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Objectives: To determine the effect of 8-hydroxyquinoline (8HQ) on non-replicating Mycobacterium tuberculosis
(Mtb) in comparison with its reported effect on replicating Mtb.

Methods: The MIC of 8HQ for replicating H37Rv Mtb was determined by microdilution in 7H9 broth. Bactericidal
activity was determined by exposing H37Rv Mtb to 8HQ for 4 days under conditions that otherwise allowed
exponential replication (20% O2, pH 6.6) and conditions under which replication was precluded: 1% O2, pH
6.6; 20% O2, pH 5.5; or 20% O2, pH 5.5, 0.5 mM sodium nitrite. Serial dilutions were plated on 7H11 agar to
quantify cfu. Frequency of resistance (FOR) was determined with .109 bacteria plated on 7H9 agar plates con-
taining 2× MIC 8HQ.

Results: 8HQ was active against replicating Mtb (MIC 2.5 mM, 0.36 mg/L). Under both replicating and non-replicat-
ing conditions, cfu were reduced in 4 days by ≥5 log10 at the highest concentration tested (10 mM). Bactericidal
activity was maximal at low pH, where 8HQ reduced cfu by 1–1.5 log10 at 1 mM. We were unable to recover any
8HQ-resistant colonies.

Conclusions: This study demonstrates that 8HQ has bactericidal activity of comparable potency against non-repli-
cating and replicating Mtb, a property not observed for anti-infective agents currently approved for treatment of
tuberculosis, and a very low FOR. Drugs with these properties are urgently needed to shorten the course of treat-
ment for both active and latent tuberculosis.
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Introduction
Non-replicating populations of Mycobacterium tuberculosis (Mtb)
are phenotypically more tolerant to most anti-infective agents
than replicating Mtb. This is thought to be one reason why cure
of tuberculosis requires prolonged treatment. Latent tuberculosis
is usually treated with isoniazid, which is inactive against non-
replicating Mtb in vitro, and treatment requires 6 months of
daily administration. Treatment of clinically active tuberculosis
also requires at least 6 months, even with multiple drugs to
which the infecting strain is susceptible. Inability to complete
such a prolonged, complex course of treatment allows the
emergence and spread of drug-resistant tuberculosis, whose
treatment may require 2 years. Treatment of drug-resistant
tuberculosis is difficult in resource-poor settings and is becoming
increasingly ineffective. Thus, there is intense interest in identify-
ing compounds that can rapidly kill non-replicating Mtb.

8-Hydroxyquinolines (8HQs) are known for their antimicrobial
activity. 8HQ itself (Figure 1) was inhibitory to replicating
Mycobacterium bovis BCG (a non-pathogenic vaccine strain)
(MIC 2 mM, 0.3 mg/L) and weakly bactericidal against BCG
under non-replicating conditions (1 log10 reduction in cfu at
250 mM).1 A mono-halogenated 8HQ, cloxyquin (5-chloroquin-
8-ol), was active against drug-resistant Mtb, suggesting that
it has a different mechanism of action from current anti-
tuberculosis drugs.2 A di-halogenated 8HQ, clioquinol (5-chloro-
7-iodo-quinolin-8-ol), had a dramatic beneficial effect on
tuberculosis in the guinea pig.3 Clioquinol was widely used to
treat diarrhoea from 1929 through to the 1970s and has been
studied in Phase II trials for Alzheimer’s disease.4 Recently,
.200 8HQ-like compounds were reported to inhibit replicating
Mtb.5 The most potent compound in the class was 8HQ itself.
This led us to evaluate the activity of 8HQ against non-replicating
Mtb. In addition, given that weak activity against BCG1 usually
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foretells weak or even weaker activity against Mtb, it was impor-
tant to seek independent confirmation of the report of potent
activity against replicating Mtb.5

Materials and methods

Chemicals
Chemicals were from Sigma (St Louis, MO, USA). Stock solutions were pre-
pared in DMSO.

