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Abstract

The secretion of Achatinafulica which has recently been related to antibacterial and antifungal healing is
influenced by the type of food offered. Therefore, this study investigates the potential for developing healing
dressing films based on secretion of mucus of Achatinafulica. Thus, surgical wounds in Wistar rats were dressed
with back films based on mucus secretion of A. fulica fed with Lactuca sativa while strips served as control
wounds. Besides the treatment with films, rats were associated with daily transcutaneous irradiation using a
semiconductor diode, calibrated, GaAlAs laser with continuous emission at 660 nm wavelength of 100s (25s point
each). The output power used was 40 mW, with a focal point of 0.04 cm?, and power density of 1 W/cm?. The total
energy per session was estimated at 4 J and energy density 20 J/cm?® was divided into four different equidistant
points (5 J/cm? each) over 7 days. The first irradiation was performed immediately after the surgical procedures.
After 3, 7, 14 and 21 days the animals were sacrificed and the wounds were evaluated microscopically. On days 3
and 7mucus was put from films based on the accelerating maturation of granulation tissue formation,
epithelialization and on the best rates of faster replacement from type 11 to type | collagen fibers. On days 14 and
21, these dressings induced deposition with more intense rate and better architectural arrangement of collagen
fibers type 1, and hastened the regeneration of skin phaneros. The most significant and effective results on the
dressings were obtained when A. fulica fed with Lactuca sativa was used. This study suggests that the films
produced with the secretion of mucus of A. fulica can successfully be used as a dressing, especially if the snails
are fed with Lactuca sativa. Observation of the treatment with laser irradiation combined with dressing films
based on mucus secretion of A. fulica, gave us an insight on how we can accelerate the remodeling phase of scar
healing, providing a better architectural arrangement of collagen fibers.
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Resumo

A secrecdo de Achatina fulica tem sido relacionado com propriedades antibacteriana, antiflngica e cicatricial, e é
influenciado pelo tipo de alimento oferecido. Portanto, este estudo investigou o potencial de cura de filmes
preparados a partir secrecdo de muco de Achatina fulica. Assim, feridas cirtrgicas foram realizadas em ratos
Wistar e tratadas com filmes de muco de A. fulica alimentados com Lactuca sativa. Paralelamente ao tratamento
com filmes, outro grupo de ratos receberam tratamento com os filmes associados a laserterapia, transcutanea,
utilizando um semicondutor de diodo, previamente calibrado, laser GaAlAs, com emissdo continua (CW) a 660
nm de comprimento de onda de 100 s (25 s ponto cada) A poténcia de saida utilizada foi de 40 mW, com um
ponto focal de 0,04 cm?, e densidade de poténcia de 1 W/cm®. A energia total por sessdo foi estimado em 4 J e a
densidade de energia foi de 20 J/cm? distribuidos em 4 diferentes pontos equidistantes (5 J/cm? cada) ao longo de
7 dias com intervalos de 48h. A primeira irradiacdo realizada imediatamente ap6s os procedimentos cirdrgicos.
Apos 3, 7, 14 e 21 dias os animais foram sacrificados, e as feridas foram avaliados microscopicamente. Nos dias 3
e 7 as feridas tratadas com filmes a partir do muco mostraram aceleracdo da maturacdo e formacao de tecido de
granulacdo, melhores taxas de epitelizacdo e substituicdo mais rapida do tipo Il para fibras de colageno tipo I.
Nos dias 14 e 21, esses curativos induziram deposi¢do mais intensa e melhor disposic¢do arquitetonica das fibras
de colageno tipo |, e mostrou a regeneracgdo da fénoros cutaneos. Esta expressiva maturagao sugere que os filmes
produzidos com a secrecdo de muco de A. fulica pode ser empregada com sucesso como curativo, especialmente
se 0s caracois sdo alimentados com Lactuca sativa.

A partir da secregcdo de muco de A. fulica a combinacgdo de filmes e laserterapia acelerou a fase de remodelagéo
da ferida, proporcionando melhor arranjo arquiteténico das fibras de colageno.
Palavras- chaves: Achatinafulica, muco, filmes,laserterapia, reparo tecidual.

