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Daily adminis t ra t ion  of fu r fu ra l  to albino mice  was  l e s s  lethal  than admin is t ra t ion  on a l t e r -  
nate days.  Inject ions of act inomyein D abolished this  effect .  The oxygen tension in the mus -  
cle t i ssue  of an imals  rece iv ing  fu r fu ra l  daily was  1.5 t i m e s  higher  than in control  mice  and 
mice  rece iv ing  fur fura l  on a l te rna te  days.  

During repea ted  adminis t ra t ion  of chemica l s  the intensi ty  of the i r  toxic effect  i s  de te rmined  not only 
by the dose or  concentra t ion of the agent, but a lso  by the f requency of i ts  adminis t ra t ion .  Under ce r t a in  
conditions, the m o r e  frequent  admin is t ra t ion  gave a l e s s e r  effect  than the l e s s  frequent ,  although the total  
dose of the compound injected was  g r e a t e r  in the f i r s t  case  than in the second. This  has  been  found, in 
pa r t i cu la r ,  in expe r imen t s  with fur fura l  [6]. The suggest ion has  been made that  the r e a s o n  for  this  p a r a -  
doxical effect,  as  with any poisonous substance,  is that  there  is  a ce r t a in  opt imal  rhy thm of action which 
leads  to the max imal  development  of compensa to ry  p r o c e s s e s ,  including in t race l lu la r  r egenera t ion ,  and 
the synthes is  of prote in  and adaptive enzymes .  

If this hypothes is  is t rue ,  the effect  descr ibed  should be abolished by  blocking prote in  synthes is .  

This  p rob lem was studied in the p resen t  invest igat ion in which fu r fu ra l  was  admin i s t e r ed  repea ted ly  
and act inomycin  D was  given. Act inomycin D blocks  DNA-dependent RNA synthes is  [1, 7, 8] and is  used  in 
expe r imen t s  on m a m m a l s  to elucidate the m e c h a n i s m s  of adaptive enzyme synthes is  [2]. At the s ame  t ime,  
the oxygen tens ion in the t i s s ue s  was  invest igated.  

EXPERIMENTAL METHOD 

Experiments were carrie d out on male albino mice weighing 20-25 g. Furfural was injected subcu- 
taneously in a dose of 0.7 LDs0 (200 mg/kg), either daily (group i) or every other day (group 2). 

Aetinomycin D (Calbioehem, Los Angeles, California, 90054) was injected intraperitoneally in a dose 
of 70 pg/100 g body weight on the 10th day of the experiment into the animals of group 3, which received 
daily injection of furfural. The animals of grou p 4, which also received furfural daily, received two injec- 
tions of actinomycin, in doses of 50 #g/100 g body weight, at intervals of 7 days on the 7th and 14th days of 
the experiment. Control animals (group 5) received subcutaneous injections of distilled water. The total 
duration of the experiment was 50 days. 

The oxygen tension was determined by intravital polarography [5] in the femoral muscle. The cath- 
ode was a platinum electrode 0.2 mm in diameter. A calomel nonpolarizing electrode was used. To record 
the diffusion current a highly sensitive galvanometer was used, and in the course of the determination a 
voltage of 0.6 V was applied to the electrode. The oxygen concentration was expressed in microamperes. 

Statistical analysis of the results was by the Student- Fisher method. 
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TABLE i .  

Group of 
an ima l s  

Effect of Actinomycin D on Toxic Action of Furfural When Administered Repeatedly 
No. of animals 

Dose of actinomycin D No. of 
an imals  

15 
15 
15 

15 

Mode of admin i s t r a -  
t r a t ion  of fu r fu ra l  

Daily 
On a l t e rna te  days  
Daily 

15 

(in t~g/lO0 g body weight 

70.0 (single inject ion 
on 10th day of expt.) 

50.0 (twice at in te rva l  
of 7 days) 

m 

surviving until 
50th day of expt.) 

9 
4 
2 

4 

15 

P (compared  
with group 1) 

0.05 

0.05 

0,05 

TABLE 2. Effect  of Fur fu ra l ,  Admin is te red  at Different  Frequencies ,  
on Oxy, ~en Tension in Muscles  of Albino Mice 

Mode of a d m i n i s t r a -  Oxygen tens ion n P (compared  
t ion of fu r fu ra l  (in pA) with control) 

Control  
A l t e r n a t e d a y s  
Daily 

0.009"0.001 
0.010" 0.001 
0.014• 0.0004 

10 
10 
10 

0.1 
0.001 

E X P E R I M E N T A L  R E S U L T S  

The r e s u l t s  of the expe r imen t s  with ae t inomycin  D a re  shown in Table 1. 

