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SUMMARY

@

Several attempts in this laboratory in the last
or 3 years to culture the Knebs-@ ascites carcinoma
of mice had failed. The maximum survival time
of the cells in culture was about 10 days. The
media used always contained chicken embryo ex
tract (CEE). Later, during efforts to develop a
culture medium and technic by which single cell
cultures could readily be initiated for single-cell
irradiation experiments, it was observed that CEE
was toxic for mouse embryo skin cells in that it
caused death of the cells when small numbers were
in culture.
Other workers (1, 6, 9, 10), with one exception,
who used CEE in their culture medium were un
able to establish and maintain, except for short
periods, cultures of the cells of either the Krebs
ascites carcinoma or of the Ehrlich ascites car
cinoma of mice. Hull (6) maintained a culture of
the Krebs ascites carcinoma cells for 8 months and
then lost the culture. There is no report that he
succeeded in establishing additional cultures of
those cells. Graff and McCarty, using a medium
without CEE (4), obtained good growth of the
Ehrlich ascites carcinoma cells in a cytogenerator
for 15 days.
The present investigations
have shown that
CEE is toxic for the cells in culture of both the
Krebs ascites carcinoma and the Ehrlich ascites
carcinoma.
MATERIALS
AND METHODS
Tumors.â€”The Krebs-2 ascites carcinoma of
mice has been maintained
in Swiss mice since
195@, at which
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The Ehrlich (LettrÃ©) ascites car
cinoma was obtained in 1957 from the National
Institute
of Arthritis and Metabolic
Diseases,
Bethesda,
Maryland,
and maintained
here in
Swiss mise.
Culture vesseL@.â€”Pyrexglass culture vessels of
the Petri dish type, 30 and 60 mm. in diameter,
were used. The culture vessels, as well as other
glassware, were cleaned by being boiled in water
containing a small amount of Dreft, then thor
oughly rinsed with tap water and distilled water.
The culture vessels were sterilized by being dipped
into absolute ethyl alcohol and then flamed to
burn the alcohol.

Media.â€”Triple glass-distilled water was used in
the media. Solutions that required sterilization
were passed through a Selas filter #0g.
Two types of media were used : (a) a combina
tion of serum, balanced salt solution and CEE;'
and (b) a semi-synthetic
medium fortified with
calf or horse serum. The medium No. 858 of Healy,
Fisher, and Parker (5), somewhat modified, was
used almost exclusively (Table 1).
Limited use was also made of the following
media, NCTC 107 (@, 3),2 NCTC 109 (@, 3),2
Weymouth's
No. 75@/1 (11), and CMRL 1066

(7),3but since they gave no better or not as good
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Cells of the Krebs ascites carcinoma and of the Ehrlich
have been established in cultures some of which are still
Chicken embryo extract was found to be toxic for the cells
from single cells of the Krebs ascites carcinoma and of the
have been established.
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by an aliquot of the cell suspension. For culturing
directly from the mouse the 60-mm. plates were
used, and 1 X 10@cells were added to each plate.
The 30-mm. plates were used for subculture stud
ies, and the number of cells used varied as desired.
The cultures were incubated at 37Â°C. in a moist
atmosphere which was continuously changed with
a mixture of carbon dioxide and air in the propor
tions that would maintain the pH of uninoculated
medium at about 7.@.
Cells for subcultures were obtained by rubbing
cells loose from the bottom of the culture vessels
with a wedge-shaped piece of silicone stopper af
fixed to the end of a dissecting needle.
Cultures from single cells.â€”Culture vessels 30

TABLE

1

MoDiFIcATIoNs OF MEDIUM No. 858 (PERLITER)
.

Solution
Additions115
no..

