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recipient and transplant was shown by the 
absence of wasting and lymphoid depletion 
on conditioned animals which receive massive 
skin homografts, rather than kidney trans- 
plants. 
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Low temperature preservation of cells and 
tissues is an important recent development in 
biological research. In  a review by Smith( 1) 
and from later reports(2-13), it is apparent 
that procedures for optimal preservation by 
freezing may vary with individual neoplasms 
and tissue cell types. Although good results 
have been obtained in low-temperature pres- 
ervation of heteroploid cell lines in tissue 
culture, fewer reports have described success- 
ful results in freezing cells from primary 
cultures or unaltered diploid strains. In  addi- 
tion, it has been shown that dissociated cells 
from fresh tissues, primary cultures or un- 
altered cell strains are more sensitive than 
continuous cell lines to freezing injury(4,5,7, 
8 ) .  

Growing interest in viral vaccine develop- 
ment and administration of such vaccines to 
man has focused attention on the use of 
human diploid cell strains for virus vaccine 
production ( 14,15). As these strains survive 
only a limited number of passages in vitro, 
their proposed use in commercial vaccine pro- 
duction requires that they be readily and 
effectively preserved. 

Methods for preservation by freezing 0.f 
various passages of human diploid cell strains 

have been explored in this laboratory, and 
results are reported here. 

Materials and methods. Tissue cultures. 
Used in this study were human diploid cell 
cultures (strains Led-L94, Led-L106, Led- 
L166, Led-L130 and Led-S95), established 
from human fetal or newborn tissues. These 
fibroblast strains were derived from lung tis- 
sues, with the exception of S-95, which ori- 
ginated from newborn full-thickness skin. All 
strains are capable of vigorous growth and 
can be subcultured through a limited num- 
ber of in vitro passages before eventual death. 
They are characterized by the properties 
described in detail by Hayflick( 14). 

Cells were propagated in 8 oz Neutraglas 
bottles in “LAPAGT” medium comprised of 
0.4% lactalbumin hydrolysate in Earle’s 
saline ( 16) containing vitamins and glutamine 
as suggested by Eagle( 17),  and further sup- 
plemented per liter with: l-tyrosine 40 mg, 
sodium pyruvate 100 mg, l-asparagine 30 
mg, adenylic acid 50 mg, ascorbic acid 50 
mg, glucose 1.0 g and cow serum 150 ml. 
The antibiotics penicillin 100 U, strepto- 
mycin 50 y and neomycin 20 y, were in- 
corporated into each ml of culture medium 
only upon primary explantation of tissues 
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and in viability tests after freezing and 
thawing. 

Freezing @ocedures. Cells to be frozen 
were initially collected from actively multi- 
plying cultures at 37”C, 2-3 days following 
subculture. A preliminary investigation re- 
vealed that cells from cultures with heavy 
cell sheets maintained at  32°C to retard 
growth rate, survived freezing injury equally 
as well as actively multiplying cells. Cultures 
with heavy growth, held at  32°C and yield- 
ing large numbers of cells, were therefore 
used for most experiments. 

Cells were collected from culture bottles 
after dispersal with 0.01% crystalline tryp- 
sin, and centrifuged with an equal volume 
of the “used” culture medium at  800 rpm 
for 5 min. Except in experiments designed 
to study the effect of cell concentration on 
freezing survival, cells were resuspended in 
culture medium containing additives to con- 
centrations of 2-5 X lo6 cells/ml. Suspen- 
sions were distributed in 1 ml volumes to 
glass ampoules* and sealed. These were 
tested for leaks by immersion under vacuum 
and then either frozen immediately or held 
for varying periods prior to freezing. When 
effect of prolonged periods in additive was 
to be examined, cells were suspended in 
chilled medium containing additive, and 
ampoules were transported over cracked ice 
until frozen or placed at  the desired equili- 
bration temperature. 

Additives used were glycerint , dimethyl 
sulfoxide (DMS) $, and polyvinylpyrrolidone 
(PVP), type NP-K906. Glycerin and aque- 
ous solutions of PVP were sterilized by auto- 
claving; DMS was passed through a sterile 
0.45-p Milliporell filter before use. Additives 
were incorporated into the culture medium 
singly or in combination, a t  510% concen- 
tra tion. 

