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Clioquinol has been shown to have anticancer activity both in vitro and in vivo. The present
study compared the cytotoxicity of clioquinol with six analogues using human cancer cell
lines. Of the analogues tested, 8-hydroxy-5-nitroquinoline (NQ) was the most toxic, with
an IC50 that was five to ten fold lower than that of other congeners. Its activity was
enhanced by copper, but not zinc, and the use of a zinc-sensitive fluorophore showed that
unlike clioquinol, NQ is not a zinc ionophore. NQ increased intracellular reactive oxygen
species generation, an effect that was significantly enhanced by the addition of copper at
levels approximately the same as those found in human plasma. NQ has been used in
humans for the treatment of urinary infections. NQ is an 8-hydroxyquinoline derivative
that is more potent than the halogenated 8-hydroxyquinolines, and it may be less neuro-
toxic because it lacks zinc ionophore activity. NQ is another clinically used anti-microbial
agent whose properties suggest that it may be useful in treating cancer.

� 2011 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Clioquinol (5-chloro-7-iodo-8-hydoxyquinoline) is an
antibiotic with metal-binding properties which has been
shown to have anticancer activity in several experimental
model systems [1–4]. Studies show that clioquinol oper-
ates via several different mechanisms of action. We have
demonstrated that clioquinol targets zinc to lysosomes
[5] and inhibits NF-kappa B activity [2,6]. Clioquinol has
and Ltd. All rights reserved.
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also been shown by others to inhibit proteasome activity
in various tumor lines [1,4,7]. Although clioquinol has a
long history of use in humans, it was judged to be the cause
of an epidemic of a rare neurological disease (subacute
myeloptic neuropathy (SMON)) in Japan and was banned
in many countries. Since that time, others have pointed
out that SMON was not seen in other countries where
clioquinol was widely used and have criticized the epide-
miological data that led to its banning [4,8–10]. Because
of promising data in animal studies, clioquinol has been
administered in clinical trials for Alzheimer’s disease
without recurrence of SMON [11,12], prompting careful
re-evaluation of its use as a therapeutic agent.

A number of compounds that are structurally related to
clioquinol are commercially available. These compounds
include the parent compound (8-hydroxyquinoline, 8HQ),
as well as halogenated (5,7-diiodo-8-hydroxyquinoline,
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IIQ; 5-chloro-8-quinoline, CQ2; 5,7-dichloro-8-quinolinol,
CCQ) and non-halogenated derivatives (8-hydroxy-5-nitro-
quinoline, NQ, and 5-amino-8-quinolinol dihydrochloride,
A8HQ). We have carried out a series of studies to compare
the cytotoxicity of these compounds in human cancer cells.
We report here that among the compounds tested, the
non-halogenated 5-nitro derivative of 8-hydroxyquinoline
(NQ) was the most cytotoxic, with an IC50 value five to ten
fold lower than that of clioquinol.
2. Materials and methods

2.1. Materials

3-(4,5-Dimethylthiazol-2-yl)-5-(3-carboxymethoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) re-
agent was purchased from Promega (Madison, WI).
Carboxy-H2DCFDA, a fluorescent probe for ROS detec-
tion, was from Invitrogen (Carlsbad, CA). Antibodies
for Poly (ADP-ribose) polymerase (PARP) were from
BIOMOL Research Laboratories, Inc. (Plymouth Meeting,
PA), and Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was from Promab Biotechnologies, Inc. (Rich-
mond, CA). Clioquinol and its analogues, CuCl2, ZnCl2

and all other reagents are analytic grade and were pur-
chased from Sigma Chemical Co. (St. Louis, MO).

2.2. Cell culture

Human tumor lines Raji (lymphoma), HL-60 (leukemia),
and Panc-1 (pancreatic cancer) were from American Type
Tissue Culture Collection (ATCC, Manassas, VA). A2780
(ovarian cancer) was a generous gift from Dr. Stephen Ho-
well (University of California, San Diego). DHL-4 (lym-
phoma) was kindly provided by Dr. Linda Boxer (Stanford
University). Cell lines were cultured in ATCC specified
medium supplemented with 10% fetal bovine serum,
10,000 U/ml penicillin and 10,000 lg/ml streptomycin un-
der 5% CO2 at 37 �C in a humid environment. All cells were
routinely grown in 75-mm flasks and split twice a week.

