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An impaired phagocytic function is associated
with leucocyte activation in the early stages of
severe acute pancreatitis

G Liras, F Carballo

Abstract
Background-An excessive leucocyte
activation takes place early in severe acute
pancreatitis. Furthermore, some indirect
evidences suggest a disturbance of the
mononuclear phagocytic system in the
severe cases.
Aims-To compare the early functional-
ism of leucocytes obtained from patients
with mild disease and severe disease,
under the hypothesis that an impaired
phagocytic function could be associated
with the leucocyte activation.
Patients and methods-Flow cytometric
parameters of leucocyte function, such as
phagocytosis, and fluorescence of leuco-
cytes with acridine orange (FLAO) were
prospectively measured together with
granulocyte elastase plasma concentra-
tions in 21 patients with severe (n=7) and
mild (n= 14) acute pancreatitis. Samples
were drawn at 24 hours from admission,
48 hours, 72 hours, and on day 5.
Results-There was a greater leucocyte
activation together with a deficient phago-
cytosis before 72 hours in severe patients.
The results (mean (SEM)) severe v mild
were: 440 (115) jiglI v 77 (14) ig/Il for gran-
ulocyte elastase, 2.218 (377) v 1.308 (155)
for FLAO, 64 (7) v 90 (2), and 55 (9) v 81
(3) for percentages of phagocytising
neutrophils and monocytes, respectively.
Phagocytic capacity returned to normal
later on day 5.
Conclusions-The excessive leucocyte
activation together with the impaired
phagocytosis could be related to the onset
of complications in severe acute pancre-
atitis.
(Gut 1996; 39: 39-42)
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only in a local environment but also spreading
further the damage and activating proteolytic
systems as complement, kinin, coagulation,
and fibrinolysis cascades.7-9 This complex
mechanism has been implicated in the devel-
opment ofboth local (that is, infected necrosis,
abscess, pseudocyst) and systemic complica-
tions of severe pancreatitis, as multiple organ
failure, adult respiratory distress syndrome or
disseminated intravascular coagulation.'0 On
the other hand, the mononuclear phagocytic
system participates in various reparative
processes, such as clearance of bacteria, cel-
lular debres, and protease-antiprotease com-
plexes. Some clinical and experimental indirect
evidence suggest an impaired functionalism of
the mononuclear phagocytic system in compli-
cated acute pancreatitis.11 12 In this study the
basis for the hypothesis was that the impaired
phagocytic functionalism could be associated
with the leucocyte activation in severe cases.
To confirm this hypothesis we prospectively
measured by flow cytometry the early phago-
cytic activity of leucocytes and its time course
in peripheral blood samples obtained from
patients with acute pancreatitis. Additionally,
we studied other parameters of leucocyte func-
tion, such as cellular volume, and nuclear
activation measuring the fluorescence of vitally
stained samples with acridine orange (FLAO).
Moreover, we simultaneously analysed the
plasma concentration of leucocyte proteases as
an index of neutrophil activation, and as indi-
cator of the leucocyte mediators release into
the inflammatory focus. We show new data
supporting the hypothesis that activated
neutrophils together with a deficient phago-
cytic functionalism could be related to the
development of complications in patients with
severe acute pancreatitis.
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Activated neutrophils and macrophages play a

central part in the pathophysiology of severe
acute pancreatitis.1-3 Neutrophil activation is
triggered by stimulating adhesion molecules
exposed in the damaged endothelial cells.4
Activated polymorphonuclear granulocytes
release potent lysosomal proteases, mainly
granulocyte elastase, together with oxygen free
radicals.5 These oxidising agents inactivate
several protease inhibitor systems such as a1

antiprotease or a2 macroglobulin.6 So, free
proteases can exert their harmful effects not