In most experiments, sealed ampoules were 
slow-frozen at 1°C or less/minute, either in 
an alcohol-C02 bath as described by Hausch- 

* “Kimax,” 1.2 cc capacity, Kimble Glass Co. 
t Certified reagent, Fisher Scientific Co. 
$ Matheson, Coleman and Bell, Inc. 
$ General Aniline and Film Corp. 
11 Millipore Corporation, Bedford, Mass. 

ka(6) or in a liquid nitrogen BF-3 freezers. 
More rapid cooling rates were obtained by 
use of the BF-5 freezery, which is a polysty- 
rene plug designed after that of Greaves( 18) 
to fit into the opening of the LR-35 liquid 
nitrogen refrigeratorv. Ampoules were re- 
moved from the alcohol-C02 bath when the 
temperature of the inside bath had reached 
-35 to -5O”C, and from the liquid nitro- 
gen freezers a t  temperatures below -70°C. 
Frozen cells were stored in a dry-ice chest 
a t  -70°C or in a liquid nitrogen LR-35 
refrigerator at temperatures ranging from 

Viability tests. Frozen cells were thawed 
by quick immersion and agitation of am- 
poules in a swirling, 37°C or 434°C water 
bath in 30 to 60 seconds. Ampoules were 
snapped open and the contents were rinsed 
into 1 ml of culture medium and diluted to 
a final volume of 8-10 ml by addition of 
approximately 1 ml of culture medium per 
minute. The cells were sedimented by centri- 
fugation and resuspended in 5 ml of fresh 
culture medium. 

Viability was determined by direct count 
in a hemocytometer of cells unstained by 
eosin( 19), and also by the plating technique 
of Puck(20). In the latter test, 60 mm 
plastic plates containing 5 ml of culture 
medium were each seeded with 10,000 cells 
and placed in a humidified incubator con- 
tinuously gassed with 5% COz in air. After 
10 days, plates were stained with Leishman’s 
and macroscopic colonies were counted. Re- 
sults were expressed as plating efficiency, 
i.e., the percentage ratio of number of colo- 
nies formed to number of cells inoculated. 
In most instances, plating efficiency was used 
only as a qualitative test to evaluate the 
ability of unstained cells to adhere and mul- 
tiply after freezing( 10). 

Results and discussion. Storage at -70°C; 
efiect of cell concentration. Although success- 
ful recovery of all cell strains could be ob- 
tained after slow-freezing and short term 
storage at  -70°C in glycerin medium, it 
was soon evident that viability decreased 

-185°C to -196°C. 

TManufactured by Linde Co., division of Union 
Carbide Corp., New York. 
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TABLE I. Viability of Human Diploid Cells (L-166 Strain) Frozen and Stored at -70°C for  
Various Periods in  Medium Containing Glycerin. 

Pre-freeze equilibra- yo unstained cells after 
Medium additive (s) tion storage for 

levels Glycerin Other testNo. inin Temp, "C l w k  3mo 1 X y r  1 % ~ '  
Cell passage Ampoule Period, 

3rd & 4th 

5th & 6th 

- 5 %  

10% 

10 % P V P  (1 0 % )  

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
1 
2 
3 
1 
2 
3 

15 Room 72 23 
70 
59 

15 37 58 26 
63 22 
60 

15 Rooni 76 25 
60 
66 

15 37 56 7 
66 16 

9 37 69 6 0 
55 6 6 
59 14 

5 37 76 72 74 
100 76 77 
98 77 

Cells were frozen in alcohol - CO- bath at rate of <1"C per niin and were thawed in 43°C 
water-bath in 30 see. 

with prolonged storage a t  this temperature. 
This discovery was not surprising, as there 
is ample evidence that dry-ice temperatures 
are inadequate for storage of many living 
cells( 8,2 1,22). When a combination of PVP 
and glycerin was incorporated into the freez- 
ing medium, significantly greater retention of 
viability was observed (Table I) .  

