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PREFACE

Almost everyone in the blologlcal sclences ig familiar
with the words tissue culture. Yet the average biologist
hes no knowledge of a tlssue culture. Thie is unfortunate
in the light of the fact that a great deal of our knowledge
of cytology, pathological conditiong, blochemistry, genetics,
etec,, 1s galned through the study of tissue cultures. Be-
cauge of emphasis on such diseases as cancer and polio,
tigesue cultures have indeed become important. At the sanme
time we are able to ctudy the activities, the nutrient
requirements and the 1ife cycles of normal, healthy cells
and tissueg., Thus, the advantages of investigating blolog-
ical and medical problems by the study of living cells in
vitro 1s evident,

Wwhile only a brief outline of the entire field of tissue
culture has been gilven, this paper emphacizes standard pro-
cedures and technigues. Although the presentation may seem
csomewhat incomplete, the paner ig intended for those who are
unacoueinted with the more recent developments in tissue cul-
ture énd for those who have had no experlence with tissue
cultures. Also, an effort has been made to give the reader
a certalin degree of orientation in llterature reviews. The
paper's main purvose 1s to ehow that wlth modest eguipment

and eacsily acquired skills, & tissue culture can be accompll-

shed by most biologists.
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CHAPTER I
THE CELL AND ITS! ENVIRONMENT

Presumably the besgt environment for growing celles is
one providing as nearly as possible the conditione they
experlience 1in vivo,
The environmental factore affecting tissues may be listed
as follows:
1. Temperature
2. Osmotic Pressure
2, Hydrogen Ion Concentration
4. Other Inorganic Ions
5. BEssential Metabolites
(a) Carbohydrates
(b) Dissolved gases
(¢) Amino Acids
(d) Vitamins
(e)

Proteins, Peptides

6. Antibiotics
Temperature

It is characteristic of living cells that they are
rapidly destroyed by temmeratures slightly in excess of those
at which they operate best. In the case of most mammalian
and avian tissues the temperature is between 379 and 38° C.
If the temperature is raised as high as 450 C., the cells are

killed within an hour. On the other hand, most cells will



no

survive cooling to a considerable extent. They may even be
cooled to U0 (. and kept at this temperature for some time
without apparent harm (other than delayed cell division).

I7 cells are cooled below the freezing point they are destroyed
due to the formation of ice crystals wlthin the cytoplasm,

But, if a protecting agent such as glycerol 1s added to the
medium and the cells are frozen rapldly to a very low tempera-
ture, =200 C., they may be stored for months and will

re-egstablish themselves after thawing.
Osmotic Pressure

The osmotic pressure of the medium 1s also critical.
In the case of the mammalian cells the normal osmotic mressure
at %80 C. is about 7.6 atmospheres (corresponding to a freerzing
vpoint deprecsion of about ,630 C.). In general it ig essential
to try to keep within close limits of the normal. The

osmotic pressure is due mainly to sodium chloride.
Hydrogen Ion Concentration

The pH of biological fluide has to be very near neutrality
to permit survival. However, the average mammalisn tlssue
wlll survive indefinitely in the range of 6.6 to 7.8&.

Above 7.2, many cells will die within 24 hours and the
ggme ig true in many cases if cells gre maintained in g
medium more acid than ph 6.8 (26).

Monocytes from chick embryo snleen have been cultivated

in nure strain in a fluid medium. Serum diluted with Tyrode



solution supplied 21l the necessary food materisal. At the
end of two months cultivation, the monocytes were still in:
excellent condition, multiplying rapidly and giving evéry
indication that they would continue to proliferate indefin-
itely under the gsame conditions. Cultivation in s dilute
gerum without a coagulum was made possible by immediately
reducing the pH of the medium to 7.4 or 7.3 and not allowing
it to fall below 7.0 or 6.2 during incubation. Monocytes
embedded in a coagulum at a higher pH value survive only
becausge thelr combined metabolism lowers the nH around them
to this value or a lower one., The celle die in a fluid in
which it 1is not possible for them to lower the pH to a suf-
ficient extent. Even if the pH was 8.0, a large number of
celle in a smgll chamber could reduce it to 7.2, esvecially
if it were not well buffered.

In the first days of cultivation, the monocytes un-
doubtedly fed to some extent on the other cells present.
However, cultlivation was continued so long after the lymph-
ocytee and vpolymorphonuclear leucocytes disappeszred that it
was evident that these other cells are not needed for food
if ffesh gerum 1s supvlied falrly often. So, evidently,
diluted serum sunplied all the essential nutritive substances,
The cells remsined in good condition when the pH was adjusted
with either lactic acid, hydrochloric acid, or carbon dioxide.
Adjustment with carbon dioxide was found to be more conven-
ient and slso more practical, since 1t does not destroy the

buffer action of the medium (2).



(a) 1Iron ~ required for some of the respiratory oigments.

(e} Bicarbonates - esgential for many fundamental
biochemical processes 1in the cell and also ig one
of the main buffering substances in the medium.

Phosphate -~ this lon is essentlial for energy
metabolism (26).

—~
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Carbohyvdrates

A source of carbohydrates seems to be almost essential
to cultured cells., The most commonly available gource is
glucose, although fructose and mannose may be substituted.
In some cases, Cells may be able to survive without glucose
for gome consglderable time, especially those which possesgs
proteolytic activity.

It has been observed that the metabolic patterns of
a human epithelisl carcinoma cell (strain HelLa) grown on
a chemically definéd medium gsupplemented with serum bprotein
exhibited a high resniratory rate. Isotopre tracer ctudies
euggested that these cells metabolize glucose terminally via
the %tricarboxyvlic acild cycle. Recent work demonstrates that
extracts of the Hela cells contain gll the enzymes involved
in the Krebs citric acid cycle. The citric acid cycle is an
important pathway for surplying the energy requirements of
this mammalian carcinoma cell (1).

The amount of glucose used appears to have no direct
relation to growth. This is due probably to the fsect that
higher amounts of glucose do not increase growth rate because
it ie already limited by factors such as permeability, rate

of intracellular synthetic resctions, or availagbility of



esgential foodstuffs., The enzyme systems for disposal of
glucose appear to be stimulated to greater activity, posgsibly
by a simple macs law effect. Although glucose consumption
apnears necegsary for survival of cultures it may be used at
a rate far in excess of that required for life and maximal
growth. Lactic acid was found to be formed both in the
nresence and absence of glucose. Its formation increased

with increased glucose utilization (10).
Gasesg

Both oxygen and carbon dioxide are probably essential
for cell curvivel. Most systems require some control of the

carbon dioxide tension in the gas phase and in the medium,

culture vesgel or by sealing 1t tightly so that the carbon
dioxide produced by metabolism is retained (26).

The respiration of mammalliasn *tissue may be influenced
by carbon dloxide tension. The optimal carbon dioxide
tension 1is found to be around one ner cent. One of the fun-
ctiong of COp is to prime the Krebs cycle. The presence of
CO, in the medium probably inhibite decarboxylation of oxal-

oacetic aclid and hence stimulates respiration (8&).
Amino Aclds

It hae now been established that the majority of cells
have a specific reguirement of 12 amino acids. These sre--

arginie, cystine, histidine, isoleucine, leucine, methionine,
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phenylalanine, threonine, tryptophane, tyrosine, and valine,
In some culture organs, fewer amino acids are required (26).

It was known that freshly-explanted chick embryonic heart
tigseues cultivated (iﬂ vitro) in a completely synthetic medium
caused marked changes in the amino acid content of the culture
flvid. Cystine, and the basic aminc acids lysine, histidine,
and arginine were almost completely removed from the medium.
Lees comnlete removal was observed with valine, phenylalanine,
tryptophsan, isoleucine, and leucine. Concurrently, increases
in the concentration of glutamine, serine, glvcine, threonine,
alanine, and methionine wae detected.

Tiesues from ll-day-cld-chick embryos were prenared.
The kidneye and livers were dlssected out sgeparately under
aceptic conditions. The tissue was chooped to a fine pulp
with curved scigsors and portlons were transferred %o the
culture vecgels by a caplllary pipette. After a period of
gpproximately 30 minutes, during which time the tissues became
fixed directly to the glass without the use of plasma clots,
the synthetic medium was added and the cultures were incubated
at 370 C. Each culture contained 10 to 20 mg of tissue wet
welght. All cultures were prepared in Tw}d flasks and received
5.0 ml. of synthetic medium per flask. The medium used was
synthetic M 150. The culture medium was renewed twice a week
and the cultures were examined microscopically at the time of
the fluid renewals to detect cigns of degeneration., Only
cultures of normal morphological abvearance were uged for the

amino zcid metabolism studies.



Changes in the amino acid compnosgition of medium M 150
brought about by the tissue cultures were meagsured by paper
chromatography. The used nutrient fluids from groups of -
cultures were nooled and 5.0 mlclsamples used for analysis,
Thege were concentrated to dryness (invacuo) over sulfuric
scid and reconstituted in 0.2 ml. of deilonized water. Five
to twenty microliter guantities of this concentrated matericl
were found sufficient for satisfactory analyses, with one
dimengional descending parer chromatograms.

The two solvent systeme were a n-butanol-acetic scid-
water mixture, and an ethsanol-butanol-water mixture.
Schleicher and Schuell No. 597 vaper was found most suitable
for the acldic solvent system, and Whatman No. 1 navner for
the neutral solvent.

All chromatograms were routinely develoved st room temp-
erature for 16 to 1& hours and then dried at 110° ¢. for two
to three minutes.

The 1sstin reagent of Acher,AFromageot, and Jutier asg
modified by S8ailfer and Oreskes was also used as a general
chromogenic agent, for amino acids. The most useful procedure
was to dip the chromatograms in the 1satin solution, allow
excess reagent to run off, and heat in an oven at 100-110° C.
for 10 to 15 minutes. When used under these conditions, the
isatin reagent was found to be partiéularly valuable for
detecting proline, glutamic scld, glutamine, aspartic acid,
and lvsine. Each of the amino acids present in M 150 was dis-

gaolved in the bhasic galt solution and run individually on paper



chromatograms, with the two solvent systems employed, in order
to establish its relative position on the chromatograms under
these experlmental conditions.

From thege experiments, the changes in amino acid content
of the medium containing chick embryonic kidney tissue was
as follows: A moderate uptake of cvstine, tryptophan, and
nhenvlalanine. A‘slight untake of arginine, proline, trvosine,
and isoleucine, and leucine. Increases in the concentrations
of glutamine, serine, glycine, fthreonine, and alanine were
noted. No changes in the concentrationg of aspartic acid or
hydroxproline could be detected. The values obtained for
lvsine, histidine, glutamic acid, methionine, and‘valine
varied wilth different asges of cultures and consistent trends
were not observed.

