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Abstract

v

Alpha-macroglobulins are proteinase inhibitors.
Monofluorophosphate increases alpha-macroglob-
ulin levels in plasma, inducing a higher survival
rate and lower pancreatic damage in rats with pan-
creatitis. The aim of this study was to evaluate the
effect of alpha-macroglobulin on the development
of pancreatitis. Pancreatitis was surgically induced
in Sprague-Dawley rats divided into groups of 16
rats each and subjected to the following intrave-
nous treatments for 3 days: Controls: pancreatitis
without treatment, Enriched plasma: pancreati-
tis+alpha-macroglobulin-enriched plasma, Normal

plasma: pancreatitis+plasma with normal levels of
alpha-macroglobulin, Saline Solution: pancreati-
tis+saline solution, Purified alpha-macroglobulin:
pancreatitis+purified alpha-macroglobulin. After
14 days pancreatic damage was assessed using a
score that measures: edema, fibrin, neutrophils,
mononuclear leukocytes, necrosis, vascular con-
gestion, thrombosis, hemorrhage and fibrosis. Pan-
creatic damage decreased and the percentage of
animals with pancreatitis was lower in enriched-
plasma and purified alpha-macroglobulin groups.
We conclude that the intravenous administration
of alpha-macroglobulins causes a reduction in the
histological damage produced by pancreatitis.

Introduction

v

Acute pancreatitis is an inflammatory disease of
the pancreas characterized by auto-digestion of
the gland as a consequence of a release and pre-
mature activation of pancreatic enzymes [1]. The
development of pancreatitis depends partially on
the balance between proteinases and their inhib-
itors [2]; the pathogenic mechanisms involved
in the development of the disease are not well
understood. Alpha-macroglobulins (AM) are a
family of plasma proteins whose main function is
the inactivation of proteinases [3]. The binding of
AM to trypsin determines the fragmentation and
clearance of the AM-trypsin complex [4]. The
fragmentation process is detected in human pan-
creatitis and correlates with the degree of pro-
gression to multiple organ failure [5].

Studies using antiproteolytic agents in animal
models have shown an improvement in the
course of the disease. But whether this is effec-
tive for treatment of acute pancreatitis in humans
remains unclear [6]. Several studies are being
conducted where anti-citokine therapy is used as
damage control strategy in order to modulate the
inflammatory response and so, mitigate systemic
effects and organ failure [7].
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Sodium monofluorophosphate (MFP) is a drug
used for the treatment of osteoporosis [8] that
binds to plasma AM [9]. It has been demonstrated
that the administration of MFP for 30 days
increases plasma levels of AM in rats [10,11] and
modifies the course of pancreatitis [11]. The
administration of MFP before the induction of
pancreatitis showed a protective effect on the
pancreatic parenchyma. Morover, those animals
that received MFP after the surgical induction of
acute pancreatitis showed less pancreatic dam-
age than rats that did not receive MFP [12]. Ani-
mals pre-treated with MFP showed an increase in
the concentration of AM, so it could be assumed
that the protective role of the drug could be due
to a change in the homeostasis of AM that favors
the inactivation of the proteinases. There is a
direct association between the reduced pancre-
atic injury, the greater survival rate of MFP
treated animals and the increase in plasma AM
levels. However, there is no strong evidence that
this change in the homeostasis of AM is the cause
of the observed effects.

The present study was designed to assess the
effect of AM on the development of experimental
pancreatitis in rats.



Materials and Methods
v
The study was carried out on 7-week-old male Sprague-Dawley
rats. All experiments were performed in accordance with the
international ethical guidelines for animal care [13]. Acute pan-
creatitis was induced by incomplete closed duodenal loop (ICDL)
[12,14] in 80 rats.
After induction of pancreatitis, the animals were randomly
divided into groups of 16 animals each. Information about pain
was analyzed and rats euthanized when pain and suffering were
excessive. Amylase, AM concentration and the histological dam-
age score shown in this work belong to those animals that sur-
vived 14 days after induction of pancreatitis; for this reason the
number of rats initially assigned to each group (n=16) is not the
same as that indicated below for each group.

1) Controls (C, n=10): rats received no treatment after ICDL.

2) Pancreatitis+NaCl 0.9% (SS, n=14): Rats received an intrave-
nous (iv) injection of 0.5ml of saline solution in the tail vein
daily for 72 h after ICDL [15].

