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Abstract

AIM: To investigate the changes in plasminogen activity
level during mesenteric ischemia.

METHODS: We performed laparotomy in 90 female
Wistar-Albino rats (average weight 230 g). In sham
groups (SL) (Groups I and 1) the superior mesenteric
artery (SMA) and vein (SMV) were explored, but not tied.
In SMA groups (Groups I and IV) the SMA was ligated,
and in SMV groups (Groups V and VI) the SMV was
ligated. On re-laparotomy 2 mL of blood was drawn at 1
hingroups 1, Il and V, and at 3 hin groups II, IV and
VI. Plasminogen levels were assessed and comparisons
were made between groups and within each group.

RESULTS: The mean plasminogen activity in the SL
group was significantly higher than SMA (25.1 + 10.8 vs
11.8 £ 4.6, P < 0.001) or SMV (25.1 + 10.8 vs 13.7 + 4.4,
P < 0.001) groups bothat 1 hand at 3 h (29.8 £ 8.9 vs
151 £ 5.7, P < 0.0001; 29.8 £+ 89 s 142 £ 29, P <
0.0001). There were no significant differences between
the values of SMA and SMV groups at 1 h (P = 0.28) and
at 3 h (P = 0.71). In each group, plasminogen activity
levels did not change significantly between the two
measurements performed at 1 h and 3 h.

CONCLUSION: We conclude that blood plasminogen
activities decrease during early phases of both arterial
and venous mesenteric ischemia which may be a useful
marker for early diagnosis.
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INTRODUCTION

Successful treatment of acute mesenteric ischemia depends
on restoration of circulation before the development of
intestinal necrosis, and hence on early diagnosis“’ﬂ. How-
ever, laboratory signs are non-specific even after the devel-
opment of necrosis and the rate of mortality is still over
50% even in experienced centers” !

Plasminogen is a protease synthesized in the liver. It is a
member of the fibrinolytic system and its plasma level are
stable. Plasma plasminogen level is known to dectrease in
several conditions such as disseminated intravascular coagu-
lation, severe hepatic failure, thrombotic disorders, throm-
bolytic treatment, and primary and secondary ﬁbrinolysis{&g].
Plasminogen is the most important element of the fibrino-
lytic pathway and our literature search has not revealed any
studies examining the change in plasminogen level during
acute mesenteric ischemia. Thus, in the present study, the
potential use of plasminogen level for the early diagnosis of
acute mesenteric ischemia has been investigated.

MATERIALS AND METHODS

The study protocol was approved by the Ethics Committee
of Haydarpasa Training and Research Hospital. A total of
90 female Wistar-Albino rats, with an average weight of
230 g (range: 190-270 g), were fed with standard food and
water at room temperature, and were allocated into 6 study
groups, each having 15 rats.

Surgical procedure

Rats were placed in a bowl containing a cotton pad
soaked with diethyl ether for about 3 min and then
anesthetized with ketamine 50 mg/kg, IM. After shaving
and sterilization of the abdominal wall with povidone
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iodine solution, laparotomy was performed through a
midline incision. In all groups the superior mesenteric
artery (SMA) and vein (SMV) were explored and 3/0 silk
suture materials were placed around the vessels. In sham
laparotomy groups (Groups I and II) sutures were not
tied. In the SMA occlusion groups (Groups Il and IV)
the SMA was ligated; while in the SMV occlusion groups
(Groups V and VI) the SMV was ligated. Abdominal walls

were closed with continuous 3/0 silk sutures.

Blood sampling

Exploration and ligation of the artery and the vein were
taken as zero time point. Re-laparotomy was performed at
1 hin groups I, Il and V, and at 3 h in groups 1I, IV and
VI, and 2 mL of blood was drawn from the heart with a
21G syringe.