The introduction of DMS as an additive 
and recent findings which indicate its superi- 
ority over glycerin in low temperature preser- 
vation of some primary cultured cells (1 2,23, 
24,25) led us to investigate its ability to pro- 
tect human fibroblast strains against freezing 
damage and storage loss a t  -70°C. Viabil- 
ity tests after 6 months' storage of L-106 
cells in the presence of DMS, DMS and 
PVP, and glycerin are shown with data 
presented in Table IT. These results demon- 
strate a considerable loss of viability when 
cells were frozen and stored a t  -70°C in 
glycerin medium, whereas cells frozen and 
stored at  this temperature in DMS medium 
retained 62-76% viability. The combination 
of PVP and DMS was no more effective than 
DMS alone, in preventing storage loss a t  
-70°C. 

As cell concentration has been reported to 
influence survival during rapid freezing and 

storage at  low temperature (8), the effect of 
cell dosage per ampoule on recovery of these 
strains after freezing and storage a t  -70°C 
was also examined. L-166 cells from 9th and 
10th passage cultures were suspended in 
glycerin-PVP medium a t  concentrations rang- 
ing from 3.0-120 x lo5 cells/ml, distributed 
to ampoules and sealed. These were slow 
frozen in an alcohol-C02 bath and stored a t  
-70°C; viability tests were performed 4 and 
8 months after storage. Results summarized 
in Table 111 show that when other experi- 
mental conditions were equal, comparable 
survival rates were obtained with all cell con- 
cent ra t ions tested. 

Storage a t  -185°C to  -196°C; effect of 
additives.  In  contrast to the rapid storage 
loss which occurred a t  -7O"C, diphid 
strains stored under liquid nitrogen refriger- 
ation have not shown loss of viability with 
continued storage. This is best exemplified in 
Table 11, which summarizes results of viabil- 
ity tests on L-106 cells stored at dry-ice and 
liquid nitrogen temperatures for a period of 
1% years. When ampoules were removed 
and tested after 6 months and again a t  1 
year and 6 months, no loss of viability over 
this period of storage could be measured. 

It is of interest that a t  these lower tem- 
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TABLE 11. Effects of Medium Additive and Storage Temperature on Viability of Frozen 
Human Diploid Cells. 

r--70 unstained cells \ 

After storage at 
-Cells---, -185"to 

Passage Ampoule Pre-freeze -70°C for -196°C for  
Strain level(s) Additive(s) test No. control 6 m o  1% yr 6 m o  1% yr  

L-106 4 t h &  5th None 
5% glycerin 

570 DMS 

10% DMS + 
1070 P V P  

10% DMR 

L-106 10th None 
10% glycerin + 

10% P V P  

L-130 4th 10% glycerin + 
10% PVP 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 

1 
2 
3 
1 

95 
4 
8 
3 

64 
67 
62 
67 
65 
55 
65 
75 
76 

93 
68 
59 
70 

75 76 
79 73 

85 
89 

86 85 
91 89 

90 97 
92 94 

91 88 
86 80 

89 
97 95 

Cells were frozen in  alcohol - CO, bath a t  rate of < l ° C  per min and were thawed in  43°C 
water-bath in  30 see. 

peratures differences in viability resulting 
from the use of various additives were 
smaller. Thus freezing medium containing 
5% or 10% glycerin, which provided for 
poor cell survival during storage at  -7O"C, 
proved nearly as effective as glycerin-PVP or 
DMS medium when samples were stored at  
-185 to -196°C (Table 11, I V ) .  As losses 
due to crystal growth and biochemical deg- 
radation are not believed to occur at  these 
temperatures ( 2 6) ,  differences in viability 
after long-term storage presumably reflect 
variation in survival during freezing and 
thawing. 

