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We examined the therapcutic cfficacy of the new quinolones, ofloxacin (OFLX) and
ciprofloxacin (CPFX), against Mycobacterium kansasii induced infection in mice, on the
basis of incidence of gross lesions and changes in colony forming units (CFU) of organisms
in the visceral organs. The two quinolones exhibited significant therapeutic activity against
M. kansasii infection, when given p.o. or i.p. to mice, in a dosc of 2 mg/mouse, once daily,
6 times per week. The efficacy of OFLX was dose-dependent and higher than that of
CPFX. Rifampicin (RFP), as a control drug, given by gavage in a dose of 0.5 mg/mouse,
exhibited significant efficacy against the infection. The two quinolones showed marked
microbicidal activity against M. kansasii ingested by host peritoneal macrophages (Mégs)
when added at concentration of 10—20 xg/ml to an in vitro culture system, while RFP
exhibited significant bactericidal activity even at 2 ug/ml, at which concentration the

quinolones showed only a bacteriostatic effect.
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Introduction
New quinolones, such as ofloxacin (OFLX)" and
(CPFX)?
antimycobacterial

ciprofloxacin have potent in vitro
activity, particularly against
Mycobacterium tuberculosis, M. bovis, M. xenopi, M.
mavinum, M. gordonae, and M. fortuitum. The
MIC,y, values of the quinolones against these
mycobacterial species usually range from 1—2 ug/
ml*~1® In our study”, the MICy, of the two agents
against M. kansasii was also estimated to be 1.6 ug
/ml, though other investigators have reported 2—4
ug/ml as the MICy, value. These quinolones are
also considerably efficacious against mycobacterial
infections such as M. (tuberculosis'*'® and M.
Sfortuitum™*'® in humans and in experimental ani-
mals, even though their efficacy against tuberculo-
sis in clinical cases is lower than that of rifampicin
and in some patients the agents fail to cause nega-
tive conversion in culture!? We have recently found

14)

that OFLX has appreciable antileprosy activity'?,

and this has been
investigators'®'®. We now report the therapeutic
efficacy of OFLX and CPFX against M. kansasii
induced infection in mice.

Materials and Methods

Organism. Mycobacterium kansasii

confirmed by other

Umeda
strain, originally isolated from a patient and
maintained on Ogawa’s egg medium'”, was cultured
in Dubos Tween ®-albumin (Eiken Chemical Co.,
Tokyo, Japan) or 7H9 medium (Difco Laboratories,
Detroit, Mich. USA) at 37°C until the optical density
(540 nm) reached about 0.2, when it was used for
experimental infection and macrophage (M¢) mi-
crobicidal testing.

Mice. Six-week old female mice of the ddY or
BALB/c strain purchased from Japan SLC Co.,
Shizuoka, Japan, were used to study events related
to experimental infection induced by M. kansasii.
Eight to 12-week old female mice of BALB/c (SLC
Co.) or CBA/JN obtained from Japan Charles River
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Co., Kanagawa, Japan, were used to measure ma-
crophage (Mg@) -microbicidal activity.
Antimicrobial agents. OFLX and rifampicin
(RFP) were obtained from Daiichi Pharmaceutical
Co., Tokyo, and CPFX was provided by Bayer
Pharmaceutical Co., Osaka, Japan.
In vitro antimicrobial activity. T'he MIC values
of antimicrobial agents against various mycobacte-
ria were measured by agar dilution method using
7H10 agar plates, as previously described!®.
Experimental infection and chemotherapy.
Female mice of ddY or BALB/c strain were infect-
ed i.v. with M. kansasii Umeda grown in Dubos
Tween-albumin or 7HY9 medium. The test drugs,
suspended in distilled water in a 0.1 ml volume, were
given intraperitoneally (i.p.) or by gavage, once
daily, 6 times per week, from day 1 for up to 8 weeks
after the bacterial challenge. At various intervals,
the animals were killed and observed for incidence
of gross lesions in the visceral organs. The number
of CFU in the organs was counted on 7H10 or 7H11
agar plates (Difco).
Antimicrobial activity of drugs against organisms
M¢s. Mg
monolayer culture, resident peritoneal cells or

phagocytosed by To prepare the

zymosan A (injected i.p. at 1 mg/mouse 4 days
before harvest)-induced peritoneal exudate cells

