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ABSTRACT
AIM: The objective of this study was to determine the neuroprotective effects of 2-aminoethyl diphenyl-borinate 
(2-APB) on the brains of rats with experimentally-induced severe acute pancreatitis. 
MATERIALS AND METHODS: Thirty Spraque-Dawley male rats with an average weight of 200–250 grams 
were randomly divided into three groups. Group 1: Sham group, Group 2: Severe acute pancreatitis group, 
Group 3: Treatment group with severe acute pancreatitis, given 2 mg/kg 2-APB before pancreatitis onset. In 
Groups 2 and 3, severe acute pancreatitis was induced by intraperitoneal administration of 1.5 g/kg L-arginine 
with a 1-hour interval. Tumor necrosis factor-α, interleukin 6, pancreatic amylase were all measured. Brain tis-
sue samples were evaluated histopathologically. TUNEL staining method was used to visualize apoptotic cells.
RESULTS: In Group 3, it was determined that the density of TUNEL-positive cells in the cerebral cortex has 
decreased, while the number of Bcl-2-positive cells had increased. In Group 3, it was observed that glial ag-
gregation areas were diminished and histopathological changes were decreased as compared to Group 2. In 
Group 2, on the other hand, it was observed that in areas with glial cell aggregation, the density of TUNEL-
positive glial cells had increased, while Bcl-2-positive cell reaction has been feeble.
CONCLUSIONS: It was observed that 2-APB decreases neuronal apoptosis and glial cell aggregation (Tab. 2, 
Fig. 3, Ref. 21). Text in PDF www.elis.sk.
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Introduction

Severe acute pancreatitis (SAP) is an infl ammatory disease 
of the pancreas characterized by a high mortality rate. Acute pan-
creatitis is caused by activation of pancreatic enzymes that are 
usually inactive and autolysis causes multi-organ failure via the 
increased release of infl ammatory mediators and the impairment 
of microcirculation. Pancreatic encephalopathy (PE) is one of the 
most critical systemic complications that can negatively affect the 
prognosis of SAP. Although the exact pathogenesis of cerebral in-
jury has not yet been suffi ciently illustrated, PE accompanies SAP 
18.2 % of the time, with a 67 % mortality rate.

The pathological changes that can occur in the cerebral tis-
sue include impairment of the blood-brain barrier, vasogenic ce-
rebral edema, impairment of microcirculation, ischemia, micro-
hemorrhagic foci, diffuse cerebral demyelination, and apoptosis, 
especially in neurons (7, 8, 10, 21). Causes of apoptosis include 

a release of cytochrome c from mitochondria an increase of in-
tracellular Ca2+ and an impairment in the release of anti-apoptotic 
oncoproteins such as Bcl-2 and Bcl-XL (1, 3, 18).

Various studies have indicated that the Bcl-2 family executes 
its anti-apoptotic effect via the regulation of intracellular endo-
plasmic and mitochondrial calcium metabolism (4). It has been 
stated that an increase in Bcl-2 expression executes its effect by 
inhibiting inositol 1,4,5- triphosphate receptors (IP3Rs), decreas-
ing calcium release from plasma membranes and inhibiting the 
formation of mitochondrial calcium-mediated apoptotic signals (2). 

2-APB, which is primarily used as a calcium channel blocker, 
is a pharmacological agent that has a decreasing effect on IP3R-
mediated calcium release by antagonizing inositol 1,4,5 triphos-
phate receptors. Splettstoesser et al have demonstrated that 2-APB 
has a decreasing effect on apoptosis by antagonizing IP3R recep-
tors located in plasma membranes and inhibiting the release of 
intracellular calcium (14, 16). 

