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Lipopolysaccharide induced apoptosis of rat
pancreatic acinar cells
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Abstract
Background-Bacterial lipopolysaccha-
ride (LPS) has been proposed to partici-
pate in the pathogenesis of pancreatic
inflammatory disease.
Aims-This study investigated the role of
endotoxaemia in the pathogenesis of pan-
creatic acinar cell injury.
Methods-Sixty eight male Spraque-
Dawley rats were used in the study.
Escherichia coli LPS (5 mglkg) was
injected into the peritoneal cavity of the
rats. The concentration of pancreatic
phospholipase A2 (PLA2) in plasma was
measured and pancreatic tissue examined
by histology, in situ detection of free DNA
3'-ends, and electrophoretic DNA analy-
sis.
Results-The concentration of pancreatic
PLA2 increased in plasma and the cata-
lytic activity of PLA2 increased in pan-
creatic tissue after an LPS injection.
Apoptosis in pancreatic acinar cells and
fragmentation ofDNA typical ofapoptosis
in pancreatic tissue was seen 24 hours
after an LPS injection. Pancreatic acinar
atrophy was seen 72 hours after the LPS
injection.
Conclusions-These data show that LPS
causes release of pancreatic PLA2 into
blood plasma, activation of PLA2 in pan-
creatic tissue, and apoptosis of acinar
cells.
(Gut 1996; 38: 747-752)

Keywords: apoptosis, acinar cell, lipopolysaccharide,
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treatment.8 Moreover, infection of pancreatic
tissue has been seen in caerulein induced acute
pancreatitis.9 These results implicate bacterial
infection of pancreatic tissue as a consequence
of pancreatic disease. The role of endo-
toxaemia, however, in the induction of pan-
creatic disease is poorly understood.

Phospholipase A2 (PLA2) is an enzyme that
cleaves a free fatty acid from the sn-2 position
of phospholipids. PLA2 is pivotal in the initia-
tion of arachidonic acid metabolism and for-
mation of lysophosphatidyl choline, which is
the precursor of the platelet activating factor.
Pancreatic phospholipase A2 (group I PLA2) is
a digestive enzyme that is synthesised and
secreted by pancreatic acinar cells into the
duodenal lumen.10 Increased concentrations
of group I PLA2 are commonly found in serum
in pancreatic diseases such as acutel1 12 and
chronic pancreatitis13 14 and pancreatic
cancer.12 In experimental studies, increased
concentrations of group I PLA2 have been
found in serum in both sodium taurocholate
and caerulein induced acute pancreatitis.'5 16

The aim of this study was to investigate the
role of endotoxaemia in the pathogenesis of
pancreatic acinar cell injury. LPS was injected
into the peritoneal cavity of rats and the rate of
release of pancreatic PLA2 into the circulation
was measured as a marker of acinar cell injury.
In addition, changes in pancreatic histology
and DNA structure were studied to detect
apoptosis.
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Bacterial lipopolysaccharide (LPS, endotoxin)
is an important component of the cell wall of
Gram negative bacteria. LPS has been impli-
cated in symptoms of septic shock such as

vasodilatation, hypovolaemia, decreased arterial
blood pressure, hypoxia, thrombocytopenia,
and aggregation of platelets. In animal studies,
loss of body weight, pulmonary oedema,
neutrophil aggregation, hypoxia,l and neutro-

phil activation and release from the bone mar-

row to blood2 have been reported. Effects of
LPS are possibly mediated by the tumour
necrosis factor (TNF) and interluekins.3 4

