
Gut, 1987, 28, 1445-1453

Increased phospholipase A2 and decreased
lysophospholipase activity in the small intestinal
mucosa after ischaemia and revascularisation
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Clinical Chemistry, Linkipinlg University Hospital, Linkoping, Sweden

SUMMARY The influence of ischaemia and revascularisation on lipid peroxidation and phospho-
lipid metabolism in the rat small intestinal mucosa was investigated. Two hours of total ischaemia
followed by five minutes of revascularisation caused not only accumulation of malondialdehyde in
the mucosa, but also increased activity of phospholipase A2, decreased activity of lysophospho-
lipase, and increased ratio between lysophosphatidylcholine and phosphatidylcholine. Pretreat-
ment with the phospholipase A7 inhibitor, quinacrine, prevented the increases in mucosal
phospholipase A2 activity and lysophosphatidylcholine/phosphatidylcholine ratio after ischaemia
and morphological examinations revealed that the mucosa was then also protected against
ischaemic injury. These findings point to the possibility that activation of phospholipase A2 and
accumulation of lysophosphoglycerides could be involved in mediating the mucosal injury caused
by small intestinal ischaemia.

The mechanisms underlying mucosal injury caused
by small intestinal ischaemia have not been fully
elucidated. Intraluminal proteolytic enzymes like
pancreatic trypsin have been claimed to be of
importance,' although ischaemic mucosal damage
occurs also in animals who have had their pancreatic
ducts ligated five to six days before the ischaemia. It
has also been suggested that the countercurrent
exchange of oxygen in the intestinal villi could
aggravate the mucosal hypoxia and initiate necrosis
in the epithelial cells near the villous tips.4 More
recently, oxygen-derived free radicals produced in
the tissue during a postocclusive hyperaemia have
been put forward. Such free radicals can increase
lipid peroxidation and damage cellular membranes"
but a precise molecular mechanism by which they
might injure the intestinal mucosa during ischaemia
has not been substantiated.
We recently found7 that the intestinal permeability

increase after ischaemia was potentiated by lysophos-
phatidylcholine (lysoPC), a potentially membrane
damaging surfactant ocurring naturally in the gut but
also known to induce mucosal injury -at higher
concentrations."9 The ischaemic intestine was thus
Addrcess for corrcspodiiciicc: C TIaess'.on. MI) I)cpairtnicnt of Occupational
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affected by lysoPC concentrations that had no effect
on the non-ischaemic intestine, and it was therefore
suggested that increased amounts of lysoPC was
being formed in the ischaemic gut mucosa, perhaps
by the action of phospholipase A2 on phosphatidyl-
choline (PC).' This possibility would be consistent
with the recent findings that lysoPC and other
lysophosphoglycerides accumulate in the ischaemic
heart""' and are important mediators of sequelae
after myocardial ischaemia. 12 1'

In order to further examine this possibility, we
have now investigated the influence of ischaemia and
revascularisation on phospholipase A, activity, lyso-
phospholipase activity, and lysoPC/PC ratio in the
small intestinal mucosa. In addition, we have
examined the effect of a phospholipase A2 inhibitor,
quinacrine, on the accumulation of lysoPC and on the
mucosal damage after ischaemia and revascularisa-
tion.

Methods

ANIMALS
Female Sprague/Dawley rats (225-250 g body
weight) were anaesthetised by an intraperitonal
injection of ketamine (KetalarR, Parke Davis and Co
Inc, USA, 50 mg/kg body weight) and xylazin
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(Rompun', Bayer Ag. Leverkusen, West Germany.
5 mg/kg body weight). Laparotomy was carried out
and the most distal 1) cm of the ileum was ligated at
both ends. In order to minimise evaporaition from the
tissue, the smlall intestine was covered with sterile
gauze pads soaked with saline at 37°C. In addition,
5 ml Ringerdex solution was given subcutaneously to
prevent dehydration of the animals.

