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Redistribution of Cell Adhesion Proteins in the Brain and 
the Peculiarities of Behavioral Phenomena in Rats with 
Chronic Pancreatitis 
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We demonstrated that, under conditions of the development of experimental pancreatitis accompanied 
by a decrease in locomotor and orientational-research activity of animals and also by the development 
of the stress state, concentrations of the soluble and membrane isoforms of neuronal cell adhesion 
molecule (NCAM) change in the cerebellum and thalamus.
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INTRODUCTION

Over the past years, the number of patients with chro- 
nic pancreatitis (ChP) has increased in the entire world 
and in Ukraine, in particular [1]. Chronic pancreatitis is 
a progressive inflammatory disease of the pancreas that 
leads to gradual destruction of parenchyma and fibrous 
degeneration of this gland. As a result, exocrine and 
endocrine insufficiency of this organ develops [2].

Disturbance of the processes of free-radical 
oxidation is an early nonspecific negative factor 
underlying the development of different diseases, 
including ChP. The level of antioxidant activity 
in pancreatic tissue is one of the lowest in the 
organism; this is why the release of products of free-
radical oxidation and endotoxins from this gland 
in circulation contributes to the formation of an 
endogenous intoxication syndrome [3]. Endotoxins 
cause changes in the blood-brain barrier permeability. 
The main part of such endotoxins belongs to 
intermediate-mass molecules capable of manifesting 
clearly pronounced neurotoxic activity and binding 
to specific cellular receptors. Therefore, blocking of 
such receptors results in inadequate modifications of 
metabolism and functioning of the nerve cells [4].

An early and severe complication of acute 
pancreatitis is pancreatic encephalopathy; its 
pathogenesis and mechanisms of development remain 

poorly studied [5]. The mechanism underlying the 
development of such encephalopathy in ChP remains 
also unknown in detail and is, therefore, intriguing 
for researchers. Data on the effects of ChP on the 
distribution of nonspecific proteins in different 
cerebral structures and also on the behavior of the 
animals with this pathology are absent. 

In our study, we examined changes in the levels 
of fractions of neuronal cell adhesion molecule 
(NCAM) in various structures of the brain and 
modifications of behavioral phenomena in rats 
observed within the fibrous stage of ChP.

METHODS 

Experiments were carried out on male rats  
(6 months old) weighing 190-220 g. To model ChP, 
the animals were subjected, after laparotomy, to 
occlusion of the pancreatic duct by ligation (Prolene 
5/0) [6]. One group (n = 6) consisted of sham-
operated rats subjected only to laparotomy (control), 
while another group (n = 6) included rats in which 
ChP (induced by the above occlusion) corresponded, 
on the 30th day, to the fibrous stage of this pathology.  

Thirty days after surgery, the brains of the rats 
were removed and cleaned form the membranes 
and capillaries; the cerebellum, hippocampus, 
and thalamus were isolated. Tissue samples were 
homogenized at  +4°С in buffer A containing 
25 mM Tris-НСl (рН 7.4), 1 mM EDTA, 2 mM 
β-mercaptoethanol, 0.2 mM PMCP, and 0.01% 
merthiolate (ratio 1:10). In the course of serial 
stages of centrifugation, we obtained fractions that 



178 V. A. Makarchouk and G. O. Ushakova

contained water-soluble (sNCAM) and membrane 
(mNCAM) fractions of cell adhesion protein; 
extraction was performed using Triton Х-100 (2%).

In the obtained protein fractions, we estimated 
quantitatively the contents of NCAM with the help of an 
inhibitory IFA technique using monospecific antibodies 
against NCAM and the corresponding purification of the 
protein used [7]. The content of NCAM was characterized 
by the ratio of its amount in the sample and the content 
of total protein (TP) in the given extract (μg NCAM/
mg TP). The amount of TP in the cerebral fractions was 
estimated using the Bradford technique [8].

The behavioral activity of the animals was 
examined using the standard open-field test [9].

Statistical processing of numerical data was performed 
using standard software (SPSS for Windows 9.0). For 
indices, we calculated the mean values and error of the 
mean . Intergroup differences were considered significant 
at Р < 0.05. Correlation analysis was also performed (by 
Pearson) [10].

RESULTS AND DISCUSSION 

To study the distribution of NCAM, we chose 
cerebral structures responsible mostly for the control 
of motor activity, sensory sensitivity (including 
algesic one), and processes of learning and memory. 

