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ABSTRACT
Alternagin-C (ALT-C) is a disintegrin-like, Cys-rich protein isolated from Bothrops alternatus snake venom, which
has been shown to induce in vivo angiogenesis. Therefore, this protein could be interesting as a new approach
for tissue regeneration studies. Here the effects of ALT-C on fibroblasts and inflammatory cells, collagen type III
and type I and TGF-α expression in a rat wounded skin model were studied. Thirty-five male Wistar rats (weight
270 ± 20 g) were divided into seven groups with five animals in each of the following groups: a control group
which wounded animals received treatment with natrozol® gel only; ALT-C10, ALT-C60 and ALT-C100 groups
of wounded animals that were treated with the same amount of gel containing 10, 60 and 100 ng of ALT-C,
respectively. Animals were treated once a day with 20 μl of gel associated or not with ALT-C for 1, 3, 5 or 7 days.
ALT-C treatment increased the fibroblast density, collagen deposition and accelerated the inflammatory process,
mostly in the ALT-C60 group. These results indicate that ALT-C improves wound repair process in rat skin. Thus,
ALT-C could be a candidate to the development of a novel therapeutic strategy for wounded skin repair.
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SP, Brazil; CMCP Gouvêa, PhD, Instituto de Ciências da
Natureza, Universidade Federal de Alfenas, Alfenas, MG,
Brazil; JLQ Durigan, PhD, Departamento de Ciências Fisiológicas,
Universidade Federal de São Carlos, São Carlos, SP, Brazil;
MR Cominetti, PhD, Departamento de Ciências Fisiológicas,
Universidade Federal de São Carlos, São Carlos, SP, Brazil;
ER Pimentel, PhD, Departamento de Anatomia, Biologia
Celular e Fisiologia e Biofı́sica, Universidade Estadual de
Campinas, Campinas, SP, Brazil; HS Selistre-de-Araújo, PhD,
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INTRODUCTION
Wound healing is a dynamic, interactive
process among several cell types, involving
a cascade of events including inflammation,
new tissue formation and tissue remodelling,
which finally lead to the reconstruction
of the wounded area, which is eventually
partial (1,2). Inflammatory cells invade the
wounded tissue and play an important role
in the initiation of the inflammatory process.
Neutrophils are the first cells to arrive within
a few minutes, followed by macrophages
and lymphocytes. In addition to the defence
functions of inflammatory cells, they are also
a key source of growth factors and cytokines,
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which start the proliferative phase of woundKey Points

• a family of small integrin-
binding proteins, named disin-
tegrins, has been described from
snake venoms, which strongly
inhibit integrin mediated cell
adhesion and migration

• these proteins bind to integrins
with high affinity therefore
inhibiting cell adhesion and
migration

• alternagin, a protein purified
from the venom of the Brazilian
snake Bothrops alternatus, is
synthesized as a precursor
form belonging to the PIII
class of the snake venom
metalloproteinases (SVMP)

• alternagin-C (ALT-C) is a dis-
integrin-like, Cys-rich domain
released from alternagin, which
is a potent inhibitor of collagen-
induced adhesion by blockage
of α2β1 integrin

• the purpose of the present study
was to assess the effects of ALT-
C on collagen type I and type III
expression, as well as on the
fibroblasts and inflammatory
cells and TGF-α expression in
a rat wounded skin model

• thirty-five male Wistar rats
weighing 270 ± 20 g were
used

repair (3).
Keratinocytes also migrate and proliferate

afterwards at the wound edge and are fol-
lowed by the proliferation of dermal fibroblasts
in the neighbourhood of the wound (2,3). Con-
comitantly, fibroblasts synthesise and secrete
structural proteins, such as various types of
collagens, which deposit in the dermal defect
to restore tissue integrity. Collagens, primar-
ily type I along with a small amount of type
III, provide tensile strength to the skin. These
proteins primarily account for the strength and
durability of the leather. Thus, collagen along
with the imbedded and newly formed cap-
illaries forms the granulation tissue in open
wounds within tissue defects (4). However,
the collagen that is deposited into the der-
mal defect in chronic wounds is disorganised
and the resulting scar tissue never achieves the
tensile strength of unwounded skin (5).