EXPERIMENTAL DESIGN

An experimental model described in detail pre-
viously14 was used to create ischaemia and revascu-
larisation. A thin thread (5-0) was placed under the
mesenteric vessels supporting the tied loop. The
thread was heightened about 2 cm, which lifted the
vessels up and caused the blood flow to the tied loop
to stop. After two hours, the animal was killed and
the tied loop excised. In another group of animals the
vessels were brought down again and the intestinal
segment revascularised for five minutes before the
animal was killed. In yet another group (the non-
ischaemic controls), the vessels were left untreated
for two hours and five minutes.
The blood flow in the tied loop before, during, and

after the ischaemia was recorded using laser Doppler
flowmetry.' As described previously,'4 lifting the
vessels 2 cm caused total ischaemina in the bowel wall
whereas bringing the vessels down again reestab-
lished the blood flow to starting values.
To study the influence of a phospholipase A

inhibitor, rats were given intravenous injections of
quinacrine (10 mg/kg body weight) dissolved in 0-5
ml 150mM NaCl. After 30 minutes, the animals were
prepared as described above. Controls were given 0(5
ml 150 mM NaCl only. The animals were then
subjected to two hours ischaemia and five minutes
revascularisation as described above.

SAMPl.F PREP'ARATION
The excised segment was opened and the mucosa
washed with cold saline and scraped off with a
curette. Special precaution was taken to remove only
the superficiail layers of the mucosa. The mucosal
cells were suspended in 150 mM NaCl, weighed, and
disintegrated in a Dounce homogeniser by five
strokes with a Teflon pestle. The homogenised cells
were then Ianalysed as described below.

CHEMICAI. ANAL YSIS
Malondialdehyde (MDA) was determined using the
thiobatrbituric acid (TBA) reaction.' The reaction
mixture contained 0(2 ml 8- 1 o sodium dodecyl
sulphate (SDS), 15 ml 2(0 acetic acid pH1 3-5, 1-5 ml
0(8)X TBA, and 0(2 ml homogenised cclls (2-3 mg
protein). The mixture was made up to 44) ml with
distilled waiter and heated at 950C for 60 minutes.

After cooling with tap watcr, I ml distilled water was
added and the red pigmenit produced was extracted
with 5-) ml n-butanol:pyrarmide (15:1, v/v) and
assayed fluorometrically. Results were expressed as
nmol MDA/mg protein.

Phospholipase A2 (PLA2, EC 3. 1. 1.4) was deter-
mined as described previously.'- The reaction
mixture contained, in a final volulmle of 450 [tl
radiolabelled E coli (5000 cpm), 70 mM buffer of
suitable pH (pH 9-8 glycine-NaOll, pli 7 2 Tris-
maleate, and pH 5-5 citrate), 2 mM CaCl2 (this was
included when assaying PLA, at pH 9-8 and 7-2 but
excluded at pH 5-5), 0)010 (wt/vol) bovinle serumI
albumin (BSA), and mucosal cells correspoindinig to
2-X8 tg protein. The mixture was incubated at 37°C'
and the reaction stopped by adding 3 ml 0( 15 M NaCI
with I(XO BSA. The suspenisionI was then passed
through a 0(45 [tm Millipore filter (Millex SFIJA 0(25
BO, Millipore AB. V Fr6lunda, Sweden) and the
radioactivity in the filtrate was counted and
expressed as percentage of total radioactivity.

Lysophospholipase (EC 3.1 1.15) was determined
using lysoPC as substrate. The reaction mixture
contained, in a total volume of 50)0( 1I mM lysoPC
(Sigma type 1), 15,000 cpm radiolabelled lysoPC
(I - acyl-"4C-palmitoyl-sti-glycero-3-phosporylcholine,
52 3 mCi/mmol; NEN Chemicals, GmbH, Dreici-
chenheim, West Germany), 400 1t Trismaleate, pH
7-3, and 0(-20 ug homogeinised mucosal cells. The
mixture was incubated at 37°C and the reaction
stopped by the addition of I ml cold 20%( trichloro-
acetic acid. To the reaction products were added 0(5
ml 16% Triton X-100 and 5 ml hexane. One millilitre
of the top layer (the hexane phase) was then counted
for radioactivity and the total radioactivity in the
hexane phase expressed as percentage of total
radioactivity.

