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DNA Synthesis in Cell Cultures Following Repeated Exposure to Fresh Cigarette Smoke 

R e c e n t  r epo r t s  f rom LEUCHTENBERGER et  al . l ,2  h a v e  
d e m o n s t r a t e d  m a r k e d  changes  in t he  D N A  c o n t e n t  of cells 
exposed  to  fresh c iga re t t e  smoke  in v i t ro .  E m p l o y i n g  
a u t o r a d i o g r a p h i c  a n d  Feu l gen - m i c r o s pec t r og r aph i c  t ech-  
niques,  t h e y  showed  t h a t  o u t g r o w t h s  of h u m a n  lung  
e x p l a n t s  e x h i b i t e d  a n  ear ly  r e d u c t i o n  in D N A  con ten t ,  
p r io r  to  a large increase  fol lowing longer  exposure  t imes .  
I n  th i s  s t u d y  we h a v e  exposed  m u r i n e  p e r i t o n e a l  macro -  
phages  a n d  rou t ine  e m b r y o n i c  f ib rob la s t s  to  f resh  c iga re t t e  
smoke  for up  to 2 weeks  in cul ture ,  a n d  m e a s u r e d  3H- 
p ro te in ,  a H - R N A  a n d  3H-DNA s y n t h e t i c  ra tes .  

Mater ia l s  and methods. P e r i t o n e a l  m a c r o p h a g e s  were  
col lected f rom the  pe r i tonea l  c a v i t y  of C 57 B l a c k  i n b r e d  
mice in chi l led cu l tu re  m e d i u m  s. Mac rophages  were  
cu l tu red  in Eag le ' s  m i n i m a l  essent ia l  m e d i u m  (MEM) 
s u p p l e m e n t e d  w i t h  10% calf s e r u m  (CAS), in  35 m m  
p las t i c  p e t r i  d ishes  (Fa lcon  Plas t ics ,  USA) c o n t a i n i n g  
s ta in less  s teel  squares  3. Cul tu res  were  m a i n t a i n e d  a t  
37 ~ in a h u m i d i f i e d  a t m o s p h e r e  of 5% CO 2 for  48-72 h 
before  e x p e r i m e n t a t i o n .  T he  p r i m a r y  cu l tu res  of f ibro-  
b la s t s  were o b t a i n e d  f rom whole  C57 B l a c k  mouse  
e m b r y o s  b y  t ryps in i za t i on ,  g rown in Du lbecco ' s  modi f ica-  
t ion  of Eag le ' s  m i n i m a l  essent ia l  m e d i u m  (DEM) w i t h  
10% CAS a n d  s to red  in l iqu id  n i t rogen .  Af te r  t h a w i n g ,  
s econda ry  cu l tu re s  of f i b rob la s t s  were  g rown to  con-  
f luency  in D E M  + 10% CAS (48-72 h) and  t h e n  t r a n s -  
fer red  to  m e d i u m  c o n t a i n i n g  2.5% CAS. 

The  r a d i o t r a c e r  t e c h n i q u e  for t h e  m e a s u r e m e n t  of 
3H-pro te in  syn thes i s  was  s imi la r  to  t h a t  p rev ious ly  
repor teda .  Cell cu l tu res  on  s teel  squares  were  t r a n s f e r r e d  
to  p r e - w a r m e d  m e d i u m  c o n t a i n i n g  aH-leucine,  a t  a f ina l  
c o n c e n t r a t i o n  of 1.7 ~Ci /ml  for f i b rob la s t s  cu l tu res  of 3.3 
~zCi/ml for  pe r i t onea l  m a c r o p h a g e  cul tures .  Af te r  a 
40 m i n  pulse  w i t h  t h e  r ad i oac t i ve  aH-leucine a t  37 ~ t he  
cu l tu res  were washed  sequen t i a l l y  in  p h o s p h a t e  buf fe red  
sal ine (PBS)  c o n t a i n i n g  0.05 M leucine,  5% TCA a n d  
f ina l ly  e t h a n o l : a c e t o n e ,  3:1. Af t e r  a f ina l  w a s h  in ace tone  
a n d  air  dry ing,  t h e y  were  p laced  on M u m i n i u m  p l a n c h e t s  
a n d  t h e i r  r a d i o a c t i v i t y  was m e a s u r e d  in a Nuc lea r  
Chicago gas-f low d e t e c t o r  (Model D-47). The  t e c h n i q u e  
for m e a s u r i n g  a H - R N A  syn thes i s  d i f fered f rom t h e  a b o v e  
in t h a t  at-Luridine (0.85 ~Ci /ml  for b o t h  cell types)  was  
s u b s t i t u t e d  for  aH-leucine,  a n d  u r id ine  (0.05 M)  sub-  
s t i t u t e d  for  leucine in  t he  w as h i ng  solu t ions .  I n  a s say ing  
3H-DNA s y n t h e t i c  ra tes ,  r ad io labe l l ing  was p e r f o r m e d  
employ ing  a 3 H - t h y m i d i n e  (0.80 ~Ci/ml) solut ion,  a n d  a 
pulse  t i m e  of 3 h. 0.05 M t h y m i d i n e  was  used  in all  

