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survival. The following variables in the technique were investigated : ACD 
versus Tyrode's solution as a diluent, comparative effectiveness of glycerol 
and dimethvl sulfoxvde to protect during freezing and three different methods 
of handling the suspensions after thawing. The percentage recovery of protecting 
ability of the suspensions after storage varied with different techniques between 
72 % and less than 10 %. Best results were obtained when glycerol-protected 
cells were slowly diluted with Tyrode's solution before injection. Application 
of these techniques to the storage of rhesus monkey bone marrow suspensions 
indicated that there are marked inter-species differences in storage efficiency 
for a given technique. 
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THE EFFECTIVENESS OF DIFFERENT FREEZE STORAGE 

TECHNIQUES FOR MOUSE BONE MARROW CELL SUSPENSIONS 

SUMMARY 

The effectiveness of different f r eeze - s to r age techniques for mouse 

bone m a r r o w cell suspensions was quantitatively invest igated. As the c r i 

t e r ium for effective s to rage , the abili ty of the suspensions to protect 

lethally i r r ad i a t ed mice was es t imated . The f resh suspensions as well as 

the suspensions that had been frozen and thawed by different methods were 

tes ted in s e r i a l twofold dilutions in i r r ad i a t ed mice to es t imate the 50% 

effective cel l dose for 30-day su rv iva l . The following var iab les in the 

technique were invest igated: ACD v e r s u s Tyrode ' s solution as a diluent, 

compara t ive effectiveness of g lycerol and dimethyl sulfoxyde to pro tec t 

during freezing and th ree different methods of handling the suspensions 

after thawing. The percentage r ecove ry of protect ing ability of the s u s -
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pens ions after s torage var ied with different techniques between 72% and 

less than 10%. Best r esu l t s were obtained when g lycero l -pro tec ted cel ls 

were slowly diluted with T y r o d e ' s solution before injection. Application 

of these techniques to the s to rage of rhesus monkey bone m a r r o w s u s 

pensions indicated that the re a r e marked i n t e r - s p e c i e s differences in 

s to rage efficiency for a given technique. 

Many studies have been made of methods for s toring living cells at low 

t e m p e r a t u r e and these studies have been applied to bone m a r r o w cel ls used 
1-3 4 5 

for injection in lethally i r r ad i a t ed mice , rabbits and dogs . S imi la r ly 
use has been made of these methods for application in the s torage of human 

6, 7,8 hemopoietic cells . In many ins tances a t tempts have been made at a 

quantitative evaluation of these s torage techniques by es t imat ion of for in 

stance oxygen uptake, incorpora t ion of radioact ive phosphorus or t r i t i a t ed 

nucleot ides , by vi tal staining techniques or moti l i ty studies of the cells r e 

covered after thawing. Disc repanc ies between the resu l t s with different 

techniques have made it des i r ab le to at tempt a m o r e accura te quantitative 

es t imate of the most impor tant p a r a m e t e r relevant to s tored hemopoiet ic 

ce l l s , i . e . the i r ability to pro tec t lethally i r r ad ia t ed an ima l s . This repor t 

desc r ibes a compara t ive study of the ability of mouse bone m a r r o w ce l l s , 

fresh or after s torage by different me thods , to protect lethally i r r ad ia t ed 

m i c e . The study was designed to make the resu l t s d i rec t ly comparable to 
9 

those obtained in rhesus monkeys in our inst i tute . In these animals poor 

conservat ion of protect ive effect had been found when test ing the effective

ness of s to red autologous bone m a r r o w . The technique involved the p r o 

curement of bone m a r r o w from the living anes thes i sed monkey and this 
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caused a l a rge admixture of pe r iphe ra l blood with the bone m a r r o w cell 

suspension. 

Since this admixture of blood and the p resence of hepar in might 

have influenced the effectiveness of s torage of monkey bone m a r r o w , in 

mice the effect of a s imi l a r admixture of hepar in ised blood was inves t i 

gated. By test ing bone m a r r o w cell suspensions in s e r i a l twofold dilutions 

in i r r ad ia t ed mice an accura te es t imate of the protect ive ability of these 

suspensions was a t tempted. 

MATERIALS AND METHODS 

C57BL/RÌJ females were used as bone m a r r o w donors ; the hosts 

were F . (C57BL/Rij Χ C B A / R Í J ) f emales . In this combination no a p p r e 

ciable secondary d i sease occurs when bone m a r r o w alone is injected . 

