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Abstract

Five dichlorinated 8-quinolinols (2,5- 5,6-, 3,5-, 3,7-, and 4,5-dichloro-8-quinolinol) were tested againstCandida
albicans and C. tropicalis in Sabouraud dextrose broth with and without bovine serum. The 5,6-, 3,5-, and
3,7-dichloro-8-quinolinols proved to be more effective than the control, 5-fluorocytosine. In cytotoxicity tests
employing baby hamster kidney (BHK) cells, all test agents proved to be more cytotoxic than the control. However,
the minimum inhibitory concentration (MIC) of 3,5-dichloro-8-quinolinol to both fungi was only one tenth the
cytotoxic dose, suggesting that the compound may be useful as a topical or systemic antifungal agent.
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Introduction

In the course of our studies of the fungitoxic ac-
tion of ring-monochlorinated 8-quinolinols toward the
common human pathogens,Candida albicansandC.
tropicalis, we observed significant fungal inhibition at
low levels of compound [1]. We learned that placing
the halogen on the aromatic part of the ring resulted
in changing the site(s) of action of the compound.
When we tested monohalo-8-quinolinols along with
two dihalo-8-quinolinols againstC. albicansand C.
tropicalis, we found that most of the test compounds
were more fungitoxic than 5-fluorocytosine both in the
absence and presence of beef serum, after 48 h of in-
cubation. However, when tested against baby hamster
kidney cells (BHK), the synthetic compounds were
more toxic to BHK than to the yeasts. The exception
to this was 3,6-dichloro-8-quinolinol which was half
as toxic to BHK as toC. tropicalis in the medium
containing beef serum after 24 h [1].

In studies of filamentous fungi, synergism was ob-
served between pairs of monosubstituted 8-quinolinol
compounds with halogen in the 5, 6, and 7 positions
of the aromatic ring, and the absence of synergism
was found between pairs of haloquinolinols with the
substituent in positions 2, 3, and 4 of the heterocyclic

part of the ring [2]. When minimal inhibitory con-
centrations (MICs) of pairs of synergistic compounds
were admixed with the MIC of the doubly substituted
8-quinolinol containing substituents in the equivalent
positions to the monosubstituted compounds, no syn-
ergism was observed. Thus it was concluded that the
enhanced activity of the disubstituted compound was
due to intramolecular synergism [3–5]. We decided
to pursue this lead by applying the newly synthes-
ized dichloro-8-quinolinols to in vitro cultures ofC.
albicansandC. tropicalis.

Materials and methods

Strains. C. albicans(ATCC 60193) andC. tropicalis
(ATCC 750) were purchased from the American Type
Culture Collection (Manassas, Virginia).

Media. Yeasts were maintained in stock cultures of
Sabouraud dextrose broth (Difco, Detroit, Michigan)
as previously described [1].

Compound preparation.2,5-, 5,6-, 3 5-, 3,7-, and
4,5-Dichloro-8-quinolinol were prepared using pro-
cedures from a previous study [3]. The control, 5-
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fluorocytosine, was purchased from Aldrich Chemical
Co., Milwaukee, Wisconsin.

Drug susceptibility testing.These tests were carried
out as previously described [1]. Drug susceptibility
experiments were repeated at least twice to insure
reliability.

Cytotoxicity testing.The methods employed to de-
termine cytotoxicity to BHK cells were completed
according to Gentry and Aswell [6].

