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(71) We, M I C R O B I O L O G I C A L 
A S S O C I A T E S , I N C . , of 4733 
Bethesda Avenue, Bethesda, Maryland, 
U.S.A., a corporation of the State of Florida, 

5 U.S.A., do hereby declare the invention for 
which we pray that a Patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in 
and by the following statement: — 

10 This invention relates to a method for the 
sterilization of nutrient media for supporting 
the growth of multi-cellular animal cells, and 
preferably mammalian cells in vitro, and to 
stable, dry, solid media prepared thereby. 

15 The techniques of animal cell or tissue 
culture provide a means whereby cells, tissues, 
and organ fragments may be maintained alive 
outside the animal body in an artificial 
environment, and kept alive and functioning 

20 under controlled conditions, either indefinitely 
or for limited periods of time. The mass 
culture of animal cells, such as mammalian 
cells, is practiced on a commercial scale, and 
the resulting cultures are utilized in many 

25 fields of experimental biology and medicine, 
including cytology, histology, embryology, 
immunology, and in the study of tumors and 
viruses. 

As employed herein, the term "cells'" is 
30 understood to include tissue from which the 

cells are derived, as well as the cells them-
selves. Cells from vertebrate animals, such as 
man, chick, and fish, and from invertebrates, 
such as insects and schistosomes, are thus 

35 employed. Mammalian cells, especially, are 
used extensively as growth hosts for viruses, 
and tissue cultures of such cells provide the 
principal techniques for the isolation, identi-
fication, and propagation of these agents. 

40 Typical mammalian cells include those of 
mixed populations of cells freshly explanted 
from normal animal tissues and cultered in 
artificial media that usuaEy contain serum, 
for example, monkey kidney cells and chicken 

45 embryo cells. There are also cell fines and 
cloned cell lines or strains derived by serial 
subcultures from the aforementioned types, 
such as human skin epithelium, monkey kidney 

epithelium, and mouse liver epithelium cells. 
There are, moreover, cell lines derived from 50 
explants of neoplastic tissues, such as the 
HeLa line, which originated from a human 
cervical carcinoma. The latter two types can 
be subcultered indefinitely in artificial media 
that contain serum or some other source of 55 
protein. 

Until about 1950, the culture media 
employed for in vitro cell growth were usually 
derived from the organism itself and consisted 
of blood plasma, blood serum, body exudates 60 
and aqueous extracts of tissues and organs. 
Although these natural media achieved some 
success, their complexity and variability 
resulted in inconsistent and undependable 
experimental data, leading to the development 65 
of artificial media containing growth impart-
ing substances in controlled amounts and 
quality. 

As employed herein the term "culture 
medium" refers to such compositions which 70 
generally contain nutrients such as amino 
acids, vitamins, co-enzymes, lipid sources, 
nucleic acid derivatives and inorganic salts. 
The media may also contain supplemental 
materials, such as lyophilized animal sera. 75 

The nutritional requirements of mammalian 
cells grown under in vitro conditions are 
specialized but remarkably similar. Thirteen 
amino acids, eight vitamins, glucose, and 
certain inorganic ions in an isotonic milieu 80 
are deemed essential. Single mammalian cells 
require serine. The omission of a single amino 
acid will result in the death of the culture. 

Two types of culture media have hereto-
fore been available commercially, namely 85 
sterile liquid media and non-sterile powders. 
The sterile liquid medium is a solution which 
has been sterilized by filtration, such as ultra-
filtration, packaged in sterile containers, and 
distributed as a sterile, ready to use liquid. 90 
The second type has been a non-sterile 
powdered composition, so formulated that a 
given weight must first be dissolved in a given 
volume of water and then the mixture must 
be sterilized by the ultimate user and sub- 95 
jected to extensive quality control. It is 
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possible to prepare a sterile powder by lyo-
philization, but for this purpose the medium 
must first be sterilized while still in the liquid 
state. Lyophilized media, therefore, represent 

5 a more costly product since two preparation 
stages are involved. The container used for 
lyophilized dried media is predicated upon 
the volume of the original nutrient solution, 
so that while some saving in weight is possible 

10 in shipment, there is no saving in bulk. 
Thus, there has existed a need for a sterile 

powdered medium suitable for cell and tissue 
culture, and particularly for the growth of 
mammalian cells, which would have the 

15 advantage of both the liquid and powdered 
forms. 

