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Abstract. The histologic and histochemical features of quinolone-induced arthropathy were studied using 
14 skeletally immature Beagle dogs (3 to 4 months old) dosed orally with difloxacin at 300 mg/kg body weight 
once daily for 1, 2, 5 ,  or 7 days. A placebo was given to eight other age-matched Beagle dogs that served as 
controls. A scoring technique that included lesion size and histologic features was used to determine the 
progression of lesions. Articular-epiphyseal cartilage complexes on the femoral and humeral heads and tibia1 
tarsal bone were identified as predilection sites. Within predilection sites on femoral and humeral heads, lesions 
developed in specific areas. Lesions appeared within 2 days of the onset of treatment, and lesion scores increased 
with time. Grossly, the lesions were raised, fluid-filled vesicles on the articular surface. Histologic changes 
included vesicle formation with loss of proteoglycan, clumping of unmasked collagen, and degeneration and 
necrosis of chondrocytes. In lesions with higher scores, chondrocytes were often in clusters or they were undergo- 
ing metaplasia toward spindle-shaped cells. Although dissolution of matrix and necrosis of chondrocytes were 
typical of all lesions, smaller lesions had histologically normal chondrocytes adjacent to small vesicles. In sections 
stained with toluidine blue, proteoglycan was aggregated with collagen fibrils or was absent from the matrix 
adjacent to vesicles. Unique features, such as biomechanical forces, may predispose specific areas of articular 
cartilage to develop lesions. 

Key words: Arthropathy; articular cartilage; difloxacin; dog; fluoroquinolone. 

Despite the potential value of quinolone antibacter- 
ial compounds in treating infections caused by bacteria 
resistant to other antibacterial agents, the use of quin- 
olones is restricted because of their toxic effects on 
articular-epiphyseal cartilage complexes. The use of 
quinolones in children and pregnant women (ie., the 
fetuses that they carry) is contraindicated, seemingly 
because of a report of arthralgia induced by nalidixic 
acid, a quinolone, in a 22-year-old woman.' 

Additionally, laboratory evidence for quinolones 
causing lesions in articular cartilages of immature an- 
imals has prompted the need for caution in the use of 
these drugs in human beings with immature skeletons. 
Various reports have described the lesions produced 
in the articular cartilages of skeletally immature dogs 
and rats and other skeletally immature laboratory an- 
i m a l ~ . ~ , ~ - ~ , ~ ~ - ~ ~ . ~ ~  In general, gross lesions were fluid-filled 
vesicles that projected above the contour of the artic- 
ular surface. Microscopically, lesions consisted of fis- 
sures within the intermediate zone of the articular car- 
tilage. Along fissure margins, chondrocytes were 
necrotic in early lesions but formed clusters in chronic 
lesions undergoing repair. The matrix adjacent to fis- 
sures was disrupted, and collagen fibrils were clumped. 

In addition to lesions in articular cartilages, pipemidic 
acid and oxolinic acid caused synovitis in immature 
dogs.7 

Although pipemidic acid and nalidixic acid appar- 
ently induced lesions after 3 days of treatment, de- 
scriptions of lesions were sparse and In the 
majority of studies in which skeletally immature dogs 
were treated with quinolones, joints were examined 
after 7 or more days of treatment, and most descrip- 
tions were of chronic  lesion^.^,'-^ Because of the pau- 
city of information on the earliest changes associated 
with lesions in cartilages of dogs treated with quino- 
lones, the present study was conducted to determine 
the distribution and morphologic features of the lesions 
caused by difloxacin, a fluoroquinolone. As the effects 
of quinolones on the extracellular matrix of articular 
cartilage have not been adequately reported in the dog, 
a histochemical technique was applied to samples of 
cartilage and bone in the present study. 

Materials and Methods 

Twenty-two Beagle dogs, 3 to 4 months ofage and weighing 
4.75 to 7 kg, were used for the study. Dogs were housed in 
runs in a room maintained at 20 to 25 C, and lighting con- 
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ditions were maintained on a 12 hour light/l2 hour dark 
cycle. Feed and water were provided ad libitum. Dogs were 
acclimated to their kennels for a minimum of 5 days prior 
to onset ofthe experiment. Powdered difloxacin (Abbott Lab- 
oratories, Abbott Park, IL), contained in gelatin capsules, 
was administered orally once per day at a dose of 300 mg/ 
kg body weightlday. Three groups of four dogs (two males 
and two females) were dosed for 1,2, and 5 days, respectively. 
An additional group of two dogs (one male and one female) 
was dosed for 7 days. Eight control dogs (four males and four 
females) were given empty gelatin capsules (a number ap- 
proximating that used in difloxacin dosing) orally once per 
day for 2 consecutive days. 