wash ing  solut ions .  ~H-5-ur idine (spec. act .  5.0 Ci/mmole) ,  
u n i f o r m l y  label led  8H-L-leucine (spec. act .  250 mCi /  
mmole)  and  3H-6- thymid ine  (spec. act.  5.0 Ci /mmole)  
were o b t a i n e d  f rom t h e  R a d i o c h e m i c a l  Centre,  A m e r s h a m ,  
Bucks. ,  U . K .  

Cell cu l tu res  were  exposed to f resh c iga re t t e  s m o k e  in  
a ver t ic le  pe r spex  c h a m b e r  as p rev ious ly  described4.  The  
c h a m b e r  was des igned  to expose  s ta in less  s teel  squares  in  
cu l tu re  d ishes  f rom w h i c h  m e d i u m  h a d  been  removed ,  to  
f resh  smoke  f rom 1 c iga re t t e  m i x e d  w i t h  air  in  a r a t io  of 
1 :7  for 2 sec, fol lowed b y  a 58 sec exposure  to  f resh  air  
(dosage 1.0). An  0.5 dose r a t e  i nd ica t e s  a 2-see exposu re  to  
smoke / a i r  1:14;  a n d  a dose r a t e  of 2.0 ind ica tes  2 • 2-sec 
exposure  to  1 :7  mix tu re ,  i n t e r spe r sed  w i t h  2 • 58-see 
exposures  to  f resh air.  I n  m o s t  expe r imen t s ,  cu l tu res  
were exposed  to  c iga re t t e  smoke  on  week  days  for 1 week  
p r io r  to  label l ing.  

Results  and discussion. The  F igure  shows t h e  changes  in  
~H-prote in ,  ~H-RNA a n d  3H-DNA s y n t h e t i c  r a t e s  in  
cu l tu res  of m u r i n e  pe r i t onea l  m a c r o p h a g e s  and  e m b r y o n i c  
f ib rob las t s  in  response  to  v a r y i n g  dosages  of f resh c iga re t t e  
smoke.  

