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The effect of nifurpirinol on deoxyribonucleic acid (DNA), ribonucleic acid (RNA) and 
protein syntheses was investigated in 2 strains of Escherichia coli. In the both strains 
these syntheses were all inhibited at the concentrations higher than the minimal inhibitory 
concentration against the strains. DNA and RNA syntheses were also inhibited at 
lower concentrations than the minimal inhibitory concentration where bacterial growth 
was temporarily suppressed. The most sensitive to nifurpirinol  was DNA synthesis among 
the syntheses tested. The concentration and the time inhibiting DNA synthesis almost 
coincided to those inhibiting bacterial growth. The results indicate that the inhibition 
of DNA synthesis may be a mechanismof antibacterial action of nifurpirinol.

Nifurpirinol is a nitrofuran derivative which is used as an antibacterial agent against 
fish  diseases.3) As the mechanism of action of nitrofurans, various effects have been  pro-

posed.4) However it is uncertain which effects are really responsible for antibacterial action 
of nitrofuran derivatives. Recently it was found that nitrofuran derivatives inhibited the 
synthesis of macromolecules of Escherichia coli and the inhibition of deoxyribonucleic acid 
(DNA) synthesis was closely correlated with antibacterial  activity.5) 

To know whether nifurpirinol has such  inhibitory actions, its effect on the synthesis of 
macromolecules of  Escherichia coli was investigated in connection with its antibacterial 
activity.

Experimental

(a) Chemicals-Nifurpirinol,  6-hydroxymethy1-2-[2-(5-nitro-2-furyl)vinyllpyridine, was  synthesized in 
Research and Development Division, Dainippon Pharmaceutical  Co.') '4C-Labeled thymine, uracil and L-
histidine were purchased from Radiochemical Centre, whose specific activities were 455, 535 and 373  mCi/ 
mg respectively.

(b) Organisms and  Media-Escherichia coli  NIHJ JC-2, a standard strain for sensitivity test recom-

mended by Japan Society of Chemotherapy, and  Escherichia coli JG181-1, an auxotroph requiring uracil 

and L-histidine were employed. JG181-1 was a spontaneous revertant of  JG181,7) an  auxotroph requiring 

thymine, uracil and L-histidine, and used in the present study to avoid thymine-less death. The media used 

were nutrient  broth') or nutrient agar for the growth of the former and Davis' minimal medium  (MM)  9) 

supplemented with uracil (U) and L-histidine(H) in 50 ƒÊg/ml each for that of the latter. 

(c) Measurement of Antibacterial Activity of Nifurpirinol--Minimal inhibitory concentration  (MIC) 

was determined by a serial 2-fold tube dilution method, where one loopful overnight broth culture (about 

105 cells) was inoculated into 1 ml of the media containing nifurpirinol at graded concentrations and incubated
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at  37•‹ for 18-20 hours.  The effect of nifurpirinol on the growth  curve  of the bacteria was determined by 

colony count following exposure of the bacteria to the drug at various concentrations. Initial bacterial 

concentrations were about 106  cells/ml and incubation was made at  37•‹ with shaking followed by colony 

counting on nutrient agar.

(d) Chemical Analysis of Bacterial DNA, RNA and Protein An overnight culture of the bacteria was 

diluted 10 times with the fresh medium and shaken at 37•‹ for 3-5 hours until bacterial density reached 

to about 5 x 108 cells/ml. The culture was mixed with an equal volume of the medium containing nifur-

pirinol at various concentrations and incubated at  37•‹ with shaking. After incubation for 2 hours, an equal 

volume of 10% cold trichloroacetic acid (TCA) was added to the culture and fractionated according 

to Schmidt-Thanhauser's  procedure10) to get DNA, RNA and protein fractions. DNA was colorimetrically 

determined by Burton's method,11) RNA by Drury's  method") and protein by Lowry's  method.13)

(e) Measurement of Inactivation of Nifurpirinol by Bacteria The bacteria were grown at  37•‹ for about

4 hours up to a density  of around 108  cells/ml. The cultures were diluted 10 and 100 times with the fresh 

media, mixed with an equal volume of the media containing nifurpirinol at a concentration of 1  ƒÊg/ml and 

shaken at 37•‹ for 60 minutes. At indicated times, 2 ml samples were taken, heated in boiling water for 

10 minutes, cooled and assayed for residual nifurpirinol by the cup-plate method using Bacillus subtilis.3)

(f) Incorporation Experiment of  "C-Labeled Precursors One half ml of the fresh culture of  .Escherichia
coli JG181-1 in MM supplemented with U and H, containing about 6 x  107  cells/ml,  was mixed with 0.3 ml 

MM, 0.1 ml  14C-labeled precursor solution  (14C-thymine:  ca. 5 ƒÊCi/ml,14C-uracil and 14C-histidine  :  ca. 0.5

μCi/n11) and 0.1 ml  nifurpirinol solution (graded  concentrations). The mixtures were shaken at  370 and
1 ml of  10% TCA was added to them with 1 mg bovine serum albumin (Armour) as carrier 15, 30 and 60 
minutes postincubation. The precipitate was washed 3 times with  5% cold  TCA, dissolved in 0.5  ml  of 
0.2N  NaOH, heated in boiling water for 5-10 minutes, mixed with 1 ml water and 10 ml dioxane  scintil-
lator  solution14) and counted for radioactivity by a TEN liquid scintillation counter, model  GSL-161 (Robe 
Kogyo).