Dogs were euthanatized by intravenous injection of T-6 1. 
Joints (scapulo-humeral, humero-radial, radio-carpal, coxo- 
femoral, femoro-tibial, and tibio-tarsal) from both limbs were 
disarticulated, and articular lesions were measured using Ver- 
nier calipers. Bones from thoracic and pelvic limbs were 
dissected free of soft tissues and fixed in 10% neutral buffered 
formalin for 3 to 5 weeks. Slabs of fixed bone and cartilage 
from each joint surface were cut in saggital or frontal planes 
at a thickness of 5 m m  with a coping saw. Each slab included 
articular-epiphyseal cartilage complex, epiphyseal center of 
ossification, growth plate, metaphysis, and part of the dia- 
physis where appropriate." Slabs of bone and cartilage were 
decalcified in 10% formic acid ( 5  to 7 days), washed in water 
for 24 hours, dehydrated in graded alcohols, cleared in chlo- 
roform, and embedded in a mixture of paraffin and low- 
polymer resin. Sections of tissue were cut at a thickness of 8 
pm from blocks on a sledge microtome. Sections stained with 
hematoxylin and eosin were examined for morphologic fea- 
tures, and sections prepared with toluidine blue stain and 
fast green counterstain were used to demonstrate proteogly- 
cans and collagen, respectively.2 Several sections were cut at 
a thickness of 5 pm to allow better photographic illustration 
of the morphologic features of chondrocytes. Soft tissues (ad- 
renal, brain, gonad, intestine, kidney, liver, lung, lymph node, 
myocardium, skeletal muscle, spleen, synovial membrane, 
thymus, thyroid, trachea, and urinary bladder) were collected 
and placed in 10% neutral buffered formalin and processed 
for histologic evaluation of sections stained with hematoxylin 
and eosin. 

After completing preliminary studies (unpublished data), 
the authors developed and used a lesion scoring system de- 
rived from those systems reported by Mankin et al.20 for 
osteoarthritis in human beings and by Gough et al.7 for quin- 
olone arthropathy in dogs. Mankin et a1.20 developed a cat- 
egorical, histologic, and histochemical grading system for 
osteoarthritic femoral heads. They assigned separate grades 
to changes in structural features of the cartilage (grades 1- 
6), changes in cells (grades 0-3), changes in matrix associated 
with proteoglycan content as demonstrated by uptake of saf- 
ranin 0 (grades 04), and changes in the integrity of the 
tidemark (grade 0 or 1). Gough et aL7 quantified lesions with 
a double grading system based on macroscopic and micro- 
scopic changes in cartilage and bone from five different joints. 
The size of lesions, as well as morphologic features, were 
considered for macroscopic evaluation (grades (04) .  Cellular 
and matrical changes in tissue sections stained with hema- 
toxylin and eosin were used for microscopic evaluation (grades 

Table 1. Points assigned per lesion in articular-epiphy- 
seal cartilage complexes of Beagle dogs dosed with difloxa- 
cin.* 

Category 
Points 

Assigned 
per Lesion 

Macroscopic Evaluation 
No lesion identified 0 
< 3  mm vesicle (largest dimension) 
2 3  mm vesicle (largest dimension) 

1 per vesicle 
2 per vesicle 

Microscopic Evaluation 
Structural Changes 

No lesion identified 
Vesicle 
Surface over vesicle raised 
Abnormal clumping of collagen 

Fibers perpendicular to surface 
Fibers parallel to surface, not compressed 
Fibers parallel to surface, compressed 

Surface detached 

Normal? 
Shrunken cytoplasm and/or nuclei 
Hypocellularity (generalized) 
Hypercellularity (generalized) 
Clusters of chondrocytesS 
Spindle-shaped cells 

Uptake of Toluidine Blue Stain 
Normal? 
Slight reduction 
Moderate reduction 
Severe reduction 
No dye noted 

Cellular Changes (chondrocytes) 