Tests and assessments

Two-milliliter blood samples, collected at 1 h and at 3 h,
were centrifuged in citrated tubes for 15 min at 4500 r/min.
They were then stored at -20°C until being assayed. Plas-
minogen was assessed as chromogenic enzyme activity
by the Streptokinase method by using a Dade Behring
Coagulometry. SMA occlusion, SMV occlusion and Sham
laparotomy (SL) groups were compared with respect to plas-
minogen activity levels at 2 time points. Also plasminogen
activities at 1 h and at 3 h were compared within each group.

Statistical analysis

The statistical analyses were performed with SPSS (Statisti-
cal Package for Social Sciences) for Windows 10.0. Wilcox-
on test was used to compare the data obtained at different
time points. Kruskal-Wallis H analysis was used to com-
pate three groups and Mann Whitney U Test was used for
pair wise comparisons between groups. The results were
evaluated at a confidence interval of 95%, and P values
less than 0.05 were considered statistically significant.

RESULTS

During the first hour of ischemia, the small intestine and
right colon were pale and edematous at laparotomy in
SMA- and SMV-ligated rats. These structures turned dark
red and/or putple by the end of the third hour. At 1 h,
the mean plasminogen activity in the SL group was sig-
nificantly higher compared to the SMA or SMV occlusion
groups (25.1 £ 10.8 »s 11.8 £ 4.6 or 13.7 £ 4.4, P < 0.001).
Although plasminogen activity levels in the SMA occlu-
sion group were lower than the SMV occlusion group, the
difference between the two was not statistically signifi-
cant. Also, at 3 h, plasminogen activity in the SL group
was significantly higher compared to the SMA and SMV
occlusion groups (29.8 £ 8.9 »s 15.1 + 5.7 or 142 + 2.9,
P < 0.0001). Plasminogen activities in the SMA occlusion
group were higher than those in the SMV occlusion group
with no significant difference.

In each group, plasminogen activity levels did not
change significantly between the two measurements pet-
formed at 1 and 3 h. Plasminogen activity levels within and
between groups are presented in the Table 1.

2541
Time points  Sham group  SMA occlusion SMV occlusion P value
group group
1sth 251+10.8 11.8+4.6 13.7+4.4 P <0.001
3rd h 29.8+89 151157 142+29 P <0.0001
P values P=0.21 P =0.088 P=0.71

SMA: Superior mesenteric artery; SMV: Superior mesenteric vein.

DISCUSSION

Both metabolic and morphologic changes are observed
during mesenteric ischemia. As reported by Brown ef al,
structural changes start to occur within the first 10 min of
ischemia”. It has also been reported that within 30 min of
ischemia a remarkable amount of fluid accumulates, both
in the basement membrane and between cells resulting in
paleness of villi, and also inflammatory cells accumulate! ',
Thus, laboratory markers with high sensitivity and specificity
that can be utilized 1 to 2 h prior to the occurrence of
irreversible changes would be beneficial in the early
diagnosis of acute mesenteric ischemia.

Most of the previous studies examining intracellular
enzymes released from ischemic bowel failed to identify
any marker sensitive or specific to disease for early
diagnosis[l‘%’ls]. The most likely explanation for the failure to
identify such an early marker is that these enzymes usually
appear in the blood only after irreversible ischemia has
occurred in the bowel and that they ate taken to the liver
through the portal system to be metabolized. Murray ez al"”
demonstrated an increase in the blood levels of D(-)-
lactate, a product of bacterial metabolism, 2 h following
superior mesenteric artery occlusion. However, D(-)-
lactate is also known to be produced in increased amounts
in several conditions associated with bacterial proliferation,
such as non-ischemic obstruction, intestinal perforation
and peritonitis. So, D(-)- lactate does not seem to be
specific for this disease.

Inorganic phosphate, which is the most important
anion at the intracellular space, has also been investigated
in models of mesenteric ischemia ", A significant
rise in serum phosphate level occurred after 4 h of
ischemia, which was not helpful for an early diagnosism].
Regional intestinal ischemia is reported to be detected and
monitored by means of a microdialysis catheter placed
in the peritoneal cavity or the bowel lumen by measuring
lactate, pyruvate, glycerol and glucose levels™.

