NOTES FOR PREPARATION OF 
CRYOPROTECTANT AND CARRIER SOLUTIONS
Chemical Inventory

DMSO    (CH3)2SO     MWt 78.13 gm/mole     density 1.1004 gm/mL

Ethylene glycol   C2H4(OH)2     MWt 62.068 gm/mole     density 1.1132 gm/mL

Glucose   C6H12O6    MWt 180.16 gm/mole

HCl     MWt 36.16 gm/mole

KCl    MWt 74.56 gm/mole
NaCl    MWt 58.55 gm/mole

Mannitol    C6H14O6              MWt  182.17 gm/mole

Tris = Sigma Catalog #T1378 = SIGMA 7-9 (R)

       = Tris(hydroxymethyl)aminomethane                                 [image: image1.png]HO
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       = 2-Amino-2-(hydroxymethyl)aminomethane

       = C4H11NO3       MWt  121.14 gm/mole
Notation
“DMSO  (CH3)2SO    MWt 78.13 gm/mole     density 1.1004 gm/mL”

“MtWt” means molecular weight, i.e the number of grams that makes up a mole.  A mole is the amount of a substance in terms of the Avogradro’s number (6.0221415×1023) of molecules.  (In this example one molecule = (CH3)2SO .)

gm = grams = amount of a substance in terms of its weight (mass). 

mL = milli-litres = thousandths of a litre (Americans call “litres” “liters”)

K = potassium, Cl = chlorine, so KCl = potassium + chlorine = potassium chloride

“40% w/w Glycerol will have 4 kg of Glycerol in 10 kg of water plus glycerol”

 “w/w” means weight for weight, in this case 4 kilograms of glycerol in enough water to give 10 kilograms of total solution weight. 
“KCl:  2.11 gm/liter X mole/74.55 gm = 0.0283 mole/liter”
X = multiplication  and  / = division

2.11 gm/liter X mole/74.55 gm = (2.11 gm/liter) divided by (74.55 gm/mole)

The grams cancel, giving

2.11 / 74.55 mole/litre = 0.0283 mole/litre.
Carrier Solution formulation (m-RPS-2)

CI-VM carrier solution has a very simple composition, namely 

28 mM/L potassium chloride, 230 mM/L glucose, and the 

10 mM/L organic TRIS – HCl buffer. For one liter components are:
   Formula for Making m-RPS-2 plain (1X) and concentrated (5X or 9X)

Ingredient   1X,1 liter   5X,1 liter  5X,3.6 liter   9X, 1 liter

KCl          2.11 gm       10.55 gm      38.0 gm       19.00 gm

Glucose   41.1  gm     207.0  gm     745  gm       372.00 gm

Tris         1.21 gm         6.06 gm        21.82  gm    11.00 gm

HCl,1.0N     8 ml         40 ml          144 ml            72.00 ml
(5X m-RPS-2 is used for topping-off partially full tanks

of 70%w/w VM-1 and 9X m-RPS-2 is using for quickly preparing

completely new tanks of VM-1)

======================================================
   PREPARING EG SOLUTIONS FROM 5X or 9X m-RPS-2

======================================================
   For washout, 10% EG and 30% EG assume W (kg) = V (L)

   Preparation of Volume (V) of washout solution, 10%w/w EG and 30%w/w EG 

           using Mass (M) of EG having density 1.11 kg/L
     WASHOUT

        V =   (V/5)      +   (V - V/5)

            5X m-RPS-2     distilled water
       e.g.  Make 2.755 liters of washout solution

             2.755/5 = 0.551 L of 5X m-RPS-2

             2.755 - 0.551 = 2.204 L of water

========================================================
     10% Ethylene Glycol (EG)

        M = V = M (EG)  + V (m-RPS-2) + V (water)

        V (EG) = (M/10)/density EG                M (EG) = 10% M

        M (m-RPS-2) = V (m-RPS-2) = V/5                  = 20% M

        M (water) = V (water) = V - [M(EG) + M(m-RPS-2)] = 70% M

From 5X m-RPS-2

           Make 8.16 liters of 10% EG 

           0.816 kg/1.11 = 0.735 L of EG                  M (EG)  = 8.16 X 0.1

           8.16/5 = 1.632 L of 5X m-RPS-2             M (m-RPS-2) = 8.16 X 0.2

           8.16 - (0.816 + 1.632) = 5.712 L water       M (water) = 8.16 X 0.7
From 9X m-RPS-2

 Can place 0.81 liter of pure EG into a 9 liter tank

 Add 6.1 liter of distilled water

 Add 1.0 liter of 9X m-RPS-2 from prepared bottle

 Add 0.5 liter of distilled water washout of 9X m-RPS-2 bottle

 Add another 0.5 liter of distilled water washout of 9X m-RPS-2 bottle

 Shake

     Mass of EG must be used for the water volume calculation because the EG 

must be 10%w/w of the final mass, m-RPS-2 20%w/w and water 70%w/w. 

m-RPS-2, 10% EG and 30% EG are all filtered with a 0.2 micron filter and then

refrigerated to prevent bacterial growth. More concentrated VMs need not be 

refrigerated except for the purpose of having cold perfusate for perfusion.