The amino scid changes during embryonic liver tissue
culture were noted also. There was slight to moderate untake
of cystine, arginine, trvptophan, phenylalanine, isoleucine,
and leucine., B8light to moderate increases in the concentrations
in the medium of lysine, glutamine, asvartic acid, s=erine,
glvecine, threonine, alanine, and methionine were ohserved also.

The low level of activity of chick embryvonic liver and

kidney was somewhat unexpected, since these tissueg are ordi-

narily considered to be intencely active metabolically. It 1%

,,

)

vossible that gynthetic medium M 150 may permit a nrolonged
"precting-state! tyvpe of survival, but not support active metab-

olism.

Arginine has been shown by these experiments slso to be
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an essential amino sacid for all tissue cultures so far tested.

Chick embryonic heart tissue 1s characterized by a strong
untake of the basic amino acids and by slight release of glycine,
asparatic acid, and glutamic acid. Chick embryonic kidney
shows a pattern resembling that of chick embryonic liver excent
that a moderate uptuke of proline occurs and no releasge of
aspartic and glutamic acids can be detected (23).

Experiments nointed out that the growth-promoting sub-
gtance in & culture consigted of a proteln or was closely
acssoclisted with a protein. It was also found that amino acids
and other dailyzable nitrogenoue compounde of the embryonic
Juice caused no increase in the mass of the tissues, although
.they had the nmroperty of stimulating cell migration and multi—
plication. Tissue cells obtain their nitrogen from proteoses
and Doseibly from some of the other split prbducts of the
nroteins. The smaller split products do not induce the rapid
proliferation of the cells that the proteoses do. So far, no
increase in the mass of a tissue in pure culfture has been
determined by s mixturé of amino acids, or by the ultrafiltrate
of embrvonic juice. On the contrary, the larger fragments of
the protein molecules can be uged as food by tissue cells.

In thege experiments it was found‘that fibroblasts do
naot feed unon the amino acids and other ultrafilterable con-
stituents of the embryo Jjulce, but uron the protein fraction.
These experiments render it probable that for cell multinlica~
tion, the fact remains that these products have been obtained

from impure proteins and, therefore, other substances may be



present which have some action on tissue growth (6).
Vitamins

Many vitamine, the majority are of the B group, are
required for cell growth. Most of them are known to form
essential parts of co-enzymes involved in metabolism and
therefore a requirement for them ie readily understood (26).

The synthetic culture medium "193" and adult rat mammary
gland incubated for 5 davs at 37° C. was used by Ellias to
checX the reguirements of hormones for life. The vH of the
medium was at about &.4 and the hormones used were estrone,
progesterone, cortisol, growth hormone, and mammotronic
hormone., The cryetalline steroid hormones were dissolved
in 100-percent ethanol, and a auantity of this solution was
added to medium "199" to give the desired hormone concentra-—
tion in the final medium and a O.5-percent ethanol concen-
tration. The same amount of ethanol was added to all other
culturees.

Mice of the C3H/He CRGL strain, at about the 14th day
of pregnancy, provided prelactating mammary tissue with
advanced lobulcalveolar development and marked secrefary
activity. Tissue samples of slightly less than 1 mm. in
dlameter were taken from a single area of one gland and
distributed among the various culture medis.

The initial recults indicate that alveoli gnd terminal
ducts are dependent on certain hormonesg for survival in vitro,

wheress larger ducts survive in the abesence of hormones. In
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Bllias's experiments the hormone environment of the explanted
tiesue was almost wholly defined; the only cquestions concern
the purity of the hormones used and the substances in the
explants themselves. With these limlitationg in mind, it may
be sa3id that the hormonal combination of cortisocl and mgm-
motropin, acting directly on the explants, maintains angd
gstimulates the secretory actlivity of prelactating and hvpsr-

plestic mammary lobules (1L4),
Supplementary Metabolltes

In & great many instances we are not interested in the
survival of the cell, but in the full development of the
potentialities of that cell and this reguires the addition
of many other factors to the environment. For example,
Vitamin A is essential for the differentistion of ciliated
columnar epithelium since in its absence it changes to ker-
atinized enithelium. It has been shown in other cases where
supnlementary metaboliteg are added there is better and

faster growth (26).
Proteins and FPeptides

It has not been established for certain that proteins
are essential for growth of cells. However, no satisfactory
medium has yet been produced in which celle will grow rapidly

in the total absence of protein or a similar polypeptide (26).
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Antibiotics

The growth of a nine day o0ld chick embryo heart in
Gey's eolution was decreased with incressing concentration
of terramycin., A concentration of terramycin in the nutrient
medium, 3000 mcg/ml. and greater, completely inhibited the
growth of embryonic cells.

Mouse heart grown in the antibiotic terramycin at s
concentration of 100 mcg/ml. was perceptibly damaged and
severe cytological changes of the mouse heart was produced

by 160 mecg/ml. of aureomycin (20).
Nutritional Needs and Requirements

Media commonly used for culturing of fibroblastes and the
human uterine carcinoma cell (strain HelLa) usually consisted
of a "balanced" salt solution enriched with serum, embryonic
tigesue extracts, and ultrafiltrates of these materials in
varving combinations. The omission of a single essential
component resulte in the early death of the culture. It hsas
now become possible to compare the growth requirements of
normal and mglignant human cells, to approach the problem
of the specific metabollic requirements for the provogation
of virus in such cells and to study the incorporation of
varlous nutrilites into cellular protein snd nucleic acid.

The amino acid requirement of both the mouse fibroblast
and Hela cells are remarkably similiar with respect to their

amino acid reguirement, For both, 13 amino ascids proved to be

essentlial (arginine, cysteine, lysine, methionine, phenylalanine,
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threonine, tryptoohan, tryosine, and valine). The optimsl
concentrations for the growth of the HeLa cell were from one
to three times those reaquired by the mouse fibroblast.

The ovntimal regquirement for growth recuired 0.2 to 0.5
millimolar of glutamine for the L cells and one to two milli-
molar for the HelLa cell. An unexpected finding was the fact
that glutamic acld at any concentration failed to vermit the
growth of the L-fibroblast. This was not due to the imper—~
meability of the cell, for isotopicsally labeled glutamic
gcid could be shown to be actively incorporated into protein.
With the HeLa cell, although glutamic acid did permit growth,
about 10 to 20 timee ae much was required as of glutamine.
Wwith the HeLa cell glutamic acid may be active only by virtue
of the fact that, at high concentrations, it can be transformed
to glutamine in amounts adeauate for growth. Proline, orni-
thine, alva, ketoglutaric acid, and aovaragine, in any
concentration tested, with or without NHy# and ATF, failed to
substitute for glutamine with eilther cell.

With both cell lineg, a number of amino acide caused
pvartisl inhibition of growth in concentrationsg two %to five
times the maximally effective level. With both cell linesg
also, dinetides were Just as effective as the component amino
acides in vromoting growth,.

On the omission of a single amino acid from the medium,
microeconic changes indicative of cell injury developed within
two to three days, and the cells eventually died. These

changes differed significantly with the individusal amino acilds,
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perhaps reflecting their varying metabolic functions or 4if-
ferences in the amino acid composition and turnover rate of‘
individual proteins.

In their early stages, the cytopathogenic effects of
amino acid deficlencies were reversible. Cells that had been
exposed to a medium deficient in a singlé amino acid snd had
regtoration of the missing component.

To date, seven vitaming, (choline, folic acid, nictoi-
namide, pantothenate, pyridoxal, riboflavin, and thisgmine),
have proved essential for the growth of both the mouse fibro-
blast sand the Hela cell., On the omission of any one of these
from the medium, degenerative changes developed after 5 to 15
days, and the culture eventually died. In theilr early stages,
thege specific vitamin deficiencies could be "cured" by the
addition of the miseing vitamin component to the medium. A
few of the several vitamins whieh are interchangable are
ligted: Nicotinic acid znd nicotinamide, pyridoxine, vpyri-
doxamine, and pyridoxal; and cocarboxylase and thiamine,

It must be emphasized that these seven vitaming are not nec-
esgarily the total reguirement of these two cell lines.

It is poseible that a number of other vitamins are
essential, but probably more prolonged cultivation in an ap-
propriately deficient medium would be necessary in order to
produce the gpecific deficiency.

The iong demonstrably esgentizl for the survival and

growth of both cell lines were sodium, potassium, magnesium,
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CHAPTER II
PLASMA, SERUM, AND OTHER 80DY FLUIDS FOR CULTURING

It is assumed that plagsma and body fluilds contain and
convey baelic maintenance requirements to cells of the intact
animal. This section willl desl primarily with thelir prac-
tical merite and the methods of obtaining themn.

The medium 1s by far the most important single factor

Ever gince the inception of the tissue culture method
fifty six yvears ago, the elucidation of the nature of the
nutrient medium hag presented one of the major unsolved
problems. Indeed, the ill-defined character of the nutrient
is today one of the chief barriers to a reglly satisfactory
and rational use of the method in the study of physiologicsl
questions; There 1s still today no nutrient described in the
literature capable of supporting continued growth or even
long continued survival of animal tissues which does not con-
tain plasma, sérum, bouillon, peptone, fibrin digest or tissue
extract in some formn,

It is the general belief that embryonic tissues respond
more satisfactorily to in vitro cultivatlion than do adult
tieasues. The most readily available, cheapest, and most easily
handled vertebrate embryos are those of the chick. But, the

decision as regards sveclflc tissues is less simple. DMost of
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calcium, and chlorine.

Both the L-fibroblast and the HeLa cell grew well in a
medium containing glucose as the only carbon source over and
above the eggential 2mino aclids. Some carbohvdrates such ags

galactose, mannose, and maltose were almost as active as

)
glucose mole for mole.

A medlium containing the 13 amino acids agnd the seven
vitaming found to be essentiasl for the growth of the L and
HeLa cells, each at the optimum concentration, and appro-~
priately supnlemented with glucose did not permit growth
unless a small amount of serum protein was added, conven-
iently supplied as dlialyzed serum. For the L cell, the
concentration of protein that permitted maximal growth was
one part in 1500, and one part in 5000 sufficed for limited
growth. Approximately three to four times these concentrations
were reoulred for the Hels celles.

The function of the serum protein is not clesr. It is
obviousgly not sunnlying the amino acldg and vitamins already
cshown to be essgentlal. The poesibility that the protein con-
tributes trace elements or vitamineg that are mwund to the
protein but slowlv dlgsociate in the culture medium is under
study.

