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INTRODUCTION
Acute pancreatitis (AP) is characterized by a local 
inflammation of the pancreas which may lead to a systemic 
response and progress to a multiple organ dysfunction 
syndrome (MODS), with high morbidity and mortality [1, 
2].

Several mechanisms are involved in the development 
of the local and systemic response in AP as complement 
activation, activation of neutrophils and macrophages, 
trelease of inflammatory cytokines (TNF-α, IL-1β, IL-
6, IL-10 and TGF-β), chemokines, arachidonic acid 
metabolites (prostaglandins, platelet-activating factor 
and leukotrienes), proteolytic and lipolytic enzymes, 
as well as reactive oxygen species [3, 4]. The systemic 
lesions can result in respiratory, cardiovascular, renal, and 
immunological disorders similar to those seen in sepsis 
and severe trauma [5].

Cardiovascular system may be affected throughout the 
clinical course of AP with cardiac rhythm and contractility 
and vasomotor tone of peripheral vessels. The cardiac 
alterations could be explained by vasoactive peptides 
modulation and myocardial depressant factor [6, 7].
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A few experimental studies that myocardial ultrastructural 
alterations including interstitial edema, hypertrophy and 
hypoxia of cardiac muscle cells, increase in muscle fiber 
contractile function and collagen deposit in myocardial 
stroma in AP [8, 9].

The aim of this study was to evaluate local myocardial 
cytokine production, as well as, functional and histological 
myocardial alterations in severe acute pancreatitis in rats.

MATERIAL AND METHODS
Experimental Protocol

The animals were divided into three main groups:

Group 1 (n=6): control; Group 2 (n=6): sham (2h after 
laparotomy without induction of AP); Group 3 (n=24): AP 
(sub-groups 2h, 12h and, 24h and 15 days)

Animals

Adult male Wistar rats (230 ± 30 g) were housed in 
individual cages in a 12-hour dark light-controlled 
environment with free access to standard rat chow diet 
and water. The experimental protocol was approved by the 
Ethics Committee for Animal Research from the Medical 
School of São Paulo University and received humane care 
according to the criteria outlined in the Guide for the Care 
and Use of Laboratory Animals, prepared by the National 
Academy of Sciences.

Induction of AP

Adult male Wistar rats were anesthetized with ketamine 
chloride (Ketalar, Park-Davis, São Paulo, Brazil), and 
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ventricular end systolic diameter (LVESD), fractional 
shortening (FS), ejection fraction (EF), isovolumetric 
relaxation time corrected by heart rate (IVRT), and 
myocardial performance index (MPI). All measurements 
were obtained according to the American Society of 
Echocardiography recommendations by the same 
experienced observer.

Histological Examination of Myocardial Tissue

Heart tissue samples were excised and fixed in 10% 
neutral buffered formalin for standard hematoxylin-
eosin staining. Histological evaluation of myocardial 
sections was performed by a pathologist in a blinded way. 
Histopathological examination involved the evaluation of 
the following parameters: coagulation necrosis, vacuolar 
degeneration, edema, picnosis, and loss of nucleus, and 
lymphocytes surrounding necrotic cardiac fibers (spot 
necrosis). The intensity of cardiac damage was evaluated 
according to a scoring system that ranged from absence 
to severe lesions (0: absent, 1: mild, 2: moderate, and 3: 
severe). 

STATISTICS

Data are expressed as mean ± standard deviation (SD). The 
multivariate ANOVA (fixed factor) was used to determine 
the overall difference between the independent groups for 
echocardiography results and Tukey and Dunnett tests for 
multiple comparisons (amylase levels, and IL-6, TGF-β and 
TNF-α mRNA levels). The Kruskal-Wallis test was used for 
comparison between groups for serum cytokines levels 
and histological analysis. A value of p<0.05 was considered 
significant. Statistical analysis was carried out using SPSS 
software version 19.0 and R-Program version 2.11.1.