That all additives tested gave effective pro- 
tection against freezing damage is evident 
from viability tests after short-term storage 
in a liquid nitrogen refrigerator, and from an 
earlier test which revealed that slow freezing 
of L-166 cells in the absence of additives re- 
sulted in 90-100% loss of viability. Data in 
Tables IV and V further illustrate that al- 
though glycerin was an effective additive in 
the prevention of freezing damage to these 
cell strains, higher percentages of viable cells 
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were more consistently obtained when they 
were frozen in DMS medium. Although only 
slightly better than glycerin in protection 
against freeze-thaw damage, DMS, as shown 
above, was markedly superior in prevention 
of deterioration during storage at  -70°C. 
Improved viability on storage at  this tem- 
perature was equally provided by PVF, and 

TABLE 111. Effects of Cell Concentration and 
Thawing Temperature on Via,bility of Human Dip- 
loid Cells (L-166 Strain, 9th & 10th Passage 

Levels) Frozen and Stored at -70°C. 

yo unstained 
No. of cells Thawing Ampoule cells after 
per ampoule temp test storage for 

( X  lo6)  ("C) No. 4 m o  8 m o  

3 44 1 69 72 
2 75 65 

50 44 1 74 75 
2 71 68 

3 37 1 45 
2 25 

2 76 
120 44 1 72 75 

Cells were frozen in alcohol - CO, bath at rate of 
<lac per min and were thawed in  a water bath. 
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TABLE IV. Effects of Medium Additive and Thawing Temperature on Viability of Human 
Diploid Cells Frozen and Stored at -185" to  -196°C for 1% Years. 

Cell strain 
Thawing Cell viability 

temp Ampoule % cells -Platillg- 
& passage levels Additive(s) ( O C j  t es i  No. unstained Efficiency* Viabilityt 

L-130, 8th to 10th None 
5% glycerin 

5(r0 glycerin + 
5'% P V P  

10% glycerin 

10% DMS 

L-106, 10th 8; 11th None 
l O $ 6  glycerin + 

10% P V P  

10% DMS 

5% glycerin 

~ ~~~~~~ 

Prc-freeze control 
43 1 

2 
1 
2 
1 
2 
1 
2 

Prc-f reeze control 
37 1 

2 
3 

43 4 
5 

37 1 
2 
3 

43 4 
5 

37 1 
2 
3 

43 4 
5 

92 .22 100 
82 .18 82 
76 
76 .14 64 
77 
79 .18 82 
80 
89 .19 86 
93 

86 
71 
66 
76 
70 
73 
78 
80 
79 
78 
81 
69 
68 
76 
81 
75 

Avg No. of colonies 
Total No. of cells inoculated 

* Plating efficiency = x 100. 

Avg No. of colonies of thawed suspensions 
Avg No. of colonies of pre-f reeze control 

t Plating viability = x 100. 

Avg No. of colonies was obtained from numbers on 3 plates, each seeded with 10,000 cells. 
All cells were frozen in alcohol - CO, bath at rate of < l °C  per min and thawed in  water bath. 

as the mode of protection of these large mole- 
cules is largely extracellular ( 13), a similar 
preservative action by DMS may be indi- 
cated. 

As DMS has generally been more effective 
than glycerin in freeze-preservation of dis- 
sociated cells from fresh tissues of primary 
cultures ( 12,25) , but not superior to glycerin 
in freeze-protection of heteroploid strains 
HeLa and L(9), it may be suggested that 
one further characteristic of human diploid 
strains is their similarity to unaltered cells in 
response to freezing injury. 

The accepted concept of the protective ac- 
tion of additives against freezing damage 
maintains that the compound be of molecular 
size such that it can freely penetrate the 
cell( 2 7 ) .  As the general superiority of DMS 

over glycerin could be due to more rapid 
passage of DMS into the cell, equilibration 
time in additive prior to freezing was a factor 
to be investigated. Results of one experiment, 
in which L-166 cells were frozen and 
stored at  -70°C in glycerin medium 
following equilibration temperatures, are 
shown in Table I. I t  does not appear 
here that incubation at 37°C in glycerin medi- 
um provides greater protection against freez- 
ing damage or storage loss than does room 
temperature equilibration. Table V summa- 
rizes results of 2 experiments in which L-94 
and S-95 cells were held for various periods 
in glycerin or DMS medium prior to freez- 
ing. From these data, the following are indi- 
cated: (1) prolonged incubation at 37°C 
prior to freezing in the presence of glycerin 
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TABLE V. Effect of Pre-Freeze Equilibration in Additive on Viability of Human Diploid Cells 
Frozen and Stored Under Liquid Nitrogen Refrigeration for One Week. 

