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We investigated the antibacterial activity of four newly developed quinolone agents,
temafloxacin (TMFX, TA-167), sparfloxacin (SPFX, AT-4140), OPC-17116 and Y-
26611 against Legionella was investigated both iz vitro and in vivo and compared them
with those of other quinolone agents and with erythromycin. In vitro strength of the
antibacterial activity was found to be in the order of strongest to weakest, as follows:
temafloxacin, ciprofloxacin, sparfloxacin, OPC-17116, Y-26611, ofloxacin, norfloxacin
and erythromycin. The quinolones showed higher intracellular than extracellular concen-
tration in human polymorphonuclear neutrophils. All quinolones and the erythromycin, at
concentrations twice that of MIC, inhibited the growth of Legionella pneumophila in guinea
pig peritoneal macrophages. In experimental L. pneumophila pneumonia in guinea pigs,
the newly developed quinolone agents showed a significantly greater therapeutic effect than
did the erythromycin.
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Introduction

Legionella is a facultative intracellular bacterium
that multiplies in macrophages'~* and may be a
pathogenic factor in pneumonia®. Therefore in
vitro susceptibility tests do not match the clinical
therapeutic effect®. This is partly because of the
necessity in the testing for both the high intracel-
lular penetration of the agent and the killing activ-
ity against intracellular multiplying Legionella™.

Sparfloxacin (AT -4140), temafloxacin (TA
167), OPC-17116 and Y-26611 are new synthetic
oral antibacterial agents derived from fluoro-
quinolone. In this study, the antimicrobial activity
of these agents against Legionella was examined
with respect to the following: 1) the minimum inhib-
itory concentrations (MICs) against Legionella
spp., 2) the intracellular concentration in human
polymorphonuclear neutrophils, 3) the potency of
these agents against intracellular Legionella

pneumophila in guinea pig peritoneal macrophages
and 4) the therapeutic efficacy of the agents against
experimental L. pneumophila pneumonia in guinea
pigs. The author then compared the total activity of
the four newly developed quinolone agents with
other quinolones and with erythromycin.
Materials and Methods

Antibacterial agents

Sparfloxacin (SPFX, AT-4140) was donated by
Dainippon Pharmaceutical Co., Ltd. (Osaka),
temafloxacin (TMFX, TA-167) by Tanabe Phar-
maceutical Co., Ltd. (Osaka), OPC-17116 by Otsu-
ka Pharmaceutical Co., Ltd. (Osaka), and Y-
26611 by Yoshitomi Pharmaceutical Industries,
Ltd. (Osaka)

In vitro susceptibility of the agents against
Legionella species.

The MICs of the agents for the Legionella species
were determined by the microdilution broth
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Table 1, Strains of Legionella used

Source of strains Number of strains

Standard reference strains

Legionella pneumophila
serogroups 1 to 13 14
Other Legionella spp. 27

Clinically isolated strains
Legionella pneumophila
serogroup 1 21
2
3
5

Legionella dumoffii

—_ e N

Legionella micdadei

Total 68 strains

method® using the MIC-2000 system (Dynatech
Inc.). A total of 68 Legionella strains were tested.
These are listed in detail in Table 1. This inculuded
the 41 standard reference strains and the 27 clinical
isolated strains, and the former included 14 strains
of L. pneumophila and 27 strains of other Legionella
species, and the latter included 21 strains of L.
pneumophila serogroup 1, two strains of L.
pneumophila serogroup 2, and one each of L.
pneumophila serogroups 3, and 5, one of Legionella
dumoffii serogroup 1 and one of L. micdadei sero-
group 1.

The medium used was buffered yeast extract
supplemented with a-ketoglutalate (BYE«) broth
containing serial doubling dilutions of the agents,
quinolones from a concentration of 1.0 to 0.00049
pxg/ml and erythromycin from a concentration of
8.0 to 0.0039 xg/ml. The strains were cultured in
the BYEa broth at 35°C overnight while shaking.
The cultures were then adjusted with a phosphate
buffered solution (pH:6.8) to an organism concen-
tration of 10° cfu/ml. The adjusted bacterial sus-
pension was inoculated on a 96-well microplate
using the MIC-2000 system inoculator. The
inoculum size was 10° CFU of Legionella per well.
Microplates were incubated at 35°C for 48 h.

The MIC was defined as the lowest concentration
of the agent that inhibited development of visible
growth in the wells.