General Description of the Invention 
In accordance with the present invention, 

there is provided a novel sterile substanti-
20 ally dry solid culture medium suitable for cell 

and tissue culture, and particularly a sterile 
dry solid multi-cellular animal cell culture 
medium, especially mammalian, suitable for 
in vitro culture, in which the activity and 

25 nutritional properties of the individual 
ingredients are maintained substantially stable. 

As pointed out previously, the nutritional 
requirements of mammalian cells (and also of 
insect cells) are highly specialized and very 

30 rigid. Thirteen amino acids, eight vitamins, 
glucose, and certain inorganic ions are 
essential. These amino acids include the levo 
forms of arginine, cystine, glutamine, histidine, 
isoleudne, leucine, lysine, methionine, phenyl-

35 alanine, threonine, tryptophan, tyrosine, and 
valine. Many of these amino acids are known 
to be unstable to heat and other influences. 
This instability is particularly characteristic 
of L - glutamine, which is the principal 

40 amino acid used, and which may constitute 
as much as 55 percent by weight of the total 
amino acids present. Thus, in the Biology 
Data Book (1964) of the Federation of 
American Societies of Experimental Biology, 

45 page 392, glutamine is stated as having a 
melting point of 185°C., and it is indicated 
that most amino acids decompose on melting. 
They are even less stable toward heat in the 
presence of water. 

50 This means that thermal methods of 
stabilization must be employed with caution, 
if at all, that autoclaving cannot be used, but 
that dry heat, for which temperatures are 
even higher and periods of time are longer, 

55 must be resorted to. Under these conditions, 
the glutamine, the melting temperature of 
which is within the sterilizing range, would 
be extensively decomposed and lost. Due to 
the instability of glutamine even at ambient 

60 temperatures, it has been customary to omit 
the L - glutamine from commercially avail-
able formulations, and it is packaged 
separately, to be added to the medium as a 
frozen concentrate just prior to use. 

Similarly, among the eight or more vitamins 65 
which are essential, including, biotin, calcium 
pantothenate, choline chloride, folic acid, 
inositol, nicotinamide, riboflavin, and 
thiamine, the important one, viz. pyridoxal 
hydrochloride (vitamin B-6) is readily 70 
adversely affected by heat. According to the 
aforementioned Biology Data Book, at page 
396, pyridoxal hydrochloride may be heated 
to 120°C., but decomposes above that tem-
perature, which also rules out heat steriliza- 75 
tion. 

Another major nutrient in animal cell 
culture media is glucose (dextrose) which 
melts at 146°C., or well below the conven-
tional thermal sterilization temperature of 80 
230°C., and which tends to caramelize on 
autoclaving. 

Other optional medium components such 
as Coenzyme A, and various nucleotides, are 
even more heat-sensitive. 85 

In view of the sensitivity of such animal 
cell and tissue culture media to conventional 
thermal sterilization techniques, it has been 
the view of persons skilled in the art that 
the preparation of a dry sterile solid medium 90 
was not feasible. Sterilization by chemical 
means would, moreover, involve chemical 
reactions between the medium and the 
sterilizing chemical. The precise balance of 
nutrients would be adversely affected, and 95 
some, such as glutamine and cystine, would 
be inactivated altogether, and the pH of the -• 
mixture would be drastically changed. As 
mentioned, sterilization by heat would 
inactivate certain nutrients, including par- 100 
ticular amino acids, glucose, vitamins, and 
the bicarbonate ion. 

