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P R O  E X P E R I M E N T I S  

The A s s e s s m e n t  of Tobacco  S m o k e  Toxic i ty  in Tissue  and Organ Culture: an in vitro 
A r r a n g e m e n t  for Exposure  under Defined Condit ions 

A l t h o u g h  t he  t ox i c i t y  of tobacco  smoke  for  t he  l iv ing  
cell is genera l ly  accepted,  i t s  q u a n t i t a t i v e  m e a s u r e m e n t  
in  t i ssue  or  o rgan  cu l tu re  ha s  been  a t t e m p t e d  b y  on ly  a 
v e r y  few workers  (see RYLANDER 1 for review).  One of t he  
reasons  for such  a lack  of i n v e s t i g a t i o n  in t h i s  field is, 
n n d o u b t e d I y ,  t h e  d i f f icu l ty  in  e s t ab l i sh ing  a t e c h n i q u e  
w h i c h  will ove rcome  t he  v a r i a t i o n s  i n h e r e n t  in  t he  
s m o k i n g  of a c igare t te ,  and  wh ich  is va l id  over  a long 
series of expe r imen t s .  

A v a r i e t y  of m a c h i n e s  h a v e  been  deve loped  for expos ing  
cell or o rgan  cu l tu res  to  f resh  smoke.  KENSLBR a n d  
]3ATTISTA 2 cons t ruc t ed  a n  a p p a r a t u s  for t h e i r  s tud ies  on 
c i l iary  t r a n s p o r t  in  t r a c h e a e  excised f rom rabb i t s ,  a n d  
l a t e r  in  ch icken  t r a c h e a e  3. A no t eab l e  f ea tu re  of t h e i r  
m a c h i n e  is i ts  careful  m a i n t e n a n c e  of phys io logica l  
t e m p e r a t u r e  a n d  h u m i d i t y ,  a n d  also t he  fac t  t h a t  t he  
smoke  can  be  r e t a i n e d  w i t h i n  t he  exposure  c h a m b e r  for  
as long as desired before  be ing  f lushed  ou t  b y  a s t r e a m  of 
mo i s t  air.  However ,  t he  e i l ia ted ep i the l i um is exposed to 
smoke  a n d  to  mo i s t  a i r  a l t e rna te ly ,  so t h a t  a t h o r o u g h  
m i x i n g  of b o t h  toge the r ,  as occurs  in  t he  h u m a n  smoker ,  
is n o t  acheived.  The  LEUCHTEN]3ERGERS h a v e  worked  
ex t ens ive ly  w i t h  an  a p p a r a t u s  wh ich  ha s  enab led  t h e m  to  
s t u d y  t h e  effects of t obacco  smoke,  a n d  t he  smoke  f rom 
m a r i j u a n a  c igaret tes ,  on  h u m a n  a n d  mouse  lung  exp lan t s .  
A t  first ,  t h e y  used a s m o k i n g  m a c h i n e  of t h e i r  own  
manufac tu re* ,  b u t  l a t e r  i nco r po r a t ed  a commerc ia l ly  
p roduced  a u t o m a t i c  s m o k i n g  m a c h i n e  of a s imi la r  t y p e  to  
the  one used in t he  a p p a r a t u s  f o r m i ng  t he  sub jec t  of t h i s  
p a p e r  5-s. The i r  mach ine ,  however ,  ha s  no  con t ro l  of 
t e m p e r a t u r e  or h u m i d i t y ,  no r  is t h e r e  a n y  m i x i n g  of 
m a i n s t r e a m  smoke  w i t h  air.  

W e  descr ibe  here  an  a p p a r a t u s  w h i c h  a t t e m p t s  to  
para l le l  m o r e  closely t he  cond i t ions  p reva i l i ng  in t he  
b ronch i a l  t ree  of t he  h u m a n  smoker  b y  p r o v i d i n g  for:  
1. t h e  m a i n t e n a n c e  of t e m p e r a t u r e  and  h u m i d i t y ;  
2. t he  m i x i n g  of f resh c iga re t t e  smoke  and  a i r  in  con t ro l l ed  
p r o p o r t i o n s ;  3. fac i l i ty  a n d  speed in i n t r o d u c i n g  m a t e r i a l  
in to  t he  m a c h i n e  a n d  also in i t s  r e m o v a l  a f t e r  exposure .  