Endotoxaemia has been seen in patients with
severe acute pancreatitis.5 6 Increased endo-
toxin concentrations in blood7 and infection of
pancreatic tissue8 have been found after the
induction of experimental acute pancreatitis by
sodium taurocholate. In these studies, the

severity of pancreatitis was reduced by coecos-

tomy and irrigation of colon7 or by antibiotic

ANIMALS AND EXPERIMENTAL PROTOCOL
Male Spraque-Dawley rats weighing 250 (30)
g (mean (SD)) were kept under standard
laboratory conditions and fed a commercial
chow. Plasma samples from 20 animals were
obtained for establishing a normal range for
group I PLA2 concentration in the rat.
Another group of 48 rats was fasted for 24
hours, and 5 mg/kg Escherichia coli LPS
(W E coli 055:B5, Difco Laboratories,
Detroit, MI, USA) were injected into the
peritoneal cavity of 42 rats. Six control
animals (time 0) received saline only and were
killed at 24 hours. Five ml blood were
obtained at three minutes, 15 minutes, one,
three, seven, 24, and 72 hours by cardiac
puncture into heparinised tubes (six animals
in each group). Plasma was separated, diluted
with sterile saline, and stored at -20°C until
the determination of group I PLA2 concentra-
tion. A 0-50 gram sample of pancreatic tissue
was homogenised in 2.5 ml of sodium
phosphate buffer (0.05 mM, pH 7.6) and
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centrifuged at 10 000 g for one hour. The
supernatant was stored at -20C for PLA2
activity measurement. A sample of the splenic
lobe of the pancreas was fixed in 10% forma-
lin and embedded in paraffin wax.
Consecutive sections were stained with
haematoxylin and eosin or labelled for in situ
visualisation of free DNA 3'-ends. A sample
of pancreatic tissue was placed in liquid nitro-
gen and stored at -70C for electrophoretic
DNA analysis.

BIOCHEMICAL AND MORPHOLOGICAL ANALYSIS

PLA2 activity
The catalytic activity of PLA2 in plasma and
pancreatic homogenates was measured as
described earlier,17 with slight modifications
in the composition of the substrate. Briefly,
unlabelled 1,2-dipalmitoylphosphatidylcholine
(Sigma, St Louis, MO, USA) was mixed
with 1-palmitoyl-2-[14C]-arachidonoylphos-
phatidylethanolamine (DuPont, Boston, MA,
USA), in a ratio of 6 mM/1 325 ,uM
(250 nCi), dissolved in a mixture of chloro-
form and methanol (2:1), dried under a flow of
nitrogen, and redissolved in 1 0 ml 0.1 M
glycine buffer (pH 8 1).

Protein content
The protein content of pancreatic homogenates
was measured by the method ofLowry by using
bovine serum albumin as a standard.

1=

0 3min 15min 1 h 3h 7h 24h 7

Time after LPS administration

Figure 1: The concentration ofpancreatic PLA2 in rat plasma after LPS administ
Significant increase is seen three hours after LPS injection: *p<0. 05, n= 6 in the c

group (time 0) and in each LPS treated group, values are mean (SEM).

Time resolvedfluoroimmunoassay (TR-FIA) for
rat pancreatic PLA2
PLA2 was purified from rat pancreas and a
polyclonal antibody was raised to this enzyme
preparation in a rabbit as described earlier.'8
Protein A purified anti-rat pancreatic PLA2
antibody was labelled with an isothiocyanate
derivative of a Europium chelate by using Eu-
labelling kit (Wallac, Turku, Finland) accord-
ing to the manufacturer's instructions.
TR-FIA was performed as described earlier.19
For comparison, the concentration of pan-
creatic PLA2 in plasma was measured by an
enzyme linked immunosorbent assay (ELISA)
as described earlier.'8

DNA analysis
A 20 mg sample of pancreatic tissue was dis-
persed (Ultra-Turrax homogenisator, IKA,
Staufen, Germany) in ice cold buffer consist-
ing of 0.1 M NaCl, 0.01 M EDTA, 0.3 M
TRIS-HCl (pH 8.0), and 0.2 M sucrose.20
DNA was extracted as described earlier.21
After isolation and spectrophotometric quan-
tification, 500 ng of each sample was labelled
at 3'-ends with [32P]dideoxy-ATP (ddATP,
3000 Ci/mmol, Amersham, Buckinghamshire,
England) with terminal transferase (25
U/sample, Boehringer, Mannheim, Germany).
Half of the labelled samples were separated in
2% agarose gels (6.5 V/cm) for 2.5 hours. The
gel was dried without heating for two hours in
a gel dryer, and exposed to Konica MG Super
Rapid x ray film (Konica, Tokyo, Japan) at
- 700C.

