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ABSTRACT
PURPOSE: To evaluate the effects of fatty acids-incorporated collagen-based dressing films on wound healing in rodents.
METHODS: Therefore, surgical wounds were performed in the back of 80 Wistar rats, and dressed with collgane-based films (COL), 
and collagen-based films containing fatty acids (AGEF50 and AGEF100). Undressed wounds were regarded as controls (CTR). The 
animals were euthanized after three, seven, 14 and 21 days, and the macroscopic wound contraction rates (WRC) were assessed. The 
wounded area was also analyzed by conventional and polarized light microscope. 
RESULTS: No sign of abscess or hypertrophic scar formation was observed in none of the groups. At seven days, the WRR of AGEF50 
was significantly higher than CTR (p<0.01), whereas at 14 days, both AGE 50 and AGE100 showed a significant increase of the WRR 
compared to CTR (p<0.001) and COL (p<0.01). Both films promoted increased influx of neutrophils at three days (p<0.01), but reduced 
significantly the mononuclear infiltrate at 14 days (p<0.05). It was also observed earlier maturation of the granulation tissue, full 
epithelization and cutaneous appendages development, as well as better collagenization, in AGEF50 and AGEF100. 
CONCLUSION: The application of AGEF50/100 as wound dressing improved wound healing in rodents.
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Introduction

Wound healing is a complex process that occurs in three 
overlapping pathophysiological phases named inflammatory 
reaction, proliferation, and remodeling1. The inflammatory 
phase is characterized by vascular events which allow the influx 
of leukocytes into the wound site, responsible for microbial 
and necrotic tissue elimination2. The proliferative phase refers 
to the restoration of the epidermis and collagen formation, and 
involves migration and proliferation of keratinocytes from the 
wound edges, as well as fibroblast and endothelial proliferation 
to form the granulation tissue and further primary collagen 
scar. The remodeling phase starts during the proliferative phase 
but continues for a long time after injury (up to many months), 
and is characterized by increased collagen turnover and wound 
contraction in an attempt to restore skin morphological and 
functional integrity3. 

However, in the case of full-thickness burn injuries and 
chronic wounds such as pressure ulcers, venous ulcers and diabetic 
foot ulcers these processes are damaged and new technologies 
have been developed to improve the healing in these conditions4. 
Thus, the last two decades have witnessed the introduction of 
many new dressings, based on the concept of creating an optimum 
environment to allow epithelial cells to move unimpeded, for the 
treatment of wounds5. Such optimum conditions include a moist 
environment around the wound, effective oxygen circulation to aid 
regenerating cells and tissues and a low bacterial load6.

Collagen matrix is known to provide physical support 
for cellular proliferation and qualifies as an excellent material 
for wound dressing due to its biodegradable and biocompatible 
properties7. In addition, the incorporation of bioactive molecules, 
such as curcumin8 and usnic acid9, or natural products, such as red 
propolis extract10, into collagen-based films have been successfully 
used to improve wound healing in experimental models.

Fatty acids are chemical compounds that present a 
long hydrocarbonate chain and a carboxyl-terminus group, 
which compose the biological membrane structures; function 
as precursors of intracellular messengers; and are oxidizers, 
generating adenosine triphosphate (ATP) and have been applied 
to wound treatment11. Studies have demonstrated that fatty acids 
are able to modulate a wide range of biological activities involved 
in wound healing, such as differentiation of fibroblasts into 
myofibroblasts12, fibroblasts proliferation13, endothelial-leukocyte 
adhesion14. Keratinocytes differentiation and development of the 
cutaneous appendages15.

Hence, this study aimed to evaluate the healing potential 

of fatty acids-incorporated collagen-based films on second-
intention wound healing in rodent model.

Methods

The animals used in this study were adult male Rattus 
norvegicus albinus, Wistar lineage, weighing 250-300g. 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. 
Experimental protocols and procedures were approved by the 
University Tiradentes Animal Care and Use Committee (CEUA 
nº 440911).

Surgical procedures and groups 

Eighty rats were anesthetized with intraperitoneal 
ketamine-xylazine (100 mg/kg - 5mg/kg) and standard-sized 
round-shaped surgical wounds were performed in the back 
of the animals, using metallic punch of 8.0 mm. Animals were 
handled in accordance to the principles of aseptic chain in 
order to avoid bacterial contamination. Subsequently, rats were 
randomly assigned into four groups of 20 animals each: CTR, 
undressed wounds; COL, dressed with collagen-based films; 
AGEF50 – dressed collagen-based films containing AGE50® fatty 
acids formulation; and AGEF100 – dressed collagen-based films 
containing AGE100® fatty acids formulation. After three, seven, 
14 and 21 days, five animals of each group were euthanized in 
CO2 chamber, and the healing/scar area was surgically removed, 
formalin-fixed and paraffin-embedded.