Intracellular concentration in human polymor-
phonuclear neutrophils (PMN)

An normal saline solution containing 6% dextran
(High Molecular, molecular weight: 208,000,
Nacalai Tesque, Inc., Tokyo, Japan) and Ficoll-
Paque (Pharmatica LKB Biotechnology Inc. New
Jersey, U.S.A.) were used to purify the PMNs.
Three 20-ml blood samples were collected from
three healthy adult volunteers. Five milliliters of a
6% dextran solution was added to the blood and
mixed well in a tube. The tube was placed verti-
cally for 30 min to allow the erythrocytes to settle to
the bottom. Then the supernatant fluid was gently
collected. The fluid was layered on top of 5ml of
Ficoll-Paque which was placed in a plastic tube
(siliconized, Corning, Iwaki glass Co., Ltd,
Japan), then centrifuged at 450X g for 10 min at
room temperature. The supernatant fluid was dis-
carded. Then the sediment was used for the source
of the PMN. To lyse contaminating erythrocytes, 5
ml of 0.2% NaCl solution was added to the sedi-
ment and mixed for 15 seconds, and then an equal
volume of 1.6% NaCl was added to recover the
suspension from the hypotonic condition. The col-
lected cells contained more than 95% PMNs, a
percentage that was determined by using Turk
solution (Wako Pure Chemical Industries Ltd.
Japan) . Finally, the PMNs were suspended at a
concentration of from 2-5%107 cells/ml in 10 ml of
Hanks balanced salt solution (HBSS, Nissui Seiya-
ku Co., Ltd. Japan) supplemented with 0.4 g/l of
sodium bicarbonate.

This PMN suspension was incubated for 30 min
with each agent at the final concentration of 50 ug/
ml. After incubation, the PMNs were separated
from the extracellular solution using the silicone oil
velocity gradient centrifugalization method®. The
0.5 ml of PMN suspension was layered over 0.5 ml
of silicone oil (Toray Silicone Co., Ltd. Tokyo) in
miniature centrifuge tubes (Bio Plastic Co., Ltd.
Osaka). The tubes were centrifuged at 12,000Xg
for 3 min, causing the PMN to pass through the
water-impermeable oil to the bottom of the tube.
Thus the lower layer contained PMN and the upper
layer contained the extracellular solution. The
upper layer and PMNs were then collected separate-



VOL. 40 NO. 1

Activity of newly developed quinolone agents against Legionella 3

ly and the PMNs were disrupted by hypotonic treat-
ment using distilled water and filtrated with a
membrane filter (pore size: 0.22 micrometer; Mil-
lex-GV Millipore corp.,, Ma. U.S.A.). These sam-
ples were immediately frozen at —70°C until the
assay was per formed.

The intracellular and extracellular concentra-
tions were measured by high-performance liquid
chromatography (HPLC)!*'" HPLC conditions
were as follows: pump, TRIROTAR-V;injector,
Model VL-614; detector, UVIDEC-100-V (Japan
Spectroscopic Co., Ltd. Japan); column, Nucleosil-
5, C18 (Sensyu Chemical Co. Ltd.); mobilphase,
mixed acetonitrile with the 0.29% tetraethylam-
monium phosphate buffer (pH:1.85) (15:85),
flow rate, 1.5ml/min;and detected ultra violet
length, 293 nm.

Activity of the agents on L. pneumophila
grown in guinea pig peritoneal macrophages.

Peritoneal effusive cells (PEC) were collected
from guinea pig peritoneal space that has been
washed with cooled normal saline as described by
Kitsukawa” PEC were washed and resuspended in
RPMI MEDIUM 1640 (RPMI, GIBCO Labora-
tories, Life Technologies, Inc., USA.), containing
5% fetal calf serum. Then the PEC suspension was
put on a glass dish and incubated for 2 h at 37°C in
a 5%CO, humidified condition. The adherent cells
were then collected and suspended at a concentra-
tion of 2X10° cells/ml in RPMI containing 5% fetal
calf serum. This cell suspension fluid was used for
the macrophage source.

The strain of Legionella used in this study was L.
pneumophila serogroup 1 (#80-045), which was
isolated from the lung tissue of the first case of
Legionnaires’ disease in Japan'®. L. pneumophila
was suspended at a concentration of 2-4x10° CFU/
ml in RPMI containing 5% fetal calf serum.

Macrophage suspension was mixed with an equal
volume of L. pneumophila serogroup 1 (#80-045)
suspension and incubated at 37°C on a rotary shaker
for 16 h. After the incubation, extracellular organ-
isms were washed out with fresh RPMI. The macro-
phage suspension was then incubated with twice the
MIC of each agent.

At 0, 12, 24, and 36h after mixed culture,

extracellular organisms were washed out with fresh
RPMI by centrifuge. Macrophages were suspended
in 1 ml of fresh RPMI and disrupted by adding glass
beads and shaken in a vortex mixer. The number of
viable organisms was then counted on the buffered
charcoal yeast extract supplemented with a a-
ketoglutalate (BCYEa) agar plate.

