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Abstract The reversibility of quinolone-induced carti-
lage lesions has not been studied in detail. We treated
five groups of five to seven juvenile Wistar rats (male
and female; age: 5 weeks) with 2]600mg ofloxacin/kg
by gastric intubation on 1 day only (9 : 00 a.m. and 5 : 00
p.m.) and studied the knee joints histologically 3 days,
1, 3, 8 and 17 weeks later. In addition, joint cartilage
specimens from vehicle-treated control rats (n"21) at
corresponding age were examined. Cartilage lesions
such as matrix swelling, loss of proteoglycans and hori-
zontal clefts were found in nearly all knee joints (26 of
27 joints; incidence: 96%) of the ofloxacin-treated rats.
Within the observation period of 4 months the size of
these lesions in knee joint cartilage did not decrease
significantly. The diameter of the lesions at the time
points of evaluation was 1146$535, 1713$309, 1250
$585, 1406$356, and 1542$467 lm, respectively
(mean values$sd). Chondrocyte clusters producing
glycosaminoglycans were observed 3 weeks after dos-
ing and at later time points. They are considered to
reflect the onset of repair but chondrocyte organization
did not normalize during the study period, thus indicat-
ing the irreversibility of the effect under the experi-
mental conditions. In principle, long-term joint carti-
lage damage has to be taken into account when the use
of quinolones in children is considered. More detailed
pharmacokinetic data are necessary for a reasonable
risk assessment approach.
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Introduction

Fluoroquinolones such as ofloxacin are potent anti-
microbial agents widely used in the treatment of infec-
tions with gram-negative bacteria (e.g. complicated uri-
nary tract infections, salmonella infections and oral
treatment of infections with P. aeruginosa). All quino-
lones of the first generation (e.g. nalidixic acid) as
well as the more potent fluorinated derivatives
(fluoroquinolones) used today exhibit a chondrotoxic
potential and induce arthropathy in juvenile animals
(for review see Gough et al. 1992; Stahlmann et al.,
1993). Although they are contraindicated in children,
their use in pediatrics for the treatment of life threaten-
ing diseases has been demanded (Schaad and Wedg-
wood 1992). Limited clinical data, for example in juve-
nile cystic fibrosis patients with P. aeruginosa infec-
tions, have shown a higher incidence of arthralgia after
treatment with pefloxacin than after ofloxacin treat-
ment (Pertuiset et al. 1989).

Although a considerable number of animal studies
have been published describing quinolone-induced ar-
thropathy in multiple species such as rats (Kato and
Onodera 1988a, b), guinea pigs (Bendele et al. 1990),
rabbits (Machida et al. 1990), dogs (Schlüter 1986;
Burkhardt et al. 1990, 1992) or marmosets (Stahlmann
et al. 1990), several aspects remain obscure.

For example, the question of whether or not the
effects are reversible is a subject of controversy. Pub-
lished data are insufficient to elucidate this important
aspect. Symptoms such as gait abnormalities in dogs
occurred transiently and disappeared even with con-
tinued medication. However, despite these clinical ob-
servations, cartilage lesions were still present at au-
topsy (Ingham et al. 1977; Tatsumi et al. 1978).

In other species, such as rats, clinical symptoms are
not obvious after treatment with quinolones. Kato and
Onodera (1988a) briefly described repair processes in
joint cartilage after treatment of immature rats with



Table 1 Incidence and
localization of joint cartilage
lesions in rats after treatment
with 2]600 mg ofloxacin/kg on
1 day only. The rats were treated
at 5 weeks of age and killed
3 days, 1, 3, 8 and 17 weeks after
treatment

Cartilage lesions after treatment with ofloxacin
Time after Localization Lesions per joint Incidence
treatment [median (range)]

Tibia Femur
c1 v1 c1 v1

3 days 4 1 6 1 2 (1—2) 100% (7/7)
1 week 1 0 5 0 1 (1—2) 100% (5/5)
3 weeks 1 0 4 1 1 (1—2) 100% (5/5)
8 weeks 1 0 4 0 1 (0—2) 80% (4/5)
17 weeks 2 0 5 0 1 (1—2) 100% (5/5)

Total 9 1 24 2 1 (0—2) 96% (26/27)

1 c caudal; v ventral

ofloxacin. However, this study does not clarify if
a single day treatment would be sufficient to induce
persistent changes.

