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The Effect of Salivary Gland Extract of Lucillia Sericata
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Abstract: Problem statement: The aim of study was to investigate the effect of Salivary Gland
Extract (SGE) of Lucillia sericata maggots on Human Neonatal Fibroblasts (B-HNF-1) proliferation
and migration within collagen/hyaluronan membrane. Chronic, non-healing wounds are major
health care problem worldwide. Nowadays, Maggot Debridement Therapy (MDT) has attracted
much attention due to its successfull application in a treatment of chronic wounds where
conventional treatment has failed. Maggot Excretion/Secretion (ES) contains specific proteinases
which are positivelly involved in the remodeling of Extracelallar Matrix (ECM) components.
Approach: Immunohistochemical methods using primary monoclonal antibody against marker
vimentin was employed for the visualization of fibroblasts cultured within collagen hyaluronan
membrane. Results: We found that maggot SGE at concentration of 2.4 and 4.8 gL mL−1 significantly
induced the migration of fibroblasts into the membrane after 5 and 10 days of cultivation. On the other
hand, SGE at concentration of 7.2 gL mL−1 reduced the migration of fibroblasts. Conclusion: The
obtained results suggest that medicinal maggots secretion may speed up the wound healing process
through the stimulation of fibroblast migration. However, further detailed research is needed to fully
elucidate the substance (s) responsible for fibrloblast stimulation and migration.
Key words: Maggot therapy, biomaterial, cell culture
debridement, disinfection and enhancement of wound
healing (Falch et al., 2009).
Larvae feed on the dead tissue, cellular debris and
serous drainage of corpses or necrotic wound. They
secrete proteolytic enzymes including collagenase,
trypsin-like and chymotripsin-like enzymes, which take
part in the breakdown of macromolecules on the wound
surface (Beasley and Hirst, 2004). Debridement is aided
by ingestion of the tissue and also may be enhanced by

INTRODUCTION
Sterile maggots of greenbottle blowfly Lucillia
(phaenicia) sericata (L. sericata) are applied to chronic
wounds where conventional treatment has failed. This
re-emerging treatment known as a Maggot Debridement
Therapy (MDT) is used worldwide due to its efficacy,
safety and simplicity. Mechanisms of action of maggots
on wound healing include three beneficial effects:
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of L. sericata on the human dermal fibroblasts
proliferation within collagen/hyaluronan membranes.

crawling, probing and macerating it with maggot
mouthhooks (Sherman et al., 2000).
The movement and irritation caused by larvae
ingesting liquefied necrotic tissue promotes the
formation of a serous exudate by the wound, which
causes lavage and dilution of bacterial concentration.
Moreover, maggots digest the bacteria associated with
tissue debris. They raises wound pH level from acid to
alkaline, which inhibits the growth of bacteria, in
particular Staphylococcus aureus and Group A and B
streptococci (Whitaker et al., 2007).
The machanical action of the larvae irritating tissue
stimulates the formation of granulation tissue.
Allantoin, which is a component of larval secretions,
provides an optimal environment for the growth of cells
needed for wound healing. Larvae also secrete
proteinases
including
serineproteinase,
metalloproteinase and aspartylproteinase (Chambers et
al., 2003; Horobin et al., 2006). These proteinases play
a role in remodeling of extracellular matrix (Beasley
and Hirst, 2004). Proteinases derived from many
sources, particularly from fibroblasts, modulate cell
surface receptors via direct activation influencing
fibroblast proliferation and angiogenesis (Horobin et
al., 2006). Furthermore, they may contribute in a
proteolytic breakdown of ECM components by indirect
activation, most notably fibronectin and induce
fibroblast migration, chemotaxis reepitelisation and
tissue remodeling (Gupta, 2008).
Horobin et al. (2006) developed a novel threedimensional in vitro model to observe fibroblast
migration and morphology in response to maggot
Excretion/Secretion (ES). This model more closely
represented the microenvironment in which cells are
present in vivo, provides for a much better
understanding of the importance of interactions
between the ECM, resident cells and ES in the wound
healing process. They used populations of human
foreskin fibroblasts embedded within gels composed of
collagen and fibronectin. Autors investigated the effect
of various concentrations of ES upon behavior and
morphology of the fibroblasts. It has been shown that
maggot ES stimulated and modified fibroblast
migration in a dose-dependent manner in a comparison
with relevant controls. Similarly, another studies (Plas
et al., 2009a; 2009b) investigated the potential of
maggots to modulate the secretion of cytokines under in
vitro conditions. Plas et al. (2009a) showed that freshly
isolated monocytes incubated with ES elevated the
production of cytokine such as IL-8, IL-10 and growth
factor beta-FGF but downregulated the production of
TNF-α and IL-12p40.
The present study was focused on monitoring of
effect of homogenate substances from salivary glands

