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The kinetics of alkaline hydrolysis of N-(5-nitro-2-thiazolyl)-2-thiophenylcarboxamide (tenonitrozole or

atrican) has been studied by photometric and polarographic techniques, and the thermodynamic parameters in

the intermediate state of this process were determined. A mechanism explaining the nitric oxide (NO) produc-

tion during the hydrolytic decomposition of tenonitrozole is proposed. It is suggested that the antiprotozoal

and antimicrobial activity of this drug under anaerobic conditions is related to the formation of nitro radical

anions and NO. Under aerobic and microaerophilic conditions, the hydrolysis of tenonitrozole may lead to the

formation of a peroxynitrite anion, which is a strong cytotoxic agent.

This paper continues a series of publications devoted to

the search for new nitric oxide (NO) donors among

well-known biologically active substances and drugs [1]. In

the present study, we have characterized the NO-donor activ-

ity of N-(5-nitro-2-thiazolyl)-2-thiophenecarboxamide – a

drug known in clinics as tenonitrozole or atrican. This com-

pound possesses antiprotozoal, antifungal, and antiparasitic

properties (in particular, it effectively inhibits the growth of

Trychomonas vaginalis, Aspergillus fumigatus, Candida

albicans, and Cryptococcus neoformans) and is predomi-

nantly used for the treatment of infectious-inflammatory dis-

orders in urinary tracts [2]. Tenonitrozole is a derivative of

nitrothiazole – and it is the presence of a nitro group in position

5 that explains the chemotherapeutic activity of this drug [3].

In some previous investigations devoted to nitrohetero-

cycles [4, 5], it has been pointed out that, according to the

commonly accepted notions, the activity of drugs based on

nitro derivatives of five-member heterocycles is related pri-

marily to the radical anion formed upon reduction of the ni-

tro groups. This very radical anion is responsible for the

damage of DNA, RNA, and other vital cellular structures that

leads to the loss of microbes.

However, our recent results showed that, in considering

the mechanism of biological action (in particular, chemothe-

rapeutic effect) of the drugs based on such nitroheterocycles,

one has to modify (if not to revise) the existing notions and

take into account an alternative possibility. This alternative

consists in a contribution due to nitric oxide (all these drugs

are NO donors) and peroxynitrite anion (ONOO–) formed

under aerobic conditions as a result of the NO reaction with

superoxide anions (representing one particular form of active

oxygen species).

Previously, we have modeled [6 – 8] the possible redox

and hydrolytic conversions of derivatives of 5-nitrofuran,

5-nitroimidazole, and 5-nitrothiazole (in particular, nitazole)

and established that these compounds are capable of produc-

ing NO. We suggested that tenonitrozole, being structurally

analogous to nitazole, is also capable of producing exoge-

nous nitric oxide. In this context, we have studied the chemi-

cal transformations of tenonitrozole.

EXPERIMENTAL PART

Electrochemical investigations were performed using a

PU-1 polarograph. The polarographic measurements were

carried out in a temperature-controlled cell using solutions

preliminarily deoxygenated by purging with argon. The elec-

trochemical cell was provided with a dropping mercury elec-

trode and a saturated calomel reference electrode.

The quantitative determination of nitrite ions was based

on the Griess reaction using sulfanilic acid as the diazo com-

ponent and 
-naphthylethylenediamine as the azo compo-

nent. The optical densities of reaction solutions were mea-

sured in 1 cm thick optical cells using a KFK-3-01 photo-
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electrocolorimeter operating in a wavelength range from 200

to 900 nm. The absorption maximum of colored solutions

was observed at 542 nm.

The Griess reaction was carried out with an aliquot of

hydrolyzed sample solutions. The aliquot volume was deter-

mined in preliminarily experiments so as to provide a con-

centration of nitrite anions within the range from 10 – 6 to

2 � 10 – 5 M. Excess alkalinity was neutralized by adding a

calculated amount of 2 N hydrochloric acid. Upon introduc-

tion of the diazo (sulfanilic acid) and azo (
-naphthylethyl-

enediamine) components (0.04 ml of each), the characteristic

coloration was developed within 10 – 15 min and then re-

mained stable over a time period of no less than 2 h. The per-

centage NO yield was calculated using the ratios of color

inten-sity in the sample solutions and that in a series of so-

dium nitrite solutions with known concentrations.

