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Correlation between the cocaine- and amphetamine-regulated transcript in the
pyloric section of the abomasum and fat deposition in bulls’ carcasses
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Abstract
The study was aimed at investigating the relationship between the number of cocaine- and
amphetamine-regulated transcript (CART) structures present in the pyloric section of the
abomasum and fat accumulation in carcasses of bulls – crosses of Polish Lowland Black-andWhite cows mated with Limousin bulls. The bulls were slaughtered at the mean age of 629 days
and body weight of 597 kg. The distribution of cocaine- and amphetamine-regulated transcriptimmunoreactive in the pyloric section of abomasum was assessed on the basis of CART positive
immunohistochemical reactions. Significant interdependence was found between the number
of CART structures and carcass adiposity and the fat content of the longissimus lumborum
muscle. The identified tendency for fat tissue increase in the carcasses was accompanied by
a lower concentration of the structures. In the endocrine system cell the greatest number of
immunopositive cells were found; ranging from 28.9 in animals more obese to 37.8 with the
smallest amount of fat accumulated. The lowest numbers of immunopositive cells, ranging from
2.4 to 3.9 were noted in the submucous plexus layer. Slightly more structures were observed
in nerve fibres and the myenteric plexus, at 2.9 and 4.7, respectively. The number of CART in
the endocrine system was correlated with subcutaneous fat (-0.451) and marbling (-0.514). The
amount of CART in these anatomical layers was significantly correlated with the thickness of
subcutaneous fat (-0.541 and -0.636) and the weight of perinephric fat (-0.487 and -0.672). The
results confirm that CART is an important neurotransmitter that participates in the regulation of
fat deposition in the body. It must be stressed that the correlations with the analysed fat deposition
indices concerned the adiposity indicators influencing the commercial value of carcasses and the
meat traits important to the consumer.
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The commercial value of bull carcasses and the meat indicators to which consumers
pay attention at purchase are developed during cattle fattening. The synergy in the effect
of environmental and physiological factors is primarily associated with the feeling of
satiety and the orexic reflex (Okumura et al. 2000; Vettor et al. 2002; Hunter et al.
2004; Valassi et al. 2008). The food intake and energetic balance are, however, indirectly
regulated by numerous orexigenic and anorexigenic neurotransmitters generated in
the hypothalamic area (Koylu et al. 1997; Kong et al. 2003; Vrang et al. 2006). By
affecting numerous digestive tract functions, neuroendocrine mechanisms responsible for
peptide secretion participate, e.g., in the digestion, lipid metabolism, energetic balance and
hormonal equilibrium maintenance (Rohner-Jeanrenaud et al. 2002; Baranowska et
al. 2004; Smith et al. 2010).
One of the least known neuropeptides, involved in food intake and lipid metabolism
is the cocaine- and amphetamine-regulated transcript (CART) identified by Dougl ass
et al. (1995). Released in subthalamic nuclei, it signals the feeling of satiety. Its action
in the metabolic lipid pathway is conducive to lower fat accumulation (RohnerAddress for correspondence:
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Jeanrenaud et al. 2002; Kong et al. 2003; Schwart z et al. 2003; Luci di et al.
2005). Cocaine- and amphetamine-regulated transcript also influences growth intensity
(Ajaet al 2001; Wortle yet al 2004; M łynek and Jani uk 2013) and can lead to
body weight decrease (La rs en et al. 2000; Ya ng et al. 2005). It has been proved that
CART presence in the GI tract is associated with gastric acid secretion, peristalsis,
and stomach and colon emptying (Koylu et al. 1997; Wi erup et. al. 2007). However,
Thim et al. (1999) suggest that its peripheral activity may be different from the central
activity.
The vast majority of studies analysing CART have been conducted with the use of
laboratory animals (Wierup et al. 2004; Méndez-Díaz et al. 2009), namely pigs, and
sheep (Wierup et al. 2007; Arciszewski et al. 2008). Some of them refer to humans
(Kasacka and Piotrowska 2012; Banke et al. 2013). There are few sources available
dealing with the CART activity in cattle, and the majority of articles mostly discuss CART
location in the stomach and the nervous system (Kobayashi et al. 2006; Zhang et al.
2008; Arciszewski et al. 2009; Smithet al. 2010; Janiuk et al. 2013). Until now, no
studies have been performed to analyse the relationship between CART and functional
traits of the organism.
As the commercial value of raw meat depends, among others, on the amount of fat
accumulated in the carcass and meat, exploration of mechanisms involved in feed intake
and digestion control in cattle is indispensable to improve production efficiency and to
obtain high-quality beef carcasses and meat.
Considering the above argument, studies were conducted to determine correlations
between CART-IR concentration in the wall of the pyloric section of the abomasum and
indices showing the amount of fat accumulated in the bodies of bulls.
Materials and Methods
A total of 20 bulls that were crosses of Polish Lowland Black-and-White cows mated with Limousin bulls,
were used in the study. The animals originated from three farms with similar feeding and housing conditions.