A t  low dosages  (0.5), m a c r o p h a g e s  e x h i b i t e d  a s t r ik ing  
s t i m u l a t i o n  in b o t h  3I-I-protein a n d  3 H - R N A  synthes is .  
As t h e  dosage increased  t h e  degree  of me tabo l i c  s t imu la -  
t i on  decreased  t o g e t h e r  w i t h  t he  v i a b i l i t y  of t he  cul tures .  
These  resu l t s  con f i rm  our  ear l ier  obse rva t i ons  5. R a t e s  
of 3H-DNA syn thes i s  in  t h e  m a c r o p h a g e s  showed  on ly  
m i n o r  a l t e r a t i ons  a t  low smoke  dosages,  b u t  a t  h ighe r  
dose regimes  (dose r a t e  2.0) a smal l  s t i m u l a t i o n  (50%) 
was  seen. A t t e m p t s  to  c o n t i n u e  t h e  exposu re  of mac ro -  
p h a g e  cu l tu res  ove r  longer  per iods  d id  n o t  p roduce  
cons i s t en t  resul ts ,  as m o s t  cu l tu res  showed  a m a r k e d l y  
decreased  v i a b i l i t y  a f t e r  1 week ' s  exposure  in  v i t ro .  
F u r t h e r m o r e ,  h is to logica l  e x a m i n a t i o n  of these  cu l tu res  
sugges ted  t h e  p resence  of a n  increas ing  p r o p o r t i o n  of 
f ib roblas t ic - l ike  ceils a t  t h i s  t ime .  These  ceils m a y  h a v e  
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The effect of cigarette smoke on 3H-protein (O), 3H- 
RNA (O) and 3H-DNA (&) synthetic rates in cultures 
of macrophages and fibro- blasts. Synthetic rates were 
initially computed as epm/10 ~ cells, and then ex- 
pressed as 'relative' rates by conversion to percent- 
ages of control rates. C represents Control (sham- 
smoked) cultures (i.e. smoke dosage zero). Each point 
shown is the mean Jc S.D. of at least 5 observa- 
tions. 2 • 2 represents a dosage level of 2 for a 2-week 
period. Cell viability counts (expressed as a percent- 
age of that in control cultures) are shown in paren- 
theses for each exposure level. 
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been  t r an s f e r r ed  over  w i t h  t he  or ig ina l  pe r i t onea l  cell 
suspens ion  as a m i n o r  pe rcen t age  of t he  in i t ia l  popu la t ion ,  
a n d  m i g h t  h a v e  a d a p t e d  to  t h e  cu l tu re  cond i t ions  more  
r ap id ly  t h a n  the  m a c r o p h a g e  popu la t ion .  

The  me tabo l i c  a c t i v i t y  of cu l tu res  of f ib rob las t s  
showed l i t t le  v a r i a b i l i t y  ove r  t he  1-week-exposure  
per iod  regardless  of t h e  smoke  dosage employed.  F u r t h e r -  
more,  t he  cu l tu res  r e m a i n e d  e x t r e m e l y  h e a l t h y  over  t he  
per iod  and  v i ab i l i t y  coun t s  r e l a t ive  to  cont ro l s  were 
m u c h  h ighe r  t h a n  those  seen in t he  co r r e spond ing  
m a c r o p h a g e  cul tures .  Consequent ly ,  severa l  e x p e r i m e n t s  
were pe r fo rmed  in wh ich  cu l tu res  of f ib rob las t s  be ing  
exposed to the  h ighes t  smoke  dosage were m a i n t a i n e d  
for a second week in cul ture ,  d u r i n g  w h i c h  t he  exposure  
reg ime was c o n t i n u e d  (dosage 2 • 2). 

A t  t h e  end  of t he  e x p e r i m e n t a l  per iod,  these  cu l tu res  
c o n t a i n e d  more  v iab le  cells t h a n  co r r e spond ing  con t ro l  
cu l tu res  (130%),  a n d  aH-DNA s y n t h e t i c  r a t e s  were 
e l eva ted  up  to 8 t imes  those  seen in t h e  controls .  These  
d a t a  conf i rm t h e  obs e r va t i ons  of L E U C t l T E N B E R G E R  

et  al. 1,2 e m p l o y i n g  i nd i r ec t  measu res  of D N A  synthes i s ,  
a n d  sugges t  t h a t  c iga re t t e  smoke  exposure  m a y  p o t e n t i a l l y  
exe r t  d r a m a t i c  effects on ra t e s  of D N A  syn thes i s  in 
suscep t ib le  cells. Di rec t  effects of th i s  n a t u r e  on  nucleic  

acid syn thes i s  m a y  be  invo lved  in t he  d e v e l o p m e n t  of 
hype rp l a s t i c  changes  wh ich  are  i n v a r i a b l y  seen in cells 
l in ing  t h e  r e s p i r a t o r y  t r a c t  of smokers ,  a n d  m a y  also p l a y  
a p a r t  in t he  e v e n t u a l  d e v e l o p m e n t  oI neoplas ia .  

