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Background

Matching the structural and material properties of skin is a top priority for bioengineers and surgeons using skin substitutes in cosmetic and burns surgery.  To do so, it is important for researchers to understand what exactly is responsible for these properties.  One possible source is collagen, the major structural protein in animals and the most abundant protein in mammals (Alberts, 2002, p. 1096).  In skin, it is responsible for its strength and elasticity, and the degradation of collagen is involved in aging, leading to wrinkles (Pageon, 2007).  Therefore, subjecting skin samples to collagenases, the group of proteins responsible for degrading collagen in vertebrates (Harrington, 1996), would in effect simulate aging.  Comparing samples with degraded collagen to regular samples would provide insight into the role collagen plays in skin.
One material property of particular importance is the material’s elastic modulus, which describes the stiffness of the material.  The elastic modulus is defined as stress divided by strain and is determined from the slope of the linear region of the stress vs. strain plot.  Stiffness is found from the elastic modulus and can also be determined from the slope of the force vs. deformation plot (see Appendix for all relevant equations).  Furthermore, the ultimate strength can be determined from the max of the stress vs. strain plot and similarly, the peak of the force vs. deformation plot refers to the failure force (Winkelstein, 2007).
Tensile testing using an Instron 4444 can be done to quantify these properties, as in Experiment 3.  Previous experimentation on chicken skin samples compared the effects of hydration on the stiffness of the skin.  Figure 1 (see Appendix) shows the force vs. deformation and the stress vs. strain plots of a hydrated sample.  In this sample, the elastic modulus was 0.984 N/mm2 and the stiffness was 3.20 N/mm with a R2 of 0.9945.  Using similar methods and expanding on Experiment 3, the effect of collagen on the elastic modulus and stiffness, as well as the ultimate strength, of skin can be quantified.
Hypothesis/Objective and Aims


This experiment aims to primarily answer the question of what effect does collagen have on the material properties of skin and to further relate that to the effect aging has on skin.  Aging will be simulated by degrading the collagen in one set of skin samples, resulting in two groups of samples – ‘young’ and ‘old’.  It is hypothesized that the elastic modulus will be significantly lower for samples simulating aging, and thus, the stiffness will be less for those samples.  Collagen is known to resist tensile deformation.  Therefore, a sample with more collagen would require more force to deform the same amount as a sample with less collagen, suggesting that it would have a higher modulus and stiffness.  In addition, it is hypothesized that collagenase will significantly decrease the ultimate strength of the chicken skin.
Equipment
Major Equipment

· Instron Model 4444 benchtop materials testing machine

· Pneumatic clamp set for Instron

· Instron .VI program

These items are necessary for accurately measuring the force and deformation of the skin under tensile loading.  The Instron 4444 provides this data through a controlled sampling rate and force application.  The clamp set is necessary to make sure the chicken samples are held tightly at the end and will not slip and the Instron .VI program is used to log the data on the computer.
Lab Equipment

· Scalpel, scissors, and cutting board
· Measuring tools – rulers, calipers

· Weight set

· Tweezers

The scalpel, scissors, and cutting board are needed to facilitate harvesting of skin sample from the chicken.  The measuring tools are required in determining the pre-load geometry, including gage length and cross-sectional area.  These are crucial measurements in converting from force and deformation to stress and strain.  The weight set is needed to calibrate the Instron machine.  The tweezers will be used in handling the chicken skin and in loading the samples in the Instron.
Supplies

· Graduated Cylinders
· Beakers
· DI Water
These are necessary for the preparation of the collagenase solution and to soak the skin samples prior to testing.

Newly Purchased Equipment

· Collagenase
· Phophate Buffer Saline Solution (PBS)
· Chicken Legs

Collagenase is the group of enzymes that will degrade the collagen in the skin when soaked.  The collagenase on the market comes in powder form, so a neutral saline buffer solution like PBS is necessary to create a collagenase solution.  Lastly, the skin to be tested is harvested from the chicken legs.
Proposed Methods and Analysis
A.  Preparation of Collagenase

· To maximize efficiency, prepare the collagenase while chicken skin is being harvested.