2.3. Cell viability assays

The cytotoxicity of clioquinol and its six analogues were
examined using the MTS reagent as previously described
[13]. Briefly, Raji, DHL-4 and HL-60 cells were plated in
96-well plates at 10,000 cells/well, and A2780 and Panc-
1 cells at 5000/well. Twenty-four hours after plating, cells
were treated with various compounds at increasing con-
centrations for 72 h in the presence or absence of 10 lM
CuCl2 or 50 lM ZnCl2. At the completion of the treatment,
20 lL of the MTS reagent was added to each well and the
plates were then incubated for another hour at 37 �C. The
optical density of each well was then read at 490 nm. Each
experiment was performed in triplicate and repeated three
times. Data are presented as percentages of values de-
tected in control cells cultured under the same conditions.
The drug potency was determined by calculating IC50 val-
ues of each compound using GraphPad Prism version
4.00 for Windows (San Diego, CA).
2.4. Detection of intracellular reactive oxygen species (ROS)

Intracellular reactive oxygen species (ROS) were
analyzed by Flow Cytometry using a fluorescent probe,
carboxy-H2DCFDA, following the manufacturer’s protocol.
Raji cells were plated at 1 � 106 cells/well in a 6-well plate
in RPMI 1640 medium supplemented with 10% fetal bovine
serum, 10,000 U/ml penicillin and 10,000 lg/ml strepto-
mycin. Twenty-four hours after plating, cells were treated
with NQ and IIQ at indicated concentrations and durations
in the presence or absence of 10 lM CuCl2. The medium
was then replaced with serum free RPMI 1640 containing
10 lM carboxy-H2DCFDA. After 60 min incubation, cells
were washed with PBS and analyzed with FACScan
Analytic Flow Cytometer (BD-Bioscience, San Jose, CA,
excitation at 485 nm, emission at 538 nm). Tert-butyl
hydroperoxide (TBHP, Sigma-Aldrich, 100 lM) was used
as a positive control. Data was analyzed using the Flow-
Jo6.7 software. The oxidation of Carboxy-H2DCFDA is de-
tected by the increase of fluorescence that is proportional
to the amount of total intracellular ROS generated. The
value of ROS generation is presented as the mean of
relative fluorescence units.

2.5. Detection of intracellular zinc

Intracellular free zinc ions were analyzed with the
FluoZin-3 probes using fluorescence microscopy following
the manufacturer’s instructions (Invitrogen, Carlsbad, CA).
A2780 cells were seeded in a 12-well plate with 3 � 105

cells per well. Twenty-four hours after plating, the cells
were treated with 10 lM clioquinol, NQ, or IIQ in the pres-
ence or absence of 50 lM ZnCl2 for 30 min. The medium
was then exchanged with fresh medium containing 1 lM
FluoZin-3�. After incubating for 30 min, the medium was
removed and the cells were washed three times with
Hanks’ balanced salt solution (HBSS) and viewed on a
Nikon Eclipse TE2000-U microscope. Zinc was detected as
a green color (FluoZin-3�, excitation, 490/20 nm, emission,
528/38 nm). For kinetic study, cells were treated with
clioquinol plus ZnCl2 for 1, 2 and 4 h and intracellular zinc
was captured by a florescence microscope.

2.6. Western blot

Raji cells were plated at 1 � 106 cells/well in 100-mm
diameter dish in RPMI 1640 and treated with 10 lM NQ,
IIQ and CQ in the presence or absence of 10 lM CuCl2 for
24 h. Following incubation, cells were collected by centri-
fuge. Cells were lysed using the lysis buffer (50 mM Tris-
HCl pH 7.8, 100 mM NaCl, 5 mM Na–EDTA, 0.1% SDS,
1 mM PMSF, 1% Triton-X-100, and 2.5% Glycerol) and sam-
ples were sonicated on ice for 1 min (10 s pulse on/off).
Equal amounts of protein (20 lg per lane) were separated
on 10% SDS PAGE gel and transferred onto a PVDF mem-
brane. The membrane was blocked with 5% non-fat dry
milk and then incubated with a 1:2000 dilution of the pri-
mary antibody against PARP or GAPDH overnight at 4 �C.
The membrane was then washed three times with TBST
and incubated with a secondary peroxidase-conjugated
antibody for 1 h. Signaling was detected using an enhanced



Table 1
Effects of clioquinol and analogues on the viability of Raji cells. Cells were treated with increasing concentrations of the compounds in the presence or absence
of 50 lM ZnCl2 or 10 lM CuCl2. Cell viability was analyzed using the MTS assay and IC50 values were calculated (mean ± SEM, from three independent
experiments).