Result

(a) Antibacterial Activity of Nifurpirinol
With the tube dilution method, the MIC of nifurpirinol against Escherichia  coli used in 

this study was 0.78 ƒÊg/ml for NIHJ  JC-2, and 1.56 ƒÊg/ml for JG181-1. The effect of nifur-

pirinol on the growth of these two strains was examined in more detail as shown in Fig. 1.

Under the experimental conditions, a 
control showed exponential growth 
for  2 hours in  NTH  J  JC-2 and for 5 
hours in JG181-1 after 1-hour lag 

period. Doubling times were  ap-
proximately 35 minutes for  NIHJ 
JC-2 and 76 minutes for JG181-1 in 
a logarithmic phase. In the pre-
sence of nifurpirinol, growth rates 
were markedly affected. At 1/4 MIC, 
the number of viable cells was almost 
unchanged during the incubation 
time of 6 hours. At higher con-
centrations than  1/2 MIC, the loss 
of viability was observed from 30 
minutes or 1 hour and viable cells 
were reduced exponentially with 
time elapsed. The bactericidal action

Fig. 1. Effect of Nifurpirinol on the Growth of  Escheri-
chia coli NIHJ JC-2 and JG181-1 

a) MIC
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of nifurpirinol in  NIHJ JC-2 was remarkable compared with that in JG181-1. It was 
noted that antibacterial activity of nifurpirinol against the both strains was observed not 
only at ligher concentrations than MIC but also at lower concentrations within a limited 

period of 6 hours.

(b) Effect of Nifurpirinol on the 
Synthesis of Macromolecules of 
Escherichia coli

The two strains of Escherichia 
coli were grown in the presence or 
absence of nifurpirinol. The grown. 
cells were fractionated and col- 
orimetrically analyzed for macro-
molecules. Under the conditions 
employed, the increase of DNA, ribo- 
nucleicacid(RNA), and protein of a 
control culture was 2.3, 2.3 and 3.1 
times initial amount respectively in 
JG181-1, and was 2.7, 3.6 and 2.6 
times in  NIHJ JC-2. In the pr-
esence of nifurpirinol at graded 
concentrations around MIC, the 
synthesis of these macromolecules 
was inhibited as shown in Fig. 2.
The higher the concentration of the agent, the lower the relative increase of the ma-
cromolecules. Although the increase of RNA and protein was significantly inhibited by 
nifurpirinol at the concentrations higher than MIC, the most sensitive to the agent was the 
increase of DNA, which was evidently arrested at the concentrations higher than 1/2 MIC in 

the both strains.

(c) Inactivation of Nifurpirinol by 
Bacterial Cells 

It has been known that ni-
trofuran derivatives were decom-
posed by bacterial  cells.15) So, the 
concentration of nifurpirinol in  the 
incubation media was  determined. 
to know whether the concentration 
had been kept constantly during 
the incubation period (Fig.  3). In 
NIHJ JC-2, slight descent of the 
drug concentration was seen at 
the bacterial density of 2.3 x 108 
cells/ml and marked descent  was 
detected at 2.3 x  109  cells/ml.  In

JG181-1, gradual inactivation was observed at the bacterial density of 3.3  X 108 cells/m.1. 
However, inactivation was not seen below 3.3 x 107 cells/m1 in the both strains. The in 
activating activity of the strains was almost same each other. Under the conditions used

Fig. 2. Effect of Nifurpirinol on the Synthesis of Macro-
molecules of Escherichia  coli  NIHJ JC-2 and  JG181-1 

a)  M1C

Fig. 3. Degradation of Nifurpirinol by the Cells of  Esch-
erichia  coli  NIHJ JC-2 and JG181-1

15)  D.L. Cramer,  J. Bacteriol., 54, 119  (1947)  ; R.E. Asnis, F.B. Cohen, and J.S. Gots, Antibiot.  Chemotherapy,. 
2, 123  (1952)  ; A.H. Beckett and A.E. Robinson, J.  Pharm.  Pharmacol., 8, 1072 (1956).
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for colorimetrical determination of the bacterial macromolecules
, the concentration of  nifur-

pirinol seemed to drop gradually during the incubation period.

