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ABSTRACT - Purpose: To compare the effect of hyaluronic acid (HA) and of AG on the healing of intestine
wounds. Methods: The semi-purified extract of the eggs of the mollusc was obtained by fractionation with ammonium
sulfate and purification for ion-exchange chromatography. The obtained galactans were eluted in water (neutral
galactan) and in 0.1 and 0.2M NaCl (acidic galactans). The in vivo study was performed with 45 “Wistar” rats,
separated in three groups (n=15). Solutions containing HA 1%, GA 1% or saline solution 0,9%, was placed topically
on the sutures of wounds in the small intestine of the rats. After 05, 10 and 21 days the animals were sacrificed and
biopsy of the healing tissue was done. Results: The hystologic grading was more significant for HA and AG groups
when compared to the group C. AG stimulated the appearance of macrophages, giant cells and increase in the
concentration of collagen in the area of the wound when compared to HA. Conclusion: The topical use of GA in

intestinal wounds promoted the anticipation of events that are important in the wound healing.
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Introduction

Hyaluronic acid (HA) is the most basic
form of glycosaminoglycan. HA is a linear
polysaccharide, negatively charged,
viscous, non-sulphated, and has a high
molecular weight (10* to 107). It consists
of repeating disaccharide units of N-
acetylglucosamine and glucuronic acid
linked by b(1,4) and b(1,3) glycosidic
linkages, respectively!. HA is widely
distributed in vertebrates (mainly
humans), and invertebrates. HA is
involved in several cellular functions,
including cell proliferation? cell
locomotion®, and interactions with
leukocytes®. HA is used clinically the
treatment of joint disease®, in ophthalmic
surgical devices®, and some studies have
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suggested benefits of its application in
wound healing’.

In vertebrates HA is the predominant
glycosaminoglycan at the beginning of
morphogenesis. This coincides with the
migration of the mesenchymal cells.
Studies have demonstrated that HA is
then replaced by condroitin 6-sulfate
(probably  synthetized by the
mesenchymal cells), which becomes the
main glycosaminoglycans®.

These studies were extended to
invertebrates using the mollusc Pomacea
sp as a model. The results show the
appearance of a non-sulfated neutral and
acidic galactan at about day 5, coinciding
with the beginning of morphogenesis.
This compound reaches its maximum

concentration by day 7 and progressively
decreases until day 12 with a
concommitant appearence of condroitin
sulfate’. There are two waves of condroitin
sulfate concentration - one peak at day 9
and another at day 12. The appearence of
heparan sulfate by day 10 coincides with
the cytodifferentiation stage. No HA have
been demonstrated in the eggs of this
mollusc. Analyzed the sequence of
emergence of the polysaccharides with
the histologic the findings that an acidic
galactan is synthetized by the eggs during
morphogenesis and of GAGS with the
cytodifferentiation'®.

Considering that HA is not found in the eggs
of the mollusc, and that AG is synthesized
during morphogenesis, in mammals, AG
maybe substituting for the function of HA
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in the mollusc. Thus, there is a strong parallel
between the embryonic development of
mammals and molluscs. An acidic
environment is provided by HA or AG at
the beginning of morphogenesis, favoring
the migration of mesenchymal cells®.
Wound healing can be separated into an
early phase and later phase. The early
events shortly after injury is comprised
by an increase in the HA content of the
wound'"'?, and latter events can be
viewed as an extremely efficient type of
wound healing. This appears to be a well
defined sequence of events: a matrix rich
in HA is laid down in then, cell-poor space,
mesenchymal cell migration is stimulated,
and the HA matrix is infiltrated by
migrating cells from adjacent tissue. Cells
within the HA matrix secrete both
hyaluronidase, which degrades HA,
glycosaminoglycans, and collagen, which
concomitantly replace the HA as the matrix
is remodeled'®. The small HA fragments
also stimulate phagocytic macrophages,
which remove dead cell and older matrix
components. This function is important
because it allows cells proliferation and
deposition of new matrix components to
proceed efficiently.