· Obtain 120 mg of collagenase powder.

· Prepare 120 ml of 10% 10X Phosphate Buffer Saline Solution (PBS) and 90% DI water.  This can be done with 12 ml of PBS and 108 ml of water.

· Mix 20 mg of collagenase powder with 20 ml of buffer in each of the five beakers for the skin samples.  Mix the remaining powder and buffer and save in case extra is needed.
B.  Sample Preparation

· Obtain 5 chicken legs and remove skin from each.

· Cut each removed skin piece into two 1x2” samples.

· Designate one sample from each leg as ‘young’ and ‘old’.  The ‘young’ refers to samples not treated with collagenase, while the ‘old’ samples are.
· Place the ‘young’ samples in small beakers of DI water, labeled Leg 1-5.  Place the ‘old’ samples in small beakers of collagenase (see part A.), labeled Leg 1-5.  Keeping track of which leg each skin sample came from is necessary for the analysis portion.

· Let ‘old’ samples soak in collagenase for at least 2 hours.  In the meantime, conduct tensile testing on ‘young’ samples.

C.  Chicken Skin Tensile Testing

· Calibrate the Instron as explained in the Lab Manual.
· Set rates of 100 mm/min and 10 points/second on Instron .VI.

· Insert the 1” side of the skin sample into the clamps.  Measure and record the gage length (distance between clamps), width, and thickness of the skin.
· Test 5 ‘young’ samples and 5 ‘old’ samples.  Record data of applied force and deformation and make note of rupture patterns, including location and direction, as well as any other noteworthy details.

D.  Data Analysis

· Construct force vs. deformation graphs for each sample tested.

· Using geometries of each sample, determine stress (σ=F/A, Area = width*thickness) and strain (ε=Δl/l, Δl is deformation, l is gage length).  Create plots of stress vs. strain for each sample.

· Determine stiffness from the slope of the force vs. deformation graph and elastic modulus from the slope of the stress vs. strain graph.
· Perform a one-tailed paired two sample for means t-test comparing the elastic modulii of the ‘young’ chicken skin (untreated) and the ‘old’ chicken skin (treated with collagenase).  Similar t-tests can be done comparing the stiffness and ultimate strength values. 
The procedure for this experiment is broken into four parts that each require careful execution.  However, if conducted efficiently and with close attention to detail, the experiment can be easily finished in the allotted 6 hours and should leave room should there be any problems.  The preparation of collagenase and the chicken skin samples can be done simultaneously by different group members.  Also, while one set of samples soaks in the collagenase, tensile testing may be completed on the other set, making for the most efficient use of the time.

Potential Pitfalls


One potential pitfall may be in the preparation of the ‘old’ samples.  Simulating aging of skin depends on the effectiveness of collagenase in degrading the collagen in the skin sample during soaking.  The two hours allotted in the procedure for soaking of skin in collagenase may, in fact, not be enough time to create a difference in tensile behavior of the treated skin compared to the untreated skin.  The group has some options, however, to deal with this problem.  One, they may increase the time allowed for soaking.  This may not be as feasible because of time constraints, but it may be possible to allow for another hour of soaking.  Secondly, the group may increase the amount of collagenase powder per ml of buffer solution.  Since they only have a limited amount of powder, they can decrease the amount of buffer solution.

On the other hand, they may find that the collagenase is too strong and that the skin samples are degrading too much.  If the samples are digested to excess, the samples may be weakened too much and tensile testing, thus, will not be possible.  To protect against this, one group member should at all times observe the soaking samples.  Skin fragmentation or cloudiness in solution would be indicators of excess digestion and should be monitored by a group member.  If any extra skin can be harvested beyond the ten samples, they may be soaked in the extra collagenase solution that is prepared.  Tensile testing can be done at regular intervals on these extra samples – not for data collection purposes, but rather to ensure that the skin has not degraded beyond testing.  It would be best to begin the soaking of the excess skin prior to the soaking of the skin samples to be tested so that any excess degradation can be anticipated.

In either case, it will be difficult to quantify the amount of collagen degraded and observations can be made only relative to the time the skin is exposed to the collagenase and the strength of the collagenase solution.

