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Description 

Field  of  the  Invention 

The  present  invention  relates  to  an  improved 
bio-reactor  vessel  system  useful  for  carrying  out 
cell  production  of  mammalian  cells  in  an  earth 
based  microgravity  environment. 

Background  of  the  Invention 

Bacterial  cell  culture  processes  have  been  de- 
veloped  for  the  growth  of  single  cell  bacteria,  yeast 
and  molds  which  are  encased  with  a  tough  cell 
wall.  Mammalian  cell  culture,  however,  is  much 
more  complex  because  such  cells  are  more  deli- 
cate  and  have  a  more  complex  nutrient  require- 
ment  for  development.  Large  scale  culture  of  bac- 
terial  type  cells  is  highly  developed  and  such  cul- 
ture  techniques  are  less  demanding  and  are  not  as 
difficult  to  cultivate  as  mammalian  cells.  Bacterial 
cells  can  be  grown  in  large  volumes  of  liquid 
medium  and  can  be  vigorously  agitated  without  any 
significant  damage.  Mammalian  cells,  on  the  other 
hand,  cannot  withstand  excessive  turbulent  action 
without  damage  to  the  cells  and  must  be  provided 
with  a  complex  nutrient  medium  to  support  growth. 
One  solution  proposed  is  to  be  found  in 
"SPACEBOUND  '87"  p.265  -  "Growth  and  main- 
tenance  of  anchorage  dependent  cells  in  zero 
headspace  Bioreactor  systems  designed  for  micro- 
gravity"  by  M.L.LEWIS  et  al. 

In  addition,  mammalian  cells  have  other  special 
requirements  such  that  most  animal  cells  must 
attach  themselves  to  some  surface  to  duplicate.  On 
a  small  scale,  mammalian  cells  have  been  grown  in 
containers  with  small  microwells  to  provide  surface 
anchors  for  the  cells.  However,  the  cell  culture  for 
mammalian  cells  in  the  containers  with  microwells 
generally  does  not  provide  sufficient  surface  area 
to  grow  mammalian  cells  on  a  large  scale  basis.  To 
provide  greater  surface  areas,  microcarrier  beads 
have  been  developed  for  providing  surface  areas 
for  the  cultured  cells  to  attach.  Microcarrier  beads 
with  attached  culture  cells  require  agitation  in  a  bio- 
reactor  vessel  to  provide  suspension  of  the  cells  in 
fresh  nutrients.  To  obtain  agitation,  such  bio-reactor 
vessels  have  used  internal  propellers  or  movable 
mechanical  agitation  devices  which  are  motor 
driven  so  that  the  moving  parts  within  a  vessel 
cause  agitation  in  the  fluid  medium  for  the  suspen- 
sion  of  mammalian  cells  carried  on  microcarrier 
beads. 

Bio-reactor  vessels  with  internal  moving  parts 
may  damage  mammalian  cells  and  also  subject  the 
cells  to  high  fluid  shearing  stresses.  If  the  beads 
collide  with  one  other,  the  cells  can  be  damaged. 
One  way  to  reduce  the  effect  of  collision  of  the 

beads  during  agitation  of  the  medium  in  a  bio- 
reactor,  is  to  reduce  the  density  of  microcarriers  in 
the  present  bio-reactors  which  in  turn  reduces  the 
cell  production. 

5  In  summary,  bio-reactors  used  to  culture  mam- 
malian  cells  typically  utilize  internal  mechanical 
parts,  air,  or  fluid  movement  as  a  lift  mechanism  to 
achieve  particle  suspension.  Such  mechanisms  in- 
duce  damage  to  growing  cells  or  tissues  either 

io  directly  or  indirectly  by  fluid  shear. 

Summary  of  the  Present  Invention 

The  bio-reactor  system  of  the  present  invention 
75  is  for  growing  mammalian  cells  where  the  cell 

culture  is  unfettered  by  sedimentation  collision  of 
cells,  or  adverse  shear  forces  and  where  the  sys- 
tem  has  optional  operating  characteristics.  The  bio- 
reactor  system  of  the  present  invention  utilizes  the 

20  clinostat  principal  that  a  fluid  medium  rotated  about 
an  approximately  horizontal  axis  suspends  discrete 
particles  in  the  fluid  so  that  the  discrete  particles 
are  suspended  in  discrete  spatial  locations.  The 
outer  wall  containing  the  fluid  medium  may  be 

25  rotated  to  minimize  adverse  boundary  layer  shear 
forces  induced  by  velocity  gradients  between  the 
wall  and  the  fluid  medium. 

The  bio-reactor  apparatus  basically  includes  an 
outer  tubular  enclosure  with  end  caps  to  define  a 

30  cell  culture  enclosure.  The  outer  tubular  enclosure 
is  rotatively  supported  on  input  and  output  shaft 
members  and  rotatively  driven  by  an  independent 
drive  means.  Coaxially  disposed  within  the  tubular 
enclosure  is  a  central  tubular  filter  member  which 

35  is  rotatively  supported  on  the  input  shaft  and  coup- 
led  to  the  output  shaft.  The  output  shaft  is  rotatively 
driven  by  an  independent  drive  means. 

The  annular  space  between  the  inner  and  outer 
tubular  members  defines  a  cell  culture  chamber. 

40  Two  blade  members  positioned  about  the  horizon- 
tal  axis  and  extend  lengthwise  of  the  cell  culture 
chamber.  The  blade  members  have  radial  arms  at 
one  end  which  are  rotatively  supported  on  the 
output  shaft  and  radial  arms  at  the  other  end  which 

45  are  coupled  to  the  input  shaft.  The  input  shaft  is 
rotatively  driven  by  an  independent  drive  means. 

The  independent  drive  means  normally  drives 
the  inner  and  outer  tubular  members  and  the  blade 
members  at  the  same  angularly  rate  and  direction 

50  so  that  no  relative  motion  occurs  between  these 
members.  Thus,  a  clinostat  motion  of  particles  in 
the  fluid  within  the  cell  culture  chamber  can  be 
obtained  with  the  structure. 

The  bio-reactor  has  a  fluid  input  at  a  stationary 
55  input  location  for  inputting  fresh  fluid  medium  to 

the  cell  culture  chamber.  The  fluid  medium  passes 
through  a  rotational  coupling  at  the  stationary  input 
location  to  a  passageway  in  the  input  shaft  and 
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from  the  input  shaft  the  fluid  passes  through  split 
distribution  passageway  system  in  the  outer  tubular 
member  so  as  to  be  input  to  the  cell  culture 
chamber  at  spaced  apart  locations  which  are  cir- 
cumferentially  located  about  the  input  and  output 
shafts  at  the  inner  end  surfaces  of  the  cell  culture 
chamber.  Fluid  motion  of  fresh  fluid  medium  within 
the  cell  culture  chamber  is  from  the  periphery  of 
the  input  and  output  shafts  at  the  end  surfaces  and 
in  a  somewhat  toroidal  motion  in  moving  radially 
outward  toward  the  inner  wall  of  the  outer  tubular 
member  and  then  moving  from  both  end  surfaces 
toward  the  midpoint  transverse  plane  of  the  cell 
culture  chamber  and  then  moving  radially  inward  to 
pass  through  openings  disposed  along  the  inner 
tubular  member.  The  inner  tubular  member  re- 
ceives  spent  fluid  medium  and  has  an  outlet  pas- 
sageway  which  is  coupled  through  the  output  shaft 
and  a  rotational  coupling  to  exit  from  a  stationary 
outlet  location. 

In  the  development  of  cell  growth  in  the  bio- 
reactor,  the  cell  culture  chamber  is  filled  with  fluid 
medium  containing  nutrients,  microcarrier  beads 
and  the  cells  for  growth.  The  medium  completely 
fills  the  cell  culture  vessel  so  that  there  are  no  air 
pockets  or  bubbles  (sometimes  called  "zero  head- 
space").  The  inner  member,  the  outer  member  and 
the  blade  members  are  simultaneously  rotated  to 
obtain  clinostat  operation  in  suspending  the  beads 
in  a  spatial  positions  within  the  medium.  Fresh  fluid 
medium  is  input  either  intermittently  or  continu- 
ously  through  the  input  shaft  with  fresh  nutrients 
containing  oxygen  for  cell  growth  while  the  bio- 
reactor  is  rotated  under  proper  incubation  con- 
ditions  for  the  cell  growth.  The  beads  are  pre- 
vented  from  exiting  the  cells  culture  chamber  by  an 
annular  filter  cloth  on  the  inner  member. 