For this purpose 70%w/w VM-1 is kept in the freezer.
Note that 10%w/w EG will be 100gm EG/kg of solution

(100 gm)/(62.1 gm/mole) => (1.6 Molar) or over 1500 milliOsmoles/Kg

30% EG will be 4.83 Molar, 35% EG will be 5.639 M, 35% DMSO will be 4.48 M and 70% VM-1 will be 10.1 M corresponding to over 4,000 mOsm for 30% EG; over 5,000 mOsm for 35% DMSO and nearly 10,000 milliOsmoles for 70% VM-1.
    30% Ethylene Glycol (calculations very similar to 10% EG) 

        M = V = M (EG)  + V (m-RPS-2) + V (water)

        V (EG) = (0.3 X M)/density EG             M (EG) = 30% M

        M (m-RPS-2) = V (m-RPS-2) = V/5                  = 20% M

        M (water) = V (water) = V - [M(EG) + M(m-RPS-2)] = 50% M
From 5X m-RPS-2

           Make 10.61 liters of 30% EG  

           0.3 X 10.61 = 3.183 kg/1.11 = 2.867 L of EG     M (EG)  = 10.61 X 0.3

           10.61/5 = 2.122 L of 5X m-RPS-2             M (m-RPS-2) = 10.61 X 0.2

           10.61 - (3.183 + 2.122) = 5.305 L water       M (water) = 10.61 X 0.5
From 9X m-RPS-2

 Can place 2.43 (30%) liter of pure EG into a 9 liter tank

 Add 4.3 liter of distilled water

 Add 1.0 liter of 9X m-RPS-2 from prepared bottle

 Add 0.5 liter of distilled water washout of 9X m-RPS-2 bottle

 Add another 0.5 liter of distilled water washout of 9X m-RPS-2 bottle

 Shake
==============================================================
     80% EG will be 20% 5X m-RPS-2 and will contain no distilled water
==================================================
   PREPARING 70% w/w VM-1 FROM 9X m-RPS-2

==================================================
70%w/w VM-1 contains equal parts DMSO and Ethylene Glycol (35%w/w each)

From 9X m-RPS-2

(Should have 3 containers of 9 liter VM-1 on hand, typically

using 2 for patient and one extra for stock) 

                    2.83 liters EG                        X 1.113 kg/L  =   3.15 kg

                 + 2.83 liters DMSO                  X 1.110 kg/L  =   3.14 kg

                 + 1.0 liters of 9X m-RPS-2       X 1     kg/L    =   1.0  kg

                 + 1.7 liters of water                 X 1.7   kg/L     =   1.7  kg

                                                                                              ---------

                                                                                               8.99 kg
       3.15 + 3.14 => 6.29 kg  ==> 6.29 kg/8.99 kg ==> 0.7 ==> 70% w/w

        First measure 2.83 L of DMSO into container (wear gloves)

        Add 2.83 L of EG

        Add 700 mL of water.   This addition is exothermic (gets hot),  shake well

        Add 1.0 L of 9X m-RPS-2.  This addition is exothermic -- shake well

        Fill 1.0 L cylinder and rinse the empty 9X m-RPS-2 container 

                   with approximately one third of the cylinder volume

        Add each third of the rinse. This addition is exothermic -- shake well
 Can place 5.66 liter of pure VM-1 into a 9 liter tank -- 2.83 liter (32.5%) EG 

                                                        + 2.83 (32.5%) DMSO

 Add 0.7 liter of distilled water

 Add 1.0 liter of 9X m-RPS-2 from prepared bottle

 Add 0.5 liter of distilled water washout of 9X m-RPS-2 bottle

 Add another 0.5 liter of distilled water washout of 9X m-RPS-2 bottle

 Shake

From 5X m-RPS-2
                   2.83 liters EG                        X 1.113 kg/L    = 3.15 kg

                 + 2.83 liters DMSO                 X 1.110 kg/L    = 3.14 kg

                 + 1.8 liters of 5X m-RPS-2      X 1.8   kg/L     = 1.8  kg

                 + 0.9 liters of water                  X 0.9   kg/L     = 0.9  kg

                                                                                            ---------

                                                                                              8.99 kg
       3.15 + 3.14 => 6.29 kg  ==> 6.29 kg/8.99 kg ==> 0.7 ==> 70% w/w

      ======================================================
   DETAILS ON PREPARING 9X m-RPS-2

=====================================================
(9X is for stock -- must sterilize and can store for up to 

one year in a refrigerator) 
1 liter of the concentrate is for 9 liters of normal concentration of

m-RPS-2 (for blood washout) or normal concentration of M-RPS-2 as a

vehicle solution for all the VM-1 solutions.
Ingredients for preparation of 1 liter of the concentrate (in gram):

KCl                         19.00 gm     (52.6 gm if hyperosmolar)
Tris(Sigma 7-9)       11.00 gm
HCl, 1.0 N, ml         72.00 ml
Glucose                   372.00 gm
(PEG 20,000           180 gm if hyperosmolar) 

Add desired weights to weights of weigh paper and set scale for the total.