Sterilization by irradiation has heretofore 
also been considered impractical since the 
radiation would be expected to produce active 105 
ions of a toxic nature. Thus, the literature 
indicates that irradiation of sugar leads to the 
production of toxic substances derived from 
peroxides (Hydroxylated Peroxides and the 
Toxicity of Irradiated Sucrose, by J. Schubert 110 
et al., International Journal of Radiation 
Biology, 13: 485-9 (1967). Moreover, the 
irradiation of proteins and free amino acids 
leads to destruction of the peptide bond. The 
amino acids particularly susceptible to radia- 115 
tion are cystine, methionine, phenylalanine, 
histadine, threonine, and tyrosine, each of 
which is essential for the in vitro growth of 
mammalian cells (see After Effects of Amino 
Acids, E. Hussman, Strahlentherapic, Vol. 120 
135, 489—492 (1968). Accordingly, there have 
been no scientific reports concerning a sterile 
dry solid medium of the character described. 

In accordance with the present invention, 
it was found, surprisingly and unexpectedly, 125 
that dry, solid cell and tissue culture media, 
and particularly such media which are adapted 
for die in vitro growth of mammalian cells, 
may be packaged in small units and sterilized 
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by subjecting the medium in dry solid form 
to high energy radiation utilizing controlled 
radiation intensities, within a limited and 
critical range. Under the conditions utilized 

5 in the practice of the present invention, the 
medium is irradiated as a completely dry 
solid, preferably under a blanket of an inert 
gas, such as nitrogen or helium, and full 
sterilization is achieved without loss of 

10 biological or nutritional activity of any of the 
ingredients, including even those which are 
the most heat-sensitive. 

Thus, the method of the present invention 
makes possible, for the first time, provision 

15 of a solid culture medium which is com-
pletely stable, sterile, light in weight, com-
pact, and requires very little shipping and 
storage space. In addition, owing to the 
stability of the irradiated medium, labile 

20 ingredients, such as L - glutamine and 
pyridoxal hydrochloride, can now be included 
in the original formulation. 

The high energy radiation intensity, which 
is a critical factor in maintaining the stability 

25 of the sensitive medium components, while 
achieving sterility, will advantageously lie in 
the range of 0.8 to 10 megarad, and pre-
ferably between 2.4 and 5.6 megarad. The 
preferred specific intensity in the practice of 

30 the invention is 4+1.6 megarad. 
It is not desired to limit this invention to 

any particular method of irradiation inas-
much as the sterilizing effects are the same 
regardless of the radiation source. Ionizing 

35 radiations can be obtained, for example, using 
radio isotopes, nuclear reactors, or high 
energy particle accelerators. Examples of 
radio isotopes which can be used are cobalt 
60 for gamma radiation and strontium 90 

40 for beta radiation. Operating nuclear reactors 
can be used as a source for either gamma 
rays or neutrons or both. Particle accelerators 
such as the cyclotron, betatron, synchrotron, 
Van de Graaff or x-ray machines, can also 

45 be employed. 
The high energy radiation employed in 

accordance with the practice of the inven-
tion may include such forms as alpha, beta, 
and gamma radiations, soft and hard x-rays, 

50 cathode rays, protons, neutrons, positrons, and 
cosmic rays. Gamma radiation is the pre-
sendy preferred source. 

While the culture medium may be sub-
jected to radiation in accordance with the 

55 invention in any suitable physical form, 
TOpludjifag solutions and dry powders, 
granules, or pellets, it is preferred to treat 
die medium in tablet form. Each tablet thus 
contains a predetermined and accurately 

60 measured quantity of the solid components of 
the culture medium. Accordingly, any desired 
quantity of liquid medium can be prepared 
from the tablets by dissolving in the solvent, 
one or more tablets. Typical weights of 

65 tablets range from 0.923 grams as a standard 

strength, up to any desired weight, to yield 
100 ml of culture solution. However, the 
same weight units can be made up of dry 
powder or granules. The solid medium is 
dissolved in either distilled or deionized 
water. A typical tablet would be about one-
half inch in diameter and about one-fourth 
inch in thickness. 