Strains and media
Mtb H37Rv was cultivated in Middlebrook 7H9 at pH 6.6 with 0.2% gly-
cerol, 0.5% BSA, 0.2% dextrose, 0.085% NaCl and 0.05% Tween 80
(7H9 medium) or on Middlebrook 7H11 plates containing 0.5% glycerol
and 10% OADC (oleic acid/albumin/dextrose/catalase supplement)

(Difco). Frequency of resistance (FOR) was assessed on 7H9 agar plates
(7H9 medium, 1.5% Bacto agar and 10% OADC) containing 5 mM
(0.72 mg/L) 8HQ. When indicated, 7H9 medium was adjusted to pH 5.5
with or without 0.5 mM sodium nitrite and an atmosphere of 1% O2 was
maintained in a BioSpherix box.

MIC determination
Mid-log phase cultures were washed with 7H9 and centrifuged at 120 g
for 10 min. Supernatants were used as single cell suspensions and were
adjusted to an optical density at 580 nm (OD580) of 0.01 (�5×106 cfu/
mL) in 7H9 and exposed to 2-fold dilutions of 8HQ in a final volume of
200 mL in 96-well microtitre plates. Each concentration was tested in tri-
plicate in three independent experiments. Nickel chloride, magnesium
sulphate, copper sulphate, zinc sulphate or ferric chloride (each 50 mM)
were added where specified. After 2 weeks at 378C, each well was resus-
pended and OD580 was measured using a microtitre plate reader. The
MIC was defined as the lowest concentration at which there was no
increase in OD beyond the starting value of 0.01.

Bactericidal assays
Single cell suspensions at an OD580 of 0.01 were dispensed into wells
containing 0, 0.1, 1.0, 3.3 or 10 mM 8HQ at 378C at: 20% O2, pH 6.6;
1% O2, pH 6.6; 20% O2, pH 5.5; or 20% O2, pH 5.5, 0.5 mM sodium
nitrite. After 4 days, samples were serially diluted and plated on 7H11
agar. Colonies were counted after 2 weeks. DMSO (1% final) served as
a vehicle control.
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Figure 1. Structure of 8-hydroxyquinoline (8HQ).
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Figure 2. Effect of 8HQ on the viability of replicating and non-replicating Mtb and on Vero green monkey kidney cells. Mtb was exposed to indicated
concentrations of 8HQ under normal growth conditions (a), 1% oxygen (b), pH 5.5 (c) and pH 5.5 plus 0.5 mM sodium nitrite (d) for 4 days at 378C.
Horizontal broken lines indicate the limit of detection. Results represent two independent experiments, each performed in triplicate. Vero green
monkey kidney cells were exposed to varying concentrations of 8HQ for 2 days at 378C and viability assessed microscopically and by an MTS
reduction assay (e). Results represent three independent experiments, each performed in triplicate. Mean values and standard deviations are
shown for all experiments.
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FOR determination
Single cell suspensions containing 5.5×109 or 7.5×109 bacteria were
plated onto 7H9 plates containing 2×MIC (5 mM) 8HQ, or 1×109 bacteria
were plated onto 7H11 plates containing 1 mg/L rifampicin. Plates were
incubated at 378C for 5 weeks for determination of cfu.

Mammalian cell toxicity
Vero green monkey kidney cells (ATCC) were cultured in Dulbecco’s modi-
fied Eagle’s medium with 10% fetal bovine serum (FBS), 100 U/mL peni-
cillin, 100 mg/L streptomycin, 0.5 mg/L gentamicin, 2 mM L-glutamine,
1 mM sodium pyruvate and 1 mM HEPES. Confluent cells were trypsi-
nized, counted and seeded in 200 mL in 96-well plates at 1×104 cells/
well and incubated at 378C for 2 days. The medium was removed, the
cells washed once with PBS and medium containing 2% FBS and 8HQ
was added (final DMSO, 0.25%). After 2 days at 378C viability was
assessed microscopically and by a tetrazolium (MTS) reduction assay
(Promega).

