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In vitro activity of the chelating agents nitroxoline and oxine
against Mycobacterium bo�is BCG
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Abstract

The chelating antibiotic nitroxoline (5-nitro-8-hydroxyquinoline) showed a bacteriostatic effect at a concentration of 10 �M for
Mycobacterium bo�is BCG. At higher concentrations the compound showed moderate cidal activity against growing bacilli. In
contrast, its non-nitrated derivative oxine (8-hydroxyquinoline, MIC=2 �M) reduced the viability of a growing culture rapidly,
5000-fold at a concentration where the nitroxoline was merely bacteriostatic. Both compounds showed appreciable cidal activity
against bacilli in their hypoxic dormant state. © 2001 Elsevier Science B.V. and International Society of Chemotherapy. All rights
reserved.
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1. Introduction

Tuberculosis remains a leading cause of illness and
death. One-third of world’s population is latently in-
fected with Mycobacterium tuberculosis. Latently in-
fected people are at a risk of developing the active
disease. Eight million cases of active tuberculosis, par-
tially due to the reactivation of the latent state, and three
million deaths from the disease occur each year [1]. A
major problem in the chemotherapy of tuberculosis is the
persistence of infection despite prolonged therapy: cur-
rent regimes require six months of treatment. This may
be due to sub-populations of the bacillus shifting down
to a non-replicating or dormant state; growth-arrested
bacteria are less susceptible to conventional anti-tubercu-
losis drugs than growing bacilli [2]. The difficulty of
tuberculosis control is compounded by the increasing
incidence of infection caused by the genetically drug-re-
sistant strains. The problem of genetic and possibly the
above-mentioned physiological drug resistance due to
quiescent organisms demonstrate the requirement for
drugs with new mechanisms of action.

Nitroxoline (5-nitro-8-hydroxyquinoline, quinoline=

benzopyridine) is an antibiotic that does not belong to
any known anti-microbial class. The drug is used in the
treatment of acute or recurrent urinary tract infections
as it shows activity against uropathogenic Escherichia
coli strains (MIC=8 mg/l) [3]. The pharmacokinetics of
nitroxoline in plasma and urine are well established [4].
Bourlioux and co-workers demonstrated a correlation
between the chelating property and the anti-bacterial
activity of the compound [5–9]. The hydroxy group of
the compound acts as a weak acid (pKa=6.3) and
divalent metal cations such as Mg2+ and Mn2+ are
coordinated by the corresponding �O− and the nitrogen
within the pyridine moiety of the quinoline [3]. Although
it appears that its chelating activity plays a role, the
mechanism by which the nitroxiline-cation complexes
exert cidal activity as well as the identity of the actual
cations involved remains to be elucidated.

In addition to the unusual chelating-based mechanism
of action of the drug the compound contains a nitro-
group. Nitro-heterocycles (nitroimidazoles, nitroimida-
zopyrans) were the first anti-dormancy leads identified
[10,11] and recently, we demonstrated that nitrofurans
exhibit cidal activity against growing and dormant
tubercle bacilli [12]. The cidal activity of the nitro-hete-
rocyclic compounds is presumably due to the reduct-
ion of the nitro-group to a reactive intermediate
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that then causes damage and subsequent death. The
novel chelating-based mechanism of action of nitroxo-
line together with the fact that the compound is a
nitro-heterocycle prompted us to question whether the
drug has cidal activity against growing and/or dormant
tubercle bacilli and whether the nitro-group plays a role
in its activities.

2. Material and methods

2.1. Antimicrobial agents

Nitroxoline and oxine were from Sigma. Stock solu-
tions were prepared in dimethylformamide.

2.2. Strain and culti�ation

All experiments were carried out using Mycobac-
terium bo�is BCG ATCC 35734. Liquid culture experi-
ments were conducted at 37 °C in screw cap tubes with
17 ml Dubos Tween-albumin broth (pH 6.6; BD
Biosience) exactly as described in Ref. [12]. To grow
experimental exponential phase bacilli, pre-cultures
were diluted to 5×106 cfu/ml. Drugs (170 �l) were
added and caps were loosely screwed down allowing
exchange of air. Cultures were aerated by incubation on
a shaker-incubator at 250 rpm. For MIC determination
cultures were exposed to serial 2-fold dilutions of the
agents. The effect of the drug was monitored by mea-
suring the optical density (A600) of the cultures after 24
and 48 h of exposure. The lowest drug concentration
that caused inhibition of growth was recorded as MIC.
To grow dormant cultures pre-cultures were diluted to
5×105 cfu/ml. Magnetic stirrers were added, the caps
(with rubber septa) were tightly screwed down to seal
the tubes and the cultures were incubated on stirring
platforms at 170 rpm. After 20 days of growth (108

cfu/ml) drugs were injected using a needle into the
hypoxic stationary phase cultures. Oxygen depletion
was monitored with the redox indicator methylene blue
as described in Ref. [12]. Colony-forming unit counts
were determined by plating appropriate dilutions of the
culture onto Dubos oleic-albumin agar as described in
Ref. [12]. Typically, cultures were diluted at least 103-
fold before plating. Thus, considering the MICs of
nitroxoline (10 �M) and oxine (2 �M) and the maxi-
mum drug concentration used (250 �M in dormant
cultures), the dilutions for plating contained less that
�10% of the MIC. However, to demonstrate directly
that the drug carry over effects were negligible, colony
counts were compared in which cultures had been
diluted in a medium containing either no drug, or 200
�M oxine or nitroxoline and plated immediately.
Colony counts were found to be similar and thus not
affected by the presence of the drugs.

