
transducer through a cannula implanted 
in the femoral artery and recorded on 
a Grass polygraph. Drugs (dopamine 
hydrochloride and amantadine hydro- 
chloride) were rapidly injected through 
a polyethylene cannula in the femoral 
vein in aqueous solutions (0.1 ml/kg). 
Body temperature was maintained at 
37? ? I?C. 

One group of six dogs (Fig. 1A) 
received five inj'ctions of dopamine 
hydrochloride (0.1 mg/kg, base weight; 
intravenous) spaced 30 minutes apart. 
Each of the first four injections of dopa- 
mine was followed generally 6, but as 
much as 8, minutes later by a dose of 
amantadine hydrochloride [0.016 to 2.0 
mg/kg, base weight (cumulative); intra- 
venous]. Two control groups of six dogs 
each were treated similarly except that 
one group (Fig. iB) received saline 
(0.1 ml/kg; intravenous) instead of 
dopamine, and the other group (Fig. 
IC) received saline in place of amanta- 
dine. 

Amantadine caused a dose-related 
pressor response in dogs that wer.- 
given amantadine 6 minutes after an 
injection of dopamine (Fig. 1A). The 
amantadine pressor effect in these dogs 
primed with dopamine was significant 
(P < .05 by two-tailed t-test) at a 
dose of 0.08 mg/kg or more when com- 
pared with the corresponding response 
to amantadine in a group of saline con- 
trol dogs (Fig. IB). Priming with 
dopamine had an obvious effect on the 
pressor response to amantadine, but 
amantadine did not seem to affect the 
amplitude of the pressor response to 
dopamine given 24 minutes later. Al- 
though the pressor response to dopa- 
mine increased in amplitude over the 
five successive doses of dopamine (Fig. 
1A), the change in amplitude over the 
five doses was not significantly different 
from that of the dogs receiving dopa- 
mine and saline (Fig. IC). Thus, we 
have no convincing evidence that 
amantadine blocked the uptake of 
dopamine into peripheral nerve storage 
sites; at least not under the present ex- 
perimental conditions. If amantadine 
had blocked dopamine uptake we 
should have seen a significant increase 
in the amplitude of the pressor response 
to dopamine as a consequence of prior 
treatment with amantadine. Amanta- 
dine blocks uptake of norepinephrine at 
relatively 'high intravenous doses (5). 
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after saline (Fig. I B) showed only a 
small transient pressor effect which was 
statistically significant only at the high- 
est dose of amantadine [when compared 
with the corresponding pressor response 
to saline (Fig. IC)]. The pressor re- 
sponse to repeated injections of dopa- 
mine increased somewhat, and an in- 
jection of saline after dopamine had no 
significant effect on blood pressure 
(Fig. 1C). Some dogs receiving saline 
and amantadine showed a biphasic 
blood pressure response (a rise fol- 
lowed by a fall in pressure) after the 
dose of 2.0 mg of amantadine per 
kilogram (Fig. 1B). 

The data in Fig. 1 suggest that aman- 
tadine releases catecholamines from 
peripheral n2rve storage sites. We think 
that amantadine may have the same 
action within the central nervous sys- 
tem. The slight vasopressor response to 
amantadine alone (Fig. 1 B) was prob- 
ably not due to a direct action upon 
receptors, since Vernier et al. (5) re- 
ported that a small positive inotropic ef- 
fect of amantadine in dogs was abol- 
ished by prior treatment with reserpine 
and was restored by infusion with nore- 
pinephrine. The catecholamine-releas- 
ing action of amantadine was consider- 
ably enhanced in the present study by 
priming the dogs with dopamine shortly 
before each injection of amantadin. 
(Fig. 1A). Priming with dopamine did 
not create but simply amplified an in- 
herent pharmacological action of aman- 
tadine, thus making it more readily 
measurable. The lowest effective intra- 
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We have devised an automated sys- 
tem for the continuous culture of mam- 
malian cells and have used it to main- 
tain a suspension culture of HeLa cells 
for several months. Our objective was 
the development of a small bench-top 
facility which could be used to main- 
tain growing stock cultures of mam- 
malian cells indefinitely in a laboratory 
not equipped with standard facilities 
for cell culture, and to grow cells in 
sufficiently large quantities for bio- 
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venous dose of amantadine in dogs 
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chemical studies. Both criteria have 
been satisfied. The flexibility of the 
system allows broad adjustments in per- 
formance to accommodate differences 
in the behavior of various types of cul- 
tures; its capacity can be readily varied 
to suit the requirements of the investi- 
gator. 