Taken together, these data indicate that remission of
clinical symptoms has to be distinguished from the
reversibility of cartilage damage and it must be con-
sidered that species other than the dog do not exhibit
symptoms at all. In man, symptomatic arthralgia in
association with quinolone treatment has been shown
to be reversible in case reports (e.g. Alfaham et al. 1987;
Biswal et al. 1993; Samuelson et al. 1993) or retrospec-
tive evaluations (e.g. Pertuiset et al. 1989; Chysky et al.
1991). However, results from post mortem evaluation
of joint cartilage are very limited (Schaad and Wedg-
wood 1992) and cartilage lesions in patients with clini-
cal recovery cannot be excluded.

The aim of this study was to obtain and to document
systematic data on the reversibility of quinolone-in-
duced arthropathy in rats following oral treatment
with ofloxacin on 1 day only.

Materials and methods

Ofloxacin treatment

Commercially available ofloxacin-containing tablets (Tarivid 200,
Hoechst AG, Frankfurt/Main, Germany) were suspended in 2%
starch solution. A total of 27 juvenile Wistar rats (14 female and 13
male rats; body weight: 58.4$5.6 and 59.3$7.6 g, respectively; age:
5 weeks) was treated by gastric intubation with 2]600 mg of-
loxacin/kg on 1 day at 9 : 00 a.m. and 5 : 00 p.m. Control animals
(n"21; nine female and 12 male rats; body weight: 66.8$6.9 and
66.4$7.8 g, respectively) received the vehicle only. At 3 days and
1, 3, 8 and 17 weeks after dosing (i.e. at 5.5, 6, 8, 13 and 22 weeks of
age) the rats were killed by decapitation and the knee joints were
prepared for histological examination.

Histology

Joints were fixed in formalin, decalcified in EDTA (10%), dehy-
drated in the alcohol series and embedded in paraffin. Sections
(7 lm) were cut with a microtome (Reichert-Jung No. 1140, Heidel-
berg, Germany) and stained with an aqueous solution of 1% tol-
uidine blue (Merck, Darmstadt, Germany). From each joint 40—50

serial sections were prepared from the predilection sites and inspec-
ted under a light microscope. The size of the lesions was measured in
the specimen within the series which exhibited the most pronounced
extension of the lesion (horizontal clefts, areas of matrix alterations
or scars). The diameter of the knee joints was determined at the
position of the epiphyseal growth plate.

Results

Light microscopy

Incidence and site of lesions

Figure 1 shows normal knee joint cartilage from a
5-week-old rat. Figures 2—5 give typical examples of
ofloxacin-induced cartilage lesions as observed during
the study period. A total of 36 characteristic cartilage
lesions (matrix swelling, horizontal cleft formation, de-
creased matrix staining with toluidine blue) was found
in 26 of the 27 knee joints examined (incidence: 96%;
Table 1). In all 26 damaged knee joints lesions were
observed predominantly in the caudal part of the fem-
oral condyles. In ten animals both the tibia and the
femoral condyles (caudal parts) were affected (Table 1).

Reversibility and repair

The lesions observed 1 week after treatment were indis-
tinguishable from lesions in the group studied 3 days
after dosing (Fig. 2). Three weeks after treatment, chon-
drocyte clusters with cells occasionally arranged in
rings were observed in the vicinity of the lesions. Clefts
were found 2 months after treatment and lesions persis-
ted in the cartilage matrix throughout the entire study
period of 4 months (Fig. 5).

The number of lesions per knee joint (Table 1) and
the size of the lesions did not decrease throughout the
observation period. In sagittal sections, the maximal
diameter of the cartilage lesions was 1146$535 lm
3 days after treatment and 1542$467 lm in knee
joints examined 4 months later (Table 2). The diameter
of the proximal tibial condyle was approximately
4—5 mm in juvenile and 5—6 mm in adult rats.
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Fig. 1 Control: knee joint
cartilage from an untreated
juvenile Wistar rat (age:
5 weeks).]110. Characteristic
chondrocyte distribution and
regular staining of the cartilage
matrix with toluidine blue.
Hypertrophic chondrocytes as
observed in the deep zone of
juvenile cartilage are not
observable in adult cartilage

Fig. 2 Characteristic joint
cartilage lesion 1 week after
treatment with ofloxacin
(2]600 mg/kg; age:
6 weeks).]110. Horizontal cleft
formation in the cartilage
matrix, extensive loss of
glycosaminoglycans around the
lesion, acellular cartilage matrix;
occasionally, chondrocyte
clusters were seen 1 week after
treatment (arrow)

In the immediate proximity of the lesions, the con-
centration of glycosaminoglycans decreased in the car-
tilage matrix as observed by reduced toluidine blue
staining. This change persisted throughout the entire
study period but was more pronounced in cartilage
from rats examined 1 or 3 weeks after treatment than
in knee joints inspected 8 or 17 weeks later. In carti-
lage samples from the latter groups, a characteristic
finding was chondrocyte clusters with increased
pericellular staining of toluidine blue compared to the
surrounding damaged cartilage matrix (Figs 4 and 5).
There were clefts (Fig. 4) or fissures and acellular spaces
in the cartilage matrix, and chondrocytes were not

distributed at random as observed in untreated control
rats (Fig. 5).