In situ detection of apoptotic cells
In situ detection of apoptotic cells in paraffin
wax sections was performed as described
earlier,22 with slight modifications. Briefly,
deparaffinised sections were treated with 10
pg/ml of proteinase K (Boehringer,
Mannheim, Germany) at 37°C in 2 mM
CaC12 and 20 mM TRIS-HCI, pH 7.4, for 30
minutes. DNA 3'-end labelling was per-
formed after 10 minutes incubation with
terminal transferase buffer (Promega,
Madison, WI, USA). The labelling mixture
contained fresh terminal transferase buffer,
5 ,uM non-radioactive digoxigenin-dideoxy-
UTP (dig-ddUTP, Boehringer, Mannheim,
Germany), 45 ,uM ddATP (Pharmacia,
Uppsala, Sweden), and 0.34 U/,l terminal
transferase (Promega, Madison, WI, USA).
The reaction was allowed to continue for one
hour at 37°C in a humidified chamber. After
washing, the slides were incubated with
blocking buffer containing 2% (w/v) blocking
reagent and 0.05% (w/v) sodium azide
(Boehringer, Mannheim, Germany) for 30
minutes. Antidigoxigenin antibody, conju-
gated to alkaline phosphatase (1:3000,
Boehringer, Mannheim, Germany), in 2%

72 h (w/v) blocking buffer was added and incu-
bated for two hours in a humidified chamber.

ration. The slides were treated with alkaline phos-
oanltro phatase buffer (0 1 M NaCl, 0.05 M MgCl,

and 0.1 M TRIS-HCI, pH 9.5) for 10
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Figure 2: PLA2 activity in pancreas after LPS administration. Significant increase is see

one, three, seven, and 24 hours after LPS injection: *p<005, values are mean (SEM).

minutes. Thereafter, 337 ,ug/ml nitrobli
tetrazolium salt (Boehringer, Mannheir
Germany) and 175 ,ug/ml 5-bromo-4-chlor
3-inodyl-phosphate (Boehringer, Mannheir
Germany) were added in fresh alkaline phc
phatase buffer, and the reaction was tern

1 2 3 4 nated one hour later by 1 mM EDTA ai
10 mM TRIS-HCI, pH 8-0. Finally, the slid
were mounted with Gurr Aquamount (BD
Chemicals, Poole, England). For contro
terminal transferase, dig-ddUTP, or antic
goxigenin antibody were omitted from t]
reaction.

Apoptotic cells were counted in pancreai

sections stained with the antidigoxigenin an

body. A distinct colour reaction within acin
cells was regarded to represent apoptoi
DNA fragmentation. The results a

expressed as the number of positive cells p
mm2 of tissue section area in at least eig
fields of view of a x 10 objective lens at eai

time points.

Figure 3: Electrophoresis of
pancreatic DNA after LPS
administration. Lane 1:
pancreatic DNA from a
control animal, lane 2-4:
pancreatic DNA seven, 24,
and 72 hours after LPS
administration. DNA
fragmentation typical of
apoptosis is seen at 24
hours.

Statistical analysis
The results are expressed as mean (SEM). The
significance of the time related changes was

tested by the Kruskal-Wallis test. Newman-
Keuls' multiple range test was used to test dif-
ferences between the control and other values.
,Pearson's linear regression was used to study
correlations between the measurements with
TR-FIA and ELISA methods. p Values less
than 0-05 were regarded as statistically signifi-
cant.

Results

Time resolvedfluoroimmunoassay
The linear measuring range for rat pancreatic
PLA2 by the TR-FIA was 1P5-324 ,ug/l. The
coefficient of interassay variation ranged from
1*66% to 4 1 1%. The sensitivity of the assay
was determined to be 0-31 pug/l. This concen-
tration corresponds to the mean fluorescence
of zero standard (10 replicates) + 3 SD.
For the comparison of the new TR-FIA with

the ELISA,18 both based on the use of the
same polyclonal rabbit anti-rat pancreatic
PLA2 antibody, plasma samples from 16 rats
were measured by both methods. There was a
good correlation between the TR-FIA and
ELISA methods. Regression analysis yielded:
y= 1 19X- 1-06, r=0-97.

