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CELL CULTURE APPARATUS 

This invention relates to the cultivation of tissue cells 
on surfaces under controlled conditions and more par 
ticularly it concerns novel methods and apparatus to 
maintain those conditions under close control during 
the cultivation and harvesting operations. 
Certain virus vaccines and other cell types, are cul 

tured in perfusion devices which essentially comprise 
one or more glass bottles lying on their sides and rolled 
continuously about their longitudinal axis while influ 
ent nutrients and ef?uent culture and spent medium 
passes into and out from the bottles via swivel connec 
tors on their ends. As the bottles rotate, the culture me 
dium is spread smoothly over their inner surfaces in a 
manner which promotes continuous and efficient pro 
duction of the tissue cells. 

It is important of course that the in?owing nutrients 
and the out?owing culture and spent medium be kept 
sterile and free from external contamination through 
out the entire process. In general, it has not been espe 
cially difficult to maintain the perfusion bottles, the 
supply and discharge lines, the nutrient reservoirs and 
the collection reservoirs themselves sealed from con 
tamination. A problem arises, however, in maintaining 
the swivel joints, through which the ?uids must pass 
into and out from the rotating bottles, properly sealed 
against external contamination. 
The swivel joints which were used in the past were 

expensive; and after prolonged periods of use they 
tended to leak. Also, where two or more ?uid passage 
ways were involved, the construction of the swivel joint 
became quite complicated. 
The present invention overcomes these problems of 

the prior art. With the present invention, it is possible 
to provide a rotating bottle culture apparatus of rela 
tively simple construction which, nevertheless, main 
tains a positive seal against leakage. 
According to the present invention, ?uids are passed 

between tissue culture bottles and stationary manifolds 
via ?exible tubes which are sealed at each end to asso 
ciated conduits on the bottle and manifolds. Means are 
provided for rotating the bottles reciprocally, ?rst in 
one direction and then in the opposite direction. This 
limited rotation permits the culture medium within the 
bottles to spread itself over the inner surface of the bot 
tles while the reciprocal rotation of the bottles prevents 
the ?exible tubes from becoming pinched due to twist 
ing or kinking. 
There has thus been outlined rather broadly the more 

important features of the invention in order that the de 
tailed description thereof that follows may be better 
understood, and in order that the present contribution 
to the art may be better appreciated. There are, of 
course, additional features of the invention that will be 
described hereinafter and which will form the subject 
of the claims appended hereto. Those skilled in the art 
will appreciate that the conception upon which this dis 
closure is based may readily be utilized as a basis for 
the designing of other methods and structures for car 
rying out the several purposes of the invention. It is im 
portant, therefore, that the claims be regarded as in 
cluding such equivalent methods and constructions as 
do not depart from the spirit and scope of the inven 
tion. 
A speci?c embodiment of the invention has been 

chosen for purposes of illustration and description, and 
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2 
is shown in the accompanying drawings, forming a part 
of the speci?cation, wherein: 
FIG. 1 is a perspective view, partially broken away, 

of a portion of a tissue culture apparatus in which the 
present invention is embodied; 
FIG. 2 is an enlarged fragmentary section view taken 

along line 2—2 of FIG. 1; and 
FIGS. 3 and 4 are views similar to FIG. 1 showing dif 

ferent stages in the operation of the apparatus. 
As shown in FIG. 1 there is provided, as part of a tis 

sue culture apparatus, an elongated glass culture bottle 
10, which lies horizontally on, and is supported by, a 
pair of elongated drive rollers 12. The rollers them 
selves are mounted in suitable bearing means (not 
shown for the sake of clarity). 