Results

Results of the assays of the five dichloro-8-quinolinols
against cultures ofC. albicansand C. tropicalis are
listed in Tables 1 and 2, respectively. In Table 1 it
can be seen that three out of the five dichlorinated 8-
quinolinols, 5,6-, 3,5-, and 3,7-dichloro-8-quinolinol,
inhibited the growth ofC. albicansat concentrations
below the MIC (2.4 × 10−2 mmol/L) of the con-
trol, 5-fluorocytosine, when tested in media containing
bovine serum. The 5,6, and 3,5-dichloro-8-quinolinols
had the lowest MICs (3.7 × 10−1 mmol/L) when
tested in serum-bearing cultures ofC. albicans.3,7-
Dichtoro-8-quinolinol with a MIC of 7.5 × 10−1

mmol/L was not quite as effective as the others, but
still inhibiting the growth ofC. albicansat a concen-
tration below the control when tested in cultures with
serum. In all tests of compounds in serum versusC.
albicans, including the control, the MICs after 48 h
at least doubled, indicating that the added compounds
were less effective over time. Also, from table I it
can be seen that the presence of serum substantially
reduced the effectiveness of all of the dichlorinated
8-quinolinols againstC. albicansby at least a factor
of four and the activity of the control was similarly
affected.

Similar results were obtained when the dichlor-
inated 8-quinolinols were applied to cultures ofC.
tropicalis (Table 2). The 3,5- and 5,6-dichloro-8-
quinolinols proved to be the most active antifungal
agents in serum with MICs of 3.7 × 10−3 mmol/L
after 24 h. The antifungal properties of these two test
compounds were superior to the control (2.4× 10−2

mmol/L) in the presence of serum after 24 h. The MIC
of 3,7-dichloro-8-quinolinol (7.0×10−3 mmol/L) was
somewhat higher than the MICs of the two best test
compounds in serum versusC. tropicalisbut was still
below the MIC of the control. The other test com-

pounds 2,5- and 4,5-dichloro-8-quinolinol were less
active than the control in the presence of serum. All of
the dichloro-8-quinolinols as well as 5-fluorocytosine
were rendered less potent by the presence of serum,
except for 2,5-dichloro-8-quinolinol which was un-
changed in its effectiveness after 24 h.

The cytotoxicity experiments revealed that the 2,5-
and 3,5-dichloro-8-quinolinols were the least cyto-
toxic of the test agents with an effective dose of 3.7×
10−2 mmol/L (Table 3). Note that for 3,5-dichloro-8-
quinolinol, the cytotoxic level is about 10 times the
MIC for the compound against bothCandidaspecies.
The other dichloro-8-quinolinols appeared to be cyto-
toxic to BHK cells at doses below the MIC levels
in tests against bothC. albicansand C. tropicalis.
The control, 5-fluorcytosine, was not cytotoxic at the
highest concentration tested (0.16 mmol/L).

Discussion

Rohde and others [7] found that 8-quinolinols in-
terfered with RNA-dependent DNA polymerase func-
tioning and so inactivate Rous sarcoma and herpes
simplex viruses. Results of the current study show
that dichlorinated 8-quinolinols inhibit the growth of
both C. albicansand C. tropicalis in vitro. Most of
the experimental compounds do so at concentrations
below that of 5-fluorocytosine and the monocloro-8-
quinolinols [1]. However, only one compound, 3,5-
dichloro-8-quinolinol, proved to be effective at inhib-
iting the growth of bothCandidaspecies at concentra-
tions well below the effective cytotoxic dose to BHK
cells. It is important to note that only the type strains of
C. albicansandC. tropicaliswere employed in this ex-
periment as examples representing two species which
consist of many diverse populations.

Despite the effectiveness of all of the dichlorin-
ated 8-quinolinols tested on cultures ofC. albicans
andC. tropicalis, the results of the cytotoxicity exper-
iments suggest that most of the compounds would be
too toxic for systemic use in mammalian systems. 3,5-
Dichloro-8-quinolinol, however, may be an exception.
The BHK cells tolerate its presence at a concentration
of 0.037 mmol/L, ten times the concentration of the
compound that inhibits the growth of bothC. albicans
andC. tropicalis in the presence of serum. The effect
of 3,5-dichloro-8-quinolinol is long lasting, with signs
of fungistasis enduring through the 48 h test period.
Further improvement of these properties may lead to
effective antifungal agents.
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Table 1. MICs of dichlorinated 8-quinolinols applied to cultures ofC. albicans