For this study, it was used gelatin (Gellita South 
America, Cotia/SP, Brazil), glycerol, tween 20 and 80, acetic acid 
(Vetec Quimica Fina Ltda, Rio de Janeiro/RJ, Brazil), commercial 
formulation of essential fatty acids containing oleic/linoleic 
acids (AGE100®/ Tecpon, Cachoeirinha/RS, Brazil), commercial 
formulation of essential fatty acids with oleic/linoleic acids and 
sunflower oil (AGE50®/Tecpon, Cachoeirinha/RS, Brazil).

Films preparation
The films were prepares by casting method from a 

solutions of 2.13% of gelatin powder solubilised in acetic acid 
(0.5 M) in a vessel equipped with a mechanical stirrer, with 
heating to 55°C for 20 minutes. Glycerin (15% or 20% w/w) as 
plasticizer and tween 20 or 80 (9.4% or 4.7% w/w) as emulsifier, 
respectively, were added to solution while stirring. Thereafter, 
fatty acid AGE 50 or AGE 100 (10% w/w based on the weight of 
the gelatin powder) (TECPON, Brazil) added to the solutions, the 
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compositions of the formulations films are listed in Table 1. The 
solution was homogenized in an Alpax Ltda, Diadema/SP, Brazil) 
at 30.000 rpm for 10 min. The emulsion (100 mL) was poured 
into disposable Petri dish, placed on a leveled surface, and dried at 
40°C for 24h. The obtained films were peeled from the disposable 
Petri dish plates and stored at 25°C for 48h in desiccators at 58% 
relative humidity (RH) before the tests were carried out. The 
prepared films with a size of 2 x 3 cm2 were sterilized for 30 min 
in UV-irradiation before use.

TABLE 1 - Compositions of the formulations films.

Experimental Film Glycerol Solvent
AGEF 50 15 % Tween 80 (4.7%)
AGEF 100 20% Tween 20 (9.4%)

Assessment of the wound contraction rates

For the macroscopic analysis and assessment of the 
wound contraction rates, after three, seven, 14, and 21 day, the 
craniocaudal and latero-lateral measures of each wound were 
assessed by a digital caliper (precision 0.01 mm), prior to the 
excision of the wounds, and the final wound areas were obtained 
through the equation A = π x R x r, where R represents the 
craniocaudal axis and r corresponds to the latero-lateral axis of the 
wounds. Clinical features of the wounds were monitored regarding 
to the presence of crust, secretion, necrosis, and hypertrophic scars.

Histological procedures and morphological analysis

Serial 5 µm thick sections were obtained from the 
paraffin-embedded samples and stained in hematoxylin-eosin. 
The intensity of the inflammatory response was assessed as 
follows: 0 — absence of inflammatory infiltrate; 1—Inflammatory 
cells representing less than 10% of the cell population; 2 — 
inflammatory cells representing between 10% and 50% of the cell 
population; and 3 — inflammatory cells representing more than 
50% of the cell population. The inflammatory profile was classified 
as acute (predominance of polymorphonuclear cells) and chronic 
(predominance of mononuclear cells). For the assessment of the 
collagen deposition, histological sections stained in Sirius Red and 
analyzed under polarized light were used to the descriptive analysis. 
Collagen fibers were analyzed according their birefringence 
pattern (greenish/yellow-greenish or orange, orange-reddish), 
morphological appearance (wavy or stretched, thin or thick, short 
or long), and architectural arrangement (reticular, parallel or 

interlaced). All readings were performed by investigators blinded 
to treatments (six histological sections/animal).

Statistical analysis 

The data concerning the wound contraction rates were 
analyzed using ANOVA followed by Tukey’s test, whereas the 
analysis of the inflammatory infiltrate was carried out by Kruskal–
Wallis test, followed by Dunn’s test. P values less than 0.05 were 
considered significant.

Results

Macroscopic analysis and wound contraction rates 
assessment

Figure 1 presents the macroscopic aspects of the wounds 
over the time course of the experiment, showing no sign of 
abscess formation in the early phases (three and seven days) or 
hypertrophic cars in the final ones (14 and 21 days).

FIGURE 1 - Macroscopic features of the wounds of the different groups 
over the time-course of the experiment.

