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Zusammenfassang 
Pr im/~rkul tu ren  von  M/iusenieren u n d  des 
M y x o m y c e t e n  P h y s a r u m  po lycepha lum,  die 
ein einziges Mal zu Puffen der  Gasphase  
yon  f r i schem unge f i l t e r t em Z i g a r e t t e n r a u c h  
ausgese tz t  wurden ,  zeigen eine Sequenz  v o n  
V e r ~ n d e r u n g e n  wie H e m m u n g  der  Syn-  
these  yon  R ibonuk le insgure ,  Ver lus t  y o n  
Ribonuk le ins~ure ,  P y k n o s e  u n d  Zel l tod  in  
e iner  Z e i t s p a n n e  yon  1-24  S t u n d e n  n a e h  
der  B e r a u c h t m g .  

Pas s i e r t  die gleiehe Gasphase  v o r h e r  e in  
aus  a k t i v i e r t e r  Holzkoh le  b e s t e h e n d e s  Fil-  
ter ,  so b l e iben  be ide  A r t e n  y o n  K u l t u r e n  
u n v e r s e h r t ,  d . h .  zeigen ke ine  V e r g n d e r u n -  
gen. 

Akrole in ,  ein B e s t a n d t e i l  der  Gasphase  
yon  f r i schem Z i g a r e t t e n r a u c h ,  b e w i r k t  i m  
wesen t l i chen  den  gle ichen sch~d igenden  
Ef fek t  a n  M/~usenieren- u n d  Schleimpilz-  
k u l t u r e n  wie die Gasphase  von  ungef i l t e r t en  
Z iga re t t en .  

Summary 
Cul tures  of p r i m a r y  mouse  k i d n e y  t i ssue  a n d  
of t h e  m y x o m y c e t e  p h y s a r u m  po lycepha-  
lum, exposed once to puffs of the gas phase 
from fresh unfiltered cigarette smoke, dis- 
play a sequence of inhibition of I~NA syn- 
thesis, loss of RNA, pycnosis and cell 
destruction from l 24 hours after exposure. 
The same gas phase after passing through 
an activated charcoal filter does not pro- 
duce any alterations in both types of cul- 
tures. Acrolein, a gas phase constituent of 
fresh cigarette smoke, has essentially the 
same cell damaging effects on mouse kidneys 
and slime mold as the gas phase from un- 
filtered cigarettes. 

In contrast to the extensive experimental work on the biological activity of 
cigarette smoke condensates or extracts, there are few experimental investiga- 
tions concerned with the biological effect of fresh native cigarette smoke on 
cells, and its interaction with ceil metabolism. Since results obtained in experi- 
ments with fresh cigarette smoke would appear to be more directly related to 
the important problem of the role of cigarette smoking for etiology and patho- 

1 This s tudy was supported by  grants  of the Association Suisse des Fabricants  de Cigarettes 
(A. S. F. C.), Switzerland, and of the Council of Tobacco Research (C. T.R.) ,  U. S. A. 

2 The authors  would like to express their  grat i tude to Dr. Richard Braun of the Swiss Ins t i tu te  
for ExperimentM Cancer Research, Lausanne, for supplying them with the myxomyeete  physarum 
polycephalum, and also for his advice concerning the t r i t ia ted uridine studies. 
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genesis of human lung cancer than those obtained with cigarette smoke con- 
densates or extracts, the Leuchtenberger's at tempted to develop model systems 
in which the biological effect of fresh cigarette smoke can be studied in situ 
directly on cells from tissues of living animals and in cultures. Exposing mice 
to chronic inhalation of intermittent puffs from fresh cigarette smoke, imitating 
as closely as possible the human habit of cigarette smoking, the Leuchten- 
berger's et M. observed an increase of frequency and of spectrum of tumors over 
those of controls. Tumors were observed in various tissues not only after 
chronic inhalation of fresh whole smoke, but  also after inhalation of the gas 
phase of cigarettes (8, manuscript in preparation). In order to elucidate the 
mechanism by which t~esh cigarette smoke contributes to cell transformation. 
these in vivo studies were complemented by in vitro investigations on tissue and 
organ cultures. A model system was developed in which cell-, tissue-, and organ 
cultures can be exposed directly to puffs of fresh cigarette smoke, controlling 
important factors of smoke, such as volume, dnration of and intervals between 
puffs. This in vitro bioassay permits rapid detection of very early cell alterations 
and assessment of sequence of events evoked by cigarette smokea t the cell, tissue, 
andorgan level in situ [9.11 ]. Using primal T mouse kidney tissue, and embryonic 
mouse lung organ cultures, and assessing the sequence of events simultaneously 
from a eytologieM and cytochemieM point of view, striking ceil damage, 
characterised by  a succession of loss of RNA. pycnosis and cell destruction was 
observed as early as from 6-24 hours after one exposure to puffs of unfiltered 
fresh cigarette smoke. While whole fresh smoke and the gas phase of unfiltered 
cigarettes evoked essentially the same cell damage, activated charcoal filtered 
smoke from the same cigarettes did not produce any celt damage [9, l 1]. 