Introduction

Whenever tissue loss occurs, it can be restored either by regeneration or cicatrization. Regeneration is the
replacement of damaged cells or tissue by tissue similar to the original, re-establishing the function, whereas
cicatrization also called repair is characterized by the formation of new connective tissue with substitution of the
damaged cells and alteration of the architecture of the tissue. Although this results in a satisfactory functional and
structural condition of the tissue,it’s primary condition before the injurycannot be fully regained (Li et al, 2007).

The analysis of the kinetic of this biological process in response to different forms of dermal substitution is
important for the development of efficient therapeutic products capable of stimulating the wound healing
(Werner, Grose, 2003; Diegelman, Evans, 2004). In recent years, there have been many advances in wound
healing and dermal substitution research, but no product described so far in experimental studies,is able to fully
substitute the natural living skin (Shakespeare, 2001). In this vein, the use of natural polymers has been employed
in healing of dermal wounds, owing to their biocompatibility, nontoxic properties, and to their ease and safety
application on dermis (Bae et al, 2004; Allahverdian et al, 2006.).

Achatinafulica is a land snail able to produce a glycoproteic secretion which has been demonstrated to present
some biological effects, such as antibacterial properties against gram positive and negative microorganisms
(Iguchi et al, 1982; Kubota et al, 1985; Fuchino et al, 1992) and it is involved in the dynamics of the healing
process. Furthermore, mucus produced by the snail has been tested in surgical wounds of experimental animals
and was found to improve the dermal cicatricial repair (Martins et al, 2003; Sirio, 2005). More recently, it has
been proposed that the type of plant offered as food to snails can influence the composition of the mucus by
incorporating the secondary metabolities of plants after digestion (Lorenzi, 2008).

Lasers emit a highly concentrated, non-invasive, non-ionising radiation that promote thermal, photochemical and
nonlinear effects when in contact with different tissues (Hamblin Demidova, 2006) by increasing mitochondrial
respiration and adenosine triphosphate (ATP) synthesis (Morimoto et al, 1994; Ninomiya et al, 2007). Several
studies have indicated that laser arrays at low frequencies are quite helpful in modulating different biological
activities, such as analgesic (Nes, Poso, 2005; Turhani et al, 2006), anti-inflammatory (Pugliesi et al, 2003;
Correa et al, 2007; Boschi et al, 2008; Medrado et al, 2010) and healing effects (Byrnes et al, 2004; Demidova-
Rice et al, 2007; Ribeiro et al, 2009a; Chung et al, 2010a).

The use of low-level laser irradiation to speed wound healing first appeared in literature in 1971 (Master et al,
1971).
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Since then, many studies have been reported attesting the beneficial effects of laser irradiation in different steps of
wound healing, such as improvement of collagen synthesis (Conlan et al, 1996), fibroblast proliferation
(Pourzarandian et al, 2005), blood vessels formation (Corazza et al, 2006; Melo et al, 2011), and myofibroblasts
differentiation (Medrado et al, 2003; Ribeiro et al, 2009b).

The goal of this study was to investigate by histological analysis on how the application of dressing films based
on mucous secretion of Achatinafuclica combined with low level laser irradiation affects the wound healing in
rodent model.

Materials and Methods

Snail Samples

Thirty non-infected land snails Achatinafulica proceeded from the Snail Research Station (SRS) of the Science
and Technology Institute (STI/Aracaju/SE, Brazil), weighing 45+5 g, were selected for this study. The animals
were housed in wood timber boxes (35 cm width x 30 cm height), with land bedding added to calcium carbonate
(to provide calcium levels required for shell development), containing 10 snails each. The boxes were daily
sprinkled with water in order to maintain the humidity. The ration developed for the snails was formulated
according to Pacheco, Martins (1996). Food and water were offered ad libitum.

Obtention of Mucous Secretion

In order to avoid contamination of the biological material when collected, the snails were housed individually in
plastic cages (75 x 40 x30 cm) and kept under abstinence from food for 3 days. Subsequently, approximately 5
mL of mucus secretion was collected by manual stimulation of the podal glands of the snails. Euthanasia of the
snails was not necessary to obtain the mucus, so that the animals were redelivered to the SRS/STI thereafter.

