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Research in the development of tissue cul-
ture media has been divided into two major
areas. The first is the attempt to develop
completely chemically defined media(1-8).
The second area of research is the attempt to
substitute various processed materials for
blood serum and tissue extracts currently
used in many tissue culture media. These
processed materials, which include yeast ex-
tract(9), peptone preparations(10-13) and
serum fractions(14,15), are sometimes com-
bined with natural body substances(16) or
with chemically defined media(1,3,4,17).
This paper reports the development of a tis-
sue culture medium which incorporates com-
mercially available bacteriological prepara-
tions as supplements to blood serum in the
cultivation of Earle’s L strain of mouse fibro-
blasts.

Materials and methods. L cells(18) grown
at 37°C for 3 to 5 days were scraped from
T-60 Earle flasks and washed twice with
Hanks’ balanced salt solution (BSS). The
cells were suspended in BSS and added to the
various media which were then dispensed in
1 ml aliquots to Porter flasks. The concen-
tration of cells in the Porter flasks ranged
from 100,000 to 125,000 cells per ml. The
following preparations have been tested for
stimulation of L cell growth: Bacto Yeast
Extract, Bacto Beef Extract, Bacto Casamino
Acids, Difco Proteose Peptone, Difco Prote-
ose Peptone #2, Difco Proteose Peptone #3,
Difco Neopeptone, Tryptone, Tryptose, and
Heart Infusion Broth, all produced by Difco
Laboratories; Phytone, and Trypticase, pro-
duced by the Baltimore Biological Laboratory
and N-Z Case produced by the Sheffield
Chemical Co. The preparations to be screened
were prepared as a 2% solution in BSS and
sterilized by filtration through fritted glass.
Concentrations of 2, 1, 0.1, and 0.01% were
generally tested. In addition, these concen-
trations in BSS were tested in combination

with 10% horse serum. The standard refer-
ence medium consisted of 60% medium 199,*
209% whole egg ultrafiltrate,* and 20% horse
serum. Fifty units each of penicillin and
streptomycin were added to each flask. All
cultures were prepared in triplicate and incu-
bated at 37°C. Various qualitative estimates
were made to evaluate the growth rate and
the appearance of cells from day to day. In
addition to these qualitative estimates, quan-
titative determinations were made by taking
total cell counts on the fourth day. In other
short term experiments designed to test for
stimulation of growth, a daily count was made
for 5 days. The total cell count was made by
removing the medium and replacing it with
1 ml of 0.25% trypsin in saline. Cell removal
was hastened by shaking the Porter flasks on
a New Brunswick rotary-type shaker operat-
ing at 100 rpm. The cells thus removed were
counted in a hemocytometer. Two total cell
counts were done on each Porter flask. The
values shown in the figure and in the table
represent the average count of triplicate flasks
of a single experiment. The results of this
experiment are representative of several that
were performed. Preparations that showed
some enhancement of growth were combined
and tested in the presence of various concen-
trations of horse serum.

Results. Among the products screened,
yeast extract and proteose peptone #3 gave
the best results. One tenth % yeast extract
was found to be the optimum concentration
for proliferation of L cells in the presence of
horse serum. This agrees with the results of
Robertson with Hela cells(9). The optimum
concentration of proteose peptone #3 was
found to be 0.1%. No multiplication oc-
curred in the absence of horse serum. The
growth of L cells in a medium consisting of
0.1% yeast extract and 0.19% proteose pep-

* Obtained from Microbiological Associates, Beth-
esda, Md.
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TABLE T. Multiplication of L Cells in Difeo Bue-
to-Yeast Extract, Proteose Peptone #3, and Horse
Serum.*

Total cell
count on

o yeast % proteose G horse  dth day Fold
extract peptone serum X 107 dnerease
. 0 20 6.00 4.8
. 0 10 44 2.8
.1 0 2.5 1.52 1.2
" .1 20 +.44 3.6
" . 10 320 27
0 A 2.5 1.35 1.1
n . 20 6.6 23
.1 A 10 +.99 +.0
N A 5 2,20 1.8
.1 B 25 19X 1.6
B .1 0 46 -
Stawdard reterence mediumt S 0

* Initial inoculum: 1,25 X 107 cells/ml,
t60Se medium 1949, 200, whole egg ultratiltrate,
and 200, horse serum.

tone #3 in the presence of various concentra-
tions of horse serum is presented in Table 1.
The same table shows the growth obtained
when these constituents were tested sepa-
rately in the presence of horse serum. The
growth of cells in 0.19 veast extract or 0.1%
proteose peptone #3 in the presence of 209
horse serum exceeded growth obtained in the
standard reference medium. Growth in the
presence of 10% horse serum was also better
than that of the standard reference medium.
Among the combinations tried. 0.1% veast
extract combined with 0.1% proteose peptone
#3 in the presence of horse serum gave maxi-
mum growth and exceeded that obtained using
either alone. This was true at all levels of
horse serum tested. There was a 5.3 and 4.0
fold increase in the total cell count in 4 days
at the 20 and 10% serum levels respectively.
compared to 3.0 fold increase in the standard
reference medium. Although the total cell
count at serum levels below 109% did not
reach that of the standard reference medium.
a significant degree of cell multiplication oc-
curred at these low serum levels. There was
a 1.8 and 1.6 fold increase in the total cell
count at the 5 and 2.5% levels of horse serum.
Fig. 1 shows the growth curve of L cells in
these two nutrients when combined with vari-
ous concentrations of horse serum. The
growth rate of L cells in yeast extract and
proteose peptone #3 combined with 20 and

or L. CeLLs

10% horse serum exceeded the rate obtained
in the standard reference medium, after 5
days incubation.

