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Waldo et al., Shock, 20: 138 - 143, 2003

Ne
ut

ro
ph

il 
Ac

tiv
at

io
n 

(%
)

A
or

ta

H
ea

rt

B
ra

in

Li
ve

r

Sp
le

en

Sm
al

l
In

te
st

in
e

K
id

ne
y

Pa
nc

re
as

Th
ym

us

Sk
el

et
al

M
us

cl
e



Kistler et al., Microcirculation, 7:183-192, 2000;
Waldo et al., Shock, 20: 138 - 143, 2003

Ne
ut

ro
ph

il 
Ac

tiv
at

io
n 

(%
)

A
or

ta

H
ea

rt

B
ra

in

Li
ve

r

Sp
le

en

Sm
al

l
In

te
st

in
e

K
id

ne
y

Pa
nc

re
as

Th
ym

us

Sk
el

et
al

M
us

cl
e



Hydrolyse proteins, carbohydrates, lipids, nucleic acid

Pancreatic DigestivePancreatic Digestive
ProenzymesProenzymes

Proteolytic EnzymesProteolytic Enzymes::
Trypsinogen
Chymotrypsinogen
Proelastase
Procarboxypeptidase A
Procarboxypeptidase B

Amylolytic Amylolytic EnzymesEnzymes::
Amylase

Lipolytic Lipolytic EnzymesEnzymes::
Lipase
Prophospholipase A1
Prophospholipase A2

NucleasesNucleases::
Deoxyribonucleases (DNAse)
Ribonuclease (RNAse) Waldo et al, 2003
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Pancreatic Enzyme Derived Inflammatory Mediators



PBS

10 min

20 min

30 min

Pseudopod

Organ homogenates with pancreatic enzymes produce cell death

Penn et al., in review, 2006



Mitsuoka et al., Shock:17, 205 2002

Pancreatic Digestive Enzyme Blockade with ANGD, FOY® (Gabaxate mesilate), and Aprotinin

Schimmeyer et al.,  in review
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Non
Ischemic

Intestinal
Fluid

Saline
Perfusion

ANGD
Perfusion

Intestinal Mucosal Injury Leukocyte Infiltration

Mitsuoka P. N. A. S., 97:1772-1777, 2000.



Mitsuoka P. N. A. S., 97:1772-1777, 2000. 
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Acute Respiratory Distress Syndrome



Intestinal Enzyme Blockade Prevents Cell Death in the Peripheral Microcirculation

Fitzal et al., J. Vasc. Res., 39:320-329, 2002

Rat Cremaster Muscle



80 min Ischemia 80 min Reperfusion

Sham

Intestinal Lavage
with Buffer

Intestinal Lavage
with FOY

Fitzal et al., J. Vasc. Res., 39:320-329, 2002



What are the inflammatory mediators ?
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Effect of Aqueous Extract of Incubated Pancreatic 
Homogenate on Haemodynamic Functions in the Rat
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Effect of Non-Incubated Pancreatic Homogenate On 
Haemodynamic Functions in the Rat
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Effect of Incubated Pancreatic Homogenate On 
Haemodynamic Functions in the Rat
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Effect of Lipid Extract of Pancreatic Homogenate On 
Haemodynamic Functions in the Rat
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Kramp, et al., Shock, 20:356-362, 2003



Electrophoresis pattern of aqueous fraction of 
incubated (I) and non-incubated (N) pancreatic homogenates 

Kramp, et al., Shock, 20:356-362, 2003



A breach of the intestinal mucosal barrier causes

Pancreatic
Digestive
Enzymes

Destruction of the Mucosal
Epithelial Barrier

Cardiovascular Cytotoxicity
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Swelling of the Lung & ARDS

Escape of Digestive Enzymes into the 
Wall of the Intestine and Auto-digestion

Cell Activation