Omisiions.

mg. Asparagine
25 mg. Streptomycin SO@
25 mg. Penicillin G

mg. Aspartic acid
100 mg. Dihydrostreptomycin
SO@
1 mg. Penicillin G
deoxyribonucleate210
10 mg. Ademne deoxyriboside
10 mg. Guanine deoxyriboside

50 mg. Sodium

10 mg. Cytosine deoxyriboside
10 mg. Thymidine15

mg. Niacin
10 mg. Riboflavin
10 mg. Thiamine

HC1421
N.butylparahydroxybenzoate6All
mg.
ingredients100

mg. Armour's

liver eoenzyme

concentrate710

mg. 5 Methyldeoxycytidine

Preparation of cell@forculture.â€”Cell-containing mm. in diameter
fluid, withdrawn from mice inoculated 5â€”7days
earlier, was diluted in a test tube with 4 or S vol
umes of either Earle's balanced salt solution (BSS)
or the N-15 solution of Puck and co-workers (8).
The cells were then sedimented at approximately
800

@

X g for

2 minutes

in a small

centrifuge.

The

supernatant fluid was discarded, and the cells were
dispersed in the diluting fluid. Cell counts were
made, and the suspension was diluted so that 0.1
mL contained 1 X 10@cells.
Preparation ofcuhures.â€”The complete medium,
usually containing 10 per cent serum, was ad
justed to pH 7â€”7.@
by placing the container (with a
cotton stopper) in a closed vessel with a small
piece of solid carbon dioxide until the pH was
lowered as desired.
Four ml. of medium were placed in the 60-mm.
plates and @.0ml. in the 30-mm. plates, followed

were used for this purpose. An
area about
@0mm. square on the outside of the
bottom of a culture vessel was cross-hatched form
ing 36 squares about 3 mm. X 3 mm. each. For
this purpose Marktex ink4 was diluted with Xylol
and used in a ruling pen. This ink dries quickly,
adheres well, and is not damaged by alcohol and
heat sterilization of the plates.
Cell-containing medium from cultures was di
luted with fresh medium so that a small wire loop
of the suspension contained about
@5â€”75
cells as
predetermined by microscopic examination of sev
eral droplets. One loop full of the suspension was
dispersed in each plate containing 1.@ml. of me
dium. The culture plates were then incubated for
about
hours, at which time the medium was
removed, the plate inverted and examined under
low power of the microscope. The location of each
4 WIll
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results as No. 858 mdi, as prepared in this labora
tory, their use was not continued.
In preparation of solution No. 1 of medium No.
858, cysteine HC1, glutathione, ascorbic acid, and
glutamine were withheld and added directly to the
completed medium at the time of mixing the sev
era! solutions. Serum was added usually in the pro
portion of 1 volume to 9 volumes of medium No.
858 mdl. Sufficient amounts were prepared at a
time to last 3 or 4 days.
Calf serum was prepared in the laboratory from
pooled samples of blood obtained from a local
slaughter house and was sterilized by filtration
through a Selas filter #0g. Horse serum was ob
tamed commercially.2 Sera were stored at 9Â°C.
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Ehrlich ascites tumor were established from the
same 74-day-old primary culture. The cells of the
clones initially were uniform in appearance (Figs.

1â€”3),
but as the cultureagedconsiderablevariabil
ity appeared among the cells.
The cells of several cultures were injected into
mice in order to determine if they retained their
malignant properties. All the Krebs cultures tested
grew rapidly and caused death in about the usual
period of time required by uncultured cells. One
culture of the Krebs tumor from a single cell
(11753) isolated 40 days after initiation of the pri
mary culture and maintained for an additional 115
days increased in mice @14-foldin 8 days. Of the
two single-cell cultures of the Ehrlich ascites tu
mor 3.@5 X 11$ cells of one were injected into each

TABLE

2

GROWTH OF KREBS ASCITES CARCINOMA CEus
MEDIARxsvLrs.