3) Pancreatitis+normal AM plasma levels (ANP, n=14): Rats
received an iv injection of 0.5ml of plasma with normal AM
levels daily for 72 h after ICDL.

4) Pancreatitis+AM enriched plasma (AEP, n=16): Rats received
daily for 72h after ICDL an iv injection of 0.5ml of plasma
with levels higher than normal of AM.

5) Pancreatitis + purified AM (PAM, n=14): Rats received an iv
injection of 0.5 ml with purified AM daily for 72 h after ICDL.

6) A group of 16 rats underwent the same experimental condi-
tions described before but with only a median laparotomy
and suture of the abdominal wall, without ICDL procedure
(Sham group).

Blood samples were drawn in order to measure plasma amylase

activity (Wiener Lab, Rosario, Argentina) and AM levels [11].

Animals were euthanized 14 days after surgery [16]. Pancreatic

and peri-pancreatic adipose tissues were removed. Microscopic

observations were performed by one experienced researcher
masked to the specific experimental condition of each prepara-
tion (SMR).

Histo-pathological Score

Pancreatic damage was evaluated using a numerical scoring sys-
tem [17]. Interstitial edema, fibrin deposition, infiltration of
neutrophils and mononuclear cells, fatty tissue and parenchy-
mal necrosis, congestive blood vessels, hemorrhage, vascular
thrombosis and fibrosis were all assessed. These parameters
were considered markers of injury [18] and they were graded
independently with a qualitative scale. Number 0 was assigned
if there were no changes, 1 to minimum changes, 2 to moderate,
3 to severe. The final score for each rat was calculated by adding
the value of the score of each parameter studied.

Production of AM enriched plasma

Blood samples of 8 rats were taken in order to determine the
baseline levels of AM [11]. One group (n=4) was given 80pumol
MFP/day orally for 30 days in order to obtain plasma with higher
concentrations of AM than normal (AM-enriched plasma: AEP).
Previous studies have shown that 30 days is enough time to pro-
duce increased levels of AM in plasma [10,11]. The other group
received distilled water orally during the same period of time
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(normal AM plasma levels ANP). At the end of this period, blood
was drawn by cardiac puncture and levels of AM in plasma were
measured to confirm the effect of MFP (data not shown).

AM purification from rat plasma

Plasma from rats was chromatographed on a column of Sepha-
dex® G100 (Pharmacia Fine Chemical, Uppsala, Sweden). Frac-
tions of 0.5 ml were collected and AM content was analyzed by
western blot [19] in order to select the fraction of the S column
containing AM.

Statistical analysis

Statistical analysis was performed with R 2.14.0 (R Development
Core Team. 2011. R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Aus-
tria). Differences were considered significant if p<0.05.

Results

v

Amylase increased significantly 24 h after surgery in all groups
(o Table 1). However, the values did not correlate with score. As
a consequence it has not been used for the classification in rats
with and without pancreatitis. Histological evaluation showed
that animals with pancreatitis treated with AM enriched plasma
(AEP) or purified alpha-macroglobulin (PAM) had less damage to
the pancreatic parenchyma compared to groups with pancreati-
tis receiving no treatment (C). A decrease of approximately 3
units in the score was observed in groups treated with AEP and
PAM compared with animals without treatment (© Table 2).

In addition, the percentage or rats with pancreatitis was deter-
mined for each group. A value of the histological score higher
than 4 and the death as a consequence of pancreatitis were con-
sidered to classify the animals as with pancreatitis. The value of
4 was selected considering the value of the mean of Sham group
plus 2 standard deviations. An important decrease in the per-
centage of rats with pancreatitis was observed in animals

Table 1 Plasma levels of amylase (Ul/ml). See material and methods for
acronyms. Results are shown as mean +SEM.

Basal 24h
Sham 22.9+2.8 41.5+3.2*
C 23.7+2.2 91.8+36.2*
SS 26.1+3.4 61.1+16.1*
ANP 30.4+3.9 43.4+8.1*
AEP 26.9+6.3 42.0+8.1*
PAM 29.1+4.0 64.1+9.3*

*indicates difference compared to basal value, p<0.05 paired Student T test

Table 2 Score of histological damage in experimental groups. See mate-
rial and methods for acronyms. Results are shown as mean £ SEM. ANOVA,
p<0.05.