Therapeutic effect of the agents on experimen-
tal Legionella pneumonia in guinea pigs.

The study was performed dividing two different
periods. Male Hartley strain guinea pigs weighing
300—370 g were used. L. pneumophila serogroup 1
(# 80-045) was used as the challenge strain. The
bacterial suspension was prepared at 810" CFU/
ml in normal saline in the first study and 2.5X%10°®
CFU/ml in the second. The method used to infect
the animals are those described in Edelstein ef.
al '®,

The animals were anesthetized with an intraper-
itoneal injection mixture of 80 mg/kg ketamine
hydrochloride (Sankyo Pharmaceutical Inc.
Japan) and 5mg/kg of xylazine (Bayer AG
Japan) . For local anesthesia, a lidocaine hydroch-
loride (1% solution, Fujisawa Pharmaceutical Co.,
Ltd. Japan) was injected into neck subcutaneous
tissue. The trachea was then surgically exposed
with an aseptic technique, and 0.2 ml of bacterial
suspension injected into trachea. After the injec-
tion, the animal was shaken by hand in an upright
position for about 30 seconds in order to force all of
the bacterial suspension into the lung. The incision
was then closed with a steel clip.

The animals were observed and weighed twice
daily for 14 days. Treatment with antimicrobial
agents was started at 24 h after inoculation. The
quinolone agents were suspended at a concentration
of 5mg/ml in a 0.5% tragacanth gum solution and
the erythromycin was suspended at a concentration
of 10 mg/ml in a 0.5% tracaganth gum solution,
which was administrated through an orogastric tube
twice a day for 7 days. The daily dosage of the six
quinolones was 10 mg/kg (1.0 ml/kg) and that of
the erythromycin was 20 mg/kg (1.0 ml/kg).

The therapeutic effect of each antimicrobial
agent was followed for 14 days and evaluated by
survival rate and mean survival dates after inocula-
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Table 2. Antibacterial activity of the eight agents against 41 standard strains of Legionella species

MICs (ug/ml)

