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Abstract. Arthropathia in juvenile animals is the most 
important toxic effect induced by quinolones. We con- 
ducted pharmacokinetic and morphological studies with 
ofloxacin on non-human primates (Callithrix jacchus, 
Marmosets) and rats. In the marmoset, electron microsco- 
py and the application of immuno-morphological methods 
proved to be suitable for the detection of specific altera- 
tions in cartilage (e. g. loss of proteoglycanes and altered 
chondrocytes). Subsequently performed electron micro- 
scopic examinations in rats showed similar specific altera- 
tions of the femur cartilage surface after multiple oral 
applications of 600 mg ofloxacin/kg body wt. These results 
were correlated with pharmacokinetic data obtained for 
the same species. After single oral application of 100, 300 
or 600 mg ofloxacin/kg body wt to 5 week-old rats peak 
plasma levels were achieved 15-45 min after administra- 
tion indicating a rapid absorption of the drug. The follow- 
ing peak concentrations were measured for the three doses 
applied (mean -+ SD):8.9+2.1, 22.6+7.5 mg/l and 
33.5 + 9.8 mgh, respectively. After 360 min the concentra- 
tions were 1.1 _+ 0.4, 5.9_+ 2.5 and 15.9+ 5.1 rag/l, respec- 
tively. After subcutaneous injection of 100 mg oflox- 
acin/kg body wt the mean peak concentration was 
27.7-+ 2.6 mg/1 after 45 min (0.5 -+ 0.2 mg/1 after 
360 min). In the marmoset higher plasma concentrations 
were measured with comparable doses. One, 3, and 6 h 
after the last of nine administrations of 200 mg oflox- 
acin/kg body wt, the mean ( ___ SD) plasma concentrations 
were: 42.7_+ 16.7, 40.6_+9.5, and 26.5-+3.6 mg oflox- 
acin/l plasma. Typical alterations of the joint cartilage of 
juvenile rats (e. g. opened chondrocyte cavities, swelling of 
rough endoplasmic reticulum and mitochondrial swelling 
in the chondrocytes) were induced by oral administration 
of ofloxacin at doses that were approximately 100 times 
higher than therapeutic ones, but led to peak plasma con- 
centrations which were only approximately 10 times above 
the therapeutic level. Since we found corresponding car- 
tilage alterations in marmosets and rats, this species pro- 
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vides a convenient model for additional studies on chon- 
drotoxic effects of quinolones. 
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Arthropathia 

Introduction 

Fluorinated quinolones have recently gained special inter- 
est as a new group of antimicrobial agents (e. g. Editorial 
1986; Stahlmann 1988). The new derivatives possess a 
higher antibacterial activity than older gyrase inhibitors 
such as nalidixic acid (Wolfson and Hooper 1985). In 
addition, they exhibit favourable pharmacokinetics and are 
therefore used not only for treatment of urinary tract infec- 
tions but also for respiratory tract or soft tissue infections 
(Hooper and Wolfson 1985). 

Arthropathy in juvenile animals is an important toxico- 
logical effect regarding all quinolones so far investigated. 

Ingham and coworkers (1977) first described gait ab- 
normalities in 3-month-old beagle dogs after oral adminis- 
tration of nalidixic acid or pipemidic acid. The cartilage 
toxicity must be considered a major drawback of these 
valuable antibacterial agents. The experimental findings 
have led to important restrictions in the therapeutic use of 
quinolones: they are presently contraindicated in children 
and adolescents in the growing phase and during preg- 
nancy and lactation (Christ and Schmidt 1984). The tox- 
icity and adverse effects of the quinolones have been re- 
cently reviewed (Stahlmann and Lode 1988), 

Since no data are available on the susceptibility of 
primates towards this toxic effect, we conducted experi- 
ments on quinolone-induced cartilage toxicity in non- 
human primates (marmosets) as compared to rats. As a 
model compound we used ofloxacin, a new fluo- 
roquinolone which can be used against systemic infections 
and which is characterized by metabolic stability and offers 
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the best bioavai labi l i ty  (Monk and Campol i -Richards  
1987). Therefore,  this compound  combines  the best pre- 
requisites for studies using oral application. Parts of  these 
results have been presented before (S tahlmann et al. 
1988a, b). 

