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The card iac  glycoside strophanthin K, when added to a cul ture  of chick embryonic  f ibroblas ts ,  
inhibits  synthesis  of cell  protein.  The drug pro longs  the l ag -pe r iod  of in te r fe ron  synthes is  
and also the ac t inomycin-sens i f ive  phase  of in te r fe ron  product ion induced by influenza B v i rus ,  
evidBntly because  of inhibition of the beginning of synthes is  of m e s s e n g e r  RNA for  i n t e r -  
feron. 

The card iac  glycoside strophanthin K, when added (25/~g/ml) to a cell  cul ture  not l a t e r  than 80-90 
min a f te r  influenza B v i rus ,  r e v e r s i b l y  d e p r e s s e s  the fo rmat ion  of in te r fe ron  induced by the v i rus  in 
chick embryonic  f ib rob las t s  but has  no effect  on adsorpt ion of v i rus  by the cel ls  [1]. 

The object  of this invest igat ion was to study the mechan i sm of the inhibi tory action of s t rophanthin K 
on in te r fe ron  production. 

E X P E R I M E N T A L  M E T H O D  

Methods of use  of cu l tures  of  chick embryonic  f tbroblas ts ,  and methods of obtaining and t i t ra t ing in-  
t e r f e r o n  have been desc r ibed  p rev ious ly  [1]. Synthesis of cell  p ro te in  was de te rmined  quanti tat ively f rom 
the level  of incorpora t ion  of va l ine-C 14 into cell  protein.  The pro te in  content was de te rmined  by Lowry ' s  
method [3]. Crys ta l l ine  s trophanthin K (L'vov Pha rmaceu t i ca l  Chemical  Fac tory) ,  ac t inomycin D (Merck, 
USA), and 6 -azaur id ine  (Spofa, Czechoslovakia)  were  used  in the invesfigat iom The concentrat ion and 
method of use  of the subs tances  a re  descr ibed  below. 

TABLE 1. Combined Action of Strophanthin K and Act inomycin 
D on In te r fe ron  Product ion in Culture of Chick Embryonic  
F ib rob las t s  

Strophanthin K concen- 
tration, g g / m l  

0 
2.5 
6.0 

Ti te r  of in te r fe ron  (in PDD~0/0.5 ml) 
in p r e s e n c e  of va r ious  concentra t ions  
of acf inomycin D 

0 g g / m l  

182 
211 

16 

0.01 g g / m l  

140 
131 

22 

0.I g g / m l  

16 
0 
0 
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TABLE 2. Effect of 6-azauridine on Action of Strophanthin K in Inhibiting Interferon 

Production in Culture of Chick Embryonic Fibroblasts 

Agents for  t reat ing cells  infected 
with interferonogen (20 ~ 3 h) 

Earle' s solution ............ 

The same ................ 
6-azauridine .............. 
The same ................ 
The same ................ 

Washing cells to 
remove virus and 
reagent  

Jr 

+ 

+ 

+ 

Strophanthin K 
(in ~ g/ml) 

0 
25 

0 
0 

25 

Titer  of interferon 
(PDDs0 / 0.5 ml) 

1 148 

251 

380 
I 150 
_< 12 

Legend: - c e l l s  not washed; + cells washed before addition of strophanthin K. 

TABLE 3. Effect of Strophanthin K on Synthesis of Cell Protein,  Weight for Weight, in 
Culture of Chick Embryonic  Fibroblasts  

Agent for t reat ing cells  (20 ~ 3 h) 

EarleTs solution . . . . . . . . . . . . . . . . . . . .  
Control . . . . . . . . . . . . . . . . . . . . . . . . . .  

Influenza B vi rus  (strain Lee) . . . . . . . . . . .  
The same . . . . . . . . . . . . . . . . . . . . . . . .  

Strophanthin K . . . . . . . . . . . . . . . . . . . . .  
Strophanthin K+influenza B vi rus  (strain Lee) 
The same . . . . . . . . . . . . . . . . . . . . . . . .  

Legend: 

Cells washed before 
addition of valine-C 1~ 

+ 

4- 

+ 

- cells not washed; + cells washed before addition of valine-C u. 

Synthesis of cell 

protein, weight for 

weight (in % of 
control) 

I00 

124 

71 

124 

55 

51 

123 

RESULTS 

To discover which stages of interferon formation are sensitive to the glycoside, its effect on the dyna- 

mics of interferon production was studied. Contact between the cells and strophanthin at 37 ~ for 2 h, fol- 

lowed by washing and changing the medium, delayed the appearance of interferon in the medium, although 

its final yield was not reduced (Fig. i). When the cells were treated at 20 ~ the times of appearance of 

interferon in the experimental and control series were identical. These results show that the drug acts on 
the early stages of interferon production and suggests that strophanthin inhibits the onset of synthesis of 

messenger RNA (mRNA) for interferon. 

To test this hypothesis, the effect of the glycoside on the actinomycin-sensitive phase of interferon 
production was investigated. Cells were treated with strophanthin at 37 or 20 ~ for 2 h, then washed with 

EarleT s solution and incubated at 37 ~ After various time intervals, actinomycin D was added to the main- 

tenance medium up to a final concentration of 1 #g/ml, and the cultures were kept at 37 ~ until 17 h after 

addition of the virus, after which the final titer of interferon was determined. The action of strophanthin 

on the cells during the first 2 h after addition of virus lengthened the actinomycin-sensitive phase of inter- 

feron production (Fig. 2), i.e., shifted the time when synthesis of mRNA for interferon is completed by about 

2 h relative to the control. The results of these experiments are in good agreement with data described 

above for the effect of strophanthin on the dynamics of interferon synthesis, and with the view that stro- 

phanthin delays the onset of mRNA synthesis. 

