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Summary

This study’s aim was to assess the level of catecholamines, i.e., noradrenaline and dopamine, under oxygen
debt conditions in the brain of experimental animals in which acute pancreatitis was experimentally induced.
Catecholamines play the role of neurotransmitters and neuromediators. They are responsible for the regulation
of motor and emotional processes, take part in the regulation of hormonal activities, sleep, wakefulness,
concentration, attention, and learning processes. The experiment also determined the oxygen tension as an
indicator of respiratory failure and the activity of amylase and lipase in the development of the inflammatory
process. The animals on which the experiment was conducted were Wistar rats (140 animals) divided into
3 research groups: control (C) animals (n = 30), healthy (H) animals (n = 30), and operated (O) animals (n = 80).
The determination of amylase, lipase, oxygen pressure, NA, and DO levels were performed at hours 2, 6, 12,
24, and 48 of the experiment. The animals in group C had an injection needle inserted to investigate only the
effects of mechanical damage to the organs. On the other hand, the animals in group O had a 5% solution
of sodium taurocholate introduced into the common bile-pancreatic duct. The research conducted shows
that the most significant changes in NA and DO levels were observed on the first day of the experiment. The
concentrations of the above catecholamines were statistically significantly correlated with the level of amylase
in the blood. The peak of dopamine was observed between the 6™ and 12 hours of the experiment, while the
lowest concentration of noradrenaline was observed at the 6™ hour of the experiment.
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Acute pancreatitis (AP) is a common disease that
is largely self-limiting and uncomplicated (32). It is
defined as a complex of systemic disorders resulting
from enzymatic damage to this gland (4). Overall, the
incidence of acute pancreatitis continues to increase,
and it is one of the most common causes of gastro-
intestinal hospitalization in the United States, with
approximately 300.000 emergency department visits
each year (45). For comparison, the number of patients
hospitalized for AP in Poland in 2014 was 23.277,
including 4.301 with a severe course of the disease
(35). AP develops when exocrine cells sustain damage.
The consequences of such damage affect mainly men,

which may be related to the higher masculine alcohol
consumption. The course of the disease may vary in
intensity, and the disease often radiates from the upper
abdomen to the back (31). In the last decade, significant
progress has been made in understanding the patho-
physiological mechanisms of pancreatitis (37). Based
on the pathomorphological picture according to the
Ulm classification, proposed in 1991 by H. Beger and
R. Bittner, the following forms of this disease can be
distinguished (7):

— interstitial edema pancreatitis — affects 80% of

patients; has a mild course, mortality is low (approx.
1-3%),



— acute necrotizing pancreatitis
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Tab. 1. Atlanta classification of individual disease entities

— affects 10-15% of patients; sterile Term

Definition

and infected necrosis is present,

— pancreatic abscess — occurs
more often after alcohol-induced
pancreatitis than after non-alcohol-
induced pancreatitis (28).

AP is characterized by inflamma-
tion of the pancreas, and its natural
course can be divided into two
phases (27):

Acute Pancreatitis
Mild Acute Pancreatitis

Pancreatic Necrosis
Acute Pseudocyst
Pancreatic Abscess

Severe Acute Pancreatitis
Acute Phase Fluid Reservoir

Acute inflammation

Minimal organ dysfunction

One of the following occurs: local complications or organ failure

A reservoir of fluid in or near the pancreas; appears ealier; no clear wall
Dead pancreatic tissue confirmed by CT with intravenous contrast

A reservoir of fluid containing pancreatic juice with a distinct wall

A reservoir of pus located in or adjecent to the pancreas

— early phase — the systemic in-
flammation reaction syndrome (SIRS) coexists in its
course, lasting usually 1-2 weeks,

— late phase — occurs in patients with consequences
of AP (fluid accumulation, infection).

Regarding the first form, 1.e., interstitial edema pan-
creatitis, the pancreas and the surrounding tissues are
swollen and yellow-green in color. At the same time,
there is an accumulation of serous fluid in the peritoneal
cavity. The course of this form is mild and, in most
cases, ends with recovery.

