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Abstract— General pharmacology of LB20304, a quinolone antibiotic, were examined in terms of general beha-
viour, cardiovascular, and central nervous system. LB20304 at oral dose of 2,000 mg/kg did not induce signifi-
cant behavioural changes in mice. In contrast with ciprofloxacin, LB20304 at dose of 20 mg/kg, 7.v. did not
show any observable effects on the blood pressure in rats. Displacement of [*H]muscimol binding to the
rat brain synaptic membranes was measured. LB20304 was shown to be about five times less potent than
ciprofloxacin in specific GABA receptor binding. Drug interaction hetween LB20304 and 4-biphenyl acetic
acid, an active metabolite of fenbufen, was assessed in mice by measuring convulsion and/or subsequent
death. A single oral pretreatment with 4-BPA at 400 mg/kg increased the incidence of convulsion and death
after oral administration of ciprofloxacin at the doses of 25, 50, and 100 from zero of five to three of five,
two of five, and four of five, respectively, whereas LB20304 alone ¢or combination with 4-BPA caused neither
convulsions nor death at the doses of 12.5, 25, 50, and 100 mg/kg, respectively. Quinolones-induced epileptoge-
nic activities were assessed by a direct intracerebral injection of test articles. The CDs, values (nmole) are
as follows; 169.47, 35.36, 105.29, and 88.67 for LB20304, ciprofloxacin, ofloxacin, and lomefloxacin, respectively.
From these data, LB 20304 at therapeutic doses seems to be much more safe than any other quinolones

tested.
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Safety profiles of fluoroquinolones have been repor-
ted. Possible targets of quinolone adverse effects inc-
lude the juvenile joint, the kidney, the central nervous
system, the eye, and the cardiovacular system. In im-
mature animals all quinolones studied cause arthropa-
thies of the major diarthrodial joints (Christ, W., and
Lehnert, T.,, 1990; Christ, W. ¢f al., 1988). At high doses
the quinolones exert effects on renal function such
as crystalluria (Thorsteinsson, S. B. et al., 1987). Some
quinolone analogs exhibited notable central nervous
system effects such as confusion, hallucination, anxiety,
agitation, nightmares, convulsive seizures, and depres-
sion (Christ, 1990; Janknegt, 1989; Lucet et al., 1988).
Seizures have been reported in patients receiving nor-
floxacin (Anastasio, G. E., ef al., 1988), ciprofloxacin
(Arcieri, G., et al., 1987), and ofloxacin (Tack, K. J. and
Smith, J. A. 1989). Fluoroquinolone therapy may have
lowered the seizure threshold possibly by the abilities
of quinolones to antagonize binding of inhibitory neu-
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rotransmitter y-aminobutyric acid to its receptor in the
central nervous system (Halliwell et al., 1991; Yakushiji
et al., 1992). Pefloxacin causes cataracts in dogs after
long term treatment (Christ, W. ef a/., 1988). Dermato-
logic and photosensitivity reaction have been reported
in patient receiving number of quinolones (Ferguson,
J., et al.,, 1988) although the mechanisms of these reac-
tion are completely understood. Low-dose quinolones
with z.2. infusion cause pronounced but transient sys-
tolic hypotension in dogs and cats which may be me-
diated by histamine release (Christ, W. ef al., 1988).
LB20304, [7-(3-aminomethyl-4-methoxyimino-pyrro-
lidin-1-yl)-1-cyclopropyl-6-fliuoro-4-oxo-1,4-dihydro-%1,8
%o-naphthyridine-3-carboxylic acid], is a new fluoro-
quinolone antibacterial agent synthesized at LG Che-
mical Ltd. (Kim et al., 1995) (Fig. 1). This compound
was found to be extremely effective in the treatment
of infectious disease caused by gram-positive and
gram-negative, including MRSA (Oh et al., 1995).
The present study was carried out to evaluate the
pharmacological properties of LB20304 and to find po-



Safety Pharmacology of LB20304 323

0] 0
F

=
98
CHj orj:/ A
NH,

Fig. 1. Chemical structure of LB20304.