Discussion

Recently, we showed that in 5 weeks old rats a single
oral dose of 600 mg ofloxacin/kg induced cartilage
lesions in approximately 70% of the rats. After treat-
ment with 300 mg ofloxacin/kg cartilage lesions were
not found (Stahlmann et al. 1995). A regimen of
2]600mg ofloxacin/kg administered on 1 day produc-
ed cartilage lesions in all knee joints examined (Förster
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Fig. 3a, b Characteristic
examples of joint cartilage
lesions 3 weeks after treatment
with ofloxacin (2]600 mg/kg;
age: 8 weeks).]110. Horizontal
clefts in the cartilage matrix and
extensive loss of
glycosaminoglycans.
Chondrocyte clusters with
pronounced pericellular staining
for toluidine blue (arrows) are
increasingly found within
acellular spaces of the lesions

Job-Parameterausgabe by easYsoft   *   Ausgabe auf: Distiller   *   Dateiname:    *   PS-Interpreter: Distiller   *   

Table 2 Size of cartilage lesions (lm) in knee joints from rats [mean
$SD; n"30, (proximal tibial condyle: 20, distal femoral condyle:
10)]. Juvenile Wistar rats (age: 5 weeks) were treated orally with
2]600 mg ofloxacin/kg on 1 day only. After 3 days, 1, 3, 8 and 17
weeks groups of five to seven rats were killed and the knee joints
inspected under a light microscope. From a total of 36 lesions found,
the size could be reliably determined in 30 lesions

Time after treatment with ofloxacin (age in weeks)
3 days 1 week 3 weeks 8 weeks 17 weeks
(5,5) (6) (8) (13) (22)

1146 1713 1250 1406 1542
$535 $309 $585 $356 $467
(n"9) (n"5) (n"6) (n"4) (n"6)

et al. 1995). We also showed before that in juvenile rats
single doses of 300 and 600mg ofloxacin/kg result in
mean plasma concentrations of approximately 20 and

30mg/l, respectively (Stahlmann et al. 1990). Although
a dose of 600mg ofloxacin/kg exceeds the therapeutic
dose by a factor of 100, plasma concentrations were
only 10 times higher than in humans under therapeutic
conditions (Lode et al. 1987).

Under the present experimental conditions, of-
loxacin-induced cartilage lesions in rats were not re-
versible after a 1-day treatment within a period of
4 months. Although glycosaminoglycan producing
chondrocyte clusters indicated some repair processes,
gross-structural cartilage lesions persisted in adult ani-
mals and did not decrease in size.

Studies on quinolone-induced arthropathy in dogs
have shown that recovery from clinical symptoms has
to be distinguished from morphologic reversibility of
cartilage lesions. Quinolone-induced arthropathy was
initially observed in dogs (Ingham et al. 1977), since
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Fig. 4a, b Characteristic
examples of joint cartilage
lesions 8 weeks after treatment
with ofloxacin (2]600 mg/kg;
age: 13 weeks). ]90 (a), ]145
(b). Persisting horizontal clefts,
chondrocyte clusters. In some
samples (a), the loss of
glycosaminoglycans is not as
pronounced as in samples
investigated 3 weeks after
treatment (see Fig. 3)

Job-Parameterausgabe by easYsoft   *   Ausgabe auf: Distiller   *   Dateiname:    *   PS-Interpreter: Distiller   *   

dogs exhibit symptoms such as pain, joint stiffness,
staggered gait and reluctance to rise from a sitting
position during treatment. Symptoms appeared 2 days
after the onset of dosing and were most pronounced
from day 3 to day 14. Clinical recovery was then ob-
served within 1 month even with continued dosing.
These first descriptions were confirmed by Tatsumi
et al. in 1978. Doses as low as 15mg pipemidic acid
administered twice daily for 90 days were sufficient to
induce blisters and erosions in all the joints of all dogs
studied, but clinical symptoms were not associated with
these gross-structural lesions. Histological examination
of the knee joints revealed cartilage injury such as
cleft formation and erosion of the joint surfaces also in
dogs which had recovered from clinical symptoms in
both studies (Ingham et al. 1977; Tatsumi et al. 1978).