In the following table the 27 factors which have heen
identified as eggentlal for growth of the mouse fibroblacst

snd humen carcinoms cell asre listed, together with the concen-

trations usged.(12),
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TABLE I

BASAL MEDIA FOR CULTIVATION OF THE HELA CELL AND MOUSE FIBROBLAST

L-Amino Acide®* (mM) Vitaming (m) Miscellaneous
Arginine 0.1 - Biotin 10-3 Glucose 5 mM
Cystine 0.05 (0.02) Choline 10-3 Penicillin 0.00%
Glutamine 2.0 {(1.0) Folic Acid 10-3 Streptomycin0.005
Histidine 0.05 (0.02) Nictotinamide 10-% Phenol Red 0.000!
Isoleucine 0.2 Pantothenic Acid 10-3
' _ For studies of ce:
Leucine 0.2 (0.1) Pyridoxal 10-3 nutrition Dialvzec
» horse serum, 1%
Lysine 0.2 (0.1) Thismine 10-3 Dialyzed human
gerum, 5%
Methionine 0.05 Riboflavin 10-4% Tor stock culture
whole horse serum
Phenvlalanine 0.1 (0.05) 5%.
| Whole human serum.
Threonine 0.2 (0.1) Salts (mi) 10%,
Tryptophan 0.02 (0.0l1) NaCl 100
Tyrosine 0.1 KC1 5
Veline 0.2 (0.1) NaHpPO).H;0 1
NaHCO 20
et
CaClE 1
MgCly 0.5

#Conveniently stored in the refrigerator ass a single stock
solution containing 20 times the indicated concentration of
esch amino acid.

For mouse fibroblast.

Conveniently used as a single stock solution conteining 100

or 1000 times the indicated concentration of each vitamin;
kept frozen.

Convenlently stored in the refrigerator in two stock solutions,
one containing Nacl, Kcl, NaHoPOL, NaHCOz, and glucose at 10
timees the indicated concentrations of eath, and the second
containing CaCls. '

Conveniently stored as a single stock solution containing 100
timeg the indicated concentrations of penicillin, streptomycin,
and phenol red.
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the literature deals with the so cslled " fibroblasts" which
in the etandard Carrel technicue tend to over-run all other
tvyoes of cells.

A more relisble criterion for Judging phyeiologicsl
conditione 1ie certainly needed. For example, heart muscle
in vitro shows rhythmic contractions for long periods.
Obviously, here would be a good tissue for testing to see
if a medium contained the proper constituents, etc. to main-
tain life of the cells (30).

A report of sgix monthg for cultureg of heart tigsue from
three dav chick embrvoe in a plasma embryo Julice medium has
been reported (21). An equal period for 8-3ay chick embryo
hesrt muscle in an embryo-—julce Locke solutlon hass also been
reported (16).

A heart muscle which is beating strongly at a stesdy
rhythm of 60-100 contractions per minute ig certainly in good
condition., If the rate is slow or fast then the condition in
‘some resgpect ig unsatiefactory. Another dlagnostic criterion
for conditions.of survival can bhe Jjudged by the egtablishment
of new centers of cell accumulstion.

If, in a flat sheet of cells elither migrating or growing
out on the substratum, there arise aggregations of cells which
pile up into three dimensional masses, constituting new growth
centers, we could say with consliderable conviction that the
culture ig growing satisfactorily (30).

Although improved synthetic media will be produced in

increasing numbers in the next few years, it seeme certain that
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natural media will form the cheapest and most convenient
materiale for the maintenance of cells for some time to comne.

The natural medla fsoll into thnree general categories:
Coagula, such as nlasma clots; biological fluids, such as
serum, and tissue extracts, of which the commonest tyve 1is
embrvo extract.

Clotted plasma can be obtalned commercisllv, hut some
neople prefer to vrepare their own. Any animal can provide
nlasma, but the fowl is generelly used eince fowl nlasma
gives & more solid clot and is eagily obtained. The male
bird ies usually emploved becguse the blood calcium is more
conetant and in certain procedures 1% is easier to operate
on the male.. A young bird is preferred and it is usually
stated that it should be less than one year old and fed
only water for one day before bleeding. Blood may be ob-
tained from a wing vein, from the heart, or from a carotid
artery. Clotting is prevented by the use of an anticosggulant

guch as heparin.
Bleeding from the Wing

When thie procedure ieg once learned it 1s guite sgimple.
It is advisable to treat the svringe, needle, and tubes for
blood with hevarin. It is also advisable to cool them in ice
while the blood is being colieoted. A 20 ml, syringe may be
used with an 18 or 19 gauge needle.

The feathers are nlucked from the elbow of the wing

while an acgistant holds the head and feet. Clean the gkin
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with alcohol and then insert the needle into the large vein
which cresses the elbow. This should be done with great

care eince it 1s very easv to go right through the vein and
cauge a large haematoms which will make subseaquent exnloration
futile. Withdraw gently and slowly %0 ml. of blood, transfer
to a prevared centrifuge tube and snin down as soon as poesible.

Centrifuge at 3000 R. P. M. for 20 minutes and disgnencse
one ml. alioguote of plasma to tubes. Insert rubber stovpers
and store the plasma at four degrees C. if it is to be used
within a few weeks. Place in the -20 degree C. freezer for
longer periods of storage (27).

The so0lid medium of a plasma clot possesses certain
diesdvantages. In the first place 1% limits the rate of dis-
nosal of waste metabolltes produced by the explants; the
accumiulation of such waste products may seriously handicap

;
the growth and differentlation of the explant, especially
when highly secretory tissue such as endocrine glands are
cultivated. Moreover, certaln tissues have the undesirable
sebilityv to liguifv the »plasma clot readily, produclng a nool
of fluid in which the exvlant becomes submerged and deprived
of proper ailr sunply.

It hag been found that gome brands of thin maver float
indefinitely on the liguid medium and serve as a perfect
sunport for small exnlants. A method has been develoned
which may combine the advantages of the classical watch-glass

technique with those of using ligquid medium. Becausge of the

highly porous nature of the paper, nutrients and waste
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nroducts are easily diffused to and gway from the tissue.
During subcultivation the naper with the adherent explants
cen be readily lifted off the fluid, washed and nut on a
fresh medium, eo that the disturbances and damage usuvally
involved in freeing an explant from a clot and which often
gravely interfere with its growth are eliminated. Embryonic
pancreas and liver, which so far have never been successfully
grown as organ cultures, differentiated almost normally and
erew remarkably well. During subcultivation, the lens naper
with i1its adherent explants is 1ifted bodily from the liquid,

washed in Tvrode and laid on fresh culture medium (7).
Biological Fluids

The traditional and most commonly usged fluid is ecerumn,
A percentage of gera always toxic but autologous sera mayv bhe
just as toxic or non-toxic as heterologous sera. Serum is
mogt commonly obtalned from humasn adult or placenta cord
blood, horse blood, or calf blood.

The vreparation of serum consists of nermitting whole
blood or plasma to coagulate and thereafter removing the
exuded eerum. Serum thus collected has to be tested for
gterility before it is usged and it ie also adviesable to
filter 1it.

There are several sources of serum. The placenta cord
blood 1s allowed to drip from the umbilical cord and allowed
to clot in a vessel. It 1is usually necessary to centrifuge

it in order to remove the red blood cells., This serum 1is
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considered particularly good for the growth of tissues which
are very difficult to culture and is sald never %to be toxic.
Amniotic fluid from pregnant bovine, acueous humor from

the ox eye, and pleura fluld are all good sources of serum (27).
The Use of Embryo Extract

It has been known for many years that cells will grow
without embryo extract. But embrvo tissue extract has re-
markable powers of promoting cell growth and multiplication.
In 1912, Carrel found that subcultures would become smaller

4

and esmeller with each subsequent transfer, but with the ad-

)
dition of embryo tissue the sirain continued to multiply
for thirtyv-four years.

Cultures in serum and plasma put on more welght in four
dave than did similiar cultures in embryo extract and mlasma,
But,
other methods to show far more cell divisions. Thie incresace
in welght in ecerum was almost certainly not due in the main
to incresse in the number of cellsg, since gerum has been
ehown not to incresse the number of cell divisions. Embrvo
Juice perhavs determines nuclear synthesls, while plasma
and serum feed the cells and produce cytovlasmic growth and
intercellular matrices. For prolonged growth both consti-
tuents are necessary (19).

There is 1little doubt that embryo julce hastens the

glucose consumption and uptake of sugar by osteoblasts and to

g less extent by heart fibroblasts and that much of this sugar



is converted into lactic acid. Tissues with high growth
energy, like fresh heart explants from young chicks, reor-
ganize quickly and spread their cells out into the medium
without delay as soon ag they are planted. The game occurs
when tissues are planted into a medlium containing embryo
Juice, but old colonies vlanted in plasms and Tyrode take
longer for their cells to grow out. Embryo juice causes
an initial incressed glucose consumption which lster falls
helow the level charscteristic of a Tyrode-plasma medium.
In general there is no absolute correlation between high
growth rate and high sugar consumption or lactic acid
production (31).

Previous work and observations have shown that tissues
can use an amount of glucose greater than their own dry
weight in 4€ hours, and that the amount used decreases with
the age of the tissue. Growth in cultures increases with
increasing glucose concentration.

Frevious workers have found extensive lactic acid pro-
duction by chick fibroblasts. It has been noted that s
decreased growth rate resulted in an increased ratio of
lactic acid to egize of cultures. About 60 Dercent of the
glucose used in 4& hours has been accounted for as lactic
acid, and glvcolysls has been considered charscteristic of
the chemodynamics of the tissue cultures. It is to bhe ex-
pected that an unchanged medium loses efficiency by loss of
erngentisl constituents and hy accumulation of end products.

The increased 1life of cultures holstered by additicns of

24



glucose to an otherwlse unchanged medium indicates that
glucose loss may be a limiting fector in this regard. Daily
changes of the whole medium increases the 1ife span of cul-
tures gtill further,

The concentration of embryo extract present in the medium
ie a more important fact in determining the number of mitoses
nroduced than 1s the time during which i1t acte and that it
ig not necessary for the division vprocess., It has been made
clear that cells do not divide just becsuse they have reached
2 certain size. Celle divide only when stimulated to do so
by special cubstances present in the medium, when these sub-
stances are absent, the cells become and remain larger,

The higher the concentration of embryo julce used in
the culturing of chick fibroblasts, the greater ig the number
of cell divisions which occur., The addlition of the embryvo
juice 1s followed within the first two hours by increased
movement of the cells, which reaches 1its maximum in about
ten hours, but 1t is not until this latter time that cell
divisione begin again,

Embryo julce awvpears to increase many of the activities
of the cells, it stimulates thelr movement; 1t causes them
to divide; 1t accelerates the actual rrocess of mitosils.

The embryo julce initigtes cell divieion after a latent
period of 10-12 hours, and 1t 1s not necessary for the embryo
Juice to be present in any appfeciable amount during the |
sctual division process. The approximste minimum effective

A

dose 1s 5% embryo julce in Tyrode solution acting for three
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hourgs. Fifteen percent and forty percent julce produce marked
effecte when svplied for only one hour.