RESULTS
Serum Amylase and Inflammatory Mediator Levels

The serum amylase levels were significant higher in AP 2h 
group in comparison with the other groups (p=0.006) as 
well as the serum levels of TNF-α and IL-10 (p=0.015). The 
plasma levels of cytokines (TNF-α, IL-6 and IL-10) were 
below the detection limits in control, sham, 24h and 15d 
(Table 1).

Inflammatory Cytokines Expression

• The mRNA IL-6 levels from group AP 2h were statistically 
higher in comparison with the other groups (Figure 1A).

• The mRNA TGF-β levels from group AP 12h were 
statistically higher in comparison with the other groups 
(Figure 1B).

• The mRNA TNF-α levels from sham group and AP 2h were 
statistically lower when compared to AP 12h (p=0.022; 
p=0.008) and AP 24h groups (p=0.008; p=0.008) (Figure 1C).

Cardiac Function

No significant changes in heart rate neither fractional 
shortening were observed (p=0.971 and p=0.81, 
respectively). Significant changes in the LVEDD and LVESD 
were found in AP 2h and AP 12h groups (p<0.001 and 
p=0.012, respectively). There were no differences between 

a laparotomy was performed. Acute pancreatitis was 
induced by retrograde injection of 0.5 mL of 4% sodium 
taurocholate (Sigma-Aldrich, St. Louis, MO, USA) 
transduodenally into the biliopancreatic duct at a constant 
infusion rate [10]. A clamp was applied across the proximal 
hepatic duct during the injection. After operation, animals 
were returned to their cages with free access to food and 
water. The rats were killed by exsanguination at pre-
defined time points (2, 12, 24 hrs., and 15 days).

Biochemical Analysis

Plasma amylase levels were determined 
spectrophotometrically, whereas TNF-α, IL-6 and IL-10 
were quantified in accordance with the manufacturer’s 
instructions and guidelines using enzyme-linked 
immunosorbent assay (ELISA) kits (Biosource 
International CytoscreenTM, Nivelles, Belgium). 

Cytokine mRNA Expression Analysis

Myocardial tissue was removed, snap frozen, and stored 
in liquid nitrogen. Total myocardial RNA was extracted 
using TRIzol reagent (Invitrogen, Life Technologies, 
Gaithersburg, USA) according manufacturer’s instructions. 
RNA integrity was assessed by analysis of 28S/18S rRNA 
ratios using a NanoDrop™ ND-1000 spectrophotometer 
(NanoDrop Technologies, Inc. Wilmington, EUA). 
RNA quality assessment was analyzed by agarose gel 
electrophoresis. Ratios equal to or greater than 1.8 were 
considered satisfactory. Samples were kept at –80 °C until 
processing by qRT-PCR. 

Quantitative RT-PCR Analysis

qRT-PCR analysis for TGF-β1, TNF-α, and IL-6 genes were 
performed in a RotorGene RG3000 thermal cycler (Corbett 
Research, Sidney, Australia) using a SuperScriptTM III 
Platinum SYBR Green One-Step qRT-PCR kit (Invitrogen, 
Life Technologies) according to the manufacturer’s 
recommendations. Amplification of specific transcripts 
was confirmed by melting curve profiles at the end of 
each PCR cycle. The following specific primers were 
used: IL-6 sense 5’CTTCACAAGTCGGAGGCTTAAT3’ 
and antisense 5’ACAGTGCATCATCGCTGTTC3’; 
TGF-β1 sense 5’CGGCAGCTGTACATTGACTT3’ and 
antisense 5’AGCGCACGATCATGTTGGAC3’; TNF-α 
sense 5’GCTTGGTGGTTTGCTACGAC3’ and antisense 
5’TGCCTCAGCCTCTTCTCATT3’; β-actin sense 
5’TGTCACCAACTGGGACGATA3’ and β-actin antisense 
5’GGGGTGTTGAAGGTCTCAAA3’. Relative abundance of 
transcripts were calculated according to the ΔΔCt method, 
which reflects the differences in the threshold for each 
target gene relative to the housekeeping gene β-actin and 
expression in control myocardial tissue sample [11].

