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Background
Experiments over the past semester have explored both the mechanical and chemical properties of biological systems. It would be interesting to analyze the relationship between these properties by expanding the chicken skin tensile strength lab to include collagen analysis. Mechanical properties, such as failure strength and stiffness, depend mainly on the collagen content of a tissue [8]. The covalent bonds between collagen fibrils in the ECM provide biological tissues resistance to tension. When collagen content is greatly diminished, from scurvy for example, tissues become frail and healing is difficult [1]. Skin contains two types of collagen, collagen I and collagen III, which differ in the ( chains that compose them. Collagen III comprises about 35% of total collagen content in normal skin [4]. Overall, collagen is such an important component of skin that treating a skin sample with collagenase completely dissolves it [8].
A simple method to quantify collagen content in biopsies is described by Lopez-De Leon, et al. This method involves staining samples with a dye that selectively binds to collagen I and III. After washing off excess dye, and eluting the bound dye back into solution, a spectrophotometer can be used to calculate the concentration of dye in solution (Equation 1). This concentration was found by Lopez-De Leon et al. to be proportional to the amount of collagen in the sample [5]. 
 From the chicken skin tensile strength lab it was determined that ten skin samples, taken from different regions of five chicken legs, had failure strengths of 2073.67 ( 562.9 KPa. The variability in this data, which was not explained convincingly by error, may be due in part to variability in collagen content (Table 1). Turkey legs and chicken wings will also be included in this experiment with the hope of introducing more collagen related variance into the data. 
Hypothesis and Goals
The goal of this experiment is to quantify the amount of collagen in skin from various sources and compare it to a mechanical property of skin from the same source. While collagen does have an effect on Young’s modulus of stress strain curves, it is the primary component of skin responsible for the post-elastic deformation region of the curve [8]. Therefore, the most appropriate mechanical property to compare collagen content to would be failure strength. The central hypothesis of this experiment is that higher collagen contents will be accompanied by higher failure strengths. To test this, a regression can be made of collagen content vs. failure strength. If the slope of the regression is significantly greater than zero, the hypothesis can be accepted. 

There is experimental evidence that the relationship between collagen and skin strength is strong. A previous experiment reported a significant correlation coefficient of 0.973 between insoluble collagen content in rat skin and failure strength at low loading rates [3]. Since this value is so high (( values range from -1 to 1), it may be possible to produce significant results in the BE lab. 
Equipment

(Quantities listed are for 1 group)
Major Equipment
Instron Model 4444 and accompanying Labview program: The Instron stretches the skin samples at a constant rate while the Labview program records the displacement and force data that are essential for creating stress-strain curves and determining mechanical properties of the samples.
Atomic Absorption Spectrophotometer: The spectrophotometer is necessary to calculate the absorption of Sirius red F3BA dye in solution at 540 nm, its (​​max [5].
Electronic scale: A highly accurate scale is needed to weigh the spectrophotometer samples.
Lab Equipment
500 ml Beakers (2): For soaking and storing the poultry appendages in water

Pair of scissors, a small razor and cutting board: For removing chicken skin from the chicken legs and cutting chicken skin samples

Caliper, a cookie cutter, and a marker: To measure samples

500 g and 1000 g weights: To calibrate the Instron

Tweezers: To maneuver spectrophotometer skin samples
Spectrophotometer 1 cm cuvettes (6): To contain samples for analysis by the spectrophotometer

Test tube block: To hold cuvettes

100 ml beakers (2) and 50 ml beaker: To mix solutions for dying spectrophotometer samples
1000 (l Pipetman and tips: To transfer solutions into cuvettes

Supplies 
Chicken legs with skin still attached (2): A source of skin samples
Chicken wings with skin still attached (2): A source of skin samples

Turkey legs with skin still attached (1): A source of skin samples

Wet paper towels: To help skin samples retain moisture before testing

Foam or cloth material scraps: For practice with the Instron

Plastic weighing dish and metal scooper: To weigh samples and to collect and weigh Sirius dye

Sirius red F3BA dye (0.25 g): It is often used to dye collagen fibers. It selectively binds to only collagen, and it binds to all types of collagen equally [5, 6].
Picric acid (25 ml): Necessary for Sirius red dye to interact with collagen [5, 6]
Distilled water: To wash excess dye off samples

