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Background

The skin is a complex meshwork of numerous underlying molecules and fibers, such as collagen, whose organization is predominantly mediated by hyaluronan.  While collagen dictates the anisotropic environment and contributes heavily to the mechanical properties of skin (Navon 2001), hyaluoronan organizes the collagen and holds these fibers in place via affinity-binding interactions (Spicer 2004). Previously, in Experiment 3: Instron Tensile Testing Structural and Material Properties of Chicken Skin the anisotropic nature of chicken skin was analyzed using uniaxial tension tests. To determine whether loading parallel to the original bone orientation confers a higher elastic modulus compared to loading perpendicular to the orientation, tissue samples were loaded as follows: 5 foam surrogates and 10 chicken skin samples (5 of parallel bone orientation and 5 of perpendicular bone orientation) with similar geometric properties. The results from the previous experiment (Figures 1,Table 1) showed no significant difference in the modulus of elasticity between the parallel-loaded samples and the perpendicular-loaded samples.  In contrast, the literature characterizes skin as anisotropic and stiffer along lines of tension parallel to its internal collagen fibers, thus exhibiting different tensile properties according to its orientation (Navon 2001). This experiment will expand upon the results of Experiment 3 in order to determine if the directional properties evidenced in the literature are in fact due to the bonds between hyaluronan and collagen. 

Hypothesis/Objectives/Aims

The purpose of this experiment is to determine if the hyaluronan-collagen interaction is responsible for skin’s anisotropic characteristics. One group of chicken skins will be treated with a hyaluronidase, which will degrade the hyaluronan that holds the collagen in its natural orientation, while the other set of skin is left untreated. The treated skin should model the affects of UV radiation, which has been shown to damage the hyaluronan in the skin (Stark 2006), and thus allow for further investigation of the effects that exposure to UV radiation has on the mechanical properties of skin. The tensile properties of both sets of skins parallel and perpendicular to the bone will be evaluated via uniaxial tension testing. Specifically under investigation is whether the chicken skins treated with hyaluronidase show a statistically significant difference in the elastic modulus when the skin is stretched uniaxially either parallel or perpendicular to the bone. The untreated chicken skin should show a statistically significant difference in the elastic modulus between uniaxial tension testing parallel and perpendicular to the bone. Through this examination, a greater understanding of the underlying structures of skin and how this network of molecules contributes to the overall organization of the skin should be established. In addition, the experiment aims to introduce the high degree of specificity associated with enzymes.  Moreover, the experiment allows for continued familiarization of tensile testing applications as well as tissue harvesting. It is hypothesized that the treated skin will exhibit isotropic tensile properties while the untreated skin will exhibit anisotropic tensile properties. 
Equipment

· Major equipment

· Instron Model 4444: This apparatus will provide the means to perform the uniaxial tension tests which will yield stress-strain curves.  From these, the modulus of elasticity can be obtained and analyzed.  
· Lab equipment

· Weight set (500g, 1kg, 2kg) 
· Ruler/Caliper
· Scale 

· 2 250 mL beaker
· 2 1000 mL beaker
· 2 Hot Plates

· Thermometer 
· Stopwatch
The weight set is necessary in order to properly calibrate the Instron Model 4444.  The scalpel, scissors, cutting board, ruler, caliper, and scale are all required to ensure chicken skin samples and foam surrogates of comparable area, thickness, and mass. In the last segment of the experiment, the beakers, hot plate, and thermometer are needed to construct the enzyme-buffer solution that will be applied to the “damaged” group.  They will also be used for carrying out the digestion under the appropriate conditions, which should be in a 370C water bath (Hyaluronidase 2007). The stopwatch should be used to time the 60-minute incubation period
· Supplies

· 5 chicken skin samples 
· Piece of foam (1/4 inch thick Confor Slow Recovery Polyurethane Foam) 
· Marker II Superfrost®
· Ice/Cooler

The foam surrogates allow for the proper determination of the appropriate crosshead speed, sampling rate, and sample size to be used on the chicken skin, which serves as the subject under investigation. The Marker II Superfrost® will allow the samples to be traced out on the chicken skin prior to cutting. The ice/cooler will ensure that the enzyme is kept chilled until ready to use because the enzyme will begin to degrade at room temperature.  