Name > ATcC

group TMFX SPFX OPC-17116 Y-26611 OFLX CPFX NFLX  EM
L. pmeumophila 1 33152 0.0078  0.0039  0.0078  0.0625  0.0625 0.0312 0.25  0.25
L pmewmophila 1 33153 0.0078  0.0039  0.0078  0.0156  0.0625  0.0312  0.125  0.125
L. pmeumophila 2 33154 0.0039  0.0039  0.0078  0.0312  0.0312 00312 0.25  0.25
L. pmeumophila 3 33155 0.0039  0.0039  0.0078  0.0312  0.0312 0015  0.125  0.25
L. pmewumophila 4 33156 0.0156  0.0312  0.0312  0.0625  0.0625 00312 025  0.25
L. pmewmophila 5 33216 0.0312  0.0625  0.0625  0.0312  0.0625 0.0312 0.125  0.25
L. pneumophila 6 33215 0.0078  0.0039  0.0156  0.0312  0.0625  0.065 025 0.5
L. pmewmophila 7 33823 0.0039  0.0039  0.0078  0.0312  0.0625 0.0312 0.125  0.25
L. pnewmophila 8 35096 0.0039  0.0039  0.0078  0.0312  0.0625 0.0312  0.125  0.0625
L. pmeumophila 9 35289 0.003  0.0039  0.0078  0.0156  0.0312  0.0078  0.0312 1.0
L. pnewmophila 10 43283 0.0078  0.0078  0.0156  0.0625 0.0625 0.0312 0.25  0.125
L pnewmophila 11 43130 0.0039  0.0039  0.0078  0.0625  0.0625  0.0312 0.25  0.25
L. pnewmophila 12 43290 0.0078  0.0078  0.0156  0.0625 0.125  0.0625 0.5 0.125
L. pnewmophila 13 43736 0.0078  0.0039  0.015  0.125  0.0625 0.0312 0.25  0.125
L. bozemanii 1 33217 0.016 0.0312 00312 0.0312 0.0312 0.0156 0.0625 0.5
L. bozemanii 2 35453 0.0078  0.0625  0.0625 0.125  0.0625 0.0312 0.125  0.25
L. dumoffii 1 33279 0.0312 0.0625 0.0625 0.0625 0.0625  0.015  0.0625  0.25
L. gormanii 1 33207 0.0156 0.0312 0.0625 0.0625 0.0625 0.0156  0.0625 0.25
L. micdadei 1 33218 0.0078  0.0019  0.003  0.015 0.0312 0.0078 0.0625 1.0
L. longbeachae 1 33469 0.0156  0.0312  0.0625 0.0625 0.0625 0.0312 0.0312  0.125
L. longbeachae 2 33484 0.0078  0.0039  0.015  0.0312  0.0312 0.015 0.125 0.5
L. jordanis 1 33623 0.0312 0.015 0.0312 0.0312 0.125  0.015 0.0625 1.0
L. ogkridgensis 1 33761 0.003  0.0078  0.015  0.0312 0.0625 0.015 025 0.5
L. wadsworthii 1 33877 0.0156 0.0312 0.0312 0.0078 0.0312 0.0156 0.0625 0.5
L. feeleii 1 35072 0.0078 0.0039 0.0078 0.0156 0.0625 0.0156 0.0625 0.5
L. feeleii 2 35849 0.0078 0.0039 0.0078 0.0625 0.125 0.0312 0.25 0.5
L. sainthelensis 1 35248 0.0312 0.0312 0.0312 0.25 0.0625 0.0625 0.25 0.125
L. anisa 1 35202 0.0312 0.0312 0.125  0.0312 0.0625 0.0312 0.0625 0.5
L. santicrucis 1 35301 0.0078 0.0078 0.0156 0.0625 0.0312 0.0078 0.25 0.25
L. steigerwaltii 1 35302 0.0312  0.0625  0.125  0.0625 0.0625 0.0156  0.0625  0.25
L. parisiensis 1 3599 0.0156 0015 0.0312 0.0312 0.0625  0.015 0.0625 0.5
L. spiritensis 1 35249 0.0078  0.0039  0.0078  0.0312 0.0312 0.0078  0.0625 1.0
L. hackeliae 1 35250 0.0625 0.0625 0.125 0.5 0125 0.065 0.5 0.5
L. hackeliae 2 35999 0.0625 0.0625 0.125 0.25 0.125 0.0625 0.25 2.0
L. maceachernii 1 35300 0.0039 0.0019 0.0039 0.0078 0.0312 0.0078 0.0625 0.5
L. jamestowniensis 1 35298 0.0078  0.0078  0.0156  0.0312  0.0625  0.0156  0.0625 1.0
L. cherrii 1 35252 0.0156 0.0312  0.0312 0.0312  0.0625  0.015  0.0625  0.25
L. rubrilicens 1 35304 0.0078  0.0078  0.0156  0.0312  0.0312  0.0078  0.0625 2.0
L. enthra 1 35303 0.0078  0.0078  0.015  0.015  0.0312  0.0078  0.0312 1.0
L. israclensis 1 43119 0.0078  0.0078  0.0156  0.0312  0.0312  0.0078 0.25  0.125
L. birminghamesis 1 43702 0.0078  0.0039  0.0078  0.0312  0.0625  0.0625  0.0625 0.5

TMFX, temafloxacin; SPFX, sparfloxacin; OFLX, ofloxacin; CPFX, ciprofloxacin; NFLX, norfloxacin; EM, eryth-
romycin.
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tion. Dead animals were autopsied, and pathologi-
cal and bacteriological examinations were then
performed.

Statistical analysis.

Results are expressed as the mean *+ standard
deviation. The statical comparisons of the mean
was made by t-test. Mean survival dates were
calculated by the Kaplan-Meir method. Statistical
comparisons of survival rate were made by the Cox
-Mantel test.

Results

In vitro susceptibility of Legionella species.

Table 2 shows the MICs of 41 standard reference
strains. The MIC of temafloxacin ranged from
0.0039 to 0.0625 ug/ml, OPC-17116 from 0.0039 to
0.125 ug/ml, sparfloxacin from 0.0019 to 0.625 ug/
ml, Y-26611 from 0.0078 to 0.5 xzg/ml, ofloxacin
from 0.0313 to 0.125 xg/ml, ciprofloxacin from
0.0078 to 0.625 ug/ml, norfloxacin from 0.0312 to
0.5 #g/ml and erythromycin from 0.0625 to 2.0 ug/
ml.

