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25.7, p  !  0.02). Moreover, the endogenous hypertriglyc-
eridemic rats showed an increment of VLDL triglyceride 
content, which decreased when rats were injected with 
cerulein. A negative correlation was found between 
VLDL-triglyceride content and serum pancreatic lipase 
activity (r = 0.58, p  !  0.02). The in vitro assay showed a 
decrease in VLDL-triglyceride content post incubation 
with pancreatic lipase enriched serum (mean  8  SD: 59.2 
 8  27.7%, p  !  0.01).  Conclusions:  The endogenous hyper-
triglyceridemia intensifi es the course of cerulein-induced 
pancreatitis and it could be related to the decrease in 
VLDL-triglycerides as a consequence of pancreatic lipase 
hydrolytic activity. 

 Copyright © 2006 S. Karger AG, Basel 

 Introduction 

 The association between acute pancreatitis and distur-
bances on lipid metabolism is widely accepted. Acute 
pancreatitis is related to dyslipemia when hypertriglyc-
eridemia appears as a common pattern. Serum triglycer-
ide concentration higher than 10–20 mmol/l is reported 
to be associated with acute pancreatitis  [1] . 

 Key Words 
 Hypertriglyceridemia  �  Pancreatitis  �  Very-low-density 
lipoprotein  �  Lipid  �  Cerulein

  Abstract 
  Aims:  To study if the course of cerulein-induced pancre-
atitis in rats changes in a state of triglyceride-rich lipo-
protein metabolism alteration.  Methods:  Two groups of 
rats received control diet during a 90-day period (A) and 
sucrose-rich diet to induce endogenous hypertriglyceri-
demia (B). Subgroups A2 and B2 received i.p. 45  � g ce-
rulein/kg body weight (to induce acute pancreatitis). His-
tological examination of pancreas tissue, serum 
pancreatic lipase, lipoprotein profi le and VLDL chemical 
composition were assessed. Then, pancreatic lipase hy-
drolytic activity on VLDL-triglycerides was evaluated in 
vitro.  Results:  Cellular vacuolization was observed in all 
of the cerulean-injected rats, but only in subgroup B2 fat 
necrosis was present. Serum triglycerides were higher 
in subgroup B1 than in subgroup A1 (mean  8  SEM, mg/
dl 123,77  8  25.7 vs. 65.8  8  7, p  !  0.01). Triglycerides 
from rats fed with sucrose-rich diet, decreased after ce-
rulein-induced pancreatitis (80.38  8  11.3 vs. 123,77  8  
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 Supporting this fact, the onset of acute pancreatitis usu-
ally takes place during postprandial periods, when hyper-
triglyceridemia is at its maximum level  [2] . The adminis-
tration of a lipid-enriched meal in patients with chronic 
alcoholic pancreatitis causes abdominal pain, similar to 
that occurring after an important alcohol intake  [3] . 

 Although the mechanism involved in acute pancreatitis 
onset is not clearly known, the possible injury of pancre-
atic capillaries by chylomicron obstruction or cholesterol 
crystals has been suggested  [4] . The genesis of acute pan-
creatitis could be explained by means of mechanical causes 
in the presence of hypertriglyceridemia. The reason why 
hypertriglyceridemia plays a key role in intensifying the 
course of both, acute mild edematous and necrotizing se-
vere pancreatitis still remains unclear. Endogenous triglyc-
erides are transported by the plasmatic lipoprotein VLDL. 
Alterations in its composition, before and during acute 
pancreatitis, have not been studied yet. In a previous study 
carried out on rats with cerulein-induced pancreatitis, we 
showed that long term administration of a high-fat diet led 
to an increased histological damage of pancreatic tissue  [5] . 
This may suggest that nutritional factors could play an im-
portant role in aggravating acute pancreatitis. 

 In this study, we evaluate the effect of endogenous hy-
pertriglyceridemia on the initial events of acute experi-
mental pancreatitis in rats. Histopathological alteration, 
VLDL modifi cation and whether pancreatic lipase hydro-
lyzed VLDL-triglycerides were performed. Long-term ad-
ministration of a sucrose-rich diet was used as a model of 
hypertriglyceridemia  [6]  and acute pancreatitis was in-
duced by the intraperitoneal injection of a supramaximal 
dose of cerulein. 