NaOH-methanol solution (50 ml): To elute Sirius red dye back into solution. The solution specifications are 0.1 M NaOH in absolute methanol [5], so 5 ml of 1 M NaOH should be added to 45 ml absolute methanol.
Newly Purchased Equipment
None is necessary
Proposed Methods & Analysis

Methods 

Skin samples will be harvested from 2 chicken thighs, 2 chicken wings, and a turkey thigh. One Instron sample of dimensions 1 inch x 1.5 inches will be taken from each source. The samples will be covered in moist paper towels to retain their natural moisture. Efforts will be taken not to mix up the samples. At this time other lab members can be making the NaOH-methanol and dye solutions. Time allotted: 1 hour
It is recommended that before loading skin samples foam is used as practice. The Instron protocol of the ‘Instron Tensile Testing’ lab will be followed [9]. The skin samples should be measured with calipers in 3 dimensions: the height of the sample between the Instron clamps, the width, and the depth. Since cross-sectional area is important to failure strength, the width and depth measurements would ideally be measured at more than one place on the sample. The samples will be clamped into the Instron and uniaxially loaded while Labview records data. Once the sample has failed, a small portion (approximately 0.5 cm x 0.5 cm or less) will be cut from along the edge of the failure site. These will be the samples for collagen analysis and referred to as spectrophotometer samples. Time: 2 hours
Spectrophotometer samples (which should be maneuvered with tweezers) will be weighed on the electronic scale and placed into cuvettes labeled 1-5. The 6th cuvette will be used as a blank for the spectrophotometer and contain 10 ml of the NaOH-methanol solution and an extra spectrophotometer skin sample at the bottom. The spectrophotometer will be set at (=540 nm and calibrated with the blank. Time: 30 minutes

With the pipetman add 5 ml of the picric acid and Sirius red F3BA solution to all cuvettes. This solution is made by mixing 30 ml of picric acid solution with 0.25 g of Sirius red dye. Shake the cuvettes and place them in the test tube block. Let them absorb the dye for 30 minutes. Occasionally shake the block. Time: 1 hour
After 30 minutes (excess time would not affect the samples), a lab member should use distilled water to fill and empty the cuvettes until the water comes out clear. The sample should remain in the cuvette at all times, but should be jostled slightly so that all sides of it are washed. A rolled paper towel can be used to remove excess water from the sides of the cuvette. Time: 30 minutes
With the pipetman add 10 ml of the 0.1 M NaOH-absolute methanol solution to the cuvettes. Gently mix. Almost immediately the dye should be eluted from the collagen and the solution should appear red. Place each tube in the spectrophotometer and take absorbance readings at 540 nm. Time: 1 hour
Total time: 6 hours. The times allotted for each segment are very generous and it is conceivable for four people to be able to complete the experiment in a six hour class period. 
Statistical Analysis

Two paired groups with sample sizes of five are used in this experiment. The data for analysis will consist of five matched data points of a collagen content value (concentration red dye/gram of skin) and a failure strength (kPa) value. To obtain failure strength values, stress-strain graphs for each skin sample will be created using Matlab. The maximum stress endured is the failure strength. A graph of collagen content vs. failure strength will be created using excel and a regression analysis will be run with collagen content as the x-variable and failure strength as the y-variable. The slope value (m) of the regression can be found in the regression output, and the standard error of m can be found in the box directly to the right of it. To test if m is significantly positive, m should be divided by its standard error. If this fraction is greater than the Student’s t value with n-2 degrees of freedom, then m can be said to be significantly greater than zero (Equation 2). The 99% and 95% confidence intervals of m are also output in the excel regression analysis, as well as R2 which is a measure of the amount of variability in failure strength explained by variability in collagen content.
Potential Pitfalls and Solutions
The insolubility and variety of collagens: This is why the dye method is used rather than electrophoresis as originally planned. To break the covalent bonds within collagen, a strong protease would be needed, and it would also fragment the ( chains of collagen. Collagen would appear as innumerous bands on the gel [2]. The method used in this experiment accounts for all types of collagen, including both collagen I and III, so that total and not fragmented collagen content can be quantified and analyzed.
Stringing of the skin samples: Stringing was defined as when small segments of the sample remained connected even after the majority of the sample had failed. The stringing led to small local maximums along the stress-strain curve. It was observed in four of the five samples that were loaded along the horizontal axis of the leg, but none of the vertically loaded samples (Figure 1). Since it is unknown what the effect of stringing is on failure strength of the overall sample, all samples should be cut and loaded parallel to the vertical axis of the leg to reduce its effect.
Error due to variation in spectrophotometer sample sizes: The samples should be weighed to the nearest 0.0001 g on the electronic scale immediately before placing into the cuvettes.