Wound healing is a dynamic process
involving both migration and repair. An
inflammatory process with granulation

TABLE 1 - Grading values of healing wounds

tissue synthesis, synthesis of collagen
and remodeling of matrix characterizes the
wound healing. This whole process is
modulated biologically by active
substances, produced by cells'4.

Methods

Forty five Wistar rats (weighing on
average 343,78 £31,22g), were separated
in three groups HA (hyaluronic acid), AG
(acidic galactan) and C (control-saline
solution) with n=15 each, and observed
in individual cages. Anesthesia and
antiseptic operative techniques were used
for wound creation. An incision of 1,5 cm
was made in the proximal intestine and HA
1%, AG 1% or saline solution 0,9% was
placed in the suture. After 05, 10 and 21
days the animals were killed and a biopsy
was taken from the scar tissue.
Histopathologic methods were used to
determine levels of necrosis, abscess,
neutrophils, monocytes, lymphocytes,
granulation tissue and collagen. After
being stained with hematoxylin and eosin,
sample were submitted for histological
analysis and the data were transformed in
scores and quantified in agreement with a
modified score technique'® (Table 1). The
Kruskall-Wallis nonparametric test was
used to compare the treatment and control
groups. P<0,05 was defined as statistically
significant.

Variant +1 +2 +3 +4 Factor
Necrosis -10
Abscess S5
Neutrophils 3
Lymphocytes 3
Monocytes +5
Granulation tissue +5
Collagen +25
Score

Results with water and 0.1M NaCl, and 0.2M NaCl,

Purification and analysis of the acidic
galactan

The different fractions were analysed by
anthrone and protein (280 nm) (Figure 1).
The extract from day 10 shows the
presence of three peaks (I, I and IIT) eluted
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respectively, with a positive reaction for
anthrone. The fractions of the peaks were
subjected to agarose gel electrophoresis.
The Peak I, eluted with water was a neutral
galactan (no reaction with toluidine blue).
Peak II contained the slowly moving
component, and peak III showed a faster
moving component (Figure 2).
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The Peaks IT and IIT were submitted to acid
hydrolysis and the products observed on
paper chromatography in two different
solvents, showing that galactose is the
principal representative of these polymers
(Figure 3). Structural studies showed that
the acidic galactans, with molecular
weights estimated as 600,000 Da and 2,5 x
10° Da for Peaks I and II, respectively, are
in accordance with® (Figure 4).

This slowly moving component obtained
from day 10 showed the presence of
galactose. No uronic acid, sulfates, no
proteins could be detected. This compound
can be characterized as galactan -containing
galactosamine with an acidic character, due
to its positive electrophoretic migration and
positive staining with toluidine blue®. The
presence of pyruvic acid in the galactan of
approximately 0,5%, suggest an acidic nature
and corresponds to a similar descript in the
eggs of Pomacea lineata®.

In vivo investigation of wound healing:
Peak IT was used for the in vivo assay, since
ithas the approximately the same molecular
mass as AH.

Granulation tissue and inflammatory cells
(neutrophils, monocytes and lymphocytes)
were in great intensity (+2,+3) the subgroup
AG]. The score average of subgroup AG1
was 55,4 + 3,04. It is significantly higher
than of the subgroups C1 and AH1 which
were, 43,4 + 18,92 and 49,4 + 10,78,
respective.

Ten days after surgery it was possible to
observe a decrease of granulation tissue,
with an increase in collagen fibers
synthesis, as well as, a decrease of
inflammatory cells and closing of vases.
The appearance of giant cells and
granulomas were observed with in AG2
group greatest intensity. The average score
of the subgroup C2 was to 23,60 + 8,71,
significantly small than those of the
subgroup AG2 and AH2,30+6,52and 27 +
12,55 respectively.

Twenty one days after surgery, the matu-
ration of collagen fibers could be observed
in all three subgroups. With significant
presence of giant cells, unfixed granulomas
and neovascularity in the subgroups AG3
and AH3 compared with C3.