As demonstrated in Figure 2, no significant difference 
was observed in the WRR of the groups in three days (p>0.05). 
In seven days, the WRR of AGEF50 was significantly higher than 
CTR (p<0.01), whereas in 14 days, both AGE 50 and AGEF100 
showed a significant increase of the WRR compared to CTR 
(p<0.001 and 0.001) and COL (0.001 and 0.01). In 21 days, all the 
groups presented full retraction of the wounds.
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FIGURE 2 - Assessment of the wound retraction rates (WRR) throughout 
the time.
(a)	 AGE50 is significantly different from CTR (p<0.01).
(b)	 AGE50 is significantly different from CTR (p<0.001) and COL 
(p<0.001).
(c)	 AGE100 is significantly different from CTR (p<0.001) and 
COL (p<0.01).

Histological analysis

In three days, all the groups presented intense plasmatic 
exudation, associated to marked infiltration of polymorphonuclear 
neutrophils. Interstitial edema was remarkable in the bottom of 
the wounds, whereas mild vascular neoformation was evidenced 
in the marginal wounded areas. In seven days, CTR, COL and 
AGEF100 exhibited immature granulation tissue, with formation 
of numerous irregular capillary vessels and intense infiltration of 
lymphocytes and histiocytes. In AGEF50, the granulation tissue 
appeared more mature, with remarkable fibroblastic proliferation 
as well as deposition of parallel-arranged collagen fibrils. The 
epithelization process recovered less than 30% of the wounded 
area in all the groups. In 14 days, the epithelial lining recovered 
more than 70% of the wound surface in CTR and COL, but 
only two samples of both groups presented full epithelization. 
However, the epithelization process was complete in 100% of 
AGEF50 and AGEF100. Moreover, rudiments of cutaneous 
appendages were observed budding from the epithelium line, 
particularly I the margins of the wounds. The primary scar was 
well developed, with intense fibroblastic proliferation, and mild 
residual granulation tissue. In 21 days, there was full epithelization 
in all the groups, although the cutaneous appendages were only 
observed in AGEF50 and AGEF100. The connective tissue was 
intensely fibrotic, with absence of inflammatory infiltrate in all the 
groups (Figure 3).

FIGURE 3 - Histological findings observed in CTR (a/e/i/m/q), COL (b/f/
j/n/r), AGEF50 (c/g/k/o/s) and AGEF100 (d/h/l/p/t). (a-d) inflammatory 
phase of wound healing at three days, (e-h) granulation tissue formation 
at seven days, (i-l) development of the primary fibrous scar at 14 days, 
(h-p) well developed fibrous scar at 21 days in the experimental groups 
(H&E, 100x), (q-t) details of the epithelial features, showing formation of 
cutaneous appenfages only in AGEF50 and AGEF100 (400x).

As shown in Figure 4, the intensity of the inflammatory 
infiltrate decrease over the time course of the experiment. 
At three days, AGEF50 and AGEF100 presented increased 
polymorphonuclear neutrophils infiltrate compared to CTR 
(p<0.01), whereas in 14 days, the mononuclear inflammatory 
content was significantly reduced in both groups (p<0.05). No 
difference among the groups was observed in the inflammatory 
cells content in seven and 21 days (p>0.05).
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FIGURE 4 - Histological assessment of the mean scores (± SD) of the 
intensity of the inflammatpry response in the studied groups over the time 
course of the experiment. 
*Significantly different from CTR (p<0.05).
**Significantly different from CTR (p<0.01).

Morphological analysis of collagenization

In three days, extremely delicate greenish or yellow-
greenish fibrillar structures (type-III collagen) with varied 
dimensions and reticular dispositions were observed in all the 
groups. In seven days, type-III collagen fibers thicker and denser, 
disposed in a reticular arrangement in CTR, and COL, and 
parallel arranged in AGE50 and AGE100. In 14 days, there was 
replacement of type III for type I collagen fibers, which were 
short, thin, delicate and irregularly disposed in CTR but longer and 
arranged in a parallel disposition in COL, AGE50 and AGE100 
(Figure 5).

FIGURE 5 - Collagen deposition in the experimental groups during the 
time-course of the study. In three and seven days, there was a predominance 
of thin delicate type III collagen fibrils (greenish birefringence), whereas 
in 14 these fibrils were replaced by thicker and longer type I collagen 
fibers. In 21 days, all the groups presented grossly interlaced type I 
collagen fibers (Sirius Red/Polarized Light, 400x).