Compounds Structure Drug alone IC50 (lM) +ZnCl2 IC50 (lM) +CuCl2 IC50 (lM)

Clioquinol 5.09 ± 020 3.30 ± 0.38 1.89 ± 0.25

8-Hydroxy-5-nitroquinoline (NQ) 0.438 ± 0.20 0.855 ± 0.18 0.0003 ± 0.0

5,7-Diiodo-8-hydroxyquinoline (IIQ) 5.54 ± 0.26 4.52 ± 0.22 2.09 ± 0.20

5-Chloro-8-quinoline (CQ2) 5.49 ± 0.22 7.20 ± 0.27 3.49 ± 0.18

8-Hydroxyquinoline (8HQ) 1.98 ± 0.23 6.92 ± 0.14 0.03 ± 0.002

5,7-Dichloro-8-quinolinol (CCQ) 1.44 ± 0.15 1.40 ± 0.2 0.133 ± 0.03

5-Amino-8-quinolinol dihydrochloride (A8HQ) 5.44 ± 0.13 8.56 ± 0.15 1.93 ± 0.10
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chemiluminescence detection system (GE Healthcare Life
Sciences, Piscataway, NJ). Each experiment was repeated
three times to assess consistency of the results.

2.7. Caspase-3 activity assay

The enzymatic activities of caspase-3 were analyzed as
we previously reported [2]. Briefly, a colorimetric assay kit
(Clontech Laboratories Inc., Palo Alto, CA) was used for
measuring caspase-3 activity. This assay is based on spec-
trophotometric detection at 450 nm of the chromophore p-
nitroanilide (pNA), which is cleaved from the specific sub-
strate Ac-DEVD-pNA (Alexis Corp., San Diego, CA) by acti-
vated caspase-3.
3. Results

3.1. Effects of clioquinol and its analogues on the viability of Raji cells

To compare the cytotoxicity of clioquinol and its analogues, Raji cells
(a cell line derived from a human B cell lymphoma) were treated with
increasing concentrations of the compounds for 3 days in the presence
or absence of 50 lM zinc or10 lM copper. Cell viability was analyzed
and IC50 values calculated (Table 1). As shown in Table 1, among the com-
pounds tested, NQ was the most toxic with an IC50 of 438 nM, whereas IIQ
was the least toxic with an IC50 close to 6 lM. The order of their efficacies
in inhibiting cell viability was as follows: NQ > CCQ > 8HQ > Clio-
quinol > A8HQ > CQ2 > IIQ. The cytotoxicity of each compound was en-
hanced by the addition of copper, regardless of the atoms in the C5 and
C7 positions. However, in the presence of zinc, only the cytotoxicity of cli-
oquinol and IIQ were augmented. To determine if the decreased viability
was due to apoptosis, cell extracts were examined for PARP cleavage and



Clioquinol
NQ
IIQ

CuCl2

-
-
-
-

-
-
-
+

-
-
+
-

-
+
-
+

-
+
-
-

+
-
-
+

+
-
-
-

-
-
-
+

PARP (116-kDa)
Cleaved PARP (89-kDa)

GAPDH (37-kDa )

0.00

0.05

0.10

0.15

0.20

0.25

C
as

pa
se

 3
 a

ct
iv

ity
(O

.D
. @

 4
50

 n
m

)

Clioquinol
NQ

CuCl2

-
-
-

+
-
-

-
+
-

-
-
+

+
-
+

-
+
+

(A)

(B)

Fig. 1. Effects of clioquinol, IIQ, and NQ on PARP cleavage and caspase-3 activity in Raji cells. Raji cells were treated with 10 lM clioquinol and IIQ, and 5 lM
NQ in the presence or absence of 10 lM CuCl2 for 24 h. Total proteins were isolated and separated on 10% SDS PAGE gel, followed by Western blot analysis
with specific antibodies against PPAR-1 and GAPDH (A); or subjected to caspase-3 activity assay (B) as described in the Materials and Methods section.
Shown are representatives of two experiments.