 Materials and Methods 

 Animals 
 Adult male Wistar rats from the Department of Physiology, 

School of Medicine, University of Buenos Aires were used. They 
were maintained in a humidity and temperature-controlled envi-
ronment (20–22   °   C) with a 12-hour light/dark cycle. Until the mo-
ment of the beginning of experiment, to standardize the nutrition-
al status, all animals were fed with standard rat laboratory Chow 
Purina and had free access to water. All the procedures were carried 
out according to the National Institute of Health guide for the care 
and use of laboratory animals. 

 Diets of Experiments 
 Diet A: Control diet contained 5% saturated fat (animal source), 

20% protein (lactic casein), 69% carbohydrate (dextrin), 3.5% min-
erals mix (ICN AIN 76), 1% vitamins (ICN AIN 76), 0.3% methio-
nine and 2% choline. 

 Diet B: Contained the same components as the control diet, but 
69% of dextrine was replaced by 69% of sucrose as source of car-
bohydrates. 

 All animals were in an overnight fasting state at the moment of 
sacrifi ce. 

 Experimental Design and Groups 
 Experience 1: Cerulein-Induced Acute Pancreatitis in 
Endogenous Hypertriglyceridemia 
 Thirty rats with an initial body weight of 329  8  17 g were ran-

domly divided into two groups. Group A received the control diet 
(n = 14), and group B (n = 16) received the sucrose-rich diet. Both 
diets were administrated with free access during 3 months. After 
this period the animals were weighed and no difference was found 
between the two groups (group A: 420  8  10 g; group B: 375  8 
21.7 g, p = 0.09). 

 Acute pancreatitis was induced by a 45  � g/kg body weight single 
intraperitoneal injection of cerulein (C-9026 Sigma Chemical Co., 
St. Louis Mo., USA) in 2 ml saline containing 0.2% bovine serum 
albumin. The animals used as control in this treatment received a 
single intraperitoneal injection of the saline albumin vehicle in-
stead of cerulein. Therefore, four groups were defi ned: A1 (n = 7) 
with the control diet, B1 (n = 8) with the sucrose-rich diet, A2 (n = 
7) with the control diet plus cerulein injection, B2 (n = 8) with the 
sucrose-rich diet plus cerulein injection. 

 Experience 2: Pancreatic Lipase Activity on VLDL-
Triglycerides 
 Another 12 rats were fed only with standard chow and were used 

to determine whether plasmatic pancreatic lipase hydrolyzed 
VLDL-triglycerides. 

 In order to obtain a source of plasmatic pancreatic lipase, acute 
pancreatitis was induced in 4 of these rats, by injecting cerulein 
solution as previously described. The 8 remaining rats were used 
to obtain normal plasma and to isolate VLDL. 

 Samples 
 After overnight fasting, cerulein or saline solution was injected 

and after 6 h rats were lightly anesthetized with ether and exsan-
guinated by decapitation. After clotting blood samples the serum 
was separated by centrifugation at 1,500  g  during 15 min. Pancre-
atic tissue was obtained immediately after sacrifi ce for light micro-
scope examination. Peripancreas was macroscopically observed 
and fat tissue of peritoneum was separated from pancreas. Serum 
samples used in the pancreatic lipase activity on VLDL - triglycer-
ides assay were obtained in the same way. Aliquots were stored at 
–20   °   C. 

 Histological Procedures 
 The histological examination (light microscope) was per-

formed in a blinded manner by one of these authors (M.A.C.). 
Pancreatic tissue samples were fi xed overnight, at room tempera-
ture in formalin buffer 10%, pH 7 with 0.1  M  phosphate-buffered 
saline (PBS). Samples were dehydrated in ethanol, embedded in 
paraffi n wax, and cut with a microtome. The resulting 5    � m sec-
tions were stained with hematoxylin and eosin reagent. Histo-
logical damage degree, including the presence of fat necrosis, was 
evaluated. Histopathologic score was performed taking into ac-
count edema, acinar necrosis and vacuolization, and fat necrosis 
according to a previous publication  [7] . Edema, vacuolization, 
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acinar necrosis and fat necrosis were determined as a percentage 
of injured cells in each fi eld examined (20 fi elds examined in each 
tissue sample). 