The second form, i.e., acute necrotizing pancreatitis,
is characterized by the presence of non-viable pancreatic
parenchyma (3). This organ grows larger and takes on
a dark red color, sometimes even black. A fluid the color
of “meat washings” collects in the peritoneum. The dis-
ease affects the stomach, transverse colon, duodenum,
and retroperitoneal space. Changes in the pancreas are
correlated with systemic changes and damage to many
organs, including the brain (pancreatic encephalopathy)

(16,23, 39). Another classification, the so-called Atlanta
classification, which includes the morphological and
clinical aspects of AP, is presented in Table 1 (9).

Etiology. There are many diseases, factors, and drugs
that are known to be responsible for acute pancreatitis —
directly or indirectly. These factors can be divided into
groups as shown in the Figure 1.

Pathogenesis. Improper intracellular activation of
proteolytic enzymes causes damage to the pancreas in
the presence of intracellular lysozyme enzymes and
activation of trypsinogens to trypsin (1). According to
classical theory, trypsin is responsible for pancreatic
damage and the onset of pathological changes in the
organ (53). Trypsin, in turn, activates the cascade of
phospholipases, elastases, and other mediators with
an increased migration of neutrophils to the pancreas
(1). Through its action, factor III I is released from the
damaged pancreatic parenchyma. Trypsin itself dam-
ages the vascular endothelium, activates prothrombin,
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Fig. 1. Factors responsible for acute pancreatitis (12, 17, 18, 20, 21, 26, 33, 34, 40, 44, 48, 54)
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fibrinogen, and plasminogen, contributing to coagula-
tion disorders and fibrinolysis. ROS (reactive oxygen
species) also play an important role in the pathogenesis
of AP (54). They are assumed to be responsible for
the development of local and systemic inflammatory
reactions (49). They are also mediators of cell damage,
as they initiate the peroxidation of membrane lipids,
thus causing their dysfunction (52). The severity of
the disease is due to a disturbed balance between ROS
and the body’s defense mechanisms. The increased
production of free radicals alone is insufficient to in-
duce morphological and enzymatic changes. During
AP, a disruption of the balance between thromboxane
(TBX2) and prostacyclin (PGI2) is observed (59). The
increased production of TBX2 contributes to the reduc-
tion of blood circulation in the tissues through a strong
effect of aggregating platelets and the narrowing of
blood vessels (52). Additionally, the increased syn-
thesis of TBX2 impairs the cytoprotective function of
prostacyclin (24).

Acute pancreatitis and the brain. From observa-
tions of experimental animals, as well as from clinical
observations, it appears that changes occurring during
AP also affect other organs. The brain is no exception.
Symptoms of damage to the central nervous system
occur in approximately 30-40% of patients with AP
(22). The occurrence of pancreatic encephalopathy
indicates a severe course of the disease. Mortality can
be as high as 50%.

Pancreatic encephalopathy was first described in 1923
by Lowell (49). It can lead to a syndrome of neuropsy-
chiatric disorders, which makes it a significant problem
for clinicians (50). Many hypotheses try to explain the
causes of AP encephalopathy. It is currently believed
that changes in the brain may be due to the following
mechanisms:

— AP shock,

— DIC (disseminated intravascular coagulation),

— hyperglycemia, hypoglycemia,

— the action of inflammatory mediators,

— consequences of malabsorption from the gastroin-
testinal tract.

In some of the above disease states, there is a de-
crease in oxygen delivery to the brain. It is caused by
the shock accompanying acute pancreatitis. The cause
is blood loss due to hemorrhages, and fluid leakage
into the peritoneal cavity. The increase in bradykinin
and prostaglandin levels results in vascular dilatation
and hypovolemia (37). In shock, the intestinal barrier
is damaged due to circulatory disorders, leading to en-
dotoxemia and sepsis. The decrease in oxygen supply
may also result from damage to the myocardium before
myocardial depressant factor (MDF) is released from
the diseased pancreas (58) and the formation of fatty
embolisms due to hyperlipidemia that may accompany
AP (44). This study aims to assess the level of catechol-
amines, 1.e., noradrenaline and dopamine, under oxygen
debt conditions in the brain of experimental animals in
which acute pancreatitis was experimentally induced.
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Material and methods

