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SUMMARY

Background: Lipolytic enzymes, such as lipase, phospholipase A2 , lipoprotein lipase, and hormone-sensitive
adipocyte lipase are probably implicated in the pathogenesis of acute pancreatitis. The increased activity of the-
se enzymes can cause specific changes in fatty acid composition, both to free fatty acid (FFA) and triglyceride
(TG) fractions in necrotically changed pancreatic tissue.
Material and methods: Specimens of necrotically changed pancreatic tissue taken intraoperatively from 13 pa-
tients operated for serious necrotic acute pancreatitis were analysed. The Fölsch extraction method and separa-
tion of lipids by thin-layer chromatography was used, and the final fatty acid composition was determined after
methylation by gas liquid chromatography.
Results: The changes in the FFA fraction are more definite than those for the triglyceride fraction and refer mo-
stly to the increased percentage distribution of unsaturated fatty acids.
Conclusion: These studies lead to the hypothesis that fatty acids released in the process of lipolysis play a key ro-
le in the pathogenesis of acute pancreatitis.
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BACKGROUND

In 1882, Balser described fat necrosis, which he
considered to be a thermal disease, but he failed to
recognize the relationship between acute pancre-
atitis and fat necrosis. The results of studies perfor-
med by Fitz and Langerhans documented that rela-
tionship [1].

Fat necrosis can be seen as the ‘ghost’ remains of
adipocytes in the tissue surrounding the pancreas,
and within the gland [2]. The earliest fat necrosis in
humans involves peripancreatic adipose tissue,
while the intrapancreatic fat is involved later [2].
Morphologically, the differentiation of acute pan-
creatitis into mild and severe depends on the
extent and site of fat necrosis. Fat necrosis may oc-
cur in the absence of necrosis of pancreatic paren-

chyma [2]. Parenchymal necrosis, however, is fre-
quently observed adjacent to fat necrosis [3,4]. Ac-
cording to Klöppel, in the mild edematous form of
acute pancreatitis, small disseminated necrotic foci
involve the fatty tissue surrounding the pancreas;
Bockman, however, claims that they occur in the
connective tissue septa between lobules within the
gland, and some necrotic acinar cells may be pre-
sent [2–4]. In cases of severe acute pancreatitis, ne-
crosis affects large parts of the peripancreatic adi-
pose tissue and within the pancreas, involving ves-
sels, small ducts, and parenchyma. Disseminated
foci of fat necrosis can usually be detected in the
bursa omentalis, the omentum, the root of the in-
testinal mesentery, and the retroperitoneum [4].
Based on results from experimental studies and ob-
servations from humans, it would appear that fat
necrosis plays a pivotal role in the development of
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acute pancreatitis [4–6]. The mechanism of the de-
velopment of acute pancreatitis is damage to aci-
nar cells adjacent to fat necrosis by fatty acids rele-
ased from adipocytes [4,5].

Fat necrosis associated with acute pancreatitis is
most probably caused by the liberation of lipase
and phospholipase A2 from pancreatic tissue.
Other lipolytic enzymes, such as lipoprotein lipase
and hormone-sensitive adipocyte lipase, are pro-
bably involved as well. In the course of acute pan-
creatitis, the increased activity of these enzymes
can cause specific changes in fatty acid composi-
tion in the necrotically changed pancreatic tissue,
both to free fatty acid (FFA) and triglyceride (TG)
fractions.

MATERIAL AND METHODS

Specimens of necrotically changed pancreatic tis-
sue taken intraoperatively from 13 patients opera-
ted for serious necrotic acute pancreatitis were
analysed. After the tissue samples were placed in
physiological saline solution, they were homogeni-
sed, and subsequently subjected to extraction ac-
cording to the procedure of Fölsch et al. [7].
Extracts from the lipid fractions obtained from the
tissue specimens were dehydrated using anhydrous
sodium sulphate, and subsequently evaporated to
dry mass in a nitrogen atmosphere at a temperatu-
re of 37°C. The individual lipid fractions were se-
parated using thin-layer chromatography perfor-
med according to the method of Chedid et al. [8].
Glass plates were coated with silica gel (Kieselgel
60G – Merck) with the addition of rhodamine
G facilitating the identification of lipid fractions.
Chromatograms were developed in two other mi-
xtures with the following composition:

a) petroleum ether, butanone, and glacial acetic
acid (85:10:1,5 v/v)

b) petroleum ether and diethyl ether (97:3 v/v)

Standard solutions of palmitic acid, oleic acid,
triolein (all standards of Sigma Comp.) were used
to identify the fractions under study: . Additional-
ly, the accuracy of the free fatty acids separation
from other lipid fractions was controlled by adding
palmitic acid labelled with 14C to the standard mi-
xture directly after coating the plate. The retrieved
activity from a sample containing free fatty acids
was approximately 85% of the amount used on
the plate. The activity of palmitic acid labelled
with 14C was measured by liquid scintillation co-
unter (Beckman).