Should  the  filter  cloth  or  inner  member  tend  to 
clot,  the  speed  of  the  inner  member  can  be  in- 
creased  to  spin  free  any  clots  on  the  cloth.  Should 
agitation  be  desirable,  the  speed  of  the  blade 
members  can  be  increased  to  produce  agitation. 
Alternatively,  if  the  rotation  of  the  outer  member  is 
stopped,  for  example,  to  withdraw  a  sample  then 
the  blade  members  can  be  rotated  to  maintain  a 
suspension  of  the  cell  cultures. 

Tissue  culture  on  Earth  has  limitations  imposed 
by  the  presence  of  gravity.  By  nature,  the  growing 
cell  systems  have  varying  densities,  usually  greater 
than  a  culture  media,  and  therefore  sedimentation 
occurs  within  conventional  culture  vessels.  Impel- 
lers  or  air  lift  mechanisms  are  utilized  to  maintain 
the  homogeneous  distribution  of  cells,  nutrients, 
and  waste  products  required  to  maintain  a  healthy 
culture.  However,  such  mechanisms  disrupt  natural 
cell  processes  and  in  many  cases  damage  or  kill 
delicate  mammalian  cells.  The  present  invention 
allows  cultures  to  remain  evenly  suspended,  in 

three  dimensions,  without  introducing  damaging 
forces.  The  living  cells  are  suspended  inside  a 
rotating  cylindrical  vessel  about  an  approximate 
horizontal  rotational  axis  where  the  vessel  is  com- 

5  pletely  filled  with  culture  media  and  beads.  Delicate 
cells  are  cultured  at  very  high  densities  and  unique 
associations  of  cells  into  tissue-like  groups.  In 
some  cases  this  rotating,  or  clinostatic,  culture 
technique  provides  a  practical  method  to  culture 

io  sufficient  numbers  of  delicate  cells  for  further  stud- 
ies. 

The  unique  design  of  this  cell  and  tissue  cul- 
ture  device  was  initially  driven  by  three  require- 
ments  imposed  by  its  intended  use  for  three  di- 

15  mensional  culture  of  living  cells  and  tissues  in 
space  by  NASA.  There  were  1)  compatability  with 
microgravity  and  2)  simulation  of  microgravity  in 
one  G,  and  3)  to  allow  precision  control  and  sam- 
pling  of  the  culture  environment.  The  vessels  are 

20  designed  to  approximate  the  extremely  quiescent 
low  shear  environment  obtainable  in  space  where  it 
would  be  unnecessary  for  a  lifting  mechanism  to 
oppose  particle  sedimentation.  This  gentle  culture 
environment  was  hypothesized  to  allow  cells  to 

25  achieve  and  maintain  a  three  dimensional  orienta- 
tion,  according  to  cellular  derived  forces,  and  thus 
form  higher  order  tissue  structures.  The  rotating 
wall  culture  vessels,  with  associated  features  herein 
disclosed  and  developed  for  these  purposes,  were 

30  found  to  allow  living  cell  cultures  which  exhibited 
the  hypothesized  features.  It  is  observed  that  the 
rotating  fluid  effectively  counters  sedimentation  and 
that  the  rotating  wall  effectively  reduces  adverse 
fluid  velocity  gradients  through  the  boundry  layer  at 

35  the  vessel  wall.  The  combined  effects  allowed  cul- 
tures  to  be  maintained  in  large  three  dimensional 
orientation  without  introducing  disruptive  shear 
forces  which  would  limit  the  viability  of  delicate  cell 
types  (particularly  mammalian)  and  would  limit  the 

40  assembly  of  cells  into  higher  order  structures.  It  is 
observed  in  the  case  of  attachment  dependent 
cultures  maintained  on  microcarrier  beads  that  the 
hundreds  or  thousands  of  beads  participate  in  the 
formation  of  large  high  order  structures  bound  by 

45  cell  bridging.  Along  the  center  axis  of  the  vessel,  is 
placed  the  media  outlet  spin  filter  which  allows  cell 
free  culture  media  to  be  circulated  for  recondition- 
ing  and  gas  exchange  external  to  the  vessel.  This 
external  perfusion  loop  allows  for  introducing  nu- 

50  trients,  removing  waste  products,  and  exchange  of 
dissolved  respiratory  gases.  By  measuring  inlet 
and  outlet  concentrations  of  metabolic  components, 
cell  numbers,  and  perfusion  flow  rate  the  "Fick" 
principle  may  be  utilized  to  calculate  the  consump- 

55  tion  or  production  (by  the  living  cells)  of 
metabolites  (e.g.  oxygen  or  glucose  consumption). 
Factors  such  as  hormones,  growth  factors,  and 
immune  modulators  may  be  introduced  without  dis- 
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ruption  of  the  culture.  Real  time  measurement  of 
conditions  within  the  vessel  may  be  obtained  (on 
the  effluent  media)  for  research  data  and  precise 
feedback  control  of  vessel  conditions.  It  was  appar- 
ent  to  scientists  having  utilizing  this  instrumentation 
that  it  offered  significant  advantages  for  earth 
based  cell  and  tissue  culture  research  in  terms  of 
efficient  utilization  of  vessel  volume,  logistics  of 
sampling  and  measurement,  and  unique  culture 
capabilities  (particularly  for  attachment  dependent 
microcarrier  cultures).  Additional  benefit  is  derived 
from  the  efficient  utilization  of  the  vessel  volume  for 
culture  allowing  improved  logistics  where  cell  or 
cell  product  production  is  concerned.  Soluble  pro- 
ducts  may  be  extracted  from  the  external  perfusion 
loop  as  the  culture  progresses. 

A  vane  may  be  introduced  and  rotated  at  near- 
ly  the  same  speed  as  the  wall  and  fluid  in  order  to 
extend  the  operating  range  by  giving  an  extra 
boost  to  rapidly  falling  particles  so  they  get  over 
the  top  and  follow  the  general  streamline  direction. 
Differential  vane  rotation  rates  (from  the  wall), 
discs,  or  impellers  may  be  utilized  to  induce  addi- 
tional  mixing  or  shear  if  this  is  desirable. 

Description  of  the  Drawings 

In  the  drawings: 
FIG.  1  schematically  illustrates  a  system  loop 
utilizing  the  present  invention; 
FIG.  2  schematically  illustrates  the  present  in- 
vention  in  vertical  cross  section; 
FIG  3  is  a  view  in  cross  section  along  line  3-3  of 
FIG.  2;  and 
FIG.  4  is  a  view  in  vertical  cross  section  similar 
to  FIG.  2  but  illustrating  more  detail. 

Description  of  the  Preferred  Embodiment 

Referring  now  to  FIG.  1,  in  the  overall  system 
illustrated,  a  main  fluid  flow  loop  10  for  growing 
mammilian  cells  includes  a  rotating  cell  culture 
reactor  vessel  11,  an  oxygenator  13,  a  main  pump 
15  and  a  supply  manifold  17  for  the  selective  input 
of  nutrients,  acids,  bases,  or  buffers,  such  as,  so- 
dium  hydroxide  or  fresh  medium.  The  main  pump 
15  provides  fresh  fluid  medium  to  the  oxygenator 
13  where  the  fluid  medium  is  oxygenated  and 
passed  through  the  cell  culture  reactor  vessel  11. 
The  return  spent  fluid  medium  from  the  cell  culture 
reactor  is  returned  to  the  manifold  17  where  it 
receives  a  fresh  charge  of  nutrients,  sodium  hy- 
droxide  or  liquid  medium,  as  necessary,  before 
recycling  by  the  pump  15  through  the  oxygenator 
13  and  to  the  cell  culture  vessel  11.  Thus,  a 
continuous  loop  system  is  provided  for  the  cell 
growth  in  the  cell  culture  reactor  vessel. 

In  the  system  10,  the  culture  fluid  medium  is 
circulated  through  the  living  cell  culture  in  the 
vessel  1  1  and  around  an  external  life  support  loop, 
as  shown  in  the  FIG.  1.  In  this  external  loop, 

5  adjustments  are  made  in  response  to  chemical 
sensors  (not  shown)  which  maintain  constant  con- 
ditions  within  the  cell  culture  vessel  11.  PH  is 
corrected  by  controlling  carbon  dioxide  pressures 
and  introducing  acids  or  bases.  Oxygen,  nitrogen, 

io  and  carbon  dioxide  dissolved  gas  concentrations 
are  maintained  by  a  closed  loop  gas  exchange 
system  (not  shown)  in  order  to  support  cell  respira- 
tion.  The  closed  loop  adds  oxygen  and  removes 
carbon  dioxide  from  a  circulating  gas  capacitance. 

is  In  this  way  the  minimum  amount  of  stored  gases 
may  be  taken  into  space  if  the  device  is  utilized  on 
a  space  station  or  other  space  vehicles. 