Tatsumi et al. (1978) reported that blisters persisted
until 30 days after a 1-week-treatment period with
pipemidic acid. The authors also mentioned that the
areas at which blister or erosion seemed to be formed
were still found as scars 4 years after treatment with
pipemidic acid.

Kato and Onodera (1988a) studied the reversibility
of ofloxacin-induced cartilage lesions in male Sprague-
Dawley rats. Histological changes after a 7-day treat-
ment period were not documented. The authors de-
scribed lesions such as slightly irregular joint surfaces,
acellular matrix areas, large chondrocyte clusters and
narrowed cavities persisting up to 10 weeks after treat-
ment. Since the authors observed repair processes in
joint cartilage during their study, the alterations were
considered to be reversible.
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Fig. 5a, b, c Characteristic
examples of joint cartilage
lesions 17 weeks after treatment
with ofloxacin (2]600 mg/kg;
age: 22 weeks). ]110. (a), ]145
(b), ]110 (c). Persisting fissures
(a), scars (b) and clefts (c) in the
cartilage matrix. Chondrocyte
clusters with increased
pericellular staining for toluidine
blue (a; arrow). There are still
acellular areas within the matrix
and chondrocytes are not
distributed at random as
observed in untreated controls
(cf. Fig. 1)

Job-Parameterausgabe by easYsoft   *   Ausgabe auf: Distiller   *   Dateiname:    *   PS-Interpreter: Distiller   *   
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Dogs are apparently more sensitive to quinolones
than rats. These discrepancies between the species
might be due to pharmacokinetic and/or pharmaco-
dynamic differences. Compared to dogs, quinolone-
induced arthropathy in rats occurs at higher doses.
Gait abnormalities were not observed, but cartilage
lesions are characterized by very similar histological
findings in both species. Therefore the juvenile rat is
a suitable model to study quinolone-induced arthro-
pathy. However, the consideration of differences in
pharmakokinetics is an essential prerequisite if inter-
species comparisons are made.

Only one comparative toxicokinetic study with two
quinolones in rats, rabbits and dogs is available, which
showed that cartilage lesions in dogs occur at lower
concentrations than in other species: the lowest arthro-
pathogenic dose produced maximal plasma concentra-
tions of 5.1mg and 16.1mg norfloxacin/l in dogs and
in rats, resulting in respective cartilage concentrations
of 6.9 and 20.6 lg norfloxacin/g tissue after 7 days of
treatment (Machida et al. 1990). In juvenile rabbits,
levofloxacin cartilage concentrations at the lowest
arthropathogenic dose were 12.2$5.8 lg/g tissue
(Kato et al. 1995).

Meissner et al. (1990) reported a mean concentration
of 2.2$0.5mg ofloxacin/l in articular cartilage (assum-
ing a cartilage density of 1 kg/l) from four patients
undergoing hip replacement. These concentrations
were measured 12 h after infusion of a single dose of
200mg ofloxacin.

The relevance of data from animal studies for man
is still unclear. From clinical experience, it appears
as if the arthropathogenic potential of quinolones at
therapeutic doses in humans is low, although there
might be some important differences between the
individual drugs. In a retrospective evaluation of
ciprofloxacin-treated juvenile patients, Chysky et al.
(1991) reported on eight episodes of arthralgia in
613 treated patients (1.3%) which were associated
with joint swelling and pain. However, in all patients
arthralgia was reversible after discontinuation of
the drug. Radiological examination of nalidixic
acid-treated juvenile patients after therapy gave no
evidence for drug-related cartilage damage (Schaad
and Wedgwood-Krucko 1987; Adam 1989). An ar-
thropathy incidence of 14% has been observed after
treatment with pefloxacin in nine of 64 juvenile
cystic fibrosis patients but all episodes were reversible
(Pertuiset et al. 1989).

Several case reports exist describing symptoms of
arthropathy after quinolone treatment which generally
were reversible (for review: Stahlmann et al. 1993).
In contrast, one case of severe cartilage damage re-
quiring hip and knee joint replacement has been
described in a 17-year-old boy after pefloxacin treat-
ment (Chevalier et al. 1992). However, the causal role
of quinolone treatment in all of these patients is un-
clear, since most of the case reports describe juvenile

patients suffering from cystic fibrosis, a disease which
is associated with arthropathy itself (Bourke et al.
1987).