Mistake in the dying process of spectrophotometer samples: Another sample could easily be obtained from the original source. An additional 30 minute dying period would be the only penalty.

Time limitations: From experience, the chicken skin lab took a significant amount of time to complete on its own. However, much of this time was spent waiting for the other group to finish using the Instron, or using the Instron to test ten foam samples. A few foam samples can be used for practice, but it will not be necessary to record data for them in this experiment. Also, while the other group is using the Instron, attention can be diverted to making the solutions for dying spectrophotometer samples. If there is no time for the spectrophotometer, a back-up hypothesis can be made comparing a mechanical property across the different types of skin. More skin samples can be loaded in this case and a standard unequal variance t-test can be used.
Failure of the Labview program to save data: In a worst case scenario another sample can be cut from the original source. However, if the problem is simply that a new file name was not input in Labview before the trial, the original file which it is now trying to overwrite can be copied and pasted in another location. The new file can then be saved under the same name and not lost completely. 
Budget:

	Purchase
	Cost 
	Total Cost
	Supplier 
	CAS #

	Chicken Drumsticks
(6 pack)
	$3.50

	7 x $3.50=
$24.50
	Perdue(
	N/A

	Turkey Drumsticks
(3 pack)
	$4.00
	7 x $4.00=
$28.00
	Shady Brooke Farms(

	N/A

	Chicken Wings 

(9 pack)
	$3.50
	5 x $3.50=
$17.50
	Perdue(
	N/A

	Sirius red F3B2 dye

(Direct Red 80)
	$69.50
per 25 g
	$69.50
	Sigma Aldrich
sigmaaldrich.com
	2610-10-8

	Picric Acid Saturated Aqueous Solution (1.2%)
	$42.20 

per liter
	$42.20
	Spectrum Chemicals and 
Laboratory Products

spectrumchemicals.com
	88-89-1

	Methanol (> 99%)
	$29.00
per liter
	$29.00
	Sigma Aldrich
sigmaaldrich.com
	67-56-1

	Rectangular Cookie Cutters 
(set of 3 sizes)
	$4.99
	2 x $4.99=
$9.98
	Fante’s Kitchen Wares 

Shop 
fantes.com
	1369

	Overall total cost
	
	$220.68

plus shipping
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Appendix

	Material
	Mean Failure Strength 

(kPa)
	Standard Deviation

(kPa)
	Coeff. of Variation
(SD/mean)

	Confor Foam
	88.60
	12.13
	0.139

	Chicken Skin
	2073.6
	562.9
	0.2714


Table 1: Failure strengths of foam and skin materials excluding the first foam trial which was performed erroneously. The foam material was homogenous throughout the samples and still had a standard deviation nearly 14% of the mean. This must be attributed to experimental error. Therefore, at least 0.139 of the coefficient of variation of the chicken skin can also be attributed to error, but the other part is unaccounted for.

[image: image1.png]Stess
(kPa)

Vertical Stress-Strain Graphs

Circumferential Stress-Strain Graphs

3500 3000,
—— Sampie 1 Sample 1
000 Sample 2 ——— sample 2
sample 3 2800 Sample 3
el —— Sample 4 Sample 4
Sample 5 2000 Sample 5
2000
1500
Stess
1% wPa)
1000
1000
500
500
ol — o
oot . -500)
o 05 1 15 2 25 05 3 75 2 25
Stainfmim] Strain{m/m]





Figure 1: Stress-strain graphs of the vertically (left) and horizontally (right) loaded chicken skins. Using a two-tailed paired t-test (a vertical and horizontal was taken from each leg) there was no significant difference between the failure strengths of the loading directions (p=0.97). The correlation between failure strengths of vertically and horizontally loaded strips from the same leg was 0.581. 

A=a*b*c

Equation 1: The Beer-Lambert law. A=absorbance, a=absorption coefficient, b=path length, c=concentration of absorbing species. In this experiment b=1 cm and a=3.76x104 mol/cm2 [6].

Reject the null hypothesis m=0 if   
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Equation 2: The equation for proving the hypothesis that m>0. The Student’s t value used should have n-2 degrees of freedom and (=0.05 (95% confidence level). For n=5 this t-crit is 2.353 [7].
_1238938132.unknown

