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The elimination of nitro groups in the form of nitrite anions in the course of reduction and alkaline hydrolysis

of the antitumor drug nifuroxazide has been studied using polarographic and photometric techniques. The ex-

perimentally determined reaction rate constants are used to calculate the thermodynamic parameters (�G�,

�H�, �S�). It is suggested that the therapeutic action of nifuroxazide is related not only to the formation of ni-

tro radical anions in vivo, but also to the production of nitric oxide as a result of the biotransformation of this

drug.

Drugs belonging to the group of 5-nitrofuran derivatives

are well known and widely used due to their high antimicro-

bial activity. Beginning with 1950s, drugs such as furacilin,

furadonin, furagin, and furazolidone (see scheme below), ca-

pable of effectively inhibiting (even in high dilutions such as

1 : 10,000 and 1 : 200,000) the growth of both Gram-positive

and Gram-negative microbes, as well as numerous protozoa,

have been successfully used for the treatment of bacillary

dysentery, typhoid fever, puroinflammatory processes, ad

other serious disorders [1 – 3].

However, despite considerable experience gained in the

administration of 5-nitrrofuran derivatives as drugs and a

very large number of related publications devoted to these

compounds, the mechanism of action of nitrofurans is still

incompletely clear.

As is known, the antimicrobial effect of some com-

pounds is determined by the presence of nitro groups in their

structures. This has been clearly demonstrated for

nitroheterocyclic compounds, including nitrofuran deriva-

tives. Indeed, it is established the therapeutic efficacy of

analogous compounds free of NO
2

groups is either signifi-

cantly reduced or absent. An example is offered by the re-

sults of experimental comparative study of the antimicrobial

effect of 2-aminothiazole and 2-amino-5-nitrothiazole with

respect to T. vaginalis and some other infectious species: the

activity of the latter nitrothiazole is several hundred times as

high as that of 2-aminothiazole [4].

At present [5], it is commonly accepted that the mecha-

nism of the cytotoxic action of antitumor drugs based on the

nitro derivatives of five-membered heterocycles

(5-nitrofuran, 5-nitroimidazole, 5-nitrothiazole) is related to

the formation of nitro radical anion in the first stage of reduc-

tion of the nitro group. This radical anion is capable of dam-

aging the structure of microbial DNA. An additional effect

operative under aerobic conditions is related to the formation

of active oxygen species, primarily, of superoxide radical an-

ion (O2
�� ). It should be noted that the interaction of O2

�� with

endogenous nitric oxide leads to the formation of a highly ef-

fective cytotoxic agent such as peroxynitrite anion [6].

Previously, we have proposed another possible metabolic

pathway for drugs based on the derivatives of nitroimidazole,

nitrothiazole, and nitrofuran [7 – 10]. It was demonstrated

that chemical and biochemical transformations in vitro may

lead to the formation of nitric oxide (NO) that is capable both
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of directly inhibiting metalloenzymes (entering into the re-

spiratory chain of microbes and protozoa) and of forming

peroxynitrite anion (cytotoxic agent) in aerobic media as a

result of the interaction of NO with superoxide radical anion

[6]. The possible generation of nitric oxide was also con-

firmed by data on the reduction of 5-nitrofuran derivatives

by ascorbic acid, which have been provided by EPR [11] and

differential pulsed polarography techniques [9].

This paper presents the results of investigations into the

transformations of [(5-nitro-2-furanyl)methylene]hydrazide

of benzoic acid (nifuroxazide). This drug belongs to the class

of nitrofuran derivative and possesses the characteristic

antimicrobial activity with respect to Gram-positive cocci

(Staphylococcus aureus, Streptococcus spp.) and Gram-neg-

tive microbes (Salmonella spp., Shigella spp., Proteus spp.).

Nifuroxazide, which is used for the treatment of infections in

urogenital and gastrointestinal tracts, is known to produce a

bactericidal action in high doses and a bacteriostatic effect in

lower doses [12].

Taking into account the published data cited above, it

was of interest to model the biotransformations of

nifuroxazide by its chemical conversions (reductive and

hydrolytic) and to check for the ability of this drug to act as a

donor of nitric oxide.