300, 600 mg/kg body wt orally) or two (30 and 100 mg/kg body wt s.c.) 
different doses. At 15, 45, 90, 180 and 360 min after oral administration 
12 animals (6 male, 6 female) were sacrificed and blood was obtained by 
decapitation. In the s. c. experiments the number of animals was two male 
and two females. Plasma was obtained by immediate centrifugation and 
stored at -20 ~ C until it could be analysed. 

Materials and methods 

Studies on morphological alterations and on plasma 
levels in marmosets 

Six male, juvenile (9- to 18-week-old) marmosets (Callithrixjacchus) 
were treated orally for 5 days (twice daily) with 200 mg ofloxacin/kg 
body wt. The solution was prepared by suspending commercially avail- 
able tablets (Tarivid) in a 2% starch solution supplemented with a Vita- 
combex vitamin solution (10%; v/v), the taste of which was already 
well-known to the animals. This was applied at a volume of 10 ml/kg 
body wt. The treated animals were kept with their parents in cages in our 
primate colony. Maintenance conditions were: room temperature 
26 ___ 1 ~ C at a relative humidity of 60 • 5%, constant light/dark schedule 
(light: from 7 a. m. to 7 p. m.). The animals were fed Altromin pellet feed 
and tap water ad lib, apples and bananas twice a week. The animals were 
sacrificed by an overdose of hexobarbital. 

For electron microscopic examination one knee joint was prepared 
and the femur condylae were evaluated macroscopically; subsequently 
it was immediately fixed in Karnowsky's solution, tannic acid or 
Ruthenium Red (RR) fixation. Kamowsky's solution consisted of 3% 
paraformaldehyde plus 3% glutaraldehyde in 0.1 M cacodylate buffer 
(pH 7.2), tannic acid solution of 1% glutaraldehyde in phosphate buffer 
(0.2 M, pH 7.2) with the addition of 0.5% tannic acid, and RR fixation of 
1% glutaraldehyde (see above) with the addition of 1% RR. Dehydration 
was performed in the alcohol series, embedding in Epon. Sectioning: 
Reichert ultracut; contrasting: uranyl acetate/lead citrate; electron mi- 
croscopy: Siemens Elmiskop 101 and Zeiss EM 10. 

Immuno-histochemical methods were also applied in these studies. 
The other knee joint was prepared and frozen in liquid nitrogen and 
stored at -80~ before cryosections were prepared. The sections were 
stained using specific antibodies prepared in our institute against differ- 
ent compounds of cartilage matrix (collagen type II, cartilage proteogly- 
canes, and fibronectin), with the help of a second, fluorescence-labelled 
antibody (for details cf. Barrach et al. 1980, 1981). 

One hour after the ninth application of the drug, blood was taken 
from a femoralis vein of all animals. Two hours later blood was again 
taken from three of the animals in the same manner. From the remaining 
three animals blood was taken by cardiac puncture in hexobarbital narco- 
sis at sacrifice. The remaining three animals were sacrificed 6 h after the 
last application and blood was again obtained by cardiac puncture. 

Plasma concentrations 

The determination of ofloxacin concentrations in plasma was performed 
using a HPLC method as described by Borner (1986). 

Pharmacokinetic studies in rats 

For these studies juvenile, 5-week-old Wistar rats (Bor: Wisw/spf, TNO) 
bred at our institute were used. Ofloxacin was given as a single dose 
either by gavage (10 ml/kg body wt), or subcutaneously. The solution for 
oral application was prepared by suspending commercially available 
tablets (Tarivid R) in a 2% starch solution. The solution for s.c. injection. 
(HOE 280 Lrsung zur i. v.-Infusion CH-B:6) was kindly provided by the 
manufacturer (Hoechst AG, Frankfurt, FRG). We checked the plasma 
concentrations at five different times after administration of three (100, 

Morphological studies in rats 

Four-week-old male rats were treated orally with 600 mg ofloxacin/kg 
body wt twice daily for 5 days. The animals were kept in MacrolonR 
cages at a room temperature of 23 ___ 1 ~ C and 50 +__ 5% relative humidity, 
constant light/dark schedule (light: from 7 a.m. to 7 p.m.), Altromin 
1324 pellet feed and tap water ad lib. At the end of the treatment period 
the animals were sacrificed, the knee joints were prepared, fixed in 
Karnowsky's solution and examined electron microscopically. 

Results 

lmmuno-morphological studies in marmosets 

Macroscopical ly  no clear-cut lesions could be detected 
under  our experimental  condit ions.  However ,  after prepar- 
ing serial sections of a marmoset  knee joint ,  small  blisters 
were detected which were then further examined  using 
immuno-morpholog ica l  techniques.  