To prevent a possible graf t versushost react ion when in addition p e r i 

phera l blood is given, this blood was i r r ad ia t ed in v i t ro with 1000 to 

Z000 r . Two to 6 hours before the injection of cell suspensions the hosts 

rece ived 910 r of total body X i r r ad ia t ion from a Maxitron 250 kVp, 30 

mA X  r a y machine at a dose ra te of 70 r / m i n (HVL 2 mm Cu). The donor 

m a r r o w was suspended in Tyrode ' s solution and the number of nucleated 

eosin res i s t an t cel ls was counted. The cell suspension was then adjusted 

6 
to a concentrat ion of 24 χ 10 cells per m l ; in many exper iments at this 

stage hepar in i sed C57BLblood was added to an equal volume of bone m a r 

row suspensions containing 48 χ 10 c e l l s / m l . Immediately before cooling, 

the suspensions were fur ther diluted with an equal volume of 30% glycerol 

or 30% dimethyl sulfoxyde (DMS) in T y r o d e ' s ; in one exper iment ACD 

(Acid Ci t ra te Dextrose) solution was substi tuted for Ty rode ' s in the 30% 

glycerol or DMS solut ions . The resul t ing suspension of 12 χ 10 cel ls 

per ml in 15% glycerol or 15% DMS was sealed in 2 ml ampoules . The 

ampoules were cooled slowly from room t e m p e r a t u r e to 20 to  30 C 
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at the speed of 1 C /minu te . After this they were rapidly cooled to -79 C, 

the t e m p e r a t u r e of dry ice in alcohol , and after equil ibrat ion for a few 

minutes at this t e m p e r a t u r e they were t r a n s f e r r e d to liquid a i r at a t e m p e 

ra tu re of -196 C at which they were s tored for per iods of a week to a few 

months . F r o m each suspension to be s to red a smal l amount was taken before 

the addition of g lycerol or DMS for d i rec t injection in i r r ad ia t ed mice in a 

number of twofold s e r i a l dilutions to m e a s u r e the comparable effectiveness 

of the fresh bone m a r r o w suspension. 

Before use the s tored ampoules were rapidly warmed in a 38 C 

waterbath until completely thawed. After thawing the contents were ei ther 
11 12 

injected without dilution or diluted by the Sloviter or DraSil methods . 

The undiluted suspensions were injected by mic rosy r inge in twofold se r ia l ly 

increas ing volumes varying from 10 to 83 μΐ represen t ing l / 8 χ 10 to 10 

ce l l s . The Sloviter technique consis ted of dilution with a half volume of 50% 

glucose, followed 10 minutes l a t e r by th ree volumes of T y r o d e ' s . The 

Dras*il method was essent ia l ly a slow dilution technique per formed by adding 

at t h r ee minute in te rva l s quantities of Tyrode ' s calculated to lower the con

centra t ion of g lycerol by 0.3 M pe r in te rva l , until after 24 minutes a sixfold 

dilution was obtained. These diluted suspensions were se r i a l ly fur ther diluted 

with Tyrode ' s to pe rmi t the injection of \ m l pe r m o u s e . The amounts injected 

in i r r ad ia t ed mice were not based on numbers of cel ls r ecovered after thawing, 

but on the number of cells f rozen. 

The endpoint of the t e s t was 30-day surv iva l . As controls a few i r r a 

diated mice were always left un t rea ted ; they uniformly died within the tes t 

per iod. Two exper iments were excluded from the es t imate because signifi

cant mor ta l i ty occur red before the 10th day after i r r ad ia t ion due to P ro teus 

sep t icemia . E a r l y mor ta l i ty in the other exper iments was below 5%. 
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RESULTS 

The resu l t s of single exper iments in which at each cell dose 5 to 

10 mice were used, proved to vary too widely to give dependable infor

mation; var ia t ions by a factor of 2 were encountered. Therefore each 

method was t es ted in a number (2-7) of s epa ra t e exper iments . Within the 

smal l range of s torage t imes studied no cor re la t ion was found between 

recovery of protect ive effectiveness and t ime of s torage at -196 C. 

The combined re su l t s of a l a rge s e r i e s of exper iments on s torage 

of bone m a r r o w without blood a r e shown in figure 1, where survival is 

plotted against cell numbers for fresh and for g lycerol - f rozen slowly 

diluted (urac i l ) bone m a r r o w suspens ions . Es t ima te s for cell dose effi

ciency by the method of Spea rman and Ka rbe r gave the following r e s u l t s : 

The EDJ-Q and its 95% confidence l imi ts for the fresh suspensions 
5 5 

were 3 . 5 χ 10 cells (3 . 1 - 4. 0 χ 10 ) and for the frozen suspensions 
5 5 

4. 9 x 10 (4. 2 - 5 . 7 x 1 0 ). Thus the recovery of the protect ive effect 

averaged 72%. 

With the suspensions to which hepar in ised blood had been added 

the different s torage methods and dilution techniques were compared by 

combining in each sepa ra t e exper iment cell suspensions t r ea ted with 

different techniques . The resu l t s a r e p resen ted in table I. 