PLA2 in plasma and pancreas
In intact control rats, the concentration ofpan-
creatic PIA2 in plasma was 60'0 (6-1) pug/l.
The PLA2 concentration increased to 86-0
(6 8) ,Lg/l at three hours after LPS administra-
tion (p=0 029), remained increased at seven
hours, and decreased at 24 hours (Fig 1).
There was no correlation between PIA2
activity and the concentration of pancreatic
P[A2 in plasma after LPS administration
(y=0O0213X+64-4, r=0-06).
The PLA2 activity of pancreatic tissue

increased at one hour after LPS administration
and remained increased at 72 hours (Fig 2).

DNA analysis
Ladder-like fragmentation of pancreatic DNA
typical of apoptosis was seen in pancreatic
tissue homogenate 24 hours after LPS admin-
istration. DNA of animals treated with saline
or seven or 72 hours after LPS administration
were unfragmented (Fig 3).

Histological examination
No histological changes were seen during the
first seven hours after LPS injection; only occa-
sional apoptotic cells were seen in the pancreas
(Figs 4a and b). Several apoptotic acinar cells
with pale or eosinophilic cytoplasm and with or
without fragmented nuclear material were seen
24 hours after LPS administration in the
haematoxylin and eosin stained section in all
animals examined (Fig 5a). Most of these cells
were positive in the in situ detection of free 3'-
ends of DNA performed in adjacent sections
(Fig 5b). In control sections (0, 7, 24, or 72
hours after LPS injection), no colour reaction
was noted when terminal transferase, dig-
ddUTP or antibody was omitted from the
reaction mixture.

Occasional apoptotic cells and autophagic
vacuoles were seen in pancreatic acini three
days after LPS administration. Moreover, the
size of acini and the amount of cytoplasmic
material in the apical zone of acini decreased
because of atrophy of the exocrine pancreas
(Fig 6). No inflammatory cell infiltration was
seen in the pancreas during the experiment.
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Figure 4: In situ labelling offree 3 '-ends ofDNA and histology ofpancreas. (a) Rat
pancreas seven hours after LPS injection. Occasional apoptotic acinar cells (arrowheads)
appear in the acini. Haematoxylin and eosin (X 410). (b) Consecutive section of the same
pancreatic sample as seen in (a). Strong positive immunostaining is seen in the cells
undergoing apoptosis. Free DNA 3 '-labelling with terminal transferase and antidigoxigenin
antibody (X410).
Figure 5: (a) Rat pancreatic tissue 24 hours after LPS injection. There are several
apoptotic cells in the acini (arrows). Some of the apoptotic cells show fragmented nuclear
material and eosinophilic cytoplasm while some have lost their cellular structure completely
(asterisks). Haematoxylin and eosin (X410). (b) In situ labelling offree 3'-ends ofDNA
in a consecutive section of the same pancreatic sample as seen in (a). There is a large
number of apoptotic acinar cells showing DNA fragmentation as shown by positive
immunoreaction in the affected cells. Intensive staining is also seen in some cells that do not
contain fragmented nuclear material (asterisks, X 410).

A statistically significant increase in the
number of acinar cells undergoing apoptotic
DNA fragmentation was seen 24 hours after
LPS injection (from 2-46 (0.16) in the saline
treated controls to 53.6 (15.0), p<0.0001,

Figure 6: Rat pancreas 72 hours after LPS injection. T
acini are atrophic, and there are occasional autophagic
vacuoles (arrows). Haematoxylin and eosin (X 410).

IN
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Figure 7:. Time related changes in the number of apoptotic
cells in the pancreas during LPS exposure. The number of
apoptotic cells is considerably increased at 24 hours after
LPS administration (***p<0.001). The values show the
number of apoptotic cells per mm2 of tissue section area,
mean (SEM). Control level (time 0) shows the number of
apoptotic acinar cells in rats treated with saline and killed
at 24 hours.