FIGS.  2  and  3  schematically  illustrate  the  gen- 
eral  details  of  a  rotatable  bio-reactor  or  cell  culture 

20  reactor  vessel  11  illustrating  the  present  invention. 
In  FIGS.  2  and  3,  an  outer  tubular  housing  20  is 
rotatably  supported  for  rotation  about  a  horizontal 
central  axis  21  and  about  an  input  shaft  23  and  an 
output  shaft  25  which  are  aligned  with  the  central 

25  axis.  The  outer  tubular  housing  20  has  a  cylin- 
drical^  shaped  interior  wall  27  and  transverse  end 
walls  28,  29  which  generally  define  a  cylindrically 
shaped,  elongated  cell  culture  chamber  30.  A  spur 
gear  32  is  attached  to  one  end  of  the  housing  20 

30  and  is  driven  by  a  motor  33  to  rotate  the  housing 
about  its  central  horizontal  axis  21  . 

Coaxially  disposed  about  the  central  axis  21  is 
a  tubular  inner  filter  assembly  or  member  35  which 
is  rotatably  mounted  on  the  input  shaft  23  and  is 

35  coupled  (as  shown  by  the  dashed  line  36)  to  the 
output  shaft  25.  The  output  shaft  25,  in  turn,  is 
rotatably  supported  in  a  stationary  housing  40  and 
the  output  shaft  has  an  externally  located  spur  gear 
41  which  is  connected  to  a  drive  means  42  for 

40  rotating  the  output  shaft  25  and  the  inner  filter 
assembly  35  independently  of  the  outer  housing 
20.  The  annular  space  30  between  the  inner  filter 
assembly  35  and  the  interior  wall  27  of  the  outer 
housing  member  20  define  the  annular  cell  culture 

45  chamber  30  located  about  the  horizontal  axis  21. 
Intermediate  of  the  outer  wall  43  of  inner  filter 
assembly  35  and  the  inner  wall  27  of  the  outer 
member  20  is  a  blade  member  system  50  which 
includes  two  lengthwise  extending  blade  members 

50  50a  and  50b  which  are  equiangularly  spaced  from 
one  another  about  the  central  axis  21  .  Each  of  the 
blade  members  50a  and  50b  at  one  longitudinal 
end  have  a  radial  arm  52  which  is  rotatably  sup- 
ported  on  the  output  shaft  25  and  at  an  opposite 

55  longitudinal  end  54  have  a  radial  arm  55  which  is 
coupled  to  the  input  shaft  23  (shown  by  the  dashed 
line  56).  The  input  shaft  23,  in  turn,  is  rotatably 
mounted  in  a  stationary  housing  60  and  the  input 

5 
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shaft  has  a  spur  gear  61  which  is  driven  by  an 
independent  drive  mechanism  62  for  rotation  of  the 
blade  members  50  independent  of  the  inner  filter 
assembly  35  and  rotation  independent  of  the  rota- 
tion  of  the  outer  member  20. 

As  shown  in  FIG.  3,  the  angular  rotation  of  the 
three  sub-assemblies  20,  35  and  50,  i.e.  the  inner 
filter  member  35,  the  outer  housing  member  20 
and  the  intermediate  blade  member  50,  can  be  at 
the  same  angular  rate  and  in  the  same  direction 
about  a  horizontal  rotational  axis  so  that  there  is  no 
relative  movement  between  the  three  sub-assem- 
blies.  This  condition  of  operation  obtains  a  clinostat 
suspension  of  microcarrier  beads  in  a  fluid  medium 
within  the  cell  culture  chamber  without  turbulence. 

The  rotation  of  the  filter  can  be  started  and 
stopped  which  will  cause  the  turbulence  on  the 
surface  of  the  filter  and  keep  the  surface  clean. 
The  blade  members  or  vanes  50a  and  50b  assist 
cell  cultures  as  they  grow  to  maintain  spatial  posi- 
tions  in  the  rotating  fluid  medium.  This  is  particu- 
larly  helpful  for  higher  density  culture  particles 
such  as  bone  cells.  By  rotating  the  fluid  and  the 
outer  wall,  the  velocity  gradient  at  the  wall  bound- 
ary  layer  is  nearly  eliminated. 

Referring  again  to  FIG.  2,  fluid  medium  con- 
taining  fresh  nutrients  and  gases  is  input,  as  shown 
by  an  arrow  65,  to  a  passageway  66  in  the  station- 
ary  housing  60  and  connects  to  a  longitudinal  pas- 
sageway  67  in  the  input  shaft  23  by  virtue  of  a 
sealed  rotative  coupling  70.  The  passageway  67  in 
the  input  shaft  23  couples  to  a  radial  supply  pas- 
sageway  72  in  an  end  cap  of  the  outer  member  20 
by  virtue  of  a  sealed  rotative  coupling  75.  The 
radial  supply  passageway  72,  in  turn,  connects  to 
spaced  apart  radially  directed  input  passages  78, 
79  in  the  outer  housing  20  member  where  the  input 
passages  78,  79  are  located  at  opposite  ends  of 
the  cell  culture  chamber  30.  As  shown  by  the 
arrows,  when  fluid  is  input  at  both  ends  of  the  cell 
culture  chamber  30,  the  fluid  moves  radially  out- 
ward  toward  the  inner  wall  27  of  the  outer  housing 
member  and  then  moves  longitudinally  in  a  hori- 
zontal  direction  toward  a  midpoint  plane  generally 
indicated  by  a  vertically  dashed  line  80  and  then 
moves  radially  inwardly  toward  the  outer  wall  43  of 
inner  filter  assembly  35.  Thus  the  fluid  in  the 
chamber  30  has  a  generally  toroidal  type  of  motion 
in  radial  planes  on  either  side  of  the  mid-point 
transverse  plane  80  of  the  outer  member  20.  The 
inner  filter  assembly  35  has  openings  82  along  its 
length  for  exit  passage  of  fluid  and,  while  not 
illustrated  in  FIG.  2,  there  is  a  lengthwise  extending 
filter  cloth  located  across  the  openings  82  which 
prevents  microcarrier  bead  members  in  the  cham- 
ber  30  from  exiting  through  the  open-ings  82. 
Spent  fluid  in  the  cell  culture  chamber  30  thus  is 
passed  to  the  interior  85  of  the  inner  filter  assem- 

bly  35  and  exits  via  a  passageway  86  in  the  output 
shaft  25  to  a  rotative  coupling  output  88  in  the 
stationary  housing  40  and  to  a  passageway  89  to 
the  return  of  the  loop  passageway  for  recharging. 

5  Referring  now  to  FIG.  4,  a  detailed  drawing  of 
the  bio-reactor  of  the  present  invention  in  a  pre- 
ferred  form  is  illustrated.  The  outer  housing  20 
includes  left  and  right  hand  cylindrically  shaped 
transverse  end  cap  members  90,  91  which  have 

io  facing  end  surfaces  28,  29  arranged  to  receive  an 
inner  cylindrical  tubular  glass  member  93  and  an 
outer  tubular  glass  member  94.  Suitable  pressure 
seals  are  provided.  Between  the  inner  and  outer 
tubular  members  93,  94  is  an  annular  wire  heater 

is  96  which  is  utilized  for  obtaining  the  proper  incuba- 
tion  temperatures  for  cell  growth.  The  left  and  right 
hand  end  cap  members  90,  91  have  inner  curved 
surfaces  adjoining  the  end  surfaces  28,  29  for 
promoting  smoother  flow  of  the  fluid  within  the 

20  chamber  30.  The  end  cap  members  90,  91  have 
central  fluid  transfer  journal  members  94,  95  which 
are  rotatably  received  respectively  on  an  input 
shaft  and  an  output  shaft.  Each  housing  journal 
member  94,  95  has  a  flange  to  seat  in  a  recessed 

25  counter  bore  in  an  end  cap  member  and  is  at- 
tached  by  a  lock  washer  and  ring  97,  98  against 
longitudinal  motion  relative  to  a  shaft.  Each  journal 
member  94,  95  has  an  intermediate  annular  recess 
which  is  connected  to  longitudinally  extending,  cir- 

30  cumferentially  arranged  passages.  Each  annular  re- 
cess  in  a  journal  housing  is  coupled  by  a  radially 
disposed  passage  in  an  end  cap  member  90  or  91 
to  an  input  coupling  103,  104.  Fluid  in  a  radial 
passage  78  or  79  flows  through  an  annular  recess 

35  and  the  longitudinal  passages  in  a  journal  member 
94  or  95  to  permit  access  fluid  through  a  journal 
member  to  each  end  of  the  journal  where  the 
access  is  circumferential  about  a  shaft. 