The concentration of embrvo juice is s more important
factor in determining the number of mitoses produced than is
the time for which it acts (17).

In the preparation of chick embryo tissue extract it is
of utmoet importance that the eggs show a higher percentage
of fertility, that 1s to say, they snould be of the grade
gold expressly for breeding purposes. Under no condiitions
cshould they be nrocured oy random selection in the marketb.
Until regady for use the eggs are stored in a refrigerator
but must not be allowed ito freeze. They tend to become
useless after refrigeration of about one week in a liquid
gstate. They can be pregerved for four or five months at
-20 degree C. and for longer veriods by lvonhilization.

It is recommended that cnick embryo extract be made
from 10~11 day old embryos; thercalcifying mechaniesma are
not verv achtive vet (22).

Human placenta cord serum has at least one growth
promoting factor in the euglobulin fraction of cord serun,

Begides the growth-vromoting proteins of the globhulin
fraction, serum zglbumin is also needed 1In the tissus culture
medium to prevent the appesrance of a characteristic toxicity.
It has been shown that: (a) Stearic, oleic, and linoleic
acids are toxlic to fibroblastes 1In tissue culture and that
the unsaturated acids, oleic and linoleic, are more toxic

than etearic acid. (b) This toxicity can be prevented by
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serum albunin, (¢) There are sufficient free fatty acids in
the tissue culture medium to account for the toxicity observed
in the absence of albumin and oleic acid. From this data,
there is every reason to believe that albumin azcts by binding
the fatty acids, thus keeping the concentration of free fatty
acids below the toxic level.

Therefore, toxicity is due to free fatty acids in the

medium and serum albumin acts by binding the fatty acids (1%).
Uge of Chick Embryo Extract as a Medium

Crack the blunt end of the chell and remove the shell
over the 2ir space to expoge the membrane. Remove the mem-
brane wlth forcemns. Slip a palr of forceng under the embrvols
neck and deposit it very gently into a netri dish.

Ringe three times 1n a balanced salt solution to remove
2ll blood and volk. Drop sgeveral embrvos into the barrel
of a gyringe and insert the plunger gently. Insert the tip
of the syringe into a centrifuge tube and express the emhryvos.
Add an equal volume of balanced salt solution to the pulp
and stir with s sterile glass rod. Leave for 30 mlinutes at
room temperature and then centrifuge for 20 minutes at 2,000 g.

Remove the supernatant by pivettee and distribute to esmall
test tubesg which have been sterilized. Store in the refrig-
erator if the extract is to be used the same day. For longer
storage, un to 6 weekg, use the deev freeze. Before use,
thaw elowly and recentrifuge for 10 minutes at 2,000 g.

Other tlssues such as svleen, liver, bone marrow,
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leucocytes, tumors, beef embryos are used but in some cases
they have had inhibitory effects on growth.

All tissue extracts tend to deteriorate renidly at roon
temperature and they will lose a great deal of thelir growth
promoting potency within a week (27).

Hvaluronidage-treated chick-embryvo extract was ueged in
the maintenance of Earle's "egtrain L" cells for about € months,
The cells regulired subculturing about every 10 davs.

The vrocedure was as follows: Open a dozen fertile eggs,
incubated 10 days. The embryos are collected in small wnetri
dishes. They are then dropped 1into the barrel of a 20 ml,
Luber syringe. The vnlunger ig inserted and the tigsue pulp
forced into 1% ml. conical Pyvrex centrifuge tubes, allowing
about 5 ml. of pulp per tube. No comlex grinders are needsd.
Then add an équal quantity of Earle's balanced salt-dextrose
solution, stir thoroughly with a spatula or glass rod, and
place in the refrigerator at #5° C. overnight. No freezing
with COp is required. The following day the extract is
separated by centrifuging for 10 minutes at about 3000 r.p.m.
The clear supernatant 1g decanted, and can either be used
immediately in the preparation of nutrient, or can be stored
in the freezing vart of the refrigerator at -15° C.

The complete nutrient comprises one volume of extract,
two volumes of horse gerum, and geven volumes of balanced
salt solution. About 10 mg. of hvaluronidsse are added to
each 100 ml. of nutrient, and the whole is filtered through

a Selag candle of No. 03 porosity. A presgure filfter was not
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used, A water pump or vacuum pulp is satisfactory, but the
vacuum should be kevt below 250 mm. of mercury by use of a
hleeder valve. One hundred and fifty milliliters of nutrient
will filter without clogging a 2-in-filter and with almost
100 per cent vield in about 10 minutes. The clear sterile
fluid 1s drawn off 1into tubes and either used immediately or
atored at £5° C. A doren eggs will usually provide about
15 ml. of embryo extract (1:1) or 150 ml. of complete nutrient.
The solution hasg a final compogition of 10 per cent embryo
extract, 20 per cent serum, and 70 per cent balanced salt
gsolution. It is also to be noted that the nutrient was not
"eased", Alr was quite satisfactory.

Thig procedure eliminated the use of a wire screen in
the syringe, preliminary freezing with C02 ice, grinding in
g Potter-Eleuhjem grinder, ultracentrifugation, use of a
precsure filter, and gassing of the culture flasks. The
equinment needed 1g to be found in most laborstories. The

procedure can be carried out by a gtudent after a little

ingtruction (29).
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CHAPTER III
DEFINED MEDIA

An gttempt will be made to define briefly some of the
merlits of defined or synthetic media. It is readily ap-
parent that there will never be a universal medium for all
cell types. For instence, ascorbic acld is an essential
dietary constituent for man, but 1s not required by other
lower forms of mammnals,

The componentg egsential for the lmmediate survival of
celle snd tissuess have been precigely defined., It is
ecgential to control osmotic pressure and pH to provide a
source of energy for the briefest survival., These recuire-
ments are met by a combination of ealts and glucose. A
medium of thils zort is referred to as a balanced salt
golution.

For perlods of longer time, mammalian cells reguire in
2ddition to a bhalanced ezlt solution, all the essentigl
amino-acids, oxvgen, vitamine, and serum protein., In the
complete absence of »rotein the cells do not survive long.

Many chemicals used in synthetlc media are very spar-
ingly soluble and 1t 1is essential to prepare them in guch
a way that they will come into solution. Therefore, the
golids have to be made up in a special stock solution and

mixed in with the other materlials at a later stage in
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prevaration when the sddition of aclids will do no harm.
Lipide are particularly difficult to dissolve and they have
to be taken up 1in alcoholic golutions.

One of the most elementary difficulties concerns calcium
phogphate which is highly insoluble, particularly in alkaline
golutions. Therefore, in making up salt solutions it is
egsentiagl that calcium and phogphate should not meet until
the solution is quite dilute and fthat 1t should not be made
alkaline until the lagt minute.

Heavy metals sre varticularly toxic to cells and thus
cere must be taken with materials which may have been puri-
fied by lead or mercury »recinitation. On the other hand,
minute traces of certalin metals (zinc, colbalt) are essential.

Several of the compounds added to synthetic media are
rather unstable and the only way to store them effectively
for long periods of time is in the dry state, preferably in
the cold., This is true of most labile compounds so thaet it
ie important to prepare fresh medla or if they are stored it
ehould be at very low temperature.

®rom the above congiderations, it 1s apparent that if
large amounts of media are to be made up for use and stored
for any length of time difficulties are likely to be encoun-
tered, Only deen freezing facilitleg will permit the long

term storage of large amounts of medium.
Balanced Salt Solutilons

Balanced salt solutions (BSS8) are used for rinsing tissue



cultures and for dilution of components of culture media or
of compounds to be assayed in culture.

It 1s common practice to employ a single salt aolution
for cells of both mammslisn and avian origin, ignoring certain
natural differences in compositlon of body flulds,

The function of this salt solution is to maintain the
pH and osmotic pressure in the medium and slso to orovide an
adequate concentration of essential inorganiec lons. All
physiologlical salt solutions have been derived from the salt
solution described by Ringer. The first one to be developed
gspecificglly for supporting the metabolism of mammalisn cells
was Tyrode solution. Most of them were deviged for the object
of preventing calcium deposition in the cultures or in order
to obtain better buffering conditions in the medium. In
practice none of these seem to have any demonstrable advantage
over any other from the point of view of the maintenance cof
cell growth.

8alt solutions cen be divided into two tvpes, those
intended to equilibrate with air and those which are designed
to equilibrate with a gas phase contalning a high carbon
dioxide tension of the order of five per cent. The most use-
ful tyvpe of the former ig Hank's salt solution and the best
example of the latter ie Earlets balanced salt solution.

Both of these have the great sdvantage that they are very
easy to Drepare by autoclaving of different varts. The bést
buffered salt solution is undoubtedly Esrle's solution, hut

the fact that it requires a speclal gas mixture ls sometimesg



a disadvantage.

In making up salt solutions, it is advisgable to use
double glasg distilled water. Ordinary tap water frequently
contains a large number of ions, many of which are quite harm-
legs, but some of which, such as lead, are toxic to the cells.
It 1s & common practice to gtore glass digtilled water in
volvethene bottles to prevent the reaccumulation of metabolic
galts from glass. Phenol red has been added toc many salt
golutions as a pH indicator since it has been found to be
nontoxic in concentrations up to .005 ver cent.

The main difficulty encountered in vreparing a balanced
aalt solution is the formation of a pdrecipitate of calcium
and magnesium carbonate and phosphate. The avoidance of

precipitation constitutes the only sgpecisal art involved in

preparing a salt solution (28).
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A B3S 10 STOCK SOLUTION

For Composition
1000 ml. of BSS 1x
Components 10x stock Instructions g/liter mo%
1. CaCl, 1.4g 1. Dissolve CaClp
in 200 ml water. 0.14% Ca 5.0
2, Glucose 10.0 2. Place other comp- 1.00 100.0
NaCl* 80.0 onents in a beaker &.00
Kol 4.0 containing 100 ml. 0.4
MgSOy, . 7H.O 2.0 PR 0.2% and 800 ml. 0.2 Mg 2.2
T 2 water; stir until
KH. PO, #*# 0,6 dissolved. 0.06 P 2.5
2 b 3, Combine the two
NaoHFO) . 2H 0%* 0.6 solutiong. Add 0.06
’ 2 water to make total
PR 0.2% 100,00 ml. volume 1100 ml. to 0.02

provide 10% water
excess,

% Merck biological to avoid gllver ##May e contaminated
with aluminum.,

If NaoHPO) contains 12 HoO, use 1.2g; select only clear
crvstals becasuse opacue crystals have loegt water of crv-
stsllization., If the solution is filtered, use only ash
free naners,
Chloroform 3-4 ml/liter is used as a preservative.
(Precautions below) .

iLutoclaving of BSS

The 10X stock is diluted in water and sterilized at
10 1bs. steam vressure, 115° C., for 10 minutes in conven-
ient volumeg in tubes or screwcap bottles (26).