In summary, the present study provides the first
detailed histological data on the irreversibility of
quinolone-induced cartilage damage after short-term
treatment in animals. Although there was evidence for
some repair process, gross-structural cartilage lesions
such as horizontal clefts or fissures, scars and matrix
alterations persisted and were found even 4 months
after treatment. The size of these lesions did not de-
crease. These data indicate that in principle the risk of
quinolone-related long-term joint cartilage damage has
to be taken into account when the use of quinolones in
children is considered. However, it remains to be estab-
lished if therapeutic doses of quinolones could induce
such lesions in man. More detailed pharmacokinetic
data should allow a scientifically better founded risk
assessment.

Acknowledgements The authors are indebted to Mrs. Irmela
Baumann-Wilschke and to Mrs. Helga Stürje for technical
assistance. Their thanks go also to Mrs. Ingrid Wolff for photo-
graphic assistance and to Mrs. Barbara Steyn for help in pre-
paring the manuscript. This study was supported by a grant
from Deutsche Forschungsgemeinschaft. Data presented in this
paper are part of the doctoral thesis of Katja Kociok, to be
submitted to the Fachbereich Medizin der Freien Universität
Berlin.

References

Adam D (1989) Use of quinolones in pediatric patients. Rev Infect
Dis 11 [suppl. 5]: S1113—S1116

Alfaham M, Holt ME, Goodchild MC (1987) Arthropathy in a pa-
tient with cystic fibrosis. BMJ 295: 699

Bendele AM, Hulman JF, Harvey AK, Hrubey PS, Chandrasekhar S
(1990) Passive role of articular chondrocytes in quinolone-in-
duced arthropathy in guinea pigs. Toxicol Pathol 18: 304—312

Biswal N, Mathai B, Bhatia BD (1993) P-floxacin induced ar-
thropathy. Ind Pediatr 30: 718—719

Bourke S, Rooney M, Fitzgerald M, Bresnihan B (1987) Episodic
arthropathy in adult cystic fibrosis. Q J Med 64: 651—659

Burkhardt JE, Hill MA, Carlton WW, Kesterson JW (1990) His-
tologic and histochemical changes in articular cartilage of imma-
ture beagle dogs dosed with difloxacin, a fluoroquinolone. Vet
Pathol 27: 162—170

Burkhardt JE, Hill MA, Turek JJ, Carlton WW (1992) Ultra-
structural changes in articular cartilage of immature beagle
dogs dosed with difloxacin, a fluoroquinolone. Vet Pathol 29:
230—238

Chevalier X, Albengres E, Voisin MC, Tillement JP, Larget-Piet B
(1992) A case of destructive polyarthropathy in a 17-year-
old youth following perfloxacin treatment. Drug Safety 7:
310—314

Chysky V, Kapila K, Hullmann R, Arcieri G, Schacht P, Echols R
(1991) Safety of ciprofloxacin in children: worldwide clinical
experience based on compassionate use. Emphasis on joint
evaluation. Infection 19: 289—296

Förster C, Kociok K, Shakibaei M, Merker HJ, Vormann J, Gün-
ther T, Stahlmann R (1996) Integrins on joint cartilage chon-
drocytes and alterations by ofloxacin or magnesium deficiency in
immature rats. Arch Toxicol 70: 261—270

480



Gough AW, Kasali OB, Siegler RE, Baragi V (1992) Quinolone
arthropathy— acute toxicity to immature cartilage. Toxicol
Pathol 20: 436—450

Ingham B, Brentnall DW, Dale EA, MacFadzean JA (1977) Ar-
thropathy induced by antibacterial fused N-alkyl-3-pyridone-
carboxylic acids. Toxicol Lett 1: 21—26

Kato M, Onodera T (1988a) Morphological investigation of cavity
formation in articular cartilage induced by ofloxacin in rats.
Fundam Appl Toxicol 11: 110—119

Kato M, Onodera T (1988b) Morphological investigation of osteo-
chondrosis induced by ofloxacin in rats. Fundam Appl Toxicol
11: 120—131

Kato M, Takada S, Ogawara S, Takayama S (1995) Effect of levo-
floxacin on glycosaminoglycan and DNA synthesis of cultured
rabbit chondrocytes at concentrations inducing cartilage lesions
in vivo. Antimicrob Agents Chemother 39: 1979—1983
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