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Introduction: 

The inflammatory response is a vital role of immune function and wound healing, in the case of a typical response known as acute inflammation. However, acute inflammation can develop into chronic inflammation. (Kumar et al. 2004). Chronic inflammation can last anywhere from months to years and is characterized by tissue necrosis at the wound site.
Tissue destruction is a key feature of chronic inflammation and is mainly caused by the release of matrix metalloproteinases (MMPs), which degrade the essential fibers of the extracellular matrix (ECM), such as collagen. This damage to the ECM creates extremely difficult problems when trying to repair tissue. (Jie et al. 2008). Without the ECM intact, healing wounds caused by chronic inflammation is improbable. Consequently, tissue must be regenerated in order to heal chronic wounds, such as pressure ulcers, commonly referred to as bed sores. 
Although pressure ulcers and similar sores only occur in about 1-2% of the population, these wounds cost the U.S. Health Care System approximately $3.3 billion annually (Schwartz and Neumeister 2006). The majority of current treatments for pressure ulcers include debridement or the removal of necrotic tissue, turning the patient to relieve pressure, and use of dressings such as gauzes, hydrocolloids, and film with topical antibiotics and moisturizers. Although they are temporarily effective in decreasing infection and inflammation, these methods do not promote tissue regeneration and are therefore unlikely to promote wound healing. Additionally, current treatments show lack of patient comfort and compliance, further causing difficulties with treating and healing the wound, (Fonder et al. 2008).


The purpose of this project was to design and examine a different treatment method, using hydrogels and dendrimer-based drug delivery systems, in hopes of eventually promoting tissue regeneration in addition to combating infection. Additionally, this novel treatment was intended to increase patient comfort, ease of dressing application, and dressing durability. (Balogh et al. 2000).


Gelatin is a promising polymer for developing a hydrogel wound dressing as gelatin is collagen extract. Therefore, the hydrogel has the potential to mimic the extracellular matrix, which may lead to the tissue regeneration necessary for healing the wound (Balakrishnan et al. 2005). However, gelatin is water soluble, which could be problematic if the polymer is to function as a wound dressing. Therefore, the gelatin must be cross-linked or used with other polymers to maintain the dressing stability.  In this project, gelatin was electrospun with either polycapralactone (PCL) or nylon at a 1:1 weight ratio. In addition, half-generation (G3.5) polyamidoamine (PAMAM) dendrimers with encapsulated silver were loaded into nanofiber scaffolds and how the dendrimer-drug complex affected the physical characteristics of the dressing was determined. Silver was selected as the drug because it shows low toxicity in humans and binds strongly to enzymes used for respiration in microbes, making it an effective antimicrobial agent. (Balogh et al. 2000).

In this study the cross-linked gelatin scaffolds were tested in terms of permeability and average pore radius, water absorption, and mechanical strength. Permeability and pore radius of high values would facilitate cell migration and proliferation, which in turn, would increase the likelihood of tissue regeneration. Water absorption was also studied because pressure ulcers tend to secrete fluids and an absorbent dressing would help eliminate some of this exudate, hence decreasing frequency of dressing changes and increasing patient comfort. Mechanical strength tests were used to quantify the durability of the potential dressings. This study examined the differences between gelatin-based scaffolds cross-linked with PCL versus nylon as well as whether or not the presence of a dendrimer-based drug delivery system affected the scaffolds’ characteristics.
Progress Report – Revised, Expanded Protocol and Results:

Protocol:
Preparation of the dendrimer-silver complex – The methods for encapsulation of silver into the dendrimer were derived from Balogh et al. 2000. Silver acetate is only somewhat soluble in water, so when silver acetate and the G3.5 PAMAM dendrimer were mixed in water, the silver encapsulated itself in the dendrimer, as this encapsulation process was energetically favorable. The preparation of dendrimer-silver complex used 120 μL of dendrimer stock solution, 1 mL of deionized water, and 12 mg of silver acetate. 
Preparation of the hydrogel – Gelatin, PCL, and nylon were dissolved in hexafluoro-2-propanol overnight to have a concentration of 100 mg/mL before electrospinning. During this period, the solutions were placed on a gentle vortex plate. Before electrospinning, the solutions were prepared by mixing 2.5 mL of gelatin with either 2.5 mL of PCL or 2.5 mL of nylon for each scaffold. In one of the two gelatin/PCL mixtures and one of the two gelatin/nylon mixtures prepared, the dendrimer-silver complex was added. The gelatin/PCL mixture had 8.3 mg of dendrimer added whereas the gelatin/nylon mixture had 7.4 mg of dendrimer added. All scaffolds were electrospun at 22,000 volts at a rate of 4 mL/hour. 
Permeability – The protocol and calculation for permeability was derived from Sell et al. 2008. Experiments were conducted at room temperature, distilled water was used as the solvent, and the permeability device’s height was 1.5 m. Scaffolds were punched into 21 mm diameter discs for the experiment.
Absorbance – Circular pieces of each scaffold (21 mm in diameter) were used to measure adsorption. The mass of each piece was obtained (WD). These pieces were then placed in labeled centrifuge tubes filled with 1 mL of deionized water for twenty-four hours. The scaffold samples were then weighed again (WS). The following equation (from Balakrishnan et al. 2000) was used to calculate adsorption:
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tubes of 10 mL capacity using the fibrin glue applicator.
Gelation occurred within seconds after the mixture was
extruded out of the needle. After 10min, SmL PBS was
introduced and the tubes were incubated at 37°C. At
regular intervals of time, the weight of the gel was noted
after removing the PBS and gently blotting the gels with
a filler paper. Weights of gels were noted until
equilibrium swelling was reached.

Equilibrium fluid content ('

where 7, and W represent the weight of swollen and
dry sample, respectively. All experiments were done at
least in triplicate.

2.2.3. Water vapour transmission rate

The moisture permeability of the hydrogel was
determined by measuring the water vapour transmission
rate (WVTR) across the material as stipulated by ASTM
standard [26]. Gels having a diameter of 35 mm were
prepared by mixing 2mL of oxidized alginate in
0.1M borax and equal volume of 15% gelatin solution in
tissue culture wells. The hydrogels were mounted on the
mouth of cylindrical plastic cups (34mm diameter)
containing 10mL water with negligible water vapour
transmittance. The material was fastened using Teflon
tape across the edges to prevent any water vapour loss

dose of 40 and 5mg/kg body weight, respectively. The
skin of the animal was shaved and disinfected using 70%
ethanol. Two full thickness skin wounds of 1em? area
were prepared by excising the dorsum of the animals.
The wound was photographed by placing a sterile ruler
along its side to measure the wound arca.

ADA, borax and gelatin were sterilized with ethylene
oxide using standard protocols. Sterile, pyrogen-free
distilled water was used to prepare solutions of ADA
and of gelatin. About 0.2mL of 20% solution of ADA
having degree of oxidation 57% in 0.1m borax and an
equal volume of 15% solution of gelatin were intro-
duced onto the wound bed using the double syringe
fibrin glue applicator. Spreading of the gel evenly on the
wound bed was done immediately on application with
the aid of fire-polished glass rod tip. The test wounds
(n= 6) were then covered with sterile gauze, which was
then fixed with elastic adhesive bandage (Dynaplast™).
Similarly, control wounds (n=6) also were covered
with sterile gauze and clastic adhesive bandage without
the test material. After experiment, animals were kept in
separate cages and fed with commercial rat feed and

vater ad libitum until they were sacrificed.