Patients
A total of 21 patients with acute pancreatitis
were prospectively included in the study.
Diagnosis of acute pancreatitis was based on
characteristic clinical symptoms and increased
serum activities of amylase, at least twice the
upper limit of the reference range (20-128
U/l). All patients underwent subsequent inves-
tigation by imaging techniques (ultrasono-
graphy and computed tomography) to confirm
the diagnosis and to clarify the aetiology of the
episode. The mean (SD) age of the patients
was 66-4 (13.7) years; two were male and
19 were female. By aetiology, there was a
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Number of major complications developed in patients with severe acute pancreatitis.
Balthazar grade ofcomputed tomogram is also shown

Patient 1 2 3 4 5 6 7

Balthazargrade (CT) E D D C D D D
Necrosis * * *
Necrosis and haemorrhage * *
Pseudocyst *
Cardiac insufficiency * *
Respiratory insufficiency * * * * *
Renal failure * * * *
Shock * * *
Sepsis * *
Fatal outcome + +

pronounced predominance of biliary pancre-
atitis (17 patients), and not one of the patients
presented alcoholic pancreatitis. Four patients
presented idiopathic pancreatitis. Fifteen
patients presented a first episode, while six
were relapses. The interval between the onset
of symptoms and admission of the patient to
the hospital was short - that is, two to 12
hours.

Patients were classified into two groups,
mild pancreatitis (n= 14) and severe pancreati-
tis (n=7), taking into account the findings of
the computed tomography (CT), and the
development of one or more systemic compli-
cations of the disease (Table). The criteria for
diagnosing local and systemic complications
were those generally accepted.'3 The informa-
tion obtained in the CT was classified accord-
ing to Balthazar et al.'4 No patients of the
group with mild disease showed a score of the
CT analysis equal of upper than grade C,
according to Balthazar classification.

Scores of severity according to the Imrie
classification15 were also obtained. In the
group of mild disease the mean (SD) of Imrie
criteria was 1.5 (0.9) and the interval of values
ranged between 0 and 3. Three patients of this
group fulfilled three Imrie criteria. In the group
of severe disease the mean (SD) was 4-6 (1 1)
and the interval of values, 3 to 6. Of all
patients, seven required surgery (six cholecys-
tectomy and one drainage of pseudocyst).
Among patients with severe disease one

(patient 1, Table) presented with a persistent
leucocytosis, impaired coagulation laboratory
tests, raised granulocyte elastase (601 ,ug/l)
and fever, although blood cultures were
negatives. Two patients (2 and 3, Table)
needed intensive care treatment as a result of
their respiratory insufficiency and acute renal
failure. Of these two, one died at day 4 as a

consequence of multiple organ failure develop-
ment. Another patient with severe pancreatitis
(patient 4, Table) also died as a consequence
of multiple organ failure development at day
13 after admission. Two patients (5 and 6,
Table) developed sepsis by Escherichia coli and
Staphylococcus aureus methycillin resistance,
respectively, and one also presented a pseudo-
cyst that required surgery. The last patient
included in this group suffered respiratory
insufficiency at admission.

Laboratory methods
EDTA and heparin anticoagulated venous

blood samples were drawn at the first 24 hours
from the admission, 48 hours, 72 hours, and

on day 5 of hospitalisation. EDTA anticoagu-
lated plasma samples were frozen at -700C
and subsequently analysed for granulocyte
elastase concentrations using the immunoacti-
vation assay (Merck, Darmstadt, Germany)
and following the specifications of the manu-
facturer. Reference range (mean value (SD))
of the assay is 22 (10) pRg/l. Flow cytometric
analysis were performed immediately (before
two hours) in heparinised (10 U/ml) blood
samples obtained from 21 patients. Samples
from 12 healthy donors were also analysed to
attain an adequate performance of the cyto-
metric procedures. The percentage of phago-
cytising cells (neutrophils and monocytes) was
assayed in whole heparinised blood samples
with the Phagotest kit (Orpegen, Heidelberg,
Germany) measuring fluorescence of 5000
leucocytes per sample in a FACScan flow
cytometer (Becton Dickinson, San Jose, CA)
and following the procedure indicated by the
manufacturer. The expected interval of values
for phagocytosis in healthy normal subjects is
70-90% for monocytes and 70-95O/o for
neutrophils.