Wound repair is controlled by a wide vari-
ety of different growth factors and cytokines.
The epidermal growth factor (EGF) family of
mitogens is very important during wound heal-
ing. This family comprises several members,
including EGF, transforming growth factor-α
(TGF-α), heparin-binding EGF, amphiregulin,
epiregulin, betacellulin, neuregulins and oth-
ers (6–8). TGF-α is secreted by platelets,
keratinocytes, activated macrophages and
eosinophils and it works in an autocrine/para-
crine manner on keratinocytes and dermal
fibroblasts (9,10). It was shown that TGF-α has
the ability to increase keratinocyte and der-
mal fibroblast migration (11) and proliferation,
and it stimulates and regulates angiogene-
sis (12,13). It has a key role in early stimulation
and maintenance of wound epithelialisation
in partial-thickness wounds (14). Collectively,
TGF-α plays an important role in the early
phase of reepithelialisation (9,10,11,14).

Integrins form a family of cell surface
adhesion receptors, mediating both cell–cell
and cell–matrix interactions. The α2β1 integrin
is a major collagen receptor that plays an
essential role in the adhesion of normal and
tumour cells to the extracellular matrix (15).
A family of small integrin-binding proteins,
named disintegrins, has been described from
snake venoms, which strongly inhibit integrin-
mediated cell adhesion and migration (16).
These proteins bind to integrins with high
affinity therefore inhibiting cell adhesion and

migration. Alternagin, a protein purified from
the venom of the Brazilian snake Bothrops
alternatus, is synthesised as a precursor form
belonging to the PIII class of the snake venom
metalloproteinases (SVMP) (17). Alternagin-C
(ALT-C) is a disintegrin-like, Cys-rich domain
released from alternagin, which is a potent
inhibitor of collagen-induced adhesion by
blockage of α2β1 integrin (17).

Previously results from our group have
shown that ALT-C strongly induces human
vein endothelial cell (HUVEC) proliferation
both in vitro and in vivo by up-regulating
the expression of some growth factors and
their receptors, including vascular endothelial
growth factor (VEGF) and VEGF receptor 2
(VEGFR-2) (18,19). In addition, it was shown
that ALT-C increases myoblast proliferation,
modifies gene expression including the pattern
of MHC gene expression (20) and modulates
matrix metalloprotease (MMP) activity and
expression in an in vivo skeletal muscle
regeneration model (21).

Recently, we have also shown that ALT-C
and ALT-C PEP, a peptide derived from
its sequence, were able to induce in vivo
angiogenesis in wounded rat skin (22). These
results suggest a role for α2β1 integrin in
the healing process which may be interesting
for the development of therapeutic strategies
for wounded skin repair or regeneration.
Based on our previous results and considering
the potential benefits of ALT-C on the
regeneration therapy, particularly on the
wounded skin repair, we hypothesised that
ALT-C could improve the cutaneous wound
healing. Therefore, the purpose of the present
study was to assess the effects of ALT-C on
collagen type I and type III expression, as well
as on the fibroblasts and inflammatory cells and
TGF-α expression in a rat wounded skin model.

MATERIALS AND METHODS
Animals
Thirty-five male Wistar rats weighing 270 ±
20 g were used. The animals were housed
in plastic cages in a room with controlled
environmental conditions and had free access
to water and standard food. The experimental
procedures were approved by the Animal
Ethics Committee of the Universidade Federal
de Alfenas (Process No. 67/2005), and the
study was conducted in accordance with
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national guidelines for the care and use of
laboratory animals.

Alternagin-C
ALT-C, the processed disintegrin and Cys-rich
domains of alternagin, was isolated from B.
alternatus venom as previously described (17)
and dissolved in 1·5% natrosol® gel (21).