Another problem arises when loading the sample and measuring the gage length.  In the case that the skin sample is not taut when loaded into the Instron, the gage length of the sample will not be the distance between the clamps.  This can be easily corrected for by analyzing the force vs. deformation plots.  If the graph started linearly, then the sample was taut and the gage length can be taken to be the distance between the clamps.  If the graph starts non-linearly, find the point where the graph begins to increase linearly.  This point is the no-load condition.  Add the displacement of the clamps at that point to the distance between the clamps to find the gage length of the sample.

Lastly, there is a possibility that the skin samples will slip out of the clamps of the Instron.  This would render results useless for that sample.  To help prevent slippage, the skin samples may be taped to the clamps as well.

Budget

Three items will need to be purchased for this experiment: collagenase, neutral buffer solution, and chicken legs.  The items, their costs, and their specification are listed below.
· Collagenase

· Company: Worthington Biochemical Corporation (http://www.worthington-biochem.com/CLS/cat.html) 
· Collagenase, Type 1
Code: CLS-1 - Each lot assayed for collagenase, caseinase, clostripain and tryptic activities. Suggested for epithelial, liver, lung and adrenal primary cell isolations. A dialyzed, lyophilized powder. 

· Need: 120mg/group*20groups = 2400mg = 2.4gm
· Price: $156.00/gm
· Subtotal: $468.00 (3.0gm)
· Phosphate Buffer Saline Solution
· Company: Ambion (http://www.ambion.com/catalog/CatNum.php?9625)
· 1 Liter, PBS 10X, pH 7.4
Catalog #: 9625

· Need: 12ml/group*20groups = 240ml

· Price: $44/L

· Subtotal: $44.00 (1L)
· Chicken Legs

· Fresh Grocer
· Need: 5 Legs/group * 20 groups = 100 Legs
· Price: $3.21/8Legs
· Subtotal: $41.73 (104 Legs)
Grand Total: $553.73
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Appendix

· Relevant Formulas:

· σ = F/A (Stress equals force per unit area).

· ε = Δl/l  (Strain equals deformation divided by gage length).

· E = σ/ ε (Elastic modulus equals stress divided by strain).
· k = A*E/l (Stiffness equals area times elastic modulus divided by gage length).
· k = F/d  (Stiffness equals force per unit deformation).

[image: image1]
Figure 1.  Force vs. Deformation plot (left) and Stress vs. Strain plot (right) of a chicken skin sample from previous experimentation.  The slope of the linear region of the Force vs. Deformation plot gives the stiffness of the material.  The slope of the linear region of the Stress vs. Strain plot gives the elastic modulus of the material.
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		8.9		13.61		0.4063926941		0.1913667042

