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Viability of Cell Cultures Following Extended Preservation in 
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Institute for Medical Research, Camden, N .  J .  and Harrison Department of Surgical Research, 
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Swim and comkers(1)  found that a 
number of cultured cells could be recovered 
for periods up to 3 years storage at -70°C 
but there was gradual loss of viability 
throughout the storage period. The suc- 
cess of storage was affected by the glycerol 
concentration, the method of freezing and 
strain of cells employed. Peterson and Stul- 
berg( 2 )  found that storage temperatures 
somewhat colder than -70°C resulted in 
an appreciable decay in cell viability in a 
matter of months, if not weeks. They recom- 
mended that the lowest temperature practi- 
cable should be used for long term storage 
of cells, and many investigators now store 
frozen cells a t  -196°C in liquid nitrogen 
and obtain good viability on recovery. 

Although no changes have been noted 
in biochemical markers, tumorigenicity or 
antigenic composition due to freezing and 
storage in liquid nitrogen, there have been 
recent reports of deterioration of viability 
(3),  change in LDH enzyme activity(2) and 
increase in generation time(4) after preser- 

* Supported by USPHS grant CA-04953-07 and 
the John A. Hatford Foundation. 

vation in liquid nitrogen. These reports 
prompted a detailed viability study of 22  
batches of frozen cells stored from 570 to 
1530 days in liquid nitrogen and the results 
are reported below. 

Materials and methods. The experimental 
cell lines studied are listed in Table I to- 
gether with the time they were stored in 
liquid nitrogen and the composition of the 
culture media. The majority of frozen cells 
studied were candidates for the Cell Reposi- 
tory at the American Type Culture Collec- 
tion. The frozen ampules of cells were pre- 
pared according to the procedures estab- 
lished by the Cell Culture Collection Com- 
mittee(5). The cells were cultivated as 
monolayers in antibiotic-free media. They 
were removed from the flasks with 0.25% 
trypsin, centrifuged and resuspended in the 
original growth media to which 5% glycerol 
was added. Approximately 2 to 5 X lo6 
cells in 0.7 ml were deposited in 1.2 ml thick- 
walled glass ampules and flame sealed. Am- 
pules were slow-frozen in a Linde BF-1 ap- 
paratus at  the rate of 1-2'C/min to -50°C 
and then transferred to a Linde 3010 Tank 
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TABLE I. Mammalian Cell Cultures Recovered After @torage for 2-4 Years in  Liquid Nitrogen. 

Species Lab Approx. # Composition of 
culture media Name of cell line designation freeze # Months days frozen 

l-Minnesota-EE 
2-Int estine 40 7 
3-Intestine 407 
4-HeLa 
5-HeLa 
6--‘Detroit-6, Clone 12 
7-Detroitr6, Clone 12 
8---HeLa 229 
9--L-13 2 

10-Kidney 
1 l-Kidney 
12--Chang liver 
13--Clone 6-3 
14-DON 
1 5-H E P-2 
16-HEP-2 
17--J111 
18-WIS H 
19--RR 1022 
20-Heart 
21--Wilm’s tumor 
22---Cave 

Human 
9’ 

’ 9  

9’ 

9’ 

9 9  

’P 

’ 9  

1’ 

Syrian hamster 

Human 
Chinese hamster 

Human 

’ 9  9’ 

9’ 9 ’  

’ 9  

1’ 

9’  

Rat 
Human 

’ 9  

9 ,  

44 
66 
85 
86 
87 
93 
94 

1 0 1  
109 
110 
115 
120 
123 
124 
147 
150 
153 
155 
159 
186 
196 
194 

51 
44 
44 
42 
42 
41 
41 
38 
34 
34 
33 
33 
33 
31 
26 
25 
24 
24 
23 
19 
19 
19 

1530 
1320 
1320 
1260 
1260 
1230 
1230 
1140 
1020 
1020 
990 
990 
990 
930 
780 
750 
750 
750 
690 
570 
570 
570 

H E  + 10% CaS + 10% Ye 
HE + 15$% CaS 
HE + 15% CaS 
H E  + 10% CaS 
HE + 10% CaS 

EE + 20% HuS 
HE + 20% HuS 
199 + 20% CaS 
HE + 10% CaS 
HE + 10% CaS 
HE + 10% CaS 
Puck’s N-16 + 10% CaS 
Puck’s N-16 + 10% CaS 
HE + 15% CaS 
HE + 15% CaS 
HE + 15% CaS 
H E  + 2.094 CaS 
199 + 2096 CaS 
EE + 10% CaS 
199 + 5% CaS + 5% HuS 
199 + 5% CaS + 5% HuS 