The search for new pharmacological agents that can either 
inhibit the development of apoptosis or induce an anti-apoptotic 
effect has escalated substantially;  this trend shows promise for 
producing new treatments for cancer, neurodegenerative diseases 
after severe acute pancreatitis developed pancreatic encepha-
lopathy and multi-organ failure, and similar pathologies. This 
study was conducted to investigate whether or not 2-APB has a 
neuroprotective effect on the brains of rats with experimentally-
induced SAP and PE.
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Materials and methods

Animals and treatment protocol
Study protocols and experimental methods were approved by 

the Afyon Kocatepe University Ethical Committee of Experimen-
tal Animals (24.05.2016/49533702-90), and the experiments were 
performed according to the guidelines of the National Institute of 
Health (NIH) on animal use. The rats were allowed ad libitum ac-
cess to food and drank up to the time of the study. All rats were 
anesthetized under aseptic conditions with an intramuscular injec-
tion of ketamine (90 mg/kg, Pfi zer Inc., New York) and xylazine 
(10 mg/kg, Alfasan International, Woerden, Holland). In total, 30 
adult male Sprague-Dawley rats weighing 250–300 grams were 
randomly divided into three groups of 10 rats each: 

Group 1 (sham, n = 10): 1 mL of 0.09 % saline was adminis-
tered intraperitoneally (i.p.).

Group 2 (Severe acute pancreatitis (SAP), n = 10): 1.5 g/kg of 
L-arginine in 0.9 % saline (1 ml) was administered intraperitone-
ally, in an interval of 1 hour. 

Group 3 (Severe acute pancreatitis + 2-APB treatment (SAP+2-
APB), n = 10): 1.5 g/kg of L-arginine in 0.9 % saline (1 mL), 1 
hour apart, and 2 mg/kg 2-APB (Sigma-Aldrich Inc., St. Louis, 
MO) was administered intraperitoneally 10 minutes prior to the 
fi rst injection of L-arginine.

The test animals were re-anesthetized by ketamine hydrochlo-
ride after 24 hours of study, and blood samples were collected 
from the inferior vena cava for biochemical analysis. The rats 
were sacrifi ced at the end of the study by an overdose anesthesia 
with ketamine/xylazine (90 and 10 mg/kg, respectively;  ip).The 
right and left cerebral lobes were removed for histopathological 
and immunohistochemical examination.

Biochemical analyses 
Blood samples were kept at room temperature for 2 hours to 

ensure proper clotting. The samples were then centrifuged at 2500 
g at 4 °C for 15 minutes and stored at – 20°C until analysis. Double 
sandwich enzyme-linked immunosorbent assay kits (eBioscience) 
were used to measure the serum concentrations of tumor necrosis 
factor (TNF-α) and interleukin 6 (IL-6). Serum amylase enzyme 
activity (U/l) was determined using the Phedebas test.

Histopathological and immunohistochemical analysis
The brain tissue was fi xed with 10 % formalin, dehydrated, 

and then embedded in paraffi n;  serial sections were then cut us-
ing a microtome. These sections were stained with hematoxylin 
and eosin for histopathological evaluations. Further immunohisto-
chemical analyses of the cerebral cortex were obtained via stain-
ing with TdT-mediated UTP-biotin nick end labeling (TUNEL, 
S7100, Chemicon International, USA) and Bcl-2 (N-9, Santa Cruz 
Biotechnology, diluted to 1:200). 

For apoptotic analysis, sections with a thickness of 5–6 μm 
were deparaffi nized and rehydrated. To evaluate DNA fragmen-
tation associated with apoptosis, TUNEL was performed using in 
situ cell death as described by Knoblach et al (11). The sections 
were fi xed in 1 % paraformaldehyde (for 10 minutes) and refi xed 

in precooled ethanol/acetic acid (for 5 minutes at –20 °C). After 
that, the samples were incubated with 3 % H2O2 (for 5 minutes), 
an equilibration buffer (for at least 10 minutes) and then with a 
working-strength TdT enzyme (for 60 minutes at 37 °C), at which 
point the sections were agitated (for 15 seconds at room tempera-
ture). The sections were then incubated with a working-strength 
stop/wash buffer (for 10 minutes), an anti-digoxigenin conjugate 
(for 30 minutes) and a 3.3’-diaminobenzidine (DAB) solution. 