		9.07		14.2		0.4141552511		0.1996625422

		9.32		15.06		0.4255707763		0.2117547807

		9.49		15.64		0.4333333333		0.2199100112

		9.74		16.38		0.4447488584		0.2303149606

		9.9		16.87		0.4520547945		0.2372047244

		10.15		17.5		0.4634703196		0.2460629921

		10.32		17.93		0.4712328767		0.2521091114

		10.57		18.54		0.4826484018		0.2606861642

		10.74		18.86		0.4904109589		0.2651856018

		10.99		19.34		0.501826484		0.2719347582

		11.15		19.66		0.5091324201		0.2764341957

		11.4		20.03		0.5205479452		0.2816366704

		11.57		20.2		0.5283105023		0.2840269966

		11.82		20.46		0.5397260274		0.2876827897

		11.99		20.59		0.5474885845		0.2895106862

		12.24		20.79		0.5589041096		0.2923228346

		12.4		21.01		0.5662100457		0.295416198

		12.65		21.28		0.5776255708		0.2992125984

		12.82		21.37		0.5853881279		0.3004780652

		13.07		21.65		0.596803653		0.3044150731

		13.24		21.85		0.60456621		0.3072272216

		13.49		22.09		0.6159817352		0.3106017998

		13.65		21.96		0.6232876712		0.3087739033

		13.9		21.73		0.6347031963		0.3055399325

		14.07		21.66		0.6424657534		0.3045556805

		14.32		21.48		0.6538812785		0.3020247469

		14.49		21.38		0.6616438356		0.3006186727

		14.74		21.21		0.6730593607		0.2982283465

		14.9		21.06		0.6803652968		0.2961192351

		15.15		20.72		0.6917808219		0.2913385827

		15.32		20.71		0.699543379		0.2911979753

		15.57		20.98		0.7109589041		0.2949943757

		15.74		20.86		0.7187214612		0.2933070866

		15.99		20.5		0.7301369863		0.2882452193

		16.15		20.35		0.7374429224		0.286136108

		16.4		20.62		0.7488584475		0.2899325084

		16.57		20.82		0.7566210046		0.2927446569

		16.82		21.06		0.7680365297		0.2961192351

		16.99		21.25		0.7757990868		0.2987907762

		17.24		21.7		0.7872146119		0.3051181102

		17.4		22.03		0.7945205479		0.3097581552

		17.65		22.5		0.8059360731		0.3163667042

		17.82		22.62		0.8136986301		0.3180539933

		18.07		22.71		0.8251141553		0.3193194601

		18.24		22.83		0.8328767123		0.3210067492

		18.49		22.72		0.8442922374		0.3194600675

		18.65		22.86		0.8515981735		0.3214285714

		18.9		22.98		0.8630136986		0.3231158605

		19.07		23.07		0.8707762557		0.3243813273

		19.32		23.14		0.8821917808		0.3253655793

		19.49		22.9		0.8899543379		0.3219910011

		19.74		22.36		0.901369863		0.3143982002

		19.9		22.25		0.9086757991		0.3128515186

		20.15		22.19		0.9200913242		0.312007874

		20.32		22.15		0.9278538813		0.3114454443

		20.57		22.04		0.9392694064		0.3098987627

		20.74		22.08		0.9470319635		0.3104611924

		20.99		22.25		0.9584474886		0.3128515186

		21.15		22.38		0.9657534247		0.3146794151

		21.4		22.46		0.9771689498		0.3158042745

		21.57		22.47		0.9849315068		0.3159448819

		21.82		22.75		0.996347032		0.3198818898

		21.99		22.93		1.004109589		0.3224128234

		22.24		23.34		1.0155251142		0.3281777278

		22.4		23.54		1.0228310502		0.3309898763

		22.65		23.53		1.0342465753		0.3308492688

		22.82		23.5		1.0420091324		0.3304274466

		23.07		23.4		1.0534246575		0.3290213723

		23.24		23.38		1.0611872146		0.3287401575

		23.49		23.21		1.0726027397		0.3263498313

		23.65		23.13		1.0799086758		0.3252249719

		23.9		22.98		1.0913242009		0.3231158605

		24.07		22.74		1.099086758		0.3197412823

		24.32		22.23		1.1105022831		0.3125703037

		24.49		21.92		1.1182648402		0.3082114736

		24.74		21.77		1.1296803653		0.3061023622

		24.9		21.62		1.1369863014		0.3039932508

		25.15		21.37		1.1484018265		0.3004780652

		25.32		20.94		1.1561643836		0.294431946

		25.57		20.35		1.1675799087		0.286136108

		25.74		20.25		1.1753424658		0.2847300337

		25.99		20.17		1.1867579909		0.2836051744

		26.15		20.27		1.1940639269		0.2850112486

		26.4		20.52		1.2054794521		0.2885264342