EE + 20% HuS 

All cell lines were frozen in  5% glycerol. 
The following abbreviations are employed: HuS = Human serum; CaS = Calf serum; HE = Mini- 

mum essential Eagle’s in  Hanks’ salts; EE = Minimum essential Eagle’s in  Earle’s salts; Ye = Yea& ex- 
tract. 

containing liquid nitrogen. Efficiency of 
preservation was assessed by three indicators 
of viability, trypan blue dye exclusion as 
previously described( 6) ,  plating efficiency 
and growth response in roller tubes and 
milk dilution bottles. Plating efficiency was 
determined by thawing an ampule a t  37°C 
and culturing 100 to 200 single cells in 
plastic 60 mm tissue culture plates in growth 
medium. After incubation at 37°C in an 
atmosphere of 5% C02-95% air for 7 days, 
colonies were fixed in methyl alcohol, stained 
with giemsa and counted. Growth response 
was determined by incubating 5 X lo4 
cellsJm1 in tubes or bottles for 7 days at  
37°C without refeeding. Cells were har- 
vested with trypsin and counted in a Coul- 
ter Counter. The number of cells at  the day 
of harvest divided by the number of viable 
cells inoculated was recorded as the fold 
increase. The results recorded are the aver- 
age of at least 4 frozen ampules for each 
cell line studied. 

Results. In  Fig. 1 are presented the re- 
sults of trypan blue dye exclusion tests com- 
paring the initial post freeze viability with 
the viability after 2 to 4 years for the 22  
separate cell batches. Seventeen of the cell 

lots or 7770 showed a decrease in the trypan 
blue count. Two or 9% remained the same 
and 3 o’r 14% showed an increase in via- 
bility. In the 17 cell lots which showed a 
decrease in viability, the drop was between 
170 and 3% in 8 or 47% and between 4% 
and 5 %  for 4 batches or 23%. The remain- 
ing 5 frozen cell ‘batches decreased 6% to 
18%. Only three of these 5 batches de- 
creased more than l l% which we consider 
the margin of experimental error of the try- 
pan blue test. In  our experiments trypan 
blue counts on ampules of cells thawed im- 
mediately following frozen storage were usu- 
ally carried out on one or two ampules a t  
a time, whereas the 4 ampules recovered 
in the present 2 to 4 year stability study 
were all thawed at  one time and remained 
in the trypan blue for a longer time before 
counting. In our experience this would favor 
the slightly higher viability counts in the 
original freeze recoveries, because injury to 
the cell membranes would become visible 
to a greater degree during the longer inculba- 
tion period while counting 4 ampules. Pre- 
vious studies by Black and Berenibaum(6) 
demonstrated that the proportion of stained 
cells increased in the dye exclusion viability 
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test with the staining time. 
In Fig. 2 are presented the results of 

cell growth of the recovered cell lines in 
roller tubes. All cell lines grew well and 
increased from 2-fold to more than 5-fold 
in 7 days. The fold increase of growth varied 
in accordance with the growth rate observed 
before the cells were frozen. No changes in 
the appearance of cell monolayers or indi- 
vidual cell morphology could be detected. 

Plating efficiency results were more er- 
ratic than the dye exclusion test and growth 
response in tubes or bottles; 35% of cell 
lots increased in plating efficiency and 60% 
decreased in plating efficiency as compared 
to the initial plating efficiency immediately 
after frozen storage. This technique is much 
more sensitive to variables such as changes 

in media, serum and pH than other cell via- 
bility techniques. Each colony must come 
from a single cell which divides repeatedly 
to produce a visible cluster of cells. It is 
therefore the most sensitive test for integrity 
of the cell membranes and organization of 
organelles. 

Table I1 presents data on recovery of 
additional ampules of frozen cells 6 months 
after the recovery data reported in Table I. 
Trypan blue counts were higher for 13, 
lower for 5 and the same for 2 of 2101 frozen 
lots as compared to the studies conducted 
6 months previously. Confluent cell growth 
was obtained in roller tubes and milk dilution 
bottles from all batches. 

