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The only cells of the mammalian body which lend themselves as 
individuals to accurate experimentation in vitro while yet alive are 
the blood cells, the cells of exudates, and the spermatozoa. In say- 
ing this we do not overlook the usefulness of tissue cultivation or 
of experiments with living tissue fragments, of the transplantable 
tumors for instance. But both means of study involve, not individual 
cells, but complexes of different cells, which can be standardized 
only roughly, and which cannot be broken up into their component 
elements or protected from confusing factors, such, for example, 
as are introduced by death and autolysis of the central tissue por- 
tions. These difficulties have led us to work out a method whereby 
living tissue cells can be obtained as individuals in suspension, and, 
if  desired, can be plated out in a culture medium (plasma) just as 
are bacteria. After growth the cells can be liberated again, and 
again plated successfully. 

The method consists, in brief, in the growth of tissue in plasma, 
according to Carrel and Burrow'smodificafionof Harrison's technique, 
and the liberation of the new cells by digestion of the clot with trypsin. 
We had noted that if the serflm of a growing tissue culture is replaced 
with Locke's solution at room temperature the cells of the growing 
strands that  extend out into the medium sometimes contract into 
Spheres, which may be separate or, when growth has been dense, 
loosely attached, side by side. The general outline of the culture 
is maintained because the cells are held in place by the fibrin network; 
and if serum is added and incubation renewed they again put  forth 
processes, and, joining each other, again form strands. The problem 
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has been to cause the cells to contract and then to liberate them 
from the fibrin network. This is readily done with trypsin in Locke's 
solution (Fig. 1); and the resulting suspension can be freed by filtra- 
tion of all but individual cells. 

Method.  

We have used the trypsin powders of Merck, Griibler, and Kahl- 
baum. I t  is necessary to free them as far as possible from the am- 
monium sulphate which constitutes the greater part  of their bulk. 
According to Kirchheim, 1 the trypsin of Merck does not contain 
ammonium sulphate; but we have found it present in as great amount 
as in the other preparations mentioned. I t  should be got rid of by 
Kirchheim's method. The trypsin powder is shaken briefly in ab- 
solute alcohol and allowed to stand while the heavy sulphate settles 
out. The supernatant flocculus is collected on a filter, rapidly washed 
with ether, dried in the air, and dissolved in Locke's solution (Locke's 
modification of Ringer's solution, but without sugar). The yield 
from 2 gin. of the unpurified trypsin is dissolved in 98 cc. of Locke's 
solution. The cloudy, yellowish fn id  is filtered, first through paper, 
then through a Berkefeld cylinder (N) to sterilize it, and is distributed 
in test-tubes and kept in the ice box. I t  loses very slowly its ability 
to digest and can still be used after 2 months. 3 per cent trypsin 
digests plasma clots more rapidly and does not harm most cells; 
but 5 per cent kills cells. Unpurified trypsin powders can be employed 
but the results are not so good. 

The tissue from which cells are to be obtained should be cultivated 
preferably in plasma diluted with Locke's solution in order that  the 
fibrin network to be digested shall be slight. A mixture of one part  
of plasma with three of Locke's solution is a medium suitable for most 
tissues. If there is need for a thick suspension of cells many bits of 
tissue should be grown. I t  is convenient to flood them in small 
Petri dishes with a thin layer of the dilute plasma. After clotting 
has taken place each dish is sealed to prevent evaporation, and placed 
in the incubator. A stout cord dipped in hot, sterile paraffin and 
thrust between the outer and inner rim of the dish, with one end 

i Kirchheim, L., Arch. f .  exper. Path. u. Pharm., 1911, lxvi, 352. 
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left free, is useful for sealing. A pull on the free end will release 
the top of the dish. 