In the autumn–winter period all the heifers were fed hay (ad libitum), corn silage (approximately 10 kg/day)
and compound cereal meal, and in the summer they received green fodder (ad libitum), crushed cereal grain,
and a small addition of hay. The fattening period of calves started approximately at their age of 6th months.
The diets were formulated according to IZ-INRA (2001) feeding standards (with the use of INRAtion software,
version 2.x.x.) drawing on the earlier chemical analysis of feeds and calculating their nutritive value. The animals
were fed with rations that provided their maintenance requirement. The total requirements for nutrients were
determined based on the IZ-INRA system.
The bulls were slaughtered between the ages of 527 to 784 days (mean 629 ± 81). The body weight
of the slaughtered animals ranged from 451 to 742 kg (mean 597 ± 83). After post-slaughter carcass
processing the classification according to the EUROP system was performed on hot carcasses. The
classification included the determination of fat cover expressed as I-very low, II-low, III-average, IV-high
or V-very high fat.
Segments of the longissimus lumborum (LL) muscle were collected an hour post slaughter. The marbling
denoting the intensity of fat growth within the muscle was assessed using the point method (1 – lack of growth;
5 – very intensive growth). The fat content was determined by the Soxhlet method. External fat was measured
at a height of vertebra lumbales V (roast beef). Perinephric fat carcasses were harvested during dissection. The
analyses were performed 48 h after slaughter (the meat was stored in plastic bags at 4 °C).
Microscopy analysis
The samples were analysed with an Olympus BX41 light microscope with a video channel connected to a
PC equipped with a Cell-B image analysis program (Olympus 114 Corp., Tokyo, Japan). While recording the
images, particular attention was paid to the distribution of the structures showing immunoreactivity (CART-IR)
to the analysed antigen. Morphometric analysis was applied to diffuse endocrine system cells that produced dark
brown stains.
The mean numbers of CART-IR were counted in 10 randomly selected fields of vision (0.785 mm2), at a 200 ×
zoom (20 × lens and 10 × eyepiece). The mean numbers of these cells containing CART-IR were counted in the
structures of the pyloric section of the abomasum: neuroendocrine cells, the submucous plexus, nerve fibres and
the myenteric plexus.
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Immunohistochemistry
The experimental material was sampled during a routine carcass dissection procedure applied at meat plants.
The stomachs of the analysed bulls were prepared within 30 min post mortem. The fragments of the abomasum
were sampled and the tissue was ex tempore fixed in 4% buffered formalin for 72 h at room temperature.
Subsequently, paraffin blocks were made using standard procedures. The paraffin blocks were cut to 4 μm
sections and mounted on to SuperFrost® Plus slides (Menzel, Braunschweig, Germany) and dried overnight at
37 °C, followed by 1 h at 60 °C. Paraffin embedded sections were deparaffinized and hydrated through graded
alcohols (pure ethanol) to water.
For antigen retrieval, the sections were pre-treated in a pressure chamber and heated for 1 min at 21 psi (one
pound force per square inch (1 psi) = 6.895 kPa) at 121 °C, using target retrieval solution at pH 9.0 (S 2367;
Dako Denmark A/S, Glostrup, Denmark). After cooling to room temperature, the sections were incubated with
peroxidase blocking reagent (S 2001; Dako Denmark A/S, Glostrup, Denmark) for 10 min to block endogenous
peroxidase activity.
The sections with the primary antibody for CART, rabbit polyclonal CART antiserum H-003-61 (Phoenix
Pharmaceuticals, Inc. Mountain View, CA, USA) were incubated overnight at 4 °C in a humidified chamber.
The antiserum was diluted 1: 10.000 in antibody diluent (S 0809; Dako Denmark A/S, Glostrup, Denmark). The
EnVision method was used for CART immunohistochemistry according to Herman and Elfont (1991). This
procedure was followed by incubation with secondary rabbit antibody conjugated to horseradish peroxidaselabelled polymer (K4011; Dako Denmark A/S, Glostrup, Denmark). The bound antibodies were visualized
by incubation with liquid 3, 3’-diaminobenzidine substrate chromogen for 1 min. Finally, the sections were
counterstained with haematoxylin QS (H 3404; Vector Laboratories, Burlingame, CA), mounted and evaluated
by light microscopy. Sections were washed with wash buffer (S 3006; Dako Denmark A/S, Glostrup, Denmark)
between each step.
Specificity tests for the CART antibody included a negative control, where the antibodies were replaced by
normal rabbit serum (Vector Laboratories) at the same dilution and a positive control was prepared with a different
tissue recommended by the manufacturer; we used rat hypothalamus.
Statistical analysis
Statistical procedure ANOVA involved the calculation of the following traits for the analysed carcass
fatness score class (I-IV). Unpaired Student’s t-test was used to compare and to evaluate the significance of
the differences in means between the analysed groups, tested by Tukey’s LSD (P ≤ 0.05). Data are presented as
the least square means (LSM), the standard error of the mean (SE), the level of significance of the effects and
interactions. Relationships between the evaluated variables were calculated by Pearson’s correlation coefficient.
Significance of the correlation were considered at the level of P ≤ 0.05. All statistical procedures were done using
the programme Statistica version 10.0 (StatSoft Inc., Tulsa, USA).