Fig 7). The islet cells showed no apoptosis
during the experiment.

Discussion
In this study, we show pronounced apoptosis
of rat pancreatic acinar cells 24 hours after an
intraperitoneal injection of LPS. Three days
after the LPS injection, there was pronounced
atrophy in the gland. Apoptotic fragmentation
of DNA was confirmed by gel electrophoresis,
which showed DNA fragments of approxi-
mately 200 base pairs. The finding that only
acinar cells but not islet cells of the pancreas
underwent apoptosis shows that LPS has a
selective capability to induce cell injury in dif-
ferent cell types of the pancreas.
On one hand, some acinar cells with frag-

mented nuclear material and eosinophilic cyto-
plasm did not stain with DNA 3'-in situ
hybridisation. On the other hand, there were a
number of cells that had lost their cellular
structure completely, and stained intensively.
This finding shows that the condensation of
nuclear material and DNA fragmentation are
parallel phenomena, but DNA is fragmented
later.
A number of agents, such as ethionine,23

triethylenetetramine tetrahydrochloride,24 1-
cyano-2-hydroxy-3-butene,25 and zinc26 have
been reported to induce apoptosis of pan-
creatic acinar cells. An interesting finding is
that an intragastric infusion of ethanol together
with longterm high fat diet induces apolptosis
of pancreatic acinar cells and pancreatic
atrophy in rats.27
The proposed mechanism of apoptosis is an

initial mild plasma membrane damage with
consequent influx of calcium ions28 and
thereby the activation of endonucleases29 and
proteases,30 which leads to apoptotic cell
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death. It has been assumed that, in endothelial
cells, TNF induces both arachidonic acid
release and apoptosis, but PLA2 activity is not
involved in the induction of apoptosis.3' On
the contrary, activation of PLA2 has been
reported to trigger apoptosis in photosensitised
mouse lymphoma cells.32

Endotoxaemia has been implicated as a
prognostic factor in patients with acute
haemorrhagic pancreatitis.5 6 However, the
mechanisms by which bacterial endotoxins
might take part in the initiation of pancreatic
disease are largely unknown. Moreover, no
evidence has been presented for the ability of
LPS to induce apoptosis in pancreatic acinar
cell. LPS prevents apoptosis of peripheral
blood monocytes33 and delays apoptosis of
neutrophils.34 On the contrary, apoptosis is
induced by LPS in malignant CD5+ B-cells35
and in mouse thymus cells in vivo.36 A feasible
pathway for the effects of LPS is the initial
activation and release ofTNF into circulation
during the first phase of endotoxaemia fol-
lowed by activation of PLA2.3 TNF is able to
induce both PLA2 activity37-40 and apop-
tosis.41 Suffys and coworkers proposed that
PLA2 activity, but not arachidonic acid release,
participates in TNF mediated cytotoxicity.42
Thus, PLA2 activation may exert cytotoxicity
by non-specific hydrolysis of membrane phos-
pholipids.
The average concentration of pancreatic

PLA2 in the serum of healthy humans is
5.8 Rg/1,43 and, at the early stages of acute pan-
creatitis, the concentration increases up to
sevenfold.12 In experimental sodium tauro-
cholate induced acute pancreatitis in rats, the
increase of pancreatic PLA2 in serum is 40-fold
at 60 minutes after the induction.'5 In our
study, there was 60 ,Lg/l of pancreatic PLA2 in
intact rat plasma and in the plasma of saline
treated control animals. The concentration
increased significantly at three hours after LPS
administration. These results suggest that
acinar cells release pancreatic PLA2 into blood
plasma during the early stages ofendotoxaemia
possibly caused by cell injury leading to apop-
tosis. The decreased concentration of pan-
creatic PLA2 in plasma at 24 hours after LPS
administration suggests that the capability of
pancreatic acinar cells to release PLA2 dimin-
ishes after apoptotic acinar cell death.