The research was carried out on 140 Wistar rats weigh-
ing 240-480 g, with an approval from an ethics committee
and in accordance with all animal welfare standards. The
animals were divided into 3 groups: control (C) animals
(n = 30), healthy (H) animals (n = 30), and operated (O)
animals (n = 80), 20 of which died during the experiment,
which constitutes 17% of the entire group O. An autopsy
was not performed, since the underlying disease explained
the mortality of the rats. Acute pancreatitis was induced
in animals from the operated group (O) by an appropriate
method (2). To obtain research material, the animals were
anesthetized at 2, 6, 12, 24, and 48 hours after induction.
Then the blood was drawn from the left ventricle, and the
brains were collected. Between each collection, the animals
were sequentially anesthetized and awakened at all inter-
vals. The procedure was performed under sterile conditions,
and all animals were subjected to general anesthesia. The
rats were administered ketamine (50-100 mg/kg bw), and
after opening the peritoneal cavity, an injection needle
(0.5 x 16 mm) was inserted through the duodenum into
the common bile-pancreatic duct. The hepatic duct near
the hilum was closed with forceps, a ligature was placed
at the hepato-pancreatic duct, and a puff suture was placed
over the duodenum to avoid reflux of the duodenal contents
into the hepato-pancreatic duct. A 5% sodium taurocholate
solution (Sigma, Chemical Co., St. Louis, Missouri) was
administered into the common bile-pancreatic duct.

The animals in group C had an injection needle inserted
to investigate only the effects of mechanical damage to the
organs. Then, a thoracotomy was performed, and blood

7

Fig. 2. Schematic illustration of intra-ductal management
of a 5% sodium taurocholate solution for the induction of
experimental acute pancreatitis
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was drawn from the left ventricle to determine pancreatic
enzyme activity and oxygen tension. Brains were collected
for testing to determine the level of biogenic amines. Both
hemispheres of the brain were used for biochemical tests.
The oxygen pressure was determined with a CIBA Corning
248 analyzer. Amylase activity (EC 3.2.1.1.) was deter-
mined by the enzymatic method using Cormay reagents and
a Cobas Mira Plus biochemical analyzer. Lipase activity
(EC3.1.1.3.) was determined by turbidimetry using Roche
reagents and a Cobas Mira Plus biochemical analyzer. The
Chang method modified by Brodie was used to determine
the level of noradrenaline (NA) and dopamine (DO) (10,
13). For this purpose, the animal’s brain was homogenized
in 0.4 N perchloric acid and centrifuged at 1000 x for 10
minutes. 2 ml of supernatant fluid was added to the tube
containing 500 mg of Al,O,, kept at pH of 8.2. The above
compounds were adsorbed onto Al O, by shaking and eluted
with 0.2 N acetic acid. Then, fluorometric determinations
were performed, different for noradrenaline and dopamine.
The NA content was determined by measuring the total fluo-
rescence after 60 minutes at a wavelength of 385/485 um.
Dopamine levels were determined by heating the solution
to the boiling point of water and measuring the fluorescence
after 5 minutes at a wavelength of 320/380 pm.

Results and discussion

The study assumes that the time points presented in
the tables correspond to changes that occur earliest in
the human brain (first day), which corresponds to the
2-hour interval in rats, considering their more rapid
metabolism. Therefore, marking the 2™ hour interval
was used as the starting point.

Table 2 shows amylase (U/dl) values. Amylase activ-
ity served as an indicator of the severity of inflammatory
changes during AP. In group H, the average value was
given, since all values were within the standard devia-
tion. The differences between the values from groups
H and O and between the values from groups H and C
were statistically significant in their entirety. The dif-
ferences between the mean values for groups O and C
were statistically significant only after the 2™ and 6™
hours of the experiment. Amylase activity increased
in the subsequent hours, reaching the highest value at
the 48™ hour of the experiment, both in the control and
operated groups.

Table 3 shows lipase values (U/1). Lipase activity was
measured to assess the intensity of the inflammatory
process. The differences between values from groups H
and O, and between values from groups H and C were
statistically significant in their entirety. In group H, the
average value was given, since all values were within
the standard deviation. The differences between values
from groups O and C were not statistically significant.
As in the case of amylase, lipase activity increased in
the subsequent hours, reaching a maximum level at the
48™ hour of the experiment.