Bcl-2-positive cells, which protect against apoptosis, were 
stained via the streptavidin-biotin-peroxidase method. For inhibi-
tion of endogenous peroxidase activity, tissue samples were treated 
with 0.3 % H2O2 and then incubated in 5% normal bovine serum to 
reduce non-specifi c staining. These sections were then incubated 
with a primary antibody (Bcl-2: N-9, Santa Cruz Biotechnology), 
a biotinylated secondary antibody, and a streptavidin-biotin-HRP 
for 1 hour, and then with DAB substrate kits for 3-5 minutes to 
obtain immunolabelling. Finally, nuclei were counterstained with 
Mayer’s hematoxylin.

Image analysis was performed using a personal computer, 
camera, software (Olympus SC30), and an optical microscope. 
Sections of the tissues were evaluated for histopathological and 
immunohistochemical examinations. For TUNEL and Bcl-2 im-
munohistochemical positive cell counting, visuals of the brain 
cortex were counted in each section under an Olympus CX41 
light microscope. These cell numbers were used to measure the 
balance between cell survival and cell death, and the TUNEL/
Bcl-2 ratio was calculated by dividing the % of TUNEL (+) cells 
by the % of Bcl-2 (+) (15). 

In addition, the intensity of staining with antibodies was sub-
jectively scored as follows: A = Non-reactivity, B = Weak, indi-
vidualized cell reactivity in ≤ 25 % of the cerebral cortex, C = 
Mild to moderate reactivity in ≤ 50% of the cerebral cortex, D = 
Strong reactivity in ≤ 75 % of the cerebral cortex, and E = Very 
strong reactivity in > 75 % of the cerebral cortex [20]. The aver-
age staining intensity was calculated by the formula: [(A x 1) + 
(B x 2) + (C x 3) + (D x 4) + (E x 5) / (A + B + C + D + E)], and 
reported as follows:
i) Not detected (–) = 0.00,
ii) Rare (+) = 0.01–1.00, 
iii) Small number (++) = 1.01–2.00,
iv) Moderate amount (+++) = 2.01–3.00, 
v) High number (++++) = 3.01–4.00

Statistical analysis 
All values were expressed as a mean ± standard deviation. The 

numbers of TUNEL and Bcl-2 immunopositive cells were analyzed 
using a one-way analysis of variance (ANOVA). Signifi cant dif-
ferences among treatment means were determined using Duncan’s 
test. Differences with a p < 0.05 were considered signifi cant.

Results 

Biochemical evaluations
Amylase levels in the serum were signifi cantly higher in SAP 

and SAP+ 2-APB groups compared to the control group (p < 0.05). 
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Mean values of TNF-α in the serum were signifi cantly higher in the 
SAP and SAP+ 2-APB groups than in the control group (p < 0.05). 
Mean values of IL-6 in the serum were signifi cantly higher in the 
pancreatitis group than in the control group (p < 0.05) (Tab. 1).

Histopathological and immunohistochemical evaluations
In this study, the apoptotic and anti-apoptotic activities of the 

cerebral cortical neurons were detected by TUNEL and Bcl-2 pro-
teins, with in situ cell death detection kits and streptavidin-biotin-
peroxidase staining, respectively. Cytoplasmic staining of the cell 
for Bcl-2 and nuclear staining for TUNEL were determined to be 
positive in all groups. The results of morphometric and immuno-
histochemical staining are shown in Table 2. 