With this methodological  set-up we observed a blister- 
like detachment  of the upper cartilage layer (Fig. 1), and a 
distinct increase in the f ibronect in  content  in the blister- 
capsule and the surrounding area (Fig. 2). Fibronectin 
could also be demonstrated immunomorpholog ica l ly  in 
some areas without the occurrence of blisters. 

A loss of carti lage-specific proteoglycanes can be de- 
monstrated in a variety of areas (Fig. 3). 

Electron microscopic studies in marmosets 

In a fol low-up study to these invest igat ions the cartilage 
preparations were examined  electron microscopical ly to 
ascertain whether the light microscopic results could be 
verified. Us ing  Ru then ium Red- and tannic acid-fixed pre- 
parations we were able to confirm the results obtained by 
ant ibody staining. In contrast to the light microscopic  in- 
vestigations,  which only revealed localized alterations, 
electron microscopic inspect ion showed specific altera- 
tions throughout  the whole preparation, which were more 
pronounced  in certain areas. 

A loosening and loss of matrix on the surface of the 
joint  cartilage (Fig. 4), and an opening of cartilage cell 
cavities accompanied  by loss of cells was also observed. 
The chondrocytes in deeper layers exhibited a ballooning 
of the endoplasmic  ret iculum, shrinkage and necroses 
(Fig. 5 a). In  the matrix beneath the cartilage surface a loss 
of Ru then ium Red-posi t ive granules which represent pro- 
teoglycanes was detectable, Figure 5 b and 5 c show ex- 
amples of a necrotic chondrocyte  and a cell-free cavity in 
the matrix just  beneath the surface. 
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Fig. 1, Immunofluorescence microscopic picture of cartilage from the knee joint of a juvenile marmoset. A. Untreated control. Demonstration of the 
binding of fluorescence-labelled antibodies against collagen type II diffusely distributed in the cartilage matrix. X 200. B. Like A, but treated with 
ofloxacin (200 mg/kg body wt twice daily for 5 days). Distinct blister formation with detachment of the superficial layer of the joint cartilage. X 120 



Fig. 2. Immunofluorescence microscopic pictures of the knee joint of a juvenile marmoset. Demonstration of the binding of fibronectin antibodies. 
A. Untreated control. Binding can only be demonstrated in the vicinity of osteogenesis areas and joint surface. X 126. B. Ofloxacin-treated (see 
Fig. 1 B). Sectional plane in the vicinity of a blister. Clearly stronger binding of antibodies in the cartilage matrix. X 126. C. Like B, but higher 
magnification. Binding of fibronectin antibodies to fibrous structures in the cartilage matrix. X 500 
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Fig, 3, Immunofluorescence microscopic pictures of the knee joint of a juvenile marmoset. Demonstration of the binding of cartilage proteoglycane 
antibodies. A. Untreated control. Even distribution of proteoglycanes in the c~'tilage matrix. X 200. B. Ofloxacin-treated (see Fig. 1B). Loss of 
proteoglycanes in defined areas. X 200 
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Fig. 4. Electron microscopic pictures. Knee joint of a juvenile marmoset. 
Cartilage surface of the distal femur. Tannic acid fixation. A. Untreated 
control. Smooth, membrane-like, delineated cartilage surface. Dense 
packing of collagenous fibrils. X 60000. B. Ofloxacin-treated (see 
Fig. 1 B). Low magnification. Loosely packed cartilage surface. X 15 000 

Electron microscopic studies in rats 

After we had observed the changes described in the mar- 
moset,  we systematically and more  closely studied rat 
tissue. Very similar or even identical changes  could be 
demonstrated in electron microscopic  studies on femur  
joint  cartilage o f  juvenile rats. 

In the SEM picture opened cavities o f  the cartilage 
cells at the surface o f  the joint, partly filled with cell debris, 
are visible (Fig. 6). 