Table 1. In vitro antimycobacterial activity

suspended in RPMI 1640 medium supplemented with
10 9, fetal bovine serum (FBS) (MAB Bioproduct
Co., Walkersville, Md., U.S.A.) were cultured on
23- or 34 mm culture wells (Corning Glass works,
Corning, New York, US.A) for2—3hat37 Cina
CO, incubator (5, CO.: 95 % humidified air), then
the wells were vigorously vibrated for 30 seconds
followed by a thorough rinsing with Hanks’ hal-
anced salt solution (IHHBSS) (Nissui Pharmaceutical
Co., Tokyo). The resultant Mg monolayer culture
was incubated in a medium containing 4 © 10® or 1 X
10°/ml of M. kansasii for 1 or 2 h. The Mg
monolayer was thoroughly washed with HBSS and
incubated in the FBS-RPMI 1640 medium at 37°C in
a CO, incubator for up to 6 days. At intervals, the
M¢ monolayer was rinsed with HBSS and subject-
ed to CFU-counting of organisms in M¢ cells on
7HI11 agar plates after distilled water-treatment
and sonication to lyse Mgs. In some experiments,
the number of acid-fast bacilli in M¢ cells was
counted microscopically.
Results

In vitro antimycobacterial activity. As shown
in Table 1, the in vitro anti-M. kansasii activity of
the two quinolones, OFLX and CPFX, was similar
to that of RFP, although the quinolones were less
the M.

active against avium - intracellulare -

of ofloxacin, ciprofloxacin and rifampicin

Number MICso (ug/ml)
Species of —

strains OFLX CPFX RFP
M. tuberculosts 25 3.13 1.6 100°
M. kansasii 19 6.25 3.13 3.13
M. marinum 10 25 12.5 0.4
M. avium complex 64° 100 50 50
M. scrofulaceum 19 50 25 6.25
M. fortuitum 20 3.13 0.8 100
M. chelonae subsp. abscessus 15¢ >100 100 >100
M. chelonae subsp. chelonae 20 50 12.5 >100

* MICs for majority of test strains (19 strains) were lower than 0.2 gg/ml.

b For rifampicin, 52 strains were tested.
¢ For rifampicin, 20 strains were tested.

¢ Abbreviations used are: OFLX, ofloxacin; CPFX, ciprofloxacin; RFP, rifampicin.



scrofutaccton complex and M. marinum than was
RFP. Although a large part of M. lubcrculosis
strains (19 of 25 strains) (ested were more suscep-
tible to RFP than to the quinolones, the remaining 6
strains were highly resistant to REDP. In the case of
the quinolones, there was no M. fubcrculosis strain
showing such a high resistance. The MIC values of
the two quinolones and REFP against M. kawsasii
strain Umeda were as follows: 1.56, 1.56 and 0.78 ug
/ml (in 7H10 agar); 3.13, 1.66 and 0.78 xg/ml (in
7TH11 agar) for OFLX, CPFX, and RFP, respective-
ly.

Therapeutic activity. The two quinolones werce
compared for in vitro activity against M. kansasii
infection. When the agents were given to mice in-
fected with organisms by gavage in a dose of 2 mg
/mouse, once daily, six times per week, from day 1
for up to 8 weeks after infection, OFLX produced a
considerable decrease in the severity of gross
lesions in the lungs but in the kidneys (Table 2).
CPFX, however, did not have this effect. There was
no significant difference in the organ weights of the
infected animals, given or not given either quinolone
(data not shown). Table 3 shows the efficacy of
OFLX and CPFX given by gavage against murine
experimental M. kawnsasii infection, on the basis of
CFU recovered from visceral organs. OFLX exhibit-
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cd significant therapeutic activity, CPFX had no
such significant efficacy, but it did enhance the
climination of organisms from the spleen (8 weeks)
in 1 manner comparable to that scen with OFLX.

Fig | shows the therapeutic activity of OFLX
given 1.p. against M. kansasit infection. In this case,
OFLX exhibited considerably higher therapeutic
cfficacy than that <cen with oral administration
(‘Table 3). Maorcover, it was found that OFLX
showed ncarly dose-dependent efficacy.

RFI’, a representative antituberculous drug, sig-
nificantly enhanced the elimination of organisms
from visceral organs when given to mice by gavage,
using the protocol described in Table 2, even at a
dose of (0.5 mg/mouse. On the other hand, OFLX
given in the same dose had no significant therapeu-
tic efficacy. The values of Log (CFU/organ, for
control and RFP-treated mice at week 8 after infec-
tion (challenge dose; 1.6 < 10®/mouse) were as fol-
lows: control mice (n=x:6.44+0.10, 7.49 +0.10, 5.92
+0.13 and 7.36£0.08 for lungs, liver, kidneys and
spleen, respectively; RFP-treated mice (n=8§): 1.68
+(.26,5.22+0.07,0.52+0.34 and 3.74 £0.14 for lungs,
liver, kidneys and spleen, respectively (P<0.005 in
all cases; Student’s t-test).