Table 3 shows MICs, and MIC,, and the range of
MIGs of clinical isolates. The MIC of temafloxacin
ranged from 0.0039 to 0.0312 ug/ml, OPC-17116
from 0.0078 to 0.0625 ug/ml, sparfloxacin from
0.00195 to 0.0625 xg/ml, Y-26611 from 0.0156 to
0.125 ug/ml, ofloxacin from 0.0312 to 0.0625 uxg/
ml, ciprofloxacin from 0.0039 to 0.0625 xg/ml,

Table 3, MIC of the 8 agents against 27 clinically
isolated strains of Legionella

MIC (ug/ml)

Agents

Range 50% 90%
TMFX 0.0039 —0.0312 0.0078 0.0078
OoPC* 0.0078 —0.0625 0.0078 0.0312
SPFX 0.00195—0.0625 0.0039 0.0312
Y** 0.0156 —0.125 0.0625 0.0625
OFLX 0.0312 —0.0625 0.0625 0.0625
CPFX 0.0039 —0.0625 0.0312 0.0625
NFLX 0.0312 —0.5 0.25 0.25
EM 0.125 -1.0 0.125 0.5

*OPC-17116, **Y-26611

TMFX, temafloxacin; SPFX, sparfloxacin; OFLX,
ofloxacin; CPFX, ciprofloxacin; NFLX, norfloxacin;
EM, erythromycin.

norfloxacin from 0.0312 to 0.5 ug/ml and eryth-
romycin from 0.125 to 1.0 uzg/ml.

The MIC of temafloxacin against L. pneumophila
serogroup 1 (clinicaly isolated #80-045) was
0.0078 zg/ml, that of sparfloxacin was 0.0078 g/
ml, OPC-17116 was 0.0156 ug/ml, Y-26611 was
0.625 ug/ml, ofloxacin was 0.0625ug/ml,
ciprofloxacin was 0.0313 zg/ml norfloxacin was
0.25 ug/ml and erythromycin was 0.125 ug/ml.

Intracellular concentration in the human PMNs.

The intracellular to extracellular concentration
ratio (I/E ratio) of the agents in shown in Fig. 1.
From highest to lowest the I/E ratios were as fol-
lows: OPC -17116, 14.99 =+ 0.72; sparfloxacin,
13.70 £ 2.20;temafloxacin, 12.69 =+ 2.06;
ofloxacin, 9.07 + 0.76; Y-26611;4.68 + 0.10. OPC
-17116 showed the highest I/E ratio which was
significantly higher than that of ofloxacin (p<
0.005, t-test), and Y-26611 showed a significantly
lower ratio than that of ofloxacin (p<0.005, t-
test) .

Antimicrobial activity of the agents on L.
pneumophila grown in guinea pigs’ peritoneal
macrophages.

Figs. 2 and 3 show the chronological changes of
intracellular viable organisms incubated at twice
the MIC of each agent. L. pneumophila did not
multiply in guinea pig peritoneal macrophages in-
cubated with each agent. With the passage of incu-
bation time, the numbers of intracellular viable

oo 0T00 00 000 0 0 0w
030395959594%6%4 %20 %0 202030507,
OF LX BEKEEAX XXX XEEEE

SPFX

90%6%%%670 070 0.070.0.0.0.0.0.0.0.0.0.9.9
202 T0705050,9,9.9, TXTXXXN
9S000L0000%0%6 %0 % %0 e 0 202020 020 0 0 02000,

TMFX

PR LRI XK XXR XXX
O P C- 171116 BRI

Y-26611 ERIDBZH * *
1 1 1 1 1 1 A 1 1 J
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I/E ratio

OFLX, ofloxacin; SPFX, sparfloxacin; TMFX, temafloxacin.

Fig. 1. The intracellular to extracellular
concentration ratio (I/E ratio) of the
agents. (*significantliy higher than
ofloxacin, p<0.005 with t-test, **sig-
nificantly lower than ofloxacin, p<0.005
with t-test)
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organisms decreased, but there was no significant
differences for the agents.

Therapeutic effect of the agents on experimen-
tal Legionella pneumonia in guinea pigs.

6

Viable organisms (log (CFU/ml))

OPC-17116 o——o
TMFX 6——a

SPFX =
OFLX a——a
Control e——e
1 1 —l
12 24 36
Time after incubation (h)
TMFX, temafloxacin, SPFX, sparfloxacin;

OFLX, ofloxacin.
Fig. 2. Effect of the agents on L.
prneumophila grown in guinea pig
peritoneal macrophages.

The results of the first experiment are shows in
Fig. 4. The survival rates up to 14 days after infec-
tion were 90%, 80%, 70%, 10%, and 0% respec-
tively in the groups treated with temafloxacin,

Viable organisms (log (CFU/ml))
»o

OFLX a—a
EMo 0
Control &

! I 1
! 12 24

Time after incubation (h)
CPFX, ciprofloxacin; OFLX, ofloxacin;
EM, erythromycin.
Fig. 3. Effect of the agents on L.
pneumophila grown in guinea pig
peritoneal macrophages.