Apparatus and operation (see F igures  1, 2 a n d  3). As a 
basis,  t h e  s y s t e m  ut i l ises  t he  CSM M a r k  I I  s mok ing  
m a c h i n e  (Cigare t te  C o m p o n e n t s  Ltd . ,  London)  wh ich  ha s  
i n p u t s  for 4 channels .  I n  p r e s en t  e x p e r i m e n t a I  pract ice ,  
however ,  on ly  t h e  2 cen t r a l  channe l s  are  used, t h u s  
a l lowing for t e s t  a n d  con t ro l  ma te r i a l .  The  m a c h i n e  is set  
for t he  s t a n d a r d  Coresta cycle, viz. a 35 ml.  i n t a k e  of 
c iga re t t e  smoke  over  2 sec, o p e r a t i n g  once eve ry  min.  
Connec ted  w i t h  t h e  m a c h i n e  i n p u t s  b y  v a c u u m - t i g h t  
r u b b e r  t u b i n g  are 2 plexiglass  chambers ,  each  cons t ruc t ed  
to  give an  i n t e r n a l  vo lume  of 350 ml.  The  open ing  d i rec ted  
a w a y  f rom t h e  s m o k i n g  m a c h i n e  receives  a p las t ic  Cam-  
br idge  f i l ter  ho lder  wh ich  i tself  t akes  t h e  c iga re t t e  ho lder  
(bo th  are s t a n d a r d  issue w i t h  t he  CSM machine) .  Separa t -  
ing t h e  c iga re t t e  f rom t he  exposure  c h a m b e r  is a mechan i -  
cal va lve  wh ich  opera tes  a t  t he  a p p r o p r i a t e  t i m e  to  le t  t he  
smoke  pass  in to  t he  chamber ,  wh i l s t  for t he  res t  of t he  
t i m e  i t  r e m a i n s  closed. On t h e  t op  of each  c h a m b e r  is a 
smal l  open ing  a l lowing for t he  passage  of a p las t i c  t u b e  
which,  in  t h e  in te rva l s  b e t w e e n  puffs,  d i s t r i bu t e s  a n  
a i r / 5 %  CO 2 m i x t u r e  a t  37 ~ a n d  100% re la t ive  h u m i d i t y  
f lowing a t  t h e  r a t e  of 350 ml  pe r  rain.  Also inse r ted  in to  
t h e  t op  of each  c h a m b e r  is a smal l  fan  whose  func t i on  is to  
ensure  per fec t  m i x i n g  of t he  air/CO~ and  smoke  d u r i n g  
inha la t ion .  B o t h  fans  can  be r egu la t ed  b y  a v a r i a b l e  
t r ans fo rmer .  The  d imens ions  of each c h a m b e r  and  t h e  