Preparation of the Films

The film dispersion was prepared using 20 mL of mucus (3.975g) and polyethylene glycol 400 (PEG400), which
was employed as plasticizer. The proportion of plasticizer used was 20%w/w of dry mucus. This dispersion was
homogeneizated and the films were obtained by casting process. The films obtained in this step of the experiment
were cut off in square shape (2x2cm).

Surgical Procedurse and Groups Formation

Eighty adults male Rattusnorvegicusalbinus, Wistar lineage (250-300 g) were used in this study under an
approved by the Ethics research Committee of Tiradents University (protocol n° 101107). The rats were housed in
clear plastic cages with solid floors and loose hardwood chip bedding, and supplied with food and water ad
libitum in a temperature and humidity-controlled environment. The animals were anesthetized with
intraperitonealketamine-xylazine (100 mg/kg — 5 mg/kg) and 1cm? standard-sized square-shaped wounds were
performed in the back of the animals. Animals were handled in accordance with the principles of aseptic chain in
order to avoid any possibility of exogen bacterial contamination. Subsequently, rats were randomly assigned into
four groups of twenty animals each, according to the wound dressing: CTR — untreated control group; ACH —
dressed with films obtained from mucus of A. fulica; LT — laser-irradiated undressed; ACHLT — mucus of A.
fulica fed with Lactuca sativa dressed and laser-irradiated. Five animals of each group were euthanized at 3, 7, 14
and 21 days after surgical.

Photoirradiation Protocol

Animals were submitted to daily transcutaneous irradiation using a previously calibrated semi-conductor diode
laser GaAlAs (Twin Laser , MMOptics, Sao Paulo, Brazil) with continuous emission (CW) at 660 nm wavelength
for 100 s (25 s each point) with interval of 48h for seven days. The output power used was 40 mW, with a focal
spot of 0.04 cm?, and power density of 1 W/cm?. The total energy per session was estimated in 4 J and the energy
density was 20 J/cm? distributed in 4 different equidistant points (5 J/cm? each) over the course of 7 days. The
first irradiation was performed immediately after the surgical procedures.

Histological Procedures

After death certification, the area corresponding to the wound region in the back of the animals was surgically
removed and the specimens were formalin-fixed and paraffin-embedded according to routine laboratorial
techniques.
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Subsequently, serial 5pm thick sections were obtained and stained in hematoxylin-eosin to perform the analysis of
the inflammatory reaction, and picrosirius, analyzed under polarized light, to study the deposition of collagen
fibers, and toluidin blue, to assess the mast cells population. Histopathologic analysis was performed and
photographs were obtained with an Olympus light microscope.

Assessment of the Inflammatory Profile (IP)

Histological sections stained in hematoxylin-eosin were used to the descriptive analysis of the inflammatory
profile (IP) and epithelization rates (ER). The intensity of the inflammatory response was assessed as follows: +
(inflammatory cells representing less than 10% of the cell population observed within the wound area), ++
(inflammatory cells representing between 10 and 50% of the cell population observed within the wound area), and
+++ (inflammatory cells representing more than 50% of the cell population observed within the wound area).
Moreover, the profile inflammatory (IP) was classified as acute (predominance of polymorphonuclear cells) and
chronic (predominance of mononuclear cells), and graded as slighter/absent, moderate or severe.