		26.57		20.81		1.2132420091		0.2926040495

		26.82		21.13		1.2246575342		0.2971034871

		26.99		21.32		1.2324200913		0.2997750281

		27.24		21.54		1.2438356164		0.3028683915

		27.4		21.64		1.2511415525		0.3042744657

		27.65		21.62		1.2625570776		0.3039932508

		27.82		21.69		1.2703196347		0.3049775028

		28.07		21.84		1.2817351598		0.3070866142

		28.24		21.95		1.2894977169		0.3086332958

		28.49		22.13		1.300913242		0.3111642295

		28.65		22.24		1.3082191781		0.3127109111

		28.9		22.47		1.3196347032		0.3159448819

		29.07		22.74		1.3273972603		0.3197412823

		29.32		23.1		1.3388127854		0.3248031496

		29.49		23.25		1.3465753425		0.326912261

		29.74		23.25		1.3579908676		0.326912261

		29.9		23.25		1.3652968037		0.326912261

		30.15		22.93		1.3767123288		0.3224128234

		30.32		22.72		1.3844748858		0.3194600675

		30.57		22.4		1.395890411		0.3149606299

		30.74		22.01		1.403652968		0.3094769404

		30.99		21.13		1.4150684932		0.2971034871

		31.15		21.23		1.4223744292		0.2985095613

		31.4		21.48		1.4337899543		0.3020247469

		31.57		21.58		1.4415525114		0.3034308211

		31.82		21.56		1.4529680365		0.3031496063

		31.99		21.49		1.4607305936		0.3021653543

		32.24		21.49		1.4721461187		0.3021653543

		32.4		21.4		1.4794520548		0.3008998875

		32.65		20.62		1.4908675799		0.2899325084

		32.82		20.07		1.498630137		0.2821991001

		33.07		19.11		1.5100456621		0.2687007874

		33.24		18.5		1.5178082192		0.2601237345

		33.49		17.48		1.5292237443		0.2457817773

		33.65		17.02		1.5365296804		0.2393138358

		33.9		15.97		1.5479452055		0.2245500562

		34.07		15.44		1.5557077626		0.2170978628

		34.32		14.81		1.5671232877		0.2082395951

		34.49		14.43		1.5748858447		0.2028965129

		34.74		13.6		1.5863013699		0.1912260967

		34.9		13.03		1.5936073059		0.1832114736

		35.15		12.44		1.6050228311		0.1749156355

		35.32		12.2		1.6127853881		0.1715410574

		35.57		11.83		1.6242009132		0.1663385827

		35.74		11.69		1.6319634703		0.1643700787

		35.99		11.49		1.6433789954		0.1615579303

		36.15		11.34		1.6506849315		0.1594488189

		36.4		11.28		1.6621004566		0.1586051744

		36.57		11.34		1.6698630137		0.1594488189

		36.82		11.41		1.6812785388		0.1604330709

		36.99		11.45		1.6890410959		0.1609955006

		37.24		11.48		1.700456621		0.1614173228

		37.4		11.38		1.7077625571		0.1600112486

		37.65		10.91		1.7191780822		0.1534026997

		37.82		10.68		1.7269406393		0.1501687289

		38.07		10.5		1.7383561644		0.1476377953

		38.24		10.36		1.7461187215		0.1456692913

		38.49		10.28		1.7575342466		0.1445444319

		38.65		10.24		1.7648401826		0.1439820022

		38.9		10.21		1.7762557078		0.14356018

		39.07		10.15		1.7840182648		0.1427165354

		39.32		9.785		1.79543379		0.1375843645

		39.48		9.651		1.802739726		0.135700225

		39.73		9.638		1.8141552511		0.1355174353

		39.9		9.517		1.8219178082		0.1338160855

		40.15		8.725		1.8333333333		0.1226799775

		40.32		8.336		1.8410958904		0.1172103487

		40.57		7.973		1.8525114155		0.1121062992

		40.73		7.893		1.8598173516		0.1109814398

		40.98		7.785		1.8712328767		0.1094628796

		41.15		7.315		1.8789954338		0.1028543307

		41.4		7.06		1.8904109589		0.0992688414

		41.57		7.114		1.898173516		0.1000281215

		41.82		7.034		1.9095890411		0.0989032621

		41.98		6.94		1.9168949772		0.0975815523

		42.23		6.201		1.9283105023		0.0871906637

		42.4		6.013		1.9360730594		0.0845472441

		42.65		5.866		1.9474885845		0.082480315

		42.82		5.893		1.9552511416		0.082859955

		43.07		6		1.9666666667		0.0843644544

		43.23		6.067		1.9739726027		0.0853065242

		43.48		6.228		1.9853881279		0.0875703037

		43.65		6.174		1.9931506849		0.0868110236
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Sheet1