It is convenient to prepare stock solutions of salt
mixtures. A solution 1s made up with ten timeg the concen-

tration of all componente excent sodium bicarbonate, which
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ig omitted° Thig is stored in a polyethylene hottle. TI°f

it 1s subsequently to be autoclaved it can be preserved with
s little chloroform which will be driven off during sterili-
zation. To constitute the BSS, distilled water is added to

dilute the stock solution ten times (28).



CHAPTER IV
THE LABORATORY AND PREPARATION OF APPARATUS

The lab for tissue culturing cshould be located for sterile
work as far as possible from the contaminated azir of the outer
laboratory. In a lab where geveral workers are to be, 1t is
advisable to have two or more rooms.

Each culture room should be not less than 7 x 10 feet
in size and ehould be supplied with forced filtered venti-
lation, overhead lighting and a sliding door. All other
outlets should be sealed. The floors, walls, and ceilings
cshould be wagchable.

“The roome should be kept clean with gsoap and water.

Dry mops and brooms must not be used. Cleaning should be

o+

done.st the end of the day so that there ig ampnle time for
dugt to settle before the room is used again.

Prom time to time the culture rooms ghould he tegted

nutrient agar for thirty minutes. If only four or five
colonies appear 1in these dishes after 4& hours incubsation,
the rooms may be considered fit for use. If the count 1isg
higher than thls, speclal attentlon should be given to the
gir filter and the floors.

Each culture room should be furnished with a long,



57

narrow overating table (18 x 16 inches) and one or two aux-—
1liary tables and so arranged that two peoble may work facing
each other. For general purposes, stools have been found to
be more gatisfactory than chalrg,

A general preparation room should be provided in close
proximity to the culture rooms. The preparation room should
be ecuipped with facilities for washing, drying, and packing
the glsgsware, instruments, and other materials. There
should be enclosed cabinets and sgpace for the storage of
sterile materisgsles and reserve supplies. Even though mater-
isles are wranped in peper and cloth prior to sterilization,
they must be well nrotected until used; otherwiee, any dust
that may accumulate on the outer coverings will be scattered
in the culture room when the vpasckages are opened,

A gterilizing room should be provided to house the hot
air and steam sterilizere., Owing to the heat usuallyv gener-
sted by sterilirers, this room 1s likely to be unfit for
more general DPUrPoses.

In sddition to the facilities already mentioned, there
ghould be a chemical lab, a dark room and a general lab (24,

A laboratory is equipped with "eitting height" benches
and chemist—-type shelves above the working surfaces. Each
of the desk spaces is furnished with gas, water, electrical
outlets, and fluorescent lamps. One taller desk 1s used for
demonstrations. #Wall cabinets with sliding glass doors contaln
a stock of sterilized glassware and equipment.

Each gtudent will keer in one drawer of his desgk: straight
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and curved forceps; emall straight or curved scissors;
ccalpels (Bard-Parker handles No. 7, and blades Nos. 10
and 11); a platinum spatula; and rubber bulbs. A second
drawer contesing sterile supplies.

The instruments are sterilized by the Gey system, 1i.e.,
those in use are kept in a Coplin Jar of 95 per cent ethanol.
Tach inetrument is withdrawn from the jar and the ethanol
ignited. Thie process 1s repeated once. 8Since each instru-
ment could be sterilized as needed, only one of each tvne
was reaquired.

Glassware should be sterilized by dry air at 160° C.
for two hours. Other eguipment may be sterilized by auto-
claving at 121° C. for 20 minutes. Time and labor are
gaved by omitting the wrapping of eaqulpment in vaper or
plugging tubee with cotton. For convenlence, most equin-
ment is sterilized in cans (e.g., test tubes and Petri

dishes), in glass tubes (e.g., pipettes), or in square

)

Contamination by microorganismg 1s avoided by seversl
simple measuresg, To control dust, Filter-Aire window fans
regulate and filter the air flowing into the room although
thece are not sbsolutely necessary; the work and supplies
sre organized to minimire traffic; the floor is wet mopped
before each exerclise; and the students are taught to polish
5ll desk tops and work surfaces with a light grade of minerai
0il before each overation., Simple, but rigid bacteriologic

technice need to be enforced. The students are ftaught when
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and how to flame equipment, to avoid talking or making un-
necessary movements over exposed culture materials, and to
keen all omen tubes, Jjare or bottles in a slanted vpogition.

4

Surgical masks, caps, gowns or gloves are not used.

)
The test tubeg employved for the course are 13 x 100 mm.
and 16 x 150 mm. Pyrex. It would be desirasble to replace
the larger tubes with Pyrex screw cap test tubes 16 x 125 mm
and 20 x 125 mm. S8iraight and curved tipred pivettes about
19 em. in length can be made from 7 mm. outer diameter
tubing so that the smaller ovening ie 1.5-2 mm. in diameter.
Ordinary test tube racks are used for elanting %test tubes.
wherever pocgible, rectangular or sqguare cans or Jjars are
used ego that when opened, they can be placed on their sides
without rolling (2€).
A list of general ecuipment is listed below snd is
obtsinable from nearly all biological supply houses.
General Eoulpment:
The following major 1lteme are essentlal or highly desirable:
One refrigerator with deep-freeze compartment.
One or more incubators.
One centrifuge.
One sensitive balance.
Cne sterilizing oven.
One autoclave or pressure cooker.
One vipette-washer.
One bottle-wascher.
One all-glass still.
Buckets, Pans, etc., for collecting and soaking
used glagsware.
Microscopes (for large-scale work an inverted
microscape is particularly desirable).

Requirements for glassware and speclal apvaratus are

bound to vary very greatly. The following ligt of initial
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recuirements ie reasonably revrecentative for most nurposes:

Flasks {(conical) 1 litre
500 mi.
250 ml.
Begkers 50 ml. to 1 litre
Meacuring cylinders 1 litre
500 ml.
250 ml.
50 ml.
Volumetric flasks 1 litre
500 ml.
250 ml.
Petri dishes 100 ml.
& man.
60 mm.
Cang for sterilizing Petri dishes
Universal contalners

Medical flat bottles 16 oz.
12 o7,

Test-tubes 6t x 5/8"
3“ x %"

Stopvers for above (red rubber)

Centrifuge tubes

Tegt—~tube backets

Test~tube racks

Pipettes, graduated 1C ml.

5 ml,

Pipettesg, bulb 1 ml.
100 ml.
5C ml,
20 ml.

Pinettes, Fasteur

(or glass for msking pirettes)

Rubber teatse 5 ml.

Canes for sterilizing p»ipettes

2 ml, gyringes

14 gauge needles

3" x 1" microscopic slidéds

7/8" square No. O coverslips

Watchglasses (embryological)

Coplin dish

Cotton wool

Gauze

Pilter funnels (assorted sizes)

-

Tnetruments:

Bard~Parker knife handlesg
Knife blades No. 11

No. 23
Digesectling scissors
Diseecting forceps
Pine straight forcens
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Quantity

each

......

gross

each

dozen

dozen
0%.
dozen

"dorzen

1bs.
vds.

dozen
dozen

boxes



Fine curved forceps
Fine sclgsors

Barber's scigsors
FPlstinum wire in mounts
Coverslip forceps

=

Coverslip technicues:

Depression slides, large and small coverlips, racks for
glides, double boiler, camel-hsgir brushes,
Roller-tube techniocues:

Roller-drum, racks for roller-tubes (29).
Preparation of Apparatus

Contamination of media with bacteria 1s the greatest
hazard in most tissue culture procedures, but almost as
important is contamination with toxious chemical substancesg.
Glassware:

Although cells have been grown on many substrates, in-
cluding cellophane, polystyrene and other plastics, the
material moet commonly used in glass, since this i1g so readily
available. Some contain materials which are highly toxic to
cells, such as lead and arsenic. Since these substances are
slowly brought into solution by the slightly alkaline medis
used in tissue culture, toxiclty to cells can sometimes be
traced to this source. Both soda glaéses and borosillicate
glasses have been found to be highly satisfactory. Thus, it
is best to find‘a brand of glass which has no toxic pnroperties
and to use 1t empirically. Two glasses which apnesr quite
catisfactory are the borosilicate glass made by Pvrex agnd the

soda glass used for most medical prescription bottles in this
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country. It 1s worth mentioning here that new glassware drug
is often found to be rather unsatisfactory for culturing cells.
After 1t has been used at leact once, 1t seems to give more
satisfactory resultg, even when rigorous cleaning methods

are used. The reason for this 1g obscure.

Stoppere for Culture Vescels:

Rubber gtoppers contain subestances which are toxic %o
ticsue culture cellg., Thisg seems to be due to chemicals used
in processing since stoppers made from virgin rubber and pure
gum rubber agre less toxiec than ordinary black or red stopmers.
In order to remove surface impuritiee, rubber stovpers (and
all other rubber articles coming in contact with cells) should
first be boiled in dilute alkali (5 per cent sodium carbonate)
and exhauetively rinsed with water. Thereafter, theyv can be
cleaned in the same way as glassware. It has been shown that
even exhaustive cleaning doeg little to diminish the toxic
properties of rubber and therefore care must always be taken
to ensure that medlum does not come in contact with rubber
stoppers. This can be done elther by using vessels designed
to prevent it or by using stoppers made of somes material
other than rubber. The game consideration apply to rubber
tubing for rubber stoppers.

All glassware should be placed in water immediately after
use. It is also good practice to nlace new untrained assistants
in the washing and sterilizing division of the laboratory and
to heve them remagin there until thev have mzetered that phase

of the work. It is almost needleses to sayv that a tisgsue



culture laboratory comprised of individuals who are specialists
ie an inefficient lab. Each member of the staff should be

able to take over any function during an emergency (29).

Used Glassware:

Used glassware 1s rinsed under the tap to dislodge all
golid matter, then boiled for ten minutes in water and soap
jelly, After 1t has been rinsed in warm tap wabter, 1t is
boiled agaln with soap as before. It 1e not thoroughly
rinsed with warm running water, wmlaced for a time in distilled
water, then in 95 per cent alcohol and eet to drain in a dry-
ing oven. New, unused glsssware is treated in the same manner
except that it is first placed in dilute HC1l (about 1 per cent)
for ceveral hours to remove any free alkali.