· Newly purchased equipment

· Hyaluronidase 
· Phosphate Buffered Saline- 
The Hyaluronidasespecifically targets the hyaluoran molecules for degradation, thus destroying many of the links collagen has in the extracellular matrix. By targeting the hyaluronan a larger effect should be seen because of the many links that hyaluronan makes to the collagen components of the skin. In addition the hyaluronidase contains a active site that is specific to the hyaluron molecule, so the difference between the treated and untreated groups can be attributed to the change in the hyaluron and not other components of the skin. The hyaluronidase needs to be dissolved in a sodium phosphate buffer in order to be activated and perform properly
Proposed Methods and Analysis

· Carry out surrogate testing with the styrofoam as described in Experiment 3 (Winkelstein 2007) and determine an appropriate cross-head speed, sampling rate, and specimen size. (30 min)

· Harvest the chicken skin samples according to the Experiment 3 Lab Manual (Winkelstein 2007). Be sure to keep track of the orientation of the bone when removing the skin from the bone. (30 min)

· Using a foam surrogate, trace the outline of the foam 4 separate times on the chicken skin sample (2 parallel and 2 perpendicular to the bone) and cut them out using a scalpel being careful not to damage the tissue in the process. The same surrogate should be used for tracing so as to minimize the differences in sample sizes. Also, be sure to keep the harvested chicken skins that are not being cut in a damp paper towel. (30 min)
· Start two 370C water baths by putting 500mL of water into each of the 1000mL beakers. Set both hot plates to 370C and place on beaker on top of each hot plate. Put a thermometer in each beaker and make sure that the temperature of the water bath is truly 370C. (10 min)

· Make sure to measure the area, thickness, and mass of each skin and record these results. (15 min)

· Clearly label the chicken skins in the following scheme using the permanent marker and return them to the damp paper towel when finished. (5 min)
	Sample
	Treated
	Untreated

	
	Parallel

Perpendicular


	Parallel

Perpendicualr



	1
	1TP

1TT


	1UP

1UT



	2
	2TP

2TT


	2UP

2UT



	3
	3TP

3TT


	3UP

3UT



	4
	4TP

4TT


	4UP

4UT



	5
	5TP

5TT


	5UP

5UT




· Prepare the Hyaluroniase/PBS that will be applied to the chicken skin (Worthington 2007). (20 min)

· Measure 100mL of the sodium phosphate buffer and pour it into a 250 mL beaker 

· Only when ready to add the enzyme, remove one 10mg pack from the cooler and pour it into the 250 mL beaker containing the sodium phosphate buffer
· Make sure that all of the powder has dissolved. If it is not immediately soluble place the beaker in a boiling water bath (no more than 10-15 minutes) until it all dissolves. 

· Place the all untreated skins (10) in the 250 mL beaker with 100 mL of water in the 370C water bath (5 min)
· Place all the treated skins (10) in the 100 mL beaker with the PBS + hyaluronidase. Also in the 370C water bath (5 min)
· Let both sets of chicken skin soak in their respective beakers for 60 minutes, using the stopwatch to keep track of the time. Be sure to gently swirl the beakers periodically to make sure that every sample is sufficiently exposed to solution.  (60 min)
· At the end of the 60 minute incubation period, take out the samples and place skins in damp paper towels, making sure to keep the two groups separate. 

· Using the Instron 4444 carry out uniaxial tension tests according to the Experiment 3 Lab Manual (Winkelstein 2007) for all 20 samples. Be sure to save and send all of the necessary information. (90 minutes)

· Using the stress-strain curves obtained from the Instron 4444, measure the modulus of elasticity for all 20 samples

· Using Matlab, determine the linear portion of the graph and carry out linear regression in order to show that the portion of the graph chosen has an R2 value of at least 0.97.

· Graph the linear segments of the stress-strain curves and measure the slopes of each line

· Perform t-tests of the treated and untreated groups between the parallel and perpendicular oriented skin samples. Next do a t-test between the treated and untreated groups taking parallel and perpendicular samples in one group. The first set of t-tests will show if there is a statistically significant difference between the perpendicular and parallel orientation within each group. The second t-test is to determine if the moduli of elasticities are statistically different between the treated and untreated group. 

Potential Pitfalls

The enzyme is shown to degrade hyaluronan in fresh tissue samples (Stark 2006),but its effectiveness on chicken skin bought from the store is uncertain. The chicken skin could have been treated with chemicals such as preservatives that may interfere with the potency of the enzyme.  Another issue is that the enzyme may take more than 60 minutes to fully digest the tissue samples, depending on the area and thickness of the tissue samples. Therefore, the samples should be made only big enough so that they can effectively be tested using the Instron 4444. The larger the samples, the greater the amount of extra muscle/fat associated with the tissue section, and the less efficiently the enzyme will work on the hyaluronan. Also, the enzyme is sensitive and easily degraded. If the enzyme is not kept cold or if the solution is stirred too vigorously, the effectiveness of the enzyme will decrease dramatically. Based on the integrity of the enzyme when applied to the skin samples, there may or may not be a statistically significant difference in the treated group.  In addition, if damage is done to the chicken skin while it is being prepared (such as in cutting the samples), the ECM may lose critical crosslinks, causing it to display an isotropic nature.  Moreover, if the chicken skin is placed in the Instron in such a way that it slips out of the clamps or rips prematurely (before being stretched out completely), the modulus of elasticity may be difficult to compute from the graph that is generated. Additionally, because the skin will tear at the spot with the highest stress, which in this case is near the clamp attachment site, the stress-strain curves will not provide highly accurate data. Instead, the samples should be cut into a dog-bone shape so they will tear in the center, thus yielding more accurate results. 
Another area of general concern is the fact that hyaluronan is a molecule whose major function is resisting compressive forces in tissues (Chen 1999). Although hyaluronan interacts with the collagen fibers, which do play a role in resisting tension, the absence of hyaluronan may not be clearly shown in uniaxial tension tests. 