In this model of endotoxaemia, intraperi-
toneally injected LPS may reach pancreatic
acinar cells both directly from the peritoneal
cavity or after absorbtion via the bloodsteam.
After intravenous administration of LPS,
apoptosis can be seen in pancreatic acinar cells
at 24 hours, but the number of apoptotic cells
seems to be smaller than after intraperitoneal
LPS administration (unpublished data). How-
ever, the time related changes in the pancreas
in both models seem to be comparable
(unpublished data). An intraperitoneal injec-
tion of a high dose of LPS represents the situa-
tion in which high amounts of endotoxin have
an affect on the pancreas both directly and
via the bloodstream, as may be the case in
clinical endotoxaemia resulting from abdomi-
nal diseases. Direct and indirect effects of LPS

could not be distinguished in this study.
Therefore, further experiments with intra-
venous injection of LPS and administration of
LPS to isolated pancreatic acinar cell prepara-
tion are warranted.

In summary, experimental endotoxaemia
causes profound changes in rat exocrine
pancreas. Pancreatic PLA2 is released into
blood plasma during the first few hours before
the appearance of histological changes in
acinar cells. This finding supports the notion
that an increased concentration of pancreatic
PLA2 in plasma is an early marker of injury of
pancreatic acinar cells. Apoptosis of pancreatic
acinar cells is a somewhat later phenomenon.
Finally, at day three after LPS administration,
pancreatic acinar atrophy appears throughout
the gland. The activation of PLA2 that takes
place simultaneously with apoptosis in pancre-
atic tissue may have a role in triggering the
development of apoptosis through cytokine
activation.
The authors thank Dr Heikki Aho for valuable advice in
histopathology. Supported by The University of Turku
Foundation, Sigrid Juselius Foundation, and The Academy of
Finland Award 20751. Part of the results are presented as an
abstract in Digestion 1994, 55: 310.

1 Simons RK, Maier RV, Chi EY. Pulmonary effects of con-
tinuous endotoxin infusion in the rat. Circ Shock 1991; 33:
233-43.

2 Boggs SS, Boggs DR, Joyce RA. Response to endotoxin of
endotoxin-'resistant' C3H/HeJ mice: a model for study of
hematopoietic control. Blood 1980; 55: 444-52.

3 Pruzanski W, Stefanski E, Wilmore DW, Martich GD,
Hoffman AGD, Suffredini A, et al. Sequential activation
of TNF-phospholipase A2 axis following i.v. endotoxin
challenge in human volunteers. FASEBJt 1990; 4: A17 14.

4 Ulich TR, Guo K, Yin S, del Castillo J, Yi ES, Thompson
RC, et al. Endotoxin-induced cytokine gene expression in
vivo. IV. Expression of interleukin-la/b and interleukin-1
receptor antagonist mRNA during endotoxemia and
during endotoxin-initiated local acute inflammation.
Am J7Pathol 1992; 141: 61-8.

5 Foulis AK, Murray WR, Galloway D, McCartney AC, Lang
E, Veitch J, et al. Endotoxaemia and complement activa-
tion in acute pancreatitis in man. Gut 1982; 23: 656-61.

6 Exley AR, Leese T, Holliday MP, Swann RA, Cohen J.
Endotoxaemia and serum tumor necrosis factor as prog-
nostic markers in severe acute pancreatitis. Gut 1992; 33:
1126-8.

7 Sulkowski U, Boin C, Brockmann J, Biinte H. The
influence of coecostomy and colonic irrigation on patho-
physiology and prognosis in acute experimental pancreati-
tis. EurJtSurg 1994; 159: 287-9 1.

8 Hirano T, Manabe T, Imanishi K, Tobe T. Protective effect
of a cephalosporin, Shiomarin, plus a new potent protease
inhibitor, E3123, on rat taurocholate-induced pan-
creatitis. J Gastroenterol Hepatol 1993; 8: 52-9.

9 Gianotti L, Munda R, Alexander JW, Tchervenkov JI,
Babcock GF. Bacterial translocation: a potential source
for infection in acute pancreatitis. Pancreas 1993; 8:
551-8.

10 Davidson FF, Dennis EA. Evolutionary relationships and
implications for the regulation of phospholipase A2 from
snake venom to human secreted forms. J Mol Evol 1990;
31: 228-38.