Glass coverelines, Carrel flasks and other glassware too
fragile to be boiled, are rinsed with water, immersed in
concentrated sulphuric scid contalning small amounts (0.5
ner cent) of sodium nitrate (NaNOB) and sodium chlorate

(NaCLO and heated to 900 C., after which the cleansing
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action is allowed to continue overnight at room temperature.
The following morning all of the articles except the flasks
are sgaln rinsed with many changes of tap water, then with
distilled water and, finally, with 95 per cent alcohol. The
flasks are treated with the alcohol before the final rinsing
with distilled water. The coverslins are dried with a towel;
the other glassware 1ls allowed to drain 1in the dryving oven.
Used Serological Pinettes:

Used serological pipettes are rinsed under the %tap and

placed in acid cleaning fluild overnight. They are then washed



for a day in an_automatic pipette washer, left overnight in
distilled water, and allowed to drain in the drying oven.

Be esure there ig sn agbundant supply of pipettes since a large
aguantity of them will be used at one time,

Ingtruments:

Instruments are washed with soap and warm water, thor-
ougly ringed with running water, placed in 95 per cent
alcohol, and dried in an oven. Instruments are cleaned
immediately after use, to prevent any organic material from
drying on thelr surfaces. If 1t is neceegsary to ccour them,
it should be done with the finest nonabrasive material. Used
knivee are sharpened with a good razor strap. From time to
time, 1t will be necessary to send them to be an instrument
maker for reconditioning. It would be wise to clean all
material immedistely affer use.

New Unused Rubber Stopners:

The stoppers are boiled in dilute sodium hvdroxide
(about N/2), rinsed in tap water, then boiled in dilute hydro-
chloric acid {about N/2), and finally rinsed very thoroughly
in tap water. This treatment removes sulfur "bploom" and
obther surface i1mpurities.

New Rubber Tubing:

New rubber tubing that might come in contact with culturé
media is boiled in dilute sodium hydroxide (about N/2), rinsed
in tap water, then boiled in dilute hydrochloric acid (about
N/2). During the process of boiling, the hot fluids are cir-

culated through the tubing with a syringe. This 1s done
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several times. fter washing the outside of the tubling with
hot tan water, the tubing is attached to a faucet and flushed.
with tap water for thirty minutes. A funnel is then attached
to one end of the tubing and not legeg than 1 liter of dis-
tilled water 1e¢ passed through 1t.

Used Rubber Tubing:

Used rubber tubing is washed thoroughiy in warm tep water,
then attached to a faucet and flushed with tap water for thirty
minutes., Finally, a funnel 1is attaéhed to one end of the tub-—
ing and not less than 1 liter of distilled water is run through
it.

At the National Cancer Institute, large gteam kettles
filled with concentrated sulfurlc acid are used for cleaning
all the glassware. Very few labs use this technique, how-

ever (24).
Sterilization of Msterisls

Contamination of materlials can be prevented in two wave:
(1) Sterilization - This term sppliee to the removal of
microorganisms already present.

(2) aseptic technigue - This term implies the prevention
of contasmination of materiasls already sterile.

In tissue culture work the sources of contamination are
ag follows:

The apparatus

The culture medium
The tissue 1itself
The atmosphere

The operator

e e e
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Sterilirzation can be achieved by:

(1) Dry heat, moist heat, and radiation.

(2) Chemical destruction of micro-~organisms by anti-

septics and antibiotics.

(3) Physical removal of micro-organismsg by filtration,

centrifugation, and washing.

Most apparatus is sterilized by dry or moist heat, In
general, apparatus which is not damaged by high temperatures
ie sterilized by dry heat elnce thie is the most convenient
method. Where exceasive heat can damage the material, moist
heat is used. It is more efficlent than dry heat because of
steam coagulating the protelns of microbeg. Autoclaving is
vgually used for solutions, rubber ware, etc. Simpnle boiling
is used for instruments.

Solutione can be sterilized by ultra-vioclet radiation.
This reculreg speclal apparatus and has not been widely used
in tissue culture.

For laboratory benches and tables alcohol is commonesgt
and the tables can be gwabbed down with it to reduce the
number of bacteria present. 01l formsg a slightly adhesive
laver on hencheg and prevents dust from belng disturbed.

It 1ie¢ a good practice to have laboratory floors treated with
0il every few dave for this reason.

As a rule 1t 1s not necessary to sterilize alr since con-
tamination from this source can be prevented by ordinary
asentic technioues.

To eterilire with dry heat, a simple domestic oven 1is

veed. Consequently, a rather high temperature for a rather



7

long time is re commend ed and 90 minutes at 160° C. is usually
employed.

A domegtic pressure cooker is cometimes more convenient
for sterilizing small amounts. The recommended pressure is
15 1bs. for 20 minutes at a temperature of 121° O, Seventy
per cent alcohol 1is a good antiseptic.

By far the most useful antiblotic is penicillin.
Penicillin 1s the most commonly used and at a concentration
of 20~-50 units per ml., It 1s comnletely harmlese to all
cell typeg and 1s inhibitory to the vast majoritv of bacteria.
Hand Sterilization:

One sghould carefully wash his hands with soap, water,
and s brush.

Contamination fromrTissue;

Contamination from tissue may be avolded simply due to
the fact that most internal tisessues of animals are already
gterile.

TIf no mistakes in technique have been made 1in prepar-
ation of the tissue, media, and apparatus, then subsequent
contamination can only arise from the sir in the room in
which the operations are carried out or from the operator.

" A "hood" 1s commonly used to work in and prevent con-
tamination from the alr, hair, and dust. This hood is
simply a glass or plastic structure with %two onenings for
the hands to fit in. Inside should he made germ free by
use of 70% slcohol, ultraviolet light, etc., before oper-

ations. It 1s recommended that everv lsboratory have at
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least two "hoode". The hood should be large enough @&o that
transferring, transplanting, etc. can be done under it. The

hood should be at least 30" in height, width, and length.
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CHAPTER V
SOURCES AND CHARACTERISTICS OF TISSUES

Tissues are usually obtained from the adult and embryo.
Embryonic tilgsue is sterlle, they tend to grow easily, mig-
rate raoidly, and undergo mitosls very soon after explan-
tation. Flbroblasts tend to grow out from them more ranidly
than other tyvpes of cells. Adult material has to be specially
treated to ensure 1ts sterility before culturing and is
harder to culture hecause of the strict nutrient require-
ment. There 1s s latent period of several days before
any outgrowth becomes apparent and there 1s also lesgss tend-
ency for fibroblasts to grow. Tumor tissues from adult
animale behave in many waye like normal adult tissue, but
on the whole they tend to grow more rapidly in the first
days (30).

Most tissues when cultured show a movement of cells
from the explant into the surrounding medium after a varying
latent period. This period varies with the age of the
donor organism, the medium used, and the type of tigsue.
Thus, the migration of cells in a culture of blood leucocytes
beging in legs than an hour while no cells may appesr for
four davs in cultures of connectlve tissue of an adulsd

animgl. The migrating cells of the embryvo apprear in bundles

or gsheets in cultures of connective tissues, glandular, and

xxxxxx



muscular organs. In cultures of hematopoietic organs and of
blood, the cells migrate at first as individual leucocytes
and macrophages; only later do sheets of cells appear in such
cultureg. Nervousg tisgssue ig characterized primarily by the
movement of numberous nerve cell processes gnd of cnly a

few celle into the medium (3).

A fibroblast ie a flattened cell wilth tapering processes
which may be in contact with those of adl)acent cells. The
cvtoplasm is smooth and ususlly contains a few granuler
mitochondria. The nucleus 1g oval and quite largs.

With the excention of nervous Tigeue, practically all
tvpee of tissue when culftured give rise to a large number
of cellg which suggest by thelr appearance the fibroblast
of the normal loose connective tissﬁe. Remember then almost
all tigsues give rise not to fibroblasts, but to fibroblast-
like cells. It should also be pointed out that blood

broblast-like cells in vitro.

leucocvtes can develop into fi
S0 thie would be one digsadvantage of using blood as a medium.
Pibroblast=like celle also arise in cultures of embryvonic
hone but doesg not develoD.

When most of the enithellum-containing organs of embrvos,
and to a2 lesser extent of adult animals, are cultured, there
is an outgrowth of enithelium and connective tissue, and
uevally some endothellum. After a few days the outgrowth
of connective tisgseue Dredominates greatly over the enithelium
unless certain exverinmentsal means are emploved to permit the

enithelium to grow. Although in the mammary gland of the
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mouse the enithelium grows faster than the connective tissue
in culture.

Epithelium in culture usually grows 1n thin membranes
or solid cordg; only rarely doeg 1t grow out of the explant
as a tubular structure. Put, in all of these instances the
enithelium preserves one of the characteristics of thie
tvpe of tissue, namely, adloining cells are in immediate
contact.

Pibroblasts of both embrvonic and sdult connective

tigsue may grow in sheets in which adjacent celle are in

w

¢ cloge contact as those in any epithelium, Aocordingly,
there sgeems to be no difference between epithelium and
connective ﬁissueo Both of them may grow as "epithelial"
membranes snd they may both grow as lisolated or loosely
connected cells. Wheﬁ these cells are grown in glass flasks,
they may be viewed under the microscope.

Pure cultures of epithelium may grow for monthes in
sheets on free surfaces, while it may grow in cords or as
igolated cells when burled deep in the fibrin of the culture
medium. Pure cultureg of epithelium grow in tubes and cords
when connective tiscue 1s added to them., Isclated epithelial
cells have been observed to turn into tyvical phagocvies
which cannot bhe distingulshed morphologically from the free
macrophages of the reticular tissue in vitro.

Muegcle Tiesue:
Adﬁlt cardiac muecle doesg not grow and dieg after a chort

time in vitro common. However, in explants of 24 15 A0 hour



0ld undifferentiated heart primordium of the embryonic chick,
the myoblasts develogﬂcrosé striations and contract rhythm-
ically, They pergist for several weeks and then rédiffer-
entiate, lose their characteristic structure and apoear as
fibroblast-like cells. In cultures of older embryonic heart
(% daye) the histologically differentiated myvocardial cells
migrete into the medium where they eoon lose their cross
etristions, although they continue to beat rhythmically.
In plasma alone, such cultures might contract for over 60
davs.
Nervous Tiscue:

After several subcultures, nerve cellg begin to die and
the residual, undifferentisted neursl evithellum beging t
grow until finally a pure culture of enithelium may be obtained,
It 1g alsc possible that nerve cells may gradually turn into
fibroblast-like cells. 1In addition to nerve cell processes,
neuroglial cells and microphages migrate from explants of
embryonic nerve tissue. The question of the nsture of the
microglia or cells which support nervous tissue is still
uncettled. Mitoses zre probably completely absent in nerve
celle in the body and are exceedingly rare 1in nerve cells
in culture, having been described by only a few observers,
Nervous tissues are harder generally sveaking to culture
than other tynes.

In summery, the cells of embryonic nervousg tissue have
marked powers of self~differentiation in culture. TIn nerve

cultures, the differentiated cells die after a few weeks

while the undifferentiasted cells persist as =2 pure culture of



epithelium (3).

