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Introduction: 
Inflammation, although a necessary function of the human immune system, can become problematic and potentially fatal when acute inflammation becomes chronic inflammation. As opposed to acute inflammation, chronic inflammation develops over time and can last months to years. (Kumar et al. 2004). Chronic inflammation often destroys tissues due to the release of matrix metalloproteinases (MMPs). MMPs are proteins that degrade essential fibers of the extracellular matrix (ECM), such as collagen. Without the ECM, it is extremely difficult, if not improbable, that the tissue can repair. (Meyer et al. 2008). Consequently, it is vital that, in treating chronic inflammation, tissues are regenerated for optimal healing. However, many treatments currently used on patients with chronic inflammation, including removal of necrotic tissue, are somewhat inefficient in promoting tissue regeneration. (Fonder et al. 2008).

Pressure ulcers, commonly known as bedsores, are skin lesions caused by unrelieved pressure on an area of the body and friction. Bedsores are an example of chronic inflammation and are typically treated with topical ointments containing drugs and moisturizers as well as turning the patient to relieve the pressure ulcer. Dressings used for the lesion include hydrocollids and transparent films. These treatments do reduce infections and alleviate some of the inflammation. However, they do little in terms of regenerating the damaged tissues and reduce the patient’s comfort and compliance with treatment. (Fonder et al. 2008). Therefore, this experiment is examining a different treatment method, which will not only promote tissue regeneration, combat infection, and increase patient comfort, but will be durable and easy to use. Such an effective treatment may be achieved by using dendrimers to deliver drugs via a hydrogel dressing. (Balogh et al. 2000).

Gelatin-based hydrogel dressings are promising for treating these pressure ulcers. Since gelatin is formed by hydrolysis of collagen, these hydrogels mimic the extracellular matrix, which could potentially lead to regeneration of tissues. (Balakrishnan et al. 2005). In addition, incorporating polyamidoamine (PAMAM) dendrimers into the hydrogel provides on site drug delivery to the lesion to combat infection. Silver can be encapsulated within dendrimers. Although silver is a heavy metal ion, it has relatively low toxicity in humans and binds strongly to enzymes used for respiration in microbes, making it an effective antimicrobial agent. (Balogh et al. 2000).
Protocol:

Preparation of the dendrimer-silver complex –

A generation four dendrimer with an ethylenediamine core will be mixed with an aqueous solution of silver acetate. Silver acetate is only slightly soluble in water, but will dissolve in solutions of the dendrimer. The silver will therefore encapsulate within the dendrimer by interacting with the polymer’s internal nitrogens. (Balogh et al. 2000).
Preparation of the hydrogel –

The hydrogel will be comprised of cross-linking gelatin with either polycapralactone (PCL) or nylon for structural stability enhancement, hence preventing the gel from degrading quickly in water. The cross-linked gelatin will then be electrospun into a thin nanofiber sheet and the silver-dendrimer complexes will be embedded within the hydrogel. Pieces of the hydrogel will then be taken and used as scaffolds for various tests.

Testing the hydrogel scaffold –

The hydrogel scaffolds will be tested for porosity, permeability, diameter, swelling, and mechanical strength. Porosity measures how much of the hydrogel is porous whereas permeability measures how much of a substance can pass through the hydrogel. The diameter will be used to compare the size of the hydrogel fibers to the size of ECM fibers such as collagen, and therefore indicates how similar the hydrogel is to the ECM. Swelling, which measures how much of a liquid a scaffold can absorb compared to its weight, is important as pressure ulcers tend to release various liquids such as pus. Mechanical strength tests will be used to determine the durability of the scaffold.
Cell studies –

Cell migration and proliferation studies will be included as well to estimate the extent of tissue regeneration that might be possible using the hydrogel. Fibroblasts will be the cells used in these studies as these cells are responsible for synthesizing and maintaining the ECM and therefore are a critical component of healing wounds.

Possible results and implications: 

Porosity test (1 week) – 

High porosity: If the scaffold is too porous, it will lack strength and durability, and would be an unfit dressing.

Low porosity: At low porosity, it would be difficult to achieve tissue regeneration as the fibroblasts could not migrate easily.

Optimal porosity: This result implies that the fibroblasts should be able to migrate easily through the scaffold as well as that the hydrogel would maintain its durability as a dressing.

Permeability test (1 week) –

High permeability: With high permeability, much of the exudates from the wound may pass through the dressing, causing problems with sanitation and patient comfort.

Low permeability: If the scaffold has low permeability, then the silver drug, when released from the dendrimer, will have difficulty reaching the wound site. Cell migration and proliferation may additionally be affected.
Optimal permeability: The silver could pass through the dressing easily and cells could move freely through the gel without too much of the exudates leaching through the dressing.

Diameter (3 days) –

Thick: Thick fiber indicates that the dressing does not mimic the ECM accurately, which would likely affect cell proliferation and migration.

Thin: Although thin fibers (~ 2 nm) mimic the ECM, these fibers are fragile and lack the strength needed for the dressing.

Optimal: The gelatin fiber are similar enough to the ECM to promote cell proliferation and migration, but do not sacrifice strength in the process.
Swelling (3 days) –
Some degree of swelling is useful as it indicates that the dressing will be able to absorb some of the wound exudates. The important factor for this test is that the gelatin-based hydrogel does not dissolve to a great extent. This would imply that the dressing would need to be changed frequently, which would not be cost effective and may reduce patient comfort. 

Strength (1-2 weeks) – 
If the scaffold tears or falls apart under little stress, it would make an inappropriate dressing as it would lack the durability needed to be useful. The more stress the scaffold can take without sacrificing porosity, permeability, and fiber diameter, the better the dressing.
Cell studies (2 weeks) –

Low migration and proliferation: This would imply that the hydrogel would not promote much tissue regeneration or wound healing. Varying the structure would be necessary to improve these results.
High migration and proliferation: The hydrogel scaffold would have potential for promoting tissue regeneration in chronic wounds.
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