Results
The data in Table 1 show that carcasses classified as fat, with higher values of fat deposition
indicators, generally had fewer immunoreactive structures (CART-IR) in the layers of the
pyloric part of abomasum. The observed tendency concerned indices connected with the
fat cover of the carcasses: external fat (P ≤ 0.05) and perinephric fat weight (P ≤ 0.05), and
Table 1. Fat deposition indicators and the number cells of CART in the structures wall of the pyloric part of abomasum
(LSM ± SE) depending on carcasses conformation fatness.
Traits
Subcutaneous fat (cm)
Marbling (pkt.)
Fat content (%)
Perinephric fat (kg)
Number of CART-IR
Submucous plexus
Nerve fibres
Myenteric plexus
abc

I / (4)
0.5a ± 0.09
1.92a ± 0.20
2.47a ± 0.23
1.90a ± 0.21
37.8a± 3.7
3.4a ± 0.7
4.3a ± 0.8
3.5a ± 0.5

The classification according to the EUROP system / (N)
II / (6)
III / (5)
0.71b ± 0.10
0.96c ± 0.14
2.10a ± 0.19
2.70b ± 0.11
2.93b ± 0.15
2.97b ± 0.25
b
2.12 ± 0.19
2.42b ± 0.10
31.5b± 2.3
33.2b± 3.1
3.9a ± 1.1
2.7b ± 0.6
4.5a ± 0.7
4.7a ± 0.9
b
4.1 ± 0.4
4.4b ± 0.6

– P ≤ 0.05, CART-IR - cocaine- and amphetamine-regulated transcript immunoreactive cells

IV / (5)
1.08c ± 0.13
2.96c ± 0.20
3.42c ± 0.22
2.54c ± 0.09
28.9c± 2.4
2.1c ± 0.4
3.6c ± 0.6
2.9c ± 0.4
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the amount of fat accumulated in the longissimus lumborum (LL) muscle: fat content and
marbling (P ≤ 0.05).
Interesting results were obtained in the case of the number of structures in which
immunoreactive structures of the cocaine- and amphetamine- regulated transcript (CARTIR) were identified. The wall of the pyloric part of the abomasum was found to generally
contain a lower mean number of such structures in the animals whose carcasses had a
higher fat content. The fat class was significantly associated with the number of CART-IR
structures in the wall of the pyloric part of abomasum. The number of CART ranged from
37.8 at I to 28.9% at carcass fatness score IV. Lower immunoreactive structures CART
in the cells of endocrine concentration was accompanied with higher values of indices
connected with fat deposition (P ≤ 0.05). This relationship was confirmed in the case
of marbling with the correlation coefficient of -0.514 and subcutaneous fat from -0.451
(Table 2).
Table 2. Coefficients of Pearson’s correlation of the relationship between adiposity indices of bulls and the number cells
of CART-IRin the structures wall of the pyloric part of abomasum.
Traits
Subcutaneous fat (cm)
Marbling (pkt.)
Fat content (%)
Perinephric fat (kg)

