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Fig. 2. The comparison of inhibitory action of papaverine on the 
contractures (open bars) and the spike frequencies (shaded bars) 
evoked by nicotine (N), aeetylcholine (A) and BaCle (B). The respec- 
tive values from 6-10 experiments (mean ~ S.E.M.) were signifi- 
cantly different from controls (100% effect) by p<0.05 (*) or 
p <  0.01 (**). 

Fig. I. The mechanical and electrical activities of taenia colt evoked 
by acetyleholine (1• 10 6 g/ml) recorded by sucrose-gap method. 
Top tracing was taken before and bottom tracing during papaverine 
(1 • 10 -~ g/ml) perfusion. 

spike f r equency  induced  b y  ace ty lckol ine  was 76.0- t -5 .1  
per  rain,  a n d  was decreased  b y  p a p a v e r i n e  to  67.0 • 15.8 %. 
Desp i te  t h e  presence  of ace ty lcho l ine  in t h e  p a p a v e r i n e -  
t r e a t e d  p r epa ra t i on ,  t h e  spikes and  c o n t r a c t i o n s  s t o p p ed  
before  t he  ace ty lcho l ine  was w a s h e d  ou t  (Figure  1). 

The  m e c h a n i c a l  responses  el ic i ted b y  t3aC12 a f te r  p a p a v e -  
f ine  p r e t r e a t m e n t  were i n h i b i t e d  to  69.5 4- 12.0%. T h e  
ave rage  spike f r equency  induced  b y  BaC12 was 85.3 4- 5.6 
pe r  min .  P a p a v e r i n e  on ly  s l ight ly  decreased  (82.0 4- 14.2 %) 
th i s  spike f requency.  The  resul t s  are s u m m a r i z e d  in 
F igure  2. 

P a p a v e r i n e  was used a t  a dose level  t h a t  d id  no t  abol i sh  
t h e  s p o n t a n e o u s  (mechan ica l  a n d  electrical) ac t iv i t ies .  
S h o r t e n i n g  of t he  ac t ion  of ace ty lchol ine ,  as opposed  to  
a n  u n c h a n g e d  d u r a t i o n  of t h e  ac t ion  of BaCI,,  a f t e r  
papave r ine ,  agrees w i t h  t h e  o b s e r v a t i o n  t h a t  t h e  responses  
to  ace ty lcho l ine  were depressed  to  a la rger  ex ten t .  P a p a v e -  
r ine  a n t a g o n i s m  mas  m a x i m a I  a g a i n s t  t h e  effects of 

n icot ine .  I n  m o s t  cases, t h e  s t i m u l a t i n g  effect  of n ico t ine  
was b locked  comple te ly .  T h e  h e i g h t  of t h e  co n t r ac t i ons  
was a lways  s ign i f i can t ly  lowered.  T h e  increase  of spike  
f r equency  was  s ign i f i can t ly  depressed  b y  p a p a v e r i n e  on ly  
in case of n icot ine .  

Papave r ine ,  in  s m a l l  doses, t h u s  possessed a d i s t i nc t  
an t i n i co t i n i c  effect. Since t h e  m e c h a n i c a l  responses  to  
ace ty lcho l ine  a n d  BaC1, were  also, t h o u g h  less s igni f icant ly  
inh ib i t ed ,  p a p a v e r i n e  m a y  also exe r t  a d i rec t  i n h i b i t o r y  
effect  on  s m o o t h  muscle  cells. 

HIRTZ 1 conc luded  t h a t  a p a r t  of t h e  ac t ion  of p a p a v e r i n e  
involves  p a r a s y m p a t h e t i c  n e r v e  end ings  in t h e  i n t e s t i na l  
s m o o t h  muscle.  Our  resu l t s  con f i rm  t h e  an t in i co t in i c  
p roper t i e s  of p a p a v e r i n e  2, in  t h e  ac t ion  of p a p a v e r i n e  
on  t h e  t a e n i a  colt of t h e  guinea-pig.  

Zusammen[assung. N i t  Hilfe  der  S a c c h a r o s e t r e n n w a n d -  
Me t h o d e  wi rd  nachgewiesen,  dass  P a p a v e r i n  an t in iko t i -  
n isch  a n  de r  g l a t t e n  M u s k u l a t u r  (Taenia  colt) des Meer- 
schweinchens  wirkt .  
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In  v i t r o  I n d u c e d  D i s a p p e a r a n c e  of N u c l e o l i  in  C e l l s  T r e a t e d  w i t h  L S D - 2 5  

There  are some drugs  in f luenc ing  t he  p h a s e - c o n t r a s t  
p i c tu re  of nucleol i  in  l iv ing  cells, e.g. adenos ine  1, a r ab ino -  
sy lcytos ine" ,  e t h ion ine  3, a n d  qu inac r ine  *. The  drugs  
induce  t h e  cen t r a l  l i gh t  zone in t h e  nucleolus  Iol towed 
b y  t h e  nuc leo la r  f r a g m e n t a t i o n .  The  u l t r a s t r u c t u r a l  
p i c tu re  of t h e  deep ly  t r a n s f o r m e d  nucleolus  c o m m o n l y  
co r responds  to  t h e  segrega t ion  of t h e  organel l  5. However ,  
t h e  nuc l eop la sm of t h e  cells t r e a t e d  in t h i s  way  revea l s  
t h e  a p p a r e n t  r o u g h  res idue  of t h e  nuc teo la r  m a t e r i a l  
d i s t ingu i shab le  even  in  t h e  l i gh t  microscope.  