Attached  to  the  end  cap  members  90  and  91 
40  are  tubular  bearing  housings  105,  106  containing 

ball  bearings  which  rotatively  support  the  housing 
member  20  on  the  input  and  output  shafts  23  and 
25.  On  the  left  hand  bearing  housing  105  has  an 
attached  sprocket  gear  110  for  providing  a  rotative 

45  drive  for  the  housing  member  20  in  a  rotative 
direction  about  the  input  and  output  shafts  23,  25 
and  the  central  axis  21.  The  housings  105,  106  also 
provide  for  electrical  take  out  of  the  heater  wire  96 
and  any  other  sensor. 

50  The  inner  filter  assembly  35  includes  inner  and 
outer  tubular  members  115,  116  having  perfora- 
tions  or  openings  along  their  lengths  and  end  cap 
members  117,  118.  The  inner  tubular  member  115 
is  constructed  in  two  pieces  with  an  interlocking 

55  centrally  located  coupling  section  and  each  piece 
attached  to  an  end  cap  117  or  118.  The  outer 
tubular  member  116  is  mounted  between  the  end 
caps  117  and  118. 

6 
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The  end  cap  members  117,  118  are  respec- 
tively  rotatably  supported  on  the  input  shaft  23  and 
the  output  shaft  25.  The  inner  member  115  is 
rotatively  attached  to  the  output  shaft  25  by  a  pin 
and  an  interfitting  groove  120.  A  polyester  cloth 
121  with  a  ten  micron  weave  is  disposed  over  the 
outer  surface  of  the  outer  member  116  and  at- 
tached  thereto  by  O-rings  at  either  end.  Because 
the  inner  member  115  is  attached  by  a  coupling 
pin  to  a  slot  in  the  output  drive  shaft  25,  the  output 
drive  shaft  25  can  rotate  the  inner  member  115. 
The  inner  member  115  is  coupled  by  the  end  caps 
117  and  118  which  support  the  outer  member  116. 
The  output  drive  shaft  25  is  extended  through 
bearings  in  a  left  hand  stationary  housing  40  and  is 
coupled  to  a  sprocket  gear  41  . 

As  illustrated,  the  output  shaft  25  has  a  tubular 
bore  120a  which  extends  from  a  port  or  passage- 
way  89  in  the  stationary  housing  40  located  be- 
tween  seals  to  the  inner  member  115  so  that  a  flow 
of  fluid  can  be  exited  from  the  inner  member  115 
through  the  stationary  housing  40. 

Between  the  end  caps  117  and  118  for  the 
inner  member  35  and  the  journals  94,  95  in  the 
outer  member  20,  are  hubs  125,  126  for  the  blade 
members  50a  and  50b.  The  hub  126  on  the  input 
shaft  23  is  coupled  to  the  input  shaft  23  by  a  pin 
130  so  that  the  hub  126  rotates  with  the  input  shaft 
23.  Each  hub  125,  126  has  axially  extending  pas- 
sageways  for  the  transmittal  of  fluid  medium 
through  a  hub.  The  input  shaft  23  extends  through 
bearings  in  the  right  hand  stationary  bearing  hous- 
ing  for  rotatable  support  of  the  input  shaft  23.  A 
longitudinal  passageway  67  extends  through  the 
input  shaft  23  to  a  location  intermediate  of  retaining 
washers  and  rings  which  are  disposed  in  an  an- 
nular  recess  132  between  face  place  and  the  hous- 
ing.  A  radial  passageway  72  in  the  end  cap  mem- 
ber  91  permits  fluid  in  the  recess  to  exit  from  the 
end  cap  member  91.  While  not  shown,  the  pas- 
sageway  72  connects  through  piping  and  a  Y  joint 
to  each  of  the  passages  78  and  79.  It  will  be 
appreciated  that  there  is  a  substantial  symmetry  of 
construction  with  respect  to  the  vertical  plane  de- 
fined  by  line  3-3  of  FIG.  3. 

A  sample  port  is  shown  in  FIG.  4,  where  a  first 
bore  132  extending  along  a  first  axis  intersects  a 
corner  133  of  the  chamber  30  and  forms  a  re- 
stricted  opening  134.  The  bore  132  has  a  counter- 
bore  and  a  threaded  ring  at  one  end  to  threadedly 
receive  a  cylindrical  valve  member  136.  The  valve 
member  136  has  a  complimentarily  formed  tip  to 
engage  the  opening  134  and  protrude  slightly  into 
the  interior  of  the  chamber  30.  An  O-ring  140  on 
the  valve  member  136  provides  a  seal.  A  second 
bore  141  along  a  second  axis  intersects  the  bore 
132  at  a  location  between  the  O-ring  140  and  the 
opening  134.  A  elastomer  or  plastic  stopper  143 

closes  the  bore  141  and  can  be  entered  with  a 
hypodermic  syringe  for  removing  a  sample.  To 
remove  a  sample,  the  valve  member  136  is  backed 
off  to  access  the  opening  134  and  the  bore  141.  A 

5  syringe  can  then  be  used  to  extract  a  sample  and 
the  opening  134  can  be  reclosed.  No  outside  con- 
tamination  reaches  the  interior  of  the  vessel. 

In  operation,  fluid  is  input  to  the  passageway 
66  to  the  shaft  passageway  97  and  thence  to  the 

io  end  member  passageways  78  and  79  via  the  pas- 
sageway  72.  When  the  fluid  enters  the  chamber  30 
via  the  longitudinal  passages  in  the  journals  95,  94 
the  fluid  impinges  on  an  end  surface  of  the  blade 
journals  125,  126  and  is  dispersed  radially  as  well 

is  as  axially  through  the  passageways  in  the  journals 
125,  126.  Fluid  passing  through  the  journals  125, 
126  impinges  on  the  end  caps  117,  118  and  is 
dispersed  radially.  The  flow  of  entry  fluid  is  thus 
radially  outward  away  from  the  central  axis  21  and 

20  flows  in  a  toroidal  fashion  from  each  end  to  exit 
through  the  filter  121  and  openings  in  filter  assem- 
bly  35  to  exit  via  the  passageways  120  and  89.  By 
controlling  the  rotational  speed  and  direction  of 
rotation  of  the  assemblies  20,  30  and  35  any  de- 

25  sired  type  of  fluid  action  can  be  obtained.  Of  major 
importance,  however,  is  the  fact  that  a  clinostat 
operation  can  be  obtained  together  with  a  continu- 
ous  supply  of  fresh  medium  and  oxygen. 

Microgravity  as  utilized  in  the  present  invention 
30  provides  a  unique  environment  for  growing  living 

cellular  systems  because  the  direction  of  the  grav- 
ity  vector  is  controlled  by  rotating  a  zero  head- 
space  culture  vessel.  This  "randomization"  of  grav- 
ity  allows  ground-based  cell  growth  which  to  some 

35  degree  simulate  microgravity  tissue  culture  in 
space.  The  cultures  have  a  3-dimensional  freedom 
for  cell  and  substrate  interactions.  The  culture  envi- 
ronment  is  extremely  quiescent  and  free  of  the 
high  fluid  velocity  gradients  and  sedimentation  ef- 

40  fects  found  in  conventional  vertical  axis  culture 
systems.  These  unique  properties  allow  "tissue- 
like"  aggregations  of  growing  cells  to  be  studied 
under  precisely  controlled  conditions.  Very  high 
growth  rates  and  viability  are  observed  for  delicate 

45  cell  types  cultured  in  this  simulated  microgravity 
environment. 