vo lume  of each  puff  give a n  i m m e d i a t e  10 to 1 m i x i n g  of 
a i r /CO n a n d  smoke  respect ive ly .  This  r ep resen t s  t h e  r a t io  
deduced  f rom s tud ies  on  t h e  d i lu t ion  of s m o k e  b y  a i r  in  
t he  t r a c h e a  a n d  b ronch i  of h u m a n s  9. A one -way  p las t ic  
va lve  is also f i t t ed  in to  t he  t op  of each  c h a m b e r .  I t  
p e r m i t s  t h e  a i r /COn-smoke m i x t u r e  to  pass  out ,  b u t  closes 
t i g h t  w h e n  t h e  v a c u u m  p u m p  w i t h i n  t h e  m a c h i n e  opera tes  
on t h a t  p a r t i c u l a r  channe l  d u r i n g  t he  i n t a k e  of a s t a n d a r d  
puff.  E a c h  c h a m b e r  res ts  on  a d e t a c h a b l e  glass p l a t e  a few 
mi l l imet res  th ick ,  a n d  a r u b b e r  seal  ensures  a v a c u u m - t i g h t  
jo in t .  The  a r r a n g e m e n t  al lows t h r e e  or four  35 m m  
d i a m e t e r  Fa l con  | pe t r i  d ishes  to  be  p laced  inside.  To 
m a t c h  physio logica l  cond i t ions  t h e  c h a m b e r s  s t a n d  on  a 
ho t -p la t e ,  t he  t e m p e r a t u r e  of w h i c h  is se t  a t  37~ a n d  
t h e y  are held  in place  b y  r u b b e r  r ings  wh ich  pass  t i g h t l y  
over  t h e m  and  are  secured  b y  screw hooks  set  in to  t h e  
h o t - p l a t e  itself.  I n  add i t ion ,  t he  i ncoming  air /CO 2 m i x t u r e  
is also a t  a t e m p e r a t u r e  of 37 ~ a n d  a re la t ive  h u m i d i t y  of 
100%. This  is ach ieved  b y  pass ing  t he  a i r /CO n t h r o u g h  
2 glass wash  bo t t l e s  c o n t a i n i n g  a u t o c l a v e d  dis t i l led  water ,  
wh ich  are  t h e m s e l v e s  p laced  in a t a n k  of w a t e r  k e p t  h o t  
b y  a t h e r m o s t a t i c a l l y  con t ro l led  hea te r .  I n  pract ice ,  i t  was  
found  c o n v e n i e n t  to  place  t he  t a n k  d i r ec t ly  above  t he  
exposure  chambers .  However ,  t h i s  p roduced  a ce r t a in  
loss of h e a t  in  t he  air-flow, t o g e t h e r  w i t h  a c o n d e n s a t i o n  
of i ts  w a t e r  c o n t e n t  as i t  passed  f rom t h e  wash  bo t t l e s  to  
t he  chambers .  Accordingly ,  t he  t u b e s  c o n t a i n i n g  t h e  
h u m i d  air/CO~ m i x t u r e  are s u r r o u n d e d  b y  j acke t s  t h r o u g h  
wh ich  h o t  w a t e r  f rom the  h e a t i n g  t a n k  can  be  p u m p e d .  
L i t t l e  f l ex ib i l i ty  is los t  b y  t h i s  a r r a n g e m e n t  and  t he  t ubes  
can  be  connec ted  to t he  exposure  c h a m b e r s  w i t h i n  a 
m a t t e r  of sec. Two wash -bo t t l e s  are necessa ry  because  
o the rwise  t he  v a c u u m  s y s t e m  of t he  m a c h i n e  would  work  
aga in s t  itself. I n  o rder  to  p r e v e n t  loss of s m o k e  vo lume  
due  to gas be ing  sucked f rom the  m a i n  supp ly  t a n k  a n d  
assoc ia ted  tub ing ,  a pa i r  of e l ec t romagne t i c  va lves  are 
inse r t ed  i n to  t h e  s y s t e m  before  t h e  air/CO= is h e a t e d  a nd  
humidi f ied .  E a c h  va lve  is connec t ed  w i t h  t h e  a p p r o p r i a t e  
e lectr ical  c h a n n e l  in  t he  s m o k i n g  m a c h i n e  so t h a t  w h e n  
e i the r  c h a n n e l  opera tes ,  t he  va lve  closes off t h e  c o m m u n i -  
ca t ion  to  t h e  gas supp ly  t a n k ,  a n d  a full  35 m l  puff  of 
c iga re t t e  smoke  (or a i r  in  t h e  case of t he  con t ro l  channel )  
is t a k e n  in to  t he  chamber .  A ce r t a in  h e a t  loss st i l l  p reva i l s  
a long t he  t u b i n g  to t h e  c h a m b e r s  so t h a t  w a t e r  in  t h e  
h e a t i n g  t a n k  has  to  be  k e p t  a t  severa l  degrees  a b o v e  40 ~ 
to ensure  t h a t  t he  a i r /CO n r each ing  each  c h a m b e r  is a t  37 ~ 
There  is no  d i f f icu l ty  in  ach iev ing  this ,  however ,  and  once 
t he  t e m p e r a t u r e  ha s  been  r eached  i t  r e m a i n s  s table .  To 
p rov ide  for a cor rec t  air/CO= flow of 350 m l / m i n  t h r o u g h  
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Fig. 1. Diagrammatic representation of the apparatus. 1. CSM 12 Mark II  Smoking Machine. 2. Exposure chamber. 3. Cambridge 
filter holder. 4. Cigarette holder. 5. Humidified warm air/C% inlet. 6. Electric fan. 7. Air/CO2-smoke outlet valve. 8. Glass plate. 9. Hot 
plate. 10. Flow meter. 11. Warm water tank. 12. Thermostatically controlled heating element and pump. 13. Humidifying bottle. 
14. Solenoid valve. 15. Heating jacket. 16. Warm water inlet to heating jacket. 17. Draining pipe. 

