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Abstract
Objective-To investigate the alteration
of cell permeability toward fluoro-
quinolones in Neisseria gonorrhoeae,
which is a major quinolone-resistance
mechanism along with the alteration of
DNA gyrase in gram-negative bacteria.
The prevalence of fluoroquinolone-resis-
tant N gonorrhoeae strains is rapidly
increasing in Japan.
Materials and methods-The uptake and
accumulation of norfloxacin by gonococ-
cal cells, including six clinical and five
World Health Organization (WHO) ref-
erence strains, were measured. Of the six

clinical strains, two were highly resistant
to norfloxacin (MIC 8.0 and 4-0 4ugIml),
two were moderately resistant (MIC 1.0
and 0 5 pglml), and two were sensitive
(MIC 0-063 and 0.004.uglml). All five
WHO reference strains were sensitive to
norfloxacin (MIC <0-001 to 0.063 pglml).
Results-Mean initial norfloxacin uptake
in the four resistant strains (104 nglmg of
dry cells) was significantly lower than
that in the seven sensitive strains (158
nglmg of dry cells) (p < 0.05). The mean

uptake after 20 minutes was also signifi-
cantly lower in the four resistant strains
(130 nglmg of dry cells) than in the seven

sensitive strains (194 nglmg of dry cells)
(p < 0-05). However, there was no signifi-
cant difference in mean norfloxacin
accumulation after 20 minutes between
the four resistant strains (26 nglmg of dry
cells) and the seven sensitive strains (36
nglmg of dry cells). The accumulation of
norfloxacin after 20 minutes was almost
zero in two of the four resistant strains,
while the remaining two strains accumu-
lated norfloxacin as well as the sensitive
strains.
Conclusions-These findings suggest that
alteration ofbacterial cell permeability is

a quinolone-resistance mechanism in
N gonorrhoeae isolated in Japan, and
that this bacteria may exhibit other
mechanisms such as alteration of DNA
gyrase.

(Genitourin Med 1994;70:253-255)

Introduction
Fluoroquinolones such as norfloxacin,
ofloxacin, and ciprofloxacin demonstrate
excellent in vitro antimicrobial activity against
Neisseria gonorrhoeae, including penicillin- and

tetracycline-resistant strains, and are highly
effective as oral single-dose treatment for
gonococcal infections.lA Treating for gonor-
rhoea with fluoroquinolones is recommended
by the Centers for Disease Control and
Prevention (CDC) in the United States5 and
by the World Health Organization (WHO).6
In Japan, fluoroquinolones have frequently
been used as first-line therapy for gonorrhoea
for last few years.

However, reduced sensitivity to cipro-
floxacin and treatment failure with this agent
have recently been reported.7 8 In addition, we
have already reported a high prevalence of
N gonorrhoeae strains with reduced sensitivity
to fluoroquinolones in Japan.9 The develop-
ment of fluoroquinolone-resistance in N gon-
orrhoeae may be a new worldwide problem in
treating gonococcal infections.

It has been reported that alterations in the
cell permeability of the bacterial outer
membrane and in DNA gyrase are common
mechanisms of resistance to quinolones in
gram-negative bacteria, including Escherichia
coli and Pesudomonas aeruginosa.°0 Recently, an
active efflux system has been also reported as
the quinolone-resistance mechanism in gram-
negative bacteria." Less is known about
quinolone-resistance mechanisms in N gonor-
rhoeae.'2"13 Therefore, to investigate alterations
in membrane permeability to a fluoro-
quinolone in resistant strains ofN gonorrhoeae
isolated in Japan, we compared the uptake
and accumulation of norfloxacin in resistant
gonococcal cells with those of sensitive gono-
coccal cells.

Materials and methods
Bacterial strains
Six clinical strains of N gonorrhoeae isolated
in Japan between February and July 1992
from men with acute urethritis and 5 WHO
N gonorrhoeae reference strains (kindly sup-
plied by Dr. J. W. Tapsall, The Prince of
Wales Hospital, Australia) were used for cell
permeability testing. All six clinical isolates
were negative for f,-lactamase production.
The minimum inhibitory concentrations
(MICs) of norfloxacin, ofloxacin, and
ciprofloxacin against the 11 tested strains of
Ngonorrhoeae are shown in table 1. The MICs
were determined using an agar dilution tech-
nique with a GC agar base (Difco) containing
1% IsoVitaleX (BBL). Plates were inoculated
with 5 ,u of 106 colony-forming units (cfu)/ml
of each isolate using a multipoint inoculator.
The plates were incubated for 24 hours at
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Table 1 MICs of norfioxacin, ofloxacin, and
ciprofloxacin against the 11 tested strains ofNgonorrhoeae