In  use,  the  apparatus  is  sterilized,  for  example, 
with  ethylene  oxide  and  placed  in  an  incubator. 
The  vessel  with  an  internal  volume  of  500  ml  was 

50  charged  with  microcarrier  medium  containing  100 
units  of  Penicillin  and  100  micrograms  of  Strep- 
tomycin  pu  ml  and  10%  Fetal  Bovine  Serum 
(FBS).  To  that  was  added  5  mg  of  Cytodex™  3 
microcarriers  per  ml  of  vessel  volume.  The  system 

55  was  stabilized  in  a  CO2  environment  to  37  °C  and 
38  mmHgC02  pressure.  Following  stabilization,  the 
system  was  inoculated  with  Baby  Hamster  Kidney 
(BHK)  cells  at  a  density  of  about  6  BHK  cells  per 
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bead.  At  27  hours,  the  system  was  perfused  with 
1000  ml  of  medium  containing  10%  FBS,  no  in- 
crease  in  cell  members  was  noted  after  the  perfu- 
sion  but  some  confluent  beads  were  observed.  At 
52  hours,  a  second  perfusion  was  performed  with 
500  ml  of  medium  containing  10%  FBS  and  the 
pump  rate  was  increased  from  5  to  7  ml  per 
minute.  At  79  hours  a  third  perfusion  of  1650  ml 
was  made  and  at  121  hours  a  fourth  perfusion  was 
made.  Two  additional  perfusions  were  carried  out 
at  149  hours  and  at  173  hours  with  1%  FBS.  At  the 
termination  of  the  experiment,  the  system  was  vane 
stirred  with  the  outer  housing  stationary  for  6  hours 
at  15  RPM.  No  cell  damage  values  were  obtained. 

Claims 

1.  A  bio-reactor  system  including 
an  outer  first  tubular  member  (20)  having 

closed  ends  for  defining  an  enclosed  cell  cul- 
ture  vessel,  said  tubular  member  having  a  hori- 
zontally  extending,  longitude  central  axis; 

first  means  (33)  for  rotating  said  first  tubu- 
lar  member  about  said  central  axis; 

a  central  second  tubular  member  (35) 
mounted  within  said  first  tubular  member  for 
rotation  about  said  central  axis,  said  second 
tubular  member  and  said  first  tubular  member 
defining  an  annular  cell  culture  chamber  (30); 

second  means  (42)  for  rotating  said  sec- 
ond  tubular  member  about  said  central  axis; 

an  intermediate  blade  means  (50)  mounted 
in  said  annular  cell  culture  chamber  for  rotation 
about  said  central  axis; 

third  means  (62)  for  rotating  said  blade 
means  about  said  central  axis; 

where  said  first,  second  and  third  means 
for  rotating  are  capable  of  providing  indepen- 
dent  rotation  with  respect  to  one  another;  and 

first  passage  means  (66)  for  connecting  an 
input  fluid  to  said  cell  culture  chamber  and 
second  passage  means  (67)  for  connecting 
said  cell  culture  chamber  and  said  second 
tubular  member  for  output  of  fluid  from  said 
cell  culture  chamber  whereby  fluid  can  be 
passed  through  said  cell  culture  chamber  while 
said  tubular  members  and  blade  means  are 
being  rotated. 

2.  The  bio-reactor  system  as  set  forth  in  claim  1 
wherein  said  central  second  tubular  member 
has  a  filter  member  for  passing  fluid,  yet  re- 
taining  cell  cultures  in  said  vessel. 

3.  The  bio-reactor  system  as  set  forth  in  claim  1 
or  claim  2  and  further  including  a  heater 
means  (96)  disposed  about  said  first  tubular 
member  for  heating  said  vessel. 

4.  The  bio-reactor  as  set  forth  in  any  preceding 
claim  wherein  said  second  means  includes  a 
second  shaft  member  (25)  coupled  to  said 
second  tubular  member,  said  third  means  in- 

5  eludes  a  third  shaft  member  (55)  coupled  to 
said  blade  means  and  said  first  means  in- 
cludes  bearing  members  rotatably  mounted  on 
said  second  and  third  shaft  members. 

io  5.  The  bio-reactor  as  set  forth  in  claim  4  wherein 
said  second  means  and  said  third  means  in- 
clude  stationary  bearing  members  for  rotatably 
supporting  said  second  and  third  shaft  mem- 
bers. 

15 
6.  The  bio-reactor  as  set  forth  in  any  preceding 

claim  wherein  said  first  passage  means  in- 
cludes  a  passage  connected  to  peripheral 
openings  disposed  about  said  central  axis  for 

20  inputting  fluid  at  each  end  of  said  culture  ves- 
sel. 

7.  The  bio-reactor  as  set  forth  in  claim  6  wherein 
a  radially  outward  annular  surface  at  each  end 

25  of  said  culture  vessel  is  curved  for  guiding  flow 
of  fluid  in  the  culture  vessel. 

8.  The  bio-reactor  as  set  forth  in  claim  2  wherein 
said  central  second  tubular  member  has  inner 

30  and  outer  tubular  portions  (115,  116)  and  per- 
forations  disposed  along  the  length  of  said 
tubular  portions. 

9.  The  bio-reactor  as  set  forth  in  any  preceding 
35  claim  and  further  including  sampling  means  in 

the  wall  of  said  cell  culture  vessel  for  retrieving 
a  sample,  said  sampling  means  including  a 
bore  (132)  having  a  first  opening  (134)  to  the 
interior  of  the  cell  culture  vessel  and  a  selec- 

40  tively  operable  valve  member  (136)  for  open- 
ing  and  closing  said  first  opening;  a  closed 
sampling  second  orifice  passage  (141)  inter- 
secting  said  first  orifice  passage  whereby  a 
fluid  sample  can  be  extracted  from  said  sec- 

45  ond  passage  when  said  first  opening  is 
opened. 

10.  The  bio-reactor  as  set  forth  in  claim  9  wherein 
said  valve  member  has  a  portion  which  pro- 

50  jects  into  the  culture  vessel  through  said  first 
opening. 

11.  The  bio-reactor  as  set  forth  in  any  preceding 
claim  wherein  said  blade  means  includes  two 

55  lengthwise-extending,  equiangularly-spaced 
blade  members  (50a,  50b)  disposed  about  said 
central  axis. 

8 
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12.  The  bio-reactor  as  set  forth  in  any  preceding 
claim  and  further  including  means  for  defining 
a  closed  loop  fluid  system  (10)  for  inputting 
fluid  medium  into  said  cell  culture  vessel  and 
for  outputting  fluid  medium  through  said  sec- 
ond  tubular  member  for  recirculating  said  fluid 
medium. 

13.  The  bio-reactor  as  set  forth  in  claim  12  and 
further  including  means  for  adding  constituent 
materials  and  liquids  into  the  closed  loop  fluid 
system. 

14.  A  bio-reactor  system  including 
a  coaxially  disposed  elongated  central  tu- 

bular  member  (35)  and  a  tubular  housing  (20) 
which  define  an  elongated  annular  cell  culture 
vessel  (30); 

means  (33,  42)  for  rotating  said  central 
tubular  member  and  said  tubular  housing  in- 
dependently  of  one  another  about  a  common 
horizontally  extending,  longitudinal  central,  ro- 
tational  axis  and  for  simultaneously  rotating  a 
fluid  medium  and  discrete  suspension  materi- 
als  with  a  different  density  in  the  culture  vessel 
and  for  placing  such  suspension  materials  in 
discrete  spatial  locations  out  of  interference 
with  one  another  in  the  culture  vessel;  and 

means  for  inputting  fresh  nutrient  fluid  me- 
dium  to  the  culture  vessel  and  for  outputting 
spent  fluid  medium  from  the  culture  vessel 
while  maintaining  zero  volume  headspace  in 
the  culture  vessel  and  while  rotating  said  cen- 
tral  tubular  member  and  said  tubular  housing. 

15.  The  system  as  set  forth  in  claim  14  and  further 
including: 

elongated  blade  members  (50a,  50b)  cir- 
cumferentially  disposed  about  said  rotational 
axis;  and 

means  (62)  for  rotating  said  blade  mem- 
bers  about  said  rotational  axis  independently  of 
said  tubular  member  and  said  tubular  housing. 

16.  The  system  as  set  forth  in  claim  15  and  further 
including: 

selectively  operable  sampling  means  in 
said  tubular  housing  for  extracting  a  fluid  sam- 
ple  including  a  first  closed  sample  passageway 
(132)  which  is  accessible  by  sterile  extractor 
means;  and 

a  selectively  actuated  valve  member  (136) 
for  closing  and  opening  the  access  of  said 
passageway  to  the  interior  of  said  culture  ves- 
sel. 