Pharmacokinetics. Serum concentrations of
OFLX, CPFX and RFP in mice administered orally

Table 2. Effect of ofloxacin- and ciprofloxacin treatments on incidence of gross lesions

in the lungs and kidneys of infected mice*

Gross lesions

No. of
Administration ) Lungs® Kidneys*
mice
0 1+ 2+ 3+ 0 1+ 2+ 3+
None 6 0 2 1 3 0 6 0 0
OFLX 6 0 4 2 0 0 6 0 0
CPFX 6 0 2 1 3 0 6 0 0

* Female ddY mice were infected i.v. with 1.4 -

10° of M. kansasii Umeda and given 0.2 ml of the

indicated drug suspended in distilled water, in a« dose of 2 mg/ mouse, as described in the text.

® The degree of gross lesions was scored by the following criteria: 0, no lesion; 1+, a few small lesions
(<20); 2+, many small lesions (220); 3+, many small lesions with some large lesions (¢=2 mm).

< The degree of gross lesions was scored by the following criteria: 0, no lesion; 1+, lesions covering
<257, surface; 2+, confluent lesions covering 25--50%» surface; 3+, confluent lesions covering =50%

surface.

4 Abbreviations used are: OFLX, ofloxacin; CPFX, ciprofloxacin.
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Table 3. Therapeutic efficacy of ofloxacin and ciprofloxacin aganst M. kansasu infection in mice®
Treatment Time Log CFU/ organ
th after e  m—— e
b infection Lungs Liver Spleen Kidneys
- 1 day 5.58 + 0.04" (.86 4 0.06 6G.36 4 0.03 4.72 £ 0.05
4 weeks 6.93 £ 0.06 6.04 + 0.03 6.21 £ 0.09 6.03 +0.18
Solute control
8 weeks 6.19+0.26 5.69 + 0.09 5.85 1 0.04 6.14 +0.28
} weeks 6.48 £ 0.09 5.69 + 0.09"' 591+ 0.04" 5.55 + 0.18
OFLX
8 weceks 5.85 + 0.08' 5.31 + 0.09! 5.40 + 0.14" 5.49 t 0.17
4 weeks 6.92 + 0.06 5495+ 0 05 6.20 £ 0.08 6.36 £ 0.03
CPFX
8 weeks 6.24 + 0.08 564 £0.17 5.41 1 0.41 5.68 + 0.22

* Details as in Table 1.
® The mean + SEM (n=6).

< Difference from the value of control mice was statistically (/-test) significant (P<0.01).

4 Ibid. (P<0.05).

e

" Ibid. (P<0.05).

Difference from the value of ciprofloxacin treated mice was statistically significant (P<0.01, ¢-test).

& Abbreviations used are: OFLX, ofloxacin; CI’FX, ciprofloxacin.
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Fig. 1. Theraputic efficacy of ofloxacin against

M. kawnsasii infection in mice given i.p. Mice
infected i.v. with the organisms (7.2x10%/
mouse) were given the drug in a dose of 1 (@)
or 2 (A)mg/mouse, once daily, 6 times per
week, from day 1 for up to 8 weeks after the
bacterial challenge. Solute control (O). Each
symbol indicates the mean + SEM (n=5)

(by gavage) or i.p. at a dose of 2 mg/mouse were
measured. Sample sera were obtained from mice 30
min after administration, because their serum con-
centrations peaked about this time'®!® (our prelimi-
nary experiments). In this experiment, concentra-
tions of the agents in sample sera were measured by

disc method using tryptosoy agar medium overlaid
with agar medium containing spores of Bacillus
subtilis (ca. 10° CFU/ml), as previously described?®.
When mice (n=2) were given the agents by gavage,
the serum concentrations were 19.3, 9.0 and 21.5 ug
/ml (mean values; the 95 % confidence limit was
11 % of the original volume) for OFLX, CPFX and
REP, respectively. When the agents were injected
i.p. to mice, the same values were 12.0, 3.5 and 26.0
ug/ml for OFLX, CPFX and RFP, respectively. It is
noteworthy that the serum concentration of OFLX
was considerably higher than that of CPFX regard-
less of the administration route.