1960

IN DIFFERENT MEDIA

OF

Mmiuu
Earle s
858 rndf
serum
BSS
50â€”50
(per
cent)Calf
(per cent). (per cent)CEE
cent)1
(per

NO.CoarosznoN
Medium

cellsdead in 24-48hours

2

84

3
4
50

84
90
10040

10

10
10
040

0

6

All ceJlsdead in 24â€”48
hours

6
0
020

0
0
0All

Rapid growth
Rapid growth
Nogrowth

The total volume of medium per culture was 4 ml., and the inoculum was
1 X 10@cells.

then added to the plate and the colony allowed to of two mice. In 8 days there was a 18@-fold in
proliferate.
crease in the number of cells.
RESULTS
Primary cultures from different mice varied.
Usually in @4â€”48
hours after the cells were added
In a culture medium of calf serum, CEE and
to the culture medium most of them had become
Earle's BSS (Table
@,medium #1) the Krebs
ascites tumor cells failed to survive longer than @4â€”adherent to the bottom of the plate, so that the
medium could be removed. The plate could then
48 hours. Likewise
in a mixture
of medium
No. 858
mdf, calf serum, and CEE (Table @,medium #@) be inverted and the cells observed under the mi
the cells died in @4â€”48
hours. When the CEE was croscope. Usually a variable small percentage of
the cells had become enlarged and â€œvacuolated.â€•
omitted from the latter medium (Table
@,me
Those eventually died and disintegrated.
Most of
dium #3) excellent cultures were obtained. Me
the remainder of the cells appeared spherical, and
dium No. 858 mdf without serum failed to support
some were extended on the glass surface.
growth (Table
@,medium
@(5).Cultures of the
The variation of the cultures from different
Krebs ascites cells from fifteen different mice were
initiated in medium #4, Table @.
One attempt was mice in the initial stages was extreme on one occa
sion. Krebs ascites cells from two mice were
unsuccessful. The first of these cultures was still
plated, with the same sample of medium. One cii!thriving after 8 months. Two attempts, both suc
cessful, were made to culture the Ehrlich (LettrÃ©) ture grew rapidly; there were few enlarged vacuo
lated cells, and the remaining cells were very uni
ascites carcinoma cells in this medium.
form in appearance. That culture is thriving after
Single cell cultures of the Krebs ascites tumor
In the culture
of cells from the other
were established from original cultures 109, 96, 57, 6 months.
mouse about 10 per cent of the cells were of normal
40, and 30 days after preparation
of the original
cultures from the mice. Two such cultures of the
size and appearance; the remainder were extremely
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cell adhering to the bottom of the plate was
charted on paper. Usually there were some single
cells adherent to the glass within some of the
squares. More frequently twin cells, and some
times more in groups, were attached to the bot
tom. After charting, the medium which had been
removed was centrifuged to sediment any free
cells and was then returned to the culture plate
which was reincubated for another
@4â€”36
hours. A
reexamination
under the microscope
revealed
whether any of the single cells had divided; if so
the plates were observed daily until a selection of
the best appearing colony could be made and then
all other cells on the plate were rubbed loose. The
loosened cells were then removed by rinsing the
plate with cell-free medium. New medium was
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enlarged and vacuolated. As the normal-appearing
cells proliferated,
others became enlarged and
vacuolated and died. This condition persisted for 3
months when the culture was discontinued as a
failure.
Apparently most of the cells became attached
to the glass surface before undergoing mitosis.
Cultures on coverglasses placed on the bottom of
the culture vessels showed numerous mitotic fig
ures (Figs. 3 and 4). Although mitotic cells were
present in the supernatant
fluid, it is uncertain
whether or not such cells were free in the fluid
when the mitotic process began. Growth of cul
tures in roller tubes at 50 r.p.h. was slow, and
most of the cells were attached to the glass surface
of the tubes.
Growth in the plate cultures was rapid. For ex
ample the medium (4 ml.) of a 60-mm. plate cul
ture was renewed 5@ times in 1@0 days, and an
average of
X 10@Krebs ascites cells was dis
carded each time in the supennatant fluid. In an
other experiment 400,000 cells were added to each
of two 60-mm. plates, each containing 4 ml. of
medium. At the end of days the cells in the super
natant fluid of the two cultures were used to inocu
late a third plate. At the end of 4 days the cells of
the supernatant
fluid of the three cultures were
used for two additional cultures. At the end of 6
days the initial 800,000 cells had increased to
@6X 10Â° cells,

a 3@-fold

increase.