The system incorporates a Nephelo- 
stat, controlled by a photocell and orig- 
inally designed for the continuous cul- 
ture of microorganisms (Fig. 1) (1). 
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Automated Continuous Culture of 

Mammalian Cells in Suspension 

Abstract. A system has been developed for the continuous culture of mam- 
malian cells in suspension. The system maintains constant cell concentrations 
(monitored as the degree of light scattering) over a wide range of previously 
selected values by automatic additions of known amounts of medium and simul- 
taneous withdrawals of equal volumes of cell suspension. 
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Fig. 1. Diagrammatic represe 
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is medical grade silicone rubbe 
Dow-Corning, Midlands, Michi 
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stopper and a stainless steel n 
stirring paddle is Teflon, and 1 
shaft is Teflon-coated glass. T 
surface of the culture vessel is c 
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(1, 4). Adjustable instrument settings 
include: (i) the frequency with which 

C OTTO 
the light scattering is monitored; (ii) 

LTER the threshold control for the addition 

fESERVOIRa of medium; (iii) the duration and rate 

NFLOW of pumping; and (iv) the culture tem- 
perature. The culture volume can be 

'OAT 
)y j varied between 50 and 1200 ml. The 

smaller volume, used for long-term 
maintenance between experiments, re- 

MpLTi quires a minimum expenditure of cul- 

^?D ture medium. To obtain a larger work- 
W-OUTFLOW ing volume, the outflow from the cul- 

ture vessel is occluded by means of a 
pinch clamp so that the volume in- 
creases to the desired level while the 

t j _ concentration of cells remains constant. 
FLASK The volume is decreased at constant 

cell concentration by clamping the in- 
Sntation of flow from the nutrient reservoir. The 
ible tubing 
Sibletubincg nutrient reservoir is kept at 4?C and is 

=r (Silastic, 
igan). The filled periodically by attaching the nu- 
ne rubber trient refill reservoir. The culture ves- 
leedle. The sel, stirring motor, and Nephelostat de- 
the stirring tector assembly are kept at 37 C in a 
he interior controlled temperature chamber. Direct :oated with 

access to the culture is provided 
through the sampling port. The culture 
is gassed with a mixture of 95 percent 

asured as air and 5 percent CO., at a flow rate 

g, is held of 75 cm3/min and stirred continuously 
cted value at 150 rev/min. The complex of glass- 
of known ware and tubing shown in Fig. 1 is 
) coupled autoclaved as a unit (nutrient refill res- 
d volumes ervoir not attached) with the well of 
:omplished the rotary seal filled with silicone oil. 

rump (3) The ability of the system to maintain 
at control a constant cell concentration at differ- 
ime pump ent preselected levels is demonstrated in 
itflow; the Fig. 2. Samples were taken from the 
tarated in sampling port at the intervals shown, 
ency with and the cells were counted in a Coulter 
corded by counter. The cell concentration was in- 
nsole and itially decreased by adjusting the 
owth rate nutrient feed threshold control on the 
centration Nephelostat console to the appropriate 

low value; the cells were thus automa- 
tically diluted to the corresponding con- 
centration which was then kept con- 

- stant. The cell concentration was raised 
in stages by periodically adjusting the 
control to progressively higher levels. 

_ This procedure ensured frequent re- 
plenishment of the medium and, under 

....... ~ these conditions, the highest concentra- 
tion obtained for HeLa cells was 6.4 
X 10' cell/ml (Fig. 2). Beyond this 
level, the feeding frequency decreased 

I sharply, indicating a pronounced drop 
- in the growth rate. 

8- I --- ! Growth rates of HeLa cells after 6 84 105 
and 12 weeks in culture werz obtained 

istant cell by initially bringing the cell concentra- 
ted levels. tion to the levels indicated at time zero 
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Fig. 3. Growth of HeLa cells when the 
threshold control for addition of medium 
is raised to the maximum so that no me- 
dium is added. 

in Fig. 3, and then turning the control 
setting to maximum so that no further 
additions of medium would be made. 
The trend toward an increase in the 
growth rate suggests that the culture 
conditions may favor the selection of 
more rapidly growing cells. The plateau 
in the growth curves at a concentra- 
tion of 3.5 X 105 cell/ml, approxi- 
mately half that attained in Fig. 2, re- 
flects the depletion of essential nutri- 
ents. 

We have used this system primarily 
to grow cells in quantity for biochem- 
ical studies, and are presently able to 
harvest approximately 109 cells at 5- 
day intervals. This number can be in- 
creased easily by enlarging the culture 
vessel. 
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