Discussion

The increased wound contraction rates observed in 
the wounds dressed with AGEF50 and AGEF100 suggest that 
the presence of essential fatty acids improved significantly the 
healing process. It is well established that the wound contraction 
is closely associated to the differentiation fibroblasts into 
myofibroblasts, a phenotypic change mediated by transforming 
growth factor beta (TGF-β), a cytokine widely released by 
mononuclear inflammatory cells within the wound16. Once it 
has been previously reported that fatty acids are able to enhance 
the synthesis and release of TGF-β, and induce the expression 
of contractile antigens (α smooth muscle actin) in fibroblasts, 
changing them into a myofibroblastic phenotype, in experimental 
in vitro studies12, it is possible to speculate that such increased 
contraction rates might be likely related to higher levels of TGF-β 
and more expressive myofibroblastic differentiation. Therefore, 
the lack of significant difference among the groups at three days 
seems to support this theory, since the inflammatory response was 
rich in polymorphonuclear instead of mononuclear cells, which 
are the main source of TGF-β. Moreover, at 21 days, a substantial 
apoptosis-mediated decrease of the myofibroblats is expected17, 
which justifies the findings obtained in this study. Nevertheless, 
further investigations analyzing the variations in the myofibroblasts 
subsets by immunohistochemical and molecular methods are 
necessary in order to assess the validity of such hypothesis.

The morphological evidence of a mature more cellular 
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and less vascular granulation tissue observed in AGEF50 at seven 
days suggest an acceleration of the biological events of wound 
healing. It has been recently reported that oleic and linoleic acids 
induce fibroblasts proliferation in vitro13. Therefore, the high 
content of such fatty acids in AGE50® formulation might be related 
with the improvement in the fibroblast-consistent spindle-shaped 
cell component, promoting earlier maturation of the granulation 
tissue. Moreover, unsaturated fatty acids, such as oleic acid, seem 
to exert anti-inflammatory activity by modulating the endothelial-
leukocyte adhesion14. This biological property might shorten 
the acute phase of the inflammatory response, and consequently 
accelerate the installation and development of the granulation 
tissue.

The semi-quantitative analysis of the intensity of the 
inflammatory response showed that both fatty acids-incorporated 
collagen-based films increased significantly the influx of 
neutrophils into the wounded area during the acute inflammatory 
phase of wound healing. Similar findings have been previously 
reported18, who also demonstrated that such increase in the 
polymorphonuclear content content were likely related to an oleic 
and linoleic-induced enhancement of the expression of vascular 
endothelial growth factor-alpha (VEGF-alpha) by neutrophils, 
improving the endothelial-leukocyte adhesion, as well as an 
increased release of cytokine-induced neutrophil chemoattractant 
2 alpha/beta (CINC-2alpha/beta), a potent chemotactic cytokine 
during the inflammatory response. Nevertheless, it has been 
recently reported that oleic acid is able to downregulate long-
term inflammatory responses19, and suggested that this biological 
phenomenon might be related to apoptosis of T cells mediated 
by oleic acid exposure. The reduced content of monulcear 
inflammatory cells in AGEF50 and AGEF100 observed at 14 days 
seems to support this theory. Therefore, it is possible to suggest 
that the presence of fatty acids might have speeded-up the time-
course of the inflammatory response, by accelerating the acute 
phase and shortening the chronic phase.

The analysis of the epithelization process in 14 days 
suggested that the fatty acids might have played a modulatory 
role on the proliferation and migration of epidermal keratinocytes, 
accelerating the full epithelial recovery of the wound surface. 
In fact, it has been previously reported that keratinocytes use 
fatty acids to synthesize lamellar bodies, which are regarded as 
important structures to the formation of the cell lipid membranes20. 
In addition, the experimental inhibition of fatty acids blocks the 
formation of such lamellar bodies, impairing the keratinization 
process and maturation of the epidermal tissue15. 

The earlier development of dermal appendages was 

also observed in AGEF 50 and AGEF 100. Recent essays have 
demonstrated the over expression of fatty acids transport proteins 
(FATP) over the time-course of the development of the epidermis 
and cutaneous appendages, suggesting the active participation 
of such lipid molecules in the formation and maturation of the 
epidermal-derived structures15. Accordingly, it is possible to 
suggest that the additional availability of fatty acids, derived from 
AGEF50 and AGEF100, might have increased the keratinocytes 
metabolism, resulting in earlier formation of mature keratinized 
epithelial lining and cutaneous appendages. However, further 
research assessing the FATP expression in epithelial tissues during 
wound healing is necessary to investigate the precise mechanisms 
underlying the keratinocytes metabolic enhancement in response 
to the increased fatty acids supply.

The analysis of the collagenization seemed to corroborate 
the hypothesis of a possible stimulatory effect of fatty acids 
on the fibroblasts, as previously reported by others studies13. 
Notwithstanding, the modulatory effects observed in this study 
appeared to be related to an improvement of both synthesis 
and degradation of the collagen molecules, promoting faster 
remodeling of the collagen scar, without excessive deposition 
of these fibers, which would ultimately lead to hypertrophic scar 
formation.

Conclusion

The application of AGEF50/100 as wound dressing 
improved wound healing in rats and presented better results than 
AGEF100.
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