In Sham group rats, it was observed that molecular-, granular-, 
pyramidal- and multiform-shaped cellular layers that form the ce-
rebral cortex were in a regular histological structure under the pia 

mater (Fig. 1A–B). In TUNEL staining performed to determine 
apoptotic cells, it was shown that the nuclei of cortical neurons 
were not stained, however, nuclei of some neuroglial cells showed 
a red-brown reaction in control group (Fig. 2A, arrows). In Bcl-
2 staining performed to determine anti-apoptotic activity, it was 
demonstrated that almost all of the neurons were Bcl-2-positive 
(Fig. 2B, arrows). 

In the examination of cerebral cortex slices from Group 2 rats 
with high dose arginine-induced pancreatitis, partial vacuolization 
in cortical neurons and focal glial cell aggregation and gliosis was 
observed in some areas, as well as a low amount of perineuronal 
glial satellitosis. In slices taken from this group, it was determined 
that the number of TUNEL-positive cells is higher than those ob-
served in the control group (Fig. 3A, arrows), and the number of 
Bcl-2-positive cells was signifi cantly higher (Fig. 3B, arrows). It 
was also determined that chromatin in the nuclei of pyramidal-
shaped neurons have condensed, the nuclei themselves had shrunk, 
the structure of the cell membrane had degenerated, and the cells 
seemed to become apoptotic (Fig. 3B, arrowheads).

Groups Amylase TNF-α     IL-6
1 326.30±43.14 18.25±3.16 13.01±1.14
2 1345.28±124.96* 27.86±1.28* 18.37±2.15 *
3 1252.60±165.16* 23.59±2.56* 16.48±1.55 *

1: Sham group, 2: SAP group 3: SAP + 2-APB (2 mg/kg) treated group
Superscripts * in the same column indicate signifi cant differences (p < 0.05) accord-
ing to the experimental groups.

Tab. 1. The mean Amylase, TNF-α, and IL-6 levels.

Groups Histopathological 
changes

Tunel 
positivity

Bcl-2 
positivity

Tunel/Bcl-2 
ratio

1 – + ++++ 14±0.9/90±3.1c

2 +++ ++++  + 72±2.5/53±1.6a

3 ++ ++  +++ 38±1.3/62±2.4b

1: Sham group, 2: SAP group 3: SAP+ 2-APB (2 mg/kg) treated group
The scores reported as follows: – = not detected, + = rare, ++ = small number, +++ 
= moderate amount, ++++ = high number. Different superscripts a,b,c, in the same col-
umn indicate signifi cant differences (p<0.05) according to the experimental groups.

Tab. 2. Histochemical, immunohistochemical and morphological ex-
amines in the cerebral cortex.

A B

Fig. 1. Control group, arrows: Tunel and Bcl-2 immunopositive cells 
in the brain.

A B

Fig. 2. A–B. Pancreatitis group, arrows: Tunel and Bcl-2 immunoposi-
tive cells in the brain, arrowheads: heterochromatic apoptotic neurons, 
bold arrows: perineuronal glial satellitosis.

A B

C D

Fig. 3. A–B–C–D. 2 mg/kg 2-APB treated pancreatitis group, arrows: 
Tunel and Bcl-2 immunopositive cells in brain, star: neuroglia ag-
gregation. 
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In the rats given 2 mg/kg 2-APB following arginine induc-
tion (Group 3), it was determined that glial cell aggregation areas 
have decreased as compared to Group 2, and histopathological 
changes had diminished. It was also determined that the density of 
TUNEL-positive cells have also decreased as compared to Group 
2, while the number of Bcl-2-positive cells had increased. On the 
other hand, it was determined that the density of TUNEL-positive 
glial cells have increased in areas with glial cell aggregation, while 
Bcl-2-positive cell reaction had been feeble (Fig. 3C–3D, arrows).

In addition to the fi ndings described above, histological analy-
ses were also performed. The statistical importance between groups 
was evaluated by determining the ratio of apoptotic neurons to 
anti-apoptotic neurons (Tab. 2) (p < 0.05). In the obtained measure-
ments, the TUNEL/Bcl-2 ratio in all groups was found to be 0.15, 
1.36, 0.60, respectively. Based on these results, it appears that treat-
ment with 2 mg/kg 2-APB decreases neuronal apoptosis and glial 
cell aggregation, and increases the synthesis of the protein Bcl-2.