Skin wound model and treatment
Rats were anaesthetised with ketamine and
xylazine (1:1; 0·2 ml/100 g, i.p.) and an excision
wound was made as described (22), by excising
the skin of the back of each animal, close to the
cervical area, with a 4-mm diameter biopsy
punch. After that, animals were randomly
divided into seven groups with five animals
in each: Control, treatment with natrozol® gel;
ALT-C10, treated with 10 ng of ALT-C; ALT-
C60, animals treated with 60 ng of ALT-C; ALT-
C100, animals treated with 100 ng of ALT-C.
Animals were treated topically with 20 μl of gel
only or containing ALT-C in the concentrations
stated above, that was applied once a day, into
the wound, for 1, 3, 5 or 7 consecutive days (22).
After the treatment period animals were
euthanised with anaesthesia overdose and the
skin was removed including the wounded area
plus 2 mm of the edging skin. The cranial
portion was used for histological analysis and
the caudal portion for protein extraction.

Histology
The wounded skin of the animals from
all experimental groups was fixed in 4%
buffered p-formaldehyde, embedded in paraf-
fin, sectioned (5 μm thick) and stained with
haematoxylin–eosin or picrosirius red (23).
Three digital images per animal, at 400×
magnification, were acquired randomly with
a Nikon Eclipse E-400 photomicroscope and
used for morphometric quantification of col-
lagen, fibroblasts and inflammatory cells
(macrophages, neutrophils and lymphocytes)
in a test frame area of 0·0625 mm2. The collagen
quantification was used for the determination
of collagen type III/type I ratio and the results
of cell densities were expressed as the percent-
age of control value (22).

Immunohistochemical analysis
The sections of rat skin were treated with
xylene, hydrated through a graded ethanol

series and rinsed in tap water. Antigens were
retrieved by boiling the sections in a 10 ml

Key Points

• rats were anaesthetised and an
excision wound was made

• after the treatment period,
animals were euthanised with
anaesthesia overdose and the
skin was removed including the
wounded area plus 2 mm of the
edging skin

citrate buffer (0·1 M, pH 6·0) for three times (5
minutes each) in a microwave oven. The cooled
sections were incubated in 0·3% H2O2 for 15
minutes to block endogenous peroxidase. Non
specific binding was blocked by incubating the
sections in blocking solution for 1 hour at room
temperature. Rabbit primary antibody collagen
type III (AB757, Chemicon, Temecula, CA) was
diluted in 1% bovine serum albumin (1:50) and
incubated with the sections overnight at 4◦C.
Afterwards, the sections were washed for 15
minutes with TBS-T [Tris-buffered saline con-
taining 2% (v/v) Tween 20] and incubated with
HRP-conjugated anti-rabbit antibody (sc-3837,
Santa Cruz Biotechnology, Santa Cruz, CA) at
1:100 dilution for 2 hours at room tempera-
ture. After washing in TBS-T, peroxidase activ-
ity was detected with 3,3-diaminobenzidine
as the chromogenic substrate. Sections were
counterstained with Harry’s haematoxylin and
dehydrated in an increasing ethanol series and
xylene, mounted in Entellan (Merck, Darm-
stadt, Germany) and photographed with a
Nikon Eclipse E-400 photomicroscope. Colla-
gen type III was quantified by densitometry in
a test frame area of 0·0625 mm2, using Adobe
Photoshop software (22).