MATERIALS AND METHODS
Preparation of maggot salivary gland extract: In
a total of 240 intact pairs of salivary glands were
dissected from maggots of L. sericata and subsequently
homogenised in 1 mL of PBS buffer (pH 7.2). After
centrifugation of homogenate at 14 000 rpm for 30 min,
the supernatant was aliquoted and stored at -20°C.
Before experiments, SGE at concentrations of 2.4, 4.8
and 7.2 gL mL−1 was prepared by diluting in Eagle′s
Minimal Essential Medium (E-MEM) (PAA, Austria)
supplemented with 10% Fetal Calf Serum (FCS) (PAA,
Austria) and gentamicin (Lék, Slovenia) in final
concentration of 80 µg mL−1.
Cell culture: Cell culture of human neonatal fibroblasts
B-HNF-1 (Repiska et al., 2010) was used in this study.
Cells were thawed and cultured in complete E-MEM
culture medium and cultured at 37°C in a humidified
atmosphere containing 5% CO2. Fibroblasts from third
passage after thawing were seeded on the Collagen
Hyaluronan Membrane (CHM).
Collagen Hyaluronan Membrane (CHM): The
preparation of CHM was published previously
(Vojtassak et al., 2001). The basic components of CHM
were atelocollagen type I (Hypro, Czech Republic) and
bacterial Hyaluronic Acid (HA) produced by
Streptococcus zooepidermicus (Contipro, Czech
Republic). Insoluble fibrous atelocollagen was
mechanically treated in 0.5M acetic acid (pH 3.2).
Water solution of HA was added to the acidic
atelocollagen dispersion. The mixture was allowed for
15 min to form the complex. Obtained gel was dried on
a teflon support at 37°C. The HA content in the
complex with atelocollagen was 8% (w/w). The protein
content was less than 0.1%. Scaffolds used in all
experiments were sized to 1 cm2 with the thickness of
0.3mm and were sterilized with a dose of 28 kGy using
a 60Co irradiation source.
Fibroblasts proliferation on the CHM: Sterile
collagen/hyaluronan membranes were placed into 24well plate. They were covered with complete culture
medium and stored in CO2 incubator overnight. After
that, cell culture of B-HNF-1 was seeded on the surface
of each CHM (1×105 cells/CHM). Extract in a
concentration of 2.4, 4.8 and 7.2 gL mL−1 respectively
was added. Fibroblasts without SGE were used as
a negative control. Viability of fibroblasts on the
membranes were continuously controled under inverted
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microscope Zeiss Axiovert 100 (Carl Zeiss, Germany)
by using solution of 4',6-Diamidino-2-Phenylindole
(DAPI) (Sigma-Aldrich, Germany). Fibroblasts with
membranes were cultured 10 days and medium
supplemeted with SGE was refreshed in 48 h interval.
After 5 and 10 days of cultivation, cell culture medium
was aspirated and membranes were rinsed with PBS
and fixed.

The fibroblasts were orientated on the CHM
longitudinaly. SGE at concentration of 2.4 gL mL−1
was able to induce the migration of limited numbers
of fibroblasts into the CHM (Fig. 1).
Immunohistochemical examination after fibroblasts
cultivation with SGE at concentration of 4.8 gL mL−1
showed that the most of fibroblasts changed the
orientation and migrated into the CHM (Fig. 2).

Preparation of samples for immmunohistochemical
examination:
Samples
selected
for
immunohistochemical examination were fixed in
neutral formalin (Sigma-Aldrich, Germany) and
embedded into paraffin. After that they were sectioned
into 2 µm thick slices and stained by conventional
staining methods. Immunohistochemical staining was
performed using the biotin-avidin technique with
primary mouse antibodies against vimentin (DAKO,
Glostrup, Denmark). Visualization of the cells was
developed with DAKO LSAB/HRP kit and DAKO En
Vision/HRP kit (DAKO, Glostrup, Denmark). Analysis
was performed on the light microscope Nikon eclipse
80i and camera Nikon DS-Fi1.
RESULTS
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Fig. 2: Immunohistochemical
examination
of
fibroblasts on the surface of collagen hyaluronan
membrane after 5 (a, b) and 10 days (c, d) of the
cultivation with 4.8 gL mL−1 of Salivary Gland
Extract (SGE). Immunohistochemical staining
was performed using the biotin-avidin technique
with primary mouse antibodies against vimentin.
(a) ×100 (b) ×200 (c) ×200 (d) ×200