When growth is established the trypsin solution, warmed to 37°C., 
is poured on, filling the dish above the plasma, and incubation is 
continued. In a few minutes some of the tissue fragments are free, 
and within about an hour the clot has disappeared and there remains 
a clear fluid containing numerous tissue particles. This is taken 
up with a pipette, stirred to break up any loose aggregations of 
cells, diluted with Locke's solution, faltered through sterile gauze, 
and centrifugalized. The fine, powdery, yellowish gray sediment 
will consist of discrete cells, nearly all of them alive. They can be 
washed repeatedly if need be. We prefer for this purpose the "gela- 
tin-Locke's,"--Locke's solution containing ~ per cent of gelatin,-- 
which, as Rous and Turner showed, 2 protects fragile cells against 
mechanical injury. If the cells are to be plated again in plasma 
they need not be washed, but after centrifugalization can be suspended 
in the Locke's solution used to dilute the plasma. Plating is done, 
as before, in Petri dishes. 

Results. 

The cells liberated as individuals by trypsin are those which grow 
out into the medium in strands or a meshwork, or which wander out 
separately (connective tissue cells, endothelium (?), choroid, sarcoma, 
and splenic tissue cells). Thus far we have used successfully the 
tissue of rat and chick embryos, of rat and chicken tumors, and 
the normal tissue of young rats. Sheets of growing cells (epithelium) 
are not readily broken up. Whether individual epithelial cells can 
be liberated in this way is as yet uncertain. But small groups of 
epithelial cells are obtained, and bits of striated muscle which live for 
a brief period when plated again. 

The individual cells become approximately spherical when in sus- 
pension and the nuclei also tend to, though less perfectly. The 
change in form is especially noteworthy in the case of elements 
which, when growing in culture, are stellate or of an attenuated 
spindle shape with an elongated nucleus. When freed, suspended in 

2 Rous, P., and Turner, J. R., Jour. Exper. Med., 1916, xxiii, 219. 
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serum, and stained, such cells show no trace of the long protoplasmic 
processes which they had while growing. With Wright's stain certain 
of them derived from connective tissue and probably of fibroblastic 
and endothelial origin have a resemblance to the mononuclear series 
of the blood (Fig. 2). Their cytoplasm is basophilic. Other cells 
from the same source are three or four times the diameter of any 
blood element. These morphological features will be taken up in a 
later paper. 

The freed cells, distributed in plasma as separate individuals and 
incubated, soon put forth processes and assume their original form. 
Bits of striped muscle from the embryo may round at the ends, 
thus gaining a leech shape, and put out short processes (Fig. 4). We 
have not observed them to proliferate. But the spindle-shaped and 
stellate cells of connective tissue, sarcoma, and the choroid coat 
of the eye multiply rather rapidly. If the cells are numerous the 
plate will show at the end of 24 hours a thick mesh- or feltwork con- 
sisting of elements once separate which have reached out and joined 
each other by means of attenuated processes (Fig. 3). The tendency 
of scattered cells thus to connect with each other again is striking. 
At the end of 48 hours the number of growing elements is greatly 
increased, not only by proliferation but by the "waking up" of cells 
previously spherical. If small masses of cells are present in the 
culture, as the result of incorrect filtration, growth from them may 
be almost explosive, each mass resolving itself into elements that  
radiate in every direction. 

The Replating of Cultures. 

The limits of the method have not yet  been reached. The freed and 
plated cells can be liberated anew after growth and successfully plated 
again in fresh plasma. To judge from our results, the process can be 
repeated indefinitely. Isolated cells of the chick's choroid continue 
to form pigment after they have been twice liberated with trypsin 
and twice replated (Fig. 5). 

Cells that have been growing in tissue cultures for more than 24 
hours when freed and examined in suspension show, as a rule, fat 
droplets, and corresponding vacuoles when fixed and stained in the 
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spherical state. Fat  droplets have often been noted in tissue cul- 
tures and their source is to some extent known. ~ But they are much 
less prominent in the culture with its extended cells than in the freed, 
contracted elements. We wish to emphasize the fact that they 
develop very early, even when growth is taking place in a dilute 
plasma medium. Only during the first 24, or rarely the first 48 
hours, do the cells appear absolutely normal. Later the culture 
consists for the most part  of abnormal elements. This is true also 
of the freed and plated cells. I t  follows that replafing should be 
carried out at least every 48 hours. 