Echocardiographic Assessment of Cardiac Function

Rats were anesthetized with ketamine (50 mg/kg) and 
xylazine (10 mg/kg) and a transthoracic echocardiography 
of the left ventricle was performed using a 13-MHz linear 
array transducer (15L8) interfaced with a Sequoia 512 
system (Acuson, Mountain View, CA, U.S.A.) as previously 
described [12]. The following parameters were evaluated: 
left ventricular end diastolic diameter (LVEDD), left 
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groups for the following parameters: EF(%), IVRT, and 
MPI (p=0.778; p=0.248; and p=0.251, respectively) (Table 
2 and Figure 2).

Histological Analysis of Cardiac Tissue
No significant difference was observed between 
coagulation necrosis, edema, and spot necrosis (p= 0.099, 
p= 0.207, and p= 0.191, respectively) between all groups. 
There were statistical changes for vacuolar degeneration 
in AP 15d group (p=0.048), picnosis and loss of nucleus in 
AP 2h group (p=0.034), and lymphocytes in AP 12h group 
(p=0.001) (Figure 3).

DISCUSSION
The aim of this study was to investigate the myocardial 
cytokines production and its impairment in an experimental 
model of severe acute pancreatitis in rats. 

We determined the circulating levels of cytokines, 
since they play an important role not only in the local 
inflammatory response as well as in systemic, such as the 

pro-inflammatory cytokine TNF-α, one of the modulators 
in circulatory collapse found in severe sepsis correlated 
with a worse prognosis [13]. 

We detected elevated serum levels of IL-6, IL-10 and TNF-α 
2h after AP induction and not detected in AP 24h and 15 
days groups. The differences in the response patterns of 
TNF-α and IL-6 after acute physiological stimuli may be 
related to the different release times and cross-regulation 
of these cytokines. Specifically, TNF-α appears at the 
beginning, followed by secretion of IL-6 and this causes 
suppressive effect on the expression of TNF-α [14]. In this 
context, after AP 12h we observed an increase in serum 
IL-6 levels and a decrease in TNF-α level (Table 1). 

The serum levels of the anti-inflammatory cytokine IL-
10 maintains correlation with serum levels of TNF-α and 
IL-6 as observed in previous study [3]. Norman et al. [4] 
showed variable association of IL-10 with tissue injury 
and severity of AP, demonstrating that may be used as a 

Control sham 2h           12h          24h         15d   

d

m
RN

A
IL

-6
 (a

rb
itr

ar
yu

ni
ts

)  
   

   
   

   
   

   
   

   
   

  

Control sham 2h           12h          24h         15d   

d

m
RN

A
TG

F-
β

(a
rb

rit
ar

yu
ni

ts
)  

   
   

   
   

   
   

   
   

   
  

Control sham 2h           12h          24h         15d   

m
RN

A
TN

F-
α

(a
rb

itr
ar

yu
ni

ts
)  

   
   

   
   

   
   

   
   

   
 

A B

C

Figure 1. Expression of A. mRNA IL-6, B. TGF-β C. TNF-α in myocardial tissue.

Table 1. Results of the serum amylase and inflammatory mediator levels performed in all animals of each study group.
Parameter Control Sham AP 2h AP 12h AP 24h AP 15d p

TNF-α 0 0 58.5 (14-97) 0 0 0
IL-6 0 0 114 (61-156) 134.5 (33-370) 0 0 0.699

IL-10 0 0 77 (47-153) 44 (0-67) 0 0 0.015
Amylase 7.4 (6.2-8.5) 8.7 (6.4-11.3) 12.85 (11.4-15.3) 9.7 (7-14.3) 7.7 (5.2-12.3) 7.7 (6.2-8) 0.006
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predictor of severity. However, in another study, Dumont 
et al. showed conflicting results [15].