Fig. 5. Electron microscopic pictures. Knee joint of a juvenile marmoset. 
Ruthenium red fixation. Ofloxacin-treated (see Fig. 1 B). A. Two cells 
showing a different degree of lesion. The left cell exhibiting still translu- 
cent hyaloplasm, the right cell showing a densification of the hyaloplasm 
and pronounced dilatation of endoplasmic cavities. X 25 000. B. Necrotic 
chondrocyte with pronounced densification of the hyaloplasm. Parallel 
arrangement (fibre formation) of fibrils. X 35000. C. Empty chondro- 
cyte cavity, less densely packed cartilage matrix, fringed surface. 
X 35000 



199 

Fig. 6. Scanning electron microscopic pictures. Knee joint of a juvenile 
rat. A~ Treated orally with ofloxacin (600 mg/kg body wt twice daily for 
5 days). Arrows: opened chondrocyte cavities with or without cell rem- 
nants. X 2300. B. Untreated control. Arrows: pollution and shrinking 
artefacts. X 1800 

Fig. 7. Transmission electron microscopic pictures. Knee joint of a ju- 
venile rat. A. Untreated control. C = chondrocyte tightly embedded in the 
matrix. X 8000. B. Treated orally with ofloxacin (600 mg/kg body wt 
twice daily for 5 days). Black star = areas with loss of matrix which 
resemble "moth-eaten" structures. C = chondrocyte. X 8000 

In the TEM pictures of the femur cartilage the matrix 
close to the chondrocytes appears to be normal, and numer- 
ous Ruthenium Red-positive granules are discernible. In 
other areas, often at a certain distance from the cells, a loss 
of matrix is observed. These areas resemble "moth-eaten" 
structures (Fig. 7). 

Furthermore, besides a fringed surface of the matrix of  
the articular cartilage, in the cytoplasm of the chondrocytes 
swellings of rough endoplasmic reticulum and mitochon- 
dria are typical findings (Fig. 8). 

Figure 9 gives a comparison of chondrocytes beneath 
the cartilage surface from a rat and a marmoset preparation. 
Pericellularly matrix-free spaces can be seen. 

Plasma concen t ra t ions  

The mean peak plasma concentrations were achieved 
15-45 min after gavage. After oral application of 100, 300 
or 600 mg ofloxacin/kg body wt the following peak con- 
centrations (mean • SD) of ofloxacin in plasma were 

achieved (12 rats): 8 .9+  2.1, 22 .6+ 7.5, 33 .5_  9.8 mg/l 
respectively. After 6 h the concentrations were: 1.1 + 0.4, 
5 .9+  2.5, 15.9+ 5.1 mg/l for the three doses tested. 

No sex-dependent differences in plasma levels were 
detectable under these experimental conditions. 

Figure 10 shows the pharmacokinetics of ofloxacin in 
juvenile rats after oral and subcutaneous application, 
giving the mean values + SD. 

Although similar maximum levels were reached, the 
drug was more rapidly eliminated after s.c. injection than 
after oral intubation. Plasma levels 360 rain after s. c. appli- 
cation of 100 mg/kg body wt were 0.5 • 0.2 mg/1 and after 
oral administration 1.1 • 0.4 mg/l. Twelve samples from 
this part of the study were first analysed in another labora- 
tory (Prof, Klaus Borner, Institut fiJr klinische Chemie und 
klinische Biochemie, Klinikum Steglitz der Freien Univer- 
sit,it Berlin). A parallel analysis of  the same samples was 
then conducted in our laboratory. The correlation of the 
data (r = 0.995) was good (data not shown). 

In the marmoset only limited information could be 
gained so far on the pharmacokinetics of ofloxacin. We 
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Fig. 8. Transmission electron microscopic pictures. Knee joint of a ju- 
venile rat treated orally with ofloxacin (600 mg/kg body wt twice daily 
for 5 days). A. Fringed surface of articular cartilage, swelling of rough 
endoplasmic reticulum (big arrows) and mitochondrial swelling (small 
arrows). Fringed surface (stars). X 12000. B. Strongly dispersed surface 
of articular cartilage, empty chondrocyte cavity (star) just beneath the 
surface (arrows). X 12 000 

Fig. 9. Transmission electron microscopic pictures. Comparison of 
ofloxacin-induced effects in two species. A. Knee joint of a juvenile rat 
treated orally with ofloxacin (600 mg/kg body wt twice daily for 5 days). 
Effects observed very closely resemble those found in marmosets 
(cf. Fig. 9B). X 16000. B. Knee joint of a juvenile marmoset treated 
orally with ofloxacin (200 mg/kg body wt twice daily for 5 days). The 
contact between matrix and cell is lost; pericellularly matrix-free spaces 
occur. X 16000 

measured higher concentrations in the marmoset plasma, 
although only one third of the dose used in rats was applied 
(Table 1). 