Separation of fatty acids using gas-liquid chroma-
tography

Of the two lipid fractions (FFA and TG) obtained
by using the method described above, the triglyce-
ride fraction was subjected to saponification to re-
lease fatty acids. Subsequently, fatty acids from
both fractions were methylated by boron trifluoride
in methanol (Sigma) according to the Metcalfe and
Schmitz method [9]. The internal standard, penta-
dekanoic acid (C15, Sigma), was added in a speci-
fied amount to each analyzed sample. The methyl
esters of fatty acids thus obtained were extracted
using heptane and dehydrated with anhydrous so-
dium sulphate. The methyl esters of fatty acids we-
re separated in a gas chromatograph (Hewlett-Pac-
kard, model 5890) using a 30 m-long capillary co-
lumn (manufactured by Supelco, type SP-2330)
with an internal diameter of 0.25 mm, and apply-
ing helium as the carrier gas. Simultaneously, two
other standard solutions by Sigma were analyzed,
the first of which contained methyl esters of capry-
lic, capric, lauric, myristic and palmitic acid, and
the second contained methyl esters of palmitic,
stearic, oleic, linoleic, linolenic, and arachidonic
acid. The area of the analyzed and identified peaks
for the individual fatty acids was calculated by
using an automatic integrator (Hewlett-Packard,
model 3392).

Since for ethical reasons it is impossible to collect
tissue from normal pancreas or even from patients
with mild pancreatitis, the results of the present
study were compared with the data published by
Durand et al, who used the same procedure [10].

RESULTS

The percentage distribution of the individual fatty
acids in the necrotically changed pancreas was cal-
culated and compared with the results obtained
from normal human pancreas in the studies con-
ducted by Durand et al. [10].

Table 1 presents our results and those of Durand et
al. [10]

The data shown in table 1 indicate that only the
percentages of lauric and myristic acids in the FFA
fraction in the necrotically changed pancreas were
comparable with the values obtained for healthy
persons. The percentages of saturated acids in the
FFA fraction – palmitic (C 16:0) and stearic
(C 18:0) – were clearly lower (two- and three-fold,
respectively). The percentages of unsaturated acids



896

Basic Research

– palmitooleic (C 16:1), oleic (C 18:1) and linoleic
(C 18:2) – were 6-11-fold higher as compared to
those in normal pancreas. The percentages of lino-
leic and arachidonic acids occurring in the FFA
fraction, undeterminable according to Durand et
al, were 0.5%, and 1.3%, respectively.

The triglyceride fraction demonstrated an almost 3-
-fold increase in the percentages of myristic
(C 14:0) and palmitooleic acid (C 16:1), and do-
uble the amount of linoleic acid (C 18:2). The per-
centage of stearic acid (C 18:0) was proportionally
lowered. Linolenic acid (C 18:3), undeterminable
according to Durand et al, accounted for 0.2% of
this fraction. The percentages of palmitic (C 16:0)
and oleic acid (C 18:1) were comparable with tho-
se reported by Durand et al. in healthy persons.
Arachidonic acid was not detected in this fraction
in necrotically changed pancreas.

In summary, the differences between necrotic and
normal tissue are more definite in the FFA fraction
than in the triglyceride fraction, and involve mo-
stly the increased percentage distribution of unsa-
turated acids, notably linoleic, linolenic and ara-
chidonic acids, occurring in much higher percen-
tages in necrotically changed pancreas than in
normal tissue.