 Biochemical Determinations 
 Serum pancreatic lipase activity was determined using Lipase 

Monotest assay (Roche Diagnostics, Germany). Total serum cho-
lesterol, HDL-cholesterol and triglycerides were measured by stan-
dardized enzymatic methods (Roche Diagnostics GmbH, 
Mannheim, Germany). VLDL was isolated by fl otation in a Beck-
man XL-90 ultracentrifuge using a fi xed-angle rotor type 90 Ti  [8] . 
We layered 2.5 ml of serum supplemented with Na 2 H EDTA
(1.2 g/l), under an equal volume of a NaCl solution (0.154  M  NaCl, 
0.01  M  Tris, 1.7 m M  Na 2 H EDTA, pH 7.4, and density: 1.006 g/ml). 
Ultracentrifugation was carried out at 105,000  g  at 15   °   C for 18 h 
  and VLDL contained in 2 ml of supernatant was separated.  Puri-
fi cation of VLDL fraction was tested by agarose gel electrophoresis. 
Isolated VLDL was characterized by the following parameters: 
composition in total cholesterol, triglycerides, using the methods 
previously described, phospholipids  [9] , and proteins by the Lowry 
method. 

 Pancreatic Lipase Activity on VLDL-Triglycerides 
 VLDL fractions isolated from sera of the 8 rats previously as-

signed to this purpose were incubated with a serum pool containing 
rich pancreatic lipase activity (750 U/l), obtained from the 4 rats 
with cerulein-induced pancreatitis of experiment 2. Control exper-
iment was performed by duplicates, incubating VLDL with serum 
containing normal level of pancreatic lipase, obtained from rat 
without cerulein treatment. The incubation condition was: 37   °   C 
during 120 min, in a medium containing Tris buffer 26 mmol/l, pH 
9.2, Na deoxycholate 19 mmol/l, calcium chloride 0.1 mmol/l, co-
lipase 3 mg/l. Pancreatic lipase-rich serum was incubated with me-
dium and saline as control. Triglyceride concentration (before and 
after the incubation) was measured by means of an extractive meth-
od  [10] , in order to avoid glycerol interference. The difference be-

tween triglycerides concentrations was expressed by a decrease in 
the content of triglycerides/ml of VLDL fraction. 

 Statistical Analyses 
 Histological data of pancreas tissue were analyzed using the 

Wilcoxon Rank Sum Test  [11] . Biochemical data analysis was per-
formed by Student’s two-tailed t test for independent means and 
paired t test in the lipolytic assay. Correlation between variables 
was assessed using Pearson test. p  !  0.05 was considered signifi -
cant. 

 Results 

 Histological Examination 
 Light-microscopic examination of tissue samples from 

animals with cerulean-induced pancreatitis was per-
formed. The results showed edematous pancreatitis and 
acinar necrosis in cerulein treated rats. But score values 
were not different between subgroups A2 and B2. By con-
trast, cellular vacuolization and fat necrosis in cerulein 
treated rats were signifi cantly higher in the subgroup on 
the sucrose-rich diet A2, than in the subgroup on the con-
trol diet B2 ( fi g. 1 ). It must be highlighted that fat necro-
sis seen in group A2, was absent in control diet fed rats 
with pancreatitis, as can been seen in the photomicro-
graphs shown in  fi gure 2 . 

 Animals that did not received cerulein and were fed 
with control or sucrose rich diet, did not present any evi-
dence of edema, vacuolization, acinar necrosis or fat ne-
crosis. 

✽
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  Fig. 1.  Histological degree score of pancre-
atic damage in rats with cerulein induced 
acute pancreatitis, with hypertriglyceride-
mia (diet B: SRD), and normolipemic rats 
(diet A: control). Edema, vacuolization, ac-
inar necrosis and fat necrosis were deter-
mined as a percentage of injured cells in 
each fi eld examined (20 fi elds examined in 
each tissue sample). Details of histological 
grading system have been published  [7 ]. 
Values are mean  8  SEM for each subgroup. 
* p  !  0.05; ** p  !  0.02. 
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 Pancreatic Lipase Activity, Lipid-Lipoprotein Profi le 
in Samples from Treated Rats 
 According to the cerulein-induced pancreatitis model, 

cerulein injection in subgroups A2 and B2 increased sig-
nifi cantly the activity of serum pancreatic lipase when 
compared with subgroups A1 and B1 ( fi g. 3 ). 

 Serum triglyceride concentrations are shown in  fi gure 
4 . Triglyceride concentration in subgroup B1, on the su-
crose-rich diet, was signifi cantly increased in comparison 
to control subgroup     A1. After hypertriglyceridemic rats 
from group B were injected with cerulein (subgroup B2), 
triglyceride concentration decreased signifi cantly. There-
fore, no differences in triglyceride concentration were ob-
served either between subgroups B2 vs. A1 or vs.   A2. 