Antimicrobial activity of quinolones against
intracellular M. kansasii. OFLX, CPFX and RFP
were examined for antimicrobial activity against
M. kansasii phagocytosed in resident peritoneal
M ¢s, by measuring the change in CFU of organisms
per M¢ during a 3-day incubation after bacterial
phagocytosis (Table 4). The quinolones, as well as
RFP, inhibited growth of the organisms at concen-
trations below the serum level achieved by oral
administration. The antimicrobial activity of OFLX
was somewhat higher than that of CPFX and a
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Table 4. Antimicrobral activity of ofloxacin, ciprofloxacin and rifampicin against
M. kansasu phagocytosed in resident murine peritoneal Més
Addition Chase CEU/ Mg Bacilli / Mg*
T e mcubittion ;
< 10* # 10
Agent ug/ ml [
None - 0 1.09 £ 0 02" 3.72 £ 1.26%
None — 3 57.1 9.9 29.0 196
OFLX 2 3 1.1 +0.1 8.77 £ 0.52
OFLX 10 3 1.25 +0.15¢ 7 41 4 0.67
CPFX 2 3 119 +0.1 23.9 £0.7
CI'FX 10 3 6.28 + 0.71 7.98 £ 1.65
RFP 2 3 1.15 ¢ 0.05 3.28 + (.65
RFP 10 3 0.52 + 0.06 3.84 +1.51
* The number of acid fast bacilli in M¢ was counted microscopically.
* The mean + SEM (n=2).
< Difference from the value for ciprofloxacin was statistically significant (P<0.01, ¢-test).
4 Ibid. (P<0.05).
© Difference from the values for quinolones was statistically (f-test) significant (P<0.01).
" Ibid. (P<0.05).
® Abbreviations: OFLX, ofloxacin; CPFX, ciprofloxacin; RFP’, rifampicin.
statistically significant difference was seen in some | A: Ofloxacin | B: Ciprofloxacin | C: Rifampicin
N 100 . o
cases (P < 0.05; /-test). The quinolones showed no o o ~
microbicidal activity against the organisms, even 10 y/_,/ 4 - g /o/p
. . s | e = [
when added at a concentration of 10 xg/ml, while = ] ™~ i ! - N .
. r I}
RFP did show bacterial killing ability at the same % \ T .

concentration. Similar results were obtained when
the number of acid-fast bacilli in M¢ cells was
enumerated microscopically, although this method
did not allow for evaluation of the microbicidal
activity (Table. 4).

Fig. 2 shows the dose-dependent antimicrobial
activity of OFLX, CPFX and RFP against M. kan-
sasii ingested in zymosan A-stimulated peritoneal
M¢gs. All the test agents killed the M ¢-associated
organisms during the course of chase incubation
after phagocytosis, when added at a concentration
of 20 xg/ml. Both quinolones showed bacteriostatic
but not bactericidal activity when added at a con-
centration of 2 xgg/ml, whereas RFP at the same
dose exhibited significant microbicidal activity
against M ¢-associated organisms.

Discussion
Our study showed the therapeutic efficacy of

e — ——

o 1 3 6 0 1 3 6 0 1 3 s
Incubation time (days)

Fig. 2. Antimicrobial effects of ofloxacin (A),
ciprofloxacin (B), and rifampicin (C), against
M. kansasii phagocytosed in zymosan A-in-
duced murine peritoneal Mgs. None added
(O); + agent at 2 ug/ml @ ' + agent at 20
xg/ml (A Each symbol indicates the mean
+ SEM (n=2)

OFLX and CPFX against M. kansasii infection in-
duced in mice, based either on growth inhibition or
on elimination of the organisms from visceral
organs. The efficacy was considerably higher in
OFLX than in CPFX, but the activity of both agents



VOL. 38 NO. 12

New quinolones and M. kansasii infection

was significantly lower than that of RFP. Since the

MIC values of the two quinolones against M. kan-

sasii Umeda were at the same level, the difference in
efficacy between them would seem to originate
primarily from their pharmacokinetics. It is known
that OFLX is better absorbed than CPFX after oral
administration® and maximum levels achieved in
serum are 3- to 5-fold higher in OFLX?"22 We also
observed much higher (2—3-fold higher) serum
concentrations of OFLX, given either orally (by
gavage) or i.p. to mice, than those of CPFX. This
may explain the considerably lower therapeutic
efficacy of CPFX, compared to OFLX.

As shown in Table 4, the antimicrobial activity of
the drugs tested against M. kansasii phagocytosed in
host M¢ cells was in the order of, RFP>>OFLX =
CPFX. Since the MICs of these agents against M.
kansasii were at a similar level, the observed differ-
ence in bactericidal efficacy in the phagocytic cells
may be attributed either to disparity in the mode of
penetration into and accumulation in M ¢ cells*® or
to differences in stability against enzymatic degra-
dation in phagolysosomes of M¢s.

In any case, the in vivo efficacy of OFLX and
CPFX against experimental M. kansasii infection
was appreciable, although lower than that of RFP.
Therefore, these drugs may be used for combination
therapy in patients receiving other antituberculous
drugs, including RFP.
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