1
36

Challenge
‘ Administration of drug
100 EERERERREEEER]
- ey
1_\‘_ ___________________ TMEX
o R SPFX___
® | l
N H f
: OFLX
P A
© .
- : I
g a0 Lo
H o
201 - |
1L EM
Control| — ~— T T T T T Tt T -
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Days after challenge
TMFX, temafloxacin; SPFX, sparfloxacin; OFLX, ofloxacin;
EM, erythromycin.
Fig. 4. The therapeutic efficacy of the agents on experimen-

tal L. pnewmophila pneumonia in guinea pigs. (n=10,

each group)
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OFLX, ofloxacin; CPFX, ciprofloxacin; EM, erythromycin.

Fig. 5. The therapeutic efficacy of the agents on experimen-
tal L. pneumophila pneumonia in guinea pigs. (n=8,

each group)

sparfloxacin, ofloxacin, erythromycin, and without
treatment. The mean survival time was 12.9 + 3.6
days for the temafloxacin-treated group, 11.6 +
5.0 days for the sparfloxacin group, 10.5 + 5.4
days for the ofloxacin group, 4.8 + 3.5 days for the
erythromycin group and 2.9 + 1.4 days without
treatment. The control group and erythromycin
treated group differed significantly in survival rate
(p<0.05, Cox-Mantel test) from the quinolone-
treated group.

The results of the second experiment are shows in
Fig. 5. The survival rates up to 14 days after infec-
tion were 62.5%, 50%, 75.0%, 50%, 12.5% and
0% respectively in the groups treated with Y-26611,
OPC-17116, ofloxacin, ciprofloxacin erythromycin,
and without treatment. The mean survival time
was 10.4 + 5.1 days for the Y-26611 treated group,
8.4 + 5.7 days for the OPC-17116 group, 11.3 *+
4.8 days for the ofloxacin group, 8.1 £ 5.9 days for
the ciprofloxacin group, 4.4 *+ 4.1 days for the
erythromycin group and 3.1 + 1.1 days for the
group without treatment. The control group and
erythromycin-treated group differed significantly in
survival rate (p<0.05 Cox-Mantel test) from the
quinolone treated group.

Discussion

The four newly developed oral quinolone agents,

sparfloxacin, temafloxacin, OPC-17116 and Y-

26611, showed excellent antibacterial activity
against Legionella in vitro and in vivo.

Thier MICs against Legionella species were better
than that of either norfloxacin or erythromycin.

The four agents penetrated well in human PMN,
the intracellular concentration being 4 to 13 times
higher than the extracellular concentration. When
these four agents were compared with ofloxacin,
sparfloxacin, temafloxacin and OPC-17116 showed
higher I/E ratios than ofloxacin but Y-26611 showed
a lower ratio. The I/E ratio of ciprofloxacin has
been reported as 3.49'" and that of erythromycin as
6.01'¥. The I/E ratio of other antimicrobial agents
have been also reported. The pipercilin ratio was
less than 0.01, ceftizoxime was 0.09, ceftazizime
was 0.56, rifampicin was 8.23'", roxithromycin
was 19.81'* and gentamicin was 0.73%. When the I/
E ratio of these agents was compared with that of
the quinolone agents, the penicillines, the cephems
and the aminoglicocides were found to be much
lower than quinolones, but the ratio of rifampicin
and macrolides was equal or higher to that of the
quinolones.

The results of in this study showed that all agents
tested were effective against intracellular Legionel-
la. The intracellular killing activity of other agents
has been reported by Kitsukawa et. al.”. In their
report, rifampicin and roxithromycin shown a good
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intracellular killing effect against L. pneumophila
but less killing effect was shown for piperacillin,
ceftizoxime, ceftazizime and gentamycin.

When comparing those resuts of the I/E ratios
with the intracellular killing effects of the agents, a
relationship can been seen between the I/E ratio and
the intracellular killing effect.

The four newly developed quinolone agents ex-
hibited significantly greater in vivo activity against
Legionella pneumonia in guinea pigs than did
erythromycin.