Compound MIC [mmol/L (µg/mL)]

−serum +serum

24 h 48 h 24 h 48 h

2,5-dichloro-8-quinolinol 5.6× 10−2 (12.0) 1.2× 10−1 (25.0) 5.6× 10−2 (12.0) 1.2× 10−1 (25.0)

5,6-dichloro-8-quinolinol 3.7× 10−5 (0.008) 7.5× 10−5 (0.016) 3.7× 10−3 (0.80) 1.2× 10−1 (25.0)

3,5-dichloro-8-quinolol 3.7× 10−5 (0.008) 7.5× 10−5 (0.016) 3.7× 10−3 (0.80) 7.5× 10−3 (1.6)

3,7-dichloro-8-quinolinol 3.7× 10−3 (0.80) 3.7× 10−3 (0.80) 7.5× 10−3 (1.6) 1.4× 10−2 (3.1)

4,5-dichloro-8-quinolinol 1.4× 10−10 (0.031) 2.9× 10−4 (0.062) 1.2× 10−1 (25.0) 2.3× 10−1 (50.0)

5-fluorocytosine 2.4× 10−2 (3.1) 1.9× 10−1 (25.0) 2.4× 10−2 (3.1) 5.6× 10−2 (12.0)

Table 2. MICs of dichlorinated 8-quinolinols applied to cultures ofC. tropicalis

Compound MIC [mmol/L (µg/mL)]

−serum +serum

24 h 48 h 24 h 48 h

2,5-dichloro-8-quinolinol 5.6× 10−2 (12.0) 1.2× 10−1 (25.0) 1.2× 10−1 (25.0) 2.3× 10−1 (50.0)

5,6-dichloro-8-quinolinol 1.8× 10−5 (0.0039) 3.7× 10−5 (0.008) 3.7× 10−3 (0.80) 3.7× 10−3 (0.80)

3,5-dichloro-8-quinolinol 7.5× 10−5 (0.016) 7.5× 10−5 (0.016) 3.7× 10−3 (0.80) 2.9× 10−2 (6.2)

3,7-dichloro-8-quinolinol 3.7× 10−3 (0.80) 3.7× 10−3 (0.80) 7.5× 10−3 (1.6) 1.4× 10−2 (3.1)

4,5-dichloro-8-quinolinol 2.9× 10−4 (0.062) 2.9× 10−4 (0.062) 5.6× 10−2 (12.0) 1.2× 10−1 (25.0)

5-fluorocytosine 1.2× 10−2 (1.6) 9.3× 10−2 (12.0) 2.4× 10−2 (3.1) 9.3× 10−2 (12.0)

Table 3. Cytotoxicity of dichlorinated 8-quinolinols
to baby hamster kidney (BHK) cells

Compound Effective dosea

[mmol/L (µ/mL)]

2,5-dichloro-8-quinolinol 3.7× 10−2 (8.0)

5,6-dichloro-8-quinolinol 7.5× 10−3 (1.6)

3,5-dichloro-8-quinolinol 3.7× 10−2 (8.0)

3.7-dichloro-8-quinolinol 1.7× 10−3 (0.36)

4,5-dichloro-8-quinolinol 4.7× 10−6 (0.00l)

5-fluorocytosine 1.6× 10−1 (>20)

aLowest concentration yielding 1/3 or more of the
cells rounded and misshapen.

Intramolecular synergism is important because
lower levels of xenobiotics can be used to inhibit
a target cell or organism. A second consequence is
that when two sites are attacked simultaneously by
one compound, it may be more difficult for a patho-
gen to develop resistance to the agent than to one
which affects only a single site. The concept of in-
tramolecular synergism offers a rational approach for
developing effective bioactive compounds such as the
polyhalogenated 8-quinolinols.
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