
E F F E C T  OF F R E Q U E N C Y  O F  I N J E C T I O N  

T O X I C  A C T I O N  OF F U I ~ F U R A L  

L .  A .  T i u n o v ,  G.  A .  V a s i l ' e v ,  
a n d  L .  V.  I v a n o v a  

ON T H E  

UDC 615.917 : 547.724.1].015.1 

Under certain conditions daily injection of furfural  into albino mice and rats  produces a 
lower morta l i ty  than injection of the same compound on alternate days, although the total 
dose of the poison was twice as great  in the f i rs t  case as in the second. Daily injection 
of furfural  is accompanied by increased  xanthine oxidase activity, whereas  the activity of 
this enzyme is inhibited if furfural  is injected on alternate days. 

There is extensive evidence in the l i tera ture  concerning the dependence of the toxic action of a poi -  
son on its dose and on the frequency of its administrat ion.  It has been shown, for  instance, that small  doses 
of naphthol yellow S, if given frequently,  are  more  dangerous to the body than larges  doses given at in f re -  
quent intervals  [5]. Quantitative studies have involved determination of the coefficient of cumulation of 
poisons, i. e.,  the rat io between the total dose producing a cer tain effect when given subdivided into f r a c -  
tions and the dose producing the same effect if given all at once [3]. Also relevant to this problem is the 
investigation of D. S. Sarkisov et al. [1], who found that, following injection of a poison (CC14) into albino 
mice on alternate days, fewer animals died than if the same dose was given once every  two weeks. Despite 
the fact that the total dose of CCI~, when administered every  other day, was about 6 t imes g rea te r  than when 
it was given once every  two weeks, the mortal i ty  among the animals in the f i rs t  case was less than in the 
second. This paradoxical  resul t  was explained by assuming that a certain rhythm of injection of the poison 
corresponds  to a certain intensity of reparat ive  regenerat ion,  compensating for the harmful action of the 
chemical compound. 

In the case of CC14, the less  frequent injection of the poison induced a lower intensity of regenerat ion 
than its more  frequent injection [2]. 

If this effect is not applicable only to the action of CCl4, it can be postulated that the intensity of r e -  
parative regenerat ion and the increase  in synthesis  of protein and adaptive enzymes responsible for  de -  
toxication of a given poison are  closely connected with the rhythm of that substance.  

This problem has been investigated in experiments  with the cyclic aldehyde furfural ,  which was in-  
jected at different f requencies .  At the same time, est imations were made of the activity of xanthine oxidase, 
an enzyme responsible for  conversion of aldehydes [4]. 

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

Experiments  were ca r r i ed  out on male albino mice weighing 18-22 g and male albino rats  weighing 
150-200 go Furfural  was injected subcutaneously into the albino mice at different t imes in a dose of 
150 mg/kg,  or approximately 0.7 LDs0. When determined by the probit  analysis  method, LD50 was 200 mg/kg.  
Furfura l  was injected intraperi toneally into the albino ra ts  at different t imes in a dose of 70 mg/kg body 
weight, or  about 0.6 LDs0. When determined by the probit analysis  method, LDs0 was 120 mg/kg.  
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TABLE 1. Effect of Furfura l  on Mortality of Albino Rats and 
Mice in Relation to  Frequency of Its Injection 

Animals 
Frequency of 
injection 

Albino mice Every other day 
Daily 
Control 

Albino rats Every other day 
] Daily 
] Conuol 

Total dose per 
animal, mg 

75,0 
150,0 

273,0 
546,0 

Number of animals 

total dying 

25 20 
25 14 
15 0 
15 10 
15 4 
15 0 

0, 05 

0,05 

TABLE 2. Effect of Furfura l  on Liver  
Xanthine Oxidase Activity of Albino Mice 
in Relation to Frequency of Its Injection 

Frequency of 
Adminsrration 

Xanthine oxi- IP (com- 
~6 ~ dase activity, ]pared 
d'S mmoles xan- Iwlth 
Z ~ chine/h/glive~col~trol) 

Control . . . . .  7 
Twice a week 5 
Every other day . . 5 
Daily . . . .  5 

19,30:h0,27 
16,14-0,24 

15,304-1,4 
20,3::b0,2 

0,001 
0,03 
0,015 

Control animals received injections of distilled water .  
The morta l i ty  of the animals was recorded.  The l iver  xan-  
thine oxidase activity of some of the control and exper i -  
mental albino mice was determined 20 days af ter  the be-  
ginning of the experiment by Litwack's  co lor imet r ic  method 
[6]. Injection of furfural  into albino mice and rats  in equal 
doses,  but at different frequencies ,  showedthat if the poi -  
son was injected daily the mortal i ty  was lower than if in-  
jected less frequently (every other day), despite the fact 
that the total dose of poison in the f i rs t  case was twice as 
high as in the second (Table 1). 

The experiments  with furfural  thus confirmed the observation [1, 2] that, with definite doses,  an in-  
crease  in frequency of administrat ion may not only not increase ,  but actually reduce,  the mortal i ty  among 
the animals.  

For  furfural  in the doses selected,  this effect was observed if the compound was injected daily. Ev i -  
dently each substance has its own charac te r i s t i c  rhythm of action, at which the greates t  degree of in tensi-  
fication of in t racel lular  compensatory  p rocesses ,  minimizing the toxic effect, takes place. 

Investigation of the l iver  xanthine oxidase activity of albino mice receiving furfural  showed that daily 
injection of the poison increased the activity of this enzyme,  which plays a role in aldehyde metabolism. 
During the less frequent injection of the poison (on alternate days), inhibition of xanthine oxidase activity 
was observed.  The resul ts  of these experiments  are given in Table 2. 

These resul ts  suggest that the severi ty  of the toxic effect of a poison, if adminis tered repeatedly,  de-  
pends not only on the dose and duration of administrat ion,  but also on the degree of intensification of r e -  
parative regenerat ion and of synthesis of protein and adaptive enzymes,  which are  connected to some de -  
gree with the rhythm of administrat ion of the chemical st imulus.  It is therefore  possible to have conditions 
under which the intensity of regenerat ion and synthesis of adaptive enzymes will play a decisive role in the 
formation of the toxic effect, and in this way the paradoxical resul t  that the l a rge r  dose of poison produces 
a smal le r  mortal i ty  can be obtained. 
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