Discussion 

The results of the studies described in this paper show that 
quinolone-induced arthropathia is a relevant toxic effect 
not only in dogs and rats, but also in non-human primates. 
The application of immuno-morphological and electron 
microscopic methods proved to be suitable for the detec- 
tion of specific alterations in cartilage. Subsequent studies 
with rats revealed that very similar morphological altera- 
tions can also be induced by ofloxacin in this species. 

Following a single dose administered to healthy volun- 
teers the following mean peak plasma concentrations were 
measured (Monk and Campoli-Richards 1987): after 
200 mg, 2.6 mg/1; after 400 mg, 4.0-5.6 mg/1; after 

600 mg, 6.8-6.9 mg/l. The usually administered therapeu- 
tic doses are 200-400 mg. 

Our data indicate that in both species investigated (rats 
and marmosets) the peak plasma concentrations leading to 
cartilage alterations were approximately 10 times higher 
than those reached under therapeutic conditions in man. 

After oral administration of 100, 300 or 600 mg oflox- 
acin/kg body wt to rats the elimination half-life seems to 
be longer after higher doses, but the slower decline of the 
plasma concentration probably reflects a prolonged ab- 
sorption. After a dose of 600 mg/kg the elimination half- 
life was approximately 5 h, which is very similar to the 
value reported for man (Lode et al. 1987). 

This result clearly shows how important pharmacoki- 
netic investigations are as a part of toxicological studies. 
By comparison of the doses applied in experimental studies 
with those used therapeutically a risk assessment is not 
possible. Only a comparison of the dose- and time-depen- 
dent serum concentrations in humans with serum and 
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Fig. 10. Plasma concentrations 
(rag/I) of ofloxacin in juvenile rats. 
A. Plasma concentrations (n = 40) 
after s. c. injection of  30 (O) ,  or 100 
( �9 ) mg/kg body wt. Each point re- 
presents the mean value -4- standard 
deviation of 4 samples. B. Plasma 
concentrations (n = 180) after oral in- 
tubation of 100 ( 0 ) ,  300 (-~), and 
600 ( 0 )  mg/kg body wt. Each point 
represents the mean value -4- stan- 
dard deviation of  12 sample 

tissue concentrations achieved under experimental condi- 
tions provides a basis for a risk assessment approach 
(Neubert et al. 1987; Neubert 1988). 

Most articles published so far in scientific journals on 
this type of drug-induced arthropathia describe effects in- 
duced by the "older" quinolones, e.g. pipemidic acid or 
nalidixic acid. So far morphological studies combined with 
systematic pharmacokinetic investigations have not been 
published for any compound. 

Ingham and coworkers (1977) first noticed lameness in 
immature dogs after daily administration of nalidixic, ox- 
olinic and pipemidic acid. They described lesions in the 
joints of the animals noticed at autopsy after 6 months 
administration, in spite of the fact that the animals had been 

clinically normal except for the first month. Microscopi- 
cally they observed hypertrophy of the chondrocytes, with 
large cell nests and multinucleate cells. 

Gough et al. (1979) confirmed these results in another 
study with oxolinic and pipemidic acid in juvenile dogs. 
Both compounds induced gross alterations of the articular 
cartilage in major synovial joints. 

Japanese authors reported similar effects with 
pipemidic acid at lower doses: daily oral administration of 
2 • 50 mg pipemidic acid/kg body wt caused lameness 
in juvenile beagle dogs which was most pronounced 
3 -7  days after start of treatment. After administration of 
2 • 15 mg/kg body wt daily cartilage erosions were still 
detectable but without clinical symptoms. No effect was 
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Table 1. Ofloxacin plasma concentrations in juvenile marmosets atter 
multiple oral administration of 200 mg/kg body wt 

Animal Body wt 
No. (g) 

Plasma concentrations (mg/1) after: 

lh  3h 6h 

l. 170 56.4 43.1 22.7* 
2. 185 18.9 44.9* - 
3. 140 46.3 47.3 29.8* 
4. 120 36.3 31.6* - 
5. 120 33.1 26.3 27.0* 
6. 100 65.0 50.6* - 

Mean 42.7 40.6 26.5 
__+SD _+16.7 +9.5 • 

Blood was taken from a femoralis vein 
* = blood was taken after anaesthesia by cardiac puncture 

seen after 2 x 10 mg pipemidic acid/kg body wt. At autop- 
sy performed 30 days after a treatment period of one week 
(2 x 500 mg/kg body wt daily), blisters were still visible in 
the cartilage and 4 years after treatment the investigators 
detected scars in the joint cartilage where blisters and ero- 
sions used to occur under treatment. Mechanical pressure 
was shown to enhance pipemidic acid-induced cartilage 
damage in dogs (Tatsumi et al. !978). 