Hemodynamic changes related to AP occur in SAP, even 
without documented sepsis. Di Carlo et al. [16] observed 
that patients with SAP showed myocardial depression due 
to decreased left ventricular output similar to findings in 
other septic patients [2, 17]. 

The difficulty of performing experimental and clinical 
hemodynamic studies in SAP justifies the few published 
articles. However, in recent years, it has been demonstrated 
the role of transthoracic echocardiography, as minimally 

invasive method, to evaluate the morphology and function 
and left ventricular cardiac output determination or 
ventricular mass [18].

In this study, the echocardiographic findings regarding 
heart rate (HR) were similar between the groups showing 
the possibility of comparing the other results. The relative 
wall thickness (RWT), the interventricular septum (IVS) 
and posterior wall (PW), showed no significant difference, 
suggesting the absence of hypertrophy and / or myocardial 
ischemia (Table 2), although high concentrations of 
circulating IL-6 was associated with increased risk of 
coronary heart disease in prospective studies [19, 20].
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Figure 2. Boxplot of A. LVESD and B. LVEDD.

Figure 3. Histological results of cardiac tissue in AP 12h group. A. Cardiac fibers showed diffuse vacuolar degeneration. B. A few fibers were necrotic and 
surrounded by lymphocytes and macrophages (spot necrosis) (HE - 400x).

Table 2. Results of the echocardiography performed in all animals of each study group.

HR, heart rate; LVEDD, left ventricular end diastolic diameter; LVESD, left ventricular end systolic diameter; FS, fractional shortening; EF, ejection fraction; 
IVRT, isovolumetric relaxation time corrected by heart rate; MPI, myocardial performance index. Data are mean ± SD.

Parameter Control Sham AP 2h AP 12h AP 24h AP 15d p
HR 245.2 ± 79.8 230.5 ± 47.7 225.8 ± 66.7 241.8 ± 68.9 237.3 ± 68.9 215.2 ± 56.3 0.971

LVEDD 6.8 ± 0.5 7.7 ± 0.7 4.9 ± 1 6 ± 1.4 7.1 ± 0.6 7.4 ± 0.5 <0.001
LVESD 4 ± 0.6 4.8 ± 1.4 2.9 ± 0.5 3.3 ± 1 4.1 ± 0.6 4.3 ± 0.5 0.012

FS 41.5 ± 6.7 38 ± 12.4 40.4 ± 6.5 45.3 ± 11.7 42.2 ± 5.9 41.7 ± 6 0.81
EF 79.3 ± 6.2 73.7 ± 16.4 78.2 ± 7.5 81.8 ± 11 80.2 ± 5.8 79.6 ± 6.2 0.778

IVRT 7.9 ± 2.3 6.3 ± 2.6 7.7 ± 2.3 6.4 ± 1 5.2 ± 0.9 6.8 ± 2.6 0.248
MPI 0.5 ± 0.2 0.6 ± 0.2 0.9 ± 0.3 1 ± 0.5 0.8 ± 0.4 0.7 ± 0.5 0.251
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The Fractional Shortening (FS) and the Ejection Fraction 
(FE) did not change significantly showing the stability of 
myocardial systolic function. The fact that the FS is normal 
does not mean, necessarily, that myocardial contractility 
is unchanged, because we did not make invasive 
measurements. 

Likewise, the preservation of diastolic function 
demonstrated by the variable isovolumetric relaxation 
time (IVRT) and the relationship between early to late 
diastolic filling velocity (E/A), remained unchanged 
between groups. The myocardial performance index (MPI) 
did not change over time, demonstrating the preservation 
of global myocardial function.

Moreover, we found Decreased Diastolic (DD) and systolic 
(SD) diameters of the left ventricle (LV) that may be related 
to hypovolemia secondary to the intense inflammatory 
process caused by SAP (Figure 2).