The average score in the subgroup C3 was
30,4 £ 17,31, smaller than the averages of
the subgroups AG3 and AH3, 50,6 + 2,3
and 69 + 12,24 respectively (Table 2).
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FIGURE 1 - 12 ml of the fraction F80%, obtained from roes of 10 was applied to a column of DEAE-
Biogel and elluted with 4 volumes of water and 3 volumes of increase concentrations of NaCl. The
quantification of proteins (A) was measured by the direct reading in the espectrophotomettry at
280nm and the sugars (B) quantified by the anthrona reaction (Roe, 1955). Pick I: fractions in water,
Pick II: fractions in 0,1M NaCl and Pick III: fractions in 0,2M NaCl.

A B

T

e e e
Bl 40y TR 40

P PAT

= = =) 1 — Pl
1 1 1 -1

30 S0 30 50 ;W S0 P
'._,r_r '._Y_.-'I._."__r
PI PII PIII

0,25
4% Y
22500000 D

g2 +
1 Acidic Galactan P-II

E o,is S00-0.00-T

8 2000 000 Ds U Acidic Galactan P-III

S "

g o1 L n  Dextran

0,05 T
o
o io0 =0 30 40 S0 80 TOo B8O 920 100 110

FIGURE 2 - Aliquots of 5 ml (30mg and 50mg)
of material corresponding to the neutral and acidic
galactan were submitted to the agarose gel
eletrophoretic in the buffer PDA (1,3 diamino-
propanoacetato) 0.05M pH 9.0, visualized by
reaction of toluidina blue, as described in methods,
and discolored with buffer acetate of sodium,
0.02M, pH 5.0. Or.: origin, P: pattern containing
chondroitin sulfate (CS), dermatan sulfate (DS)
and heparan sulfate (HS).

FIGURE 3 - 80mg and 40mg of acidic galactan
P-1I, and 76mg and 40mg of acidic galactan P-
IIT were used, for hydrolysis with hydrochloric
acid 2N, 4N and 8N. These volumes were placed
in flasks, which were stamped separately and
placed to 100 °C for 6 hours. After
neutralization, the hidrolizeds were submitted
to descending chromatographic in paper
Whatman n°® 01 for 16 hours in the solvents A
and B. The types of sugars were visualized by
reaction of silver nitrate in half alkaline. Or.:
origin, glucose Patterns (Glc) and galactose
(Gal).

FIGURE 4 - Aliquots of 150ml (90mg) of
material corresponding to the acidic galactans,
P-II and P-III were submitted to the
chromatographic in column of Sepharose CL-
4B, eluted in acid acetic 0.2M. The fractions
were quantified by the antrona method (D.O.
620nm). Used Patterns: dextran (2.000,000,
147.000, 40.000).
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TABLE 2 - Scores of the groups C, AG and HA, in the 5%, 10™ and 21 " day of scar formad

Days Control Acidic Galactan Hyaluronic acid
05 434+18,92 55,4+3,56 49,4+10,78
10 47,6+16,50 63+12,44 50+14,74
21 30,4+17,31 52,6+2,30 69+12,24
Discussion modulation of deposition of collagen

Several events occur during the embryonic
development of Pomacea sp involving the
acidic polysaccharides. The first
noteworthy observation is the appearance
of an acidic galactan wich reaches its
maximum concentration around day 7 and
completely disappears by day 123

The extract of the eggs of the Pomacea sp
showed three fractions: a neutral galactan,
and two acidic galactans. The acidic
nature of these particular galactans seems
to be due to presence of pyruvic acid. The
molecular weights of the acidic galactans
are approximately to 6 - 25 x 10° Da, and
the amount of pyruvic acid present is
approximately 1 mol/100mol of galactose

in the molecule'.