I n  a t t e m p t i n g  to  enlarge  t h e  ex t ens ion  of d rugs  capab le  
of t r a n s f o r m i n g  t h e  nuc leo la r  p h a s e - c o n t r a s t  morpho logy ,  
inf luence  of lysergic acid d i e t h y l a m i d e  (LSD-25) on  ceils 
of t i s sue  cu l tu re  was  examined .  L S D  b i n d i n g  to D N A  
molecules  in  v i t ro  6, a n d  t h e  role of t he  d r u g  in  c h a n g i n g  
t h e  r a t io  of nucleos ides  in  ne rvous  cells 7, is k n o w n  well. 
Also t h e  ab i l i t y  of t he  d rug  to  m a k e  the  c h r o m o s o m a l  
a b n o r m a l i t i e s  in  m i to t i c  8 a n d  meio t ic  9 celIs was  s tud ied  

as a possible  cause  of t h e  obse rved  t e r a togen ic  1~ a n d  
m u t a g e n i c  11 effect  of LSD,  t h o u g h  some newer  p a p e r s  
s u p p o r t  t h e  nega t i ve  resu l t s  le-~5. T h e  a t t r i b u t e s  of t he  
d rug  inc lud ing  t h e  i n h i b i t o r y  effect  in  m i t o t i c  d iv is ion  16, 
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provide  sufficient reason for the  search of its influences 
on the  s t ructure  and behav iour  of nucleoli  which express 
in a high degree the  funct ioning of the  chromosomal  
templa te .  

H E p  cells obta ined  f rom Dr: ~in~t l ' s  l abora to ry  
(VI3HEM, Prague) were precul tured  for 24 h in 5 cm Pet r i  
dishes on 34 m m  round cover  slides in synthet ic  med ium 
13sol (Prague) wi th  15% of inac t iva ted  calf serum, 1.2% 
of 0.001% phenol  red in b icarbonate  buffer, and wi th  
ant ibiot ics  (200 I U  of penicil l ine and 100 ~zg of s t repto-  
mycine  per  1 ml  of medium).  The  same mix tu re  was used 
for the  cu l t iva t ion  of ceils on cover  slides in chambers  
under  the  microscope. The concent ra t ion  of L S D  was 
25,50 and 100 ~zg of the  drug per  1 ml. The cells were 
observed in 38 ~ by  Meopta  D microscope wi th  Zeiss 
phase-cont ras t  condenser,  objec t ive  40 and pro jec t ive  
4 :1  in green l ight  of the  f i l ter  VG-4. The  t ime-lapse 
documenta t ion  was provided  on 36 m m  negat ive  fi lm 
O R W O  N P  15 by camera  Prakt ina .  

Nucleoli  of cells exposed to L S D  changed thei r  shapes 
and sizes, and some nucleoli  disappeared.  The  process 
of diffuse dis integrat ion and disappearance of nucleolus, 
followed by  a reconstruct ion of the  nucleus, is represented 
by  the  series of photographs.  The  efficient concent ra t ion  
of L S D  was 100 ~g/ml. 

The o ther  cellular changes were related to increase of 
the  cytoplasmic  vo lmne  (probably because of cellular 
f lat tening),  and to dis t inct  separat ion of granuloplasm 
and hya lop lasm in some cells. Somewhere,  the  nuclei  
move  to the  per ipheral  par ts  of the  cy top lasm so tha t  
the  monolayer  forms large cy toplasmic  areas. The  fusion 
of the  extended cytoplasms is not  excluded. 

The  observed disappearance of nucleoli  is no t  easily 
explicable.  The physiological  to ta l  d is integrat ion of 
nucleoli  occurs dur ing prophase though  no t  to t a l ly  
regular  17. The  exper imenta l  to ta l  d is in tegra t ion of nucleoli 
was observed by STOCKINGER ls in anisotonic media.  The  
process was found to be reversible and repea tab le  several  
t imes. The to ta l  diffuse dis integrat ion of nucleoli, inter-  
pre ted  by the  model  proposed for the  nucleolus pre- 
viously 1~ would mean  ei ther  the  sudden large decrease 
of the  synthe t ic  a c t i v i t y  of the  nucleolar  templa te ,  or a 
failure in joining the  nucleolar  components  into the  
mul t ip le  r ibonucleoprote in  complex  structure.  As only 
a small  par t  of the  cell popula t ion  reacts  in this  way  and 
suffers the  disappearance of nucleoli  af ter  LSD,  the  pos- 
s ibi l i ty is not  excluded t h a t  the  phenomenon  is a funct ion 
of t ime,  i.e. of the  actual  posi t ion of the  cell in its life- 
cycle. 

Zusammen/assung. Nachweis,  dass L S D  Konzen t ra t ion  
yon 100 ~zg/ml in der Gewebekul tur  zur Verminderung  der  
opt ischen Dichte  oder  zum Verschwinden der Nucleoli  
ftihren kann. 
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H E p  cells 24 h. LSD 100 ~zg/ml phase-contras t .  Time of the cul t iva-  
t ion in  m e d i u m  wi th  LSD is signed at  the corners of the pictures.  
• 700. 
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