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Cultivation of s taphylococci  in the p r e sence  of subbac ter ios ta t ic  concentrat ions of 5 -n i t ro -  
furan de r iva t ives  leads to loss  of drug r e s i s t a n c e  of the s t r a ins .  Res i s t ance  to antibiotics 
is lost  mos t  f requent ly  af ter  t r ea tmen t  with furagin. In some cases  s imul taneous  loss  of 
pathogeneci ty was obse rved  in s t r a ins  of Staphylococcus aureus  which became  sens i t ive  to 
ant ibiot ics .  

P rev ious  invest igat ions [1, 2] have shown that cer ta in  5-n i t rofuran  der iva t ives  supp re s s  t r a n s m i s s i o n  
of the R factor  in Eseher ich ia  coli during conjugation. The inhibitory effect  of the n i t rofurans  was exhibited 
when they were  added d i rec t ly  to the conjugating mixture ,  to broth cul tures  of the p a r e n t  bac te r ia ,  and in the 
per iod of phenotypie express ion  of the R fac tor  t r ansmi t t ed  to E. eoli  s t r a ins .  The wr i t e r s  have postulated 
that one mechan i sm by which n i t rofurans  inhibit t r ansmi s s ion  of the R fac tor  is by the ability of this group 
of compounds to induce its el imination.  

In the invest igat ion descr ibed  below, the el imination of drug r e s i s t ance  of po ly re s i s t an t  s t r a ins  of 
s taphylococci  was studied a f t e r  thei r  t r ea tmen t  with n i t rofuran compounds in exper iments  in vi tro.  

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

The following 5-n i t rofuran  der iva t ives  were  used in the exper iments :  fu razo l idone[N-(5-n i t ro -2 -  
furfuryl idene)-  3 -amino-2 -oxaz  olidone], furaci l in (5-n i t ro-2- fur fury l idenes  emicarbazone) ,  furagin (1- [/3- (5- 
n i t ro fury l -2 ) -ac ry l idene-amino] -hydan to in) ,  furazol in  [5 -morpho l inome thy l -3 - (5 -n i t r o -2 - fu r fu ry l i deneami -  
no)-2-oxaz01idone],  obtained f rom the Insti tute of Organic Chemis t ry ,  Academy of Sciences of the Latvian 
SSR, furaery l in  [1 - (5 -n i t ro fu rac ry l ideneamino) - l , 3 ,4 - t r i azo le ] ,  obtained f rom the Depar tment  of Organic  
Chemis t ry ,  Sa ra tov  Univers i ty ,  and furadonin [N- (5-n i t ro -2- fu r fu ry l idene) - l -aminohydan to in ] ,  a c o m m e r -  
cial  p repa ra t ion .  

TABLE 1. Compara t ive  Action of 5-Ni t rofuran  De- 
r iva t ives  on Stability of Drug Res i s t ance  of Staphy- 
loeoccns aureus  1074 (Pe, To, Sm, Cm, Er) and 
Shigella f lexner i  170, 2a (To, Cm) 

con- % of colonies thel~ resistanCeof under 

I / Ifura- I fura- Strain fura- furacflin [furadonin[zoli- cry- furazolin 
Itrol gin | }done Itn 

1074 
170, 2a i~ '3 73 1 o 9 
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The el imination of drug r e s i s t a n c e  was 
studied in 11 s t ra ins  of pathogenic s taphylococci  
isolated f rom pat ients  with s taphylococca l  infec-  
tions in different  pa r t s  of the body. Eight of the 
s t r a ins  were  r e s i s t a n t  to t e t racyc l ine  (To), s t r e p -  
tomycin {Sm), penicil l in (Pe), ch loramphenicol  
(Cm), and e ry th romyc in  (Er), two were  sens i t ive  
to Er ,  and one to Pe.  

The control  t e s t s  were  c a r r i e d  out on 12 
s t r a ins  of intest inal  bac te r i a  to which r e s i s t ance  
to Te and Cm had been t r ansmi t t ed  in p r e l i m i n a r y  
exper iments  by conjugation with E. eoli R +. These  
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TABLE 2. Loss of Drug Resis tance  by Staphylococci under the In- 
fluence of Furagin (percentage of colonies losing res i s tance  tos ingle  
antibiotics or to a :roup of them) 

Group investigated 

Con~ol 
Experimental 

71 737 18241 1639 

0~ ~ o 

Strain 
Roma- I 

2184 shev j1753 571 

o ~ 46 o o 

1917 I 1740 

6 
o 6o 

bacter ia  (E. coli K-12, M-17; Shigella flexneri 5237, la,  170, 2a, 1020, 4a, 9726, 4b; Shigella sonnei 8062, 
725; Salmonella typhimurium 79; Salmonella typhi abdominalis 4446) were obtained from the museum of the 
L. A. Tarasevich  Government  Control  Institute for Medical and Biological Prepara t ions .  Strains S. typhi- 
mur ium 1 and S. typhi abdominalis 274 were obtained f rom the bacter iological  labora tory  of the No."~. Sara---'-'~ov 
City Hospital.  