17.  A  method  for  growing  mammalian  cell  culture 
including  the  steps  of 

rotating  a  coaxial  tubular  housing  (30)  in- 
termediate  circumferentially  disposed  blades 
(50a,  50b)  and  a  central  tubular  filter  (35)  in- 
dependently  of  one  another  about  a  common 

5  horizontal  axis  of  rotation; 
disposing  a  fluid  nutrient  medium  having  a 

first  density  and  discrete  suspension  materials 
having  a  different  density  from  the  density  of 
the  fluid  nutrient  medium; 

io  controlling  the  rotation  of  the  fluid  nutrient 
medium  about  an  axis  disposed  relative  to  a 
horizontal  plane  for  placing  the  discrete  sus- 
pension  materials  in  suspension  at  discrete 
spatial  locations  in  the  fluid  nutrient  medium 

is  and  out  of  an  interference  relationship  with  one 
another  by  virtue  of  the  rotation; 

introducing  a  controlled  input  fresh  fluid 
nutrient  medium  to  said  chamber  and  con- 
trolled  output  from  said  chamber  while  said 

20  fluid  nutrient  medium  in  said  chamber  is  rotat- 
ed  about  said  axis  of  rotation. 

Patentanspruche 

25  1.  Bioreaktorsystem,  welches  folgendes  aufweist: 
-  ein  auBeres  erstes  rohrformiges  Bauteil 

(20)  mit  geschlossenen  Enden,  urn  einen 
geschlossenen  Zellkulturbehalter  zu  bil- 
den,  wobei  das  rohrformige  Bauteil  eine 

30  horizontal  verlaufende,  zentrale  Langs- 
achse  besitzt; 

-  eine  erste  Einrichtung  (33),  urn  das  erste 
rohrformige  Bauteil  urn  die  zentrale  Ach- 
se  zu  drehen; 

35  -  ein  zentrales  zweites  rohrformiges  Bau- 
teil  (35),  welches  innerhalb  des  ersten 
rohrformigen  Bauteils  und  urn  die  zentra- 
le  Achse  drehbar  angebracht  ist,  wobei 
das  zweite  rohrformige  Bauteil  und  das 

40  erste  rohrformige  Bauteil  eine  ringformi- 
ge  Zellkulturkammer  (30)  bilden; 

-  eine  zweite  Einrichtung  (42),  urn  das 
zweite  rohrformige  Bauteil  urn  die  zentra- 
le  Achse  zu  drehen; 

45  -  eine  in  der  ringformigen  Zellkulturkam- 
mer  angebrachte,  dazwischenliegende 
Rotorblatteinrichtung  (50),  die  fur  eine 
Rotation  urn  die  zentrale  Achse  ausge- 
legt  ist; 

50  -  eine  dritte  Einrichtung  (62),  welche  die 
Rotorblatteinrichtung  urn  die  zentrale 
Achse  dreht; 

-  wobei  die  erste,  die  zweite  und  die  dritte 
Einrichtung  zum  Drehen  in  der  Lage 

55  sind,  fur  eine  jeweils  voneinander  unab- 
hangige  Drehbewegung  zu  sorgen;  und 

-  eine  erste  Passageneinrichtung  (66),  urn 
ein  zugefuhrtes  Fluid  mit  der  Zellkultur- 

9 
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kammer  in  Verbindung  zu  bringen,  und 
eine  zweite  Passageneinrichtung  (67), 
urn  die  Zellkulturkammer  und  das  zweite 
rohrformige  Bauteil  zu  verbinden,  urn  ein 
Fluid  aus  der  Zellkulturkammer  abzufuh- 
ren,  so  dal3  ein  Fuid  durch  die  Zellkultur- 
kammer  geleitet  werden  kann,  wahrend 
die  rohrformigen  Bauteile  und  die  Rotor- 
blatteinrichtung  gedreht  werden. 

70 
Bioreaktorsystem  nach  Anspruch  1  , 
wobei  das  zentrale  zweite  rohrformige  Bauteil 
ein  Filterelement  besitzt,  urn  Fluid  hindurchtre- 
ten  zu  lassen,  jedoch  Zellkulturen  in  dem  Be- 
halter  zuruckzuhalten.  is 

3.  Bioreaktorsystem  nach  Anspruch  1  oder  2, 
welches  weiterhin  eine  Heizeinrichtung  (96) 
aufweist,  welche  urn  das  erste  rohrformige 
Bauteil  herum  angeordnet  ist,  urn  den  Behalter 
zu  beheizen. 

4.  Bioreaktor  nach  einem  der  vorhergehenden 
Anspruche,  wobei  die  zweite  Einrichtung  ein 
zweites  Wellenteil  (25)  aufweist,  welches  mit 
dem  zweiten  rohrformigen  Bauteil  gekoppelt 
ist,  wobei  die  dritte  Einrichtung  ein  drittes 
Wellenteil  (55)  aufweist,  welches  mit  der  Rotor- 
blatteinrichtung  gekoppelt  ist,  und  wobei  die 
erste  Einrichtung  Wellenlagerteile  aufweist, 
welche  an  dem  zweiten  und  dem  dritten  Well- 
enteil  drehbar  angebracht  sind. 

5.  Bioreaktor  nach  Anspruch  4, 
wobei  die  zweite  Einrichtung  und  die  dritte 
Einrichtung  stationare  Lagerteile  aufweisen,  urn 
das  zweite  und  das  dritte  Wellenteil  drehbar  zu 
lagern. 

6.  Bioreaktor  nach  einem  der  vorhergehenden 
Anspruche,  wobei  die  erste  Passageneinrich- 
tung  eine  Passage  besitzt,  die  mit  Umfangsoff- 
nungen  verbunden  ist,  welche  urn  die  zentrale 
Achse  herum  angeordnet  sind,  urn  an  jedem 

9.  Bioreaktor  nach  einem  der  vorhergehenden 
Anspruche,  welcher  zusatzlich  eine  Probenent- 
nahme-Einrichtung  in  der  Wand  des  Zellkultur- 
behalters  aufweist,  urn  eine  Probe  zu  entneh- 

5  men,  wobei  die  Probenentnahme-Einrichtung 
eine  Bohrung  (132)  mit  einer  ersten  Offnung 
(134)  zu  dem  Inneren  des  Zellkulturbehalters 
und  ein  selektiv  betatigbares  Ventilteil  (136) 
zum  Offnen  und  SchlieBen  der  ersten  Offnung 

10  aufweist; 
wobei  eine  geschlossene  zweite  Offnungspas- 
sage  (141)  zur  Probenentnahme  die  erste  Off- 
nungspassage  kreuzt,  so  dal3  eine  Fluidprobe 
aus  der  zweiten  Passage  entnommen  werden 

75  kann,  wenn  die  erste  Offnung  geoffnet  ist. 

10.  Bioreaktor  nach  Anspruch  9, 
wobei  das  Ventilteil  einen  Bereich  besitzt,  wel- 
cher  durch  die  erste  Offnung  in  den  Kulturbe- 

20  halter  hineinragt. 

11.  Bioreaktor  nach  einem  der  vorhergehenden 
Anspruche,  wobei  die  Rotorblatteinrichtung 
zwei  in  Langsrichtung  verlaufende,  unter  glei- 

25  chen  Winkeln  voneinander  beabstandete  Ro- 
torblattelemente  (50a,  50b)  aufweist,  welche 
urn  die  zentrale  Achse  angeordnet  sind. 