Fig. 2. General view of the complete apparatus. 

Fig. 3. Close-up view of the exposure chambers and hot-plate. 
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each  chamber ,  a s t ee l -ba l l - type  flow m e t e r  is in se r t ed  a t  a 
p o i n t  before  t he  air  is h e a t e d  and  humidi f ied .  

Results and discussion. The  des ign  and  a r r a n g e m e n t  of 
t he  c h a m b e r s  is such  t h a t  t h e y  can  be  c leaned  a n d  
s ter i l ized b y  U V  t r e a t m e n t  p r io r  to  exposure,  and  t i ssue  
or o rgan  cu l tures  ins ta l led  in a qu i te  c o n v e n i e n t  m a n n e r .  
I n  add i t ion ,  t he  se t -up  is easy  to  d i s m a n t l e  so t h a t  cu l tu res  
can  be  v iewed  or t r e a t e d  a l m o s t  i m m e d i a t e l y  a f te r  expo- 
sure. A l t h o u g h  t he  s y s t e m  has  been  in  ope ra t i on  for on ly  a 
sho r t  t ime,  i t  has  a l ready  p r o v e d  rel iable .  W o r k  is now 
progressing,  and  in a fu tu re  p u b l i c a t i o n  we hope  to p r e s en t  
q u a n t i t a t i v e  d a t a  on t he  r eac t ion  of cells in  m o n o l a y e r  
a n d  o rgan  cu l tu re  to  m a i n s t r e a m  c igare t t e  smoke  u n d e r  
such cond i t ions  10. 

Zusammen/assung. Eine  A p p a r a t u r  zur  B e r a n c h u n g  
yon  Zell- und  O r g a n k u l t u r e n  u n t e r  kon t ro l l i e r t en  Be- 
d i n g u n g e n  (Anzahl  n n d  D a u e r  der  Puffs,  T e m p e r a t u r ,  

Luf t f euch t igke i t )  wi rd  beschr ieben .  Das  S y s t e m  b as i e r t  
auf  der  Verwend~ang der  F i l t r o n a - B e r a u c h u n g s m a s c h i n e  
(Cigaret te  C o m p o n e n t s  L td . ) ;  die zusgtz l ichen  E l e m e n t e  
k 6 n n e n  le ich t  aus  l abo re igenem Mate r i a l  zu s ammen ge -  
s te l l t  werden.  F r i s c h r a u c h  u n d  wasse rdampfges / i t t i g t e  
G a s m i s c h u n g e n  (z.B. Luft/CO2) k 6 n n e n  in  der  Be- 
r a u c h u n g s k a m m e r  in v a r i a b l e n  P r o p o r t i o n e n  gemisch t  
werden.  
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Free Cell Suspensions from Rat Placental Tissue: 
Metabolism of Pregnenolone-4-14C and Progesterone-4-14C 

I n  th i s  l a b o r a t o r y  we h a v e  shown the  d i s appea rance  of 
17g-hydroxy lase  a n d  17-20 lyase ac t i v i t y  a f te r  homoge-  
n i za t i on  of t he  p l acen t a l  t issue. I n  v i t ro  convers ion  of 
labe l led  C~1 precursors  to  androgens  occurs  on ly  in unda -  
maged  p l acen t a l  t i ssue  1. These  s tud ies  were car r ied  ou t  
w i t h  t i ssue  slices or smal l  cubes  of cu t  t issue. I n  such  
exper iments ,  several  me thodo log ica l  p rob l ems  are encou- 
t e red :  b r o k e n  ceils, d i f f icul t ies  in  ge t t ing  homogenous  
t i ssue  repl icates ,  a n d  g rad ien t s  of p e n e t r a t i o n  in to  t h e  
t i ssu  e of precursors .  I n  work  w i t h  ad rena l  ~ a n d  o v a r i a n  a 
t issue, these  p rob lems  are pa r t i a l l y  overcome b y  p repa r ing  
free cell suspensions .  W e  bel ieve  t h a t  a m e t h o d  of pre-  
pa r ing  free cells f rom p l a c e n t a  will  m a k e  i t  possible  to  
isolate t h e  h o r m o n a l  ac t ive  ceils f rom th i s  morpholog ica l ly  
a n d  func t iona l ly  compl ica ted  organ,  and  will  f ac i l i t a te  
s tudies  on  t he  r egu la t ion  of s te ro id  secret ion.  