Plasma markers of coagulation and fibrinolysis such
as fibrinogen, soluble fibrin, D-Dimer, tissue plasminogen
activator/plasminogen activator inhibitor complex levels,
have previously been studied in intestinal ischemia™™.
However, the change in plasminogen levels, a fibrinolytic
marker, has not been studied during acute mesenteric
ischemia. In the present study, the role of plasminogen
as a novel and specific marker for the early diagnosis of
mesenteric ischemia was investigated.

Plasminogen is a single-chain glycoprotein that is
produced in the liver and found in plasma under normal
conditions; it has a half-life of 2.2 d. Average plasma level
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is 21 mg/dL and its enzymatic activity ranges between 75%
and 150% in humans. The evel of plasminogen activity in
rats changes with age and sex of the animal, but it is much
lower than those in humans. The parameters we measured
in this study are comparable with those in the literature™”,
Plasminogen binds to fibrin as soon as a fibrin clot forms.
That is, the fibrinolytic system is activated as coagulation
continues. Plasminogen is converted to active plasmin by
tissue plasminogen activator (t-PA), which is present in
many tissues as well as in plasma and endothelial cells™",
During intestinal ischemia coagulation and fibrinolysis are
activated. Fibrin production is coupled with the conversion
of plasminogen to plasmin by t-PA released from hypoxic
intestinal endothelium®™’,

In this rat model of acute mesenteric ischemia pro-
duced by arterial and venous occlusion, we measured
blood plasminogen activity levels after 1 h and 3 h of
ischemia and compared the plasminogen activities within
and between groups. After 1 h of ischemia, a significantly
lower activity of plasminogen was observed in both arte-
rial and venous occlusion groups compared to the sham
group, and the difference was maintained up to 3 h of
ischemia. No significant differences between plasminogen
activity levels after 1 h and 3 h of ischemia were present
within the groups. The decrease in plasminogen levels may
be attributed to the increased consumption of plasmino-
gen by conversion to plasmin, due to the increased t-PA
activity and fibrinolysis.

These data suggest that blood plasminogen activities
are decreased during the eatly phase of both arterial and
venous mesenteric ischemia, and plasminogen activity lev-
els may be a useful marker for the early diagnosis of this
disease. However, more research is required to exclude
other possible causes of the fall in plasminogen activities.

COMMENTS

Background

Acute mesenteric ischemia has no specific marker for early diagnosis and thus, it
is mortal in half of the cases. In this study, we investigated significance of changes
in plasma plasminogen activity level during mesenteric ischemia.

Research frontiers

In this study we found a significant reduction in plasminogen activity level during
early phases of both venous and arterial mesenteric ischemia. However, we need
more research to understand its value in human mesenteric ischemia and also we
should find equipment in laboratories for urgent plasminogen level determination
so that the test could be helpful before bowel necrosis developed.

Innovations and breakthroughs

Several parameters have been studied for early diagnosis of mesenteric ischemia
but none of them are found to be valuable. As plasminogen is a member of the
fibrinolytic pathway we thought its plasma level could change in the condition and
this change could be diagnostic.

Applications

Plasminogen level determination may be helpful in early diagnosis of mesenteric
ischemia before bowel necrosis develops and we can manage the patient early
preventing mortality.

Terminology
Mesenteric ischemia is an acute condition resulting from occlusion of either
mesenteric artery or vein. It is recommended early management is necessary
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because after the development of bowel necrosis there is not much to do for the
recovery of the condition. Plasminogen is a protein synthesized in liver which is
known as a member of the fibrinolytic pathway.

Peer review

The research is very interesting since the author’s demonstrated that blood
plasminogen activities decrease during early phases of both arterial and venous
mesenteric ischemia, which may be a useful marker for early diagnosis. It appears
that many potential cases could be lost or misrepresented by the range on values
in normal and abnormal groups.
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