12.  Bioreaktor  nach  einem  der  vorhergehenden 
30  Anspruche,  welcher  zusatzlich  eine  Einrichtung 

aufweist,  urn  ein  Fluidsystem  (10)  mit  ge- 
schlossener  Schleife  zu  bilden,  urn  ein  Fluid- 
medium  in  den  Zellkulturbehalter  einzufuhren 
und  ein  Fluid  durch  das  zweite  rohrformige 

35  Bauteil  abzufuhren,  urn  das  Fluidmedium  in 
einem  Kreislauf  zu  fuhren. 

13.  Bioreaktor  nach  Anspruch  12, 
welcher  zusatzlich  Einrichtungen  aufweist,  urn 

40  Materialkomponenten  und  Flussigkeiten  in  das 
Fluidsystem  mit  geschlossener  Schleife  zuzu- 
geben. 

14.  Bioreaktorsystem,  welches  folgendes  aufweist: 
45  -  ein  koaxial  angeordnetes,  langgestreck- 

tes,  zentrales,  rohrformiges  Bauteil  (35) 
und  ein  rohrformiges  Gehause  (20),  wel- 
che  einen  langgestreckten  ringformigen 
Zellkulturbehalter  (30)  bilden; 

50  -  Einrichtungen  (33,  42),  urn  das  zentrale 
rohrformige  Bauteil  und  das  rohrformige 
Gehause  unabhangig  voneinander  urn 
eine  gemeinsame,  horizontal  und  in 
Langsrichtung  verlaufende,  zentrale 

55  Drehachse  zu  drehen  und  urn  gleichzei- 
tig  ein  Fluidmedium  und  diskrete  Su- 
spensionsmaterialien  mit  unterschiedli- 
cher  Dichte  in  dem  Kulturbehalter  rotie- 

Ende  des  Zellkulturbehalters  Fluid  zuzufuhren.  45 

7.  Bioreaktor  nach  Anspruch  6, 
wobei  eine  radial  nach  auBen  verlaufende,  ring- 
formige  Oberflache  an  jedem  Ende  des  Kultur- 
behalters  gekrummt  ist,  urn  die  Stromung  von  50 
Fluid  in  den  Kulturbehalter  zu  fuhren. 

8.  Bioreaktor  nach  Anspruch  2, 
wobei  das  zentrale  zweite  rohrformige  Bauteil 
innere  und  auBere  rohrformige  Bereiche  (115,  55 
116)  sowie  Perforationen  besitzt,  welche  ent- 
lang  der  Lange  der  rohrformigen  Bereiche  an- 
geordnet  sind. 

10 
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ren  zu  lassen  und  urn  derartige  Suspen- 
sionsmaterialien  an  diskreten  raumlichen 
Orten  anzuordnen,  an  denen  sie  sich  in 
dem  Kulturbehalter  nicht  gegenseitig  be- 
einflussen  bzw.  storen;  und  5 

-  Einrichtungen  fur  die  Zufuhrung  eines  fri- 
schen  Nahrstofffluidmediums  in  den  Kul- 
turbehalter  und  fur  die  Abfuhrung  von 
verbrauchtem  Fluidmedium  aus  dem  Kul- 
turbehalter,  wahrend  gleichzeitig  ein  To-  10 
traum  mit  einem  Volumen  von  Null  in 
dem  Kulturbehalter  aufrechterhalten  wird 
und  wahrend  das  zentrale  rohrformige 
Bauteil  und  das  rohrformige  Gehause 
gedreht  werden.  is 

15.  System  nach  Anspruch  14, 
welches  auBerdem  folgendes  aufweist: 

-  langgestreckte  Rotorblattelemente  (50a, 
50b),  welche  urn  die  Drehachse  herum  20 
angeordnet  sind;  und 

-  eine  Einrichtung  (62),  urn  die  Rotorblatt- 
elemente  unabhangig  von  dem  rohrfor- 
migen  Bauteil  und  dem  rohrformigen  Ge- 
hause  urn  die  Drehachse  zu  drehen.  25 

16.  System  nach  Anspruch  15, 
welches  auBerdem  folgendes  aufweist: 

-  selektiv  betatigbare  Probenentnahme- 
Einrichtungen  in  dem  rohrformigen  Ge-  30 
hause  zur  Entnahme  einer  Fluidprobe, 
die  eine  erste  geschlossene  Probenpas- 
sage  (132)  aufweisen,  die  mittels  einer 
sterilen  Extraktionseinrichtung  zuganglich 
ist;  und  35 

-  ein  selektiv  zu  betatigendes  Ventilteil 
(136),  urn  den  Zugang  der  Passage  zu 
dem  Inneren  des  Kulturbehalters  zu 
schlieBen  und  zu  offnen. 

40 
17.  Verfahren  zum  Zuchten  von  Zellkulturen  von 

Saugetieren,  welches  die  folgenden  Schritte 
aufweist: 

-  Drehen  von  einem  koaxialen,  rohrformi- 
gen  Gehause  (30),  von  dazwischenlie-  45 
genden,  in  Umfangsrichtung  angeordne- 
ten  Rotorblattern  (50a,  50b)  und  von  ei- 
nem  zentralen  rohrformigen  Filter  (35) 
unabhangig  voneinander  urn  eine  ge- 
meinsame  horizontale  Drehachse;  so 

-  Vorsehen  eines  Fluid-Nahrstoffmediums, 
das  eine  erste  Dichte  und  diskrete  Su- 
spensionsmaterialien  aufweist,  die  eine 
Dichte  haben,  die  sich  von  der  Dichte 
des  Fluid-Nahrstoffmediums  unterschei-  55 
det; 

-  Steuern  der  Rotation  des  Fluid-Nahrstoff- 
mediums  urn  eine  Achse,  die  relativ  zu 

einer  horizontalen  Ebene  angeordnet  ist, 
urn  die  diskreten,  in  Suspension  befindli- 
chen  Suspensionsmaterialien  an  getrenn- 
ten  Orten  in  dem  Fluid-Nahrstoffmedium 
und  in  einer  Relation  anzuordnen,  in  der 
sie  sich  aufgrund  der  Rotation  nicht  ge- 
genseitig  beeinflussen  bzw.  storen; 

-  Zufuhren  eines  gesteuert  zugegebenen 
frischen  Fluid-Nahrstoffmediums  in  die 
Kammer  und  gesteuertes  Abfuhren  aus 
der  Kammer,  wahrend  das  Fluid-Nahr- 
stoffmedium  in  der  Kammer  urn  die  Ro- 
tationsachse  gedreht  wird. 

Revendicatlons 

1.  Systeme  de  bio-reacteur  comprenant  : 
un  premier  element  tubulaire  externe  (20) 

ayant  des  extremites  fermees  pour  definir  une 
cuve  fermee  de  culture  cellulaire,  ledit  element 
tubulaire  ayant  un  axe  central  longitudinal 
s'etendant  horizontalement  ; 

des  premiers  moyens  (33)  pour  faire  tour- 
ner  ledit  premier  element  tubulaire  autour  dudit 
axe  central  ; 

un  second  element  tubulaire  central  (35) 
monte  rotatif  autour  dudit  axe  central  a  I'inte- 
rieur  dudit  premier  element  tubulaire,  ledit  se- 
cond  element  tubulaire  et  ledit  premier  ele- 
ment  tubulaire  definissant  une  chambre  annu- 
lare  de  culture  cellulaire  (30)  ; 

des  seconds  moyens  (42)  pour  faire  tour- 
ner  ledit  second  element  tubulaire  autour  dudit 
axe  central  ; 

des  moyens  de  pales  intermediates  (50) 
montes  rotatifs  autour  dudit  axe  central  a  I'inte- 
rieur  de  ladite  chambre  annulaire  de  culture 
cellulaire  ; 

des  troisiemes  moyens  (62)  pour  faire 
tourner  lesdits  moyens  de  pales  autour  dudit 
axe  central  ; 

ou  lesdits  premiers,  seconds  et  troisiemes 
moyens  pour  faire  tourner  sont  capables  de 
fournir  une  rotation  independante  les  unes  par 
rapport  aux  autres,  et 

des  premiers  moyens  de  passage  (66) 
pour  connecter  un  fluide  d'entree  a  ladite 
chambre  de  culture  cellulaire  et  des  seconds 
moyens  de  passage  (67)  pour  connecter  ladite 
chambre  de  culture  cellulaire  et  ledit  second 
element  tubulaire  pour  sortir  du  fluide  de  ladite 
chambre  de  culture  cellulaire,  du  fluide  pou- 
vant  passer  a  travers  ladite  chambre  de  culture 
cellulaire  pendant  que  lesdits  elements  tubulai- 
res  et  lesdits  moyens  de  pales  tournent. 

2.  Systeme  de  bio-reacteur  selon  la  revendication 
1,  dans  lequel  ledit  second  element  tubulaire 
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central  comporte  un  element  de  filtre  pour  faire 
passer  du  fluide  tout  en  retenant  les  cultures 
cellulaires  a  I'interieur  de  ladite  cuve. 

3.  Systeme  de  bio-reacteur  selon  la  revendication 
1  ou  la  revendication  2,  comprenant  en  outre 
des  moyens  de  chauffage  (96)  disposes  autour 
dudit  premier  element  tubulaire  pour  chauffer 
ladite  cuve. 

