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Introduction of nitro groups in the ~/-position and also in the e s t e r  group of butyric  acid and its de r i -  
vatives is accompanied by an increase  in the antiedema activi ty and also in the toxicity of these compounds 
in experiments  on ra ts .  A maximal  increase  in the antiedema activi ty of the compounds is found af ter  in-  
troduction of three nitro groups. 

According to data descr ibed inthe l i tera ture  [3, 6, 7], compounds containing nitro groups (nitrophenols, 
ni t robenzenes,  nitrofurans) possess  high physiological activity.  It has been shown [5] that introduction of a 
nitro group into benzoylmorphine in the para  position increases  its analgesic  activi ty and reduces  its side 
effects associa ted  with depress ion of the r e sp i r a to ry  center.  

Only the 5 -n i t ro fu ranspossess  marked  antibacterial  act ivi ty [1]. Displacement of the nitro group from 
position 5 into position 3 or  introduction of a second nitro group into the furan molecule weakens the ant i -  
bacter ia l  action of these compounds. 

In the present  investigation the role of nitro groups in the mechanism of the an t i - inf lammatory  ac t i -  
vity of butyric acid derivatives and es te r s  was studied. In all more  than 40 compounds were tested. The 
compounds were tested. The compounds were synthesized at the Institute of Organic Chemist ry ,  Academy 
of Sciences of the USSR, by S. S. Novikov, I. S. Ivanova, and T. A. Alekseeva. 

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

Experiments  were ca r r i ed  out on intact ra ts  weighing 110-150 g. The compounds for testing were in- 
jected int raper i toneal ly  in a dose of 50 m g / k g ,  the solids as a suspension with 10~c s ter i le  gelatin solution 
and the liquids as  an aqueous emulsion with gum arabic .  Edema of the an imal ' s  hind limb was produced 
by subcutaneous injection of 0.1 ml of 6% polyglucin (dextran, mol. wt. 60,000-80, 000) solution. 

The compounds were injected 30 rain before production of edema. Their  act ivi ty was judged by the 
degree of inhibition of the edema reaction.  The degree of edema in the control animals was taken as 100% 
A more  detailed account of the method is given in [4]. The toxicity of the compounds was also determined 
by calculating LDs0 by Karbe r ' s  method. The antiedema activi ty and toxicity of the n i t ro-der iva t ives  of 
butyric acid and its e s t e r s  were compared with those of the corresponding analogs. 

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

As the investigations showed, introduction of nitro groups into butyric acid and its derivatives in the 
- /-posi t ion significantly affects the antiedema act ivi ty and toxicity of these compounds. The abi l i ty  of the 
compounds to inhibit edema development was found to depend on the number of nitro groups introduced. If 
one nitro group was introduced into butyric  acid in the T-posi t ion the antiedema activity was slightly r e -  
duced. It is interest ing to note that introduction of an amino group in the same position (T-aminobutyric 
acid) also ve ry  slightly reduces its antiedema action. Meanwhile, introduction of three nitro groups in the 
~/-position is accompanied by a marked increase  in antiedema activity. However,  this increased  antiedema 
act ivi ty  is accompanied by increased toxicity (Fig. 1). 

Depar tment  for  Detection of Physiological  Activi ty of New Synthetic Chemicals ,  Institute of P h a r m a c -  
logy and Chemotherapy,  Academy of Medical Sciences of the USSR, Moscow (Presented by Active Member 
of the Academy of Medical Sciences of the USSR V. V. Zakusov). Transla ted from Byulleten'  ]~ksperimental '  
noi Biologii i Meditsiny, Vol. 65, No. 1, pp. 69-72, January ,  1968 Original ar t ic le  submitted June 10, 1966. 
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Comparative activity and 
toxicity of butyric and T-amino-, 
T -nitro, and T ,7 ,T - trinitrobutyric 
acids. 
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Relationship between che- 
mical structure and antiedema 
activity in a series of derivatives of 
butyric acid and its esters. 
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Fig. 3. Role of substituents in 7 -  
position of an  es te r  of butyric acid 
in manifestat ion of its antiedema 
and toxic action. 