Suitable drive means are provided to rotate the rol 
lers about their longitudinal axis. As shown in FIG. 1 
this drive means may comprise an electric motor 14, 
connected through a reciprocating mechanism 16 to a 
drive gear 18. The drive gear 18 is meshed with a 
driven gear 20 on the end of one of the rollers 12. The 
motor 14 operates continuously in one direction; how 
ever, the reciprocating mechanism 16 operates to con 
vert the continuous rotational motion supplied by the 
motor 14 to reciprocal rotary motion of the drive gear 
I8. Thus the drive gear 18 rotates in one direction over 
a predetermined distance and then rotates in the oppo 
site direction over the same distance. Reciprocating 
drive mechanisms for producing reciprocal rotary mo 
tion from continuous rotary motion are well known in 
the art. By way of example the mechanism may com 
prise a pair of bevel gears keyed to the same shaft as the 
drive gear 18 and arranged to mesh on opposite sides 
respectively of a bevel gear on the motor shaft. Alter 
nate corresponding sectors of the pair of bevel gears 
would have the teeth removed, so that as the motor 
gear rotates continuously it drives ?rst from one side 
via one of the pair of gears and then from the opposite 
side via the other of the pair of gears. This will produce 
a reciprocal rotation of the shaft of the drive gear 18. 
Alternatively, cams, crankshafts and eccentrics may be 
used to obtain the reciprocal rotary motion. The drive 
gear 18 communicates its reciprocal rotary motion 
through the drive gears 20 to the drive rollers 12. As 
shown in FIG. 2 the reciprocal rotary motion of the 
drive rollers 12 causes a corresponding reciprocal ro 
tary movement of the culture bottle 10 which rests on 
them. 
Reverting now to FIG. 1, it will be seen that there are 

provided a pair of stationary manifolds 22 and 24 
through which nutrients and collection ?uids may pass. 
One manifold is used for adding cells, media, seed virus 
and gases to the bottle while the other is used for draw 
ing off spent media, cells, virus and gases. These mani 
folds are connected, respectively, to supply and collec 
tion reservors (not shown). Additional manifolds may 
be provided if necessary. 
Each of the manifolds 22 and 24 is provided with a 

branch connection 26 and 28 leading to the bottle 10. 
A length of ?exible tubing 30 extends from each mani 
fold branch connection 26 and 28 to a corresponding 
bottle conduit 32 and 34. The bottle conduits are 
sealed to and pass through a stopper 36 which tightly 
closes the end of the bottle. As shown, the bottle 10 
contains a liquid substance 38 which lies along the 
lower side of the bottle while a gaseous substance 40 
occupies the space thereabove. The bottle conduits 32 
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and 34 are arranged within the bottle to communicate 
with either the liquid or gaseous substance. For exam 
ple, as shown in FIGS. 1 and 2 the ?exible conduit 34 
is provided with a weighted mass 42 such as a stainless 
steel ball at its end to hold it beneath the surface of the 
liquid 38 toward the neck of the bottle while the other 
conduit 32, which is fixed or rigid, extends straight 
through the central region of the bottle in communica 
tion with the gaseous substance 40. The conduit 34 is, 
of course, ?exible so that it will remain weighted down 
into the liquid substance 38 as the bottle rotates. 
The lengths of flexible tubing 30 are tightly sealed to 

their respective manifold branch connections 26 and 
28 and to their respective bottle conduits 32 and 34 by 
means of clamps 44. Additional clamps 45 may be pro 
vided along each of the lengths of ?exible tubing 30 to 
pinch them off, either partially or completely, when de 
sired. This permits control of ?uid through the tubing 
without need for mechanical valves and moving seals. 
Turning now to FIGS. 3 and 4, it will be seen that the 

lengths of ?exible tubing 30 twist around each other as 
the bottle 10 is rotated in each direction. Each time the 
bottle rotation is reversed, the lengths of tubing 30 un 
twist and then retwist in the opposite direction. In order 
to fully bathe and nourish the cells adhering to the 
inner surface of the bottle, the bottle should be rotated 
approximately 360° so that the liquid therein will flow 
over its entire surface. Lesser amounts of rotation will 
suffice where the liquid levels in the bottle are higher. 
For example, where the pool of liquid in the bottle cov 
ers a sector of 40°, a total rotation of about 320° will 
suffice to bathe the entire surface. This total rotation 
may be carried out by rotating the bottle alternately in 
opposite directions by half the total amount, e.g., about 
180°, from its normal position shown in FIG. 1. Thus, 
as shown in FIG. 3, the bottle 10 has been rotated ap 
proximately 180° in a clockwise direction, while in FIG. 
4 the bottle 10 is shown to have been rotated by ap 
proximately 180° in the counterclockwise direction. 
The total rotation of the bottle, however, is approxi 
mately 360°. 
As can further be seen in FIGS. 3 and 4, the de 

