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Introduction  

While many materials have been developed that 
support or accelerate vascularized wound healing, an 
approach with broad clinical application has not been 
identified.  Cell interactions with the extracellular matrix 
(ECM), in general, and the basement membrane (BM) 
specifically, play an important role in regulating wound 
healing.  For this reason, ECM-based natural materials 
and synthetic materials that mimic dermal BM properties 
have been investigated for applications in the regeneration 
or reconstruction of skin. We have developed a novel 
method for generating ECM-rich, tissue-derived 
hydrogels with chemical and physical properties that vary 
depending on the tissue source.(1, 2) Hydrogels derived 
from dermal tissue using this technique contain basement 
membrane proteins, such as laminin β3, collagen IV, and 
collagen VII, that are essential for proper skin function.(1-

3) Dermal-based hydrogels may provide benefit for 
applications in wound healing or tissue engineering of 
skin. In this study we evaluated whether single 
application of a dermis-derived hydrogel in a rodent 
wound healing model. 
 
Materials and Methods  

Collection of dermis and extraction were 
preformed according to a previously published method.(2) 
Briefly, decellularized, washed with high salt, and 
extracted overnight in a urea buffer.  Protein 
concentration was determined using a BSA assays.  Gels 
could be induced to form by temperature or pH 
mechanisms and structure and stiffness of the gels were 
assessed using atomic force microscopy. 

Two full thickness, excisional wounds were 
created with an 8mm punch midline on the backs of 
Sprague Dawely rats. A semi-rigid silicon ring was 
sutured to secure the wound bed and restrict contraction. 
Gels induced to assemble by pH were equilibrated in 
buffer and then applied to the wound.  After application, 
the wound was closed with a self-adhesive sheet 
(Tegaderm®) creating a stable, moistened wound 
chamber. At 1, 2, and 3 weeks the wound chambers were 
removed and square full thickness skin samples were 
harvested and prepared for histological and 
immunohistochemical characterization. 

Samples were formalin fixed, parrafin embedded 
and sectioned at 5µm thickness through the center of the 
wound. Sections were stained for hematoxylin and eosin 
and Masson’s Trichrome. Immunohistochemical staining 
for CD31 was performed and vessel density quantified.(4-

6) Histological parameters, including the length of re-
epithelization, the width of the unclosed wound, and the 
width of granulation tissue were measured.(7) 
 
Results  

At one week, the gels had largely degraded and 
there were no indications of chronic inflammation due to 
the material.  Wounds in both gel treated and controls 

consisted primarily of granulation tissue. Two and three 
weeks after the surgery, most wounds were covered with 
an intact layer of epidermis, and the granulation tissue 
was replaced by mature collagen from the wound edges. 
The hydrogel treated groups had a smaller average length 
of the unclosed wound and width of granulation tissue 
than untreated groups at 1 week, but these results were 
not significant.  By 2 and 3 weeks the values were the 
same for both treated and untreated wounds.  

Dermis derived gels support vessel assembly in 
vitro(4) and vascularized tissue formation in vivo(5). 
Immunohistochemical staining of wound tissue sections 
for CD31, an endothelial cell marker, was used to 
evaluate the angiogenesis in the wound bed. Robust 
vascularization was seen in all groups.  

Fig. 1. A) Stabilized wound with hydrogel B) Week 1 Masson’s 
Trichrome stained section showing wound healing re-epithelialization. 
Discussion and Conclusions  
 Splinting the wound allowed us to more closely 
mimic the wound healing response in human dermis 
through generation of granulation tissue and re-
epithilialization little wound contraction. Wounds treated 
with a single application of dermis-derived hydrogels 
exhibited a more rapid wound closure than untreated 
wounds, but the results were not significant.  While the 
gels contain BM proteins specific to the dermis, which are 
known to play a role in healing, the rapid degradation of 
the hydrogels may hinder their biological performance.  
Methods for prolonging the effect of these materials either 
by increasing their in vivo lifetime or through multiple 
applications to the wound may improve results. 
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