11 Hiefinger-Schindlbeck RT, Dasser C, Hubner-Parajsz C,
Hoffman GE, Guder W. Differentiation of human phos-
pholipase A2 isoenzymes in serum and other body fluids
with use of monoclonal antibodies. Eur J Clin Chem Clin
Biochem 1993; 31: 211-5.

12 Nevalainen TJ, Eskola JU, Aho AJ, Havia VT, Lovgren
TN-E, Nant6 V. Immunoreactive phospholipase A2
in serum in acute pancreatitis and pancreatic cancer.
Clin Chem 1985; 31: 1116-20.

13 Funakoshi A, Yamada Y, Ito T, Ishikawa H, Yokota M,
Shinozaki H, et al. Clinical usefulness of serum phospho-
lipase A2 determination in patients with pancreatic
diseases. Pancreas 1991; 6: 588-94.

14 Fabris C, Basso D, Panozzo MP, Del Favero G, Meggiato
T, Plebani M, et al. Urinary phospholipase A, excretion in
chronic pancreatic diseases. Int J Pancreatol 1992; 11:
179-84.

15 Hietaranta AJ, Peuravuori HJ, Nevalainen TJ.
Phospholipase A, in sodium taurocholate-induced expeni-
mental hemorrhagic pancreatitis in the rat. J Surg Res
1995; 59: 27 1-8.

16 Hietaranta AJ, Aho HJ, Nevalainen TJ. Pancreatic phos-
pholipase A, in cerulein-induced acute pancreatitis in the
rat. IntJ3tPancreatol 1993; 14: 261-7.

17 Shakir KMM. Phospholipase A, activity of post-heparin

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.38.5.747 on 1 M

ay 1996. D
ow

nloaded from
 

http://gut.bmj.com/


752 Laine, Nyman, Peuravuori, Henriksen, Parvinen, Nevalainen

plasma: a rapid and sensitive assay and partial characteri-
zation. Anal Biochem 1981; 114: 64-70.

18 Kortesuo PT, Hietaranta AJ, Jamia M, Hirsimaki P,
Nevalainen TJ. Rat pancreatic phospholipase A2.
Purification, localization, and development of an enzyme
immunoassay. IntJPancreatol 1993; 13: 111-8.

19 Eskola JU, Nevalainen TJ, Lovgren TN-E. Time-resolved
fluoroimmunoassay of human pancreatic phospholipase
A2. Clin Chem 1983; 29: 1777-80.

20 Gross-Bellard M, Oudet P, Chambon P. Isolation of high-
molecular-weight DNA from mammalian cells. Eur J
Biochem 1973; 36: 32-8.

21 Tilly JL, Hsueh AJW. Microscale autoradiographic method
for the qualitative and quantitative analysis of apoptotic
DNA fragmentation. Jf Cell Physiol 1993; 154: 519-26.

22 Billig H, Furuta I, Hsueh AJW. Estrogens inhibit and
androgens enhance ovarian granulosa cell apoptosis.
Endocrinology 1993; 133: 2204-12.

23 Walker NI, Winterford CM, Williamson RM, Kerr JER.
Ethionine-induced atrophy of rat pancreas involves apop-
tosis of acinar cells. Pancreas 1993; 8: 443-9.

24 Rao MS, Yeldandi AV, Subbarao V, Reddy JK. Role of
apoptosis in copper deficiency-induced pancreatic involu-
tion in the rat. AmJPathol 1993; 142: 1952-7.

25 Wallig MA, Jeffery EH. Enhancement of pancreatic and
hepatic glutathione levels in rats during cyanohydroxy-
butene intoxication. Fundam Appl Toxicol 1990; 14:
144-59.

26 Kazacos EA, Van Vleet JF. Sequential ultrastructural
changes of the pancreas in zinc toxicosis in ducklings. Am
J3Pathol 1989; 134: 581-95.