According to Flierl et al. [21], cardiac dysfunction, well-
recognized complication of severe sepsis is characterized 
by ventricular dilatation, reduced ejection fraction and 
reduced contractility. Although cardiac alterations in SAP 
and sepsis may be related to, at the present study the 
echocardiographic measurements were markedly altered 
in group 2h and, at this time, no sepsis were present. 

Circulating blood factors are involved in the progression 
of myocardial changes induced by septic shock, and the 
cellular and molecular events of myocardial tissue itself are 
targets of researchers in search for better understanding 
this process [22] In the experimental model applied 
significant increase in serum levels of interleukins group 
2h, and consequently the myocardium may also respond by 
increasing or decreasing levels of mRNA of inflammatory 
factors.

Flores-Arredondo et al. [23] showed an increase in intra-
cardiac pro-inflammatory cytokines production and 
decreased expression of anti-inflammatory cytokines, 
in particular, the IL-10 cytokine. These findings were 
associated with increased hypertrophy and fibrosis and 
decreased left ventricular ejection fraction.

In an experimental study of diabetes in mice was found 
an increased expression of TNF-α in myocardial tissue 
associated with induction of cell death through cardiac 
oxidative stress [24] Plenz et al. [25], studying advanced 
heart failure, found a close correlation between elevated 
IL-6 serum levels and acute cardiac dysfunction and could 
play an important role in the pathophysiology [23]. 

The gene expression of IL-6 was increased in group AP 2h 
in comparison to the other groups (Figure 1A). Apparently 
the cardiac tissue has the first reaction in the presence of 
SAP, the endogenous production of IL-6 that can be related 
to the functional and not histological. 

The result of gene expression of TGF-β in our study 
demonstrates a late onset (AP 12 h) that may be related 

to cardiac changes after an inflammatory stimulus (Figure 
1B). Increased expression of TGF-β was found in an 
experimental model of cardiac hypertrophy in rats with 
suprarenal aortic constriction. The detection of TGF-β in 
the interstitium, especially in places where fibroblasts 
demonstrate proliferative activity, is associated with the 
induction of collagen I and III and myocardial fibrosis [26].

Kuwahara et al. [27] observed that TGF-β plays a key 
role in myocardial fibrosis in rat hypertensive hearts 
through activation of fibroblast. These findings were also 
exemplified by other studies [25].

We found increased expression of TNF-α in groups 24h and 
15 days compared to sham and AP 2h groups (Figure 1C). 
The late appearance of TNF-α may be related to histological 
features associated with cardiac cell death [28].

Experimental studies demonstrate a close correlation 
between structural changes and myocardial severe 
systemic inflammatory response, such as interstitial and 
mitochondrial edema and myocardial necrosis [29]. On the 
other hand, a decrease in myocardial contractility in the 
presence of sepsis was also found, even in the absence of 
tissue injury [30].

Rossi et al. [31], found increased expression of TNF-α 
and nonspecific myocardial changes such as slightly 
hypertrophied cardiomyocytes, mild to moderate 
interstitial edema, mild interstitial fibrosis and increased 
number of macrophage [32]. The elevated number of 
macrophages in association with expression of TNF-α can 
promote reduction of cardiac function in septic hearts. 

In histological analysis, we found significant heart changes 
as vacuolar degeneration, picnosis and loss of nuclei and 
lymphocytes, which may be related to the inflammatory 
phenomena triggered by SAP (Figure 3A and 3B). These 
changes are mantained in histological studies and 15 
days appear to be related to the increased expression 
of TNF-α, however, with no hemodynamic changes in 
echocardiography.

In summary, in the present study we showed that in 
the experimental SAP model utilized, the myocardium 
produces cytokines locally, whereas IL-6 production is an 
early event and could be correlated with the same period of 
echocardiographic left ventricular change. The production 
of TNF-alpha occurs in the same period of histological 
findings, whereas TGF-beta in the subsequent period.

CONCLUSION
We found cardiac and histological changes compatible 
with the inflammatory process triggered by SAP with the 
promotion of local myocardial cytokine production.
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