
Collagen Gel Preparation, Mechanical Testing, and  

Confocal Reflectance 
 

Materials Needed 

 

For Sutured Bars: 

Polyethylene sheet (3mm thick) 

 Sulfuric acid 

 5-0 monofilament black suture 

Instruments:  

Small scissors 

 Hemostat 

 2 fine forceps 

 Long forceps 

For Molding: 

 100x15 culture dishes-need to be BSA coated 

For Loading: 

 150x25 culture dishes 

Media: 

Serum starving media 

 Collagen gel media 

PBS 

 2% BSA-used to coat dishes 

Counting Cells: 

 450 µl 0.1% Trypan blue 

 Hemocytometer/cell counter 

Materials for Collagen: 

Ice bucket with ice 

0.2M HEPES, pH 9.0 (record date and initials) 

10x MEM (record date and initials) 

Vitrogen 100 (record serial number from bottle and concentration) 

50 ml centrifuge tube. 

Markers: 

Titanium Oxide 

Fixative: 

3.7% Formaldehyde in PBS 

0.1% Sodium Azide in PBS 

General: 

Large coverglass 

Pipettes 5-10-25 ml 

50 ml centrifuge tubes 

 

 

 

 

 



General Procedure: 

1. Prepare necessary materials in week prior to making gels. 

2. Make gels at appropriate collagen and cell concentrations.  Take an image of the gels 

BEFORE removing mold (to get true reference configuration). 

3. Culture gels under appropriate loading constraints. 

4. Image the gels using confocal reflectance BEFORE doing mechanical test. 

5. Perform biaxial mechanical test. 

6. Fix and store the gels. 

 

Procedure: 

 

Week before: 

1.  (5 days needed) Cut and treat polyethylene bars. 

a. Cut 5mm x 20mm strips of 3mm thick polyethylene. 

b. Soak bars in concentrated sulfuric acid for 72hrs (Kolodney, 1992). 

c. Wash bars in 10 changes of dH2O over 48hrs spinning. 

2. (2 hours needed) Place sutures through bars. 

a. Using 5-0 black monofilament suture, tie single surgeons knot in end of 

suture.  Tie an additional knot over the first knot. 

b. Pierce the bar and pull the suture through until the knot lodges inside the 

bar (pull through from rough side to smooth side). 

c. Cut sutures 55mm long. 

3. (1 hour needed) Sterilize instruments, molds, loading frames, and sutured bars. 

a. Place small scissors, hemostat, 2 fine forceps, and long forceps in 

sterilization pack. 

b. Place all molds, loading frames, and sutured bars into beakers filled with 

dH2O. 

c. Sterilize under ‘slow exhaust’. 

d. Remove molds, loading frames, and sutured bars from beakers and allow 

them to dry in the hood. 

 

Day before: 
1. Serum starve the cells by removing fibroblast media, rinsing with PBS, and replacing 

with PSF DMEM (no serum). 

 

Day of gel preparation: 

1. Coat each 100x15 Petri dish with 5ml 2% BSA and place into incubator for 1hr.  

Rinse with 10ml PBS twice.  Let dishes dry completely before use (leave under 

hood). 

2. Place a small amount of grease on each gel mold. 

3. Place mold on 100x15 Petri dish lid, place a sutured bar on each side of the mold, 

cover mold with bottom portion of Petri dish and push dish against mold to create 

watertight seal.  Pull sutures such that the bars come up against side of mold (they 

will end up at an angle, i.e., not completely flush to the side of the mold). 

4. Harvest cells. 



5. Re-suspend cells in media.  Amount of re-suspension depends on size of the cell 

pellet after centrifuging. 

6. Count cells 

a. Combine 450 µl of 0.1% Trypan blue and 50 µl of suspended cells. 

b. Inject 50 µl into hemocytometer 

c. Count cells in 5 out of the nine boxes of the grid using 10x objective with 

phase contrast.  Only two of the four sides of a box should be counted.  If a 

cell is stained blue, then it is dead and should not be counted.  

d. Count both sides of the hemocytometer.  Add the totals and multiply by 

10,000 for amount of cells per ml. 

e. Decide how many cells per ml of media needed.  Add appropriate amount of 

media. 

8. Prepare collagen.  [Note: this protocol yields 8ml of collagen gel.  For other volumes, 

use 1:1:8 proportions of HEPES:MEM:collagen.] 

a. Place all supplies on ice. 

b. Mix HEPES and place 0.8 ml in tube. 

c. Mix 10x MEM and add 0.8 ml to tube.  Mix well, should turn purple 

d. Layer 6.4 ml collagen on top on HEPES/MEM. Mix by inverting 2x.  Try to 

avoid air bubble formation.  Because the collagen is so viscous air bubbles 

will not go away. 

e. Leave mixture on ice until ready to use. 

9. Add cells to collagen. 

 

Sample mix ratio to end up with 2mg/ml collagen and 200,000 cells/ml. 