 Total cholesterol did not show signifi cant difference 
among all groups (means  8  SEM): A1 = 400.84  8  22.4; 
B1 = 433.77  8  35; A2 = 460  8  41.7 and B2 = 428.87  8  
35 mg/dl. Also in HDL-cholesterol there was not differ-
ence: A1 = 65.3  8  1.8; B1 = 70.15  8  9.5; A2 = 76.4  8  
8.1 and B2 = 84.43  8  8 mg/dl. 

 Characteristics of VLDL 
 Chemical composition of VLDL, expressed as a per-

centage of its components, revealed a VLDL overloaded 
in triglycerides in subgroup B1 as compared to group A1, 
fed with the control diet. On the other hand, when pan-
creatitis was induced in those rats fed with the sucrose-
rich diet, the content of triglyceride in VLDL in subgroup 
B2 had a signifi cant decreased. The cholesterol/triglycer-
ides ratio in VLDL, which characterizes the lipoprotein 
composition, showed a relatively VLDL enrichment in 
cholesterol in B2, when compared to the other subgroups 
(p  !  0.05) ( table 1 ). 

 Among animals fed with control diet, a negative cor-
relation between serum pancreatic lipase activity and 
VLDL-triglyceride percentage was found r = 0.58 and
p  !  0.02 ( fi g. 5 ). Correlations were calculated between 
subgropus A1 plus A2, in order to obtain a wide range of 
pancreatic lipase activity. 

  Fig. 2.   a  Representative photomicrograph of the pancreas of a rat 
fed with the control diet and injected with a supramaximal stimu-
lating dose of cerulein dose (45  � g/kg body weight). Interstitial 
edema is present and acinar cells exhibits randomly distributed 
vacuolization.  b  Photomicrograph of the pancreas from a rat fed 
the sucrose-rich diet and i.p. injected with cerulein. Interstitial ede-
ma is evident, and more cytoplasmatic vacuolization is present in 
 

acinar cells than in the control diet animal injected with cerulein. 
 c  Evidence of fat necrosis from rats injected with cerulein and fed 
a sucrose-rich diet, which was signifi cantly higher than in the ce-
rulein-control diet group. It must be highlighted that this histo-
logical feature is absent in the control diet animals which were 
given cerulein. HE.  ! 400. Animals that did not received cerulein 
and were fed with the control or the sucrose-rich diet did not pres-
ent any evidence of edema, vacuolization, acinar necrosis or fat 
necrosis.
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)  Fig. 3.  Pancreatic lipase activity was signifi cantly higher in cerulein 

injected rats. Values are expressed as mean  8  SEM. * p  !  0.05 vs. 
each control. A1 = Control diet; B1 = sucrose-rich diet; A2 = control 
diet + cerulein; B2 = sucrose-rich diet + cerulein injection.
Fig. 4. Concentration of serum triglycerides is expressed as mg/dl. 
Values are mean  8  SEM for each subgroup. A1 = Control diet;
B1 = sucrose-rich diet; A2 = control diet + cerulein; B2 = sucrose-rich 
diet + cerulein injection. * p  !  0.02 vs. B1 and ** p  !  0.01 vs. A1 .
 Fig. 5.  Negative correlation between serum pancreatic lipase activ-
ity and triglyceride concentration in VLDL from rats fed with con-
trol diet (subgroups A1 and A2) expressed as percentage y = 0.0079x 
+ 84.594, r = 0.58 and p  !  0.02.

Table 1. VLDL chemical composition and cholesterol/VLDL-triglyceride ratio

Groups % (weight/weight) Ratio
cholesterol/triglyceride

cholesterol triglycerides phospholipids total protein

A1 7.081.6 8082.0 4.081.2 9.081.1 0.08180.1
B1 6.081.7 8782.4 a 2.081.25 5.080.9 0.06680.01
A2 6.081.7 8381.9 3.081.0 8.081.2 0.05680.01
B2  1081.2 7682.6 b, c 6.081.2 8.081.1 0.15380.06 d

A1 = Control diet; B1 = sucrose-rich diet; A2 = control diet + cerulein; B2 = sucrose-rich diet + cerulein injec-
tion.

a p < 0.05 vs. A1, b p < 0.01 vs. B1 and c p = 0.05 vs. A2, d p < 0.05 vs. all subgroups.

  3    4  
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 Pancreatic Lipase Activity on VLDL-Triglycerides 
 The in vitro assays performed to verify if pancreatic 

lipase was able to hydrolyze triglyceride from VLDL, 
showed triglyceride degradation in all of the cases except 
for the control assay. The percentage of decrease was me-
dian: 60% and range: 12–88% (mean  8  SD: 59.2  8  
27.7%, p  !  0.01). No signifi cant changes in triglyceride 
concentration were observed in both control assays incu-
bating VLDL with normal pancreatic lipase serum (–2% 
and –3%). 