Table 4 shows the oxygen pressure (mmHg). The
differences between values from groups H and O and
between values from groups H and C were statistically
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Tab. 2. Amylase values (U/dl)

Time Group H Group 0 Group C
Average = SD Average = SD Average = SD
2h 486.2 +115.3* 385.3+116.3*
6h 721.7 £ 253.8* 516.4 £ 116.7*
12h 292 +74.3 769.3 + 276.3* 784.3 +173.8*
24h 880.7 + 238.5* 808.6 + 148.7*
48 h 950.9 + 281.6* 814.2+192.1*

Explanations: statistically significant values are marked with an
asterisk (*). The differences concern all comparable groups

Tab. 3. Lipase values (U/l)

Time Group H Group 0 Group C
Average = SD Average = SD Average = SD
2h 18.1+£3.36* 15.0 £5.4*
6h 19.4 +5.64* 18.1+7.4*
12h 29.8+15.2 28.9+15.9* 23.5+4.8*
24h 140.2 £ 45.2* 102.9 + 31.4*
48 h 142.9 +55.9* 135.0 + 33.8*
Explanations: as in Tab. 2.
Tab. 4. Oxygen pressure (mmHg)
Time Group H Group 0 Group C
Average = SD Average = SD Average = SD
2h 89.42+4.12 60.48 +1.87* 79.03 + 3.15*
6h 85.37+4.41 53.12 + 2.38* 74.80 + 2.76*
12h 87.65+3.83 51.77 £ 2.15* 73.30 £1.57*
24h 87.54 +4.07 41.18 +2.47* 67.97 +1.11*
48 h 88.60 +3.78 39.90 + 2.97* 66.13 + 3.45*

Explanations: as in Tab. 2.

significant (p < 0.001), except for the 2™ hour results
from group C.

Table 5 compares the noradrenaline (NA) content in
the research groups. NA content in group O decreased
rapidly at the 2, 6", and 12" hours of the experiment.
It reached its lowest value at the 6™ hour of the ex-
periment and then increased at the 24" and 48" hours.
These changes for group H were statistically significant,
excluding the 48™ hour. In group C, the NA content cor-
relates similarly. The values obtained were lower than
those in group H. The lowest NA level was recorded at
the 2" hour of the experiment. In the subsequent hours,
the NA content began to rise. Compared to group H,
these changes were statistically significant at the 2™ an
6™ hours of the experiment (p < 0.05). On the other hand,
the differences between groups O and C were statisti-
cally significant at the 6™ and 12" hours. Noradrenaline
levels and statistical significance in individual research
groups are presented in Table 5.

Table 6 compares the dopamine (DO) content in the
research groups. DO values in group O were elevated
throughout the experiment. These changes were signifi-
cant at the 6" and 12" hours in comparison with group H.
Changes observed in group C were similar. The increase
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Tab. 5. Content of noradrenaline (NA) (ng/g) in individual study groups
Timg Group H Group O Group C Comparison
Average + SD Range Average + SD Range Average + SD Range CvsH OvsH CvsO
2h 399.2+31.1 346.6-447.4 363.7+31.1 344.6-394.6 349.8+18.9 330.5-367.5 | p<0.05* | p<0.001* | p>0.05
6h 402.4 + 33.2 346.6-452.6 316.4 £ 27.7 259.6-359.6 354.3 +23.4 333.5-385.5 | p<0.05* | p<0.001* | p<0.05*
12h 39142275 342.6-436.6 329.0+18.6 308.6-356.6 363.0+21.7 334.5-380.5 | p>0.05 p<0.001* | p<0.05*
24h 396.0 + 26.8 339.6-436.6 365.3 + 37.0 334.4-428.4 378.9+12.7 370.5-393.5 | p>0.05 p<0.05* | p>0.05
48 h 396.2 + 26.4 342.6-442.6 403.4+29.9 370.4-451.4 390.9+7.2 372.5-385.2 | p>0.05 p>0.05 p>0.05

Explanations: value of significance levels for all research groups considering statistically significant values (*). The differences
concern all comparable groups