The finding that  the gas phase of fresh unfiltered cigarette smoke produced 
essentially the same effect on cells as did whole fresh cigarette smoke containing 
particulate matter, such as tar, made a further in vitro exploration of early 
interaction between gas phase of cigarette smoke or its components with con- 
stituents of the cell itself, particularly of the nucleic acids, of interest. Such 
studies should help in clarifying the mechanism of action, and in at tempts of 
characterisation and elimination of cell damaging factors contMned in whole 
fresh smoke and in the gas phase from cigarettes [10]. These investigations may 
also contribute towards the elucidation of the significance of early cell damage 
observed in vitro after one exposure to cigarette smoke [9, 11] for cell transfor- 
marion observed later in vivo after chronic inhalation [8, 10]. 

The present report deals with an experimental s tudy in which the three 
following questions pertinent to the problems were explored: 

1. Does the gas phase of fresh unfiltered cigarette smoke affect the nucleic 
acids, especially the RNA metabolism of the cell, and if so. is the cell damage 
a consequence of this interference ? 

2. Is the response of cultured mammalian cells to fresh whole smoke or the 
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gas phase from unfil tered and charcoal filtered cigarettes similar or different 
f rom those of cul tured non-mammal ian  cells, pa,rticularly those containing 
mucus,  such as the  m y x o m y c e t e  physa rum polycepha lum ? 

3. Does a single gas phase cons t i tuent  of c igaret te  smoke, such as acrolein, 
evoke the  same sequential  al terat ions in cul tured mammal ian  tissues and slime 
molds as does the gas phase of fresh cigaret te  smoke ? 

Material and Methods 

For  the  cytological and cytochemical  studies oil the  effect of fresh cigaret te  
smoke, a~ld of  acrolcin, p r imary  cultures of  kidneys from Shell's mice and cul- 
tures of  the m y x o m y c e t e  physa rum polyeephalum were prepared  as previously 
described [1, 2, 3, 7, 9, 11, 12]. However ,  there  were some slight modifications 
in tha t  inoeulums of m y x o m y c e t e  physgrum polycepha lum were smaller (0.05 ml 
instead of 0.3 ml). Fur thermore ,  the cultures were placed on fi l terpaper with 
2 ml of medi~ in small plastic petri  dishes. 5~edium was not  changed af ter  expo- 
sure to  cigaret te  smoke or to aeroleiu with the except ion of the  cultures which 
were kep t  for 24 hours. I~t this ease the cultures were t ransfer red  to  large glass 
petr i  dishes containing fresh media. 

The cultures were exposed to puffs of whole fresh smoke or the gas phase 
f rom unfil tered cigarettes and to puffs of the same cigarettes, bu t  af ter  le t t ing 

Fig. 1 Photograph of smokii)g machine for oxposure of cultures to puffs of fresh cigarette smoke. 
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the smoke pass through activated charcoal. Duration of each puff was 5 seconds 
with a 15 seconds interval and exposure was carried out in a smoking machine 
shown in Fig. 1. A detailed description of the smoking machine and of the 
exact procedure of exposure of cultures to fresh cigarette smoke has been de- 
scribed recently by C. and R. Leuchtenberger [9, 11]. 

For the acrolein experiments each culture received repeatedly for 5 seconds 
acrolein, with an interval of 15 seconds, imitating the procedure utilised for 
exposure of cultures to the gas phase of fresh cigarette smoke. The amount of 
acrolein, during a 5 seconds exposure was 5 ftg, corresponding to that  contained 
in a 5 seconds puff of the gas phase from fresh cigarette smoke. 

For the studies of RNA synthesis, cultures were pulse-labeled with 10 #g 
t.ritiated uridine per m]. The uridine was left tbr l0 minutes on cultures of slime 
mold and for 30 minutes on those of mouse kidneys. Techniques of extraction 
and counting were done according to the instructions of R. Braun [2]. 