All solutions were prepared using distilled water and re-

actants of the reagent grade. The parent substance of

tenonitrozole was purchased from Innotech International

(France).

RESULTS AND DISCUSSION

In order to check for the possibility of nitric oxide forma-

tion as a result of chemical conversions of tenonitrozole, we

have analyzed its hydrolytic transformations using

polarography and spectrophotometry (in combination with

the Griess reaction). For the comparison, we have also per-

formed all experiments and measurements under the same

conditions for nitazole.

As is known, the electrochemical reduction of a nitro

group bound to an aromatic or heterocyclic ring involves four

electrons and proceeds according to the following equation:

The polarographic investigation of nitazole and

tenonitrozole was performed using their solutions in 10%

aqueous ethanol at 37°C. The main electrochemical charac-

teristics, including the limiting currents (observed at –1.3

and –1.4 V for nitazole and tenonitrozole, respectively) and

the wave forms, have proved to be comparable, which was

evidence of the identical four-electron reduction mechanism.

The quantitative study of hydrolysis for the two drugs (at

a concentration of 10 – 4 M) was also performed in a 10%

aqueous ethanol solution with 0.1 N NaOH at 37°C immedi-

ately in the electrochemical cell. Here, the onset of hydroly-

sis with detachment of the nitro group was evidenced by a

decrease in the amplitude of a wave characteristic of the NO
2

reduction.

In addition, the hydrolysis of both nitazole and

tenonitrozole was accompanied by the appearance and

growth of the anodic wave. This fact is probably explained

by the formation of a sulfhydryl derivative in the solution,

which probably appears as a result of the thiazole ring open-

ing. This splitting apparently leads to the subsequent trans-

formation, for example, a hypothetical thiazole � imidazole

rearrangement according to Scheme 1 [9].

The final result of such a thiazole � imidazole rear-

rangement — the formation of the nitrite anion — is quanti-

tatively confirmed by the data of spectrophotometry with the

Griess reaction.

In order to study the process in more detail, we have

measured the kinetics of hydrolysis in aqueous ethanol at

various temperatures. The parameters of kinetics were calcu-

lated assuming that the limiting stage corresponds to a

quasi-monomolecular reaction of the first order (since the

second component is present in excess). The results of pre-

liminary measurements showed a linear dependence of (i)

the wave amplitude H (in the polarographic measurements)

and (ii) the optical density A (in the spectrophotometric mea-

surements) on the working solution concentration C in a

range from 10 – 5 to 10 – 3 M.

The polarographic study of the kinetics of hydrolysis was

performed in solutions with a drug concentration of 10 – 4 M

at 37°C. The wave amplitude was measured at a potential of

1.4 V. Since the concentration ratio (C
0
/C) is directly propor-

tional to the amplitude ratio (H
lim

/H ), the reaction rate con-

stant k could be determined as the slope of the –ln(H
lim

/H )

versus t plot, where t is the time (in minutes). The k values
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Scheme 1

TABLE 1. Rate Constants of the Hydrolysis of Tenonitrozole and

Nitazole Determined by Polarography and Spectrophotometry with

the Griess Reaction at 37°C

Compound
Reaction rate constant, –1/sec

Polarography Spectrophotometry

Tenonitrozole 9 � 10 – 5
� 1 � 10 – 5 2 � 10 – 4

� 2 � 10 – 5

Nitazole 6 � 10 – 4
� 3 � 10 – 5 8 � 10 – 4

� 5 � 10 – 5



were calculated with neglect of the possible contribution due

to the interaction of sulfhydryl derivatives with the nitrite an-

ions.