Lysophosphatidylcholine (lysoPC) and phos-
phatidylcholine (PC) were determined essentially as
described by Chen and Kou.x Lipids were extracted
according to Folch et al/, the extracts evaporated to
dryness under vacuum, and the residues dissolved in
250 ,ul CHC13:CH3OH (2:1, v/v). The extracted phos-
pholipids were then subjected to high performance
liquid chromatography (HPLC). The HPLC equip-
ment was an LKB 2152 controller, a LKB 2150 pump,
a Rhenodyne 7125 injector with a 20 l loop, a LDC
spectromonitor III, and a Hewlett Packard 3393 A
integrator. The column was an Apex Silica 5 (250x
4-5 mm, Jones Chromatography Ltd, Colnbrook,
UK) and the mobile phase CH3CN: CH3OH: H3PO4
(100:3:1). The column was equilibrated overnight
with mobile phase (0-05 ml/min) before analysis. A
flow program was used to speed up elution of the
phospholipids and to narrow and point the chromato-
graphic peaks; this program (0 min: 1 ml/min, 18
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Fig. I Reversed phase HPLCseparation ofphosphatidylserine (PS), phosphatidylethanolamine (PE), phosphatidylcholine
(PC), IVsophosp)hatidyklholine (lvsoPC), and sphingomyelin (SM). One [tg ofJeach phospholipid was inijected. Details
concerning the chromnatographi cctnditionts are given in Methods. A UFS=absorbance units Jull scale.

min:1b5 ml/min, 20 min:2 ml/min, 21 min:3 ml/min,
30 min:1 ml/min) was started at the time of sample
injection. The phospholipids were monitored by UV
detection at 203 nm and the peaks identified by
comparison with known standards: phosphati-
dylserine, phosphatidylethanolamine, phosphatidyl-
choline, lysophosphatidylcholine, and sphingomyelin
(P7769, P4513, P6013, L5379, and S7004 from Sigma
Chemical Company, St Louis, Mo, USA). A typical
chromatogram is depicted in Figure 1. The amounts
of lysoPC and PC in the extracted samples were

calculated by the integrator as iVs, corresponding to
area under curve. These data were then used to
calculate the ratio between lysoPC and PC.

Protein was measured by the method of Lowry
et al.

MORPHOI.OGICAL EXAMINATIONS

To study morphological changes after ischaemia and
revascularisation, the animals were perfused via the
heart' with 300 ml 2(Yo glutaraldehyde in () M Na-
cacodylate-HCI with 0) M sucrose and 2%'o poly-
vinylpyrrolidone (PVP, molecular weight 44000
dalton). The perfusion was conducted during 10
minutes at a constant hydrostatic pressure of 110
mm Hg. The pH of the fixture was 7-2, its tempera-
ture 370C and its total osmolality about 560 mOsm
(vehicle osmolality about 30)0 mOsm). Five 2 mm
thick segments were sampled from each loop and
immersed in the above fixative for another three days
at 4°C. The specimens were then dehydrated,
embedded in paraffin, cut, and stained with either
haematoxylin and eosin, haematoxylin-van Gieson,
or Alcian blue- PAS.

The morphological changes in the villous tips were
quantitatively assessed by examining five intestinal
circumferences per animal in sections stained with
haematoxylin-van Gieson. Tips were classified into
four categories according to their morphological
appearance: (i) normal morphology with regular
columnar epithelium, (ii) slight changes with slightly
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Fig. 2 Influence of ischaemia anid revascularisation on
MDA conitent in the small initestinal inlucosa. The ititestine
was either leti ulntreaited for two hiours (0), or subjected to
two hours isclhaefnia (F) or two hours ischiaemia wit/ifive
minulites revascularisation (-). Meani oJfour to five
determiniations, vertical bar indicates on7e S!). =/)<O(I1
v un?treated.
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Fig. 3 Influence ofischaemia and revascularisation on
PLA2 activity in the gut mucosa. The intestine was either left
untreatedfor two hours (L), orsubjected to two hours
ischaemia (F) or two hours ischaemia withfive minutes
revascularisation (-). Mean offour tofive determinations,
vertical bar indicates one SD. * * =p<001 v untreated.