Western blotting
Protein content of the wounded skin of rats
from all experimental groups was extracted
according to Sant’Ana et al. (22). Proteins were
quantified, separated (10 μg) by 12% polyacry-
lamide–SDS electrophoresis and transferred
to a PVDF membrane. Blots were blocked
with phosphate buffered saline (PBS) 0·01 M,
pH 7·3, containing 3% (w/v) bovine serum
albumin and 2% milk powder for 1 hour
and then washed in PBST [PBS containing
1% (v/v) Tween 20], for 10 minutes. Mem-
branes were incubated for 1 hour with pri-
mary antibody anti-TGFα (sc-9043, Santa Cruz
Biotechnology), followed by 1 hour incuba-
tion with the secondary antibody conjugated
to alkaline phosphatase (Santa Cruz Biotech-
nology). Immunoreactive bands were shown
with BCIP/NBT colour development sub-
strate (Sigma). The bands were quantified by
densitometry, using Kodak 1D 3·0 software
and the results were expressed as percentage
of increase or decrease from control values.
β-Actin was used for data normalisation.
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Statistical analysis
All experiments were made in triplicate.
Data are shown as mean ± SEM and com-
parisons among groups were made by one-way
ANOVA followed by post hoc test of Tukey,
when P < 0·05.

RESULTS
Collagen expression
Using the same experimental model, we
have previously shown that ALT-C increased
the presence of new blood vessels and
the expression of growth factors, mostly
VEGF and fibroblast growth factor-1 (FGF-1)
mainly up to 7 days after injury (22). Now
we show here that collagen expression is
modulated by ALT-C treatment (Figures 1
and 2). ALT-C treatment increased signifi-
cantly (P < 0·05) collagen type I expression
in the regenerating rat skin. ALT-C60 was the
most effective as it increased collagen type
I in all of the times studied. ALT-C10 and
ALT-C100 were effective only after 3 days of
treatment, as compared to the control group
(Figure 3A). ALT-C treatment had less effect on
the collagen type III expression in comparison
with the control, and only after 7 days of
ALT-C100 treatment a significant (P < 0·05)
reduction of the collagen type III expression

was observed (Figure 3B). The collagen type
III/I ratio was significantly (P < 0·05) reduced
by ALT-C60 treatment, in comparison with
the control group. Despite the significant (P <

0·05) ratio reduction observed after 3 days of
ALT-C10 and ALT-C100 treatment, compared
to the control, only ALT-C100 sustained the
significant (P < 0·05) reduction after 7 days of
treatment (Figure 3C).

Fibroblast and inflammatory cells
densities
Fibroblast density increased significantly (P <

0·05) in ALT-C treated groups, reaching the
highest values between 3 and 5 days of treat-
ment and returning to the control level after
7 days of injury (Figure 4A). Inflammatory cells
increased mainly at 5 days of treatment, but
decreased below the control level at 7 days of
treatment (Figure 4B).

TGF-α expression
We next analysed TGF-α expression as this
growth factor is important for skin regener-
ation. TGF-α expression was detected only
at 1 and 3 days after injury. Interestingly,
ALT-C10 decreased significantly (P < 0·01)
TGF-α expression, in comparison with the
control group, while ALT-C100 increased it
(P < 0·001). The effect of ALT-C60 was similar
to the control (Figure 5).

Figure 1. Collagen expression in rat wounded skin of control and treated animals with different concentrations of alternagin-C
(ALT-C), at 1, 3, 5 and 7 days after injury, stained with picrosirius red. Note that collagen staining increased in the regenerating skin
mainly in ALT-C60 group that indicates increased collagen deposition. Scale bar = 100 μm.
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Figure 2. Collagen type III immunohistochemistry of rat wounded skin of control and treated animals with different concentrations
of alternagin-C (ALT-C), at 1, 3, 5 and 7 days after injury. The colour intensity (chestnut brown) indicates the expression of collagen
type III in the regenerating skin. Scale bar = 100 μm.

DISCUSSION
Cutaneous wound repair regenerates skin
integrity; however, non healing chronic
wounds results in compromised tissue function
and increased morbidity being a health prob-
lem worldwide. It was shown in this study the
influence of a disintegrin-like, Cys-rich protein
in the regeneration of wounded rat skin. Data
analysis showed that ALT-C treatment after
skin lesion increases collagen type I deposition,
fibroblast density and accelerates the inflam-
matory process, observed namely with the
ALT-C60 treatment. Collectively, these results
showed that ALT-C could be beneficial for
wound skin regeneration.