Table 2
Effects of clioquinol, IIQ, and NQ on the viability of HL60, DHL-4, A2780, and Panc-1 cells. Cells were treated with increasing concentrations of the compounds in
the presence or absence of 50 lM ZnCl2 or 10 lM CuCl2 for 72 h. Cell viability was analyzed using the MTS assay and IC50 values were calculated (mean ± SEM,
from three independent experiments).

Compounds Cell lines (IC50, lM)

HL60 DHL-4 Panc-1 A2780

Clioquinol 12.90 ± 0.16 2.71 ± 0.18 5.89 ± 0.28 13.00 ± 2.10
+ZnCl2 8.60 ± 0.23 2.27 ± 0.17 2.07 ± 0.21 2.48 ± 0.90
+CuCl2 7.51 ± 0.22 0.69 ± 0.13 0.76 ± 0.19 1.96 ± 0.87

NQ 6.26 ± 0.10 0.89 ± 0.28 1.46 ± 0.14 1.23 ± 0.1
+ZnCl2 5.22 ± 0.62 1.15 ± 0.24 2.35 ± 0.14 1.26 ± 0.1
+CuCl2 0.15 ± 0.12 0.07 ± 0.15 0.19 ± 0.02 0.15 ± 0.2

IIQ 93.00 ± 10.00 24.7 ± 0.17 72.00 ± 7.00 13.60 ± 1.9
+ZnCl2 37.60 ± 2.90 2.15 ± 0.20 12.40 ± 6.00
+CuCl2 11.00 ± 1.40 1.27 ± 0.21 2.03 ± 0.22
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caspase-3 activation. Both clioquinol [2] and NQ induced PARP cleavage
and caspase-3 activation, which was enhanced by the addition of copper
(Fig. 1).
3.2. Effects of clioquinol, NQ and IIQ on the viability of HL60, DHL-4, Panc-1
and A2780 cells

To insure that the findings were not restricted to one cell type, we
examined the cytotoxicity of NQ (the most toxic), clioquinol, and IIQ
(the least toxic) on several additional types of human malignant cell lines,
including HL60 (leukemia), DHL-4 (lymphoma), Panc-1 (pancreatic can-
cer), and A2780 (ovarian cancer). In all cases, NQ proved to be the most
cytotoxic and IIQ the least, although the specific IC50 values differed
among the cell lines (Table 2). This finding suggests that this class of com-
pounds may be useful in treating a variety of types of cancer.
3.3. Unlike clioquinol, NQ does not act as a zinc ionophore

We previously reported that clioquinol acts as a zinc ionophore that
targets zinc to lysosomes in cancer cells [5]. To understand whether NQ
and IIQ also act as zinc ionophores, A2780 cells were treated with
10 lM clioquinol, NQ, or IIQ for 30 min in the presence of 50 lM zinc.
Using a zinc-sensitive fluorescent probe (FluoZin-3), we found that both
clioquinol and IIQ increased intracellular zinc concentrations, while NQ
did not (Fig. 2A). A time course study showed that NQ does not signifi-
cantly enhance intracellular zinc levels at 1, 2, or 4 h after addition of
the compounds (Fig. 2B). These findings are consistent with the cell via-
bility assays, which showed enhancement of the cytotoxicity of clioquinol
and IIQ, but not NQ, in the presence of added zinc. These observations
suggest that NQ inhibits the viability of cancer cells through a mechanism
that differs in part from those responsible for the effects of halogenated 8-
hydroxyquinoline derivatives.