When OPC-17116 and ciprofloxacin were compar-
ed with ofloxacin, there was a discrepancy between
in vitro studies (MIC, I/E ratio and intracellular
killing activity) and the therapeutic effect of exper-
imental pneumonia. In the case of ciprofloxacin,
the cause is suspected to be due to a lower serum
and tissue concentration in the guinea pig. The
serum and lung concentration of ciprofloxacin in
guinea pigs has been reported'®. When cipro-
floxacin was administrated intraperitonealy in a
dosage of 30 mg/kg, the serum or lung tissue con-
centration at 30 min was 0.2 zg/ml or 0.3 ug/g and
at 90 min, 2.7 ug/ml or 2.7 ug/g. When ofloxacin
was administrated in one oral dosage of 20 mg/kg,
the serum and lung tissue concentration was as
follows: at 30 min, 15 ug/ml and 15 xg/g;at 1h 17
ug/ml and 20 4g/g; at 2h, 12 xg/ml and 15 ug/g; at
4h 3 xg/ml and 2 ug/ml*®. The data on OPC-17116
with one oral dosage of 40 mg/kg, the plasma and
lung tissue concentrations of OPC-17116 were as
follows: 1.68 ug/ml and 27.07 ug/g at 30 minutes
after; 2.20 zg/ml and 48.10 ug/g at 1h;1.15 ug/ml
and 31.36 ug/g at 2h and 0.32 zg/ml and 10.94 g/
g at 4h. (Unpublished data, results received from
Tokushima research institute of Otsuka pharmaceu-
tical Co., Ltd. by personal communication.) So the
cause of the discrepancy is thought to be a lower
plasma concentration and high metabolic speed or
some other factor specific to guinea pigs.

But as these two agents have excellent therapeu-
tic activity compared wiiii erythromycin, they still
have an acceptable potency level for experimental
Legionell pneumophila pneumonia in guinea pigs.

Previous studies of quinolone agents have shown
them to be active i vitro and in animal models of

L. pneumophila infection'*~'",

However, number of clinical cases of legionel-
losis that have been treated with quinolone agents
was not enough for evaluating these drugs;some
cases were successfully treated with pefloxacin but
some treated with ciprofloxacin were unsucces-
sful'®!®,

As the results of this study clearly show that the
four newly developed quinolone agents have excel-
lent antibacterial activity against Legionella both in
vitro and in vivo, they seem to have a definite
potential as useful clinical therapeutic drugs for
Legionella infection in humans.

But for clinical use, we must also be consider the
data concerning pharmacokinetics and the side
effects. The author suggest that following addi-
tional data of side effecst and that of phar-
macological obtaining in humans, the next step
would be to carry out in clinical trials.

Acknowledgements

The author thanks Prof. Atsushi Saito for his
support and advice and Dr. Yoshiteru Shigeno, Dr.
Keizo Kitsukawa and Dr. Nobuchika Kusano for
their excellent instruction. Ms. Chikako Arakaki
for providing technical assistance.

The author will present this paper a thesis for an
M. D. degree.

References

1) Horwiz M A, Silverstein S C: Legionnaires’ dis-
ease bacterium (Legionella pneumophila) multi-
plies intracellularly in human monocytes. J Clin
Invest 66: 441~450, 1980

2) Horwitz M A, Silverstein S C: Interaction of the
legionnaires’ disease bacterium (Legionella
pneumophila) with human phagocytes. I. L.
pneumophila resists killing by polymorphonuclear
leukocytes, antibody, and complement. J Exp
Med 153: 386~397, 1981

3) Horwiz M A, Silverstein S C: Interaction of the
Legionnaires’ disease bacterium (Legionella
pneumophila) with human phagocyte. II. Anti-
body promotes binding of L. pneumophila to
monocytes but does not inhibit intracellular
mulyiplicatioa. J Exp Med 153: 398~406, 1981

4) Kishimoto R A, White J D, Shirrey F G, McGann
V G, Berendt R F, Larson E W ef al:In vitro
response of guinea pig peritoneal macrophage to

Legionella pneumophila. Infect Immun 31: 1209~
1213, 1981



VOL. 40 NO. 1

Activity of newly developed quinolone agents against Legionella 9

5)

6)

7

8)

9)

10)

1)

12)

13)

Fraser D W, Tsai T R, Orenstein W, Parkin W
E, Beechman H J, Sharrar R G: Legionnaires’
disease: discription of an epidemic of pneumonia.
N Eng J Med 297: 1189~1197, 1977

Finegold S M, Meyer R D: Legionnaires’ disease.
Current clinical topics in infectious diseases.
Remington J S. and Swartz M N (Editorial),
McGrow-Hill Book Corp, New York, U.S.A.
208~239, 1980

Kitsukawa K, Hara J, Saito A:Inhibition of
Legionella pneumophila in guinea pig peritoneal
macrophages by new quinolone, macrolide and
other antimicrobial agents. J Antimicrob
Chemother 27: 343~53, 1991

National Committee for Clinical Laboratory
Standards: Methods for dilution antimicrobial
susceptibility tests for bacteria that grow aer-
obically —Second edition; Tentative standard.
NCCLS document M 7-T 2. Villanova, Pa., 1988
Prokesh R C, Hand W L: Antibiotics entry into
human polymorphonuclear leukocytes. Antimi-
crob Agents Chemother. 21: 373~80, 1982

