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Abstract

Healing of burn tissue is a complete process involving reepitelization, granulation tissue formation and extracellular
matrix remodeling. Thermal injury produces profound systemic changes, such as oligemic shock, anemia, renal
failure and metabolic disorders. This causes direct tissue damages: inflammation and infection reactions. The tissue
lesion also leads to increased oxidative stress in cells, as it has been observed by the low activity of endogenous
antioxidant enzymatic and nonenzymatic systems. In this context, tissue matrix metalloproteinases (MMP) plays a
key role in normal physiology of conjunctive tissue during its development, morphogenesis or wound healing,
having an irregular activity and being involved in the patho-physiological processes. The analysis of biological
samples, MMP profiles contribute to the characterization of some processes involving tissue remodeling, processes
related to wound or burn healing, possibly to the development of new therapies. In this context we studied the
proliferative effect of levan, a polysaccharide produced by Gram negative bacteria, Zymomonas mobilis, a
microorganism that plays an important role in modern biotechnology to produce substances of great interest in
biotechnology, food industry or in biomedicine. Our studies focused on analysis of tissue MMPs profiles from Wistar
rats with lesions caused by mechanic processes on skin (wounds) and thermal (burn), treated by hallotherapy in
Cacica and Dej salt mines, before and after the treatment with levan. The results indicate that levan, a natural
polysaccharide produced by wild type Z. mobilis NCIB 11163, as well as other bacterial strains, seems to have real
value in the management of wounds and burns, applied individually or in combination with natural or artificial
haloteraphy. The way that levan participates in the healing process is unknown, probably by activating the tissue
metalloproteinases.
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1. Introduction and in tissue resorption in pathological conditions.
This group of enzymes can degrade most of the
Chronic wounds are a huge cost to our society and proteins that compose the extracellular matrix.
health system both in terms of morbidity and MMPs are a family of calcium-dependent, zinc-
expense. The American Burn Association reports containing endopeptidases that are structurally and
half a million burn injuries per year, with 40,000 functionally related. They are secreted in an
hospital admissions [1]. Matrix metaloproteinases inactive (latent) form, which is called a zymogene
(MMPs) play a crucial role in the tissue modeling or a pro-MMP. These latent MMPs require an
activation step before they are able to cleave
extracellular matrix (ECM) components [2].
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differentiation, angiogenesis, apoptosis and host
defense.

The activity of MMPs is regulated by several
types of inhibitors, of which the tissue inhibitors
of metalloproteinases (TIMPs) are the most
important [3]. Overproduction of MMPs is
associated with tissue destruction in chronic
inflammatory diseases [4, 5]. To prevent tissue
degradation by a disturbed MMP-TIMP balance, it
is important to know which MMPs and TIMPs are
involved in the specific disease processes. Thus,
the analysis of MMPs in biological samples can
contribute to the characterization of certain
diseases involving tissue destruction and possibly
to the development of new therapies.

In this context we studied the proliferative effect
of a polysaccharide (levan, a polymer of fructose)
produced by Gram-negative bacteria, Z. mobilis, a
nontoxic product used in medicine,
pharmaceutical, cosmetics and food. Z. mobilis is
an aero-tolerant, Gram-negative and etanologenic
bacterium. It is capable of producing levan as a
final product of the metabolism of sucrose in
concentrations up to 46%. There are well known
the beneficial effects of polysaccharides in the
treatment of wounds and burns, especially in
traditional medicine, like honey or Aloe Vera. The
aim of our studies was to analyze the tissue MMPs
profiles from Wistar rats with lesions, caused by
mechanic processes on skin (wounds) and thermal
(burn), treated by halotherapy in Cacica and Dej
salt mines, before and after the treatment with
levan. The polymer was extracted and purified in
our laboratory and then used in proliferation and
metalloproteinase activation studies, which have a
significant role in healing skin lesions at Wistar
rats wounds or burns.

2. Materials and methods

Strains, growing  conditions and  the
polysaccharide production. Cell culture of Z
mobilis wild type stain has been grown in solid
complete medium [6, 7] at 30°C. The extracellular
polymer biosynthesized by bacteria was collected
from the surface of the culture medium, with
distilled water. Microorganisms were removed
from the suspension by centrifugation at 1500rpm,
10 minutes, 4°C, and the polymer was precipitated
with organic solvents from the supernatant [8].
Polysaccharide purity was verified by column
chromatography on Biogel P200 (50-100 mesh)
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(Biorad Labs.) [9, 10], and the structure of levan
was analyzed after acid hydrolysis in the presence
of 0.05% sulfuric acid at 50°C, followed by TLC.
The standard used for purity determination was
fructose. The concentration of the polysaccharide
was determined by spectrophotometric methods at
330nm wave length against blank [8]

Biological material. The tests were performed
with whole protein extracts from normal and
injured skin (burns or wounds) from Wistar rats
treated by halotherapy in Cacica and Dej salt
mines for two weeks. Protein concentration was
determined by Lowry method [11]. MMPs
presence was assessed using the sodium
dodecylsulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) gelatin zymography. Gelatinolytic
(MMP-2 and MMP-9) activity was shown as gel-
clear zones [12].

