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 Reactive Nitrogen Species in Wound Healing 

 Nitroxyl and nitric oxide are reactive nitrogen species that have been used therapeutically 

 for years. The question that will be investigated in this project is ¨can they prove to be effective in 

 wound healing by killing the bacteria growing inside the wound.¨ A problem in the healing of 

 wounds is the presence of bacteria and other microbes that cause infection and damage the tissue. 

 Bacteria that gets inside the wound also can cause infections to spread to the skin as well as the 

 bloodstream. To prevent this, it is important to clean and take adequate care of any open wounds. 

 To clean these wounds, people commonly use hydrogen peroxide, a reactive oxygen species, to 

 clean out cuts, scrapes and other open wounds on the skin. Reactive nitrogen species such as nitric 

 oxide and nitroxyl have many properties that might be useful for killing bacteria and other 

 microbes as well. Based on this, my hypothesis is that the reactive nitrogen species nitroxyl and 

 nitric oxide will be effective at killing bacteria and healing wounds at a level similar to reactive 

 oxygen species such as hydrogen peroxide. 

 Wound healing is an extreme health concern in both developed and developing countries. 

 In poor countries, with limited healthcare systems, chronic wounds cause many problems for the 

 populations including an inability to work, loss of income and a burden on other family members. 

 A chronic wound is one that fails to advance through the process of healing and shows very little 

 to no progression. Chronic, nonhealing wounds can be debilitating, and in some cases fatal. These 
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 wounds affect the patients quality of life and can even lead to death. Although this is a very 

 important problem, healthcare professionals and organizations have yet to find an efficient cure or 

 treatment for chronic wounds and there is no best practice for wound healing. In many cases, 

 preexisting conditions can make wound healing even more complicated. For example, many 

 patients with diabetes suffer from open wounds that are extremely painful and lead to infections 

 and other complications. As the number of preexisting conditions in patients increase, proper 

 wound healing will decrease. 

 In developing countries, wounds are one of the leading causes of death and disabilities for 

 patients under the age of 60. One of the leading factors includes inadequate healthcare due to 

 financial struggles or insufficient health systems. Due to very high poverty rates in developing 

 countries many citizens can not afford the healthcare they need. On top of the patients struggling 

 financially, the countries as a whole struggle to get access to the needed materials. Also, clean 

 water and sanitation products, such as soap, disinfectants and coverings may not be available. 

 Increasing education of wound healing strategies and finding efficient ways to heal wounds can 

 help prevent these disabilities and deaths. 

 Wound healing typically refers to the healing of the skin, tissue or bone after an injury. To 

 heal a skin wound in the epidermal layer, the body goes through an intense process of cellular, 

 hormonal and molecular mechanisms. Growth hormones, cytokines and many other 

 apoptosis-inducing agents are vital to the regrowth of skin and healing of wounds. These are 

 released through many cell types in the immune system which all play crucial roles in the healing 

 of the skin and wound itself.  There are at least three  steps in the wound healing process including 

 inflammation, proliferation and remodeling. 
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 A primary cause of long term, non-healing wounds is infection and inflammation of the 

 wound. Bacteria can be present and these bacteria will lead to uncontrolled infections if not 

 eliminated. The primary types of bacteria in wounds are  Staphylococcus aureus,  Pseudomonas 

 aeruginosa, Proteus mirabilis, Escherichia coli  and  Corynebacterium spp  .  Traditionally, the best 

 way to kill bacteria in a wound is to use antibiotics. A number of antibiotics have been developed 

 and used to help treat wounds. Some of these are neomycin, bacitracin, erythromycin and 

 polymyxin b. Even though antibiotics have been effective at killing bacteria, there are several 

 problems using these treatments. Some of these problems include the lack of availability in poor 

 countries, the need for refrigeration and, most importantly, the ability of bacteria to develop 

 resistance to antibiotics. Many common bacteria present in wounds are resistant to even the 

 strongest antibiotics which leads to even more complications, such as amputation. Because of this, 

 new treatments are necessary that can be used in both low resource countries as well as high 

 quality medical clinics. 

 Before, and even after, antibiotics were introduced, hydrogen peroxide was used to clean 

 and sterilize wounds. Hydrogen peroxide is a reactive oxygen species that is used to sterilize 

 wounds because it acts as an antimicrobial compound. Hydrogen peroxide is also used to sterilize 

 instruments in medical facilities. Part of the body’s natural response to infection is to generate 

 hydrogen peroxide and other reactive oxygen species. While reactive oxygen species are helpful at 

 certain levels, too much or too little can be very harmful making it important to control the level 

 that is present. Because of this, other compounds that might help kill bacteria are needed. 

 Reactive nitrogen species have many effects on cells.  Two common reactive nitrogen 

 species are nitroxyl (HNO) and nitric oxide (NO).  They can sometimes have similar properties to 

 reactive oxygen species but other times have the opposite effects. Reactive nitrogen species have 
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 been investigated in many areas of human treatment and are used to treat heart disease and other 

 diseases. One area where reactive nitrogen species have proven useful is in the treatment of 

 infections, such as tuberculosis and sinus infections. Reactive nitrogen species can also help kill 

 bacterial biofilms in dental implants and other implants. Because reactive nitrogen species are 

 useful to kill some bacteria, it would be interesting to see if they can help eliminate different 

 bacteria that are present in chronic wounds. At the right concentration, reactive nitrogen species 

 can kill some cells, like cancer cells, but not affect healthy cells. These properties suggest that 

 reactive nitrogen species can be used to keep wounds sterile during the healing process, 

 particularly if the concentration can be controlled during healing. Because reactive nitrogen species 

 are short lived, they have to be given using donors that decompose to generate the nitric oxide or 

 nitroxyl. To control the concentration over time, the donor compounds need to be given close to 

 the wound at a constant dose.  One interesting way to do this would be to have the receive nitrogen 

 donors loaded onto a bandage, such as a bandaid, that would cover the wound and hold the drug 

 compound. 

 In conclusion, wound healing is a vital healthcare procedure that can have many harmful 

 and life threatening consequences if not treated properly and quickly. Bacteria within these wounds 

 grow and can cause harmful infections to the skin and bloodstream. All wounds should be 

 sterilized as soon as possible and to do so, a reactive oxygen species, like hydrogen peroxide, is 

 most commonly used to effectively and efficiently speed up the healing process. Efficient wound 

 healing is essential and can reduce scarring and risks of infection during the body’s standard 

 healing process as well as clear out the hospitals leaving more space for patients in critical 

 condition. However, reactive nitrogen species may have the same effect and even prove to be more 

 efficient in killing the bacteria living inside the patients wounds. The possible findings of this 
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 hypothesis could help developed countries provide beneficial education and procedures within 

 their healthcare systems to improve patients' health and lower the rates of disabilities and mortalities 

 linked to wound infections. 
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