(d) Effect of Nifurpirinol on the Incorporation of  IT-Labeled Precursors into Acid-insoluble 
Fraction

The effect of nifurpirinol on the synthesis of macromolecules in JG181-1 was investigated 

with the incorporation of  14C-labeled thymine, uracil and histidine into acid-insoluble 

fraction. To avoid lowering the concentration of nifurpirinol during incubation period, 

the bacterial concentration used was finally made at 3 x  107 cells/ml . As shown in Fig. 4, 
14C-thymine incorporation was 467 cpm in a contr

ol for 60 minutes. Although no inhibition 

was detected at the concentration of 1.56  ƒÊg/ml (MIC) of nifurpirinol until 30 minutes of 

incubation, the incorporation was weakly inhibited at 60 minutes . The percent inhibition 

relative to the control was 25%. At the higher concentration such as 6 .25 and 25  ƒÊg/ml,

the incorporation was almost completely suppressed throughout the incubation period .
In the case of 14C-uracil a control 

incorporated 1240 cpm during  60- 

minute-incubation. In the presence 

of nifurpirinol at 1.56ƒÊg/ml, the in 

corporation was reduced by  16% 

during 60 minutes postincubation. 

The inhibition of the incorporation 

was complete at the concentration of 

25 ƒÊg/ml, whereas it was incomplete 

at the concentration of 6.25 

A similar result was obtained with 
14C-histidine incorporation

, where a

control incorporated 1040 cpm, although the inhibition was not seen at all at the concentra-

tion of  1.56 ƒÊg/ml. These results indicated that DNA synthesis is most sensitive to 

nifurpirinol. It was noted that the inhibition of DNA synthesis was seen within 30 minutes 

at the concentrations more than 6.25  ƒÊg/ml but was not at the MIC of 1.56 ƒÊg/ml.

Fig. 4. Effect of Nifurpirinol on the Incorporation of
14C-Thymine , 14C-Uracil and  14C-Histidine into Acid-

insoluble Fraction in  Escherichia coil  JG181-1
a) MIC

Discussion

As shown in Result, nifurpirinol showed antibacterial activity on the 2 strains of 
Escherichia  coli,  NIHJ JC-2 and JG181-1, not only at MIC but also at  1/2 or 1/4 MIC. A 
similar result has been reported with  Escherichia  coli  K-12 and  Vibrio  anguillarum  K-3.3) 

By the colorimetrical analysis, nifurpirinol inhibited the DNA, RNA and protein syntheses 
of  Escherichia  coli  NIHJ JC-2 and JG181-1. The most inhibited was the DNA synthesis . 
In NIHJ JC-2, the agent suppressed the increase of DNA to about 40% of a control at MIC 
and to about 60% at 1/2 MIC. In JG181-1, the DNA synthesis was inhibited to about 40% 
of a control at MIC and to about 80% at 1/2 MIC. It should be noted that the inhibition 
of DNA synthesis is observed below MIC as well as growth inhibiting action. Determina-
tion of nifurpirinol in the incubation media revealed that the concentration in the media 

gradually descended with such high bacterial concentrations as those used for  colorimetrical 
analysis. The activity inactivating nifurpirinol was almost similar in the both strains. 
Under the conditions where the concentration of nifurpirinol should be constant during incuba- 
tion period, nifurpirinol inhibited the incorporation of  14C-labeled thiymine, uracil and 
histidine into acid-insoluble fraction of JG181-1 at the concentration above MIC. However, at 
MIC, only  HC-thyraine and 14C-uracil incorporation was inhibited and the former was more 
strongly inhibited than the latter. The time when the inhibition of  14C-thymine incorporation 
became observable, was 60 minutes postincubation at MIC though it was observed within
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15 minutes at the concentrations more than 4 MIC. The similar phenomenon was seen in 

bactericidal action of nifurpirinol. The loss of viability in the presence of nifurpirinol was 
not seen within first 30 minutes around MIC whereas viable cells were rapidly reduced at a 

higher concentration than MIC. The reason why such lag time exists at MIC, is not clear 
at present. It has been reported that nitrofurazone is reduced in bacterial cells prior to its 

action.16) Such lag may be due to the time required for metabolic conversion of nifurpirinol 
in bacterial cells. Aside from such intracellular events, the fact that DNA synthesis is most 

sensitive to nifurpirinol among the macromolecule syntheses tested and that the concentration 
inhibiting DNA synthesis almost coincides with that inhibiting bacterial growth, suggest the 

inhibition of DNA synthesis to be a mechanism of antibacterial action of nifurpirinol. This 
conclusion agree with previous one5) drawn from the experiments using various nitrofuran 

derivatives.
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