As the r e s u l t s  in Table 1 show, a f te r  daily admin is t ra t ion  of fu r fu ra l  the mor t a l i t y  among the an imals  
was  lower  than when the s ame  dose of the compound was  given on a l t e rna te  days,  This  paradoxica l  effect  
of furfura l ,  concerning the w r i t e r s '  p rev ious  obse rva t ions  [6], was  comple te ly  abolished by ac t inomycin  D. 
The surv iva l  r a t e  was  just  as  low in the groups  of an ima l s  rece iv ing  ac t inomycin  D in va r ious  doses  against  
the background of daily fu r fu ra l  injection as in the groups  rece iv ing  fu r fu ra l  on a l te rna te  days.  In this case ,  
adaptive changes evidently did not develop because  of the blocking of pro te in  synthes is  by ac t inomycin  D. 
The p r o c e s s  of adaptat ion to fore ign  chemica l  subs tances  is  known to be accompanied  by an inc rease  in the 
content of cy tochrome P450 and by intensif icat ion of pro te in  synthes is  [4]. An inc rease  in the intensi ty of 
synthetic  p r o c e s s e s  r e q u i r e s  i n c r e a s e d  product ion of h igh -ene rgy  compounds,  intensif icat ion of oxidative 
phosphorylat ion,  and an inc reased  supply of oxygen to the t i s sue s .  

F igures  for  the oxygen tension on the 30th day of the exper iment  in the t i s sues  of the expe r imen ta l  
and control  an imals  a r e  given in Table 2. 

Dete rmina t ion  of the oxygen tension in the t i s sue s  of the albino mice  showed that  it was  about equal 
in the control  an imals  and in the an imals  r ece iv ing  fu r fu ra l  on a l t e rna te  days.  In an imals  rece iv ing  fur fura l  
daily,  the oxygen tension in the t i s s ue s  was  higher  than in the cont ro ls  (155% of the control  level),  the dif- 
f e rence  being s ta t i s t ica l ly  significant (P = 0.00D. 

This  invest igat ion thus conf i rmed  that  an impor tan t  ro le  in the development  of adaptat ion to the action 
of chemica l  compounds is the f requency of the i r  adminis t ra t ion .  Daily admin is t ra t ion  of fu r fu ra l  led to the 
development  of g r e a t e r  r e s i s t a n c e  to this  poison than i ts  admin is t ra t ion  on a l t e rna te  days.  This i nc reased  
r e s i s t a n c e  was  absent  if ac t inomycin  D was  given. If the view that ac t inomyein  supp re s se s  pro te in  synthe-  
s i s b y  blocking DNA-dependent RNA synthes is  [1, 2, 5, 7, 8[ is accepted  as  valid,  it can be cons ide red  that  
the adaptive changes leading to i nc reased  r e s i s t a n c e  to fu r fu ra l  when admin i s t e r ed  daily a r e  accompanied  
by a r  i nc rea se  in the in tensi ty  of synthes is  of adaptive pro te in  enzymes .  This  is  accompanied  by an inc rease  
in the oxygen tension in the t i s s ue s .  

These  r e s u l t s  agree  with those obtained by Sarkisov [3, 4], who showed that the effect  of an externa l  
s t imulus  on the o rgan i s m  is de te rmined  not only by i ts  s t rength,  but a lso  by the re la t ionship  between the 
rhy thm of admin is t ra t ion  of the s t imulus  and the rhy thm of in t r ace l lu la r  r egenera t ion .  Adaptive changes  
under  these  c i r c u m s t a n c e s  a re  c h a r a c t e r i z e d  by intensif ied prote in  synthesis ,  an inc rease  in the number  
and size of the mi tochondr ia ,  and acce l e ra t ion  of the cycle  of in t r ace l lu l a r  r egene ra t ion  [3, 4]. 
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In the p resen t  expe r imen t s  adaptation to fur fura l  was  accompanied  by an i nc rea se  in the oxygen ten-  
sion in the t i s sues ,  poss ib ly  indicating intensif icat ion of energy-produc ing  p r o c e s s e s  essen t ia l  for  the s t im-  
ulation of in t race l lu la r  r egenera t ion .  Abolition of adaptation to fu r fu ra l  by admin is t ra t ion  of ac t inomycin  D 
can be r ega rded  as  conf i rmat ion  of the r o l e  of prote in  synthes is  in the development  of adaptation to the ac-  
t ion of chemica l  substances .  
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