MIC (puglml)

Strain Norfloxacin Ofloxacin Ciprofloxacin

A-10 8-0 1.0 0-5
A-22 4-0 1.0 0-5
A-55 1-0 0-5 0-125
A-161 0-5 0-25 0-031
A-37 0-063 0-063 0-016
A-69 0-004 0-002 <0-001
WHO-A 0-004 0-004 <0-001
WHO-B 0-031 0-016 0-016
WHO-C <0-001 <0-001 <0-001
WHO-D 0-063 0-063 0-004
WHO-E 0-031 0-016 0-008

35°C in a 5% CO2 atmosphere. MICs were
read as the lowest concentration of antibiotic
that inhibited growth.
Of the six clinical strains, two (A-10: MIC,

8*0 ,ug/ml; A-22: MIC, 4.0 ,ug/ml) were highly
resistant to norfloxacin, two (A-55: MIC, 1.0
pg/ml; A-161: MIC, 0 5 ,ug/ml) were moder-
ately resistant, and two (A-37: MIC, 0.063
pg/ml; A-69: MIC, 0.004,pg/ml) were sensi-
tive. All five WHO reference strains (A-E:
MIC, <0.001-0.063 pg/ml) were sensitive to
norfloxacin. The strains that showed resis-
tance to norfloxacin were also resistant to
ofloxacin and ciprofloxacin (table 1).

All of the strains were stored at -80C in
GDO mediumTm (Nissui) containing gelatin
with 10% skim milk, 2% activated charcoal,
and 17% glucose until norfloxacin uptake
testing was performed.

Uptake of norfloxacin by gonococcal cells
The uptake of norfloxacin by gonococcal cells
was measured using a method previously
described by Hirai et al.14 15 All N gonorrhoeae

Table 2 Comparison ofmean norfloxacin uptake and accumulation between resistant
and sensitiveN gonorrhoeae strains

Uptake ofNFLX Accumulation ofNFLX
(ngimg of dry cells) (nglmg ofdry cells)

Strain 0 min. 20 min. 20-0 min.

Norfloxacin-resistant (n = 4) 104* 130t 26*
Norfloxacin-sensitive (n = 7) 158* 194t 36*

*P < 0 05; tp < 0 05; fns by t-test; NFIX: norfloxacin.

Table 3 Uptake and accumulation of norfloxacin by the 1 1 tested strains of
N gonorrhoeae

Uptake ofNFLX Accumulation ofNFLX
(ng/mg ofdry cells) (ng/mg of dry cells)

MIC ofNFLX
Strain (pg/Mi) 0min. 20 min. 20-0 min.

A-10 8-0 105 105 0
A-22 4.0 76 124 48
A-55 1.0 139 193 54
A-161 0.5 97 97 0
A-37 0-063 130 150 20
A-69 0.004 224 253 29
WHO-A 0.004 141 163 22
WHO-B 0-031 153 240 87
WHO-C <0-001 187 212 25
WHO-D 0-063 132 180 48
WHO-E 0-031 136 158 22

NFLX: norfloxacin.

strains were grown on GC agar (Difco) for 24
hours at 35°C in 5% CO2. A bacterial cell sus-
pension was prepared in pre-warmed antibi-
otic medium 3 (Difco) to an optical density of
0.7 at 570 nm. Norfloxacin was added to the
bacterial suspension to a final concentration
of 10 pg/ml, and the suspension was incu-
bated at 37°C with shaking. After incubation
for 20 minutes, 10 ml of the suspension was
chilled and the cells were sedimented by cen-
trifugation, then washed once in 2 ml of
saline. The cells were then resuspended in 1
ml of saline. The suspension was immersed in
boiling water for 7 minutes and then cen-
trifuged. The concentration of norfloxacin in
the supernatants was measured by bioassay
with Escherichia coli NIHJ JC-2.'6 The amount
of norfloxacin absorbed by the cells immedi-
ately after its addition to the bacterial suspen-
sion was also measured. The accumulation of
norfloxacin was calculated by subtracting the
absorbed norfloxacin at zero time from the
total norfloxacin eluted.

Statistical analysis
Differences in the uptake and accumulation of
norfloxacin between norfloxacin-resistant and
norfloxacin-sensitive gonococcal cells were
determined using the Student's t test.