0 
1 
1 

1 
2 
3 
4 

0 
1 
2 
3 
3 
4 

0 
1 
2 
3 
4 

* For changes listed in each category, points were assigned to each 
lesion. The total score of the points assigned for the above categories 
was calculated for each lesion. Since most sites had multiple lesions, 
the total number of points assigned to any joint site necessarily 
included all points calculated from all lesions within that site. Each 
site in each animal was assigned a score for lesions after grades were 
totalled for sites in right and left limbs. 
t Normal relative to adjacent tissues that did not contain lesions 

and to chondrocytes in corresponding sites of controls. * Clusters were denoted by either 26  groups of four or five chon- 
drocytes or ? 1 group of six or more chondrocytes. 

0 4 ) .  In each treatment group, the scores for all lesions in a 
particular site were totalled and an arthropathic index was 
obtained for macroscopic and microscopic changes. 

Applicable morphologic and histochemical changes adapt- 
ed for the present study from the work of Mankin et a1.20 and 
Gough et aL7 are in Table 1. Toluidine blue was used as an 
alternative to safranin 0 for proteoglycan content. The grades 
from each of the categories and subcategories were totalled 
for all lesions within each site of each dog. The mean score 
for a particular site from all dogs in each treatment group 
was obtained. Mean scores for all groups were totalled for 
each site, and sites were ranked according to score. For each 
treatment group of dogs, mean scores for all sites were also 
totalled, and groups were ranked according to this total. 
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HUMERUS 
C 

Fig. 1. Femoral head; dog No. 9430 dosed with difloxacin 
for 5 days. Note the raised vesicle outlined by three arrow- 
heads. 

Results 

Eight of ten dogs became lame within 3 days of 
dosing with difloxacin, and lameness persisted until 
euthanasia. Lame dogs ambulated slowly and stood 
with hyperextension of one or more carpo-metacarpal, 
metacarpo-phalangeal, tarso-metatarsal, and metatar- 
so-phalangeal joints. Lameness was not observed in 
control dogs or in dogs that had been dosed for 1 day. 

Gross lesions were not observed in soft tissues from 
any of the dogs. Few histologic changes were present 
in soft tissues of 2 1 dog from each group, except that 
no histologic changes were observed in soft tissues of 
dogs that had been dosed for 5 days. In the control 
group, one dog had a mild increase in leukocytes within 
the interstitium of the lung, and another dog had a 
focal small accumulation of a mixed population of 
leukocytes within the propria-submucosa of the tra- 
chea. In the group dosed for 1 day, one dog had a mild 
increase in leukocytes within the interstitium of the 
lung. In the group dosed for 2 days, one dog had a 
mild increase in leukocytes within the interstitium of 
the lung, and another dog had minimal extramedullary 
hematopoiesis in the spleen. In the group dosed for 7 
days, one dog had multifocal small accumulations of 
lymphocytes within small intestinal villi. 

Nine of ten dogs that had been dosed with difloxacin 
for 2, 5 ,  or 7 days had fluid-filled vesicles or cartila- 
ginous flaps that were grossly visible in the articular 
cartilage of one or more of their joints (Fig. 1). Con- 
versely, control dogs and dogs dosed for 1 day had no 
gross lesions. Numbers of sites affected and mean scores 
for lesions in articular cartilages are in Table 2. Total 
scores for all lesions were greater for the 5- and 7-day 
groups compared to the 2-day group. Control dogs and 
dogs that had been dosed for 1 day had lesion scores 
of 0 for all joints. Femoral heads, humeral heads, and 

caudal view dorsal view 

FEMUR 

C 

medial view dorsal view 
Fig. 2. Left humerus, caudal and dorsal views (top). The 

cranial (C) and lateral aspects (L) are identified. Left femur, 
medial and dorsal views (bottom). The cranial aspect (C) and 
the insertion of the teres ligament (t) are identified. The areas 
within the broken lines represent the specific sites for lesions 
in the articular cartilage of dogs dosed orally with difloxacin. 

tibia1 tarsal bones ranked 1, 2, and 3, respectively, for 
both number of articular cartilages affected and high 
mean scores for lesions. Lesions on the femoral head 
were multifocal, whereas they were unifocal on the 
humeral head (Fig. 2). 