Pour between 0.5 and 0.6 liters of distilled water into a plastic bottle. 

Add 19 grams of KCl. Cover the bottle and shake it until compound 

completely dissolves (easily dissolved). 

Add 11 grams of Tris (a buffer) in the bottle. Cover the bottle and

shake it until compound completely dissolves (easily dissolved). 

Add 72 ml of HCl (1.0 N concentration) in the bottle. Cover the bottle

and shake.
Add 93 grams of Glucose in the bottle through a funnel quickly. Cover

the bottle and start as soon as possible to shake it intensely and

continuously until compound is completely dissolved. It is necessary to do

this because glucose can otherwise become a solid lump which will dissolve 
very slowly even using an intensive shaking of the bottle. Adding the 
complete amount of glucose (372 g) should be performed by 4 portions 
(93 x 4 = 372).
Add other 93 grams of glucose and repeat the procedure.

Add other 93 grams of glucose and repeat the procedure.

Add other 93 grams of glucose and repeat the procedure.

Top off to 1.0 liter with distilled water. 
Dissolution is endothermic, so the use of a microwave oven can be helpful. Between each addition of glucose & PEG 22 or 33 seconds of microwaving and shaking can prevent clumping and assist full dissolution. At the end, it helps to lay the one liter containers on their side and patiently wait a few hours – with occasional shaking. 

Unlike 5X concentrate, 9X concentrate should be sterilized (without antibiotics) for long-term storage. Filter the concentrate through a 0.2 micron fine filter. PEG solutions do not filter well, so it may be better to add the PEG later – when preparing the 10% EG.  At least the initial filtration will prevent bacterial growth during storage. 

Keep the concentrate in a refrigerator at 2-4ºC.
=====================================================
  PREPARING 10% w/w Glycerol FROM 9X m-RPS-2 =====================================================
(Glycerol density 1.261 g/mL versus DMSO 1.1004 and EG 1.1132) 

  10% w/w Glycerol will have 1 kg of Glycerol in 10 kg of water plus glycerol
    e.g. Make 3.5 liters of 10% w/w Glycerol 

         0.1 X 3.5 => 0.35 kg/1.261kg/L = 0.278 L of Glycerol     

         3.5kg/9X = 0.389 L of 9X m-RPS-2             

         3.5 - (0.35 + 0.389) = 2.761 L water  

         Shake 
=====================================================
   PREPARING 20% w/w Glycerol FROM 9X m-RPS-2

=====================================================
  20% w/w Glycerol will have 2 kg of Glycerol in 10 kg of water plus glycerol
    e.g. Make 3.5 liters of 20% w/w Glycerol 

         0.2 X 3.5 => 0.70 kg/1.261kg/L = 0.555 L of Glycerol     

         3.5kg/9X = 0.389 L of 9X m-RPS-2             

         3.5 - (0.70 + 0.389) = 2.411 L water 

         Shake
=====================================================
   PREPARING 40% w/w Glycerol FROM 9X m-RPS-2

=====================================================
  40% w/w Glycerol will have 4 kg of Glycerol in 10 kg of water plus glycerol
    e.g. Make 9 liters of 40% w/w Glycerol 

         0.4 X 9.0 => 3.6 kg/1.261kg/L = 2.855 L of Glycerol     

         9.0kg/9X = 1.0 L of 9X m-RPS-2             

         9.0 - (3.6 + 1.0) = 4.4 L water 

         Shake
=====================================================
   PREPARING 75% w/w Glycerol FROM 9X m-RPS-2

=====================================================
  75% w/w Glycerol will have 7.5 kg of Glycerol in 10 kg of water plus glycerol
    e.g. Make 9 liters of 75% w/w Glycerol 

         0.75 X 9.0 => 6.75 kg/1.261kg/L = 5.353 L of Glycerol     

         9.0kg/9X = 1.0 L of 9X m-RPS-2             

         9.0 - (6.75 + 1.0) = 1.25 L water 

         Shake   
The carrier solution must be filtered after preparation. Nalgene cellulose nitrate (CN) filter units are available from both Fisher Scientific and Cole-Parmer. CI uses 1000mL capacity, 2 micron pore size Nalgene filter units. A pre-filter is placed the top of the filtering unit before filtration. The Cole-Parmer unit (Catalog Number 09-740-3A) is described having a 75mm diameter membrane, whereas Fisher has a 
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  The filter pump is clamped to a table and the tubing allows from filtration of two units simultaneously. [image: image3.jpg]