-Equilibration- -Cell viability- 
Cell strain No. of Ampoule yo cells Plating 

& passage level Additive min Temp, "C test No. unstained efficiency 

L-94, 5th None 
10% DMS 20 

10% glycerin 20 

S-95,9th None 
10% DMS None 

30 

10% glycerin None 

30 

Pre-freeze control 
Room 1 

2 
37 1 

2 
Room 1 

2 
37 1 

2 

Pre-f reeze control 
None 1 

2 
4 1 

2 
None 1 

2 
4 1 

2 

82 
71 
72 
75 
63 
51 
59 
44 
47 

90 
33 
36 
71 
88 
71 
71 
72 
68 

.30 

.3 1 

.29 

.36 

.28 

.17 

.19 

.16 

.20 

.15 

All cells were frozen in RF-3 freezer at rate of 1°C per min. 

is somewhat detrimental, whereas, ( 2 )  incuba- 
tion in DMS is neither detrimental nor more 
beneficial than room temperature equilibra- 
tion; ( 3 )  freezing in DMS medium without 
prior equilibration at 4OC, room temperature 
or 37"C, results in poorer recovery from 
freezing damage, and (4) glycerin affords 
effective protection against freezing damage 
without prolonged equilibration for the peri- 
ods investigated. 

Generalizations on DMS superiority by 
virtue of its more rapid diffusion into the 
cells may need modification in view of these 
results. Although exposure for 10 minutes a t  
O°C has allowed sufficient permeation of 
DMS to yield optimal viability of bone mar- 
row cells(25), such short exposures to this 
additive before freezing gave poor recovery 
of human diploid fibroblasts. Optimal protec- 
tion against freezing could be obtained in 
glycerin medium however, without longer pe- 
riods of equilibration. Permeability differ- 
ences among various species of cells must ex- 
ist; our results are nevertheless consistent 
with findings that glycerol penetration of iso- 
lated mammalian tissue cells is rapid. 
Hauschka demonstrated for example, that 
approximately 1 1 minutes a t  non-elevated 

temperatures was adequate for glycerin per- 
meation of mouse lymphoma cells (6).  

The question of toxicity of DMS and glyc- 
erin to human fibroblasts was raised by these 
observations. When L-94 cells were therefore 
suspended in medium containing DMS or 
glycerin and held for prolonged periods at  
room temperature and 37"C, tests showed 
lowered viability after long exposure to glyc- 
erin, but not to DMS. It is also of interest 
to note that glycerin from another commer- 
cial source was somewhat more toxic than 
that used in these studies (Table VI) . 
TABLE VI. Effects of Prolonged Exposure to  
Glycerin or DIMS on Viability of Human Diploid 

Lung Cells (L-94 Strain, 7th Passage Level). 

70 unstained cells after exposure for 
3 hr at room 

3 hr at room temp and 30 
Additive temp min a t  37°C 

- None 93 
10% DMS 89 96 
10% glycerin : * 

(1) 87 61 
(2)  49 58 

* ( 1  ) Fisher Scientific (20. reagent. (2) Merck & 

Cells were suspended at  concentration of 3 X 10' 
Co. reagent. 

per ml in medium containing additive. 
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Although considerable toxicity of DMS 
has been reported for bone marrow cells ( 2  5 ) , 
experiments described here have demon- 
strated no toxicity to human diploid cells 
after prolonged exposure to this additive. 
Biological variation between these cell types 
is a possible explanation for this difference. 
Our findings of lowered viability after ex- 
posure and incubation in glycerin may lend 
some support to recent evidence of Sherman 
(28) that intracellular penetration of glycer- 
in is harmful to certain cells. This investi- 
gator found that, contrary to popular as- 
sumption, full permeation of glycerin is not 
essential, but is detrimental to maximal sur- 
vival during freezing of mouse ova and bull 
spermatozoa. I t  is realized that no general 
conclusion is applicable to all cell types, and 
that glycerin penetration for optimal sur- 
vival of human fibroblasts may be both rapid 
and small in amount. I t  is also emphasized 
that the mechanism of additives in freeze- 
protection is largely unknown, and that sites 
of protection may be extracellular as well as 
intracellular . 