W e  shal l  descr ibe here  a t e c h n i q u e  of p r e p a r i n g  free 
ceils f rom r a t  p l acen t a l  t issue. Our  resul t s  ind ica te  t h a t  

suspens ions  of d i ssoc ia ted  p l acen t a l  cells can  be  used to  
s t u d y  t h e  m e t a b o l i s m  of label led  steroids.  

Preparation of placental cell suspensions. W i s t a r  r a t s  
were used in these  s tudies .  P roes t rous  females  were p laced  
w i t h  males  ; t h e  d ay  t h a t  spe rm were found  in t h e  v ag i na l  
smea r  was des igna ted  as d ay  1 of p regnancy .  The  an ima l s  
were d e c a p i t a t e d  on  d ay  15. T h e  p lacen tas ,  q u a r t e r e d  a n d  
w a s h e d  w i t h  K r e b s - R i n g e r  b i c a r b o n a t e  buffer ,  a n d  t h e n  
chopped  an d  t r a n s f e r r e d  (1.0 g of t issue)  in to  a 25 ml  
E r l e n m e y e r  f lask c o n t a i n i n g  10.0 ml  of 0 .25% so lu t ion  of 
t ryps in ,  0 .25% col lagenase an d  0.013% D N A s e  in m e d i u m  
of pI-I 7.2-7.3 c o n t a i n i n g  pe r  100 ml  NaC1 0.8 g, KC1 
0.02 g, N a 2 H P O  4 0.115 g, K H 2 P O  ~ 0.02 g a n d  MgC126H20 
0.01 g. D N A s e  was added  to  d iges t  D N A  released f rom 
d a m a g e d  cells ~ w h i c h  o therwise  would  fo rm a s l imy m a t e -  
r ia l  e n t r a p p i n g  t h e  l ibe ra ted  ceils. T h e  f lask was gassed 
w i t h  95% Oz-5~ CO s a n d  i n c u b a t e d  a t  37~ for 15 ra in  
w i t h  shaking .  A t  t h e  end  of t h e  i n c u b a t i o n  period,  t he  
f luid con ta in ing  freed cells was  t r a n s f e r r e d  w i t h  a sili- 
conized p a s t e u r  p i p e t t e  to  a cold si l iconized 50 m l  
cent r i fuge  tube .  To t h e  res idua l  10 ml  of f resh  d iges t ion  
m e d i u m  was  added  an d  t h e  process  was r epea t ed  3 t imes.  
The  c e l l . s u s p e n s i o n s  were c o m b i n e d  a n d  cen t r i fuged  
a t  100 •  for 10 m i n  a t  4~ Af te r  cen t r i fuga t ion ,  t he  
s u p e r n a t a n t  was  r e m o v e d  an d  t h e  pe l le t  was  washed  
twice  w i t h  10 ml  po r t i ons  of K r e b s - R i n g e r  b i c a r b o n a t e  
buffer .  Cell v i ab i l i t y  was  t e s t ed  b y  mix ing  t h e  cell suspen-  
s ion w i t h  a n  equa l  vo lume  of 0 .2% m e t h y l e n e  blue.  On ly  
t h e  nulcei  of l iv ing  ceils t a k e  up  th i s  s tain.  T h e  n u m b e r  
of cells was  e s t i m a t e d  b y  us ing  a Bi i rke r ' s  c o u n t i n g  
chamber .  A t o t a l  yield of 5.0-6.0 • 106 cells was  o b t a i n e d  
f rom 1.0 g of p l acen t a l  t issue.  

Incubation. T h e  pe l le t  was  r e suspended  in Krebs-  
R inge r  b i c a r b o n a t e  m e d i u m  (pH 7.4) con ta in ing  0.2% 
glucose an d  0.2 ~zCi of pregnenolone-4-1~C (S.A. 24 mCi /  
raM)  or progesterone-4-1~C (S.A. 60 m C i / m M ,  Radio-  
chemica l  Cent re  A m e r s h a m ,  Eng land) .  T h e  suspens ion  

Cell suspension prepared from rat placenta by treatment with 
trypsin (1:200, Biomed, Warsaw), collagenase (W.S.S., Warsaw) 
and DNAse (2,000 U/rag, B.Z.S.S., Warsaw). The cells are seen in 
phase contrast. • 250. 
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