In addition, the kinetics of drug hydrolysis was studied

by spectrophotometry of the ethanol solutions of nitazole and

tenonitrozole in 0.1 N NaOH after termination of the Griess

reaction. This method was based on the aforementioned lin-

ear dependence of the optical density A on the solution con-

centration C. In this case, the reaction rate constant k could

be determined as the slope of the –ln(A
lim

/A) versus t plot.

Thus, we have compared the experimental data obtained

for two drugs (nitazole and tenonitrozole) by two independ-

ent physicochemical methods (Table 1). The latter circum-

stance was important, since the polarographic measurements

provided rather indirect detection of nitrite anions (via a de-

crease in the concentration of nitro groups), while

spectrophotometry directly detected NO
2
– formed as a result

of the detachment of nitro groups. An insignificant differ-

ence between the results obtained by two methods can be ex-

plained by the deoxygenation (argon purging) of solutions

used for the polarographic measurements, whereas the spec-

trophotometric measurements were performed under aerobic

conditions. At the same time, the close shapes of the kinetic

curves and very close values of the reaction rate constants for

the hydrolysis of nitazole and tenonitrozole show evidence

that we deal with similar processes.

For determining the thermodynamic characteristics (�S

and �H) of these processes, we have studied the dependence

of the reaction rate constant k on the absolute temperature T

by conducting the measurements at 20, 37, and 70°C. The

obtained average values of �S and �H are presented in Ta-

ble 2. Based on the obtained data, we may conclude that the

structures of intermediate compounds involved in the hydro-

lysis of nitazole and tenonitrozole are rather close. This con-

clusion confirms the assumption that the NO release as a re-

sult of the biodegradation of these compounds is related to

the same reaction mechanism.

Large negative values of the activation entropy indicate

that the reactions involve transition states (intermediate com-

pounds), which pose higher steric hindrances than the initial

state. In other words, the ordering in the transition state sig-

nificantly differs from that in the initial state. From this fact

we infer that the possibility of NO release is determined by

processes related to the cycle opening (and the correspond-

ing increase in the transition state order) rather than by the

formation of the nitro radical anion. We suggest that the in-

termediate compound may have, for example, the following

structure:

In addition to the chemical experiments, the possible NO

donor properties of the drugs under consideration were stud-

ied by biochemical methods (this investigation was carried

out in the laboratory headed by Prof. I. S. Severina at the In-

stitute of Biomedical Chemistry, Russian Academy of Medi-

cal Sciences, Moscow). It was established that both nitazole

and tenonitrozole produce dose-dependent activation of wa-

ter-soluble guanylate cyclase, which is a commonly accepted

NO marker in the cell. The maximum value of the enzyme

activation factor was 1.6.

Based on the obtained experimental data, we suggest that

the existing commonly accepted mechanism of action of

tenonitrozole and the structurally close drug nitazole should

be refined so as to take into account the possible NO produc-

tion in the course of biotransformation with the formation of

nitro radical anions and the related reduction products

(Scheme 2).

In recent years, it was repeatedly suggested that active

oxygen species may participate in the mechanism of drug ac-

tion under aerobic conditions. These notions are illustrated in

the top part of Scheme 3.

In view of our results, it is also necessary to take into ac-

count the ability of drugs to generate nitric oxide and related

effects, as well as the possible formation of peroxynitrite ion

(a strong cytotoxic agent) under aerobic conditions, as de-

picted in the bottom part of Scheme 3.

REFERENCES

1. V. G. Granik and N. B. Grigor’ev, Izv. Ross. Akad. Nauk, Ser.

Khim., No. 8, 1268 – 1313 (2002).

2. A. K. Mirzabalaeva and M. A. Kakheli, Bull. Dermatol.

Venerol., No. 4, 35 – 37 (1997).

298 L. A. Trukhacheva et al.

�

�
�

� ��
�

%

��

"

"�
*!���

*!���
*!�� *!���� *!���

+�, +�, +�,�
"

Scheme 2

"
�

"
�����

��� ����� ����
+�,

+�, +�,

�
"

���� � ��

��������"

-!(./0&1 � ��
2�.!()�1�1

�%��

���. (&2�! -!(./0&1�

"

��

Scheme 3
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