Only limited information is available on the cartilage- 
damaging effects of  newer fluoroquinolones. 

Some data on the toxic effects of quinolones have been 
published by the drug-producing companies. From a com- 
parative study on the arthropathogenic potential of nali- 
dixic acid and newly developed tluoroquinolones after oral 
administration to juvenile rats, the author draws the con- 
clusion that ciprofloxacin was least effective. However, 
since no pharmacokinetic data are available it remains 
unclear whether this is due to differences in absorption 
and/or metabolism or to a different intrinsic activity of the 
drugs (Schliiter 1986). 

Ofloxacin is the derivative which offers the highest 
bioavailability of the fluoroquinolones known so far. This 
probably explains why in comparison to other quinolones 
rather low doses of ofloxacin can already induce cartilage 
alterations. A 1-week treatment period with 10 mg/kg 
(dogs) or 300 mg/kg body wt (rats) was sufficient to pro- 
duce blisters and erosions in articular cartilage (Monk and 
Campoli-Richards 1987). 

Kato and Onodera (1988a, b) recently published re- 
sults on morphological cartilage alterations in juvenile rats 
after oral application of ofloxacin (900 mg/kg body wt 
daily for 7 days). They found blisters and/or erosions in the 
articular cartilage of the humeral trochlea, femoral con- 
dylae, and femoral head of 4- to 6-week-old rats. No 
changes were noted in rats aged 8 or 10 weeks. After high 
doses (1000 and 3000 mg ofloxacin/kg body wt) histologi- 
cal changes (atrophy and deformation of the nuclei of 
chondrocytes) were detected as early as 5 h after applica- 
tion. Aggregated nuclear chromatin was interpreted as al- 
tered DNA synthesis and dilation of RER cisternae was 
interpreted as a sign of increased protein synthesis. Degen- 
erated cells with vacuolated and partially disintegrated cy- 
toplasma were also seen in the middle zone. These lesions 

were followed by edema of  the matrix accompanied with 
markedly decreased stainability with safranin-O, and a 
cavity was later formed by liquefaction of the cartilage. 
They found the changes to be principally reversible, but - 
although repair was effective in the femoral condylae - in 
the humeral trochlea extensive erosion still remained after 
the 10-week recovery period (treatment: 900 mg oflox- 
acin/kg body wt for 7 days); proliferation of chondrocytes 
around the lesion chiefly contributed to the repair. 

The results of our EM studies show clear-cut matrix 
alterations and a loss of proteoglycanes. Since the cartilage 
consists of a functional unit of different types of collagens, 
proteoglycanes and glycoproteins, the loss of any of these 
partners may lead to a disturbance of the whole system. In 
this way the collagen architecture, which is stabilized by 
proteoglycanes, largely breaks down at the joint surface. 
Consequently, dehiscences may occur under static stress, 
and, in the extreme case, large blisters may develop. 

From our results it cannot be decided whether altera- 
tions in the matrix or a cellular damage is the first event in 
the sequence leading to arthropathia in experimental ani- 
mals. We like to hypothesize that the mitochondrial DNA 
in chondrocytes may be the primary target which is af- 
fected by the drugs, subsequently leading to the cellular 
damage. Several aspects might support such a hypothesis: 

1. Although not studied extensively so far, cartilage 
tissue seems to be a "deep compartment" for quinolones. 
For example, relatively high concentrations have been 
measured with ciprofloxacin in skeletal muscle, cartilage 
and in liver and kidney of  rats after treatment with radioac- 
tively labelled material (Siefert et al. 1986a). Since it is 
well-known that ciprofloxacin is not metabolized to a great 
extent in the rat (Siefert et al. 1986b) it can be assumed that 
the original compound achieves high concentrations in car- 
tilage. The unusually high "volume of  distribution" ob- 
served in man (H6ffken et al. 1985) may be explained by 
the high concentrations reached in these tissues. 