EXPERIMENTAL PART

The properties of nifuroxazide and its chemical conver-

sions were studied using polarographic and photometric

techniques. The processes of drug hydrolysis and reduction

were carried out under controlled temperature conditions,

whereby working solution and the polarographic cell were

kept for 3 h at 25, 40, 50, and 70°C. Every 10 min, aliquot of

the drug solution was taken for the Griess reaction, determi-

nation of the optical density, and polarographic measure-

ments. The process of alkaline hydrolysis was carried out in

a 0.1 N solution of NaOH in aqueous (1 : 1) ethanol. The re-

ducing agent was a 2 � 10 – 4 M solution of ascorbic acid in

phosphate buffer (pH 8.0). The Griess reaction was per-

formed using a 0.3% aqueous solution of �-naphthyl-

ethylenediamine hydrochloride and a 2% sulfanilic acid so-

lution in 1 N hydrochloric acid.

The optical densities of solutions containing an azo dye

were determined using a KFK-3-01 photometer operating at

a wavelength of 542 nm. The polarographic measurements

were performed in a dc regime using a three-electrode

scheme and a universal PU-1 polarograph (Belarus). The

working solutions were preliminarily deoxygenated by bub-

bling nitrogen for 3 min. The reaction rate constants were

graphically determined from a slope of the ln(H
in

/H ) [or

ln A
in

/A ] versus tine, where H is the amplitude of the

polarographic wave, A is the optical density, and t is the time.

The thermodynamic parameters (enthalpy, entropy, and

free activation energy) were Calculated using the following

formulas:

�H� = E – RT

�S� = lnk
kT

h

E RT

RT
R– ln

–
�

�

�

�
�

�

� �

�G� = �H – T � �S,

where �H� is the free enthalpy of activation [kcal�mole];

�G� is the free energy of activation [kcal�mole]; �S� is the

free entropy of activation [cal�(mole·K)]; E is the activation

energy [kcal�mole]; � is the Boltzmann constant

(0.33 � 10 – 23 cal�K); T is the absolute temperature [K]; k is

the rate constant [sec – 1]; h is the Planck constant

(13.744 � 10 – 4 cal�sec); and R is the molar gas constant

(2.02 cal�(mole·K)).

RESULTS AND DISCUSSION

The polarographic investigation of nifuroxazide solu-

tions confirmed that this compound exhibits electrochemical

properties typical of 5-nitrofuran derivatives. As is known,

the polarographic behavior of such compounds is determined

by the presence of electrochemically active NO
2

groups ca-

pable of being reduced to hydroxylamine group with partici-

pation of four electrons. The character of polarographic

waves varies depending on the medium.

In acid solutions, nitrofuran derivatives are characterized

by a common 4e wave, while in neutral and weakly alkaline

aqueous-organic media these molecules are characterized by

a reversible 1e wave (radical anion formation) followed by

3e wave (radical anion reduction to hydroxylamine) [13]:

Nifuroxazide contains, in addition to nitro group, an

electrochemically active hydrazone fragment. The polaro-

graphic measurements in aqueous solutions of furoxazide at

various pH revealed four waves. Since the nitro group is re-

duced more readily than the hydrazone fragment, the process

can be described as follows. The first wave corresponds to

the reduction of the nitro group. This process is followed by

reductive hydrolysis of the hydrazone fragment. In aque-

ous-organic phosphate buffer (pH 6.86), the first wave sepa-

rates into two components (with relative heights 1 : 3) that is

indicative of the formation of a nitro radical anion in the first

stage of reduction of the NO
2

group (according to scheme 1).
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Therefore, the results of polarographic measurements con-

firm the possibility of realization of the commonly accepted

mechanism of drug action, whereby the main role is played

by nitro radical anions.

The results of polarographic investigations of the process

of alkaline hydrolysis of nifuroxazide showed that the height

of the wave corresponding to the electrochemical reduction

of nitro groups linearly decreases with the time. In this case,

the wave height is a quantitative characteristic of the process,

and its decrease is evidence of the elimination of nitro

groups.