Immunohistochemical examination after 5 and 10
days of the fibroblasts cultivation with SGE at selected
concentrations revealed abundant fibroblasts on the
surface of CHM formed one confluent layer or
somewhere more than one layer (Fig. 1a, 2a and 3a).
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Fig. 3: Immunohistochemical
examination
of
fibroblasts on the surface of collagen hyaluronan
membrane after 5 (a, b) and 10 days (c, d) of the
cultivation with 7.2 gL mL−1 of Salivary Gland
Extract (SGE). Immunohistochemical staining
was performed using the biotin-avidin technique
with primary mouse antibodies against vimentin.
(a) ×40 (b) ×100 (c) ×100 (d) ×100

Fig. 1: Immunohistochemical
examination
of
fibroblasts on the surface of collagen hyaluronan
membrane after 5 (a, b) and 10 days (c, d) of the
cultivation with 2.4 gL mL−1 of Salivary Gland
Extract (SGE). Immunohistochemical staining
was performed using the biotin-avidin technique
with primary mouse antibodies against vimentin.
(a) ×100 (b) ×200 (c) ×200 (d) ×400
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Our
results
from
immunohistochemical
examination revealed the modification of fibroblast
migration into the CHM in a dose-dependend manner
when compared with intact control after 5 and 10 days
of cultivation in vitro. These results are in accordance
with the findings obtained by Horobin and co-workers
who used 2D and 3D in vitro models to evaluate the
effect of ES products from maggots on migration of
dermal fibroblasts and their interaction to ECM
components (Horobin et al., 2005; 2006).
Based on these findings, it may be concluded that
ES products promote the re-organization of basic
components of CHM by the presence of maggot’s
proteinases,
especially
serineproteinase,
metalloproteinase and aspartylproteinase that play a
role in remodeling of extracellular matrix, both in vitro
and in vivo. ES products may also enhance the
production of various enzymes by cultured fibroblasts
(Chambers et al., 2003; Beasley and Hirst, 2004).
Moreover, other bioactive substances which are present
in ES products may affect the proliferation of
fibroblasts or may lead into direct activation of cell
surface receptors and thus increase the cell-ECM
interactions (Horobin et al., 2006). For instance, fatty
acids (mainly arachidonic acid) and their metabolites
are well-known mediators of several cellular events
including cell growth (Zhang et al., 2010). Similarly,
proteolytic breakdown products of collagen and
fibronectin induce fibroblast chemotaxis and migration
(Livant et al., 2000).
In summary, our results demonstrated beneficial
effect of SGE from larvae of L. sericata on proliferation
of human fibroblasts within CHM under in vitro
conditions. However, more in vitro and in vivo studies
are needed to fully confirm the efficacy of SGE in
healing of chronic wounds. In addition, this extract may
be used in a field of tissue engineering for preparing of
skin substitutes.
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Fig. 4: Immunohistochemical
examination
of
fibroblasts on the surface of collagen hyaluronan
membrane after 5 (a, b) and 10 days (c, d) of the
cultivation without Salivary Gland Extract
(SGE) (control). Immunohistochemical staining
was performed using the biotin-avidin technique
with primary mouse antibodies against vimentin.
(a) ×40 (b) ×100 (c) ×100 (d) ×200
With increased concentration of SGE (7.2 gL mL−1) in
cultivated medium the migration of fibroblasts into the
CHM was reduced in compare to lower concentrations of
SGE (Fig. 3) but it was comparable with control (Fig. 4).
DISCUSSION
Wound healing is a process involving various cells,
extracellular matrix components as well as many
biologically active substances in order to replace and
regenerate damaged or lost tissues. This process is often
negatively affected by microbial infection or
pathological condition which leads into a development
of chronic wound. In many cases, standard therapeutic
approaches fail to produce expected results. At present,
the great hope is given to larval therapy (Sherman,
2009). It was shown that ES products from maggots
contain proteinases which are involved in the
remodeling of extracellular matrix components. The
proteinases cause the lysis of fibrin/ECM, releasing
proliferative effectors, e.g., fibronectin fragments,
which cause the enhanced healing effects (Horobin et
al., 2003). Previous studies demonstrated successful
utilization of sterile maggots of greenbottle blowfly L.
sericata to improve wound healing (Wolff and
Hansson, 2003; Pascal et al., 2007; Dumville et al.,
2009). In present study, the effect of extract obtained
from salivary glands of L. sericata on the human
dermal fibroblasts proliferation within CHM in vtro
was observed.
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