increased desquamation of epithelium, (iii) moder-
ate changes with loss of columnar characteristics,
heaping up of cells and partial desquamation,
karyolysis and karyorrhexis, and (iv) severe changes
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Fig. 4 Influence ofischaemia on lysophospholipase activity
in the gut mucosa. The intestine was either left untreatedfor
two hours (O) or subjected to ischaemiafor two hours (0).
Intestinal mucosal cells were then isolated and homogenised
and the lysophospholipase activity in different amounts of
homogenised cells determined as described in Methods.
Mean offour determinations, vertical bar indicates one SD.

with patchy desquamation of epithelium leaving
denuded areas of basal membrane. A mean of 36 villi
(range 22-65) were examined in each circumferential
section.

STATISTICAL ANAL YSIS
Significance of differences were calculated using
Student's t test.

Results

MDA CONTENT
Figure 2 shows the accumulation of MDA in the
intestinal mucosa after ischaemia for two hours and
revascularisation for five minutes. The difference
in MDA content between control rats and those
rendered ischaemic for two hours without revascu-
larisation was not statistically significant (p>005).
On the other hand, ischaemia for two hours followed
by revascularisation for five minutes caused a
statistically significant increase in MDA accumula-
tion (p<0-001).

PHOSPHOLIPASE A2 ACTIVITY
Figure 3 shows the effect of ischaemia and revascu-
larisation on PLA, activity at different pH values in
the small intestinal mucosa. Ischaemia for two hours
alone caused small increases over control values. On
the other hand, ischaemia for two hours followed by
revascularisation for five minutes caused more pro-
nounced, statistically significant increases in the
activity of PLA2 at different pH values (p<0) ()).

LYSOPHOSPHOLIPASE ACTIVITY
The effect of two hours ischaemia on mucosal lyso-
phospholipase activity is illustrated in Figure 4. It
thus appeared that the lysophospholipase activity
was lower in the mucosa subjected to ischaemia than
in the untreated mucosa. As shown in Figure 5, the
lysophospholipase activity was further decreased
after revascularisation for five minutes (p<0O0l v
control).

LYSOPC/PC RATIO
The lysoPC/PC ratio in the intestinal mucosa after
different treatments is given in Table 1. Thus, the
ratio in the mucosa subjected to ischaemia and
revascularisation was significantly higher than the
ratio in non-ischaemic control mucosa (p<0(00l).

INFLUENCE OF QUINACRINE
Table 1 also shows the influence on quinacrine on the
lysoPC/PC ratio after ischaemia and revascularisa-
tion. Apparently, the lysoPC/PC ratio in animals
pretreated with quinacrine before the ischaemia
was not significantly different from the lysoPC/PC
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Fig. 5 Influence ofischaemia and revascularisation on
lysophospholipase activity in the small intestinal mucosa.
The intestine was either left untreatedfor two hours (O) or

subjected to two hours ischaemia (E) or two hours ischaemia
withfive minutes revascularisation (-). The
lysophospholipase activity in mucosal cells corresponding to

2 Ftg protein was then determined. Mean offour tofive
determinations, vertical bar indicates onie SD. * * =p<00O
atnd =p<O0OOI v untreated.

ratio in non-ischaemic control animals (p>O05).
Analogously, the phospholipase A2 activity in

mucosa from quinacrine - treated ischaemic animals
was not different from that in non-ischaemic con-

trols (p>005, Fig. 6).
The influence of quinacrine on the morphological

changes caused by ischaemia and revascularisation in

the intestinal mucosa is shown in Table 2. In the
mucosa not subjected to ischaemia, the surface