Discussion. These studies show that there 
was no loss of viability for 22 frozen batches 
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FIGURIE 2 
CELL GROWTH AFTER 2-4 YEARS STORAGE IN LIQUID NITROGEN 

I I 1 n 
ORIGINAL INOCULUM OF 5 10' CELLS/ML. 
CELLS WERE NOT REFED AFTER PLANTING AND WERE COUNTED ON DAY 7. 

of 16 different cell lines stored in liquid 
nitrogen over an interval of 2.5 to 4.5 years. 
Confluent cell growth obtained in milk dilu- 
tion bottles and roller tubes prepared from 
thawed ampules of frozen cells clearly dem- 
onstrated the high viability of these cell 
lines although 17 of the frozen lots showed 
a small decrease in viability in the trypan 
blue count as compared to dye exclusion 
viability immediately after freezing. How- 
ever, viability counts on the same cell lines 
6 months after the initial stability study 
showed an increase in 13 of the 17 cell 
lines. I t  is believed that these variations 

were due to technical variability of the assay 
method, including different batches of media 
and serum, changes in pH, varying cell con- 
centrations used in the tests and the dif- 
ferences in the counting procedures of the 
2 individuals who did the viability counts. 

Wodinsky et aZ(7) found that 53 of 55 
neoplasms of mice, rats, hamsters and hu- 
man origin remained viable after storage 
in liquid nitrogen for one year. Although 
the trypan blue dye viability tests varied 
from 40 to 95% qfter storage there was no 
correlation with mean survival times when 
1 million cells were implanted into new 
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TABLE 11. Viability of Frozen Cell Cultures 6 Months Aft,er 2-4 Year Study. 