A culture medium which is particularly 
suitable for mammalian cell culture is 
Minimum Essential Medium (Eagle), des-
cribed by H. Eagle, Science, Vol. 130, page 
432 (1959), the composition of which is as 
follows : 

Vitamins 
D-Ca-Pantothenate 

Choline Chloride 
Folic Acid 

i-Inositol 
Nicotinamide 
Pyridoxal HC1 
Riboflavin 
Thiamine HC1 

Hanks' BSS 
CaCl2. 2H20 
H Q 
KH2P04 
MgCl2. 6H20 
MgS04 . 7H20 
NaCl 
NaHCOs 
Na2HPOk. 7H2D 
Dextrose 
Phenol Red 

70 

75 

Components mg./liter 80 
Amino Acids 

mg./liter 

L-Arginine HC1 126.4 
L-Cystine 24.0 
L-Glutamine 292.0 
L-Histidine HCI .H 2 0 41.9 85 
L-Isoleucine 52.5 
L-Leucine 52.4 
L-Lysine HCl 73.1 
L-Methionine 14.9 
L-Phenylalanine 33.0 90 
L-Threonine 47.6 
L-Tryptophan 10.2 
L-Tyrosine 36.2 
L-Valine 46.8 

1.0 
1.0 
1.0 
2.0 
1.0 
1.0 
O.l 
1.0 

95 

100 

Components mg./liter 
Inorganic Salts & Other Components 

Earle's BSS 
CaCl2. 2H„0 265.0 
KCl 400.0 
MgSO,. 7H20 200.0 
NaCl 6,800.0 
NaHCO., 2,200.0 
NaH2P6.1. H 20 140.0 
Dextrose 1,000.0 
Phenol Red 10.0 

105 

110 

186.0 
400.0 

60.0 
100.0 
100.0 

8,000.0 
350.0 
90.0 

1,000.0 
20.0 

115 

120 

1 2 5 
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For Suspension Cultures 
KC1 400.0 
NaCl 6,800.0 
NaHC03 2,200.0 

5 NaH 2 P0 4 .H 2 0 1,500.0 
MgCl2. 6HzO 200.0 

Another cell culture medium which is illus-
trative of special media of this type is NCTC-
109, described by V. J. Evans et al., Cancer 

10 Res., 16, 77—S6 (1956), and W. T. 
McQuillan et al., J. Natl. Cancer Inst., 19, 
885—896 (1957), which has the following 
composition: 

Components mg./liter 
15 Amino Acids 

L-AIanine 31.5 
L-alpha Amino Butyric Acid 5.5 
L-Arginine HC1 3.12 
L-Asparagine 8.0 

20 L-Aspartic Acid 9.9 
L-Cysteine HC1 259.9 
L-Cystine 10.5 
L-Glutamic Acid 8.3 
L-Glutamine 136.0 

25 L-Glycine 13.5 
L-Histidine. HC1. H 2 0 26.7 
L-Hydroxyproline 4.1 
L-Isoleucine 18.0 
L-Leucine 20.4 

30 L-Lysine HC1 38.4 
L-Methionine 4.4 
L-Ornithine 7.4 
L-Phenylalanine 16.5 
L-Proline 6.1 

35 L-Serine 10.8 
L-Taurine 4.2 
L-Threonine 18.9 
L-Tryptophan 17.5 
L-Tyrosine 16.4 

40 L-Valine 25.0 

Vitamins 
P-Aminobenzoic Add 0.125 

Ascorbic Acid 49.900 
D-Biotin 0.025 

45 Calciferol 0.250 
D-Ca-Pantothenate 0.025 

Chlorine Chloride 1.250 
Cocarboxylase 1.000 
Folic Acid 0.025 

50 i-Inositol 0.125 
Menadione 0.025 
Nicotinamide 0.063 
Nicotinic Acid 0.063 
Pyridoxal HC1 0.063 

55 Pyridoxine H Q 0.063 
DL-alpha-Tocopherolphos-

phate, (Na2) 0.025 
Thiamine H Q 0.025 
Tween 80 12.500 

60 Riboflavin 0.025 
Vitamin A 0.250 
Vitamin B12 10.000 

Other Components 
Coenzyme A 2.5 
Deoxyadenosine 10.0 
Deoxycytidine HC1 10.0 
Deoxyguanosine 10.0 
Dextrose 1,000.0 

