Protocol to Create Chronic Wounds in Diabetic Mice
Manuela Martins-Green (  manuela.martins@ucr.edu )
University of California, Riverside
Jane H Kim
University of California, Riverside

Method Article
Keywords: chronic wound model, wound healing, impaired healing, diabetes and chronic wounds, chronic wound biofilm
Posted Date: June 30th, 2016
DOI: https://doi.org/10.1038/protex.2016.043
License:   This work is licensed under a Creative Commons Attribution 4.0 International License. Read Full License

Page 1/8

Abstract
Chronic wounds develop as a result of defective regulation in one or more of the complex cellular and molecular processes involved
in proper healing. They impact 6.5M people and cost $25B/year in the US alone. Although a significant effort has been invested in
understanding how chronic wounds develop in humans, the work has met with little success. This is primarily because we cannot
experiment in humans and because of the lack of proper animal models to conduct studies on the processes that lead to the onset
of chronicity. We have recently developed a novel mouse model for diabetic chronic wounds that have many of the characteristics of
human chronic wounds. Using db/db mice, we can generate chronic wounds 100% of the time by inducing high levels of oxidative
stress \(OS) in the wound tissue immediately after wounding, using a one-time treatment with inhibitors specific to the antioxidant
enzymes catalase and GPx. These wounds have high levels of OS, develop biofilm naturally, become fully chronic within 20 days
after treatment and sometimes remain open more than 100 days if the mouse survives that long. This novel model has many
features of diabetic chronic wounds in humans and therefore it will contribute significantly to advancing fundamental
understanding of how wounds become chronic. This is a major breakthrough because chronic wounds in humans cause significant
pain and distress to patients, many of whom result in amputated. Moreover, these wounds are very expensive and time-consuming
to treat and lead to significant loss of personal income to patients. Advancements in this field of study through the use of our
chronic wound model can significantly improve health care for millions who suffer under this debilitating condition. The protocol we
will submit here describes in great detail how we perform the procedure to cause acute wounds to become chronic, something that
was not possible when we published the scientific paper presenting this model \(Dhall et al., Dec. 2014).

Procedure
Please download the full protocol here: "Protocol to Create Chronic Wounds in Diabetic
Mice":http://www.nature.com/protocolexchange/system/uploads/4587/original/Protocol_to_Create_Wounds_in_Diabetic_Mice.pdf?
1467190016
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Figure 1
“Shaving and Nairing” process: *(A)* The mouse before shaving. *(B)* The skin of the mouse is shaved to remove most of the hair
on the back. *(C)* A dollop of Nair on the tip of a finger. More is used if the mouse is bigger. *(D)* The back of the mouse is covered
with Nair and left to react. *(E)* A spatula is used to scrape off some of the Nair to see if the hair has been removed. The bright pink
skin without any presence of hair is indicative that the hair removal is complete. *(F)* The Nair on the back is removed with running
water. The skin of the mouse should be slightly pink.
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Figure 2
“Nairing” smaller patches of dark skin: *(A)* The mouse has already been “Naired” once and the skin is wet again to prevent burns. *
(B)* The Nair is only applied onto the patch of skin that is dark and has dense hair. *(C)* The Nair is washed off after the reaction to
reveal the dark patch of skin without hair.
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Figure 3
Pre-surgery set up: *(A)* The mice that are to be wounded are placed in small plastic containers on top of a heating pad. *(B)* Some
of the materials used in surgery are showcased. The surgical scissors need to be sharp to ensure that the skin is not crushed when
cut. The Tegaderm is cut in half.
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Figure 4
The isoflurane vaporizer: The vaporizer is positioned outside the hood and a tube is used to connect the vaporizer with the plastic
container holding a mouse to be wounded.
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Figure 5
Making the excision wound: *(A)* After the mouse is under anesthesia, the back of the mouse is wiped with 70% ethanol once. *(B)*
The skin biopsy punch is placed on the back of the mouse and pressed hard enough to leave an impression. The biopsy punch can
be rotated to make a shallow incision. *(C)* The middle of the outlined area is pinched with tweezers and a sharp surgical scissor is
used to make the initial incision. *(D)* The surgical scissors is maneuvered to cut along the outline made by the biopsy punch. *(E)*
A region of skin outlined by the biopsy pump is successfully excised. *(F)* The Tegaderm is positioned on the back of the mouse
and secured.
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Figure 6
Pictures of wounds: *(A)* The wound on a mouse at successive times after surgery as it progresses into chronicity starting on the
day of surgery. Biofilm can be seen as early as day 5. The wound is fully chronic with strong biofilm on Day 20. *(B)* Humans
wounds for comparison.
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