Sham 2.1+0.6
C 6.7+1.0°
SS 6.5+0.9"
ANP 5.9+1.3
AEP 3.410.6°
PAM 3.1+0.5°

2indicates significant difference compared to C
bindicates significant difference compared to Sham, Tukey test
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Table 3 Number and percentage of rats with pancreatitis.

Sham C SS ANP AEP PAM
number of rats with 4 14 12 12 4 5
pancreatitis
number of rats without 12 2 4 4 12 11
pancreatitis

% of rats with pancreatitis 25 88 75 75 25  31*

*indicates difference compared to C. See material and methods for acronyms.
p<0.05. Test for equality of proportions

Table 4 Plasma levels of alpha-macroglobulin. See material and methods
for acronyms. Results are shown as mean = SEM. Repeated measures ANOVA,
p>0.05.

alpha-macroglobulin (pmol/l)

Ohs 24hs 48hs 72hs
Sham 21.8+3.7 20.4+6.8 22.6+x4.4 22.4+3.4
C 21.3+4.2 18.2+4.3 19.0+£3.2 19.6+4.9
SS 19.8+3.3 23.0£4.0 18.9+1.4 22.1+3.3
ANP 19.8+3.2 12.3+1.2 15.1%£2.3 10.4%£1.3
AEP 19.3+2.9 13.0£2.9 12.5+2.2 17.1+4.2
PAM 21.6+1.0 20.1+3.2 219+34 25.0+2.9

injected with AM (group PAM) and with AM enriched plasma
(group AEP) (© Table 3). The injection of saline solution or
plasma with normal levels of AM did not change the percentage
of rats with pancreatitis. It is important to consider that even
among animals without ICDL (Sham group) there were cases in
which some sort of damage to the pancreatic parenchyma was
present (¢ Table 2) and in which an increase in plasma amylase
was observed.

Plasma concentration of AM showed no statistically significant
differences among the experimental groups after 72h (¢ Table 4),
although a slightly increase was observed in PAM. Plasma levels
of AM did not correlate with score.

Discussion

v

Drug therapy of acute pancreatitis has not produced satisfactory
results, and treatments meant to inhibit the self-digestive proc-
ess have been ineffective mainly because the early pathophysiol-
ogy of the disease is poorly understood. It has previously been
shown that MFP administered before the surgical induction of
pancreatitis is able to increase the survival of rats, attenuates the
experimental course of acute pancreatitis, and reverses its
histological signs. Morover, when animals receive MFP after the
induction of pancreatitis, the pancreatic damage is lower. Previ-
ous studies from our laboratory showed that the administration
of MFP disturbs the homeostasis of AM increasing its plasma
levels [10,11]. The inhibitory effect of AM on proteinases sug-
gests for it a protective role in the development of pancreatitis.
The role of AM in the acute attack is undisputed and, once pan-
creatitis is established, its expression increases significantly
[20]. These findings suggest a protective effect of MFP in the evo-
lution of pancreatitis and that the increase of AM could be the
limiting factor in the severity of acute pancreatitis. The experi-
ments carried out in this study were performed to determine

whether the administration of AM has a protective effect on the
development of experimental pancreatitis.

The experiments showed that the score of pancreatic damage in
rats that received plasma enriched with AM (AEP) and purified
AM (PAM) was lower than in rats that did not receive it. This
protective effect could be due to the AM injection. The effect of
AEP and PAM can not be the consequence of MFP, because AEP
has been obtained after 24h of the last dose, when MFP has
completely cleared from plasma. The fact that the SS group had
the same level of damage and percentage of disease than con-
trols rules out a possible beneficial effect of volume replacement
on the progression of pancreatitis. The similarity of score values
between groups C, ANP and SS, all with the greater pancreatic
damage, further supports this conclusion. While previous results
support the hypothesis that the administration of AM could be
responsible for a less aggressive evolution of the disease, it is not
possible to exclude the presence of other factors in the plasma
enriched with AM as the cause of this effect.

The score of pancreatic damage and the percentage of animals
with pancreatitis in the group treated with purified AM were
similar to the sham group, a result that guarantees that AM may
have an important role in the prevention of pancreatic damage.

Conclusions

The administration of autologous plasma enriched with AM or
purified AM attenuates the development of pancreatic damage
in rats with experimental pancreatitis. Thus AM could affect, in
a beneficial manner, the evolution of acute pancreatitis and its
systemic complications.
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