		Date		3/19/07		l		A

		Time		2:47 PM		21.9		71.12

		100		mm/min

		mm		N

		0		0.2685		0		0.0037753093

		0.15		0.2685		0.0068493151		0.0037753093

		0.32		0.2685		0.0146118721		0.0037753093

		0.57		0.2953		0.0260273973		0.0041521372

		0.74		0.3087		0.0337899543		0.0043405512

		0.99		0.3221		0.0452054795		0.0045289651

		1.15		0.3356		0.0525114155		0.0047187852

		1.4		0.349		0.0639269406		0.0049071991

		1.57		0.3624		0.0716894977		0.005095613

		1.82		0.3758		0.0831050228		0.005284027

		1.99		0.4027		0.0908675799		0.005662261

		2.24		0.4161		0.102283105		0.0058506749

		2.4		0.4295		0.1095890411		0.0060390889

		2.65		0.4564		0.1210045662		0.0064173228

		2.82		0.4698		0.1287671233		0.0066057368

		3.07		0.4832		0.1401826484		0.0067941507

		3.24		0.4966		0.1479452055		0.0069825647

		3.49		0.5369		0.1593607306		0.0075492126

		3.65		0.5503		0.1666666667		0.0077376265

		3.9		0.604		0.1780821918		0.0084926884

		4.07		0.6443		0.1858447489		0.0090593363

		4.32		0.7383		0.197260274		0.0103810461

		4.49		0.8054		0.2050228311		0.0113245219

		4.74		0.9933		0.2164383562		0.0139665354

		4.9		1.154		0.2237442922		0.0162260967

		5.15		1.517		0.2351598174		0.0213301462

		5.32		1.825		0.2429223744		0.0256608549

		5.57		2.322		0.2543378995		0.0326490439

		5.74		2.819		0.2621004566		0.0396372328

		5.99		3.732		0.2735159817		0.0524746907

		6.15		4.416		0.2808219178		0.0620922385

		6.4		4.752		0.2922374429		0.0668166479

		6.57		5.06		0.3		0.0711473566

		6.82		6.309		0.3114155251		0.0887092238

		6.99		6.846		0.3191780822		0.0962598425

		7.24		7.987		0.3305936073		0.1123031496

		7.4		8.711		0.3378995434		0.1224831271

		7.65		9.624		0.3493150685		0.1353205849

		7.82		10.15		0.3570776256		0.1427165354

		8.07		10.91		0.3684931507		0.1534026997

		8.24		11.37		0.3762557078		0.1598706412

		8.49		12.13		0.3876712329		0.1705568054

		8.65		12.72		0.3949771689		0.1788526434

		8.9		13.61		0.4063926941		0.1913667042

		9.07		14.2		0.4141552511		0.1996625422

		9.32		15.06		0.4255707763		0.2117547807

		9.49		15.64		0.4333333333		0.2199100112

		9.74		16.38		0.4447488584		0.2303149606

		9.9		16.87		0.4520547945		0.2372047244

		10.15		17.5		0.4634703196		0.2460629921

		10.32		17.93		0.4712328767		0.2521091114

		10.57		18.54		0.4826484018		0.2606861642

		10.74		18.86		0.4904109589		0.2651856018

		10.99		19.34		0.501826484		0.2719347582

		11.15		19.66		0.5091324201		0.2764341957

		11.4		20.03		0.5205479452		0.2816366704

		11.57		20.2		0.5283105023		0.2840269966

		11.82		20.46		0.5397260274		0.2876827897

		11.99		20.59		0.5474885845		0.2895106862

		12.24		20.79		0.5589041096		0.2923228346

		12.4		21.01		0.5662100457		0.295416198

		12.65		21.28		0.5776255708		0.2992125984

		12.82		21.37		0.5853881279		0.3004780652

		13.07		21.65		0.596803653		0.3044150731

		13.24		21.85		0.60456621		0.3072272216

		13.49		22.09		0.6159817352		0.3106017998

		13.65		21.96		0.6232876712		0.3087739033

		13.9		21.73		0.6347031963		0.3055399325

		14.07		21.66		0.6424657534		0.3045556805

		14.32		21.48		0.6538812785		0.3020247469