Discussion

In cases of severe acute pancreatitis, the most critical factor 
in the development of extra-pancreatic complications is an over-
activation of the immune system. An increased release of infl amma-
tory mediators such as TNF-α and IL-6 causes multi-organ failure 
(SIRS, or systemic infl ammatory response syndrome). Pancreatic 
encephalopathy, which is observed following SAP, is one of these 
systemic extra-pancreatic complications, and generally results in 
mortality;  an increase of TNF-α and IL-6 causes vasogenic cerebral 
edema by modifying the permeability of the blood-brain barrier. 
Farkas et al reported that in rats with experimentally-induced se-
vere acute pancreatitis, there is a signifi cant increase in the serum 
TNF-α and IL-6 and that this increase causes vasogenic cerebral 
edema by affecting the blood-brain barrier (6, 7, 18). Czako et 
al have stated that in rats in which severe acute pancreatitis was 
formed by introducing intraperitoneal L-arginine at 12 and 24 hours, 
there was an apparent increase in the levels of TNF-α and IL-6 (5). 
In our study, a signifi cant increase in serum values of TNF-α and 
IL-6 was also observed in rats in which severe acute pancreatitis 
was induced via intraperitoneal L-arginine, thus supporting the 
literature. In the 2-APB treatment group, this increase was limited. 

Apoptosis, which is defi ned as programmed cell death, is a 
process that results in the deformation of cell membranes, breakage 
in the cell nucleus, chromatin condensation, cell shrinkage, and 
ultimately cellular suicide resulting from biochemical and histo-
pathological changes associated with morphological degeneration. 
Whereas apoptosis suppresses the synthesis of anti-apoptotic on-
coproteins such as Bcl-2 and Bcl-xl, the synthesis of pro-apoptotic 
proteins such as Bax and Bak forms the basis for the apoptotic 
process (9). In experimental SAP and after development of PE, 
impairment of normal calcium signal pathways is known to be 
one of the early stages of apoptosis. An extended increase of cal-
cium ion concentration is toxic to central nervous system cells and 
many cell types, causes mitochondrial dysfunction, degeneration 
of the cytoskeleton, and degradation of catabolic enzymes (12). 
This chain of events, caused by impairment in calcium metabo-

lism, leads to activation of intracellular apoptotic signal pathways 
and ultimately, apoptosis. An increase in the permeability of the 
blood-brain barrier causes apoptosis in and demyelinization of 
cerebral cells, primarily by increasing intracellular calcium en-
try. Boehning et al reported that cytochrome c, which is released 
from mitochondria, amplifi es IP3R receptor functions, increases 
intracellular calcium, and supports the formation of apoptotic 
signals by binding to IP3R receptors (3). IP3Rs are located in the 
endoplasmic reticulum, nuclear membranes of almost all cells, and 
in the plasma membrane of some cell types. Cytosolic Ca is the 
primary messenger that regulates IP3R gates (17). 

In order to fi nd a new method for preventing the apoptotic 
process, researchers attentions have been drawn to IP3R, which 
provides a way to release intracellular calcium and selective cal-
cium channel blockers, and which therefore prevents intracellular 
calcium entry through the receptors. Ding et al have shown that 
in rats with PE developed after SAP, the use of nifedipine which 
has an antagonistic calcium channel effect preserves the semi-
permeability of the blood-brain barrier by acting as neuroprotec-
tive agent (12). 