Results
Comparison of the uptake and accumulation
of norfloxacin between the four norfloxacin-
resistant and the seven norfloxacin-sensitive
gonococcal cell strains is shown in table 2.
Mean initial uptake in the four resistant
strains (104 ng/mg of dry cells) was signifi-
cantly lower than that in the seven sensitive
strains (158 ng/mg of dry cells) (p < 0.05).
Mean uptake after 20 minutes was also signif-
icantly lower in the four resistant strains (130
ng/mg of dry cells) than in the seven sensitive
strains (194 ng/mg of dry cells) (p < 0.05).
Moreover, lower mean norfloxacin accumula-
tion was observed in the four resistant strains
(26 ng/mg of dry cells) as compared with the
seven sensitive strains (36 ng/mg of dry cells).
However, this difference was not statistically
significant.
The values for the uptake and accumula-

tion of norfloxacin by cells of each N gonor-
rhoeae strain are shown in table 3. The
accumulation of norfloxacin after 20 minutes
was ranged from 20 to 87 ng/mg of dry cells in
the seven sensitive strains. There was a large
difference in norfloxacin accumulation among
the four resistant strains. The accumulation of
norfloxacin after 20 minutes was almost zero
in strain A-10 (high-level resistance) and
strain A-161 (moderate-level resistance) but
was 48 ng/mg of dry cells in strain A-22 (high-
level resistance) and 54 ng/mg of dry cells in
strain A-55 (moderate-level resistance).
Therefore, reduced membrane permeability
appears to be the main quinolone-resistance
mechanism in strains A-10 and A-161, while
another quinolone-resistance mechanism such
as a change in DNA gyrase may occur in
strains A-22 and A-55.
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Discussion
Gonococcal resistance to antimicrobial agents
is an increasing worldwide problem in the
treatment of gonorrhoea. A high prevalence of
plasmid-mediated high-level or chromosoma-
lly mediated low-level resistance to penicillin
or tetracycline has been reported in East
Asia'7-20 and in African countries.21-23 The
recently developed fluoroquinolones have
strong antimicrobial activity against N gonor-
rhoeae, including isolates with plasmid- or
chromosomally-mediated resistance to peni-
cillin and tetracycline. However, the appear-
ance of strains showing reduced sensitivity to
ciprofloxacin in vitro7 8 and treatment failure
with this antibiotic have recently been
reported,7 although the prevalence of resistant
strains to ciprofloxacin is not yet a major
problem.24 25 We have already demonstrated
that there was a significantly higher preva-
lence of reduced sensitivity to ciprofloxacin,
norfloxacin, and ofloxacin in current strains
compared with that in control strains isolated
between 1981 and 1984.9 The increase in fluoro-
quinolone-resistant N gonorrhoeae strains will
become more and more of a problem in Japan
if fluoroquinolones are frequently used as
first-line treatment for gonococcal infections.

It has been reported that alterations in the
cell permeability of the bacterial outer mem-
brane and in DNA gyrase are common mech-
anisms of resistance to quinolones in
gram-negative bacteria.'0 Recently, an active
efflux system has been reported as the
quinolone-resistance mechanism in gram-
negative bacteria." Inactivation of quinolones
by enzymatic degradation has not been
demonstrated as a mechanism of bacterial
resistance, and plasmid-mediated resistance
to quinolones has not been proved. Research
on the mechanisms of quinolone resistance in
gonococci is very sparse.'2 13 One study'2
showed that the initial uptake of ciprofloxacin
was reduced for a ciprofloxacin-resistant
strain. However, in that study'2 only one
ciprofloxacin-resistant N gonorrhoeae strain
was tested and all of the ciprofloxacin-resis-
tant and ciprofloxacin-sensitive isolates accu-
mulated ciprofloxacin regardless of MIC and
at similar rates.

In the present study, we measured the
uptake and accumulation of norfloxacin by
gonococcal cells to investigate alterations in
cell permeability toward fluoroquinolones in
N gonorrhoeae, because the strains with
reduced sensitivity to norfloxacin also showed
low susceptibility to ciprofloxacin and
ofloxacin. Our investigation demonstrated
that both initial uptake and uptake after 20
minutes was significantly lower in the resistant
strains than in the sensitive strains. However,
of the four norfloxacin-resistant strains, two
did not accumulate norfloxacin, while two
accumulated norfloxacin to the same extent as
the sensitive strains.

These results suggest that low accumula-
tion of quinolones in the cell is one of the
quinolone-resistance mechanisms in N gonor-
rhoeae isolated in Japan, and that this bacteria
may exhibit other quinolone-resistance mecha-

nisms such as the alteration of DNA gyrase.
Further investigations of fluoroquinolone-
resistance mechanisms in N gonorrhoeae,
including changes in porin protein and the
lipopolysaccharide structure associated with
outer membrane permeability,'4 15 an active
effilux system," and alteration in DNA gyrase
are necessary.
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