
23 5 
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A number of technics for in vitro growth 
of animal cells have been developed. These 
may be classified into 2 general categories, 
namely cultures in which the medium is re- 
placed at definite time intervals, and cultures 
in which a portion of the medium is continu- 
ously replaced by perfusion. Perfusion sys- 
tems such as those developed by Graff and 
McCarty( 1,2) seem to have an added advan- 
tage in that the cells are not alternately ex- 
posed to feeding and fasting periods. While 
this technic, which utilizes suspended cells, 
exhibits definite advantages, it cannot be 
used for all types of cells. For example, the 
Jensen sarcoma cells apparently require a 
solid surface to which the cells adhere before 
any extensive growth occurs. The present re- 
port describes a perfusion system which uti- 
lizes glass helices as a matrix for the celis. 

Experimental. The cell chamber is a 1.2 
X 75 cm ion exchange column which has 
been fused to the bottom of a 100 ml, stand- 
ard taper, 3-neck, round bottom flask (Fig. 
1). Onle side-neck is converted to a samp- 
ling orifice by removing the standard taper 
portion of the neck and inserting a 12 mm red 
serum stopper in this orifice. A 25 mm T.D. 
glass tube (6 cm long) is placed as a sleeve 
around the serum stopper, and the end is 
plugged with a bacterial gauze plug. This 
glass sleeve will permit the operator to sam- 

ple the effluent medium as often as necessary 
without running the risk of chance contami- 
nation. 

The effluent orifice is placed in the sample 
reservoir so the chamber and reservdr con- 
tain 40 ml of medium when the column is 
filled with helices. Another sample orifice is 
placed immediately below the fritted glass 
disc of the cell column which can be used 
for introduction of radioisotopes or any other 
test compounds. 

The medium reservoirs are 5-gallon heat 
resistant polypropylene bottles with 6 mm 
orifices at the bottom. The 03 Selas filter is 
connected to the fresh medium reservoir by 
silicone tubing. All other connections are 
made with nylon tubing or pure gum rubber 
tubing. Before use, however, the rubber tub- 
ing is boiled in sodium hydroxide and rinsed 
thoroughly with glass doubled-distilled water. 
All glass connections are made with silicone 
high vacuum stopcock grease. 

The perfusion pump is that developed by 
Graff and McCarty( 1,2) with certain modi- 
fications. Fundamentally these include 
changes which would permit the pump to per- 
fuse 12 cell chambers simultaneously and the 
use of a Master Gearmotor, Style 6018042- 
FL* and a C-25 Motor Controllert to control 
the perfusion rate. This results in greater 
precision and reproducibility in the control 
of perfusion rates. 

The complete assem<bly with 12 replicate 
cultures (Fig. 2) is autoclaved at 15 lb pres- 
sure for 1 hour and then evacuated for 40 
min. The autoclaving procedure is repeated 
48 hours later and the chambers are then 
placed in the incubator. Before the medium 
is sterilized, the fresh medium reservoir is 
gassed with a mixture of 5% C02, 20% 02, 
and 75% N. Medium Sa(3) is passed 

FIG. 1. Diagram of helix perfusion system. F, 
Selas filter; I, influent, vessel; 8, sample orifice; 
(j, cell chamber; P, pump; E, eflluent vessel; R, rc- 

cyclc tube; I), drain tubc. 

* Reliance Electric and Engineering Co., Dayton, 

t Gerald K. Heller Co., Las Vegas, Nevada. 
Ohio. 
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FIG. 3. Gross appear:rilcc of tlie helix perfusion 

FIG.  4. Comparison of growth yuttcrnv of Jtw- 

(+il tc cell chambers. 

callamber. A,  24-hr cultiirc.; I:, W a y  culture. 

m i  sarcoma cells. X32. 

is stopped. The freshly excised tumor cells 
were prepared as previously described (4,5), 
suspended in complete Medium Sa, and in- 
troduced into the cell column through the 
sample orifice. The cell chambers are left 
undisturbed for 3 hours, after which the per- 
fusion is started. The initial perfusion rate 
is approaimately 70 m1/24 hr, and any in- 
creases in this perfusion rate are determined 
by the pH and the glucose concentration of 
the spent medium. Whenever pH fell below 
7.1 and/or glucose concentration below 170 
m g  %, the perfusion rate was increased. 
Growth rates could be followed by sacrificing 
individual cell chambers periodically, tryp- 
sinizing the cells, and making a viable cell 
count. Needless to say, a tandem of fresh 
medium reservoirs could be used in long-term 
esperimen ts or individual reservoirs could 
be attached to individual cell chambers if de- 
sired. 