OH

tential adverse effects in clinical use. For this purpose,
the effects of LB20304 on the general behaviour, he-
modynamics, and the central nervous system after int-
ravenous or oral doses were assessed.

Materials and Methods

Drugs and Animals

In order to prepare test article for administration
LB20304 (test article, m.w. 357.4) was dissolved in 0.9
% isotonic sterile saline (vehicle) at the highest conce-
ntration. Commercially available quinolones, such as
ciprofloxacin (m.w. 367.8; Sigma, USA), ofloxacin (m.w.
351.3; synthesized by LG Chem), and lomefloxacin (m.
w. 361.4; Shionogi Pharmaceutical, Ltd., Osaka, Japan)
have been utilized as reference drugs in some experi-
ments. Male ICR mice (23~26 g) and male Sprague
Dawley rats (240~260 g) produced by LG Chem ani-
mal facility were used for the following experiments.
All the animals were housed and feeded with a stan-
dard commercial food at th LG Chem animal facility
of which environment was well controlled (tempera-
ture; 20~22C, 12 hours light and 12 hours dark).
General Behaviour

Five male mice weighing 23~25 g were used in
each group. Behavioural profile (spontaneous activity,
motor-affective response, sensor-motor response), neu-
rologic profile (posture, muscle tone, equilibrium and
gait, CNS excitation), and autonomic profile (eye, sec-
retion and excretion) were observed prior to and at
05, 1, 2, 6, and 24 h after oral administration of the
test article according to the method of Irwin (Irwin,
1968), In another experiment, the individual clinical
symptoms, such as skin rash, salvation, defecation,
moist eye, vomitting, activity, tremor, heart rate, respi-
ration, and vocalization of beagle dogs (12~14 kg, 2
male/group) were observed for 6 hours after a single
bolus intravenous or oral dose.
Hemodynamics

The hemodynamics of rats (Sprague Dawley, 240~

260g, 4-~5 male rats/group) were assessed. On the
day of treatment, rats were anesthetized by the inhala-
tion of ether. Using surgical technique, one tenth m/
of pentobarbital sodium (50 mg/ml) was injected into
the left femoral vein through cannula. Catheter was
inserted into the common carotid artery for the mea-
surement of blood pressure by the polygraph (Grass
Model 7 polygraphy, Grass Instrument Co. Quincy,
Mass, U.S.A.). The test articles were administered by
a single bolus intravenous injection into the femoral
vein. The dose volumes of all animal were 1 mi/kg.
GABA receptor binding assay

GABA receptor binding assays were performed ac-
cording to the method of Akahane ef al., 1989. Fifty
mg of crude synaptic membranes prepared from rat
cebral cortex were incubated with 10 nM [*HJmusci-
mol in the presence .of various concentrations of test
articles (LB20304 or ciprofloxacin) for 20 minutes at
4C. The reaction was. terminated by rapid filtration
with GF/B filter followed by extensive washing. The
residual radioactivity was counted. Non-specific bin-
ding was assessed in the presence of 1 mM GABA.
Experiments were performed several times. Data
shown are mean values of duplicate determinations
in a representative experiment, and the variation is
less than 10% of mean values.
Drug Interaction between LB20304 and 4-BPA in
Mice

Five male mice weighing 2325 g were used in
each group. Various doses of test articles were treated
Der os thirty minutes after oral administration of 4-BPA
{(4-biphenylacetic acid, 400 mg/kg) and frequency of
convulsion and mortality were measured to assess
CNS toxicity.
Epileptogenecity by the direct intracerebral injection