Fluorescent staining of buffy coat leucocytes
obtained by sedimentation at 200 g and 4°C
for 10 minutes was performed following the
procedure of Rothe et al.16 The leucocytes
were collected at the erythrocyte/plasma inter-
face and resuspended in autologous plasma at
a final concentration of 35X 107 leucocytes/
ml. This cell suspension (250 RI) was incu-
bated for 15 minutes at 40C with 5 gl of a dye
cocktail containing 0.96 mmol/l of acridine
orange (Sigma) and 3 mmol/l of propidium
iodide (Becton Dickinson) in N,N-dimethyl-
formamide (Sigma). Acridine orange stains the
DNA of leucocytes and propidium iodide
counterstains the DNA of dead leucocytes.
The fluorescence of 3000 cells per sample was
measured in the FACScan cytometer exciting
with an argon laser light (488 nm) and measur-
ing fluorescence at 530 nm (acridine orange
green fluorescence) and at 575 nm (acridine
orange and propidium iodide red fluores-
cence). Cellular volume of leucocytes was
calculated by measuring the forward angle
light scattering of leucocytes as previously
reported.17 18 The flow cytometer was
calibrated with the CaliBRITE flow cytometer
beads reagent (Becton Dickinson, San Jose,
CA).

Statistical methods
Comparison of data between both groups of
patients was performed by the Mann-Whitney
test. Coefficient of correlation and statistical
significance between values of granulocyte elas-
tase and fluorescence intensity with acridine
orange were also calculated.

Results
Figure 1 shows the plasma granulocyte elastase
values obtained in the patients' samples.
Statistical significance was found between both
groups of patients during the time course
studied. Figures 2 and 3 show the percentage
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An impaired phagocytic function is associated with leucocyte activation in the early stages of severe acute pancreatitis
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monocytes), cellular volume of leucocytes, and

to fluorescence intensity values (arbitrary units)
with acridine orange. Before 72 hours a lower

)o / \phagocytic capacity for neutrophils andmonocytes were found in severe pancreatitis
compared with mild pancreatitis. However,

0o granulocyte elastase activities and fluorescence
p<0.05 with acridine orange were greater in patients

)0 p<O.05 with severe disease, indicating an excessive
PO.05 p<0.05 neutrophil activation. On day 5, only fluor-

escence with acridine orange and granulocyte0o elastase activities remained increased in severe

00 patients. The leucocyte activation expressed by
0 ) 1 2 3 4 5 the fluorescence intensity with acridine orange

T'ime (days) was directly related to the granulocyte elastase
plasma values, with a coefficient correlation of

e 1: Plasma granulocyte elastase values (mean 05474 (p<005). With regard to cellular
1)) obtained in patients with mild disease (0) and volume of leucocytes, statistical significancedisease (c). Statistical significance is shown. ot ledocyte carisonibewenwas not achieved in the comparison between

both groups of patients.
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Figure 2: Percentage of active phagocytic cells (neutrophils and monocytes) in samp
obtained before 72 hours and later on day 5. Mean (SEM) are shown for patients z

mild disease (0) and severe disease (0). Statistical significance is shown (ns, not
significant). Values obtained in the group of healthy donors are represented by conti;
lines (mean) and discontinuous lines (SEM).
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Figure 3: Fluorescence intensity with acridine orange and cellular volume of leucocy
samples obtained before 72 hours and later on day 5. Mean (SEM) are shown for 1
with mild disease (0) and severe disease (0). Statistical significance is shown (ns,
significant). Values obtained in the group of healthy donors are represented by conti
lines (mean) and discontinuous lines (SEM).