The geometric differences between the samples can be identified by carrying out descriptive statistics among all 4 groups (parallel-treated, parallel-untreated, perpendicular-treated, and perpendicular-untreated). To help correct for this problem, during the 60 minute incubation the samples should be fully submerged and subjected to gentle swirling to ensure that the samples can soak sufficiently in the enzyme. 

Also the enzyme may cause some unexpected property changes besides affecting only the collagen-hyaluronan connection. In order to assess how much the chicken skin has actually changed, the second t-test will show how different the moduli of elasticity between the treated and untreated skin. 

Budget

	Item
	Cost
	Quantity
	Supplier
	Details
	Total

	Hyaluronidase pack
	$30.00
	20
	Worthington Biochemical Corporation
	A partially purified, dialyzed, lyophilized powder. Store at -20°C. 
Source: Bovine Testes
Minimum Activity: ≥300 USP/NF units per mg dry weight
	$600.00

	Sodium Phosphate Buffer (1L)
	$83.98
	1
	Fisher Scientific 
	Application: A standard phosphate buffer used in many biomolecular procedures.
0.137M Sodium Chloride, 0.0027M Potassium Chloride, and 0.0119M Phosphates.
PBS
	$83.98

	Confor Slow Recovery Polyurethane Foam
	$5.94/ft
	20
	Price by McMaster-Carr 
	1/4” thick, tensile strength = 22psi, density 2lbs/ft3
	$118.80

	Chicken drumsticks
	$0.99/lb
	100
	Fresh Grocer
	Uncooked chicken drumstick w/ skin
	$99.00

	Marker II Superfrost®
	$15.75
	1
	Erie Scientific
	Ultra permanent ink that resists solvents such as Xylene, Alcohol, Acetone and Formalin.Ideal for histology and cytology Note: Markings may be erased if Xylene and Alcohol are combined.


	$15.75

	Total
	
	
	
	
	$917.53
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Figure 1: Skin Sample Stress Strain Curve  Depicts stress vs. strain data for each of the 10 tissue samples tested.  Non-linear regions throughout the curves indicate less elastic properties as compared to the surrogates. All R2 values were equal to or greater than 0.99.

	Loading Direction
	Sample
	Failure Displacement (mm)
	Failure Force (N)
	Failure Strength (N/mm2)
	Failure Strain

(ε, mm/mm)
	Stiffness

(N/m)
	Elastic Modulus (N/mm2)

	Parallel
	1
	14.40
	21.84
	1.57
	0.36
	3.08
	8.79

	
	2
	11.80
	13.64
	0.57
	0.32
	2.78
	4.24

	
	3
	13.91
	7.81
	0.63
	0.30
	1.17
	4.34

	
	4
	22.33
	13.56
	0.81
	0.62
	1.52
	3.27

	
	5
	28.01
	21.06
	1.47
	0.73
	2.14
	5.74

	
	Mean
	18.09 ± 6.84
	15.58 ± 5.86
	1.01 ± 0.48
	0.47 ± 0.19
	2.14 ± 0.81
	5.28 ± 2.15

	Perpendicular
	1
	15.54
	27.01
	2.77
	0.42
	2.75
	10.51

	
	2
	27.12
	19.69
	1.61
	0.64
	1.43
	4.90

	
	3
	15.08
	23.97
	1.04
	0.41
	4.82
	7.79

	
	4
	30.70
	18.35
	2.11
	0.66
	1.92
	10.33

	
	5
	40.12
	17.60
	1.02
	0.95
	1.85
	4.55

	
	Mean
	25.71 ± 10.62
	21.32 ± 4.02
	1.71 ± 0.74
	0.61 ± 0.22
	2.56 ± 1.36
	7.62 ± 2.85


Table 1: Sample Data The parallel samples had an average length of 3.94 ± 0.41cm, average width of 2.24 ± 0.47cm, and average thickness of 0.07 ± 0.01cm. The perpendicular samples had an average length of 4.11 ± 0.40cm, average width of 2.18 ± 0.42cm, and average thickness of 0.06 ± 0.02cm. 
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