Cooling rates. Experience in low tempera- 
ture preservation so far indicates that a cool- 
ing rate near l"C/min is optimal for most 
livine cells(27), although rates from 1°C to 
50 " C/min have given comparable cell recov- 
eries after freezing of some cultured hetero- 
ploid cells(9). A preliminary test in this 
laboratory demonstrated that rapid freezing 
by direct immersion in a -78°C alcohol- 
C 0 2  bath was lethal for these human diploid 
strains; it was however, of interest to know 
if cooling rates exceeding l"C/min could be 
tolerated. 

The alcohol-CO,, bath used in these studies 
(6 )  maintains a reproducible cooling rate 
within the ampoule of less than l"C/min, 
with an average of 0.63"C/min through the 
critical period from 0°C to -25°C. The 
rate of 1 "C/min is slightly exceeded follow- 
ing the release of heat due to phase change 
from liquid to solid, after which the cooling 
rate again slows to less than l"C/min. As 
slow heat removal is believed to be particu- 
larly important during phase change in pre- 
vention of intracellular crystal growth (29) 
maintenance of the slower cooling rate 

through this phase seemed desirable. This 
was achieved by means of the liquid nitro- 
gen BF-3 freezer, which maintains an effec- 
tive control of temperature fall. Data in the 
upper part of Table VII show cell viability 
after freezing, using the variable cooling rate 
obtained with the alcohol-C02 bath and 
the controlled, constant rate of 1 "C/min, 
achieved with the BF-3 freezer. As the Ta- 
ble indicates, comparable cell recoveries were 
obtained with the additives used, after freez- 
ing in either system. 

Observations of Taylor (7) on the freezing 
of cells without additives reveal an optimal 
length of time for retaining the sample at  
temperatures through the freezing range, and 
this optimal duration increases with elevation 
of temperature. Thus, gradually decreasing 
delay of cooling a t  temperatures from 25°C 
to -2O"C, followed by rapid cooling to 
- 120"C7 produced optimal survival. These 
findings prompted us to subject human dip- 
loid cells to similar cooling rates in the pres- 
ence of an additive which has permitted less 
than optimal survival when cooled a t  rates 
near l"C/min from 25°C through -60°C. 
L-130 cells from 19th passage cultures were 
suspended in 5% glycerin medium and am- 
poules were frozen either in an alcohol bath 
at  less than l"C/min or in the BF-3 freezer 
a t  a cooling rate which increased with lower- 
ing temperatures. This latter cooling rate, 
initially O.S"C/min., was adjusted to 1.0, 2.0, 
and S.O"C/min as the temperature dropped 
to temperatures of -6"C, -10°C and 
-lS"C, respectively, From -201°C to 
-4O"C, the samples were rapidly cooled at  
the rate of -16"C/min, and then immedi- 
ately transferred to a liquid nitrogen refrig- 
erator. Results are shown with other data 
on freezing rates in Table VII. From these 
data, it appears that a constant cooling rate 
of 1°C/min is not a critical factor in freeze- 
preservation of these cell strains. I t  is equal- 
ly evident that more rapid and variable cool- 
ing rates do not provide for greater cell re- 
covery under the conditions of these experi- 
ments. 

Warming rate; viability. Rapid warming 
of frozen specimens has almost universally 
provided for optimal survival of cells and 
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TABLE VII.  Effect of Cooling Rate on Viability of Human Diploid Cells Frozen in  Medium 
Containing DMS or Glycerin and Stored Under Liquid Nitrogen Refrigeration for 1 Week. 

Cell strain 
& passage level Additive Freezer 

S-95, 5th 

L-l06,12th 

L-l30,18th 

L-l30,19th 

None None 
10% DMS Alcohol CO, bath 

BF-3  

10% glycerin Alcohol-CO, bath 

BF-3 

None hToiie 
10% DMS Alcohol CO, bath 

BF-5 

BF-5  

None None 
5y0 glycerin Alcohol-CO, bath 

RF-3 

Cooling rate 
("C per min) Viability 

Liquid Solid Ampoule $70 Plating 
phase phase test No. cells efficiency 

< L O *  

1.0 t 

< l . O *  

1.0 t 

< l . O *  

.8$ 

6.09 

< 1.0" 