 2 Gels per tube 3 Gels per tube 4 Gels per tube 

HEPES 1.7 ml 2.55 ml 3.4 ml 

MEM 1.7 ml 2.55 ml 3.4 ml 

Collagen 13.6 ml 20.4 ml 27.2 ml 

Total collagen mixture 17.0 ml 25.5 ml 34.0 ml 

    

Total cells 4.25 x 10
6
 6.38 x 10

6
 8.5 x 10

6
 

Cell concentration 10
6
 /ml 10

6
 /ml 10

6
 /ml 

Total cell mixture 4.25 ml 6.38 ml 8.5 ml 

 

10. Add 10 ml of cell/collagen mixture into mold. 

11. Close Petri dish and incubate for 2hrs (not stacked). 

12. Mix 1mg/ml Titanium Oxide in PBS. 

13. Using a small sterile brush, place nine small circular markers (3x3 grid) on the top 

surface of the gel in the central region. 

14. Take a digital image of the gel, noting its orientation. 

15. Float gels. 

a. Check if gels are solid.  If not solid incubate for another 30 min. 

b. Carefully remove the mold.  This must be done gently to prevent the bars 

from ripping out of the gel.  If side of gel sticks to mold, gently push gel down 

while lifting the mold. 

c. Place small Petri dish into 150x25 Petri dish. 



d. Place loading rig on top of small Petri dish. 

e. Use two fine forceps to carefully thread the sutures around the dowels of the 

loading rig. 

f. Float gels by adding 20ml of collagen gel media. 

g. Apply appropriate clay weights to the ends of the sutures. 

16. Take a digital image of the gel. 

17. Check the weights a few hours after initial placement and twice daily to ensure that 

they have not fallen off. 

 



Gel Imaging 

1. Set up digital camera on frame so that it is level. 

2. Set the resolution to M2 (1024x768), focus to “Manual”, flash off. 

3. Center the gel under the camera, zoom in to the appropriate magnification, manually 

focus the image, and capture an image.  

4. Transfer the images to a computer.  NOTE: if using a Macintosh and NIH Image, 

images can be analyzed directly.  If using a PC and Scion Image, images must first be 

converted to black and white TIFF format.  You can convert a group of images using 

the ‘imgconvert.m’ macro in Matlab. 

5. Rename and organize the images in appropriate folders. 

6. Start Scion Image (or NIH Image).  Open the image or images to analyze.  All images 

in a particular folder can be opened at once by choosing any image in a folder and 

checking the ‘open all’ box.  Sort the images by choosing ‘cascade images’ from the 

‘windows’ menu. 

7. Choose ‘analyze/options’ and ensure that the ‘x-y center’ and ‘perimeter/length’ 

boxes are checked. 

8. Using the ‘map’ window, threshold the image, and use the slider until the borders of 

the markers are clear. 

9. Using the magic wand tool, click inside the marker.  The marker should now be 

outlined with a dotted line. 

10. Choose ‘analyze/show results’ (alternatively, CTL-2) to show results. 

11. Choose ‘analyze/measure’ (alternatively, CTL-1) to measure the marker.  The results 

will be shown in the results window, and can be copied and pasted into Excel for data 

analysis. 

12. Markers should be measured in the same order for all images to retain the orientation 

for strain analysis. 

13. If the magnification of the images differs, measure the length of the four bars and 

correct the position measurements accordingly. 

 

Mechanical Testing 

1. Remove all weights and loading rig. 

2. Place the Petri dish on a platform whose diameter is smaller than that of the Petri 

dish. 

3. Take a digital image of the gel with zero load applied.  This will serve as the 

reference configuration for finite strain analysis. 

4. Apply a 200mg weight to each of the four sutures.  Wait at least 30sec and take a 

digital image.  Repeat the process for 400, 600, 800, 1000, 1200, and 1400mg of 

weight (i.e, add 200mg weights one at a time up to 1400mg total weight on each 

suture). 

 



Finite Strain Analysis 
1. Use the ‘strain macro.m’ in Matlab to analyze the digitization results. 

a. Paste the x-y positions for the 9 markers of the reference image into the 

undeformed coordinates array. 

b. Paste the remaining x-y positions (n x 9 sets of positions for ‘n’ loading 

points) into the deformed coordinates array. 

c. Run the macro. 

 

Confocal Reflectance 

1. Settings: 

a. Ar laser 

b. Laser intensity >20 

c. Detection mode: middle 

d. CH1: out, out 

e. Aperture: >2 (mismatched aperture can improve results) 

f. Objective: 60x oil (can also use 100x oil) 

g. Gain: low to none 

h. PMT: mid to high 

2. Place a drop of oil onto objective. 

3. Place gel onto large coverglass, and place coverglass onto objective. 

4. Focus on cells using brightlight and phase contrast filter. 

5. Turn off brightlight and turn on laser.  

6. Use the fine focus until collagen fibers can be visualized. 

7. Capture image. 

8. Transfer to UNIX machine and analyze images using ‘fiber3’.  

 

Fixation and storage 

1. Rinse gels with PBS and place in chemical hood. 

2. Put gels in 3.7% Formaledehyde in PBS overnight. 

3. Rinse gels with PBS three times, and store in 0.1% Sodium Azide in PBS at 4C. 