Similar results have been published with ofloxacin 
(Okazaki et al. 1984; Sudo et al. 1984, 1986). During a 
3-week treatment period on the 3rd, 7th and 14th day of 
treatment the concentrations of ofloxacin in tracheal car- 
tilage were - except for liver and kidney - higher than in all 
other organs. Three and 7 days after the last dose the con- 
centrations in tracheal tissue were significantly higher than 
in all other organs. A high volume of distribution has also 
been shown for ofloxacin in volunteers (Lode et al. 1987) 

2. Gyrase, a bacterial enzyme that controls bacterial 
DNA, is the primary target of all quinolones known so far 
(Gellert 1976), In contrast to the mammalian DNA which 
is organized in the form of chromosomes, striking similari- 
ties exist between bacterial DNA and mammalian mito- 
chondrial DNA. Both forms of DNA exist as circular 
super-twisted helices, and gyrase-like enzymes have also 
been postulated to be responsible for the organisation of 
mitochondrial DNA (Clayton 1982). Melcion and Cordier 
(1986) first postulated that mitochondrial DNA may be 
inhibited by quinolones. 

3. Of the cells of the mammalian organism, chondro- 
cytes have an especially low number of mitochondria. 
They are smaller than in cells of many other tissues. 



The high concent ra t ions  o f  the drugs in this t issue on the 
one hand,  and the low number  of  mi tochondr ia  in chondro-  
cytes on the other  hand,  might  g ive  an exp lana t ion  as to 
why a damage  of  mi tochondr ia l  D N A  manifes ts  i t se l f  as 
"chondro tox ic i ty" .  Such  a b iochemica l  reason for  the toxic 
effect wou ld  g ive  an exp lana t ion  why  all  qu inolones  
known so far exhib i t  chondrotoxic i ty .  

I f  our  a ssumpt ion  were  true, the toxic  effect  would  be 
strictly bound  to the ant ibacter ia l  act iv i ty  of  the drug itself. 
It might  be d i scussed  that the chondro tox ic i ty  is induced by  
a metabol i te  o f  the drugs.  Howeve r ,  metabol i tes  are proba-  
bly not  r espons ib le  for  the chondro tox ic i ty ,  s ince the effect  
is observed  with all qu ino lones  in severa l  species  and me-  
tabol i sm differs  s t rongly  be tween  the drugs and in different  
species. 

The s igni f icance  o f  the exper imenta l  f indings  on 
qu ino lone- induced  ar thropath ia  for H u m a n  remains  un- 
clear. No co r respond ing  effects  were  not iced  in chi ldren  
treated with o lder  der iva t ives  such as na l id ix ic  acid  at a 
t ime when  this toxic  potent ia l  was not  yet  known  (Schaad  
et al. 1987). There  are few publ ica t ions  on ch i ldren  and 
adolescents  t reated with recent ly  deve loped  qu ino lones  but  
no ar thropathy was noted.  On the other  hand,  severa l  case  
reports exis t  on ar thra lgia  after  qu inolone  therapy;  howev-  
er, the causal  re la t ionship  remains  unclear  in these casuis-  
tics (e .g ,  M c D o n a l d  and Shor t  1964; Bai ley  et al. 1972, 
1983). 

Fo r  pe f loxac ine  it was recent ly  r e c o m m e n d e d  that the 
pediatr ic  benefi ts  assoc ia ted  with the marked  ant ibacter ia l  
act ivi ty of  the drug should  be we ighed  agains t  the r isks 
associated with  ar thra lg ia  wheneve r  the condi t ion  o f  the 
patient is g rave  and vi ta l  dec is ions  for  a favourable  progno-  
sis for the s ick chi ld  are necessa ry  (Chevais  et al. 1987). 

There are numerous  open ques t ions  on the p rob lem o f  
qu ino lone- induced  ar thropathia ,  e .g . ,  fur ther  pha rmacok i -  
netic and morpho log ica l  inves t iga t ions  are necessary  to 
answer the impor tan t  quest ion o f  a threshold  concentra t ion  
in car t i lage at which  a l tera t ions  can p r imar i ly  be  observed.  
Since cor responding  car t i lage  al terat ions were found in 
marmosets  and rats, fur ther  sys temat ic  s tudies  on the phe-  
nomenon o f  qu ino lone - induced  chondro tox ic i ty  can con-  
venient ly  be conduc ted  in rats  to p rov ide  a ra t ional  bas is  
for a r isk assessment  approach.  
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