Assessment of the Ephitelization Rates (ER)

In order to assess the epithelization rates (ER), photomicrographs of the wounds were taken from all the samples
(40x) and processed in a software (ImageLab®, Sof- tium, Sdo Paulo, SP, Brasil). The total wound surface extent
(TWE) was assessed, as well as the extent of the epidermal migration from the normal wound margin to the point
where the migrating epithelium stopped processing (ME). ER (%) was determined as follows:

ER(%) = (ME X 100)/TWE
Assessement of the Collagen Deposition

Histological sections stained in picrosirius and analyzed under polarized light were used to the descriptive
analysis of the collagen deposition. Collagen fibers were analyzed according to their birefringence pattern
(greenish/yellow-greenish or orange, orange-reddish), morphological appearance (wavy or stretched, thin or thick,
short or long) and disposition (reticularly arranged or interlaced). The quantitative analysis of the area occupied
by collagen fibers in the healing area was determined by optical density in the image analysis system in different
randomly selected fields. The system used, consists of a CCD Sony DXC-101 camera, applied to an Olympus
CX31 microscope, from which the images were sent to a monitor (Trinitron Sony). The digitizing system was by
(Olympus C-7070 WIDEZOOM) the images were inserted into a computer (Pentium 133 MHz), and processed by
a software (ImageTool). A total of ten fields per case were analyzed at a magnification of 100x. The thresholds
for collagen fibers were established for each slide, after enhancing the contrast up to a point at which the fibers
were easily identified as birrefringent (collagen) bands. The area occupied by the fibers was determined by digital
densitometric recognition, by adjusting the threshold level of measurement up to the different color densities of
the collagen fibers. The area occupied by the fibers was divided by the total area of the field. The results were
expressed in percentage of the skin area fraction occupied by the collagen fibers.

Statistical Analysis

Statistical significant difference in the severity of the inflammatory reaction was assessed by chi-squared test,
whereas the significances of the differences in the ER, and collagenization rates were verified by analysis of
variance (one-way ANOVA) and Tukey test. Each time point was analyzed separately, and two-tailed a-level of P
< 0.05 was significant.

Results and Discussion

As shown in table 1, the inflammatory content decreased over the experimental time in all groups. However, in 07
and 14 days, the irradiated groups (LT and ACHLT) showed significant decrease in the inflammatory content in
relation to both non-irradiated ones (CTR and ACH) (p<0.05). The profile of the inflammatory infiltrate presented
some differences among the groups. In three days, the polymorphonuclear neutrophils were predominant in all
groups. However, in seven days, the content of such neutrophils was less expressive in LT and ACHLT when
compared to the mononuclear infiltrate (macrophages and lymphocytes). Lymphocytes and some few
macrophages, constituted the inflammatory infiltrate, evidenced in all groups in 14 and, occasionally in 21 days,
irrespective to the treatment applied to the wounds. These findings point at an important photobiomodulatory role
played by laser rays on the dynamics of the inflammatory response during wound healing, as reported in previous
studies (Freitas et al, 2001, Ribeiro et al, 2004, Correia et al, 2007, Boschi et al, 2008) .
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Such activity might be related to the inhibitory effect of laser energy on the release of prostaglandin and TNF-a
(Sakurai et al, 2000), mast cell degranulation (Pereira et al, 2010) and on lymphocytic proliferation (Ribeiro et al,
2009a).

Table 1. Assessment of the Intensity of the Inflammatory Response in the Experimental Groups, in 3, 7, 14
And 21 Days after the Surgical Procedures

Intensity of the inflammatory response

Days Animals CTR ACH LT ACHLT
R1 +++ +++ +++ +++
R2 +++ +++ +++ +++

3days R3 +++ +++ +++ +++
R4 +++ +++ +++ +++
R5 +++ +++ +++ +++
R1 +++ +++ ++ ++
R2 +++ ++ ++ ++

7days R3 +++ ++ ++ ++
R4 +++ +++ ++ ++
R5 +++ ++ ++ ++
R1 + + - +
R2 ++ + + -

14 days R3 ++ + - -
R4 + ++ + -
R5 ++ ++ - -
R1 + - - +
R2 - - - -

21 days R3 - - - -
R4 - - - -
R5 + - - -

(-) — inflammatory infiltrate is absent; (+) — mild inflammatory infiltrate corresponding to less than 10% of
stromal cells; (++) moderate inflammatory infiltrate corresponding to more than 10 and less than 50% of stromal
cells; (+++) intense inflammatory infiltrate corresponding to more than 50% of stromal cells.