		14.49		21.38		0.6616438356		0.3006186727

		14.74		21.21		0.6730593607		0.2982283465

		14.9		21.06		0.6803652968		0.2961192351

		15.15		20.72		0.6917808219		0.2913385827

		15.32		20.71		0.699543379		0.2911979753

		15.57		20.98		0.7109589041		0.2949943757

		15.74		20.86		0.7187214612		0.2933070866

		15.99		20.5		0.7301369863		0.2882452193

		16.15		20.35		0.7374429224		0.286136108

		16.4		20.62		0.7488584475		0.2899325084

		16.57		20.82		0.7566210046		0.2927446569

		16.82		21.06		0.7680365297		0.2961192351

		16.99		21.25		0.7757990868		0.2987907762

		17.24		21.7		0.7872146119		0.3051181102

		17.4		22.03		0.7945205479		0.3097581552

		17.65		22.5		0.8059360731		0.3163667042

		17.82		22.62		0.8136986301		0.3180539933

		18.07		22.71		0.8251141553		0.3193194601

		18.24		22.83		0.8328767123		0.3210067492

		18.49		22.72		0.8442922374		0.3194600675

		18.65		22.86		0.8515981735		0.3214285714

		18.9		22.98		0.8630136986		0.3231158605

		19.07		23.07		0.8707762557		0.3243813273

		19.32		23.14		0.8821917808		0.3253655793

		19.49		22.9		0.8899543379		0.3219910011

		19.74		22.36		0.901369863		0.3143982002

		19.9		22.25		0.9086757991		0.3128515186

		20.15		22.19		0.9200913242		0.312007874

		20.32		22.15		0.9278538813		0.3114454443

		20.57		22.04		0.9392694064		0.3098987627

		20.74		22.08		0.9470319635		0.3104611924

		20.99		22.25		0.9584474886		0.3128515186

		21.15		22.38		0.9657534247		0.3146794151

		21.4		22.46		0.9771689498		0.3158042745

		21.57		22.47		0.9849315068		0.3159448819

		21.82		22.75		0.996347032		0.3198818898

		21.99		22.93		1.004109589		0.3224128234

		22.24		23.34		1.0155251142		0.3281777278

		22.4		23.54		1.0228310502		0.3309898763

		22.65		23.53		1.0342465753		0.3308492688

		22.82		23.5		1.0420091324		0.3304274466

		23.07		23.4		1.0534246575		0.3290213723

		23.24		23.38		1.0611872146		0.3287401575

		23.49		23.21		1.0726027397		0.3263498313

		23.65		23.13		1.0799086758		0.3252249719

		23.9		22.98		1.0913242009		0.3231158605

		24.07		22.74		1.099086758		0.3197412823

		24.32		22.23		1.1105022831		0.3125703037

		24.49		21.92		1.1182648402		0.3082114736

		24.74		21.77		1.1296803653		0.3061023622

		24.9		21.62		1.1369863014		0.3039932508

		25.15		21.37		1.1484018265		0.3004780652

		25.32		20.94		1.1561643836		0.294431946

		25.57		20.35		1.1675799087		0.286136108

		25.74		20.25		1.1753424658		0.2847300337

		25.99		20.17		1.1867579909		0.2836051744

		26.15		20.27		1.1940639269		0.2850112486

		26.4		20.52		1.2054794521		0.2885264342

		26.57		20.81		1.2132420091		0.2926040495

		26.82		21.13		1.2246575342		0.2971034871

		26.99		21.32		1.2324200913		0.2997750281

		27.24		21.54		1.2438356164		0.3028683915

		27.4		21.64		1.2511415525		0.3042744657

		27.65		21.62		1.2625570776		0.3039932508

		27.82		21.69		1.2703196347		0.3049775028

		28.07		21.84		1.2817351598		0.3070866142

		28.24		21.95		1.2894977169		0.3086332958

		28.49		22.13		1.300913242		0.3111642295

		28.65		22.24		1.3082191781		0.3127109111

		28.9		22.47		1.3196347032		0.3159448819

		29.07		22.74		1.3273972603		0.3197412823