This experimental model of scar formation
was chosen because the process contains
similar events of embryogenesis. HA was
chosen as a reference molecule since
several existing works have already
characterized several functions in
processes such as embryogenesis and
healing. HA is associated with different
cellular processes such as adhesion,
aggregation, proliferation, inflammation,
locomotion and migration, all important
ones is the process of wound healing'.

HA was not found in the eggs of the
mollusc Pomacea sp. The discovery that
the AG is synthesized in the eggs of this
mollusc during morphogenesis suggests
that this compound is a substitute, in some
functions for HA demonstrating strong
parallelism between the events of the
embryonic development of mammals and
molluscs. It is possible that a similar acid
as the acidic galactan, in the beginning of
the morphogenesis, influences the
migration of mesenquimal cells’.

HA isinvolved in the cellular proliferation
of the embryogenesis, and its synthesis
is necessary for proliferation of the
fibroblasts®>. Many studies also suggest
the important participation of HA, in the
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fibers, to main protein synthesized in the
extracelular matrix and responsible for the
formation of the scar?**'.

In the present work it was demonstrated,
through histological analysis, that the
level of organization of collagen fibers in
the wall of the intestine, with HA and AG,
was better than in control groups.

The HA and AG treated groups had a
significantly high intensity of granulation
tissue and neovascularity of the wounds
when compared with the control group.
This maybe is due to a better blood
distribution, resulting in a smaller amount
of tissue necrosis, ischemia, and stenosis.
It is known that is in the later stages, of
wound healing, that the stabilization of
the matrix could result in a decrease in the
amount of granulation tissue and
neovascularization. These events were
observed to be greater in group AG2, on
the 10th day of healing, where there was
already moderate deposition of collagen.
In group AH2 the intestinal wall presented
low deposition of collagen and persistence
of the granulation, reaching an aspect
similar to the group AG?2 in the 21st days
of experiment.

The results obtained in these experiments
show several simillar properties between
HA and AG in the involvement of these
compounds in embryonic development
and wound healing. This suggests that
the mollusc Pomacea sp, produces the
acidic galactan that participates on the
molecular and cellular events during the
embryonic development, similar to the role
of HA in the mammals.

Conclusions

1. Exist three galactans populations in the
development of the mollusc Pomacea sp:
a neutral and two acidics.

2. Hystologic studies showed that during
the wound healing, the group GA showed
a good inflammatory answer, with
synthesis of granulation tissue, formation

Acta Cirirgica Brasileira - Vol 19 (1) 2004

of vassels and increase in the number of
gigantic cells and granulomas, when
compared to the groups control and HA.

3. The topical use of GA in intestinal wounds
promoted the anticipation of events that are
important in the wound healing.
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RESUMO - Objetivo: Comparar o efeito de 4dcido hialurénico (AH) e do GA na cicatrizacdo de feridas intestinais.
Meétodos: O extrato semipurificado dos ovos do molusco foi obtido por fracionamento com sulfato de amdnio e purificagio
por cromatografia de troca-idnica. Os galactanos obtidos foram eluidos em dgua (galactano neutro) e em 0.1 e 0.2M
NaCl (galactanos acidicos). O estudo em vivo foi executado com 45 ratos Wistar, separados em trés grupos (n=15).
Solugdes contendo AH 1%, GA 1% ou solugdo salina 0,9%, foram aplicadas topicamente nas suturas das feridas
longitudinais localizadas no intestino delgado dos ratos. Depois de 05, 10 e 21 dias os animais foram sacrificados e
bidpsias dos tecidos cicatrizados foram realizadas. Resultados: A graduacao histoldgica foi mais significante para os
grupos do AH e GA quando comparado ao grupo C. O GA estimulou o aparecimento de macréfagos, células gigantes
e aumentou a concentrag@o de coldgeno na drea da ferida quando comparado ao AH. Conclusio: O uso tépico de GA

em feridas intestinais promoveu a antecipagdo de eventos que sao importantes na cicatrizagdo de feridas.

DESCRITORES - Galactano acidico. Acido hialurénico. Pomacea sp. Glicosaminoglicanos.
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