All reagents were analytical grade. Results are the
average of three independent determinations.

3. Results and discussion

Levan is a fructose polymer of microbial origin
composed of p-(2,6)-fructosyl-fructose linked
molecules and side chains. The molecular weight
of levan obtained by microbial or enzymic
synthesis is estimated to ~2.5x10° [13]. Levan is a
major by-product synthesized of many other
bacteria and also produced by Z. mobilis, when it
iS grown on sucrose. The enzyme levansucrase
(EC 2.4.1.10) is responsible for sucrose
hydrolysis, levan formation and oligosaccharide
production. Levansucrase can be inhibited by
glucose, but not by fructose, ethanol, sorbitol,
NaCl or ethylenediaminetetracetate acid [14].
Figure 1 presents levan production on complete
solid medium by wild type Gram-negative
bacterium Z. mobilis.

A

Figure 1. Levan production by Z.mobilis NCIB 11163
on solid medium containing 2% sucrose
Chromatographic elution was performed with

saline buffer, collecting the fractions and
analyzing them by spectrophotometric (Figure 2)
and thin layer chromatography methods (Figure 3).
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Figure 2. Levan purity determination through gel
filtration chromatography on Biogel P200 column, 50-
100 mesh.

Fractions absorbance values were determined at
330nm wavelengths and were plotted according to
the volume of the eluent, obtaining a single peak,
with maximum absorbance, demonstrating the
levan presence. Sample retention time for elution
was higher than those determined in the case of
mesh column free space, which demonstrate that
levan was retained in the three-dimensional
network mesh chromatography column. Graphic
results indicate that levan is the only compound
eluted on Biogel P200 column (Figure 3)
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Figure 3. Pointing levan fractions eluted with Biogel
P-200 column, 50-100 mesh, using a TLC Silica gel 60
plates
Levan structure confirmation was achieved by
compound hydrolysis in the presence of sulfuric
acid 0.05%, at 50°C, taking samples every 10
minutes, and analyzing them using thin layer
chromatography. The results were verified and
confirmed by the standard of fructose. Levan
concentration was spectrophotometricaly
determined at 330nm with a value of 6x10'mol/L,
when obtained on solid medium. Protein
concentration was determined by Lowry classic
method. Values are lower for Wistar rats with
burns and injuries, treated by speleotheraphy in
Cacica salt mine, compared to control while
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Wistar rats two weeks old values are close to
control.
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Figure 4. Results for levan hydrolysis. a. sucrose
standard (mg/mL) (1-5- 1-5 pL corresponding. 10 -
50mg/10mL standard sucrose solution, b. Levan
hydrolysis at 0-70 minutes, c. Levan formation in the
culture medium containing sucrose, in the presence of
bacteria during Z. mobilis fermentation.
Hydrolyze with sulfuric acid results shows that
levan structure is based on fructose units. The
more time hydrolysis extends, the amount of
fructose increases, compared with the standard
used, and weaker cluster displays of levan on
chromatography. Thin layer chromatography
demonstrates levan formation (left spot on the
state line Silica gel 60) in culture medium
containing 2% sucrose in the growing medium of
Z. mobilis wild type stain. At the initial point of
fermentation the sucrose concentration was high
(2%) and after more then 25 hours, the
metabolism of sucrose is more intense in the
culture medium with formation of levan, fructose

and other secondary compounds.

The metalloproteinases tissue profiles were
examined in Wistar rats with lesions caused by
mechanical procedures (wounds) and thermal
(burn) on skin treated by halloterapy for two
weeks in Cacica and Dej salt mines. Figures 5 and
6 show tissue metalloproteinases (gelatinase
activity) of protein extract obtained from Wistar
rat skin burned and injured. Our studies have
focused on metalloproteinase profiles for analysis
after treatment with levan.