The rats were sacrificed by excess dose of sodium
pentabarbitol on day 5. 10 and 15 after surgery. The
wounds were grossly examined and photographed for
measurement of wound size reduction. For histology.,
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Mechanical Strength – Dog-bones were punched from each of the scaffolds for use in the MTX Bionix 200 using Test Works 4 to calculate maximum stress and strain at breaking. Before measurements were taken, the thickness of each punch was measured for input into Test Works 4 and the device was calibrated. The dog-bones were placed on the MTX machine so that the thin, middle section of the punch was centered between the upper and lower clamps. 

Statistical and Graphical Analysis – Six Mann-Whitney U tests were calculated for each data set and figures were produced by Microsoft Office Excel 2003. A significance level of p < .05 was used for all experiments.
Results: 

Permeability and Average Pore Radius – The Gel/Nylon + dend blend showed significantly greater permeability and average pore radius than the Gel/PCL blend when the upper outlier of the latter’s data set was removed (p = .0432). No other statistically significant differences were observed. 

Only two data points were obtained for the Gel/Nylon blend for this experiment.

Absorbance – The Gel/PCL blend absorbed significantly more water than the Gel/PCL + dend blend (p = .0041). However, Gel/PCL along with Gel/PCL + dend absorbed less water than Gel/nylon (p = .0260; p = .0020, respectively). Gel/Nylon + dend additionally absorbed more water than either Gel/PCL blend (for Gel/PCL, p = .0081; for Gel/PCL + dend, p = .0031). Gel/Nylon and Gel/Nylon + dend showed no significant difference (p = .1006).


None of the scaffolds showed any decrease in mass after the twenty-four hour soak period.
Stress – The Gel/Nylon blend withheld significantly more stress than any other scaffold blend (for Gel/Nylon + dend, p = .0187; for Gel/PCL p = .0020; for Gel/PCL + dend, p = .0020). The Gel/PCL blends, with or without dendrimer, withstood less stress than the Gel/Nylon + dend blend (p = .0082 for Gel/PCL; p = .0273 for Gel/PCL + dend). No significant difference was found between Gel/PCL and Gel/PCL + dend (p = .1311).

Strain – The Gel/PCL and Gel/PCL + dend blends exhibited less strain at the breaking point than the Gel/Nylon blend (for both Gel/PCL and Gel/PCL + dend, p = .0020). The Gel/Nylon + dend blend also showed greater strain at breaking than either blend with PCL (p = .0032 for Gel/PCL; p = .0025 for Gel/PCL + dend). No significant difference in strain was observed between Gel/Nylon and Gel/Nylon + dend (p = .3744) nor between Gel/PCL and Gel/PCL + dend (p = .1312).

Goals for the Academic Year:
Over the upcoming academic year, I will continue this project by performing cell migration and proliferation studies with fibroblasts and measure collagen secretion. With this study, I can determine the potential for tissue regeneration of various scaffolds as high migration and proliferation would indicate potential of the hydrogels to promote tissue growth, the ultimate goal of this project. Further, I will correlate the data derived from the cell studies with the data collected this summer to determine what scaffold characteristics promote cell migration and proliferation. 

Plan for the Academic Year:
Experiments – The experiments will mostly consist of culturing fibroblasts on hydrogel dressing scaffolds. At various time points, the scaffolds will be stained for quantification of collagen deposited by using histological analysis (to be sent to another lab). For this, I will need cell culturing equipment (available), fibroblasts (to be purchased), scaffolds (to be received from VCU by mail), and a collagen assay kit (to be purchased).
Courses – Over the academic year, I will take analytical chemistry, which will enrich my lab skills; microbiology, which, although I am not studying unicellular organisms, will increase my knowledge of cellular interactions; biochemistry and physiology, which both will be immensely helpful in understanding the chemical processes of the fibroblasts in my experiment; and computer programming, in case I need to use computer programs for a future experiment.
Budget –

Postage (so I can have the electrospun scaffolds mailed to C of I): ~ $25 max

Fibroblasts:  ~ $400 total

Histological analysis: ~ $200

Collagen Assay materials: ~ $450 (enough for 80 assays)

Total estimated budget: $1075
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