Table I LysoPCIPC ratio in the intestinal mucosa after
different treatments. Rats were pretreated with saline or
quinacrine, and the intestine eithersubjected to two hours
ischaemia (I) andfive minutes revascularisation (R) or left
untreatedfor that time (non-ischaemic control). Values are

means±standard errors of three tofive rats in each group

.Significaiwe
F'reatineoit Lvi,soPC'IPC1. of difference-1e

Non-ischacenic control 0.-6±()3
Salinc+l+R 3-1±0-9 p<()())l
Quinacrinc+I+ R 12±0+6 p>0.05

*pcr ccnt; i-versus non-ischacinic control.
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Fig. 6 Phospholipase Aactivitv in the intestinal mucosa
after different treatments. O =non-ischaemic controls -that
is, rats given saline and not subjected to ischaemia,
*= ischaemic controls - that is, rats given saline and
subjected to two hours ischaemia andfive minutes
revascularisation, m= rats given quinacrine and subjected to

two hours ischaemia andfive minutes revascularisation. The
phospholipase A, activity was assayed atpH 7-2. Mean of
four tofive determinations, vertical bars indicate one SD.

Table 2 Influence ofquinacrine on morphological chaniges
in the small intestinal mucosa after two hours ischaemia (I)
andfive minutes revascularisation (R). The table gives the
percentage of villous tips showin,g different degrees of
morphological changes after various treatments. Slight
changes mean a slight increase in the number of
desquamating cells, moderate changes include loss of
columnar characteristics, vacuolisation, and heaping up of

epithelium as well as karyorrhexis, karyolysis, and partial
desquamation, whereas severe changes represent total
desquamation ofepithelium leaving some areas ofthe basal
membrane denuded. Values are means ±standard errors;

number ofanimals are given within parenthesis. Five
circumferences per animal were counted and a mean of36
villi (range 22-65) were examined in each intestinal
circumference

MA:orphologica(llchIges

7reatmnemt Noic Slighil Moderate Severe

Non-ischacmic control (4) 44+5 56±5 ± I l ± I
Salinc+l+R(6) (6±3 16+6 40±8 39± 15
Quinacrinc+±+R(6) 32+8 41+2 2()±8* 8±2*

*p<03-01 I isalinc+ I + R (modcratc pliss'cvcrc)
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epithelium was either columnar or slightly changed -
that is, it showed a slight increase''in the number of
desquamated cells (Fig. 7a). ModerxAte epithelial
changes with heaping up and vacuo'lisa'tion of cells,
karyorrhexis, and karyolysis (Fig. 7b)'were rarely
seen. On the other hand, two hours ischaemia and
five minutes revascularisation caused regular changes
of this moderate kind. This treatment also caused
severe changes, including total desquamation of the
epithelium, leaving the basal membrane detuded
(Fig. 7c). Detachment of the epithelium of the villous
tips without desquamation was observed occasion-
ally, and oedema and extravasation of red blood cells
in the lamina propria was seen in specimens showing
the most severe epithelial damage. It appeared,
however, that pretreatment with quinacrine reduced
this epithelial damage. Indeed, when the degree of
epithelial damage was quantitatively assessed (Table
2), it was found to be significantly reduced by
pretreatment with quinacrine. Thus, quinacrine
treatment resulted in significantly less villous tips
with moderately and severely damaged epithelium
(p<0-01) and consequently significantly more

normal or only slightly changed tips.

Discussion

This investigation shows an accumulation of MDA,
an increased activity of PLA2, and a decreased
activity of lysophospholipase in the small intestinal
mucosa after ischaemia and revascularisation.
The MDA accumulation was not unexpected, as

ischaemia and, in particular, revascularisation after
ischaemia, are known to initiate the formation of
oxygen derived free radicals' with increased lipid
peroxidation and products thereof as a plausible
consequence." Rather, the accumulation of MDA
may be looked upon as a strong indication that under
the experimental conditions used in the present
investigation; free radicals were formed in the
intestinal'mucosa and were allowed to exert toxic
effects on fatty acid residues in membrane lipids.
The reason why PLA2 activity was increased is less

clear. One possibility is that cellular influx of calcium
was augmented, and that the ensuing increase in
cyt9solic calcium caused a PLA2 activation. It has
previously been shown that myocardial ischaemia
results in increased cellular calcium content2"2h and it