Results and discussion
The MIC of 8HQ for H37Rv Mtb was 2.5 mM (0.36 mg/L), compar-
able to the reported MIC of 8HQ for BCG (0.3 mg/L) and the MIC
of rifampicin (0.5 mg/L), the most potent of the approved
anti-tuberculosis agents.6 8HQ was bactericidal to Mtb under
replicating conditions, reducing cfu by ≥5 log10 (below the limit
of detection) after 4 days of exposure to a concentration of
3.3 mM (Figure 2a).

To determine whether the activity of 8HQ is limited by the
replicative state of Mtb, we tested 8HQ against Mtb under
three conditions that markedly restrict its replication; low
oxygen, mild acid and the generation of small fluxes of NO
from mildly acidified nitrite. These conditions are physiologi-
cally relevant: Mtb-containing granulomas are hypoxic;7,8 the
Mtb-containing phagosome is acidic;9 and pulmonary alveolar
and lesional macrophages in Mtb-infected human patients
express active inducible nitric oxide synthase.10 Under low
oxygen conditions, 8HQ potency was slightly decreased com-
pared with replicating conditions. A concentration of 3.3 mM
resulted in a decrease in viability of only 2 log10 after a 4 day
exposure (Figure 2b). This same trend had been observed for
8HQ against BCG under the oxygen-limiting conditions of the
Wayne model, where activity was decreased compared with
replicating conditions.1 However, at pH 5.5, the bactericidal
activity of 8HQ was enhanced, with �1–1.5 log10 reduction in
cfu at only 1 mM (Figure 2c and d). The presence of 0.5 mM
sodium nitrite had no additional effect on viability in the pres-
ence of 8HQ. No toxicity of 8HQ towards mammalian cells was
evident at the range of concentrations tested (Figure 2e).

With the exception of rifampicin, most clinically approved anti-
tuberculosis agents kill either replicating or non-replicating Mtb in
vitro. For example, isoniazid kills replicating bacteria, while pyrazi-
namide activity is restricted to acidic conditions in which Mtb repli-
cates poorly if at all. Rifampicin is more active against replicating
than non-replicating Mtb. Killing of Mtb under both replicating and
non-replicating conditions, with better killing under the non-
replicating conditions, as seen with 8HQ, has not been reported
for clinically approved anti-tuberculosis agents. However, this
pattern of anti-mycobacterial activity was recently described for
nitazoxanide, an anti-infective in clinical use for other infections.11

Using standard methods for evaluation of FOR,11 we deter-
mined the FOR for rifampicin (1 mg/L) to be �7.1×1028, in
agreement with previous estimations (1027–1028). In contrast,
we were unable to isolate mutants resistant to 8HQ at 5 mM
(2× MIC) following exposure of 5.5×109 cfu of Mtb in each of
two experiments and 7.5×109 cfu of Mtb in each of two
additional experiments. Because no resistant colonies were
detected, the FOR for 8HQ could not be estimated, but based
on our inoculum it has to be ≤1×10210.

The bidentate metal-chelating property of 8HQ would support
a non-specific mechanism of action. However, addition of 50 mM
iron, copper, magnesium, zinc or nickel had no impact on the MIC
of 8HQ, suggesting that scavenging of essential metals from Mtb
is probably not the primary mechanism (data not shown).

The ability of 8HQ to evade resistance suggests interactions
with multiple molecular targets. As long as this does not reflect
a propensity for host toxicity, it may be a desirable property for
anti-infectives.12 8HQ showed no toxic effects on Vero green
monkey kidney cells. Little information on human safety of
8HQ is available. While high doses of clioquinol can be neurotoxic
in experimental animals and arguably in people, the non-
halogenated 8HQ is expected to be less disruptive to membrane
potential and could prove safer. As noted for nitazoxanide,11 com-
pounds with an ultra-low FOR active against both replicating and
non-replicating Mtb via inhibition of new target(s) may be suitable
for monotherapy of latent tuberculosis, and, if only by necessity,
for treatment of active tuberculosis resistant to all other available
drugs.
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