DISCUSSION

The percentage distribution of fatty acids in the ana-
lyzed lipid fractions indirectly reflects the significant
role of some lipolytic enzymes in the inflammatory
process in pancreas, notably phospholipase ·A2 and
lipase [11]. Our results do not support the hypo-
thesis of Durand at al. that the triglycerides in hu-
man pancreas contain mostly unsaturated fatty
acids, while phospholipids contain saturated acids

[10]. The results we obtained are also contrary to
the observation of the same author regarding the
low level of linoleic acid in pancreatic parenchy-
ma, especially with regard to phospholipids. The
several-times-increased level of unsaturated fatty
acid in the FFA fraction was most likely the effect
of phospholipase ·A2 activity, resulting in the release
of free fatty acids from the phospholipids of the ne-
crotically changed cell membranes of acinar cells,
as well as fat cells [12]. The changes in the percen-
tage profile of fatty acids in the triglyceride fraction
were comparable with those observed in the FFA
fraction; however, their expression was substantial-
ly lower. Phospholipase ·A2 occurs in significant
amount in pancreatic cells, and has been implica-
ted in the pathophysiology of acute pancreatitis
[11,13–18]. The phospholipase ·A2 substrates leci-
thin and cephalin are the main structural compo-
nents of cell membranes, and their products lysole-
cithin and lysocephalin are cytotoxic substances
[11]. Some authors claim that phospholipase ·A2 is
responsible for damage to fat cell membranes, allo-
wing for the penetration of pancreatic lipase and
the hydrolysis of intracellular triglycerides [13]. Le-
cithin may also be released from cell membranes
under the toxic influence of fatty acids, which are
products of triglyceride breakdown by lipase [19].
This enzyme also occurs in the macrophages and
polynuclear neutrophils which infiltrate pancreatic
parenchyma in the course of acute pancreatitis
[13,18,20–22].

The experiments conducted by Lee revealed not
only the effects of pancreatic lipase in inducing fat
necrosis, but also of colipase [1]. Colipase facilita-
tes the access of pancreatic lipase to fat cells, le-
ading to their necrosis. Some authors claim that li-
pase also occurs in the pancreatic interstitial space
[23]. Decreased blood circulation in pancreas and

Acid
FFA TG* Values obtained in  normal pancreas**

TGFFAX±SDX±SD

C 12 : 0 (lauric)

C 14 : 0 (myristic)

C 16 : 0 (palmitic)

C16:1(palmitooleic)

C 18 : 0 (stearic)

C 18 : 1 (oleic)

C 18 : 2 (linoleic)

C 18 : 3 (linolenic)

C20:4 (arachidonic)

* TG - triglycerides, ** according to Durand et al. [10]

0.85±0.8

2.8±0.8

23.8±6.8

6.4±2.0

6.2±1.7

52.6±9.8

7.1±2.6

0.6±0.09

1.3±0.6

1.0±1.0

2.9±0.6

26.6±5.8

6.2±2.0

6.5±2.4

49.9±5.6

7.3±2.8

0.2+0.2

Undeterminable

0.91

3.19

48.57

1.0

19.64

6.1

0.66

Undeterminable

Undeterminable

Undeterminable

1.04

27.51

2.30

11.30

46.21

3.74

Undeterminable

3.0

Table 1. Percentage distribution of the individual fatty acids in the specimens of necrotically changed pancreas
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disturbed lymphatic drainage in the course of acu-
te pancreatitis prolongs lipase contact with fat cells
and increases the release of fatty acids. Schmitz-
-Moormann and Boger, based on the outcomes of
their studies, have advanced the hypothesis that
the morphological changes in necrotic pancreatitis
are mainly produced by the release of fatty acids
by active lipase [5]. Those acids which are not lin-
ked with albumins have a direct cytotoxic effect on
cell membranes, and not only in the pancreas.
They are also responsible for vessel necrosis and
clot formation, and in consequence gland ischemia
[24]. Schmitz-Moormann and Boger postulate that
these fatty acids cause similar damages in other or-
gans as well, such as liver and kidneys.

Still other authors believe that hormone-sensitive
adipocyte lipase preferentially releases polyunsatu-
rated fatty acids from triglicerides [25]. Our obse-
rvations do not support this opinion, with the
exception of linoleic acid. This may be associated
with its high content in pancreatic triglycerides
[10,26]. The almost twofold increase in the linoleic
acid content in the specimens of necrotically chan-
ged pancreas may support this observation.

Based on our studies, it may be concluded that as
a result of the primary necrosis of the fat surroun-
ding the pancreas and within it, which is the result
of the action of lipolytic enzymes, the local con-
centration of the released fatty acids may be suffi-
ciently high to cause the destruction of acinar cells.
It would appear that the resulting damage to the
acinar cell membrane may induce necrosis. The
consequence of this is the release of the enzyme
into the interstitial space, which further exacerba-
tes the complex processes of autodigestion in the
course of acute necrotic pancreatitis, and probably
proteolytic as well.

CONCLUSION

Our results indicate that the fatty acids released in
the process of lipolysis play a key role in the for-
mation of necrotic lesions of adipose and pancre-
atic tissue characteristically present in acute pan-
creatitis.
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