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Cocaine- and amphetamine-regulated transcript peptide (CART) is a substance, 
which can play the role of neuromediator and/or neuromodulator in nerve structu-
res within the gastrointestinal tract. However knowledge concerning its functions 
and co-localisation with other neuronal factors is rather scarce. 
During the present investigation the co-localisation of CART and vasoactive inte-
stinal polypeptide (VIP) in the neurons of meyenteric plexus within the porcine  
transverse colon was studied using double immunofluorescence technique and 
semiquantitative arbitrary scale of the frequency of presence CART+/VIP+, 
CART+/VIP– and CART–/VIP+ neuronal cells. The most often (+++) CART–/VIP+  
neurons were encountered, neurons simultaneously immunoreactive to CART and 
VIP were observed somewhat rarer (++) and only single (+) CART+/VIP– perikarya 
were visible. The present study reports for the first time on the co-localisation  
of CART and VIP in myenteric neurons of the porcine transverse colon. (Folia 
Morphol 2013; 72, 4: 328–332)
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INTRODUCTION
It is well known that the gastrointestinal (GI) tract  

is controlled both by the enteric nervous system 
(ENS) located in the wall of stomach and intestines 
[12, 15] as well as by extrinsic autonomic innervation 
[21, 23, 29].

The ENS in the large intestine of humans and big 
mammals (such as pig) is organised into 3 intramural 
ganglionated plexuses: the myenteric plexus (MP) 
— located between the longitudinal and circular 
muscle layers, the outer submucous plexus — near 
the circular muscle layer and the inner submucous 
plexus — between the muscularis mucosa and lami-

na propria. These plexuses comprise wide range of 
neurons which can have various functions, contain 
different neurotransmitters and/or neuromodulators 
and can change their chemical coding under various 
pathological factors [8–11].

One of neuronal factors, which has been observed 
in enteric neurons, is cocaine- and amphetamine-
-regulated transcript peptide (CART). This peptide was 
discovered in 1981 in ovine hypothalamus [24] and 
till now it has been described in various parts of the 
ENS in numerous mammals, including humans [27].

In spite of this fact, the exact functions of CART in 
the GI tract have not yet been completely explained. 
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Localisation of CART-like immunoreactive nervous 
structures — mainly in the MP and circular muscle 
layers suggests that this peptide is involved in the 
regulation of intestinal motility. Previous studies also 
show that CART can take part in the inhibition of 
feeding [20], reduction of gastric acid secretion [22], 
exacerbation of colonic motility [25], but mentioned 
above functions are likely realised via regulatory cir-
cuits located within the central nervous system. It 
has been confirmed by investigations on the motor 
activity of isolated wall fragments of stomach, small 
and large intestine, where the contractile or relaxatory 
activity of CART was not been observed [6].

Previous investigations also described changes 
in the number of CART-positive nervous structures 
in the ENS under various pathological factors [14], 
what may suggest neuroprotective functions of CART 
in the digestive system. 

The one of investigatory methods on putative 
CART functions within the GI tract is study concerning 
the co-localisation of this peptide with other, better 
known, neuronal factors. During present investigation 
the co-localisation of CART and vasoactive intestinal 
polypeptide (VIP), which is known as a potential me-
diator of smooth muscle relaxation, the stimulator of 
intestinal fluid secretion and the regulator of blood 
flow in the GI tract [1] has been studied within the 
MP of the porcine transverse colon.

MATERIALS AND METHODS
The present study was performed on 5 immature 

female pigs of the Large White Polish breed (appro-
ximately 8 weeks old), which were kept in standard 
laboratory conditions with admission to species-
-specific feed and water ad libitum. All experimental 
procedures were carried out in compliance with the 
instructions of the Local Ethical Committee in Olsztyn 
(Poland), with special attention paid to minimising 
any stress reaction during and after the surgery.