Discussion
We have simultaneously measured by flow
cytometry phagocytic and functional activities
of leucocytes together with granulocyte

--~~~~~elastase release in patients suffering mild and
severe episodes of acute pancreatitis. Our
findings are in agreement with the data
obtained by Rothe et al.16 These authors
found systemic changes in neutrophil function
(phagocytosis, intracellular pH, cellular
volume) associated with the development of
post-traumatic or septic multiple organ failure
in critically ill patients. Further indirect
evidence of an impaired functionalism of
the mononuclear phagocytic system in severe
acute pancreatitis has been found by other
authors.11 12 By example, a pronounced
depletion in serum aL2 macroglobulin concen-

lesh trations in severe pancreatitis has beenWith noted.19 20 An adequate macrophage function-

nuous alism is vital to remove cellular debris, bac-
teria, and the most important, perform the
clearance of protease-antiprotease complexes.
If this clearance is not adequately performed
these complexes could further spread systemi-

500 cally the damage. Different responses of
postsurgical macrophages to IL1 have been
found21 measuring secretion of protease and

400 protease inhibitor activities after in vitro expo-
sure to ILl. This different behaviour of

^ macrophages was found at various postsurgi-
3

cal times. In our study, an impaired phago-
300 E cytic response was shown mainly in the early

o stages of the disease (<72 hours), and on day
5 the phagocytic capacity of leucocytes was

200 c unable to differentiate between patients with
severe and mild acute pancreatitis. Despite
this fact, a deficient phagocytosis could be

100 found later in septic patients, as was found in
the patient with sepsis that developed a
pseudocyst. However, in the other patient

o with sepsis an early deficient phagocytic
response was demonstrated. It would there-

stes in fore be interesting to further investigate the
patients phagocytic capacity of leucocytes with a
nuous greater number of patients suffering from

acute pancreatitis and septic complications.
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Another remarkable finding concerning
phagocytosis was that this parameter nor-
malised in the two patients suffering imminent
multiple organ failure and fatal outcome.
Therefore, the percentage of active phagocytic
cells cannot be used in the prognosis of an
imminent severe complication of the illness.
Nevertheless, this finding is in accordance with
previous reports16 and controversy exists about
the origin of this recovered functionalism. One
explanation offered is based on the recruitment
of neutrophils from the marginated blood
vessel cell pool or from the bone marrow cell
pool,'6 although hyperergic phagocytosis could
also be a consequence of the neutrophil activa-
tion by anaphylotoxins - that is, C3a and C5a
complement cleavage products.22
With regard to the results obtained measur-

ing the fluorescence with acridine orange and
granulocyte elastase values, we confirmed
the previous findings obtained by other
authors'6 20 23 and also by our group.24 The
greater vital staining of resting neutrophils with
acridine orange is related to changes of chro-
matin condensation and nuclear activation.25
It is interesting to note that fluorescence inten-
sity with acridine orange and granulocyte elas-
tase activities remained increased even on day
5 in the group with severe disease. Data shown
in Figures 1 and 3 show that leucocytes
obtained from patients with severe disease
were more activated and that such activation
remained for a longer time in the early course
of the disease. However, phagocytic capacity
was recovered on day 5, and therefore clear-
ance of protease-antiprotease complexes could
be adequately performed, as was also con-
firmed by the decrease of granulocyte elastase
plasma concentrations. This fact could indi-
cate a persistence of leucocyte activation,
which is present together with a greater clear-
ance of protease-antiprotease complexes, at
this time point. Furthermore, fluorescence
intensity with acridine orange decreased more
in the group of patients with mild disease than
in the group of patients with severe pancreati-
tis.
An increased leucocyte cellular volume has

been also related to the process of activa-
tion.'6 18 In our study, greater mean values
were found in patients with severe disease, and
also in the early stages of the disease, but
statistical significance could not be attained in
the comparison between both groups of
patients. However, it is important to note that
cellular volume measured by the forward angle
light scattering can also be affected by other
parameters (not only the process of activation),
as the internal structure of the cell and the
refractive indices of cells and medium.'8
Data obtained strongly support the evidence

that an impaired functionalism of phagocytes
is present together with an excessive activation
of leucocytes in the early phases of severe
acute pancreatitis. Nevertheless, it would be
interesting in the near future to extend this
study to a series with a greater number of acute

necrotising pancreatitis or severe systemic
complications, or both, such as the adult res-
piratory distress syndrome, the intravascular
disseminated coagulation, and septic compli-
cations.
This study was supported by Health Investigation Fund (FIS)
grant number 94/5014.
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