In

spite

of its

relatively strong buffering capacity the culture
medium becomes rather acid in less than 48 hours.

It is highlyprobablethat more frequent,or con

@

tinuous, renewal of the medium would induce a
much higher growth rate.
Usually a small percentage of the cells in cul
tures was enlarged and vacuolated. Any adverse
cultural conditions increased the percentage of
those cells (Fig. 5). Correction of the condition re
sulted in a decrease (Fig. 6). As the population
density increased the pH of the medium decreased,
and the number of enlarged vacuolated cells in
creased. A large increase in the proportion of such
cells was also noted during the last
of 10 weeks
that a sample of calf serum was used (Fig. 5). A
comparative test of that serum on small numbers
of cells, with a sample of serum that had been
stored frozen, showed that the serum in question
would no longer fuffihl the requirementh for growth
of small numbers of cells, whereas the frozen
stored sample did. The use of a fresh sample of
serum resulted in a prompt decrease in the num
hers of enlarged, vacuolated cells (Fig. 6).
The results with horse serum5 as a supplement
to the modified 858 medium were inconsistent. On
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some occasions cell growth was as good as that ob
tamed with calf serum in the medium; on other
occasions the medium was toxic and the cells were
dead in @4hours. The toxicity appeared to result
from a reaction between some constituents of the
horse serum and of the No. 858 mdf medium.
When horse serum was added to freshly prepared
No. 858 mdf medium and the medium used im
mediately, the medium was toxic. However, if the
No. 858 mdi medium was prepared 24 hours or
more before adding the serum and using the mix
tm-c, there was no toxicity.
DISCUSSION
The results of these studies show that chicken
embryo extract is toxic in cultures of the cells of
the Krebs ascites carcinoma and of the Ehrlich

(LettrÃ©)ascites carcinomaof mice and should not
be a constituent of the culture medium. It may be
noted that Graff and McCarty, who had the best
results in culturing the Ehrlich ascites cells, did
not use CEE in their culture medium. Calf serum
supplements well the synthetic medium No. 858
modified, since small numbers of cells and even
many single cell cultures of the Krebs tumor grew
in the mixture. Horse serum was also satisfactory
as a supplement if the precaution was taken not to
add the serum to freshly prepared medium No. 858
mdf and then using the mixture immediately.
The presence of large vacuolated cells in the
early stages of the growth of some primary cul
tures appears to indicate that the medium is not
optimum for those cells. Either an adaptation of
the cells to the cultural conditions or a selection of
the fittest by elimination of those cells incapable
of growth in the medium occurs, since the number
of enlarged vacuolated
cells usually decreases
greatly as the time in culture lengthens provided
the quality of the medium is maintained.
In order to initiate cultures from single cells it is
essential that the serum used as a supplement be of
good quality. Frequent testing of the serum as a
supplement with very small numbers of cells is
advisable.
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Fio. 4.â€”KreLs ascites

carcinoma

cells in culture

4 days

of single cell culture 11751. X460.

from the mouse. The culture was treated as was that of Figure

Fio. 2.â€”Krebs ascites carcinoma cells. Portion of a clone of
single cell culture 8551. X460.
Fio. 3.â€”48-hour subculture of 11751 in medium No. 858

3. X460.
Fio. 5.â€”Krebs

mdf and 10 per cent calf serum. During the last 16 hours the

X460.

cells were in contact

with 2 @sg.per cent concentration

of col

chicine. Treated with hypotonic salt solution and stained with
aceto-orcein.

X460.

vacuolated

ascites

cells, the result

FIG. 6.â€”Same

culture

carcinoma

cells showing

of using an old sample
as shown

in Figure

using a new sample of serum in the medium.

enlarged,

of calf serum.
5, 8 days

X460.

later
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