Diphosphopyridine Nucleotide 
tetrahydrate (DPN.4H,0) 7.0 

Flavin Adenine Dinucleotide 
(FAD) 1.0 

D-Glucosamine 3.2 
D-Glucuronolactone 1.8 
L-Glutathione 10.1 

5-Methylcytosine 0.1 
Phenol Red 20.0 
Sodium Acetate. 3H20 83.0 
Sodium Glucuronate 1.8 
Thymidine 10.0 
Triphosphopyridine 

Nucleotide monosodium 
salt (TPN) 1.0 

Uridine-5 '-triphosphate, 
tetrasodium, tetrahydrate 
(UTP) 1.0 

Inorganic Salts 
CaCL. 2II.0 265.0 
KCi 400.0 
MgSO . . 7H20 200.0 
NaCl 6,800.0 
NaHC03 2,200.0 
NaH2P04 . H20 140.0 

The animal cells, whether vertebrate or 
invertebrate, require nutritionally the same 95 
essential ingredients, e.g. amino acids and 
vitamins. However, the mammalian cells 
require a special isotonicity, equivalent to 
0.85% by weight total NaCl in solution. 
Non-mammalian cells, which may still be IOC 
vertebrate require a different isotonicity for 
each species, e.g. frog cells require 0.40% by 
weight NaCl total. 

Where the culture medium is treated with 
high energy radiation in tablet form, the dry 10f 
powdered medium is compressed under a dry, 
inert atmosphere into tablets of the character 
previously described, and one or more tablets 
are placed, under a dry, inert atmosphere, 
within a flat bottomed glass vial fitted with a 11C 
plastic screw closure having a rubber liner. 
The vials are placed within a series of open 
top containers which are led past a source 
of high energy radiation, such as gamma 
radiation. If desired, a given vial may be 115 
enclosed within a second glass vial, thus 
providing an encapsulated type of packaging 
whereby the sterile medium may be handled 
by human hands until the last moment before 
placing in solution, without any appreciable 12( 
loss of sterile quality. 

Where the culture medium is to be 
sterilized in the form of a bulk powder, it 
may be fed by gravity to a continuous con-
veyor belt located in a closed tunnel through I2f 
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which a stream of a pressurized dry inert 
gas, such as nitrogen or helium, is passed. 
The powder is carried through the tunnel 
past a source of high energy radiation, which 

5 provides a radiation beam of sufficient energy 
and width to sterilize all the medium passing 
it. The powder may also be enclosed in 
single or double gelatin capsules. 

Where the radiation source is to emit beta 
10 radiation, the radiation source may be a 

particle accelerator of the type known as the 
Dynamatron, 1.5 million volts, utilizing the 
positive ion source described in U.S. patent 
3,178,600. Where the radiation is to be 

15 gamma radiation, cobalt 60 may be used as 
a source. Other suitable sources are of the 
type described in the publication "Radiation 
Preservation of Food", U.S. Army Quarter-
master Corps., PB 151493, U.S. Govern-

20 ment Printing Office, Washington, D.C., 461 
pages. Specifically, by way of example, (a) 
the system shown in Figure 30—5 on page 
361 utilizing an Arco Mark I accelerator 
in conjunction with a sterilized canning 

25 apparatus; (b) the system shown in Figure 
30—7, page 363, using an ARCO1 12 mev., 
30-kv linear accelerator; and (c) the mobile 
gamma-irradiation facility referred to at page 
367 and described in L. E. Brownell et al., 

30 "Operation of the Fission Products 
Laboratory", U.S. Atomic Energy Com-
mission, Report No. AECU-3050 Con. No. 
AT(11-1)-162, May 1955. 