To eliminate drug res is tance ,  24-h agar  cul tures  of the mic roorgan i sms  were washed off with phys-  
iological saline and added (2 �9 105 bacter ia l  c e l l s / m l  medium) to tubes with Hott inger 's  broth (pH 7.4), con- 
taining se r ia l  dilutions of the ni t rofurans.  After incubation for 24 h (intestinal bacteria)  or  48 h (staphy- 
lococci) at 37~ seedings were taken f rom the tubes containing the highest dilutions of the compounds just  
permit t ing  growth of the test  bacter ia ,  and from the control  tube (without compounds), on agar  plates to 
obtained isolated colonies.  By the impress ion  method, the growing colonies of s taphylococci  were then t r ans -  
fe r red  to dishes of nutrient  agar  containing Pe  (10 units /ml) ,  Er  (10 units /ml) ,  Sm (30 units /ml) ,  Tc (20 
/zg/ml), and Cm (20#g/ml}.  To detect intestinal bacter ia  which had lost  their  res i s tance  to antibiotics, 
impress ions  were made on Endo's  medium containing 25 ~g C m / m l  or 30 ~g Tc /ml .  The resul ts  were read 
24 h la ter .  On the average not less than 100 colonies of each s t ra in  were studied. 

EXPERIMENTAL RESULTS 

The experiments  showed that cultivation of s taphylococci  in the p resence  of subbacter ios ta t ic  concen-  
trat ions of 5-ni t rofuran derivatives leads to loss of res i s tance  of some colonies of near ly  all the mic ro -  
organisms tested (Table I and 2). 

The percentage  loss varied within wide limits and depended both on the compound tested and on the 
individual cha rac t e r i s t i c s  of the s t ra ins .  The s t ronges t  eliminating effect was observed by the action of 
furagin, followed by furazolin and furadonin. 

Furagin (Table 2), in subbacter iostat ic  concentrat ions,  caused loss of r es i s t ance  in five of the 10 
s t ra ins  of s taphylococci .  Charac ter i s t ica l ly ,  res i s tance  to severa l  antibiotics was lost at the same time. 
Res is tance  to Er  and Cm was lost  mos t  often, followed by res i s t ance  to Te. The frequency of loss of r e -  
s i s tance  to other  antibiotics was about equal, and the genetic determinants  responsible  for res i s tance  to 
Pe  and Sm were eliminated, as a rule, independently of each other.  A high proport ion of the sensit ive 
colonies were  mutants which lost  their  drug res i s t ance  to all the antibiotics tested at the same time. 

Among the intestinal bacter ia  (control), r eve r s ion  toward sensi t ivi ty to antibiotics was observed more  
often and in a higher propor t ion of cases  than among the staphylococci .  

Investigation of the biological proper t ies  of the colonies of s taphylococci  becoming sensi t ive to anti-  
biotics as a resul t  of t rea tment  with furagin showed that many of them lost not only the charac te r i s t i c  of 
drug res i s tance ,  but also the ability to coagulate rabbit  p lasma,  to produce hyaluronidase and lecithinase, 
and to ferment  mannitol, while their  deoxyribonuclease activity and their  behavior  toward a se r ies  of in ter -  
national s taphylococcal  phages were indistinguishable f rom those of the original s t ra ins .  Loss of the cha r -  
ac te r i s t ics  of pathogenicity was observed mainly in s t ra ins  losing their drug res i s tance  to all antibiotics 
used in the tests ,  or  to mos t  of them. 

These resul ts  thus indicate that 5-ni t rofuran derivat ives have the ability to induce elimination of drug 
res i s tance  in polyres is tan t  s taphylococci .  However, the mechanism of this effect, including the s imul ta-  
neous loss of cer ta in  other proper t ies  by the staphylococci ,  is not c lear .  Never theless ,  if this effect of the 
ni t rofurans  is still  p resen t  in vivo in man and animals,  it means that compounds of this type can be used in 
medical  p rac t ice  in o rde r  to eliminate the drug res i s tance  of the agents of cer tain infectious diseases .  
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