3. Results

3.1. Cidal acti�ity of nitroxoline and oxine for growing
tubercle bacilli

The MIC of nitroxoline was 10 �M (1.9 mg/l). Fig.
1A shows that nitroxoline at MIC was bacteriostatic.
Moderate bactericidal activity was found at higher con-
centrations: 5×MIC (50 �M) resulted in a 100-fold
reduction of viability after three days of exposure. To
determine whether the nitro-group of nitroxoline plays
a role in the bactericidal activity of the compound, the
experiments were carried out the same way with its
non-nitrated derivative oxine (8-hydroxyquinoline). The
MIC for oxine was found to be 2 �M (0.3 mg/l). Oxine
at 10 �M, i.e. a concentration at which nitroxoline was
merely bacteriostatic, resulted in a rapid 5000-fold de-
crease in viable counts within one day (Fig. 1B). Thus,
the cidal activity of oxine was significantly higher than
that of nitroxoline. This shows that the nitro-group
does not play a role in the cidal effect of nitroxoline
against the growing tubercle bacilli. On the contrary,
the nitro-group appears to attenuate the potency of the
compound.

3.2. Cidal acti�ity of nitroxoline and oxine for dormant
tubercle bacilli

To grow dormant BCG we employed the dormancy
culture model that was developed by Wayne and co-
workers [13–15]. Wayne’s model is based on the obser-
vation that the obligate aerobe tubercle bacillus
encounters hypoxic environments once it resides within
their host [2]. To mimic this in vivo condition bacteria
are grown in sealed tubes. Under these oxygen-limited
conditions the bacilli self-generate a temporal oxygen
gradient and the culture enters stationary phase when
oxygen is depleted. The bacilli in the hypoxic stationary
phase are in a synchronised state of low metabolic
activity, in which the cells maintain viability for ex-
tended periods without division [13,14]. Both nitroxo-
line (Fig. 1C) and oxine (Fig. 1D) showed moderate
cidal activity against dormant bacteria on increasing
the concentration of the compounds: 250 �M caused a
20- to 200-fold reduction of the viability of the dormant
culture over a period of three days. The finding that
both, nitroxoline and oxine showed a similar effect on
dormant bacilli suggests that the nitro-group does not
play a role in the cidal activity on dormant cells.

4. Discussion

We report the anti-microbial activity of nitroxoline
and its non-nitrated derivative oxine on growing and
dormant tubercle bacilli. Both compounds showed a
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similar (moderate) activity against dormant organisms,
suggesting that the nitro-group in nitroxoline does not
play a role in the toxicity of the compound. Nitroxoline
showed appreciable cidal activity against the growing
bacilli. However, oxine was found to be markedly more
potent; the compound reduced the viability of the
growing culture rapidly by 5000-fold at a concentration
(10 �M, 1.5 mg/l) at which nitroxoline showed only a
bacteriostatic effect.

The mechanisms underlying the strong cidal activity
of oxine against growing bacilli and why its cidal
activity is reduced for dormant cells is not clear. Oxine
is used in chemistry as a chelating agent in the
determination of trace metal ions (e.g. Co2+, Cu2+ and
Ni2+ [16]), and halogenated oxines have been used as
luminal amoebicides [17]. A few reports in the literature
offer some interesting observations regarding the
biological activity of oxine such as the RNA synthesis
in yeasts is rapidly inhibited by the compound. Work
on E. coli RNA polymerase then showed that this
might be due to the chelating of the dissociable cations
Mn2+ and Mg2+ and possibly the tightly bound Zn2+

[18]. This might argue for a rather unspecific
mechanism of action via titration of essential cations.

On the other hand, copper complexes of oxine, but not
the free ligand, were shown to inhibit amino acyl tRNA
synthetase activity [19]. Further, it was shown that iron
bound to this chelator causes DNA strand breakage in
cultured human lung cells, possibly due to the action of
metal-bound oxyl radical formed from the complex
[20]. Thus, it is conceivable that multiple mechanisms
involving different cations are responsible for the
anti-mycobacterial activity of oxine. Inhibition of
transcription and translation as well as DNA damage
via the formation of various metal–oxin complexes
would be consistent with the observed reduction of
oxin’s cidal activity for dormant bacilli; mycobacteria
in their dormant state show reduced gene expression
and do not replicate. Consequently, they show reduced
sensitivity for inhibitors of these processes such as
rifampicin and ciprofloxacin [13]. Whether the
above-mentioned mechanisms are specific to oxine or
whether they could also play a role in the cidal activity
of nitroxoline, to our knowledge, has not been
determined. Genetic approaches are now in progress
to define the targets and mechanism of action of
these interesting anti-microbial compounds in
mycobacteria.

Fig. 1. Effect of nitroxoline (NXL) and oxine (HQ) on the viability of (A, B) growing and (C, D) dormant BCG cultures. Drugs were added at
day 0 and cfu were determined by plating and colony count. The experiments were carried out three times and each experiment was performed
with duplicate cultures. Mean values and standard deviations are shown. Significant clumping or pH change was not observed in any culture.
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