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Adapted from K.P. Vercruysse, et al. Bioconj. Chem. 8:686-94, 1997

See the Vercruysse paper for details regarding choice of cross-linkers, reaction buffers, etc. The physiochemical properties of the gels vary according to their preparation. Solid hydrogels can be made with reaction pH in the range of 3.0-4.5, and molar cross-linker ratios of 0.5-1.5 moles dihydrazide and 0.7-1.0 moles carbodiimide (EDAC) per mole of HA carboxyl groups. I designate “low cross-linker ratio” to be 0.5 moles dihydrazide and 0.7 moles EDAC (per mole HA –COOH) and “high cross-linker ratio” to be 1.5 moles dihydrazide and 1.0 moles EDAC (per mole HA –COOH).

Preparation (see end of protocol for recipes/notes)


HA-PBS stock solution


Dihydrazide solution


EDAC solution


2.5 M Bis-Tris, pH 4.5


pH strips

Methods

1.
Calculate the amount of stock solutions needed. I use an excel spreadsheet to enter in the molar ratios of dihydrazide and EDAC, the volume of gel desired and the stock solution concentrations. It then calculates the amounts of stock solutions needed. The following is a sample spreadsheet:

	What is final gel volume needed for each gel type?
	
	
	
	
	

	5 mg/ml HA, low XL
	6
	
	
	
	

	5 mg/ml HA, high XL
	15
	
	
	
	

	8 mg/ml HA, low XL
	15
	
	
	
	

	8 mg/ml HA, hich XL
	6
	
	
	
	

	What is HA stock concentration (mg/ml)? 
	10
	
	
	
	

	What is hydrazide stock concentration (mg/ml)?
	100
	
	
	
	

	What is EDAC stock concentration (mg/ml)?
	100
	
	
	
	

	What is Bis-Tris stock concentration (M)?
	5
	
	
	
	

	
	
	
	
	
	

	XL density
	low
	high
	low
	high
	total

	total ml solution (entered above)
	6
	15
	15
	6
	 

	mg/ml HA
	5
	5
	8
	8
	 

	mg HA 
	30
	75
	120
	48
	273

	ml HA stock (concentration above)
	3
	7.5
	12
	4.8
	27.3

	umol HA
	79.58
	198.94
	318.30
	127.32
	 

	 
	 
	
	
	 
	 

	ml PBS
	2.224
	5.560
	0.446
	0.178
	 

	 
	 
	
	
	 
	 

	mol equiv ADH
	0.5
	0.5
	0.8
	0.8
	 

	mol ADH (umol)
	39.79
	99.47
	254.64
	101.86
	 

	mg ADH
	6.92
	17.31
	44.31
	17.72
	86.26

	ml ADH stock (concentration above)
	0.069
	0.173
	0.443
	0.177
	0.863

	 
	 
	
	
	 
	 

	mol equiv EDC
	0.7
	0.7
	1
	1
	 

	mol EDC (umol)
	55.70
	139.26
	318.30
	127.32
	 

	mg EDC
	10.69
	26.74
	61.11
	24.45
	122.99

	ml EDAC stock (concentration above)
	0.107
	0.267
	0.611
	0.244
	1.230

	 
	 
	
	
	 
	 

	mM Bis-Tris, pH 4.75
	500
	500
	500
	500
	 

	g Bis-Tris per 1 ml gel
	0.1229
	0.1229
	0.1229
	0.1229
	 

	ml Bis-Tris stock per 1 ml gel (concentration above)
	0.10
	0.10
	0.10
	0.10
	 

	ml 5 M Bis-Tris total
	0.6
	1.5
	1.5
	0.6
	4.20


2. 
Mix the HA, dihydrazide and EDAC stock solutions thoroughly.

3.
Add the Bis-Tris and mix well. Quickly test the pH with a pH strip, if desired. After the Bis-Tris is added, the solution will start cross-linking. Depending on the final application, it is useful to do individual reactions in microfuge/conical tubes, or  mix the components in a syringe for injecting into molds. 


The reaction rate varies from overnight (for 5 mg/ml HA, low cross-linker ratio) to within seconds (8 mg/ml HA, high cross-linker ratio). To ensure complete reaction, allow cross-linking to occur overnight at room temperature. Store at 4(C.

Recipes/Notes

Hyaluronan stock solution (non-sterile)

1.
It is recommended to make a large amount (couple hundred ml’s) of HA solution at once. At times, it is easier to make a stock solution that is more concentrated than needed and dilute it down. 

2.
To ensure total dissolution, overnight mixing with a mechanical mixer is recommended. The solutions are often too viscous for a magnetic stir bar and vortexing or sonicating the gels breaks up the HA strands.

3.
Store at 4(C for up to a few weeks. It is best to measure out the stock solution with a syringe (too much solution sticks to pipets and pipet tips to ensure an accurate measurement.)

Hyaluronan stock solution (“sterile”)
After trying a couple different methods, I found this to be the most convenient method for “sterilizing” HA (short of starting out with sterile HA). I’d prefer to gamma-irradiate the final hydrogels, but we do not have access to the necessary equipment at UT. 
1.
Mix HA with 70% ethanol/ddI overnight in a conical tube on an end-over-end mixer. 

2.
Dialyze exhaustively against PBS or ddI. I use Pierce’s gamma-irradiated 10000 MWCO Slide-A-Lyzer cassettes and 2x1 hour washes, followed by an overnight wash. Dialyzing against ddI causes the membranes to swell out greatly, and the HA solution is then more dilute than the original EtOH solution. After dialysis, I let the cartridge sit on the bench-top or in a hood for a few days to evaporate off the water. 

3.
Check the final concentration with a carbazole assay.


Dihydrazide stock solution
1.
Vercruysse, et al discusses the use of multiple cross-linkers. I have chosen adipic dihydrazide (ADH) and terephthalic dihydrazide (TDH) as my dihydrazide cross-linkers. 

2.
ADH is very water-soluble; TDH needs HCl to become water-soluble. 

2.5 M Bis-Tris, pH 4.5
The buffering region of Bis-Tris is 5.8-7.2; therefore, Bis-Tris at pH 4.5 is the source of H+ ions that drives the cross-linking reaction. The buffer releases acid more slowly than straight acid, and therefore the cross-linking reaction takes some time.

Bis-Tris HCl (MW 245.7)

ddI



61.425 g



100 ml





30.713 g



50 ml





12.285 g



20 ml 


Dissolve the Bis-Tris in about 75% of total volume of ddI, pH to about 4.2-4.4, add up to final volume with ddI and filter sterilize.




5 M Bis-Tris, pH ~1.6

The solubility of Bis-Tris in water is much lower than 5M, but the melting point of Bis-Tris is 100-110(C. At this high concentration, I found that the pH is inherently very low and additional acid is not required. 

For 50 ml stock solution, add 61.425 g Bis-Tris HCl to enough water to make a slurry. Try not to exceed 50ml total volume. Place in a ~90(C water bath with mixing until dissolved (about 20-30 minutes). Measure pH. Store at room temperature; apply mild heating to decrease viscosity and dissolve any crystals that may have formed.