Under the experimental conditions used, no synergism could be detected between the action of stro- 

phanthin K and of aetinomycin D in concentrations of 2.5 and 0.01 ~g/ml, respectively, on interferon pro- 

duction when added simultaneously, whereas in doses of 6 and 0.1~g/ml, each of the substances almost 

completely suppressed interferon production irrespective of whether the other was added or not (Table I). 
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Fig. 1. Effect  of s t rophanthin K on durat ion of l ag -pe r iod  of 
in te r fe ron  synthes is  in cul ture  of chick f ibroblas t s :  1) incuba-  
t ion of cel ls  with E a r l e ' s  solution for  2 h at 20~ 2) same  at 
37~ 3) incubation of cel ls  with s trophanthin K for  2 h at 20~ 
4) same  at 37 ~ . Ar row indicates  t ime  when cel ls  washed to 
r em ove  v i rus  and drug. Abscissa ,  t ime a f t e r  infection (in h); 
ordinate ,  t i t e r  of in te r fe ron  (in % of control).  
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Fig. 2. Effect  of  s trophanthin K on ac t inomycin-  
sens i t ive  phase  of in te r fe ron  product ion in cul-  
tu re  of chick f ibroblas ts .  2 and 4) Cells  t r ea t ed  
with s t rophanthin K at room t e m p e r a t u r e  o r  37 ~ 
respec t ive ly ,  for  2 h f rom beginning of infection, 
and then washed; 1 and 3) control  to c o r r e s p o n d -  
ing exper imen t s  (cells not t rea ted  with s t rophan-  
thin). Absc i ssa ,  t imes  of addition of act inomycin 
D a f t e r  infection (in h) ; ordinate ,  t i t e r  of  i n t e r -  
feron (in % of control).  

Detect ion of delay in the initial s tage of RNA 
synthes is  n e c e s s a r y  for  in te r fe ron  formation,  p r o -  
duced by s trophanthin K, suggested that the effect  of 
6 -azaur id ine  on the p r o c e s s  be studied. This sub-  
s tance r e v e r s i b l y  inhibits RNA synthesis  by blocking 
incorpora t ion  of nucleotides [4]. For  this purpose ,  
the cell  cul ture was infected with v i rus  and t r ea t ed  
with 6-azaur id ine  at 20 ~ for  3 h, then washed, s t r o -  
phanthin was added (25/~g/ml), and the in te r fe ron  
t i t e r  was de te rmined  17 h la ter .  In this expe r imen t  
in te r fe ron  synthes is  was a lmos t  comple te ly  sup-  
p r e s sed ,  whereas  in the control  (without strophanthin) 
in te r fe ron  t i t e r s  were  reasonable  high (Table 2). 
These  facts  a re  fu r the r  support  for  the hypothesis  
that s trophanthin inhibits the onset  of synthesis  of 
mRNA for in ter feron,  and this,  together  with the r e -  
ve r s ib i l i t y  of its action, readi ly  explains the need for  
adding the drug to the cul ture before  or  a f ter  the v i rus  
in the ea r ly  s tages  and for  i ts  p r e s e n c e  in the cell  
medium until and end of the exper iment ,  to allow i ts  
act ivi ty to be exhibited. 

It may be asked how strophanthin p reven t s  the 
onset  of  synthes is  of mRNA for  interferon.  Synthesis 
of  DNA-dependent RNA, suppressed  by act inomycin,  
continued under  the exper imenta l  conditions used for  

5-6 h, whereas  the glycoside acts only if  added in the ea r ly  per iods  a f te r  infection. Consequently,  i t  has  no 
effect  on synthesis  of mRNA when this  has  a l ready  begun. It r ema ins  to be  explained whether  s trophanthin 
has  any effect  on pro te in  synthes is .  To solve this p rob l em,  expe r imen t s  were  c a r r i e d  out using an isotope 
label .  T r e a t m e n t  of the cel ls  with influenza B v i rus ,  s t r a in  Lee,  in a dose of 3 IDs0 p e r  cell  for  3 h at 20 ~ 
lowered the synthes is  of cell  prote in ,  weight for  weight, by about 30%. Under  the s ame  conditions s t r o -  
phanthin K (25/~g/ml) lowered the pro te in  synthes is  by about 50%. When the Virus and glycoside acted 
s imul taneously ,  the level  of inhibition remained  the same.  Suppress ion  of pro te in  synthesis  by v i rus  and 
s trophanthin was r eve r s ib l e  if  the cel ls  were  washed before  addition of va l ine-C 14. 

These  exper imen t s  showed that s trophanthin K can inhibit p ro te in  synthesis ,  but synthes is  of the 
polypeptide chain of in te r fe ron  is not sens i t ive  to the action of strophanthin,  for  it  begins,  under  the e x p e r i -  
mental  conditions used, 7 h a f t e r  infection, and at these t imes  the introduction of s trophanthin is ineffective.  
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It can be assumed that strophanthin acts on synthesis of a protein necessary for interferon production, 
which takes place during the first 3 h after infection, but the inhibition of this synthesis by p-fluorophenyl- 
alanine does not prolong the lag-phase of this process [2], as occurred in experiments with strophanthin. 
Mechanism of trophanthin inhibition of the onset of synthesis of the mRNA for interferon will be subject of 

future research. 

2. 

3. 

4. 
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