Previous studies from our laboratory have
shown that ALT-C enhances VEGF expression
in fibroblasts, as well as endothelial cell
proliferation (18). ALT-C also induces in vivo
angiogenesis in nude mice and up-regulates
the expression of VEGFR-2(KDR) in HUVEC
cells (19). Recently, we have shown that ALT-C
increases angiogenesis, in a dose-dependent
way, using the same wounded rat skin model of
the present work (22). All these results support
the hypothesis that ALT-C possesses a good
potential for tissue regeneration studies.

In this study, it was observed that the
collagen type I deposition increased with ALT-
C treatment, mainly with ALT-C 60, but a
lesser effect was observed in the collagen type
III expression. These findings are interesting,
as the collagen III is considered an immature

collagen and its deposition did not provide

Key Points

• it was shown in this study
the influence of a disintegrin-
like, Cys-rich protein in the
regeneration of wounded rat
skin

• data analysis showed that ALT-
C treatment after skin lesion
increases collagen type I depo-
sition, fibroblast density and
accelerates the inflammatory
process, observed namely with
the ALT-C60 treatment

• collectively, these results
showed that ALT-C could be
beneficial for wound skin regen-
eration

• in this study, it was observed
that the collagen type I deposi-
tion increased with ALTC treat-
ment, mainly with ALT-C 60, but
a lesser effect was observed in
the collagen type III expression

• these findings are interesting,
as the collagen III is considered
an immature collagen and its
deposition did not provide
tensile strength to the skin

• the decrease in the collagen
type III to collagen type I
ratio in our study was thus
consistent with a more organ-
ised and stronger repaired skin
induced by ALT-C treatment and
this occurred because of the
increase of collagen type I depo-
sition rather than the decrease
of collagen type III

• besides contributing to the skin
strength, collagen type I is
also important to guide ker-
atinocytes and dermal fibrob-
lasts migration in the wounded
area

• a human wound-healing study
showed that the proportion of
collagen III relative to collagen
I increased significantly up
to 6 weeks after initial injury
and remained elevated up to
6 months

• considering this, our results sug-
gested that ALT-C could be ben-
eficial to wounded skin repair,
as this treatment enhanced col-
lagen type I deposition and also
fibroblasts density, mainly in the
animals treated with ALT-C60

tensile strength to the skin (4). Collagen type
I is the major collagen type in skin, where
the collagen type III intercalates into the
collagen type I fibrils and produces smaller
and less organised fibrils (24). The decrease in
the collagen type III to collagen type I ratio
in our study was thus consistent with a more
organised and stronger repaired skin induced
by ALT-C treatment and this occurred because
of the increase of collagen type I deposition
rather than the decrease of collagen type
III. Besides contributing to the skin strength,
collagen type I is also important to guide
keratinocytes and dermal fibroblasts migration
in the wounded area. A human wound-healing
study showed that the proportion of collagen
III relative to collagen I increased significantly
up to 6 weeks after initial injury and remained
elevated up to 6 months (25). Considering this,
our results suggested that ALT-C could be
beneficial to wounded skin repair, as this
treatment enhanced collagen type I deposition
and also fibroblasts density, mainly in the
animals treated with ALT-C60. Fibroblasts are
important cells for wound healing as they cover
the injured area, secrete the provisional matrix
and growth factors that are indispensable
for initiating repair and progressing into the
healing state (13,26).