DISCUSSION 

The e a r l i e r r esu l t s with bone m a r r o w without blood a r e probably 

not comparable with the o thers and the difference in E D ^ Q , found between 

fresh bone m a r r o w with and without blood is possibly par t ly due to seasonal 

or l ong - t e rm var ia t ion in the tes t sy s t em. 

It is evident that for mouse bone m a r r o w different methods seem 

to pe rmi t a sa t i s fac tory r ecovery of therapeut ic effectiveness after 

s t o r age . Di rec t intravenous injection of undiluted suspensions may give 
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inferior r e s u l t s . This is m o r e c l ea r ly the case when glycerol is used than 

when DMS is the protect ive agent . Surpr i s ing ly the Slovi ter method gives 

ve ry poor resu l t s when used with DMS and finally ACD solutions a r e in 

fer ior to a balanced sal t solution like T y r o d e ' s . 

These data show that in the technique of sort ing cel ls at low t e m 

p e r a t u r e , the avoidance of osmotic shock is at leas t as impor tant as the 

avoidance of t e m p e r a t u r e shock. In addition attention is drawn to the fa l 

lacy of comparing the re la t ive usefulness of g lycerol and dimethyl sulfoxyde 

as protect ive agents when the suspensions a r e not diluted before injection. 

In this si tuation DMS appears to be highly supe r io r to g lycero l , but this 

study demons t ra tes that the protect ive abil i ty of these substances during 

freezing is nea r ly the s a m e . However it s eems that for mouse bone m a r r o w 

cel ls the i r osmotic effects a r e different. 

The mos t impor tant conclusion from these studies follows from a 

compar i son of these data with the disappointing resu l t s in rhesus monkeys : 

data from one species evidently cannot be extrapolated to another . This 

implies that for human studies it will be n e c e s s a r y to de te rmine the mos t 

effective freezing technique by indi rec t me thods . Never the less it is felt 

that fur ther animal s tudies may throw some light on the ce l lu lar differences 

between different specieSjwhich a r e the cause of these va r i a t ions . 

The technical a s s i s t ance of Mis se s C . E . M . Janssens 
and M. van Doorninck is gratefully acknowledged. 
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TABLE I 

THE EFFECTIVENESS OF FRESH AND STORED BONE MARROW CELLS IN PREVENTING 

DEATH OF IRRADIATED MICE AS FOUND WITH DIFFERENT METHODS 

OF PREPARING FROZEN CELL SUSPENSIONS 

Fresh bone marrow with blood 

Stored with glycerol and slowly diluted (DraSil) 

" " " " glucose diluted (Sloviter) 

" " " " undiluted 

Stored with DMS and slowly diluted (DraSil) 

glucose diluted (Sloviter) l i It II 

" " " " undiluted 

Stored with DMS or glycerol but with ACD solution 

instead of Tyrode's and slowly diluted (Draïil) 

e f f e c t i v e c e l l 

d o s e (E 

1.5 χ 

2.5 χ 

3 .0 χ 

10 .8 χ 

3.1 χ 

> 15 χ 

4 .3 χ 

> 15 χ 

; D
50> 

io
5 

1 0
5 

1 0
5 

1 0
5 

1 0
5 

io
5 

io
5 

1 0
5 

r e l a t i v e e f f e c t 

i v e n e s s 

100 

60 

50 

14 

48 

< 1 0 

34 

< i o 

95% conf idence 

l i m i t s 

1.3  1.8 χ 1 0
5 

2.1  3.1 χ 1 0
5 

2.6  3 .5 χ 1 0
5 

8.1  14 .4 χ 1 0
5 

2.5  3 .9 x 1 0
5 

n u m b e r of 

m i c e u s e d 

(no s u r v i v o r s ; 

3.1  6.1 χ 1 0
5 

(no s u r v i v o r s ) 

146 

59 

65 

85 

105 

50 

45 

60 

I 

CO 

1 





RELATIVE EFFECTIVENESS OF FRESH AND STORED BONE MARROW 

F r e s h bone m a r r o w with blood 

S t o r e d with g lyce ro l and slowly di luted (DraSil) 

" " " " g lucose di luted (Sloviter) 

" " " " undi luted 

S t o r e d with DMS and slowly di luted (DraSil) 

" " " " g lucose di luted (Sloviter) 

" " " " undi luted 

S t o r e d with DMS or g lyce ro l but with ACD 

solut ion ins tead of T y r o d e ' s and slowly di luted 

(Dra s'il) <10 60 
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Figure 1 - Percentage 30-day survival of mice after total-body 
irradiation with 912 r and injection of fresh or stored 
bone marrow cells 
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