A protective wall may be provided sur-
35 rounding the radiation zone and peripheral 

areas to protect workers in the area. In the 
case of irradiation of powdered medium, the 
medium is carried on the conveyor belt to a 
dispensing nozzle from which it falls into a 

40 finished specialty container filling an packag-
ing machine. Alternatively, powdered medium 
may be fed into a tunnel in which a blower 
created sufficiently high pressure to cause the 
powder to flow past a source of radiation 

45 and exit through the dispensing nozzle. 
In general, the energy of the radiation 

beam, assuming a uniformly dispersed scan, 
is dependent on such variables as the nature 
of the medium ingredients and the con-

50 taminants involved or desired to be 
eliminated. In regard to the latter, for 
example, microorganism radiation sensitivity 
will depend on species, concentration, 
environment temperature, and the physical 

55 state, age and composition of the medium, 
as well as the type radiation involved. The 
minimum dosage for purposes of this inven-
tion may therefore be expressed as that 
amount of radiation dose sufficient to kill all 

60 contaminating organisms. It is preferred, 
however, that the radiation dose goes further 
and actually deactivates and/or destroys the 
most resistant contaminant with a reasonable 
margin of safety; in the case of a culture 

65 medium, this should, therefore, be high 

enough to effectively sterilize powdered 
medium contaminated with the spore former 
Bacillus subtilis (one of the most resistant 
forms of contaminant) or other more resistant 
contaminants if present, as determined by 70 
conventional testing methods described in the 
Public Health Service Regulations, Title 43, 
Part 73, Paragraph 73 . 73. In the cited test, 
irradiated samples are reconstituted with 
sterile distilled water and tested for sterility 75 
by subculturing in a thioglycollate broth for 
not less than seven days. It has been found 
that a dosage of 4 megarads is normally 
sufficient for media and that the time of 
exposure is not very important; so long as 80 
the dosage is received, die media seems to 
sterilize in a very short period and no signi-
ficant improvement is obtained in prolong-
ing the dose. 

The maximum dosage of radiation is pre- 85 
ferably expressed as an amount of irradiation 
capable of producing the desired sterile con-
ditions yet which will not significantly impair 
the ability of the medium to support the 
growth of single cells in a controlled test, or 90 
which will not produce toxic by-products 
resulting from over-irradiation of one or more 
components of the medium. 

Description of the Preferred Embodiments 
The following examples illustrate the pre- 95 

sent preferred practice of the invention, but 
are not to be regarded as limiting. 

Example 1 
100 milliliters (0.929 grams) of powdered 

medium are placed in double gelatin 100 
capsules and irradiated with 4 megarads (beta 
radiation) for a period of 4 seconds using 
the Radiation Dynamics particle accelerator 
described above. Samples are reconstituted 
with sterile distilled water and the sample 105 
tested for biological activity by relative plat-
ing efficiency of HeLa S-3. The samples 
were found to be sterile, and had a relative 
cloning efficiency after irradiation of 104% 
of the control. n o 

This illustrates the use of the beta irradia-
tion technique. The medium used was Basal 
Medium Eagle, as defined in an article by H. 
Eagle, "Journal Experimental Medicine", 
Vol. 102, page 595 (1955). 115 

Example 2 
IOO milliliter equivalent amounts (0.965 

grams) of powdered Eagle's Minimum 
Essential Medium as defined in an article by 
H. Eagle, "Science", Vol. 130, page 432 120 
(1959), were made into accurately measured 
tablets under a blanket of nitrogen gas and 
placed in a glass vial for treatment. The 
tablets were initially divided into five groups 
on basis of irradiation levels: 20, 10, 5, 2.5, 125 
and 0 megarads for an exposure period of 
four seconds. Each of these five main groups 
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was subdivided and one-half received ten per-
cent diaiyzed calf serum. These ten groups 
were subdivided again and half were con-
taminated with Bacillus subtilis. The tablets 

5 were subjected to gamma radiation from a 
cobalt 60 source. 

AH tablets receiving 5 megarads (gamma 
radiation) or more, were sterile and biologic-
ally active. Contamination occurred in 3 of 16 

10 samples irradiated with 2.5 megarads. More-
over, the three contaminated samples repre-
sented half of the six samples irradiated with 
2.5 megarads or less which were deliberately 
precontaminated with Bacillus subtilis. The 

15 optimum sterilizing dose for 100% effective 
results is, therefore, between 2.5 and 5.0 
megarads, preferably about 4.0 in view of the 
results from Example 1. 