For the cytological studies of the slime mold cultures, smears were prepared, 
and cultures were imbedded in paraffin for cutting sections and stained with 
[I.E. 

For the eytoehemieat studies of RNA acridine orange staining, for DNA the 
Feulgen reaction [6], and for the polysaceharides the PAS reaction [4, 13] were 
used. 

ltesults 

a) Comparison of early effects of fresh smoke from unfiltered and charcoal filtered 
cigarettes on metabolism of cultured cells from mouse kidney tissue and myxomycete 
physarum polycephalum. 

The salient features of the sequential cytoehemical and eytologicM altera- 
tions observed in primary mouse kidney and myxomycete cultures after one ex- 
posure to fresh cigarette smoke are summarised in Table I and described below. 

No significant differences were observed in cell alterations between mouse 
kidney and slime mold cultures, after exposure to whole fresh smoke and the 
gas phase from unfiltered cigarettes, both displayed a sequence of inhibition of 
I{NA synthesis, loss of RNA, pyenosis and cell destruction. Slime mold syncytium 
which contains appreciable amounts of mucus also revealed considerable break- 
ing up and destruction of mucus after exposure to fresh smoke from unfiltered 
cigarettes. 

Fig. 2 and Fig. 3 show examples of inhibition of RNA synthesis, as illus- 
trated by decrease of uptake of trit iated uridine, observed as early as i~oln 1-2 
hours after exposure of cultures of mouse kidney and slime molds to fresh puffs 
of whole smoke, or its gas phase from unfiltered cigarettes. 

No inhibition of RNA synthesis or any cell damage were seen in mouse 
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:Fig. 4 Slime mold cul tures exposed to puffs of fresh smoke from 4 cigarettes. 

a) Un t rea t ed  control. 
NoLe s t rong s ta ining of nueleolar t/,NA. 

b) 5 hours  af ter  exposure to the gas phase of unfiltered cigarettes. 
Note  weak staining of  nucleolar I~NA 

c) 24 hours  af ter  exposure to t he  gas phase of charcoal filtered cigarettes. 
Note  similari ty wi th  control. 

d) 24 hours  after  exposure vo whole fresh smoke of unfiltered cigarettes. 
Note  pyenosis and weak s ta ining of nueleolar R N A  

e) 24 hours  af ter  exposure to whole fresh smoke of  charcoal filtered cigarett, es. 
Note  partial  pyenosis  and  par t ia l  s t rong  s~aining of  nucleolar t~N\zt. 

Smears,  H . E .  625 × 
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kidney cultures, exposed either to whole smoke ol- the gas phase of the same 
cigarettes, after the smoke passed first through activated charcoal (Table 1, 
Fig. 2). However, slime molds responded differently to whole smoke and to the 
gas phase from charcoal filtered cigarettes. While whole smoke of charcoal fil- 
tered cigarettes caused in some cultures inhibition of RNA synthesis and 
sequence of cell damage, the gas phase of charcoal filtered cigarettes did not 
affect the normal slime mold cell metabolism (Table 1, Fig. 3). The loss of I~NA 
from nueleoli and occurrence of pycnosis in slime molds after exposure to the 
gas phase of unfiltered cigarettes, as contrasted with the normal appearance of 
such cultures after exposure to the gas phase of charcoal filtered cigarettes, is 
illustrated in Fig. 4. 

b) Comparison of early effects of acrolein, a gas phase constituent of cigarette 
smolce~ on metabolism of cultured cells from mouse bidney tissue and the myxo- 
mycete phy,~arum polycephalum. 

As seen in Table 1, aerolein, a single gas phase constituent of cigarette smoke. 
evoked essentially the same alterations as those observed after whole fresh 
smoke or the gas phase from unfiltered cigarettes in both, mammalian and slime 
mold cells. Fig. 5 and Fig. 6 illustrate the decrease of uptake of tritiated midine 
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Fig. 5 Uptake of tritiuted uridine (T. U.) by primary mouse -kidney tissue cultures after exposure 
to 70 #g ~erolein. 
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Fig. 6 Uptake of tritia,ted uridine (T.U.) by the slime mold physarum polyeephalmn after ex- 
posure to 400 and 500 ttg acrolein. 

after exposure of cultures of mouse kidney and slime molds to acrolein. The 
similarity between the cell damage in mouse kidney cnltures after expos~tre to. 
the gas phase of fresh cigarette smoke, and after that  to acrolein only, is illustrated 
in Fig. 7. 