Fig. 7 Photomicrographs ofintestinal villi showing varying
degrees ofepithelial changes (Haematoxylin-van Gieson). In
(a) the villous tips are slightly changed- that is, a slightly
increased desquamation ofcells is seen (arrows). Moderate
changes are seen in (b) with vesiculation and heaping up of
epithelium, whereas in (c) the epithelium is severely damaged
- that is, totally desquamated leaving the basal membrane
denuded (arrows).

is well known that calcium activates membrane
bound PLA2.212 Alternatively, the treatment could
have inactivated an endogenous PLA2 inhibitor; such
inhibitors have been found in a number of cells and
tissues.""' Other possibilities include chemical con-
version or configurational changes of the PLA2
molecule so as to increase its catalytic activity, as well
as release of latent enzyme from membranes or
membrane-bounded organelles.
The mechanism by which lysophospholipase

activity was decreased is also unclear. The enzyme
has optimal activity at pH 7,12 and since ischaemia is
accompanied by a decrease in cellular pH,"5 this could
have caused a decrease in activity. On the other
hand, lysophospholipase has been shown to be
inhibited by lysoPC concentrations above 100 isM,33
and it is therefore possible that the decreased activity
was caused by increased lysoPC concentrations
formed in the mucosa. This way, the decreased
lysophospholipase activity could be connected to the
increased PLA2 activity via increased lysoPC forma-
tion. This possibility is consistent with the finding that
the lysoPC/PC ratio was increased in the mucosa
after ischaemia and revascularisation (Table 1).
A further connection between theMDA formation

and the alterations in phospholipid metabolism is
worth considering. It has previously been shown that
increased phospholipase activity is detected during
the peroxidic decomposition of mitochondrial and
erythrocyte membrane lipids, and that the removal of
peroxidation products originating in membranes is
PLA2-dependent. Sevanian et al thus showed 4 that
PLA2 may serve to eliminate membrane peroxides,
which in turn decompose to yield MDA. Moreover,
increased lysoPC formation was evident following
lipid peroxidation in PLA2 - containing liposomes
and was inhibited by PLA2 inhibitors.'4 Thus, lipid
peroxidation induced PLA2 activity, as indicated
in the present study, agrees well with previous
observations.

It can be assumed that this PLA2 activation pro-
duces a membrane sparing effect by catalysing the
elimination of peroxidised lipid that otherwise would
facilitate the propagation of lipid peroxidation. At
the same time, the action of PLA2 could be the first
step in a membrane repair process where the lyso-
phosphoglycerides formed are utilised for synthesis
of new membrane diacylphosphoglycerides. The
decreased activity of lysophospholipase could then
be one way by which lysophosphoglycerides are
maintained and kept available for diacylphospho-
glyceride synthesis rather than being degraded via
the action of lysophospholipase. On the other hand,
lysophosphoglycerides are potentially toxic molecules
that can interact with and, at higher concentrations,
damage cellular membranes.' Increased formation of
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lysophosphoglycerides, if exceeding a critical level,
might therefore contribute to the mucosal injury
after small intestinal ischaemia. This would explain
why low concentrations of lysoPC (1 mM) increased
the permeability of the ischaemic intestine but had no
influence on the normal.7
The present investigation also showed that the

intestinal mucosa can be protected against ischaemic
injury by quinacrine, a phospholipase A2 inhibitor
(Table 2). The ischaemic injury in our experimental
system was primarily confined to the epithelium.
Epithelial lifting at the villous tips or down the sides
of the villi was seen only occasionally, though this has
been described as a typical morphological finding
during intestinal hypoperfusion or vascular obstruc-
tion."6 This might be explained by different degrees
and durations of ischaemia, and lifting of the
epithelium might well have appeared during earlier
stages of the ischaemia. Notably, the morphological
changes after ischaemia and revascularisation were
similar to those obtained after exposure of the
epithelium to lysoPC.' It also appeared that
quinacrine not only protected the mucosa against
ischaemic damage but also prevented ischaemia
induced increases in PLA, activity (Fig. 6) and lyso
PC/PC ratio (Table 1). This lends further support to
the possibility that activation of phospholipase A2
and accumulation of lysophosphoglycerides could be
involved in mediating the mucosal injury caused by
small intestinal ischaemia. This possibility is now
being further investigated, as is the possibility to use
different phospholipase A2 inhibitors for protecting
the intestinal mucosa against ischaemic damage.