 Discussion 

 The cerulein-induced pancreatitis model, used in this 
study, produced an increase of serum pancreatic lipase 
activity in all injected animals. Histological alterations 
compatible with pancreatitis could be seen in all these 
animals. The pancreatic damage showed higher level of 
cellular vacuolization in sucrose-rich diet than in control 
diet fed rats. However, the most remarkable fi nding was 
the presence of fat necrosis in the former. This necrosis 
was located in perilobar and peripancreatic fat tissue. The 
sucrose-rich diet induced hypertriglyceridemia. When 
rats fed with this diet were injected with cerulein, they 
showed a decrease in triglycerides content in VLDL par-
ticles. This decrease could be a consequence of pancre-
atic lipase hydrolytic activity on VLDL-triglycerides, ev-
idenced by the in vitro assay. 

 Among the experimental models of acute pancreatitis, 
we found appropriated the cerulein-induced model, as we 
were interested in obtaining a mild acute pancreatitis, 
eventually aggravated by a previous nutritional scheme. 
Besides, this model provides a better way to evaluate ini-
tial events of the disease  [12] . According to Kloppel et al. 
 [13] , fat necrosis seems to be an early event in the initia-
tion of the disease process. 

 On the other hand, we selected this model, avoiding a 
model of ‘biliar like etiology’, such as the intraductal in-
jection of taurocholic acid. According to Quong et al.  [12] , 
we consider cerulein injection makes the histopathologi-
cal score more reliable, preventing the diffi culties in the 
quantifi cation of injury in models of aggressive necrotiz-
ing pancreatitis. In a previous work, we have observed 
mild acinar pancreatic necrosis and fat necrosis as an 
early event, two hours after cerulein induction of acute 
pancreatitis in rats fed during three months with a diet 
enriched in saturated fat  [5] . Also in preliminary study, 
we have study some infl uences of hypertriglyceridemic 
diet in the course of mild induced pancreatitis  [14] . 

 Normal rats fed with a sucrose-rich diet developed an 
endogenous hypertriglyceridemia as reported by many 
investigators  [15, 16] . It is noteworthy that administra-
tion of sucrose-rich diet did not increase signifi cantly rats 
body weight after 3 months, the same as Lombardo et al. 
 [6] . Thus, increased fat necrosis observed in tissue sam-
ples from hypertriglyceridemic rats with acute pancreati-
tis, would not be infl uenced by a signifi cant intra-abdom-
inal fat accumulation. 

 The presence of fat necrosis on hypertriglyceridemic 
rats with acute pancreatitis must be highlighted. The pres-
ence of previous hypertriglyceridemic diet aggravated the 
course of cerulein induced pancreatitis. In concordance, 
in another cerulean-induced pancreatitis model, in this 
case aggravated with the injection of lipopolysaccharide, 
one of the more distinct features of the severe acute pan-
creatitis, was the presence of peripancreatic fat necrosis. 
 [17] . Other authors showed that disseminated fat necrosis 
could be produced by injection of porcine pancreatic li-
pase  [18] . Perhaps it is possible that fat necrosis could be 
an early event in the course of pancreatitis. In this way, 
we have found a very signifi cant increment in fat necrosis 
and also in acinar vacuolization, while only a tendency, 
but not signifi cant, to an increment in acinar necrosis and 
edema. 

 As expected, sucrose-rich diet fed rats increased their 
triglyceride serum levels. However after pancreatitis in-
duction, decrease triglyceride serum concentration was 
observed. Moreover in control diet group, after pancre-
atitis induction serum triglycerides did not changed sig-
nifi cantly. These results are in contrast to some clinical 
data which consider hypertriglyceridemia as a conse-
quence of acute pancreatitis  [19] . 