The granulation tissue was clearly more exuberant in LT and ACHLT than in the other groups in seven days, but
inconspicuous in 14 days. In ACH in seven days, it was conspicuous, although less expressive than in the
irradiated groups, whereas in 14 days the vascular content was substantially reduced. In CTR, the granulation
tissue was more vascular in seven days and less conspicuous, but clearly distinguishable, in 14 days (figure 1).
These results suggest that laser irradiation provided more rapid onset of the vascular steps of wound healing.
Similar findings were previously reported in other studies (Medrado et al, 2003, Bayat et al, 2006, Ribeiro et al,
2009a) and they are likely related to direct stimulation of angiogenesis induced by laser irradiation (Corazza et al,
2007, Pereira et al, 2010; Melo et al, 2010). Besides, the contents of blood vessel were substantially reduced in
the irradiated groups in 14 days, suggesting that laser irradiation improved the angiogenesis in the earlier phases
of wound healing without providing undesirable longer-term maintenance of the vascular supply, which could
impair the final scar formation (Ribeiro et al, 2009a).
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Figure 1. Histological sections showing evolution of the healing process in the experimental groups over the
time. In 3 days, acute inflammatory response (predominance of neutrophils) is observed in all groups. In 7
days, the granulation tissue is more vascular in CTR and ACH and more fibroblastic in LT and ACHLT.
In 14 days, CTR showed distinguishable residual granulation tissue, in opposition to ACH, Lt and ACHLT.
In 21 days, the inflammatory or vascular content are inconspicuous in all groups, but the cicatricial scar is
composed of denser and grosser interlaced fibers in LT and ACHLT (HE, 200X).

The epithelization rates (ER) are presented in figure 2. In seven and 14 days, the ER observed in LT and ACHLT
were significantly higher than in CTR and ACH (p<0.05), but there was no significant difference in the other
experimental times (p>0.05). It has been demonstrated that low level laser irradiation is able to stimulate
keratinocyte proliferation in vitro (Eduardo et al, 2007), which could explain the more rapid epithelial lining
reconstitution in both irradiated groups. In addition, laser-induced improved epithelization during wound healing
has also been reported in previous investigations (Ribeiro et al, 2009a, Chung et al, 2010a, Chung et al, 2010b),

supporting the histological findings presented in this study.
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Figure 2: Assessment of the Epithelization Rates in the Experimental Groups over the Experimental time.
(*) Significantly different from CTR and ACH (p<0.05)

22



American International Journal of Contemporary Research Vol. 4, No. 7; July 2014

As showed in figure 3, scanty deposition of thin delicate reticular-arranged collagen fibrils, exhibiting yellow-
greenish birefringence (type 111 collagen) was observed in all groups after three days. In seven days, the fibers
were thicker, but the type 111 collagen were still predominant in CTR and ACH, whereas in LT and ACHLT, these
fibers were predominantly gold or reddish (type I collagen). Moreover, the fibers were more compacted disposed
in these last groups. In 14 days days, there was a remarkable improvement of the collagenization and type |
collagen fibers were more abundant in all groups. It was evidenced intense deposition of gross thick parallel-
arranged collagen bundles, less densely deposited in the top of the scars, with apparent complete replacement of
type 111 for type | collagen fibers, in CTR. In ACH, LT and ACHLT deposition of gross wavy parallel-arranged
collagen bundles was also observed, but the density of the collagen disposition in these groups was clearly more
intense and compacted than in CTR. In 21 days, CTR and ACH showed dense deposition of type | collagen fibers,
but they were still parallel-arranged in CTR and densely interlaced in ACH. On the other hand, LT and ACHLT
exhibited deposition of interlaced long delicate collagen fibers, composed of both type | and type Il collagen,
densely compacted, resembling the normal dermal connective tissue.