Zusammen/assung. M a k r o p h a g e n -  u n d  F i b r o b l a s t e n -  
k u l t u r e n  w u r d e n  biB zu 2 W o c h e n  lung f r i schem Ziga- 
r e t t e n r a n c h  exponie r t .  W R h r e n d  die M a k r o p h a g e n  schon  
bet  ge r ingen  R a u c h k o n z e n t r a t i o n e n  eine e rh6h t e  P ro t e in -  
u n d  R N S - S y n t h e s e  zeigten,  w u r d e n  bet  F i b r o b l a s t e n  
ke ine  V e r g n d e r u n g e n  beobac t l t e t .  In  h 6 h e r e n  R a u c h -  
k o n z e n t r a t i o n e n  waren  bet  den  M a k r o p h a g e n  die D N S -  
S y n t h e s e w e r t e  l e ich t  bet  den  F i b r o b l a s t e n  j edoch  s t a r k  
e rh6h t .  
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The Effect of L-Dopa,  Noradrenal in  and Adrenalin on P-388 Mouse  Leukemia ,  B-16 
Mouse  Me lanom a and E 0771 M a m m a r y  Carc inoma 

The  r e l a t ionsh ip  be t w een  l evodopa  and  neoplas ia  has  
been  discussed b y  a few au thors ,  c o n t r a d i c t o r y  r epor t s  
h a v i n g  been  p u b l i s h e d  as to  t i le effect  of t he  d rug  upon  
h u m a n  a n d  e x p e r i m e n t a l  t u m o r s  ~ ~. A recur rence  of 
m e l a n o m a  was r epo r t ed  in 2 p a t i e n t s  w i t h  P a r k i n s o n ' s  
disease t r e a t e d  w i t h  L-Dopa 5 a n d  a s t r i k ing  t e m p o r a l  
r e l a t ionsh ip  was r epo r t ed  be t w een  t he  i n i t i a t i o n  of x -Dopa  
t h e r a p y  a n d  g r o w t h  of m e l a n o m a  *, ~. L e v o d o p a  was sus- 
pec t ed  to  e n h a n c e  t u m o r  g r o w t h  t h r o u g h  an  effect  of 
increased  g r o w t h  h o r m o n e  secret ion 7 or  b y  i ts  d i r ec t  in-  
co rpora t ion  in to  m e l a n o m a  s. I:~OBINSON et  al. ~ ta i led to 
observe  an  e n h a n c e m e n t  of m e l a n o m a  in L-Dopa t r e a t e d  
e x p e r i m e n t a l  mice. 
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Table I. Effect of L-Dopa, L-Dopa + CuSO4, noradrenalin and adrenalin on the survival time of mice bearing P-388 tumor implanted intra- 
peritoneally 

C o m p o u n d  Dose No. of R o u t e  of Mean  s u r v i v a l  t ime  Increase  ~ or  decrease  in  
(mg/kg)  t r e a t m e n t s  a d m i n i s t r a t i o n  (days  4- S.D.) su rv iva l  t ime  (%) 

T r e a t e d  Cont ro ls  

L-Dopa 100 5 i.p. 7,8 i 0.7 7.9 4- 0.7 0 
L-Dopa + CuSO 4 100 + 4 5 i.p. 8 4- 1.05 7.9 4- 0.7 0 
L-Dopa 150 6 i.p. 7 4- 0.35 8 4- 1.05 13 
L-Dopa 250 6 i.p. 7.5 212 0.4 8 -4- 0.7 
z - D o p a  50 9 i.p. 8 f 0.7 8.5 ~_ 0.34 6 
L-Dopa 50 8 i.p. 9 • 0.7 9 4- 0.5 0 
L-Dopa 50 7 i.p. 9 4- 1.05 9 4- 1 0 
Noradrenalin 0.1 5 i,p. 8.2 4- i.75 7.9 4- 0.7 0.3 �9 
Adrenalin 0.1 5 i.p. 7.5 i 0.7 7.1 4- 0.7 0.7~ 
L-Dopa  + CnSO 4 100 + 4 5 s.c. 7.2 i 0.5 7 4- 0.7 0.2 ~ 
L-Dopa  -]- CuSO 4 100 5 i.p. 7.2 =t_ 0.7 7 4- 1 0.29 

4 5 s.c. 
N o r a d r e n a l i n  0.1 5 s.c. 8 4- 0.5 7 :h 0.7 14 �9 
Adrena l i n  0.1 5 s.c. 7.2 q- 0.7 7 4- 0.5 0.2 a 