	The animals were euthanised by an overdose 
of sodium thiopental (Thiopental, Sandoz, Kundl-
-Rakúsko, Austria; given intravenously) and then 
perfused transcardially with 4% buffered paraform-
aldehyde (pH 7.4) prepared ex tempore. The same 
fragments (ca. 1 cm long) of the cranial transverse 
colon located near the border between the ascending 
and transverse colon were collected. Then they were 
post-fixed by immersion in the same fixative, rinsed 
in 0.1 M phosphate buffer (pH 7.4, 4ºC) for several 
hours and, finally, stored in 18% buffered sucrose 

at least 7 days. Next samples were sectioned into  
10 μm-thick cryostat sections, which were then subje-
cted to routine double-labelling immunofluorescence 
as described previously by Gonkowski et al. [15], using 
combinations of antisera raised in different species 
and directed towards CART (mouse monoclonal; R&D 
System, Minneapolis, MN, USA, cat. no. MAB 163; 
working dilution 1:1000) and VIP (rabbit polyclonal; 
Biomol, Hamburg, Germany, cat. no. VA1285; wor-
king dilution 1:6000). Primary antisera were visualised 
by species-specific secondary antisera conjugated to 
FITC or biotin (all from Jackson Immunochemicals, 
USA, in a working dilution of 1:800). The latter an-
tibodies were then visualised by a streptavidin-CY3 
complex (Jackson, 1:8000). Standard controls, i.e. 
pre-absorption of the neuropeptide antisera with 
appropriate antigen, omission and replacement of 
primary antisera by non-immune sera were performed 
to test the antibodies and specificity of the method. 
The pre-absorption test was performed as follows: 
sections were incubated with “working” dilutions of 
primary antibodies directed toward CART and VIP, 
which had been preabsorbed for 18 h at 37ºC with 
20 µg of appropriate protein CART (003-63, Phoenix 
Pharmaceuticals) or VIP (064-24, Phoenix Pharma-
ceuticals). These procedures completely eliminated 
specific stainings.

Myenteric plexus in 6 sections per animal were 
estimated. Labelled perikarya (only neurons with 
clearly-visible nucleus were included) were evaluated 
under an Olympus BX51 microscope equipped with 
epi-fluorescence and appropriate filter sets. To pre-
vent double observations, the sections were located 
at least 100 µm apart from each other. 

Three various populations of myenteric neu-
rons were studied: CART+/VIP+, CART+/VIP– and  
CART–/VIP+. For the semiquantitative evaluation of 
the frequency of particular populations of neuronal 
cells an arbitrary scale was used, where (–) means 
the absence of neurons, (+) — single neurons, (++) 
— rare cell bodies, (+++) — depicts a common 
occurrence of perikarya.

RESULTS
The majority of myenteric ganglia of the porcine 

transverse colon observed during present investiga-
tion was devoid of neurons immunoreactive to CART 
and/or VIP but the dense of meshwork CART– and/or 
VIP-positive intraganglionic nerve fibres were present 
within them (Fig. 1A). In other ganglia all neuronal 
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appearance of CART and VIP co-localisation between 
particular animals were not observed.

DISCUSSION
In the present investigation, CART-like immunore-

active neurons was observed in the MP of the porcine 
transverse colon, what is in accordance with previo-
us studies, where expression of CART was noted in 
different parts of the GI tract in various species [13, 
28]. The presence of CART in the nerve structures 

populations studied were observed. The most often 
(+++) CART–/VIP+ neurons were encountered. In 
the view of individual ganglia 1 or 2 such cell bodies 
were visible (Fig. 1B). Neurons co-localising CART 
and VIP were observed somewhat rarer (++) and 
most often one such cell was visible in the view of 
particular plexus (Fig. 1D). CART+/VIP– perikarya were 
observed the least often. Only single such cells (+) in 
the small number of MP was noted (Fig. 1C). In the 
present study visible differences in the frequency of 

Figure 1. Co-localisation of cocaine- and amphetamine-regulated transcript (CART) (I) and VIP (II) in the myenteric plexus of the porcine 
transverse colon; A. Plexus with a dense meshwork of CART- and VIP-positive nerves; B. Neurons CART–/VIP+ (double arrow);  
C. Neuron CART+/VIP– (double arrow); D. Neuron CART+/VIP+ (double arrow). 
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disorders, neuronal stress or injury. This supposition is 
strongly supported by previous studies, where patho-
logical factors increased CART-like immunoreactivity 
in the intestinal nervous structures [16] as well as 
by data showing that CART is able to promote the 
survival of rodent enteric neurons in vitro.

CONCLUSIONS
To sum up, the obtained results show that CART 

is present and co-localises with VIP in neuronal cells 
within MP of porcine transverse colon, what suggest 
coherent functions of both substances. However CART 
still remains an obscure neuropeptide and further 
investigations are necessary to explanation in detail 
its functions within the GI tract in physiology and 
during pathological processes. 
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