{CTR -3 days. <% "%, “ACH — 3 days LT -3 days ACHLT = 3-days s - 5%

CTR-7days = - X LT -7 days ~=. M ACHLT - 7 days

CTR - 14 days ~ i ‘B ACH - 14 days LT~ 14 days z o

Figure 3. Histological sections showing the evolution of the collagenization in the experimental groups over
the time. In 3 days, predominance of reticular-arranged thin delicate fibrils of type 111 collagen is seen in
all groups. In 7 days, partial replacement of type 111 for type | collagen is observed in the treated groups. In
14 days, the type I collagen fibers are predominantly parallel-arranged and more compacted disposed in
LT and ACHLT. In 21 days, the densest organization of type I collagen is evidenced in the groups; the
highest density of collagen deposition is seen in LT, whereas in ACHLT, the interlaced fibers are less
compacted and composed of both types of collagen (Sirius Red/Polarization, 200x).
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Figure 4: Assessment of the Collagen Deposition rates in the Experimental Groups over the time. (*)
Significantly different from CTR (p<0.05); (**) Significantly different from CTR (p<0.01) and ACH
(P<0.05); (***) Significantly Different from CTR, ACH and LT (p<0.05)

Type 111 collagen is produced in early stages of wound healing, likely to orientate the migration of endothelial
cells during the granulation tissue formation, whereas type | collagen is ultimately deposited to provide tensile
strength to the tissue, so that the scar acquires mechanical stability (Albugquerque-Junior et al, 2009; Nunes et al,
2011). Therefore, the replacement of a substantial part of the content of type Il collagen for type | molecules
during the healing process is an absolutely expected phenomenon. Both dressing films and low level laser
irradiation applied in this study induced rapid replacement of type 111 for type I collagen and improved the spatial
organization of the collagen fibers from parallel disposition to interlaced arrangement, characteristic of normal
dermis. Regarding the morphometrical analysis of the collagen deposition rates (figure 4), it was observed that all
treated groups showed significantly increased rates of collagen deposition in relation to the control group (CTR)
over the time, but in seven and 14 days, the irradiated groups presented significantly higher rates compared to
CTR and ACH. In 21 days, LT and ACHLT demonstrated the highest collagenization rates, but surprisingly the
rates observed in ACHLT were lower than in LT.

The presence of high contents of mucin in the mucous secretion of A. fulica (not shown data), a protein rich in
aminoacid residues closely related to the biochemical synthesis of collagen molecules, such as serine asparagine,
hydroxylysine and/or threonine (Adikwu, 2006), could support the results observed in this study. Besides, other
studies showing the improvement of wound healing after treatment with mucous secretion of A. fulica has been
previously reported (Martins et al, 2003; Sirio et al, 2005), supporting the attesting of the healing potential of this
biological material derived from giant snails. However, the irradiated groups showed the most distinguished
effects on the collagenization. It has been demonstrated that LLLT, not only improves the collagen deposition
(Ribeiro et al, 2009a), but also provides better architectural organization of the collagen fibers (Medrado et al,
2008). It is likely that such modulatory properties are associated with the laser capability to stimulate fibroblast,
as previously demonstrated in experimental in vitro assays (Pereira et al, 2002).
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However, the excessive production of type | collagen, as observed in the treated groups, might favor the
formation of undesirable hypertrophic scars and keloids (Verhaegen et al, 2009). Therefore, the moderate content
of less thick collagen fibers in ACHLT appears to provide low probability of forming hypertrophic scars.
Moreover, the balance in the content of both type I and type 111 collagen fibers as seen in ACHLT, suggests that
the remodeling phase of the scar represented by degradation of the gross previously formed connective matrix,
followed by gradual deposition of a newly depurated matrix rich in both collagen molecules (Albuquerque-Junioir
et al, 2009, Nunes et al 2011), has already been installed, which would justify the clear resemblance with the
normal histological appearance of the dermal collagen. It must also be stressed that despite the biological effects
of the combination of this singular dressing film and low level laser irradiation on the fibroplasia dynamics seem
to be likely related to a possible increase in the fibroblast metabolism, as long as both synthesis and degradation
of the collagen molecules were apparently stimulated in this study, further investigations are required in order to
fully clarify the precise mechanism underlying these healing modulation pathways.

In conclusion, despite low level laser therapy itself was able to improve many steps of wound healing, the
combination of dressing films based on mucous secretion of A. fulicaand laser irradiation seemed to hasten the
remodeling phase of the healing scar, providing better architectural arrangement of the collagen fibers.
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