Regarding the inflammatory cells, it is well
established that macrophages and neutrophils
are predominant during inflammation phase,
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Figure 3. Collagen content in rat wounded skin of control
and treated animals with different concentrations of alternagin-
C (ALT-C), at 1, 3, 5 and 7 days after injury (means ± SEM).
Collagen type I (A), collagen type III (B), and collagen type III/type
I ratio. Note that the ALT-C treatment stimulated the collagen
type I expression.

which is around 3 days after lesion. After
this period the density of these cells is
reduced and other cells migrate into the
wound (26). Our results suggest that ALT-C
could be a good chemical to improve skin
regeneration as it accelerated the acute phase
of inflammatory process, as seen by the
inflammatory cells density increasing between
3 and 5 days after injury. The treatment
avoided the chronic inflammatory process, as
the inflammatory cells decreased below the
control level at 7 days after injury. Persistence
of an excess pro-inflammatory infiltrate at
the wound site delays wound closure by
the establishment of a hostile, unbalanced
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microenvironment, dominated by proteolytic
rather than protective mechanisms (26). These
results seem to be well correlated to the
ALT-C effects on angiogenesis as previously
reported (18,19).

Wound healing process engages several
cell types such as fibroblasts, platelets,
macrophages, neutrophils, endothelial cells
and keratinocytes (26). ALT-C treatment shows
a time- and concentration-dependent action
in different cell types, both in vitro and in
vivo (18,19,21–23). However, in our study, it
was not easy to determine exactly the target
cell of ALT-C. It is possible that ALT-C affects
distinct cell types as they become present at
the injured site during the evolution of wound
repair. It was previously shown that ALT-C
competitively interacts with the α2β1 integrin
and induces integrin-mediated signalling and
chemotaxis in neutrophils (15) as well as in
breast tumour cells (27). Recently, the disin-
tegrin and Cys-rich domains of ADAM9, a
mammalian SVMP homologue, were shown
to increase keratinocyte migration and MMP-9
activity in a wound healing in vitro model,
an effect mediated by β1 integrin recep-
tors (28). Therefore, more studies, focussing on
the interaction between ALT-C and different
cell populations, are necessary to determine
the ALT-C target cells during wound repair.
The specificity of ALT-C in changing den-
sities of different cell types remains to be
elucidated.

ALT-C selectively binds to α2β1 integrin trig-
gering intracellular signalling characteristic of
integrin-activated pathways and up-regulating
the expression of several growth factors includ-
ing vascular endothelial growth factor (16).
Following this line of evidence, the results of
the present work suggest that ALT-C could be
also triggering α2β1 integrin-mediated fibrob-
last signalling, which in turn modifies gene
expression, including the collagen genes that
improve skin regeneration and repair.

TGF-α is important for the wound repair pro-
cess, mostly for the early stimulation and main-
tenance of wound epithelialisation (10,11,14).
In particular, TGF-α represents the major ker-
atinocyte pro-motility factor present in human
serum that acts during acute wound healing.
In this condition, as the basement membrane
is lost, keratinocytes initiate their migration
to a provisional extracellular matrix with

a complex composition, predominantly with
collagen type I (11).

In this study, TGF-α expression in ALT-C60
group was similar to the control. However,

Key Points

• it is possible that ALT-C affects
distinct cell types as they
become present at the injured
site during the evolution of
wound repair

• the specificity of ALT-C in
changing densities of different
cell types remains to be eluci-
dated

• in summary, the study indicates
that ALT-C, mainly ALT-C60,
improves wound repair process
in rat skin, by increasing the
collagen type I deposition and
fibroblast density, and acceler-
ating the inflammatory process

• overall, the results suggest
that ALT-C could be a good
candidate to the development
of a novel therapeutic strategy
for wounded skin repair and
regeneration

ALT-C100 treatment increased the TGF-α
expression, and interestingly the highest
fibroblast density was observed in this group
between 3 and 5 days after injury, probably fol-
lowing the TGF-α peak. These results indicate
a positive effect of ALT-C treatment on the skin
reepithelialisation and are in agreement with
previous studies corroborating the important
role of TGF-α in the early phase of skin wound
healing (9,14).

CONCLUSION
In summary, the study indicates that ALT-C,
mainly ALT-C60, improves wound repair
process in rat skin, by increasing the collagen
type I deposition and fibroblast density, and
accelerating the inflammatory process. Overall,
the results suggest that ALT-C could be a
good candidate to the development of a novel
therapeutic strategy for wounded skin repair
and regeneration.
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