The process of alkaline hydrolysis of nifuroxazide was

also studied by photometry. It was suggested that the interac-

tion with alkali leads to the detachment of nitro groups in the

form of nitrite anions (NO
2
–) that can be detected using the

Griess reaction. Then, the optical density of the correspond-

ing colored solutions can be used to calculate the concentra-

tion of NO
2
– species. Indeed, it was found that the alkaline

hydrolysis, followed by the reactions of dinitriding and

azocoupling, led to the formation of colored solutions of azo

dyes whose optical density could be directly measured by

spectrophotometry. In the course of hydrolysis, the optical

density of the solution and, hence, the nitrite anion concen-

tration, exhibited a linear increase with the reaction time.

The maximum yield of nitrite anions upon 3-h treatment was

35% at 25°C, 55% at 50°C, and 70% at 70°C.

Using the experimental data obtained by polarographic

and spectrophotometric techniques, we have established a

linear relationship between the wave height (H ) or the opti-

cal density (A ), on the one hand, and the working solution

concentration (C ) on the other hand. From these data, we

calculated the rate constants for the hydrolysis process con-

sidered as a quasi-monomolecular first order reaction (since

the alkali, being the main reactant, was present in a 100 –

1000-fold excess). It should be noted that the rate constants

determined using two methods have proved to be quite close

to each other, despite the fact that the course of the reaction

in the case of polarography was judged from a decrease in

concentration of the initial nitro compound, while in the case

of photometry, this process was monitored by measuring the

concentration of the final product.

In order to interpret the obtained results, we have also

studied the kinetics that allowed us to judge on the mecha-

nism of drug hydrolysis. To this end, the reaction rate con-

stants determined for various temperatures were used to cal-

culate the thermodynamic parameters presented in the table.

According to these data, the free enthalpy of activation is rel-

atively low, whereas the free entropy of activation has a quite

significant negative value. These results indicate that, on the

one hand, reaching a transition state in the course of hydroly-

sis is not related to degradation of the furan cycle and, on the

other hand, the activated complex as such is a system with

high sterical ordering.

Taking into account the obtained experimental data, we

propose the following scheme to describe the alkaline hydro-

lysis of nifuroxazide:

We have also studied by spectrophotometry the process

of nifuroxazide reduction using ascorbic acid as the reducing

agent. After a 3-h heating of reaction solutions at 50 and

70°C, the maximum yields of nitrite anions were 4 and 7%,

respectively. However, we failed to detect the nitrite anion

directly by polarography, probably, because of a very low

yield of NO
2

– at 50°C (the polarographic cell could not be

used at higher temperatures) and a complex character of pro-

cesses in the cell. Nevertheless, the formation of nitrite an-

ions in the course of nifuroxazide reduction is now reliably

established.

It should be noted that, in considering the potential of a

given drug to generate NO
2
– ions, we believe this circum-

stance to be an indirect evidence for the ability of

nifuroxazide to produce nitric oxide as well. This conclusion

is quite justified, since one of the probable pathways of the
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Scheme 2

* Probable pathway to further disintegration
of the lactonohydrazone fragment.

Transition state

–

TABLE 1. Kinetic and Thermodynamic Parameters of Nifuroxazide Hydrolysis Determined by Various Methods

Method
Hydrolysis rate constant (sec – 1)

�G�, kcal�mole �H�, kcal�mole �S�, kcal�(mole·K)
25°C 40°C 50°C 70°C

Polarography 1.6 � 10 – 4 4.9 � 10 – 4 1 � 10 – 3 — 23.0 13.4 – 31.0

Photometry 1.6 � 10 – 4 6.2 � 10 – 4 — 2.5 � 10 – 3 23.3 13.0 – 34.4



NO synthesis in vivo is that involving xanthine oxidase (en-

zyme) and nitrite and nitrate ions (substrates) [14].

It was established [15] that the reduction of nitrofuran

derivatives can lead directly to the production of nitric oxide

due to the ability of radicals formed from 5-nitrofurans to ex-

hibit nitro – nitrozoester rearrangement. This process may

eventually lead to NO formation according to scheme 3.

In conclusion, the results of our investigation showed

that nifuroxazide can act as a donor of nitric oxide. This

property is determined by the ability of nifuroxazide to re-

lease nitrite anion which, in turn, exhibits transformation in

vivo under the action of xanthine oxidase with the NO forma-

tion.
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