Cell line Freeze # 

~~~ ~ 

(-Viability data & cell growth--, 
Milk dilution Fold increase 

T P B  E O P  bottle* in tubes 

l-Minneso ta-EE 
2-Intestine 407 
3-Intestine 407 
4-HeLa 
5-HeLa 
6-De troi t-6 
7-HeLa 229 

9-Syrian hamster kidney 
lO-Syrian hamster kidney 
ll-Chang liver 
12-Clone G-3 

8-L-132 

13-DON 
14-HEP-2 
15- J1 11 
16-WISH 
17-RR 1022 
18-Heart 
19-Wilm's tumor 
20-Cave 

44 
66 
85 
86 
87 
93 

101 
109 
110 
115 
120 
123 
124 
147 
153 
155 
159 
186 
196 
194 

93 
91 
91 
90 
90 
88 
92 
90 
67 
71 
92 
87 
93 
85 
92 
94 
62 
47 
71 
87 

3 
26 
40 
32 
36 

6 
40 
32 
31 
44 
26 
39 
0 

26 
25 
27 

N.D. 
10 
31 
49 

+++ +++ ++++ ++++ ++++ +++ ++++ ++++ ++++ ++++ +++ ++++ ++++ ++++ ++++ +++ +++ +++ ++++ +++ 

5.5 
4.7 
3.0 
4.2 
3.7 
2.0 

15.0 
6.2 
7.2 
3.2 
4.0 
4.0 
4.5 
6.7 
2.8 
9.4 
2.0 
2.0 
3.8 
5.6 

The following abbreviations are employed: T P B  = Trypan blue viability; E O P  Plating 
efficiency. 

*Original cell inoculum of 5 X 10' cells/ml planted in  tubes. Cells were not refed after 
planting and were counted on day 7. Milk dilution bottles were not refed during observation 
period. 

hosts. This is a crude test of viability be- 
cause for many of the tumors a small per- 
centage of viable cells is sufficient to cause 
death of the animal. Many of the tumors 
showed fluctuations in the dye exclusion tests 
on different ampules (illustrating the vari- 
ability of the assay technique). In our own 
experience the trypan blue viability of mam- 
malian cell lines decreased less than 5% 
for 70% of the cell lines studied and only 
3 cell lines decreased between 11 and 18% 
during a storage period in liquid nitrogen 
for 2.5 to 4.5 years. 

Cells found to be 90% viable or greater 
by the dye exclusion test upon initial re- 
covery, retained their high viability over 
the 4.5 year storage interval, whereas cells 
with initial viability in the range of 80% 
or less demonstrated wider variations in via- 
bility on later recovery. This would indicate 
that cells harvested and frozen under opti- 
mal conditions retain high viability during 
prolonged storage but that damaged cells 
as shown by initial low viability may be 
expected to show more variable results. The 
evidence suggests that this variability is 
due to cell damage which occurred before 

freezing and that the death of cells resumes 
after thawing but that no loss of viability, 
growth potential or plating efficiency occurs 
during optimal storage at  -196OC. 

Su.tnmary. Twenty-two frozen batches of 
16 different cell lines certified by the Cell 
Culture Collection Committee were success- 
fully stored in liquid nitrogen over an inter- 
val of 2.5 to 4.5 years. Confluent cell growth 
obtained in milk dilution bottles and roller 
.tubes prepared 'from thawed ampules of 
frozen cells clearly demonstrated the high 
viability of these cell lines. The studies in- 
dicated that cells harvested and frozen under 
optimal conditions retained high viability 
during prolonged storage in liquid nitrogen, 
but that damaged cells as shown by initial 
low viability may be expected to show more 
variable results. 
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Effect of Sterisds on Germinal Vesicle of Oocytes of the Frog 
(Rana pipiens) in vitro.* (31993) 

ALLEN W. SCHUETZ~ (Introduced by F. Ungar) 
Department of Biochemistry, University 

Germinal vesicle breakdown occurs prior 
to the reduction divisions characteristic of 
meiosis in oocytes of the frog Rana pipiem. 
This nuclear disintegration normally takes 
place at  the time of natural ovulation in the 
spring breeding season, or the ovulation re- 
sulting from the injection of pituitary glands 
or steroids into hibernating frogs ( 1,2). Ste- 
roids or frog pituitary glands are also effec- 
tive in inducing ovulation in vitro (3,4) ; 
however, their effects on the process of mei- 
osis are poorly understood. Experiments pre- 
sented here were conducted to assess and 
compare effects of various steroids on the 
breakdown of the germinal vesicle. A stan- 
dardized in vitro assay, utilizing individual 
ovarian follicles, was perfected to ascertain 
these effects. 

Procedure and methods. Sexually mature 
large female frogs, Rana pipiens, were pur- 
chased from a commercial supplier (Shettles, 
StiIlwater, Minn.) and maintained in a 4OC 
cold roolm until utilized. The frogs were kept 
in one-quarter strength Holtfreter’s solution 
which was changed once a week. Experi- 
ments presented here were conducted dur- 
ing the months of February and March. 
Frogs were decapitated, and the ovaries were 
removed from the body cavity under semi- 
sterile conditions and immediately placed in 
finger bowls containing Holtfreter’s solution. 

Individual follicles containing a single 
oocyte or ovarian fragments containing 30-810 

*Research aided by funds from Nat. Cancer Inst. 
for the Training Program in Steroid Biochemistry 

tPresenlt address: Johns Hopkins Univ. School 
(5  TI-CA 5079). 

of Hygiene and Public Health, Baltimore, Md. 

of Minnesota, Minneapolis, Minnesota 

follicles were obtained by means of blunt 
dissection using watchmakers’ forceps under 
magnification. Oocytes were freed of invest- 
ing follicular tissue by tearing the follicular 
membranes. Gentle pressure applied to the 
follicle wall opposite the torn membranes 
caused the oocytes to fall free of the fol- 
licular tissues. When sufficient individual 
oocytes from a single female were obtained, 
they were mixed together and then randomly 
assigned ( 15 individual follicles or oocytes/ 
flask) to 25  Erlenmeyer flasks, each contain- 
ing 15 ml of Holtfreter’s solution. Concen- 
trated stock Holtfreter’s solution was diluted 
immediately prior to use and NaHC03 
added. Although oocytes were found to re- 
spond to steroids over a wide range of pH, 
the pH in these experiments was maintained 
between 7.8 to 8.1. The flasks were then 
placed in a Dubnoff metabolic shaker. Ste- 
roids were dissolved in 01.1 ml ethanoI- 
propylene glycol (1 : 1) and then added to 
the flasks. Each treatment was replicated 
once ( 2  flasks) on follicles from an individ- 
ual animal, Flasks were incubated with 
shaking for approximately 24 hours a t  21- 
23°C. At termination of incubation, oocytes 
were pipetted into a watch glass and exam- 
ined under a dissecting microscope. Shed- 
ding or ovulation of oocytes from the ovarian 
follicle could be established merely by in- 
spection. The effect of test substances on 
the germinal vesicle was determined by tear- 
ing or puncturing the oocyte with watch- 
makers’ forceps. This resulted in the oozing 
of the oocyte contents into the surrounding 
medium, and the germinal vesicle was dis- 
tinguished by its translucent and balloonlike 




