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Objective: 1) Compare basic nutrient media to determine which will keep skin 
grafts viable for the longest amount of time and ultimately used 
in the animal portion of the TENOs experiment. 

2) Develop previously undefined techniques for measuring the 
viability of a skin graft including LDH, G6PD and 
immunohistochemical analyses. 

3) Understand how skin grafts act in an ex vivo model while in the 
presence of very basic nutrient media to establish a time frame 
in which skin grafts may be graftable on a wound site. 

Abstract: 1) Burn and trauma injuries are some of the most significant threats that 
soldiers face in the line of duty, during both combat and non-combat 
operations. One of the most common long-term complications following 
such an injury is function-limiting skin contractures. Skin grafts are used 
in the management of wounds which cannot be closed which include 
many of the wounds seen in combat theater. Dermal substitutes are also 
used in conjunction with skin grafts to replace lost tissue in deep 
wounds. These substitutes can reduce morbidity and improve skin 
quality, favorably affecting elasticity, relief and pliability. Since all dermal 
substitutes are avascular they need time to be populated by host cells as 
to not impede an overlying skin graft. Skin graft survival depends on a 
sequence of intrinsic biologic processes that nourishes its cellular 
elements by means of imbibition (diffusion from the wound bed), 
inosculation (reconnection of existing micro-vessels) and 
revascularization.  While specific conditions vary based on cell type, it is 
understood that a combination of sugars, essential amino acids, 
vitamins, and growth factors are commonly needed for cellular 
proliferation and survival. To avoid poor skin graft take outcomes, the 
current practice of dermal substitute necessitates multiple staged 
operations. In this way the dermal substitutes are integrated and 
allowed to vascularize before the skin graft is applied. This practice 
doubles the surgical visits required for treatment and increases the time 
needed for healing and recovery. We hypothesized that Topical 
Exogenous Nutrient and Oxygen Supplementation (TENOs) can prolong 
skin graft survival in an ex vivo model, and thereby also aid in skin graft 
survival when being used with single staged procedures with avascular 
dermal substitutes. We empirically screened different culture medium 



and supplements on ex vivo skin graft tissues to assess their ability to 
improve skin graft survival. 
 
2) Split thickness skin grafts were harvested from Duroc and Yorkshire 
breeds of swine post euthanasia. The animals were first prepared by 
using hair clippers, and not a razor, to avoid unintended damage to the 
skin surface. The skin surface was then sterilized with 5 min scrubs with 
each betadine, chlorhexidine and rinsed with sterile saline following 
each scrub. A dermatome was then used to harvest 12/1000ths of an 
inch skin grafts from the prepared areas. The skin tissue was then 
transferred to sterile 50mL tubes with sterile ice cold PBS (supplemented 
with 1x Antibiotic/Antimycotic & 50µg/ml Gentamicin) then rinsed 3x at 
30 sec / rinse. The tissues were then transferred to low glucose DMEM 
(supplemented identical to PBS) for a soak time minimum of 30 min.  
In a sterile laminar flow hood, 12 mm biopsy punches were used to 
create skin graft discs of equivalent size, which were then transferred to 
microplate wells with varying solutions. Treatments included dH2O, 
physiological PBS, Tyrodes Buffer, high and low glucose DMEM, EpiLife, 
and Williams E mediums, as well as ITS (insulin, transferrin, selenium), 
hydrocortisone, FBS, KOSR (knock out serum replacement), and glucose. 
The plates were sealed with sterile sealing film (breathable) and placed 
in incubators at 37ºC & 5% CO2. The experiments were conducted for 3-
7 days and the solutions (i.e. ‘used medium’) were collected/changed 
every 24 hours. The collected samples were examined through 
biochemical analyses (including glucose quantification for consumption 
rates) conducted by our institutions laboratory support division, as well 
as Lactate Dehydrogenase (Pierce Cytotoxicity) and Glucose-6-Phosphate 
Dehydrogenase (Vybrant Cytotoxicity) enzyme assays. The skin graft 
tissue was embedded, sectioned, and examined through 
immunohistochemistry (TUNEL, Ki67, and DAPI), to provide information 
regarding the proportion of dying and/or dividing cells. 
 
3) The LDH and G6PD cytotoxicity assays were unreliable assessors of 
tissue health, and although they are both detected in the medium upon 
apoptosis, the enzyme trends were variable. These diverging trends 
highlighted the complexity of assessing tissue health non-invasively in an 
ex vivo model, that imparts metabolically variable conditions due to 
differing nutrient supplies and demands. Tissue metabolic activity was 
most clearly illustrated in our studies through glucose (GLU) 
consumption, and also aided by lactic acid production values. The trends 
were dependent on the initial supply of glucose provided in the different 
solutions. Higher GLU DMEM performed best (4.5 g/l GLU) followed by 
William’s E medium (2g/l GLU). These data were supported further 
through immunohistochemistry, with high GLU DMEM and William’s E 
medium samples scoring with a higher % of dividing cells, and a lower % 
of dying cells. Supplementation screening indicated FBS and glucose had 
the least % dying cells, while ITS and hydrocortisone treatments resulted 
in the highest % of dividing cells. KOSR, a defined FBS alternative, 



performed notably worse than the other supplements in both 
immunohistochemical analyses. 
 
4) Skin grafts kept alive in a moist and infection free environment with 
the help of TENOs will be receptive when the front of neo-
vascularization arrives to provide definitive, durable support. When 
topical nutrients and oxygen are applied, a graft can survive for a 
prolonged period without adequate wound bed vascularity. Our 
research has uncovered several treatments which have successfully 
improved skin graft tissue health ex vivo– a truly non-vascularized 
environment. The most promising medium, Williams E, was selected for 
testing in the next stage, where a single staged skin graft-dermal 
substitute composite is to be used in a porcine wound healing model. 
Using this technique, previously non-graftable dermal substitutes and 
wound beds may become graftable, and the success rate of grafting 
should increase. Furthermore, TENOs should enhance short term 
healing, including graft aided wound closure, as well as long term 
scarring/contracture outcomes, through improving/expanding dermal 
substitute usage. 
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