We thank Olav Axelson for valuable support. This
work was supported by grant B86-17X-05983-06A
from the Swedish Medical Research Council.

References

1 Bounous G. Role of intestinal contents in the patho-
physiology of acute intestinal ischaemia. Am J Surg
1967; 114: 368-75.

2 Bounous G, Brown R, Mulder D, Hampson L, Gurd F.
Abolition of tryptic enteritis in the shocked dog. Arch
Surg 1965; 91: 371-5.

3 Manohar M, Tyagi R. Experimental intestinal
ischaemia shock in dogs. Am J Physiol 1973; 225:
887-92.

4 Lundgren 0, Haglund U. The pathophysiology of the
intestinal countercurrent exchanger. Life Sci 1978; 23:
1411-22.

5 Parks D, Bulkley G, Granger D, Hamilton S, McCord J.
Ischaemic injury in the cat small intestine. Role of
superoxide radicals. Gastroenterology 1982; 82: 9-15.

6 Schoenberg M, Muhl E, Sellin D, Younes M, Schildberg
F, Haglund U. Posthypotensive generation of super-

oxide free radicals - possible role in the pathogenesis of
the intestinal mucosal damage. Acta Chir Scand 1984;
150: 301-9.

7 Otamiri T, Sjodahl R, Tagesson C. Lysophosphatidyl-
choline potentiates the increase in mucosal permeaibility
after small intestinal ischaemia. Scand J Gastroentierol
1986; 21: 1131-6.

8 Tagesson C, Franz6n L, Dahl G, Westrom B. Lysophos-
phatidylcholine increases rat ileal permeability to
macromolecules. Gut 1985; 26: 369-77.

9 Bolin T, Franzen L, Sj6dahl R, Tagesson C. Passage of
molecules through the wall of the gastrointestinal tract.
Influence of lysolecithin on rat ileal permeability to
different-sized molecules. Scanid J Gastroenterol 1986;
21: 441-8.

10 Sobel B, Corr PB, Robinson A, Goldstein R, Witkowski
F, Klein M. Accumulation of lysophosphoglycerides
with arrhythmogenic properties in ischaemic myocar-
dium. J Clin Invest 1978; 62: 546-53.

11 Shaikh NA, Downar E. Time course of changes in
porcine myocardial phospholipid levels during
ischaemia. A reassessment of the lysolipid hypothesis.
Circ Res 1981; 49: 316-25.

12 Man R, Wong T, Choy P. Effects of lysophospho-
glycerides on cardiac arrhythmias. Life Sci 1983; 32:
1325-30.

13 Corr PB, Snyder D, Cain M, Crafford W Jr, Gross R,
Sobel B. Electrophysiological effects of amphiphiles on
canine purkinje fibers. Implications for dysrhythmia
secondary to ischaemia. Circ Res 1981; 49: 354-63.

14 Otamiri T, Sj6dahl R, Tagesson C. An experimental
model for studying reversible intestinal ischaemia. Acta
Chir Scand 1987; 153: 51-6.

15 Ahn H, Lindhagen J, Nilsson G, Salerud G, Jodal M,
Lundgren 0. Evaluation of laser Doppler flowmetry in
the assessment of intestinal blood flow in cat. Gastro-
enterology 1985; 88: 951-7.

16 Ohkawa H, Ohisih N, Yagi K. Assay for lipid peroxides
in animal tissues by thiobarbituric acid reaction. Anal
Biochem 1979; 95: 351-8.

17 Tagesson C, Sjodahl R. Studies of the phospholipase A,
activity of rat ileal mucosa. Scand J Gastroenterol 1985;
20: 25-30.