In  our studies, freshly excised Jensen, JA- 
1 and JA-2 tumors were used. The  initial 
inoculum was 200,000 to 1,000.000 cells per 
ml depending upon the nature of the experi- 
ment, and the pH of the fresh, unspent me- 
dium was 7.4. When a bicarbonate buffer 
system was used, it was necessary to main- 
tain a 5% C 0 2  gas mixture above the fresh 
medium. -4s growth increased, it was neces- 
sary to supplement the bicarbonate buffer 
system with a 10 mM glycyl-glycine buffer. 

Resrrlts and discussion. The gross appear- 
ance of the tissues in the cell chamber is 
shown in Fig. 3. Part A portrays the ap- 
pearance of the helix column immediately 
after inoculation, and appearance of the cel- 
lular mass 9 days after inoculation can be 
seen in Part €3. Note that the cell mass, 
which is clearly visible to the naked eye, 
tends to encircle each helix and form a solid, 
perfusable mass of tissue. In  this particular 
experiment, an  initial inoculum of 1 , ~ O , O O O  
cells/ml was used, and 4 g (wet weight) of 
cells were harvested from one chamber at the 
end of 9 days. During the latter stages of 
the experiment. perfusion rate was increased 
t o  4000 nd/24 hr and the cells utilized 2.5 g 

A comparison of Jensen cells as they ap- 
pear under the microscope is shown in Fig. 4. 

through the Selas filter under a pressure of 
5 lb. Following this. the punill is charged 
and the medium is siphonetl into the cell 
chanhers. When the l ~ e l  of the medium of ~lucose/day/chamber. 
passes through the fritted glass plate at the 
base of the column, the siphoning procedure 
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TARllE I. Growth aiid Reprorliicihility of Replicate J'eiisen Cultures in Helix Perfusion System. 

Age of ~ 1 1 1 -  (:ell C O U I I  t (3 I'O\.\'tll Effliitw t Pcrfusioit 
ra tc, ml/lir F1:rsk No. tiire, d:rys ( n  >(: 10';) (inoculuni = 1) yH 
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The cells grown in the perfusion chamber ap- 
pear to resemble tumor cells which were car- 
ried as an intramuscular tra,nsplant in Holtz- 
man rats more than those cells in T-15 flasks. 
Furthermore, the mitotic activity of the per- 
fused cells appears to be greater than those 
carried in vivo. 

The presently reported perfusion system 
a n  recycle the medium for certain types of 
studies (Fig. 1). This can be accomplished 
by siphoning the spent medium into the fresh 
medium reservoir, adjusting the pH to 7.4 
and replenishing the glucose concentration to 
300 mg percent. When this was done the 
concentration of other constituents in the 
medium was sufficient to support growth for 
2 recycling periods. The third recycle period, 
however, would nut promote growth unless 
the medium was supplemented with gluta- 
mine, asparagine, and arginine in addition to 
the glucose. This observation merits further 
research. 

Replicate cell chambers were then em- 
ployed to determine the consistency of 
growth in the columns. The initial inoculum 
was 200,000 cells/ml and individual cell 
chambers were harvested at  different time 
intervals. When the cells were definitely in 
the logarithmic growth phase, 6 chambers 
were harvested simultaneously and a viable 
cell count was made. From this it can be 
seen (Table I) that growth in 5 of the 6 
chambers was remarkably consistent. The 
poor growth in Chamber 5 was anticipated, 
however, since the effluent pH was 7.35. 

The use of helices as a cell matrix for tis- 
sue culture is not an original approach. 
Earle and co-workers (6) cultivated chick 
fibroblasts on glass helices and reported good 
growth. Their method of feeding, however, 
was more a periodic circulating system and 
not a continuous perfusiun of fresh nutrients. 
It should be mentioned that the glass helices 
make cytological examination of the tissues 
solmewhat difficult, but the use of nylon hel- 
ices appears to circumvent this difficulty. 
Preliminary investigations in this area have 
been encouraging. 

Summary. Freshly excised Jensen sarcoma 
cells have been cultivated in a helix perfu- 
sion chamber. Growth was luxuriant and 
masses of tissue were clearly visible to the 
naked eye. Microscopic examination revealed 
healthy cells with a high degree of mitotic 
activity. This system is readily applicable 
for massive growth of cells which cannot pro- 
liferate in free suspension. 
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