scribed manner of rotating the bottle 10 through a total 
sector of approximately 360° imposes only a half twist 
on the lengths of ?exible tubing 30 connecting the bot 
tle to the manifolds 22 and 24. Because of this the pos 
sibility of the tubing 30 becoming pinched or cracked 
is minimized. At the same time a perfect seal is main» 
tained from the manifolds to the inventor of the bottle 
without need or rotary seals with moving parts. 

It will be appreciated that while two manifolds are 
shown to be connected to the bottle, a greater number 
may be similarly connected. For example, a third line 
may be provided to extend from a corresponding mani 
fold and into the bottle just beyond the stopper to pro 
vide limit control of the total amount of gases and liq 
uids in the bottle. Also, the degree of bottle rotation be 
tween rotation reversals may be increased or decreased 
to maintain the effective cell sheet surface bathed in 
the ?uids, so long as the amount of rotation in any one 
direction is less than that which would close off or dam 
age the ?exible tubing. 

It will also be appreciated that this apparatus can be 
used to harvest or charge ?uids, either by slow continu 
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4 
ous ?ow, or completely, at programmed intervals. 
Although a particular embodiment of the invention 

is herein disclosed for purposes of explanation, various 
modi?cations thereof, after study of this speci?cation, 
will be apparent to those skilled in the art to which the 
invention pertains. 
What is claimed and desired to be secured by Letters 

Patent is: 
1. Tissue culture apparatus comprising a tissue cul 

ture bottle, support and drive means supporting said 
bottle with its longitudinal axis horizontal, said support 
and drive means being operative to rotate said bottle 
about its longitudinal axis reciprocally ?rst in one di 
rection and then in the opposite direction, ?uid conduit 
means for effecting transfer of ?uids between the inte 
rior of the bottle and an exterior manifold during rota 
tion of said bottle, said ?uid conduit means comprising 
at least one ?exible tube extending between one end of 
said bottle and said manifold, said ?exible tube being 
fixedly secured at each end, respectively, to said bottle 
and to said manifold, said tube being twistable while re 
maining open, over the rotational movement of said 
bottle. 

2. Tissue culture apparatus according to claim 1 
wherein said support and drive means is operative to 
rotate said bottle through a total rotational sector of 
approximately 360° in each direction. 

3. Tissue culture apparatus according to claim 1 
wherein said support and drive means is arranged to ro 
tate said bottle through sectors of approximately 180° 
in each direction from a neutral position with said ?exi 
ble tube extending in non-twisted condition between 
said bottle and said manifold. 

4. Tissue culture apparatus according to claim 1 
wherein said support and drive means comprises a pair 
of elongated rollers extending parallel to each other 
and supporting the bottle on them. 

5. Tissue culture apparatus according to claim 1 
wherein at least two flexible tubes are provided be 
tween associated stationary manifolds and correspond 
ing conduits extending into said bottle. 

6. In a method for culturing tissue cells, the steps of 
supplying nutrients and gases to a bottle containing cul 
ture medium and tissue cells, withdrawing ?uids from 
the bottle and passing said ?uids through ?exible con 
duits extending between the bottle and stationary mani 
folds, while supporting said bottle with its longitudinal 
axis in a horizontal direction and reciprocally rotating 
said bottle about said axis, ?rst in one direction and 
then in the opposite direction. 

7. A method according to claim 6 wherein said bottle 
is rotated by causing at least one roller, on which it is 
supported, to rotate ?rst in one direction and then in 
the opposite direction. 

8. a method according to claim 6 wherein said bottle 
is rotated in each direction over a total of approxi 
mately 360°. 

9. A method according to claim 6 wherein said bottle 
is rotated in each direction a total of approximately 
180° from a neutral position where said ?exible con 
duits extend between said bottle and said manifolds in 
a non-twisted condition. 
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