Number of CART-IR
-0.451*
-0.514*
-0.304
-0.233

Number of CART-IR cell instructures:
Submucous plexus
Nerve fibres
Myenteric plexus
-0.636*
-0.421
-0.244
-0.672*

-0.288
-0.197
-0.355
-0.223

-0.541*
-0.209
-0.322
-0.487*

*- P ≤ 0.05, CART-IR – cocaine- and amphetamine-regulated transcript immunoreactive cells

The analysis of CART-IR in the anatomical layers of the pyloric section of the abomasum
(Table 1) identified the strongest relation between the carcass fat deposition class and the
number of structures containing CART-IR in the submucous plexus layer (P ≤ 0.05). The
layer contained the lowest numbers of these structures, ranging from 2.1 (IV) to the mean
3.65 (I and II). In the case of immunoreactive structures CART in the submucous plexus,
a correlation was found between the thickness of the subcutaneous fat cover (-0.636) and
the perinephric fat weight (-0.672). The numbers of CART-IR in nerve fibres (P ≤ 0.05)
and the myenteric plexus (P ≤ 0.05) were similar and ranged from 3.5 (I) to the mean 4.5
at fatness scores I, II, and III (Table 1). Data presented in Table 2 suggest that the mean
number CART-IR in these anatomical layers was significantly correlated with the thickness
of subcutaneous fat (-0.636 and -0.541) and the weight of the perinephric fat (-0.672 and
-0.487).
Discussion
The results of current research suggest that CART is a significant body weight and fat
retention regulator not only owing to its effect on the food intake behaviour, but also due
to its control of digestion and energy metabolism (Okumura et al. 2000; Aja et al. 2001;
Asnicaretal. 2001; Wortley et al. 2004). However, our current knowledge and the
broad spectrum of CART involvement in energetic homeostasis still preclude an explicit
description of how the presence of this neuropeptide in the stomach influences the intensity
of body fat deposition.
The results of the study by Qing and Chen (2007) of the amount of accumulated fat
in rats show that protracted CART expression in the brain can affect the amount of fat
deposited in the body. In their analysis of rats that consumed CART, the rats’ body weight
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decreased, but the decrease was not correlated with the amount of deposited fat because the
fat content in the test groups of rats remained at a similar level. In our study the identified
correlations testify to a significant role of CART in diminishing fat retention in the bodies
of the analysed bulls. However, the results of Rohner-Jeanrenaud et al. (2002) show
that prolonged exposure to CART firmly antagonizes hunger and reduces the amount
of absorbed food. This neuropeptide affects indirectly energy homeostasis, promotes
oxidation of fats and reduces the amount of adipose tissue retention. Rohner-Jeanrenaud
et al. (2002) showed that this effect remained in rats fed a high energy feed. These results
show that lower food intake and body weight gain were accompanied by a reduction in
plasma insulin and leptin concentrations. In their opinion, this effect is important for energy
homeostasis with respect to excess body weight caused by increased appetite.
Asnicar et al. (2001) found that those animals that did not have the gene responsible
for CART secretion were characterised by a far more intensive food intake. This was
accompanied by an increase in the weight of body and fat tissue, as indicated also by
Larsen et al. (2002) and Hunter et al. (2004).
A similar tendency in CART-IR structure concentration was observed in sheep stomachs
by Arciszewski et al. (2009). The results of the above authors showed that CART coexist
with neurotransmitters present in the sheep stomach. Numerous conglomerates of CARTIR nervous fibres were identified in the muscular coat of the forestomach and abomasum.
Our results show that the numbers of immunoreactive structures (CART-IR) in the
anatomical layers of the abomasum wall were connected with the amount of fat deposited
in the organisms of the animals. Higher numbers of CART-containing structures were
generally correlated with higher values of fatty cover indices. It is important that the
obtained values of the correlation between CART-IR and adiposity indices refer to the
carcass fat cover indicators which influence the commercial value and cooking quality of
meat. This suggests that it is possible for beef producers to take advantage of these findings.
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