Straing of thyroid cells can be 1golated and maintained
in pure condition, probably for an unlimited period of time.
Their cultural requirements are similiar to those of fibro-

2-

blasts. Embryonic tissue julice must be present in the
culture medium if they are to multiply indefinitely.
According to the condition of the medium, the cells assume
the appearance of pavement epithelium or of fibroblastg,

s

but they do not dedifferentiate. When the cells are g
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in thin membrasnes at the surface of the clot, generally no
evidence of the secretion of the colloid material can be
found, but when they grow within the coagulum, they again
assume a glandular abppearance and form acini filled with
colloid material. This change occurs spontaneousgly whenever
the cells grow inside the clot, the »presence of fibfoblasts
heing unnecessary. DNot only do’the cells fail to dedif-
ferentiate, but they keep the property of secreting growth
promoting substances for fibroblasts. The growth-promoting
substances are probably identical with thosge contained in
thyrold extracts, the zaction of which an connective tissue
was observed long ago, 1in vivo as well as in vitro.

A pure straln of thyroid epithelium waé isolated and
maintained in active condition by Ebeling for seven months.
At the end of the experiment, the rate of cell multinlication
was as great ag a2t its beginning (13).

The most readily embryonic tiscue is that of the chick

ond mouse. The claseical source is the chick.(36).



CHAFTER VI
PRIMARY EXPLANATION TECHNIQUES

Primary explantation denotes the cultivation of pilesces
of tiggue fresh from the organism. Most of the techniaues
are similisr in principle, the main difference being in the
vesgels ueed for growing the tissue. The main group of
methods for growing tissue are depression slides, Carrel
flasks, and roller tubes of which there are manv variations,

Due to the length of this revort, I willl illustrate
only the chick embryo as a source of tissue and explaln
three culture methods.

A chick embryo of 10-12 days ig a good supply of
tissue. Crack the ghell and gently 1ift the embryo out
with a pair of curved forcevns and pnlace it on a petri dish,.
Lay the embryo on ite back and severe one leg and expose
the thigh muscles by peeling the skin off. A section of
muecle 1s then removed, transferred to a glass plate and
cut into a number of small fraggments with a cataract knife.
Each fragment should not be more than one cublc mm. in sive.
The liver, heart, and intestines may be removed by splitting
oven the abdomen and should be treated 28 the thigh mugcle
wag, The head chould be cut off also. Commencing near the
tail of the embrvo apnly two palr of wilde forcevns., Work

thege forward, one after the other so as to scueerze out the
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spinal cord, rather like toothpaste from a tube. The spinal
cord 1s sliced 1in smell pleces as is the skin.,
glide Cultures:

This is the oldest method of tissue culture, but is less
freguently uvsed now. I% has a number of advantages such asg
it ig simple and relstively l1lnexpensive. Also the cells
spread out for favorable microscoplc exeminatlons and they
crow directly on the coverslip so fThat they are easily fixed,
strained, and made into permasnent preparstions. The dis-
advantages are the small supply of oxvgen and nutrients that
are very ranidly exhausted, the medium gquickly becomes acid
and thieg necesgsitates that repidly grown tlssues must be
tranceferred freguently. In addition, it ig difficult to
maintain eterility for long perilods of time. But the begimner

should master this fechnigue before doing more complicated

ones.
Technigue:

extract dilutéd with Tyrode'ls solution or equivalent. The
plasma should be kept chilled until just before use,.

The explants are placed on 22 mm. sguare coverslips in
one drop of nlazsma and then afterwsrds a drop of embryo ex-
tract 1g added. Next the medium snd explants are thoroughly
mixed by rotating the tip of the pipette in g emall circle.
The liculd medium should be placed and stirred with a smagll

pipette., The tissue should lie in‘the center of the medium.

Meanwhile several paire of round depression slides are
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nrepvared with vaseline. Only a trace of vaseline is used eince
an excegs 1g 1likely to run into the culture upon incubation.
This 1e applied with a sterile gless rod. The clide is then
oriented, deprecslion elide down, over the coverslin. By

thig time the medium will have coagulated and 1t will be
pogeglble to turn the preparations over. Finally, theyv are

211 sealed with melted varaffin and set away for incubation,
The varaffin i1s appnlied with a brush around the entire mar-
gain of the coverclin, If the prevarations are not completely
sealed, the cultures will evaporate.

The culturee are then incubated and can be examined per-
iodically for growth under the gscone.

The hanging drop method 1s the best method for minute
high power observation of the behavior of individusl cells.
But, the nutrient needs to be changed every L& houre or so
and the gmell size of the nutrient drop precludes accurate
control of the chemical or vhvsiocochemical changes which
the nutrient undergoes.

With practice and sterile technigues, the hanging drov
method can be dquickly done. Penicillin should be added %o
prevent any cohtamination present from spreading. If the
beginning student can master the hanging drop technigue it
will give him confidence and encouragement, The main thing
is to avoid contamination. If the plasma, explants, etc.
are sll prepared under a hood, contamination will be greatly
reduced. Make cure the paraffin seals the coverslip down
real tightly. The hanging drop is alego sulted for viewling

under the microscone,



To wash the cultures, the coverslip bearing the tiscue
is removed by a ragzor blade and thumbnagil. Then flip 1t over
and transfer it to a Columbia staining dish (provided with
vertical grooves for the accomodation of four coverslips)
containing Tyrode's solution. After the culture has been
washed, the coverelln is reattached to a new slide which
has had new medis added. Again, this should be done under

the hood. By washing in Tvrode's waste products are removed (36).
Cultivation for Prolonged Perilods

Tissue extracts are prerared from adult chicken heart
muscle and from adult chicken brain. The tigsue is minced
finely with scissors and suspended in four times 1ts volume
of Tyvrode solution. The resulting cuspension is allowed to
atand for 24 hours in the refrigerastor, and after centri-
fugation the supernatant fluid is decanted. Heart extract
ie used 1in the original concentration. Brain extract is
diluted before use with an equsl quantity of Tyrode solution.

Culturesg are made from heart musgcle of adult fowle and
fragmente of uniform size are 1lmplanted in Carrel flasks.

The medium conslets of .5 cc. adult fowl vlasma diluted with
1 ce. Tyrode solution. Two drows of adu?t heart extract are
sdded in order to coagulate the plasma. Every fourth day
the cultures ére wached in Tyvrode solution and fresh tissue
extract is added. A%t intervals the coagulum is reinforced
by the addition of fresh plasma diluted with Tyrode solution.

The cultures are then transferred every 16-20 days (10).
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Embryonic extracts stimulate cell proliferation as well
as enable prolonged growth of fibrobleste in vitro., Extracte
of adult tissues are not capsble of maintaining indefinitely
the life of the fibroblaste 1n vitro, as fresgh embryvonic Juice
doee. However, fibroblast coloniss will grow quite well in
medium comnosed of adult placsma to which either adult heart
or brailn extract is added. Theese colonies may be transferred
without difficulty from flask to flask.

It is evident that adult cells mav be cultivated out-
gide the organism permanently, completely free of embrvonilc
extract and composed entirely of édult Dlagma and adult
tigeue extract (4).

The longevity of a tissue culture 1s not dependent on
culture girze. The nroblem of longevity may be defined in
terms of preventing deficlencles in nutrient or accessory
substanées. Insofar as nutrition 1sg concerned, prolonged
survival depends on sundlyling the greatest tolerated food
reserve and also upon exclﬁding etimulating or readily
utilized substsnces such a§ fregh embrvo Jjulce, human pla-
centa egerum etc., Among the substances studied, the becst
longevity occured 1in avproximately 15-20% of chicken serum
and of pasteurized embryo Jjulice with glucose levels at uoo mg.,

per cent. The presence of low concentratlions of sodium cit-

scidification, and thus, to be advantageous. Whether 1ts
effect was to modify the rate of glvcolyels or on the con-

centration of certaln catlione is not known.



It is intereceting that chick tilgsue cultures maintained
at avproximately %00 C. not only produce more cells than at
37© C., but are capable of completely invading and utiliring
the plasma of the medium, and thereafter, of surviving on the
glage walls of the vessels, whereas at higher temperatures
they die long before this is accompliched.

Reduced temperature tends to minimize certain unfavorable
conditionsg such as rapid enzyme decay, diversified metabolism,
etc, At the higher temperatures diffusion becomes a limiting
factor, eince even in 1liquid media there is less dissolved
oxveen to supplv a greater demand while in solid media such
sge agar or Dlaems, the problem is not only considerably more
critical with respect %o oxygen, but includeg also the rapid
local depletion of nutrients and the higher local concen-
trationg of =zcid, which in turn hastens enzyme decsy. The
more acid the medium, the more the enzyvmes are inactivated.
Wwhen cells are growing leisurely, whether at reduced tempers-
ture or in vivo, they benefit not only from the more favorable
relations betweén diffusion and demand, but are also lesgs
confined to the sources of energy, since there 1s time and
oprortunity to hydrolyze complex substrates and to utilize
metabolites which mayv serve sgs secondary soﬁrces of energy.

It is not voesible to know whether greatest importance should
be attached to the factor of slow growth or to the tempera-
ture ranges of effective enzyme esvnthesis.

It has been shown that chick tigsue cultures survive

for % or 4 months at %0° C. when supplied with only 0.6 ml.

i »;



of medium., Thelr survival wae not prevented by an asccumu-
lation of toxic metabolites other than hydrogen ions, but
was dependent on the supply of utilizsble nutrients. During
glow growth.at reduced temperatures the substrate was util-
ized much more effectively and completely than it was during
rapld growth. It would be profitable to culture tlssues at
hoth room and lowered tempersture and determine which temp-
erature gives the best results (15). |

Carrel Flask Technique:

A good Carrel flask has excellent optical properties
and this 1eg an advantage 1f 1t 1is desired to follow growth
of the cells microsgconically. The flask should alsc have
a wide neck. The main advantages of this flack is that the
tissue can be meintained in the same flask for months or
even vears and they do not need to be changed so often.
Large number of cultures can be Drepared and grown at the
game time.

Technigue:

A convenlent number of flasks to handle at one time is
c¢ix. Plzce one drop of vlasma on the floor of each flask.
Ueging a platinum spatula spread this plasma out in a circle
extending juet short of the edge. With the spatula transfer
the number of explants to a respective plasma pool. Clotting
gshould occur.

Extra medium can be a2dded now. One—two ml. of dilute
cerum le s2dded instend of placsma. The flasks should then be

gessed with 5% COp in air. While going in and out of the



flask, do 1t under the hood and make sure all instruments
are sterilized. This technique 1s Just ae gimple ss the
hahging drop.

Renewal of Medium:

(1) Draw off the old fluid with a pivette.

(2) 1-2 ml. of fluid is added to replace this,

(%) The flask is agaln gased.