18 Shi-Hua Chen S, Kou A. Improved procedure for the
separation of phospholipids by high-performance liquid
chromatography. J Chromatogr 1982; 227: 25-31.

19 Folch J, Lees M, Sloane-Stanley G. A simple method for
the isolation and purification of total lipids from animal
tissues. J Biol Chem 1957; 226: 497-509.

20 Lowry OH, Rosebrough NJ, Farr A, Randall AR.
Protein measurement with the Folin phenol rengent. J
Biol Chem 1951; 193: 265-75.

21 Bohman SO, Maunsbach AB. Effects of tissue fine
structure of variations in colloid pressure of glutaralde-
hyde fixatives. J Ultrastr Res 1970; 30: 185-208.

22 Collins V, Arborgh B, Brunk U. A comparison of the
effects of three widely used glutaraldehyde fixatives on
cellular volume and structure. Acta Path Microbiol
Scand Sect A 1977; 85: 157-68.

23 Logani M, Davies R. Lipid oxidation: Biologic effects
and antioxidants - a review. Lipids 1979; 15: 485-95.

24 Chien K, Pfau R, Farber J. Ischaemic myocardial cell

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.28.11.1445 on 1 N

ovem
ber 1987. D

ow
nloaded from

 

http://gut.bmj.com/


Increased phospholipase A, and decreased lysophospholipase activity in the simlall intestinal mucosa 1453

injury. Prevention by chlorpromazine of an accelerated
phospholipid degradation and associated membrane
dysfunction. Am J Pathol 1979; 97: 505-30.

25 Shen A, Jennings R. Myocardial calcium and mag-
nesium in acute ischaemic injury. Am J Pathol 1972; 67:
417-40.

26 Shen A. Jennings R. Kinetics of calcium accumulation in
acute myocardial ischaemic injury. Am J Pathol 1972;
67: 441-52.

27 Van Den Bosch H. Intracellular phospholipases A.
Biochim Biophys Acta 1980; 604: 19 1-246.

28 Withnall M, Brown T, Diocee B. Calcium regulation
of phospholipase A, is independent of calmodulin.
Biochem Biophys Res Comm 1984; 121: 507-13.

29 Etienne J, Gruber A, Polonovski J. Inhibitory factor of
phospholipase A, in normal human serum. Biochem
Biophys Res Comm 1984; 122: 117-24.

30 Miwa M, Kubota I, Ischihashi T, Motojima H,
Matsumoto M. Studies on phospholipase A inhibitor in
blood plasma. I. Purification and characterization of
phospholipase A inhibitor in bovine plasma. J Biochem
1984; 96: 761-73.

31 Ballou L, Cheung WY. Marked increaise of humaI
platelet phospholipase A, activity in vitro and demon-
stration of an endogenous inhibitor. Proc Ntatl Aca(d Sci
1983; 80: 5203-7.

32 Bolin T, Sjodahl R, Sundqvist T. Tagesson C. Passage ot
molecules through the wall of the gastrointestinal traict.
Increased passive permeability in rat ileum ari'ter
exposure to lysolecithin. Scaid]J Gastroeticerol 1981 16:
895-901.

33 Leiboritz-Bengershon Z. Kobiler 1. Gatt S. Lysophos-
pholipases of rat brain. J Biol Chein 1972; 247: 6840)-7.

34 Sevanian A, Muakkassah-Kelly S, Montestrugue S. The
influence of phospholipase A, and glutathionc peroxi-
dase on the elimination of membrane lipid peroxides.
Arch Biochem Biophys 1983; 223: 441-52.

35 Terao J, Matsushita S. Thiobarbituric acid reaction of
methyl arachidonate monohydroperoxide isomers.
Lipids 1981; 16: 98-101.

36 Chiu C, McArdle AH, Brown R, Scott HJ, Gurd FN.
Intestinal mucosal lesion in lowflow states. A morpho-
logical, hemodynamic and metabolic reappraisal. Arcli
Surg 1970; 101: 478-83.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.28.11.1445 on 1 N

ovem
ber 1987. D

ow
nloaded from

 

http://gut.bmj.com/