Example 3 
20 1000 size "00" gelatin capsules were filled 

with 100 ml. equivalent amounts of Earle's 
BSS Powder (described by W. R. Earle, 
"Journal National Cancer Institute", Vol. 4, 
pages 165—212 (1943). These capsules were 

25 then placed inside size "000" gelatin capsules 
and 500 irradiated with beta radiation at a 
level of 5 megarads for a period of 4 seconds. 
The irradiated samples were tested for sterility 
by removing the outer capsule and dropping 

30 the inner capsule into a 100 ml. bottle of 
thioglycollate, which had been pretested for 
sterility. The bottles were then incubated at 
34°C. for one week. In some cases, the outer 
capsule became loose or cracked; these 

35 samples were discarded. A few other samples 
were removed for other tests. 

Of the samples contaminated with Bacillus 
subtilis prior to irradiation, all were found 
to be sterile and biologically active, while 

40 99.2% in a control group prepared under 
the same conditions but not irradiated, were 
found contaminated and therefore unsuitable 
for use. 

Example 4 
45 500 ml. equivalent amounts (4.64 grams) 

of powdered Eagle's Basal Medium in Earle's 
Balanced Salt Solution were placed in rubber 
stoppered Leighton tubes. Six of the samples 
were subjected to 30 megarads of cobalt 60 

50 gamma irradiation. Six samples were reirradi-
ated. All of the samples were reconstituted 
with sterile distilled water and tested for 
sterility by subculturing in thioglycollate 
broth for a three week period. One of the 

55 nonradiated samples were sterile filtered and 
compared with non-filtered irradiated sample 
with regard to biological activity. The latter 
was tested for by a plating effieiency test of 
HeLa S-3 cells under cloning conditions, i.e., 

60 200 cells/5 ml/35 m M petri dish in a 7 
day growth test at 37°C. in 5% carbon dioxide 
in air. 

AH of the six nonradiated samples were 

contaminated. Five of six irradiated samples 
were sterile. 65 

The irradiated samples had a plating effi-
ciency of 100% as compared with the sample 
before irradiation. With the addition of 
glutamine, the irradiated sample had a plat-
ing efficiency of 100% as compared with the 70 
sample before irradiation. 

Example 5 
A tissue culture medium, such as Eagle's 

Minimum Essential Medium, is prepared as 
a dry bulk powder by standard procedure. 75 
Then, under a dry, nitrogen atmosphere, the 
medium is pressed into tablets, each of which 
has a standard weight equivalent to 100 ml 
of liquid medium. These tablets are packaged 
in cylindrical glass or plastic vials which con- so 
tain a dry nitrogen atmosphere. The vials are 
irradiated with 4 megarads ± 1.6 megarads of 
cobalt 60 gamma irradiation. Ten percent of 
the tablets are sacrificed for testing, specific-
ally for (1) freedom of bacteria, mycoplasma, g5 
and fungi; and (2) ability to grow single 
mammalian cells in vitro as well as ability to 
sustain continuous growth of mass cultures. 

The remainder of the vials are sent to 
various testing points to be tested under 90 
adverse conditions; 

(a) one lot was shipped without refrigera-
tion by boat to the Sahara Desert region, and 
was transported, without refrigeration, by 
camel caravan to the test station. There, each 95 
tablet was dissolved in locally obtained dis-
tilled well water and subjected to sterility and 
growth tests. It was found that under these 
hot and dry conditions, the irradiated medium 
was superior to standard commercial liquid 100 
media which apparently deteriorate under 
conditions where proper cool storage cannot 
be provided. 

(b) A second lot was shipped, without 
refrigeration or desiccation, to the Congo. 105 
There it was subjected to tests as in (a). 
Under these hot, humid conditions, the 
irradiated medium was found to be superior 
to standard liquid media. It was also found 
to be superior to non-sterile powdered media 110 
since the individual pre-weighed tablets can 
be used to make up any volume of liquid 
medium quickly, thus removing the problem 
of continuous weight changes in the weighing 
process of a dry deliquescent powder constantly 115 
taking on water. Unused portions of the 
standard non-sterile dry powder continue to 
take on water, bacteria grow, and the whole 
unused portion becomes waste. 