Common Errors in Preparation of Tilssue Cultures:

1. Crushing and tearing. The tissue extracted should
be made with a gingle straight clean cut edge. Use of o0dd
cshaped exblants leade %o colonies of irregular form,

2. PFallure to rinse properly results in a plasms clot
which ig cloudy with erythrocytes and cellular debrig. This
interfereg with examination. TWash at least two or three
timeg in Tvrode's or a balanced salt solutilon,

3., Bubbles in the plasma may occur due to unskillful
uge of the mipette-when adding traneplants. If bubbles do
form they mayv be eliminated before the plgsma clots by
touching 1t with a hot platinum spatula.

4, Premature coasgulation of the plasma. After the
embrvo extract has been added 1t is necessary to mix the
ingrediente and positlon the explants quite rapidly. If
coagulation bégins, strands of fibrin may bind the tissue
to the nlatinum spatula. The explante will then pull away
when thig instrument 1s removed from the culture. This
part of the procedure reaquires practice. Try to place the

explants in the middle so all the cells will have an eausl
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distribution in the plasma. The longer the medium and glass-
ware 1s exposed the greater the chance of contaminaticn.(26).
Test Tube Culturesg:

Test tubes are very cheap and convenient vesselg for
the cultivation of cells and tissues. They can be set up
in either roller drume or in etatlonary racks. But, the
ovtical conditione are poor and also there 1s a risk of con-
tamination due to leakage of alr between the ctoppers and
tubes. Thie may occur on obening tubeg which have been
removed from the incubator when there is an inrush of air,
If o0ld test tubes are used, soak them overnight 1n acid,
waeh in soan and water, then nut in autonclave for 2-3 hours.
Plasma Clot Techniques;

1. #With a Pasteur pipette, vlace a droo of plasms near
the bottom of each tube.

2. Then put the explants in the plasma and let clotting
ogCCur,

%, After they are fixed, add medium, .5-1 ml. per tube,

4, sStopper, label, place in rack or on a roller drun
which sghould be in an incubator. Here agaln, screw type test
tubeg would help prevent contamination. Try to do all the
nrocedures as quickly as posgible to prevent contamination.

The roller drum 1s simply a motor driven drum with holes
fitted for f%est tubeé. Ag it elowly turne the medium is ap-
nlied to the explant.

A roller drum can be built guite easily. A clrcular

plece of board or any material with holes drilled in it to

sccomodate the test tubes, 1s connected to an electric motor.
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The motor 1s set to rotate the board about 10 or 15 revolut-
iong & minute. This procedure allows the medium to bathe
the cells and keep them moist at all timesg. The board can
he made to hold as many test tubes as desired,

By use of the roller drum more cultures can be prepared
snd cultured at once. The beginner chould do the hanging
‘drop and Carrel flask ftechnigues first for experience. At
the game time this willl prevent expendive loss of materisl
due to only a few cultures being done.

Feeding Test Cultures:

fresh media. This will of course be done with sterile vpipet-
tes.

Transfer of cultures from test tubes:

Cultures can be removed from the test tubes by cutting
around them with a bent Pasteur plpette. Then gently push
on the margins of the dissected plasma the small disc con-
taining the colony. This ghould free the explant from the
glass. The tissue is then freed of pheripheral plasms by
a razor blade.

Flving Coverslips 1in test tubes:

Flying coverslips are small narrow coversline (11 mm.
wide, H40-22 mm. long). These can be inserted into ordinary
p% x 5/8" test tubes. Cultures are prenared on them in the
standard manner for covercllnd cultures, bubt instead of mount-
ing them on depresslion slides, they are sild into ftest fubes.

+ +

A fluid medium is added to the tubes (1 to 2 ml. each) which
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may then be put in the roller drumn.

In thoge techniques described, the cells are allowed to
migrate. This produces very flat cells epread over g large
areaz, but often the surface area for growth 1is limlited as
with test tubesg, flasks, etc. This migratlon can he seen

with the naked eve and will look like a dull, gray mass (30).
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CHAPTER VII
CELL STRAINS

When a colony of cells has been agubcultured many times

in vitro, and continues to divide rapidly so that there is

no reason to doubt that 1t can be carried indefinitely, it
ig called a strain.

After an initial phase of rapld growth, cells slow
down and stop growing. In many cases they die out, but in

some, after a static period, there is a sudden outgrowth of
new cells. It is generally agreed that cells chould survive
twelve to twenty generations without any evidence of alter-
ation of the growth pattern before they can be congidered

a gtrain.

Some celle which came from the original culture may be
different in metsbolism and growth vatterns, schape, etc. At
the »resent time 1t ieg not known whether these cells arise
by selectlon, adaptation, mutation or some other undefined
nrocess. Almost all strains always grow as colonies, lavers,
cr suspensions.

The cells may be maintained in any flat bottomed dish,
guch as a Petri dish, which is pronerly sterilized and sealed
for use. Usge a dish which has good optical pronerties for
microscoric examination also. On the cells may be cultured

ss previougly described. Care should be taken in identifyving
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strain. Only after thorough knowledge and several differ—
ent charscterietics have nositively identified should the
celle be called 2 strain. This report is not concerned with
identification of cell strains so I will not dwell very much
on this subject.

Feeding 1g very simnle, conslsting merely of removing
all or vart of the used medium and replacing it with fresh
medium. In transferring the cells 2 suspension ig required.

There are two methods for bringing cellg to a suspension
in order to remove them., One 1s by physical means--scraning
from the glass, shaking, etc. Another way is by chemical
means——-usually by proteolytic enzvmes.

Some cell stains are very loosely adherent to the glass
csurface and may be suspended by agitating the flask gently.
\Others are dislodged by scraping with a rubber or plastic
rod. When the dislodged flakes are sucked up and down once
or twice in a pipette a suspension or single cell is formed.
The Trvpsin Technicues:

A tryosin solution congisting of 5 ver cent trypein in

BB3, ig diluted down one-tenth in BBS, and then incubated.

b
Thie ie to raise the tempmerature up to 370 C, The medium

is removed from the cells and replaced with the trypein
ceolution. The vegsel is rocked gently from time %fo time for
10 minutes and then as soon as the cells begin to leave the
vessel wall the susgpension is transferred to s sterile centri-

fuge tube and spun down at sbout 1000 R.P.M. for o few minutes.

The sunernatant ig removed and replaced with medium. The cells
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are then sucked up once or twice to form a susvension. This
method is the one most commonly used to make a susnenscion
snd is not difficult to do.

The pH 1s 1mpnortant during tvosinisation. Below nH 7,
trypein 1s inactive. Above pH &, the celle are damaged.
With delicate cells, excesslive Dipetting is %o be avoided,

For a great many opurposes the best way to grow cells
ig in suspension. It provides more uniform growth and per-
mits more sccurate samnling and therefore nrovides the ideal
syatem for biochemical and kinetic studies. Also, for the
production of lasrge numbers of cells 1t 1s most likely %o
be the best,

Most of the cells grown 1n suspension now are gently
vibrated or kent 1in suspension by means of some type of
shaker, For 1instance a cytostat coneslets of celle growing
in 2 1 litre flagk. A gtirrer driven by a motor keeps them
in suspension. A mechanlcal timing arrangement, linked to
a pumn, adds a volume of medium and removes an equal volume
of cell susmension at determined intervals. By regulating
the svstem so that the cells are removed at the eame rate
as they are nroduced, logerithmic growth can be maintained
indefinitely.
reeding of Cell Strains:

Normally cells grow to a maximum poprulation in a vegsel
of given size and will increase no further, although if the
medium is renewed regularly they will survive 1in a healthy

state. Thus, the rate of growth of the cultures can he con-

trolled by varying the size of the inoculum. Rapldly growing



celle will increase about s hundred-fold in a week and it 1isg
common practice with some strains to inoculate fresh vessels
one-twentieth to one-fiftieth of the final population.

A convenient routine for the maintenance of cells ig to
handle them twice a week, feeding them on one occagsion and

trensferring them on the other.



CHAPTER VIII
PRESERVATION AND STORAGE OF LIVING CELLS

A major pnroblem is the maintenance of the large number
of cultures necessary to carry ceveral stralns simultaneously.
A further difficulty is the tendency for cell-types to change
after thev have been kept in g state of proliferation for
some vears.

Celle can be malntained a%t slightly reduced temperatures,
refrigerator temperatures or very low temperatures (-70° C.).
Reoom temperature and refrigerator storsge are sometimes used
for short term maintenance. For a long term storage, very
low temperatures are necessary. In the deen frozen state
metabolism ig suspended completely. A%t 200 (¢, verv infre-
cuent renewal of the medium 1s reoulred.

Sheete of cells and single cells do not curvive well
for more than a few davs in temperature of 2-6° ¢, But,
tissue fragements will survive for sevefal weeks in thisg
temperature. The maln practical use of this method is the
preservation of tlissue before explantation, usually only a
few davs.

If a2 tiseue 1s deen frozen 1lce crystals tend to form and
lacerate the cells. If scme substance such as glycerol or
ethvlene glvcol is added to the medium and allowed to freere

glowly, it will work nicely. Others contend that the rate
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of freezing 1le¢ unimvortant while others have shown convin-
cingly that slow freezing gives better results. All
suthorities agree that 1t 1s best to store cells at the
lowest poesible temperature and ~70° C. 1s usually emploved,
They usuglly die 1f stored for any length of time 2t a temp-
erature higher than 200 C. Cells have survived from two-five
vears in thils condition.

Cells can be transported over long distances via mail
now. If they are senﬁ by alr the only difficulty encoun-
tered will be the variations of temperature. So 1t 1s best
to gend the cells in 1nsulated package (foam plastics,

nowdered cork, and cotton) (31).
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CHAPTER IX
MORPHOLOGICAL STUDIES

Almost all cells 1n a tissue culture tend to lose their
identity; however, some, such ag neurones and the Hels cells
do retsin their characteristice.

After a tlssue culture has been established, the cells
mav be stained and fixed for histoleogical studieg. In
order to fix and staln the celles, Gravs "Basic Handbook of
Microtechnique" or Guvers "Animal Microscopv" are two sources

of information.
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CHAPTER X
CONCLUSION

The study of a tissue culture 1g a sclence in itself,
Only special, intensive training, and research will yield a
full understanding of the cells! functions, activities, and
requiremente for life. But, the potential usefulness of
the culture is uvnlimited both to bilological and medical
sclence.

The technics and knowledge vhich recuired years to
develop are now belng used by peorle who are not profess-
iongle in thig field and with further reseasrch manv of the
age-~0ld problems of diseace and heslth will be discovered.

Thie paper 1s meant to demonstrate for a non~éxperienced
worker how to do a tieeue culture. It is by no means complete,

but it doesg explain a few of the basic procedures,
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