27 Home WI, Tsukamoto H. Dietary modulation of alcohol-
induced pancreatic injury. Alcohol 1993; 10: 481-4.

28 Duvall E, Wyllie AH. Death and the cell. Immunol Today
1986; 7: 115-9.

29 Ribeiro JM, Carson DA. Ca2+/Mg2+-dependent endonu-
clease from human spleen: purification, properties, and
role in apoptosis. Biochemistry 1993; 32: 9129-36.

30 Shi BL, Kam C-M, Powers JC, Aebersold R, Greenberg
AH. Purification of three cytotoxic lymphocyte granule
serine proteases that induce apoptosis through distinct
substrate and target cell interactions. J Exp Med 1992;
176: 1521-9.

31 Robaye B, Dumont JE. Phospholipase A2 activity is not
involved in the tumour necrosis factor-triggered apoptotic
DNA fragmentation in bovine aortic endothelial cells.
Biochem Biophys Res Commun 1992; 188: 1312-7.

32 Agarwal ML, Larkin HE, Zaidi SIA, Mukhtar H, Oleinick

NL. Phospholipase activation triggers apoptosis in photo-
sensitized mouse lymphoma cells. Cancer Res 1993; 53:
5897-902.

33 Mangan DF, Welch GR, Wahl SM. Lipopolysaccharide,
tumor necrosis factor-a, and Il-l13 prevent programmed
cell death (apoptosis) in human peripheral blood mono-
cytes. Immunol 1991; 146: 1541-6.

34 Yamamoto C, Yoshida S-I, Taniguchi H, Qin MH,
Miyamoto H, Mizuguchi Y. Lipopolysaccharide and
granulocyte colony-stimulating factor delay neutrophil
apoptosis and ingestion by guinea pig macrophages. Infect
Immun 1993; 61: 1972-9.

35 Peng B, Raveche E. Apoptosis induction in CD5+ (Lyl+)
malignant B cells. Leukemia 1993; 7: 789-94.

36 Zhang Y-H, Takahashi K, Jiang G-Z, Kawai M, Fukada M,
Yokochi T. In vivo induction of apoptosis (programmed
cell death) in mouse thymus by administration of
lipopolysaccharide. Infect Immun 1993; 61: 5044-8.

37 Hoeck WG, Ramesha CS, Chang DJ, Fan N, Heller RA.
Cytoplasmic phospholipase A2 activity and gene expres-
sion are stimulated by tumor necrosis factor: dexametha-
sone blocks the induced synthesis. Proc Natl Acad Sci
1993; 15: 4475-9.

38 Gustafson-Svard C, Tagesson C, Boll R-M, Kald B. Tumor
necrosis factor-a potentiates phospholipase A2-stimulated
release and metabolism of arachidonic acid in cultured
intestinal epithelial cells (INT 407). ScandJ7 Gastroenterol
1993; 28: 323-30.

39 Pfeilschifter J, Muhl H, Pignat W, Marki F, van den Bosch
H. Cytokine regulation of group II phospholipase A2
expression in glomerular mesangial cells. Eur J Clin
Pharmacol 1993; 44: S7-9.

40 Bomalaski JS, Clark MA. Phospholipase A2 and arthritis.
Arthritis Rheum 1993; 36: 190-8.

41 Vanhaesebroeck B, Reed JC, De Valck D, Grooten J,
Miyashita T, Tanaka S, et al. Effect of bcl-2 proto-onco-
gene expression on cellular sensitivity to tumour necrosis
factor-mediated cytotoxicity. Oncogene 1993; 8: 1075-81.

42 Suffys P, Beyaert R, De Valck D, Vanhaesebroeck B, Van
Roy F, Fiers W. Tumour-necrosis-factor-mediated cyto-
toxicity is correlated with phospholipase-A2 activity, but
not with arachidonic acid release per se. Eur Jf Biochem
1991; 195: 465-75.

43 Santavuori AS, Kortesuo PT, Eskola JU, Nevalainen TJ.
Application of a new monoclonal antibody for time-
resolved fluoroimmunoassay of human pancreatic phos-
pholipase A2. Eur Jf Clin Chem Clin Biochem 1991; 29:
819-26.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.38.5.747 on 1 M

ay 1996. D
ow

nloaded from
 

http://gut.bmj.com/