Discussion oi Results 

T o  facilitate the discussion, the essential findings are briefly summarised. 

a) Puffs from whole fresh smoke and from the gas phase of  unfiltered 
cigarettes evoke essentially the same cytochemical and cytological Mterations 
in mouse kidney and slime mold cultures. 

b) The gas phase from the same cigarettes, after passing through activated 
charcoal, does not  elicit damage in cultured mouse kidney and slime mold syncy- 
tium. However, while the same holds true for kidney cultures exposed tow hole 
fresh smoke from charcoal filtered cigarettes, slime mold syncytium exhibits 
sometimes damage after exposure to charcoal filtered whole smoke, similar to 
that  after unfiltered smoke (Fig. 4e). 

c) Acrolein, a gas phase constituent of cigarette smoke, evokes essentially 

138 



.i~ ̧  ~ 

t 

B 

b 

S: 

tP 
U 

t t 

6 

Fig. 7 P r i mary  mouse  k idney  eultttres exposed  to 80/~g of acrolein,  and  to  10 puffs of  She gas  
phase of fresh smoke  from an. unfiltered cigarette.  

a) 5 days  old control  culture.  

b) 24 hours  after exposure  to acrolein.  
N o t e  st, r iking pyenos i s  and  destruct ion of  culture. 

c) 24 hours  after exposure  to  the  gas  phase  of  c igarette  smoke.  
Not e  mark ed  pycnos i s  and destruct ion of culture. 

H.E., 500× 
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the same cell alterations in both, mouse kidney and slime mold cultures, as 
those observed after whole smoke and its gas phase from unfiltered cigarettes. 

The finding tha t  whole fresh smoke or the gas phase from unfiltered ciga- 
rettes inhibit not only I%NA metabolism and growth of cultured mammalian 
cells but also of slime mold is noteworthy if one takes into consideration the 
striking differences existing between these two types of cultures. In addition to 
the basic differences between mammalian and non-mammalian cells, mono- 
layers prepared from trypsinized mouse kidneys show contact inhibition, tha t  
is hardly any DNA synthesis or cell replication, while slime molds undergo more 
or less continuous RNA synthesis, DNA synthesis, and rapid synchronised cell 
division in a relatively short time (3 cycles within 24 hours) [l, 3]. Furthermore, 
slime mold cultures display large quantities of extra cellular mucus, containing 
polysaccharides [4, 13]. One would have expected that  this mucus material pre- 
vents penetration of cigarette smoke into the nuclei. That the mucus may 
inhibit penetration of the smoke into the cells at  least in part, is suggested by 
the observation that  much higher doses of cigarette smoke are needed to evoke 
inhibition of RNA synthesis in slime molds (80 puffs) than in kidney cells (20 
puffs). The necessity of giving such large doses in slime molds may also explain 
why whole smoke from charcoal filtered cigarettes elicited some cell damage. I t  is 
not unreasonable to suggest tha t  in this particular instance the cell damage is 
caused by the deposition of large quantities of particulate matter  on the surface 
of the slime mold cultures, in other words obstruction of cell metabolism may 
be simply due to an "unspecific mechanical effect". 

The observation that  the gas phase of fresh cigarette smoke will evoke 
inhibition of RNA synthesis in mammalian and non-mammalian cells points to 
the biological importance of gas phase constituents for nucleic acid metabolism 
and cell growth. This concept, which has been stressed repeatedly by the 
Leuchtenberger's [8, 9, 10, l l] is further supported by the results obtained in 
this study with acrolein. This single gas phase constituent of cigarette smoke is 
able to produce Mone all the essential cell alterations seen after exposure to the 
complete gas phase of fresh unfiltered cigarette smoke. While it would be un- 
wise to ascribe the interference in cell metabolism observed after the gas phase 
of cigarette smoke, to acrolein only, there are two findings which at least 
suggest the important role of acrolein 1 Ibr these changes. 1. Acrolein acts in 
doses comparable or even less to those contained in the gas phase of cigarette 
smoke. 2. Acrolein is known to be absorbed by activated charcoal, and this 
property explains our previous and present findings, tha t  the gas phase of fresh 
smoke from activated charcoal filtered cigarettes does not produce any cell 
damage. 

1 During the preparation of this manuscript a paper by Izard et al. (1967) was brought to our 
attention which describes an inhibitory and mutagenic effect of acrolein in the algae Dunaliella 
bioeulata [5]. 
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