To understand the underlying mechanisms
involved in pathological conditions such as
fibrosis and chronic non-healing ulcers, it is
helpful to review first the knowledge about normal
tissue response to injury [15, 16]. Healing of
burned tissue is a complex process, which
involves re- epithelisation, granulation tissue
formation and remodeling of extracellular matrix.
There is also experimental evidence that indicates
the involvement of superoxide radical in the
pathogenesis of burn wound [17].
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Figure 5. Gel electrophoresis (SDS-PAGE) for
highlighting metalloproteinases tissue (A) biological
samples treated by halotherapy and MMP levan (6 x
107 mol/L) activation. Legend: MCA- burned Wistar
rats two weeks old treated in Cacica salt mine, CA —
burned adults Wistar rats treated in Cacica salt mine,

MDA- burned adults Wistar rats tow weeks old treated

in Dej salt mine; DA- burned adults Wista rats treated

in Dej salt mine, M-adults normal Wistar rats (control);
(B) MMP with simple activation.

Figure 6. Gel electrophoresis (SDS-PAGE) for
highlighting metalloproteinases tissue , DR- wounded
adults Wistar rats treated in Dej salt mine, MR-
wounded adults Wistar rats with any tratament, M-
adults normal Wistar rats (control)

Various biological and metabolic changes occur
during burn injury including degradation of
adenosine triphosphate (ATP) and significant
reduction in polyunsaturated fatty acids in red cell
membrane [18]. Free radicals as well as histamine
and prostaglandins released from the burn wound
cause lipid peroxidation in the skin tissue. These
radicals appear to be involved in the appearance of
lipid peroxidation products extractable from
burned skin and distant organs [19, 20, 21, 22,
23]. Wound healing involves a complex
interaction between epidermal and dermal cells,
the extra cellular matrix, controlled angiogenesis
and plasma- derived protein all coordinated by an
array of cytokines and growth factors [24]. MMP
play an important role in the tissue remodeling
occurring during physiological or pathological

processes [25].

The pathologic mechanisms underlying why some
wounds heal well and some poorly are only
partially understood. Matrix metalloproteinase
type 9 (MMP-9) is a collagenase that is associated
closely with chronic diseases such as cancer and
chronic wounds [22, 26, 27, 28, 29, 30]. MMP-9
is persistently elevated in chronic wounds and in
increased ulcers and venous stasis ulcers. The
MMP-9 concentration inhibition associated with
delays in keratinocyte motility in vitro, delayed
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epithelialization in vivo, and delayed angiogenesis
[16, 31, 32, 33,]. A critical role of MMP-2 and
MMP-9 has been also shown for the development
of abdominal aortic aneurysm using MMP gene
deletion mice [34]. Both MMP-2 and MMP-9
cleave elastin, type IV collagen, and several other
ECM molecules and MMP-2 digests interstitial
collagen types I, Il and Illl. MMP-9 is not
expressed in normal, uninjured skin, while MMP-
2 is constitutively expressed at minimal levels [35,
36]. In some studies on regulation of elastase-type
endopeptidase activity, showed that MMP2 and
MMP9 are more expressive and activated in
human dermal by fucose and a fucose-rich
polysaccharide. Studies showed that mono-, di-,
oligo- and polysaccharides acting on the elastin-
laminin receptor and/or on the fucose-mannose
receptor are efficient inhibitors of such enzymes
by down regulating elastase-type endopeptidase
activity, both at the level of their biosynthesis and
at the level of the activation of the pro-enzymes.
Fucose and fucose-rich polysaccharide
preparations were shown to be efficient
modulators of MMP-2 and MMP-9, activity with
potential therapeutic applications in age-related
pathologies accompanied by tissue loss [37].
Integrins have been found to play a role in platelet
aggregation, immune functions, tissue repair, and
tumor invasion, and some diseases are seldom
known to be caused by mutations in integrin
genes. There is increasing evidence that the cell
movements that take place during tissue repair
such as wound healing depend on integrin-
mediated interactions [38].

The analysis of biological samples MMP may
contribute to the characterization of processes
involving tissue remodeling, processes related to
wound healing or burn, possibly to the
development of new therapies.

Metalloproteinases activation by levan occurs also
when Wistar rats were not treated by thermic
burns and injury (data no shown).

4, Conclusions

Our results showed an intense metalloproteinases
expressions present in the skin, through the
activation with polysaccharides, less or never used
until now in treating wounds and burns, using
Wistar rats experimental models, treated by
speleotherapy/haloterapy in salt mines.
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Biochemical analysis indicates a significant
activation of MMP-2 and MMP-9 respectively,
after levan treatment in combination with
speleotherapy for two weeks. This is particularly
important in preventing infections in thermal or
mechanical injuries occurring above epidermal
tissue and celular epithelial proliferation, as well
as speeding up efficiently healing of wounds and
burns. Our studies indicate that levan therapy
could provide a new and valid option, with results
significantly beneficial for skin injuries in vitro
and in vivo. Although in this direction are not very
rich information, so presumably that mechanisms
are closely related to cellular proliferation,
protection systems against oxidative stress,
metalloproteinases overexpression being involved
in recovery, reconstruction and epithelium
regeneration cell systems.
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