Tab. 6. Content of dopamine (DO) (ng/g) in individual study groups

i Group H Group 0 Group C Comparison
Average + SD Range Average = SD Range Average = SD Range CvsH OvsH CvsO
2h 446.9 + 61.6 346.4-543.1 492.3 +11.6 480.1-508.1 456.3 + 34.1 401.5-505.5 | p<0.05* | p>0.05 p <0.05*
6h 445.4 + 63.6 333.4-543.1 504.4 + 30.5 476.1-534.1 494.7 +15.7 476.5-518.5 | p<0.05* | p<0.05* | p>0.05
12h 456.9 + 56.2 365.4-562.1 493.3 +13.6 482.1-513.1 510.4+32.8 482.5-563.5 | p>0.05 p<0.05* | p<0.05*
24 h 447.4 +62.5 346.4-549.1 498.1x1.5 497.1-500.1 478.1 +33.5 439.0-516.5 p <0.05* p>0.05 p>0.05
48 h 446.7 + 63.1 340.1-547.1 494.4+18.9 481.1-516.1 491.5+29.5 458.5-524.5 | p>0.05 p>0.05 p>0.05

Explanations: as in Tab. 5.

in the DO content was maintained throughout the dura-
tion of the experiment. Regarding group H, these dif-
ferences were statistically significant at the 2", 6, and
24" hours of the experiment (p < 0.05). The differences
between groups O and C were statistically significant
at the 2" and 12" hours of the study. Dopamine levels
and statistical significance in individual research groups
are presented in Tab. 6.

Encephalopathy is a condition that causes changes in
the noradrenergic and dopaminergic systems, as well
as changes related to the distribution of catecholamines
(15). This type of modification occurs during acute
pancreatitis, liver failure, and sepsis (25, 47).

In this study the disease state associated with pan-
creatitis was induced by the Heinkel and Aho method,
resulting in a condition similar to the natural disease
process in which necro-hemorrhagic changes are the
dominant signs (11, 57). The experiment in rats con-
firmed similar changes seen in humans (2), including
systemic changes caused by AP. Undoubtedly, the
changes are influenced by comorbidities, but the experi-
ment confirmed that the level of neurotransmitters is sig-
nificantly modified after the 2" hour of the experiment
in the case of noradrenaline, and the 6™ hour in the case
of dopamine. The material from the groups analyzed
shows that in the groups of healthy (H) and operated
(O) animals, the greatest decrease was observed in the
6™ hour of the experiment in the operated (O) rats. In
the following hours, these levels decreased, reaching
their minimum on the second day. This was confirmed
by Baraldi, Hadesman and McKinzie (5, 29, 45) in their
studies on damaged livers. On the other hand, Mans and
Simert (42, 56) showed opposite changes, which did not
confirm reduction in the values analyzed.

Cuilleret et al. (19) conducted a similar experiment
in humans with liver failure and advanced encephalopa-
thy. The researchers did not confirm the relationship
between the level of catecholamines and the above-
mentioned diseases. In their opinion, encephalopathy is
not secondary to changes in the catecholamine content
in the brain. This may indicate differences in the patho-
genesis of the CNS (Central Nervous System) itself. It
should be added that a damaged endocrine pancreas
causes several biochemical changes, such as a change
in the glucose level, lactic acidosis accompanied by
brain edema, and damage to GABAergic neurons.
These changes, in turn, cause vascular embolism and
consequently hypoxia of the CNS. The experiment also
confirmed statistically significant changes in the level of
dopamine in both groups (healthy and operated), which
increased in the 2" hour of the experiment, reaching its
peak at the 12" hour. The result obtained was consis-
tent with data from an experiment by Hadesmand and
McKinzie (29, 45). Similar results were also obtained by
Bhetii and Chang (6, 14), who additionally analyzed the
release of the substance P responsible for the release of
dopamine in the caudate nucleus (36). As in the case of
noradrenaline, there are publications that do not confirm
the increase in dopamine levels during AP (5, 8, 42).
Undoubtedly, comorbidities (sepsis, pulmonary inflam-
mation, brain edema) cause changes in the level of
neurotransmitters that affect the biochemical response
of the body, including hypoxia, which was confirmed
by the present experiment. This study partially confirms
other researchers’ analyses related mainly to the AP
picture and the accompanying changes. Nevertheless,
they certainly need to be extended to include comorbid
somatic, traumatic, or neurological diseases.
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