 Studies focusing on the association between pancre-
atic lipase, serum triglycerides and pancreatic injury, 
were not assessed analyzing VLDL characteristics. The 
present results revealed that VLDL composition from 
rats receiving sucrose-rich diet, without pancreatitis, 
showed a signifi cant triglyceride enrichment. When rats 
were fed with the sucrose-rich diet, followed by cerulein 
injection, isolated VLDL showed a signifi cantly lower tri-
glyceride content.   Analyzing VLDL composition, instead 
of serum triglycerides concentration alone, allowed us to 
observe a signifi cant triglyceride decrease in VLDL par-
ticle. Therefore, the sucrose-rich diet produced altera-
tions in VLDL composition, which in turn increases its 
susceptibility to lipase action. In a previous work, we 
showed that the higher the triglyceride content in VLDL 
was, the higher was its affi nity for lipoprotein lipase  [20] . 
Although VLDL-triglyceride is the normal substrate for 
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lipoprotein-lipase enzyme, we suggest that pancreatic li-
pase could also hydrolyze VLDL- triglyceride when acute 
pancreatitis is induced in hypertriglyceridemic rats. Re-
cently, a kinetic model have been proposed to describe 
the course of action of pancreatic lipase on insoluble tri-
acylglycerol substrate  [21] . Our in vitro experiment re-
vealed a decrease in VLDL-triglyceride content, when 
this lipoprotein was   incubated with pancreatic lipase-en-
riched serum by cerulein injection. According to the assay 
design carried out, we suggest that triglyceride hydrolytic 
activity in serum incubated with VLDL would be due to 
pancreatic lipase and not to lipoprotein lipase or hepatic 
lipase, since no heparin was administered. Intravenous 
heparin is necessary to release endothelial lipases to the 
plasma. On the other hand, as no changes in VLDL tri-
glyceride concentration was observed in the control assay, 
self-degradation could be ruled out. VLDL used in this 
assay was obtained from rats without pancreatitis, be-
cause this lipoprotein would be hydrolyzed by the high 
endogenous pancreatic lipase. However it must be taken 
into account that serum used in this experiment would 
contain acute phase proteins that could lead to a decrease 
of triglyceride as was described by Correia et al.  [22] . 

 The inverse correlation observed between serum li-
pase activity and VLDL-triglycerides would support the 
hydrolysis of VLDL-triglyceride in hypertriglyceridemic 
rats with acute pancreatitis. 

 This issue supports the idea of pancreatic lipase activ-
ity on VLDL triglyceride, unlike Paye et al.  [23] , who did 
not fi nd the triglyceride hydrolysis when human VLDL 
was infused in cerulean-induced pancreatitis in rats. Dis-
crepancy of the results may be explained by the differ-
ences between in vivo and in vitro models and probable 
differences between human and rat VLDL. 

 Nagai studied several pancreatic enzymes and con-
fi rmed that whereas phospholipase A2 or proteases do not 
seem to be very harmful in the early phases of cellular 
damage, lipase may play a major role in acute necrotizing 
pancreatitis  [24] . 

 It is known that free fatty acids are toxic detergents 
 [25]  and would injury acinar cells and small vessels  [3] . 
Free fatty acids are thought to be generated within the 
pancreas by the hydrolytic action of pancreatic lipase on 
triglycerides, both from the fatty tissue surrounding the 
pancreas and from serum. Free fatty acids might act 
around the pancreas leading to cellular disruption and 
local tissue damage, such as acinar and fat necrosis 
 [26,27] . Moreover, when incubating isolated rat pancre-
atic acini with fatty acids, Mössner et al.  [26]  observed 
that the degree of cellular necrosis correlated with incuba-

tion time and the concentration of fatty acids. In humans, 
Domschke et al.  [28]  demonstrated that the free fatty ac-
ids levels correlate with the degree and the course of acute 
pancreatitis. With increasing cellular damage, lipase ac-
tivity further increases in the medium, thus leading to a 
vicious circle. 

 In addition, the effect of an increased oxidative stress, 
in part, as a consequence of an infl ammatory state, evi-
denced by a positive correlation between free fatty acids, 
C-reactive protein and pancreatic damage  [28]  must be 
taken into account. Another important features in the 
course of pancreatitis is the drop in microperfusion in the 
pancreatic gland, which in turn could enhance the infl am-
matory state. Dobosz et al.  [29]  have demonstrated that 
heparin improved pancreas microcirculation in rats with 
cerulean-induced pancreatitis. In this failure, participate 
vasoactive mediators such as endothelin, nitric oxide and 
bradykinin  [30] . The present model may be useful to 
study the mechanism of cerulein-hypertriglyceridemia-
induced pancreatitis. Free fatty acid as well as oxidative 
stress remain to be evaluated in future works. 

 In conclusion, it must be highlighted that pancreatic 
lipase would be able to hydrolyze VLDL-triglycerides. 
We reinforce the concept that increased VLDL-triglycer-
ide, as a consequence of long-term nutritional alterations, 
intensifi es the course of acute pancreatitis. 
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