Changes in the distribution of NCAM under 
conditions of acute neurological disorders (global 

hypoxia, ischemic and hemorrhagic insult, and 
craniocerebral injuries) were described earlier 
in detail [11]. However, information on the 
redistribution of NCAM in different cerebral 
structures in chronic diseases of the internal organs, 
in ChP in particular, remains rather limited.

According to the data of quantitative analysis of 
NCAM fractions in the cerebellum, we found that 
the amount of sNCAM in this cerebral structure 
was higher by 19.7% than in the control (2.18 ±  
± 0.14 vs 1.75 ± 0.14 μg/mg TP; P < 0.05). At the 
same time, the concentration of mNCAM was lower 
by 46.0% (212.52 ± 29.19 and 114.83 ± 9.48 μg/mg 
TP, respectively; P < 0.01). Such shifts were related, 
perhaps, to “cutting” of the extracellular domain 
of mNCAM from the cell membranes. Correlation 
analysis demonstrated the presence of strong 
inverse correlation between the concentrations of 
sNCAM and mNCAM in fractions extracted from 
the cerebellum (r = –0.886, Р < 0.05). As is known, 
sNCAM is significantly involved in the control 
of extracellular signaling [12]. NCAM regulates 
cell-to-cell adhesion and migration of neurons 
[13]. Transmembrane adhesive molecules not only 
function as messengers in the process of cell-to-
cell recognition but also can transform signals 
inside the cell and induce cellular responses that 
regulate synaptic plasticity [14]. Redistribution of 
water-soluble and membrane NCAM isoforms in the 
cerebellum results from endotoxication in ChP and 
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Fig. 1. Behavioral characteristics of control rats and animals with chronic pancreatitis, ChP (in the fibrous stage) in the open-field 
test. Open and gray columns show indices in the control animal group and in rats with ChP, respectively. Vertical scale) Numbers of 
behavioral phenomena within the observation period. 1-4) Numbers of crossed external and internal squares, numbers of rearing, and 
realizations of the burrow reflex; 5-7) numbers of acts of grooming, urination, and defecation, respectively. Three asterisks show the 
cases of significant intergroup differences with P < 0.001. Each group consisted of six animals. 
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influences the functional activity of the mentioned 
cerebral structure of the studied animals. 

In the thalamus, we found an opposite trend of 
NCAM redistribution; decreases in the concentration 
of sNCAM and increases in mNCAM amount were 
quite obvious (by 34.2%, on average, from 153.82 ±  
± 7.55 to 206.45 ± 21.74 μg/mg TP). In the 
hippocampus, no significant differences in the 
concentrations of NCAM forms in experimental 
ChP were observed (which, apparently, is indicative 
of relatively normal functioning of this cerebral 
structure responsible for cognitive activity) during 
30 days of the experiment. 

A certain imbalance between the concentrations 
of NCAM isoforms in the cerebellum and thalamus 
is indicative of specific redistribution of this protein 
between the above-mentioned cerebral structures; 
because of this phenomenon, the plasticity in the 
nervous system in the case of endotoxication under 
conditions of the development of ChP is, most 
likely, partly disturbed. The obtained data indicate 
that redistribution of NCAM isoforms in the brain of 
experimental animals is accompanied by a decrease 
in the intensity of locomotor and orientational/
cognitive activity of rats (Fig. 1), as well as by 
manifestations of the stress state (some increases 
in the number of acts of urination and defecation). 
Correlations between the levels of NCAM fractions 
and indices of the behavior of rats were different. For 
the number of crossed external squares and the level 
of sNCAM in the rat cerebellum, the r value was 
–0.638 (Р < 0.05), while the analogous coefficient 
for the level of sNCAM in the thalamus was 0.638 
(Р < 0.05). Between the level of mNCAM in the 
cerebellum and the numbers of rearing, correlation 
was strong and positive (r = 0.828, Р < 0.05).

As our data show, the development of experimental 
ChP in rats during 30 days significantly influences 
functioning of the cerebellum and thalamus; 
redistribution of NCAM isoforms is one of the aspects 
of these modifications. Changes in the characteristics 
of cell-to-cell adhesion in the above-mentioned 
cerebral structures can be a factor that leads to the 
development of pancreatic encephalopathy; this is 
accompanied by depression of motor activity of the 
animals and the development of the stress state. 

Experiments were carried out in accordance with the 
International Convention for the Protection of Vertebrate 
Animals Used for Experimental and Other Scientific Purposes 
(Strasbourg, 1985), as well as with the Law of Ukraine 
“On Protection of Animals from Inhumane Treatment”  
(Kyiv, 2006). 
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