Convulsions induced by the direct intracerebral inje-
ction of test articles were assessed as follows (Brittain
and Handley, 1967; Haley and McCormic, 1957; Shi-
mada, et al., 1992). Five to seven male ICR mice wei-
ghing 24~26 g were used in each group. The needle
(26-gauge, 3 mm in length) was inserted perpendicula-
rly through the skull (within 1 mm of midline and
on a line joining the anterior bases of the ears) into
the brain and five microliters of test articles were inje-
cted. Immediately after injection, the symptoms such
as convulsion, tremor, writhing, and death were obser-
ved for 2 h. The CDs (dose eliciting convulsion in
50% of animals in a group) was calculated by Probit
method (Bliss, C. I, 1985). Five microliter of crystal
blue (1/10 diluent) was injected intracerebrally in se-
parate animals and the third and forth ventricles were
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shown to be stained through histological examination.
Results and Discussions

General Behaviour

As for test with mice (data not shown), LB20304
and ciprofloxacin, after oral administration of 1,000
mg/kg, induced respiratory depression, slight depres-
sion of activity, reduction of limb tone, and wire ma-
neuver. At oral dose of 2,000 mg/kg, LB20304 caused
the depression of activity, respiratory rate, muscle
tone, touch escape, and positional struggle which lasted
upto one hour. Even more depression of activity and
respiration were also observed with treatment of 2,000
mg/kg of ciprofloxacin. As for test with dogs (data not
ShOWI('l), LB20304 and ciprofloxacin at an approximately
15 times the anticipated clinical oral dose was virtually
devoid of clinical symptoms. These agents at the dose
of 10 mg/kg, i.v. caused skin rash and severe pruritus
which lasted up to half hour. In addition, one out of
two animals given ciprofloxacin, 10 mg/kg, i.v. showed
sign of convulsion immediately after injection, but not
with LB20304.
Hemodynamics

As shown in Table I, LB20304 at doses of 20 mg/kg
and 100 mg/kg, zv. exhibited transient rise of mean
arterial blood pressure upon injection (data not shown)
followed by drops (8% and 35% of baseline at 20
mg/kg and 100 mg/kg, respectively). Values thereafter
gradually returned to those of baseline within 5 minu-
tes. This remained within normal range and LB20304
did not show any observable effects on the blood pres-
sure for this species under the experimental conditions
of the protocol.
Central nervous system

Quinolones are known to exhibit a low incidence
of CNS adverse reactions including hallucination, dep-
ression, nightmare, confusion, and manic reaction in

human (Christ, 1990; Janknegt, 1989; Lucet et al.,
1988). Fenbufen is a nonsteroidal anti-inflammatory
drug which has been routinely coadministered with
quinolone for therapy of infectious disease. Recently,
some interactions, mainly convulsive seizure, of quino-
lones and fenbufen were reported in both human and
experimental animals (Hori ef al., 1989; Tsuji et al,
1988; Yakushiji ef al., 1992). It has been previously
reported that all the quinolones have substantially CNS
stimulant activity although there are some inter-quino-
lone variations in the intensity of CNS stimulant acti-
vity (Akahane et al., 1989). The incidences of CNS side
effects caused by quinolones with a piperazine or ami-
nopyrrolidine moiety at their 7 positions have been
observed more frequently in patients receiving quino-
lones in combination with non-steroidal anti-inflamma-
tory drugs such as fenbufen (Akahane ef al., 1989; Hori
et al., 1989). The occupation by quinolones of the
GABA receptors is supposed to cause general CNS
excitation (Halliwell ef al., 1991; Yakushiji et al., 1992).
To test these possibilities several experiments were
performed. Displacement of [*H]muscimol binding to
the rat brain synaptic membranes in the presence of
LB20304 and ciprofloxacin was measured. As shown
in Fig. 2, LB20304 was observed to be about five times
less potent than ciprofloxacin in specific GABA recep-
tor binding. The incidences of convulsion and death
after oral administration of LB20304 and ciprofloxacin
(12.5, 25, 50, and 100 mg/kg) to mice are shown in
Table II. A single oral pretreatment with 4-BPA at
400 mg/kg increased the incidence of convulsion and
death after oral administration of ciprofloxacin at the
doses of 25, 50, and 100 from zero of five to three
of five, two of five, and four of five, respectively, whe-
reas LB20304 alone or combination with 4-BPA caused
neither convulsions nor death at the doses of 125,
25, 50, and 100 mg/kg, respectively. Supposedly, when
co-administered with 4-BPA, GABA receptor inhibition

Table 1. Effects of LB200 and ciprofloxacin on the mean arterial blood pressure (MBP), diastolic pressure (DP), and systolic
pressure (SP) after single bolus intravenous injection (20 and 100 mg/kg) in rats. Experiments were performed in 4~5 animals.