Fig. 2-4 show photographs of the appear-
ance of L cells grown in 0.19: yeast extract
and 0.1, proteose peptone #3 combined with
various concentrations of horse serum. The
cells are thinner and more sparse in cultures
where serum has been omitted.

In preliminary experiments L cells have
also been cultivated for 11 days in the stand-
ard reference medium and in the veast ex-
tract-proteose peptone #3 combination with
horse serum levels of 20. 10 and 59-. The
medium was changed twice during this period
and the cells were transierred irom T-60
Earle flasks to Roux bottles after the seventh
day of incubation. The total cell count of
these cultures after 11 days incubation had
increased 43.7, 47.4, 34.5. and 29.2 fold re-
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FIG. 1. Growth of I, cells in yveast extraet (y.e.)

and proteose peptone #3 (p-p #3) combined with
various concentrations of horse serum (HoS).

A, 19 voeoand 0.1% p-p #3 plus 20 9 HoS

B. 10 9%
(B 5 9
D. 2.5
E. 0 %

8. R. Stand. reference medium (60% medium 199,
209 whole egg ultrafiltrate, and 20% horse serum)
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FIG. 2 (left). Earle’s L strain cells from the mouse after 4 days in the standard reference
medium (60% medium 199, 20% whole egg ultrafiltrate, and 209 horse serum). 100X.

FIG. 3 (center). L cclls after 4 days in 0.1% Bacto-yeast extract and 0.1% proteose pep-
tone #3, Difco, with 20% horse serum. Growth with 10% horse serum was equally good. 100X,

FIG. 4 (right). L cells after 4 days in 0.1% Baeto-yeast extract and 0.1% proteose peptone

#3, without horse serum. 100X.

spectively. Under these conditions, the yeast
extract-proteose peptone #3 combination in
the presence of 20% horse serum produced
slightly more growth than did the standard
reference medium.

The medium reported here supported the
growth of Gey’s MBIII strain (mouse
lymphoblasts) (19), Maben strain (a human
epithelium-like cell derived from an adenocar-
cinoma of the lung)(20), and a strain of
guinea pig lung fibroblasts that was isolated
in this laboratory. Eighteen serial passages
of L cells have been made in this medium
containing 10% horse serum during a period
of 17 weeks. The MBIII strain, Maben
strain, and the guinea pig lung fibroblasts
have been subcultured 13, 5, and 13 times
during a 12, 6, and 18 week period respec-
tively. The growth of these cell lines is un-
diminished and their appearance is normal.

The yeast extract-proteose peptone #3
medium, without horse serum, can be pre-
pared as one solution and autoclaved.

Discussion. The present findings are con-
sistent with the earlier reports that yeast ex-
tract and peptones support the proliferation
of cells when combined with serum. The

rapid multiplication of washed cells in the
yeast extract-proteose peptone #3 medium
reported here suggests that this medium con-
tains growth factors that supplement blood
serum and promote the growth of several lines
of mammalian cells. Yeast extract is known
to be an excellent source of B vitamins, and
peptones are a rich source of nitrogenous com-
pounds. The possibility that other unidenti-
fied growth factors are present in these prepa-
rations can not be ruled out.

It is significant to point out that the growth
obtained in this medium, combined with horse
serum, was slightly better than the growth
obtained in a synthetic medium supplemented
with whole egg ultrafiltrate and horse serum.
The medium described here contains commer-
cially available products that are cheap, re-
producible, and convenient to handle. Their
use in the large-scale cultivation of cells is
therefore advantageous.

Summary. The combination of 0.19% yeast
extract and 0.19% proteose peptone #3 in
Hanks’ balanced salt solution plus 209% horse
serum stimulated the rate of growth and pro-
duced a higher total count of L cells at the
end of 5 days than did the standard reference
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medium (60% medium 199, 20% whole egg
ultrafiltrate, and 20% horse serum). Lower-
ing the serum content in the new medium to
10% still permitted better growth than the
standard reference medium. The yeast ex-
tract-proteose peptone solution could be
sterilized by autoclaving without affecting its
growth-stimulating properties.
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The historical development of various
pump-oxyvgenators is well covered in the lit-
erature(1.2.3). Many of the early machines,
utilized both experimentally and clinically.
bypassed but one side of the heart, this being
a simpler solution to the overall problem (4,
5,6). However, Gibbon(7) and Dennis(8)
have continually stressed the necessity of to-
tal cardiac bypass as a requirement for an
entirely satisfactory pump-oxygenator. Lil-
lehei and associates(9,10,11,12) hastened the
reality of direct vision intracardiac surgery
through the use of controlled cross-circula-
tion. oxvgenated blood reservoirs, and bio-
logical oxygenators, as temporary expedients

* This work was supported by grant from Cleve-
land Area Heart Soc. and by the Prentis Foundation,
St. Luke’s Hospital, Cleveland, O.

hefore the final utilization of a pump-oxy-
genator. They also have stressed the concept
of the low flow principle which has been sat-
isfactory in their hands for shorter periods of
bypass, and which possibly has simplified cer-
tain problems inherent in the development of
effective pump-oxygenators.

It was the purpose of the present study to
evaluate a rotating disc type reservoir-oxy-
genator, which has been used successfully for
open intracardiac surgery experimentally and
clinically.

Description of apparatus. The essential
components of the present pump-oxygenator
are a model TS Sigmamotor pump and a ro-
tating disc type reservoir-oxygenator. (Fig.
1 and 2). The basic mechanism of the oxy-
genator is a series of 59 plastic coated stain-