Technical Difficulties. 

The initial cultures must be free from bacteria if the cells are to 
be replated after their liberation. For the trypfic digestion liberates 
not only tissue cells but bacterial colonies, and a single one of these 
latter can by its dispersion ruin all of the new plates. For this reason 
it is best to cut up the tissue to be grown, in a sterile, glass-sided box, 
closed with pieces of rubber dam at the ends, through apertures in 
which the instruments and tissue are introduced, and the hands thrust, 
encased in sterile, rubber gloves. A small, glass hood with cloth 
sides will do nearly as well, and it is useful for the replating of cultures. 
Needless to say a single contamination at any time will ruin a se- 
quence of plates. If the cells are to be used in suspension it is of less 
importance. 

The centrifuga]Jzation to bring down tissue cells brings down also 
fine d6bris such as bits of cotton, particles of dust, etc., from the 
fluid. By the time cultures have been twice digested and plated, 
enough of this will have been collected to mar their appearance, unless 
special care is taken. Such care consists in the use of well filtered 
fluids, and centrifuge tubes closed with corks instead of cotton or 
gauze stoppers. Much time can be saved if the corks are hollowed 
to fit over the end of the tube, but with a central core to prevent 
dislodgement (Text-fig. 1). They may be boiled or autoclaved. The 
central core should be rather short in order that it may remain un- 
contaminated when the cork is placed on an unsterile surface. 

3 Lambert, R. A., Jour. Exper. Med., 1914, xix, 398. 
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TExT-Fro. 1. Centrifuge tube closed with an easily removable cork designed 
to keep the contents sterile. 

SUMMARY. 

Individual, living, tissue cells can be obtained in suspension by 
digesting with trypsin the clot of growing tissue cultures. Under 
these circumstances the living cells assume a spherical form. When 
washed and plated in fresh plasma they put  out processes and pro- 
liferate. After growth in the new plates has occurred the digestion 
and plating can be repeated. The limits of the method have not 
yet been reached. We are at work on a number of the problems 
which it has opened up. 

EXPLANATION OF PLATES. 

PLATE 84. 

FIG. 1. Edge of a culture undergoing digestion with trypsin. The cells have 
begun to contract into spheres. (Chick embryo.) 

PLATE 85. 

FIG. 2. Connective tissue and endothelial (?) cells liberated from cultures 
of the heart muscle and abdominal muscle of a 3 day old rat. Mononuclear cells 
from the blood of the same animal. Wright 's stain. All the cells are draw*~ 
to the same magnification. 
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Fxo. 1. 

(Rous and Jones: Living Cells from Fixed Tissues.) 
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(Rous and Jones: Living Cells from Fixed Tissues.) 
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FIG. 3 

(Rous and Jones: Living Cells from Fixed Tissues.) 
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FIG. 4. 

FIG. ~. 

(Rous and Jones: Living Cells from Fixed Tissues.) 
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The cell marked a has ingested two red cells. One cell of the muscle series 
shows vacuoles resulting from a fatty change, and another has attached to it 
undigested fibrin threads. 

PLATE 86. 

FIG. 3. Meshwork formed by the anastomosis of connective tissue ceils 
liberated by trypsin and plated as separate individuals. (Chick embryo.) 

PLATE 87. 

FIG. 4. Striped muscle from a culture incubated 24 hours after liberation by 
trypsin and replating. 

One fragment of muscle, with sharp-cut ends has not grown and has under- 
gone fatty change. But the others give evidence of life, as shown by their 
change in form, and one has put forth a process. (Rat embryo.) 

FIo. 5. Ceils from the chick's choroid gro.wing after two liberations with 
trypsin and two replatings. The formation of pigment is going on actively. 