4.  Bio-reacteur  selon  I'une  quelconque  des  reven- 
dications  precedentes,  dans  lequel  lesdits  se- 
conds  moyens  comprennent  un  second  ele- 
ment  d'arbre  (25)  couple  audit  second  element 
tubulaire,  lesdits  troisiemes  moyens  compre- 
nant  un  troisieme  element  d'arbre  (55)  couple 
auxdits  moyens  de  pales  et  lesdits  premiers 
moyens  comprennent  des  elements  de  support 
montes  rotatifs  sur  lesdits  seconds  et  troisie- 
mes  elements  d'arbre. 

5.  Bio-reacteur  selon  la  revendication  4,  dans  le- 
quel  lesdits  seconds  moyens  et  lesdits  troisie- 
mes  moyens  comprennent  des  elements  de 
support  stationnaires  pour  supporter  en  rota- 
tion  lesdits  seconds  et  troisiemes  elements 
d'arbre. 

6.  Bio-reacteur  selon  I'une  quelconque  des  reven- 
dications  precedentes,  dans  lequel  lesdits  pre- 
miers  moyens  de  passage  comprennent  un 
passage  connecte  a  des  ouvertures  peripheri- 
ques  disposees  autour  dudit  axe  central  pour 
faire  entrer  du  fluide  a  chacune  des  extremites 
de  ladite  cuve  de  culture. 

valve  (136)  pouvant  operer  selectivement  pour 
ouvrir  et  fermer  ladite  premiere  ouverture  ;  un 
second  passage  d'orifice  d'echantillonnage 
(141)  ferme  coupant  ledit  premier  passage 

5  d'orifice,  un  echantillon  de  fluide  pouvant  etre 
extrait  dudit  second  passage  lorsque  ladite 
premiere  ouverture  est  ouverte. 

10.  Bio-reacteur  selon  la  revendication  9,  dans  le- 
io  quel  ledit  element  de  valve  comporte  une  par- 

tie  qui  fait  saillie  a  I'interieur  de  la  cuve  de 
culture  a  travers  ladite  premiere  ouverture. 

11.  Bio-reacteur  selon  I'une  quelconque  des  reven- 
15  dications  precedentes,  dans  lequel  lesdits 

moyens  de  pales  comprennent  deux  elements 
de  pales  (50a,  50b)  s'etendant  longitudinale- 
ment  ,  espaces  equi-angulairement  et  disposes 
autour  dudit  axe  central. 

20 
12.  Bio-reacteur  selon  I'une  quelconque  des  reven- 

dications  precedentes,  comprenant  en  outre 
des  moyens  pour  definir  un  systeme  de  fluide 
a  circuit  ferme  (10)  pour  faire  entrer  un  milieu 

25  fluide  a  I'interieur  de  ladite  cuve  de  culture 
cellulaire  et  pour  faire  sortie  du  milieu  fluide  a 
travers  ledit  second  element  tubulaire  pour  re- 
circuler  ledit  milieu  fluide. 

30  13.  Bio-reacteur  selon  la  revendication  12,  com- 
prenant  en  outre  des  moyens  pour  ajouter  des 
materiaux  et  des  liquides  constituants  dans  le 
systeme  de  fluide  a  circuit  ferme. 

35  14.  Systeme  de  bio-reacteur  comprenant  : 
un  element  tubulaire  central  allonge  dispo- 

se  coaxialement  (35)  et  un  boltier  tubulaire 
(20)  qui  definit  une  cuve  de  culture  cellulaire 
annulaire  allonge  (30)  ; 

40  des  moyens  (33,  42)  pour  faire  tourner 
ledit  element  tubulaire  central  et  ledit  boltier 
tubulaire  independant  I'un  de  I'autre  autour 
d'un  axe  de  rotation  commun  central  longitudi- 
nal  s'etendant  horizontalement  et  pour  simulta- 

45  nement  faire  tourner  un  milieu  fluide  et  des 
materiaux  en  suspension  discrete  avec  une 
densite  differente  dans  la  cuve  de  culture  et 
pour  placer  de  tels  materiaux  en  suspension  a 
des  positions  d'espace  discretes  hors  de  toute 

50  interference  les  unes  des  autres  dans  la  cuve 
de  culture  ;  et 

des  moyens  pour  faire  entrer  un  milieu 
fluide  nutritif  frais  dans  la  cuve  de  culture  et 
pour  faire  sortie  du  milieu  fluide  utilise  hors  de 

55  la  cuve  de  culture  tout  en  maintenant  un  espa- 
ce  libre  de  volume  zero  dans  la  cuve  de  cultu- 
re  et  tout  en  tournant  ledit  element  tubulaire 
central  et  ledit  boltier  tubulaire. 

7.  Bio-reacteur  selon  la  revendication  6,  dans  le- 
quel  une  surface  annulaire  radiale  exterieure- 
ment  disposee  a  chacune  des  extremites  de 
ladite  cuve  de  culture  est  courbee  pour  guider  40 
un  ecoulement  de  fluide  dans  la  cuve  de  cultu- 
re. 

8.  Bio-reacteur  selon  la  revendication  2,  dans  le- 
quel  ledit  second  element  tubulaire  central  45 
comporte  des  parties  tubulaires  interne  et  ex- 
terne  (115,  116)  et  des  perforations  disposees 
le  long  de  la  longueur  desdites  parties  tubulai- 
res. 

50 
9.  Bio-reacteur  selon  I'une  quelconque  des  reven- 

dications  precedentes,  comprenant  en  outre 
des  moyens  d'echantillonnage  dans  la  paroi  de 
ladite  cuve  de  culture  cellulaire  pour  recuperer 
un  echantillon,  lesdits  moyens  d'echantillonna-  55 
ge  comprenant  un  alesage  (132)  ayant  une 
premiere  ouverture  (134)  vers  I'interieur  de  la 
cuve  de  culture  cellulaire  et  un  element  de 
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15.  Systeme  selon  la  revendication  14,  compre- 
nant  en  outre  : 

des  elements  de  pales  allonges  (50a,  50b) 
disposes  circonferentiellement  autour  dudit  axe 
de  rotation  ;  et  5 

des  moyens  (62)  pour  faire  tourner  lesdits 
elements  de  pales  autour  dudit  axe  de  rotation 
independamment  dudit  element  tubulaire  et 
dudit  boltier  tubulaire. 

10 
16.  Systeme  selon  la  revendication  15,  compre- 

nant  en  outre  : 
des  moyens  d'echantillonnage  pouvant 

operer  de  maniere  selective  dans  ledit  boltier 
tubulaire  pour  extraire  un  echantillon  de  fluide,  is 
comprenant  un  premier  passage  d'echantillon 
(132)  ferme  qui  est  accessible  par  des  moyens 
extracteurs  steriles  ;  et 

un  element  de  valve  (136)  actionne  selecti- 
vement  pour  fermer  ou  ouvrir  I'acces  audit  20 
passage  vers  I'interieur  de  la  cuve  de  culture. 

17.  Procede  pour  cultiver  une  culture  cellulaire 
mammalienne  comprenant  les  etapes  de 

faire  tourner  un  boltier  tubulaire  coaxial  25 
(30)  intermediate  avec  des  pales  (50a,  50b) 
disposees  circonferentiellement,  et  un  filtre  tu- 
bulaire  central  (35)  independamment  I'une  de 
I'autre  autour  d'un  axe  de  rotation  horizontal 
commun  ;  30 

disposer  un  milieu  nutritif  fluide  ayant  une 
premiere  densite  et  des  materiaux  a  suspen- 
sion  discrete  ayant  une  densite  differente  de  la 
densite  du  milieu  nutritif  fluide  ; 

controler  la  rotation  du  milieu  nutritif  fluide  35 
autour  d'un  axe  dispose  par  rapport  a  un  plan 
horizontal  pour  placer  les  materiaux  a  suspen- 
sion  discrete  en  suspension  a  des  positions 
d'espace  discretes  dans  le  milieu  nutritif  fluide 
et  hors  de  toute  relation  d'interference  les  unes  40 
avec  les  autres  en  vertu  de  la  rotation  ; 

introduire  une  entree  controlee  de  milieu 
nutritif  fluide  frais  dans  ladite  chambre  et  une 
sortie  controlee  de  ladite  chambre  pendant 
que  ledit  milieu  nutritif  dans  ladite  chambre  45 
tourne  autour  dudit  axe  de  rotation. 
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