Data shown are measurements in a representative experiment.

Ciprofloxacin (20 mg/kg)

LB20324 (20 mg/keg) LB20324 (100 mg/kg)

MBP DP SP MBP DP Sp MBP DP sp
Pre-treatment (mmHg) 120 110 135 120 110 130 115 100 125
Max, pressure (mmHg) 150 135 150 125 115 135 135 115 150
Min. pressure (mmHg) 5) 45 72 110 105 125 75 55 90
5 min after injection (mmHg) 120 115 130 110 100 125 125 105 140
10 min after injection (mmHg) — — - 120 110 135 115 100 125
Max. change (%) —54.2 -59 —44.6 —83 —9.1 —3.8 —34.8 —45 —28
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Fig. 2. Displacement of [*"H]muscimol binding to rat brain
synaptic membrane in the presence of L.B20304 and ciproflo-
xacin. Experiments were performed several times. Data
shown are mean values of duplicate determinations in a rep-
resentative experiment, and the variation is less than 10%
of mean values.

Table II. Induction of convulsions by quinolones with 4-bi-
phenyl actic acid (BPA)

Frequency of

Quinolone Dose (mg/kg, po) Convulsion Mortality

LB20304 100 (Quinolone only) 0/5 0/5
12.5+BPA (400 mg/kg, po)  0/5 0/5
25+BPA (400 mg/kg, po)  0/5 0/5
50+BPA (400 mg/kg, po) 0/5 0/5
100+ BPA (400 mg/kg, po) 0/5 0/5

Ciprofloxacin 100 (Quinolone only) 0/5 0/5
12.54+BPA (400 mg/kg, po) 0/5 0/5
25+BPA (400 mg/kg, po) 3/5 3/5
50+BPA (400 mg/kg, po) 2/5 2/5
100+ BPA (400 mg/kg, po) 4/5 4/5

*BPA: Active metabolite of Fenbufen, Quinilones were adminis-
tered 30 min after oral administration of BPA, Five male ICR
mice were used per each group.

induced by ciprofloxacin was enhanced more synergis-
tically than that of LB20304.

The central action of test articles can be evaluated
more properly by direct intracerebral injection into the
brain, which eliminates the penetration process th-
rough the blood-brain barrier (BBB). As shown in Ta-
ble III, the epileptogenic activities of various quinolo-
nes were assessed by a direct intracerebral injection
of 5 4 of appropriate concentration of test articles.
The CDs values (nmole) obtained from the analysis
of the dose-response data are as follows; 169.47, 35.36,
105.29, and 88.67 for LB20304, ciprofloxacin, ofloxacin,
and lomefloxacin, respectively. Taken together, LB20
304 seems to be significantly less potent among refere-
nce quinolones tested, ciprofloxacin, ofloxacin, and lo-
mefloxacin in causing adverse CNS stimulation.

Table III. CNS toxicity induced by direcl intracerebral injec-
tion of quinolones

Quinolones CD;, (nmol) (95% Confidence Limit)
LB20304 16947 (95.89~29591)
Ciprofloxacin 35.36 (2451~ 50.99)
Ofloxacin 105.29 (36.55~239.90)
Lomefloxacin 88.67 (13.75~179.45)

*Animal: Five to seven male ICR mice were used per each
group. Administration route; ICV (5 ), CDsy: The dose which
induced convulsion of 50% amimals in a group.
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