The superiority of the sterile dry culture 120 
media of the present invention is indicated 
by the fact that the cells grow faster in a 
given time than in the case of conventional 
sterile liquid media. 

The dry sterile medium of the present 125 
invention is better than previously known 
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solid media because it is both sterile and 
convenient. No sterile filtration is required 
when it is dissolved by the user. Further-
more, after the medium has been dissolved, 

5 since it is sterile in the first place, it does not 
have to be held for a period of 21 days for 
incubation sterility testing to see if contamina-
tion evidence develops. This saves time and 
eliminates quality control in the hands of the 

10 user. Moreover, in making up a culture 
medium solution, the accurately measured 
standard strength tablet of the invention avoids 
the necessity for quantitative procedures. 
Even where the conventional sterility testing 

15 is omitted by the user, the user runs a minimal 
• risk of contamination of only 0.5%, which is 

within the probability of technical error in 
manufacture. In comparison with sterile 
culture medium solutions now on the market, 

20 the dry sterile culture media of the invention 
provide a far less expensive form for ship-
ment than the liquid forms, and eliminate the 
dangers of container breakage and contamina-
tion. Moreover, they require less storage space 

25 than do liquid media, which moreover have 
to be stored under refrigeration at about 4°C. 

WHAT WE CLAIM IS: — 
1. A method for the preparation of a stable, 

sterilized, dry culture medium adapted for 
30 the in vitro growth of cells from multi-cellular 

animals which comprises subjecting cell or 
tissue culture medium in dry solid form to 
high energy radiation in dosage of between 
0.8 and 10 megarad to sterilize the medium 

35 without degradation. 
2. The method of claim 1 in which the 

cells are mammalian and the high energy 
radiation has an intensity between 2.4 and 
5.6 megarad. 

40 3. The method of claim 1 or claim 2 in 
which the cells are mammalian and the high 
energy radiation comprises gamma radiation. 

4. The method of claim 1 or claim 2 in 
which the cells are mammalian and the high 

45 energy radiation comprises beta radiation. 
5. The method of any of the preceding 

claims in which the cells are mammalian and 
the culture medium is in tablet form sub-
jected to high energy radiation. 

50 6. The method of any of preceeding claims 

1—4 in which the cells are mammalian and 
the culture medium is in powder form sub-
jected to high energy radiation. 

7. The method of any of the preceding 
claims in which cells are mammalian and said 55 
culture medium includes heat unstable amino 
acids which include L - glutamine. 

8. The method of any of the preceding 
claims in which the cells are mammalian and 
said culture medium includes heat unstable 60 
vitamins which include pyridoxal hydro-
chloride. 

9. The method of any of the preceding 
claims 1—5 and claims 7 or 8 in which the 
cells are mammalian and the culture medium 65 
is formed into tablets under a dry inert atmos-
phere prior to radiation treatment. 

10. The method of any of the preceding 
claims 1—4 and claims 6—8 in which the 
cells are mammalian and the culture medium 70 
in powdered form is subjected to radiation 
treatment under a dry inert atmosphere and 
wherein heat sensitive coenzyme A and 
carmelizable glucose are present in said 
medium. 75 

11. The method of any of preceding claims 
1—5, 7, 8 and 9 in which the cells are 
mammalian and the tablets are packaged into 
glass containers under a dry inert atmosphere 
prior to radiation treatment. 80 

12. The products, made according to any 
one of the preceding claims, substantially as 
described herein. 

13. A stable, sterilized, dry culture medium 
adapted for the in vitro growth of cells from 85 
multi-cellular animals made according to any 
one of the preceding claims substantially as 
hereinbefore described. 

14. A method of preparing a stable 
sterilized, dry culture medium adapted for the 90 
in vitro growth of cells from multi-cellular 
animals, according to any one of the preced-
ing claims substantially as hereinbefore des-
cribed. 
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