Koga H, Nakazato H, Nagasawa M, Watanabe
K, Fukuda T, Tanaka H, et al: Polymorphonu-
clear leucocyte (PMN) penetration of antibi-
otics. Chemotherapy 33: 688~95, 1985

Koga H: High-performance liquid chromatogra-
phy measurement of antimicrobial concentration
in polymorphonuculear leukocytes. Antimicrob
Agents Chemother. 31:1904~1908, 1987

Saito A, Shimoda T, Nagasawa M, Tanaka H,
Ito N, Shigeno Y, et al: The first case of Legion-
naires’ disease in Japan. Kansenshogaku Zasshi
55:124~28, 1981

Edelstein P H, Calarco K, Yasui V K: Antimi-

14)

15)

16)

17)

18)

19)

crobial therapy of experimentally induced
Legionnaires’ disease in guinea pigs. Am Rev
Respir Dis 130: 849~56, 1984

Masaki M, Dohtsu Y, Yamashita K, Koga H,
Suyama N, Kohno S, et al: Polymorphonuclear
leukocyte (PMN) penetration of macrolides,
Chemotherapy 35: 709~713, 1987

Havlicheck D, Pohld D, Saravolatz L: Compari-
son of ciprofloxacin and rifampicin in expe-
rimental Legionella pneumophila pneumonia. ]
Antimicrob Chemother. 20: 875~881, 1987

Saito A, Sawatari K, Fukuda Y, Nagasawa M,
Koga H, Tomonaga A, et al:Susceptibility of
Legionella pneumophila to ofloxacin in vitro and
in experimental Legionella pneumonia in guinea
pigs. Antimicrob Agents Chemother. 28: 15~20,
1985

Saito A, Koga K, Shigeno H, Watanabe K,
Mori K, Kohno S, et al: The antimicrobial activ-
ity of ciprofloxacin against Legionella species and
the treatment of experimental Legionella pneumo-
nia in guinea pigs. J Antimicrob Chemother. 18:
251~60, 1986

Kurz R W, Graninger W, Egger T P, Pichler H,
Tragl K H:Failure of treatment of Legionella
pneumonia with ciprofloxacin. J Antimicrob
Chemother. 22: 389, 1988

Dournon E, Mayaud C, Wolff B, Schlemmer D,
Samuel D, Sollet J P, Rajagopalan P: Activity of
pefloxacin in 20 cases of severe Legionnaires’
disease: comparison with 40 cases treated with
erythromycin alone or in combination with
rifampicin. Third International symposium on
new quinolones. Abstract p.113, 1990



10 CHEMOTHERAPY JAN. 1992

FLiMRENF / 0V 4FOVvY 4 2T BRIECHT S
in vitro B X U in vivo HiE 1< B3 2 ME

BBRA B2 B — PR

FLLMRBRENI-F /0¥ TdH 2 temafloxacin (TMFX, TA-167), sparfloxacin
(SPFX, AT-4140), OPC-17116 8 & U Y-26611 0 4 &I Legionella MRFE =3t 3 2 M
F1% in vitro BE U in vivo CBWTHO=2—% /o K& UIRES L LRI L 7
1) Legionella fR¥E¥E 41 ¥k 35 & UBREK D MEBR 27T R ic it 4 % LBE 4 % # 8 & U ofloxacin,
norfloxacin, ciprofloxacin, erythromycin Mt 8 ¥#| D MIC %R 1z, Legionella & i xt
¥ % MIC i3, temafloxacin=ciprofloxacin2sparfloxacin>OPC -71776>Y -26611
ofloxacin > norfloxacin > erythromycin ONE T - 72, 2) Legionella RRHE DM OB K
B2 2R OMBEABTICOWTRIL, 4FEAIIRE MFPRIC BV TN RE LER
ABME LD BAEZRLBRIFCMHERABITE R LI, 3) ELvEY P07 7—YR
BB &N Legionella pneumophila serogroup 1123 L ZHH| & b 2MIC OME BT
WREMEIER 2R LTz 4) L. pneumophila serogroup 1 (# 80-045: BEEK > MERR) DR ENEY
BE2EVEY PORBRITRETVICH T 2ROKE 5 & 2 ERHNE L 4 EFI L b eryth-
romycin 5 L OB CEFRIBLIHEEEL b > TRIFLEEERET L 2o UUED
BREDERID, WTFhoOEF L bBFEHCBLTEN-BSEETL L1 4 EH)12 Legionella
BEFECH L TEMTHEbDEEL SN,

* rRR hERERZE R BT LR 207