2-Aminoethoxydiphenyl borate (2-APB) is a pharmacological 
agent that irreversibly inhibits the release of intracellular calcium 
by blocking inositol 1,4,5 triphosphate-mediated calcium chan-
nels. In the literature, the fi rst study concerning 2-APB and its 
effect on cytosolic calcium release was conducted by Takuyama 
et al In their study, which involved cerebellar microsomal cells 
in rats, it was shown that 2-APB inhibits the release of inositol 
1,4,5 triphosphate-mediated intracellular calcium without binding 
to IP3R, and with the addition of 2-APB to extracellular areas, the 
cytosolic calcium ratio decreases (13). 

Peppiat et al demonstrated that 2-APB decreases not only cy-
tosolic calcium by inhibiting inositol 1,4,5 triphosphate-mediated 
intracellular calcium channels, but also infl uences mitochondrial 
calcium signal pathways by infl uencing mitochondrial morphol-
ogy with different intracellular processes (2). Yildar et al reported 
that 2-APB might reduce the damage of distant organs in rats with 
L-Arginine induced pancreatitis by inducing calcium homeostasis 
(19). In our study, we detected the neuroprotective effect of 2-APB, 
which acts as a calcium channel blocker in the brain by decreasing 
intracellular calcium entry;  we determined this by administering 2 
mg/kg 2-APB to rats that exhibited cerebral cortical cell apoptosis 
following pancreatic encephalopathy.

The mitochondrial metabolic pathway of apoptosis is regu-
lated by members of the Bcl-2 family, which is composed of both 
anti-apoptotic and pro-apoptotic members. The Bcl-2 family is the 
oncoprotein group which plays the most crucial role in the regu-
lation of apoptosis. It has been reported that anti-apoptotic mem-
bers such as Bcl-2 and Bcl-XL protect cells from many different 
apoptotic stimuli and thus play a vital role in cell survival. It has 
also been shown that the Bcl-2 family executes its anti-apoptotic 
effect via regulation of intracellular endoplasmic and mitochon-
drial calcium metabolism. Basset et al claimed that an increase in 
Bcl-2 expression decreases calcium release from plasma mem-
branes by inhibiting inositol 1,4,5- triphosphate receptors (IP3R) 
and prevents the development of mitochondrial calcium-mediated 
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apoptosis (2,4,18). In this study, we determined that in Bcl-2 stain-
ing, performed to determine anti-apoptotic activity, almost all of 
the neurons had Bcl-2-positive cytoplasms. In the examination of 
cerebral cortical slices of Group 2 rats, which were not treated and 
in which pancreatitis formed via high dose L-Arginine, it was de-
termined that the number of Bcl-2-positive cells was substantially 
lower and the number of TUNEL-positive cells was extremely high 
when compared to the control group. In Group 3, which was treated 
by applying 2 mg/kg 2-APB, it was determined that areas of glial 
cell aggregation were decreased and histopathological changes 
diminished, as compared to Group 2. Besides, it was determined 
that the number of Bcl-2-positive cells increases, while the den-
sity of TUNEL-positive cells decreased, as compared to Group 2.

The results of histopathological analyses showed that, in the 
group treated with 2-APB (Group 3), decreases in the number 
of cerebral cortical apoptotic neurons were observed, while the 
number of anti-apoptotic neurons increased. It was also observed 
that treatment with 2-APB has a neuroprotective effect and de-
creases neuronal apoptosis, glial cell aggregation and increases the 
synthesis of Bcl-2 proteins which exert an anti-apoptotic effect. 

Conclusion

2-APB blocks the development of mitochondrial membrane-
mediated apoptotic signals by decreasing intracellular calcium re-
lease. Although the anti-apoptotic and neuroprotective mechanism 
of 2-APB has not yet been demonstrated, it may also be a promis-
ing agent for developing treatments for systemic complications of 
severe acute pancreatitis that result in mortality due to apoptotic 
conditions such as pancreatic encephalopathy. We contend that 
more detailed research concerning pharmacological agents which 
can inhibit mitochondria-mediated apoptotic signal pathways via 
the regulation of intracellular calcium fl ow is warranted.
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