity to this peptide
under the influence of low doses of LPS. These
observations suggest the participation of CART in
regulation of gallbladder functions both in physi-
ological conditions and under pathological factors.
Nonetheless, these functions still remain unknown
and the explanation the exact roles of CART in the
gallbladder requires the further study, in which the
denotation of specific receptors for this peptide
seems to be a key problem.
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