Similar  patterns were observed when nitro groups were 
introduced in the T-P~176 into butyric acid amide. In t roduc-  
tion of one nitro group into butyric amide in the - /-posi t ion 
causes a marked decrease  in its antiedema activity. In t roduc-  
tion of three nitro groups increases  the antiedema activi ty con-  
s iderably  (by 10 times).  However,  the marked increase  in ant i -  
edema act ivi ty of the compound is accompanied by a considerable 
increase  in its toxicity (by 44 times).  

Changes in the antiedema activi ty were most  c lear ly  r e -  
vealed among the e s t e r s  of butyric  acid and their n i t ro-analogs .  

The abili ty of es te r s  of butyric  acid to inhibit the develop- 
ment of edema is much less than the activi ty of the acid itself.  
However,  the antiedema activi ty of es te r s  of 3/,T ,T- t r in i t robuty-  
r ic  acid is not less ,  but actual ly  g rea te r ,  than the activi ty of 
the corresponding n i t ro-ac id  (Fig. 2). Es te r s  of both acids pos -  
sess  lower toxicity. For  this reason,  es te r s  of 31,T ,31,-tributyric 
acid, with their  g rea te r  antiedema act ivi ty  and their low toxi-  
city, possess  g rea te r  therapeutic latitude. However,  despite 
this, the compounds descr ibed above possess  a cumulative ac -  
tion in experiments  of long duration, thus detract ing from their  
practical value. 

The importance of the number of introduced nitro groups 
and the role of the substituent introduced (methyl group) were 
studied in more detail in relation to the methyl ester of butyric 
acid. Introduction of one nitro group in the T-position of the 

ester increased its antiedema activity (by three times). Introduction of three nitro groups gave a further 
increase in the ability of the ester to inhibit edema development (by 6 times). 
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Substitution of one nitro group by methyl was accompanied by a marked (by two-thirds) decrease  in 
the antiedema activity and toxicity of the compounds (Fig. 3). 

By introducing nitro groups into the carbon chain of butyric acid e s t e r s  in a different position (in the 
e s t e r  group), compounds were obtained which a l so  possessed  marked antiedema activity and high toxicity. 
Changes in the antiedema activi ty of the n i t roes te rs  of butyric acid were studied on the example of the ethyl 
e s t e r  of butyric acid. Introduction of one nitro group into the alcohol residue of the e s t e r  was accompanied 
by a marked  increase  in the antiedema activi ty and toxicity of the compound. Introduction of three nitro 
groups in the same position led to a fur ther  increase  in the antiedema activi ty and toxicity of the compound. 
After  combined introduction of nitro groups in both positions of the carbon chain (i.e., 3 nitro groups in the 
7 - p ~ 1 7 6  and 1 nitro group into the e s t e r  group), a marked increase  was obtained in the antiedema activi ty 
by compar ison with the activity of the ethyl e s t e r s  of 7 , 7 , 7 - t r i n i t r o b u t y r i c  acid. Introduction of s ix-ni t ro  
groups in the same positions was not accompanied by any increase  in the antiedema activi ty and toxicity. 
The compound with six nitro groups occupied an intermediate position in activity, being no more  active than 
the ethyl e s t e r  of 7 , 7 , 7 - t r i n i t r o b u t y r i c  acid and no less active than the compound with four nitro groups. 

The following conclusion may be drawn from these findings. Introduction of nitro groups leads to 
changes in the antiedema action of butyric acid derivat ives.  The antiedema activity is increased  most  of 
all by introduction of three nitro groups. The position of the introduced nitro groups has no significant 
influence. 

Besides intraperi toneal  injection, in a ser ies  of experiments  administrat ion of the compounds by the 
enteral  route was tested. These experiments  showed that the antiedema proper t ies  of the most  active 
n i t ro-der iva t ives  of butyric acid were appreciably reduced when given enteral ly.  The marked decreased  in 
act ivi ty  of the n i t ro-der iva t ives  of butyric acid when given by the enteral  route may be due to difficulty of 
penetration through the gast ro- intes t inal  t rac t  or  to their  destruction by enzyme action in the stomach.  The 
most  disadvantageous factor  when assess ing  the effectiveness of n i t ro-der ivat ives  of butyric acid is the in-  
c r ease  in their toxicity during prolonged administrat ion.  
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