5 5 . 0  1 1  

Pre-f reeze 
control 

< L O *  1 
2 

1.0t 1 
2 

<1.0* 1 
2 

1.0t 1 
2 

Pre-freeze 
control 

< l . O *  1 
2 

.4: 1 
2 

11.5$ 1 
2 

Pre-f reeze 
control 

<1.0* 1 
2 

5.0-16.011 1 

93 .35 
90 .32 
91 
82 .36 
86 
69 
65 
59 
63 

94 .26 
90 .30 
89 
91 .24 
'30 
90 .29 
90 

85 .18 
77 .22 
70 
78 .20 

* Avg rate of 0.63"C per min between 0" and -25°C. t Constant controlled rate. $ Error 
of & 40%. $ Error of 10%. 11 Gradually increasing rate. 

tissues, and it is generally believed that the 
thawing of tissue culture suspensions should 
be as rapid as  possible(27). In this study, 
immersion and agitation of single, frozen am- 
poules in a swirling, 37°C water bath re- 
sulted in complete thawing in approximately 
60 seconds. When the bath was adjusted to 
44"C, the thawing time was reduced to about 
30 seconds ; ampoules were removed immedi- 
ately as thawing was complete. Under the 
conditions of these tests, no differences in cell 
survival could be attributed to thawing rate, 
when frozen cells were recovered after stor- 
age under liquid nitrogen refrigeration or a 
few days at  -70°C. This was true of all ad- 
ditives used. Better results with the faster 
rate of thawing were obtained however, after 
prolonged storage a t  -70°C. The effect of 
thawing temperature on viability after freez- 
ing and storage a t  -70°C is shown in Table 
111. Other data on cell survival and thawing 
temperature following storage at  -185°C to 
-196°C can be seen in Table IV. 

Although the rejection of vital dye by 
thawed cells has in some instances been a 
poor guide to growth( 6,30) , dilution and re- 
moval of additive before viability testing in 
this study allowed good general correlation 
of eosin permeability and survival. Correla- 
tion of percentages of unstained cells after 
freezing with plating viability is shown in 
Table IV. 

Plating efficiencies of these diploid strains 
are low and not as reproducible as those of 
heteroploid lines. When compared in qualita- 
tive tests with the pre-freeze control, how- 
ever, unstained cells of thawed suspensions 
did not show significant loss of original plat- 
ing efficiency. Recovered cells which have 
been returned to serial culture for use in 
other studies, have retained full passage po- 
tential in vitro, as well as all properties which 
characterize cultures of the non-frozen strain. 

Summary. Methods for optimal preserva- 
tion by freezing of various tissue culture pas- 
sages of human diploid cell strains have been 
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investigated. Considerable loss of viability 
occurred when cells were slow frozen and 
stored a t  -70°C in glycerin medium. Stor- 
age loss at this temperature was reduced 
when DMS or a combination of glycerin and 
PVP was used as additive. Cell numbers 
per ampoule, in the concentrations tested, 
did not influence survival during freezing 
and storage a t  -70°C. In  contrast to stor- 
age at -7O"C, storage of frozen samples un- 
der liquid nitrogen refrigeration has not re- 
sulted in viability loss during a period of 
1% years. Differences in viability due to the 
use of various additives were also smaller 
upon storage a t  these lower temperatures. 
Results of equilibration tests in additives 
prior to freezing indicate no toxicity of DMS 
for these cells, but prolonged exposure to 
glycerin was detrimental to survival. 

A constant cooling rate of l"C/min was 
not found to be critical in freeze-preserva- 
tion of these cell strains, although under the 
conditions described, more rapid and variable 
cooling rates did not provide for greater cell 
recovery. Thawing of frozen samples in 30 
or 60 seconds following storage under liquid 
nitrogen refrigeration gave comparable cell 
survival ; somewhat higher viability was indi- 
cated with the faster warming rate after long 
term storage a t  -70°C. Plating efficiencies 
of these strains were low, but when compared 
in qualitative tests with pre-freeze controls, 
unstained cells of thawed suspensions had 
lost none of their ability to adhere to a plate 
and multiply. When returned to serial cul- 
ture, recovered cells have retained full pas- 
sage potential in vitro and all properties 
which characterize cultures of the non-frozen 
strains. 
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