Fig. 2. NQ is not a zinc ionophore. A2780 cells were loaded with 3 lM FluoZin-3 and treated with 50 lM ZnCl2 for 30 min (A) or for 1, 2, 4 h (B) in the
presence of 10 lM NQ, IIQ or clioquinol. The images were captured with the Leica TCS NT Confocal Microscope using 63� Plan APO 1.2 NA (A) or Nikon
Eclipse TE2000-U microscope (40� magnification, B) on living cells. Shown are representatives of three experiments.
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3.4. Effects of clioquinol, NQ and IIQ on ROS generation

In considering why NQ was more potent than the other compounds
tested, we investigated how its nitro moiety might influence its activity.
Some compounds containing nitro groups may generate nitro free radi-
cals [14]. While these radicals are often not cytotoxic themselves [15],
they may initiate a series of redox reactions resulting in the formation
of reactive oxygen species (ROS), which in turn may alter intracellular sig-
naling [16]. To explore the possibility that NQ’s cytotoxicity might involve
a change in the cell’s redox status, we utilized a fluorescent probe sensi-
tive to ROS. Raji cells were treated with clioquinol, NQ or IIQ in the pres-
ence of 10 lM copper or 50 lM zinc, and intracellular ROS levels were
determined using Carboxy-H2DCFDA. As shown in Fig. 3, NQ itself in-
creased ROS levels, an effect enhanced by additional copper. IIQ did not
increase ROS levels whether used alone or in combination with copper.
Clioquinol slightly enhanced ROS levels when combined with copper
(Fig. 3A). Zinc, which is not considered to be a redox-active metal, did
not enhance NQ’s effects on ROS generation (Fig. 3B). We further con-
firmed these findings in A2780 cells. ROS generation induced by NQ plus
copper reached the peak at 3 h, and remained elevated even after 20 h of
the treatment (Fig. 3C).

4. Discussion

This is the first study to demonstrate that a nitro deriv-
ative of 8-hydroxyquinoline is more cytotoxic against
human cancer cells than either its parent compound or
other congeners. (Others have generated Mannich bases
of NQ which have enhanced cytotoxic activity when com-
pared to clioquinol, but the activity of the parent com-
pound (NQ) was not reported [16].) The cytotoxicity of
NQ was enhanced by the addition of copper but not zinc
and was associated with an increase in reactive oxygen
species. Although the cytotoxicity of clioquinol was en-
hanced by zinc, NQ’s cytotoxicity was not, suggesting that
NQ did not act as a zinc ionophore. A zinc-sensitive fluores-
cent probe was used to confirm that NQ does not act to in-
crease intracellular zinc concentrations. Zinc enhanced the
cytotoxicity only of compounds that have iodine in the C7
position (clioquinol and IIQ), though the mechanism
whereby iodine converts 8-hydroxyquinoline derivatives
into zinc ionophores is uncertain. The increased anti-can-
cer efficacy of a nitro derivative due to enhanced ROS pro-
duction has previously been documented in the case of a
synthetic heteroarotinoid [17].

NQ has been studied in a limited manner in humans,
mainly in patients with urinary tract infections [17]. As
far as we can determine, there have not been any reports
of neurological diseases noted in patients treated with
NQ, unlike the case with halogenated derivatives [18].
The neurotoxicity of clioquinol has been attributed to its
zinc-transporting activity [19,20]. The fact that NQ lacks
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Fig. 3. Effects of NQ and IIQ on intracellular ROS generation. Raji cells were treated with NQ, IIQ, or clioquinol at indicated concentrations plus 10 lM CuCl2

(A) or 50 lM ZnCl2 (B) for 3 h. ROS levels were determined using the Carboxy-H2DCFDA probe. A2780 cells were treated with NQ (5 lM) plus CuCl2 (10 lM)
for 1, 3, and 20 h (C). Fluorescence was detected as described in the Materials and Methods. Data are (mean ± SEM, n = 3) expressed as percentages of
untreated control cells.
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such activity provides an additional reason to consider it
for clinical development.

After these studies were completed, a chemical library
screen for inhibitors of methionine aminopeptidase identi-
fied NQ as such a compound [21]. The authors showed that
NQ (nitroxoline) acts as an anti-angiogenic agent, in vitro
and in vivo, and inhibited the growth of tumor xenografts
in mice. We have previously found (unpublished observa-
tions) that clioquinol inhibits tube formation by the endo-
thelial-derived cell line, EA.hy926, an effect that could
explain part of its in vivo anti-tumor activity [2]. The data
presented here suggest that the in vivo activity of NQ
observed by Shim et al may be due to NQ’s possessing both
anti-tumor and anti-angiogenic activities, and may provide
additional rationale for considering its use as an anti-can-
cer drug in humans.
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