		29.32		23.1		1.3388127854		0.3248031496

		29.49		23.25		1.3465753425		0.326912261

		29.74		23.25		1.3579908676		0.326912261

		29.9		23.25		1.3652968037		0.326912261

		30.15		22.93		1.3767123288		0.3224128234

		30.32		22.72		1.3844748858		0.3194600675

		30.57		22.4		1.395890411		0.3149606299

		30.74		22.01		1.403652968		0.3094769404

		30.99		21.13		1.4150684932		0.2971034871

		31.15		21.23		1.4223744292		0.2985095613

		31.4		21.48		1.4337899543		0.3020247469

		31.57		21.58		1.4415525114		0.3034308211

		31.82		21.56		1.4529680365		0.3031496063

		31.99		21.49		1.4607305936		0.3021653543

		32.24		21.49		1.4721461187		0.3021653543

		32.4		21.4		1.4794520548		0.3008998875

		32.65		20.62		1.4908675799		0.2899325084

		32.82		20.07		1.498630137		0.2821991001

		33.07		19.11		1.5100456621		0.2687007874

		33.24		18.5		1.5178082192		0.2601237345

		33.49		17.48		1.5292237443		0.2457817773

		33.65		17.02		1.5365296804		0.2393138358

		33.9		15.97		1.5479452055		0.2245500562

		34.07		15.44		1.5557077626		0.2170978628

		34.32		14.81		1.5671232877		0.2082395951

		34.49		14.43		1.5748858447		0.2028965129

		34.74		13.6		1.5863013699		0.1912260967

		34.9		13.03		1.5936073059		0.1832114736

		35.15		12.44		1.6050228311		0.1749156355

		35.32		12.2		1.6127853881		0.1715410574

		35.57		11.83		1.6242009132		0.1663385827

		35.74		11.69		1.6319634703		0.1643700787

		35.99		11.49		1.6433789954		0.1615579303

		36.15		11.34		1.6506849315		0.1594488189

		36.4		11.28		1.6621004566		0.1586051744

		36.57		11.34		1.6698630137		0.1594488189

		36.82		11.41		1.6812785388		0.1604330709

		36.99		11.45		1.6890410959		0.1609955006

		37.24		11.48		1.700456621		0.1614173228

		37.4		11.38		1.7077625571		0.1600112486

		37.65		10.91		1.7191780822		0.1534026997

		37.82		10.68		1.7269406393		0.1501687289

		38.07		10.5		1.7383561644		0.1476377953

		38.24		10.36		1.7461187215		0.1456692913

		38.49		10.28		1.7575342466		0.1445444319

		38.65		10.24		1.7648401826		0.1439820022

		38.9		10.21		1.7762557078		0.14356018

		39.07		10.15		1.7840182648		0.1427165354

		39.32		9.785		1.79543379		0.1375843645

		39.48		9.651		1.802739726		0.135700225

		39.73		9.638		1.8141552511		0.1355174353

		39.9		9.517		1.8219178082		0.1338160855

		40.15		8.725		1.8333333333		0.1226799775

		40.32		8.336		1.8410958904		0.1172103487

		40.57		7.973		1.8525114155		0.1121062992

		40.73		7.893		1.8598173516		0.1109814398

		40.98		7.785		1.8712328767		0.1094628796

		41.15		7.315		1.8789954338		0.1028543307

		41.4		7.06		1.8904109589		0.0992688414

		41.57		7.114		1.898173516		0.1000281215

		41.82		7.034		1.9095890411		0.0989032621

		41.98		6.94		1.9168949772		0.0975815523

		42.23		6.201		1.9283105023		0.0871906637

		42.4		6.013		1.9360730594		0.0845472441

		42.65		5.866		1.9474885845		0.082480315

		42.82		5.893		1.9552511416		0.082859955

		43.07		6		1.9666666667		0.0843644544

		43.23		6.067		1.9739726027		0.0853065242

		43.48		6.228		1.9853881279		0.0875703037

		43.65		6.174		1.9931506849		0.0868110236
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