Microscopic lesions appeared after dosing with di- 
floxacin for 2 days. The first identifiable lesions in 
articular cartilage were fissures that contained lightly 
eosinophilic homogeneous material, clumps of colla- 
gen fibrils, and clumps of granular extracellular ma- 
terial (Figs. 3, 4). Both chondrocytes with shrunken 
cytoplasm and shrunken nuclei and chondrocytes with 
normal histologic features were adjacent to fissures. 
Except for a narrow rim of deeply stained matrix ma- 
terial in sections stained with toluidine blue and fast 
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Fig. 3. Femoral head; dog No. 786 1 dosed with difloxacin for 2 days. Note the fissure (arrow), which contains clumps 

Fig. 4. Higher magnification of the fissure from Fig. 3. Unmasked fibrils project into the fissure lumen. Note the shrunken 
of extracellular material, within the intermediate zone of the articular cartilage. HE. 

chondrocytes (arrows). HE. 

green, the matrix adjacent to fissures had a normal to 
moderately decreased intensity of purple staining, 
compared to corresponding sites from control dogs 
(Fig. 5). In five of the nine lesions in articular cartilages 
of dogs dosed for 2 days, clumped material in the fis- 
sures stained a dark purple (Fig. 6). Many unmasked 
collagen fibrils projected perpendicularly into the fis- 
sure and had a sigmoid pattern, but others were parallel 
to the joint surface (Figs. 4, 6). 

In all lesions on femoral heads, humeral heads, and 
tibia1 tarsal bones of dogs that had been dosed with 

difloxacin for 5 or 7 days, chondrocytes adjacent to 
fissures were shrunken, had pyknotic nuclei, and stained 
poorly. One-half of these lesions (26 of 52) had clusters 
of chondrocytes, spindle-shaped cells, or both adjacent 
to fissures (Figs. 7,8).  In sections stained with toluidine 
blue and fast green, clusters of chondrocytes were fo- 
cally surrounded by dark-purple matrix, whereas spin- 
dle-shaped cells and shrunken chondrocytes were not. 
Often, extracellular material within fissures did not 
retain the toluidine blue stain. Intertemtorial matrix 
was markedly lighter purple in 33 of 52 lesions, com- 
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Table 2. Numbers of sites affected and mean scores for lesions* in articular-epiphyseal cartilage complexes of Beagle 
dogs dosed with difloxacin. 

Mean 
Scores €or Duration in Days Between Onset of Treatment and Euthanasia? 

1 2 5 7 Lesions in a 
~ Affected Sites Particular Site+ 

Num- Num- Num- Num- 
ber of ber of ber of ber of Total Rank Total Rank 

Af- Group Af- Group Af- Group Af- Group for All by 
fected Mean fected Mean fected Mean fected Mean Groups Fre- 

Site Sites5 Score Sites Score Sites Score Sites Score quency 

Scapula 

Humerus: 
Proximal part 

Distal part 

Radius and ulna: 
Distal part 

Femur: 
Proximal part 

Distal part 

Tibia and fibula: 
Proximal part 

Distal part 

Tibia1 tarsal bone 

Total of mean scores 
for all sites by group 
Rank by total score 

0/8 

0/8 
0/8 

0/8 

0/8 
0/8 

O/ 8 
0/8 

0/8 

0 0/8 

0 218 
0 0/8 

0 0/8 

0 5/8 
0 0/8 

0 0/8 
0 0/8 

0 018 

0 
4 

0 

10.3 
0 

0 

18.3 
0 

0 
0 

0 

28.6 
3 

018 0 0/4 0 0 7 0 8 

6/8 31.6 4/4 24.6 12 2 66.5 2 
3/8 4.6 114 5.0 4 5 9.6 5 

0/8 0 0/4 0 0 7 0 8 

7/8 54.6 4/4 52.3 16 1 125.2 1 
2/8 6.0 0/4 0 2 6 6 6 

1 /8 2.6 1/4 2.5 2 6 5.1 7 
4/8 14.6 1/4 2.5 5 4 17.1 4 

5 /8  24.6 414 37.0 9 3 61.6 3 

138.6 123.9 
1 2 

* Lesions were scored according to points assigned for macroscopic and microscopic, morphologic changes, as well as histochemical 

t Groups were designated by days of treatment. 
f Since each site may have had more than one lesion, the total mean score reflects any multiple lesions that occurred at a site. 
5 Total numbers of sites (per group) examined (two per dog) are listed following the slash. 

features of cartilage. 

pared to corresponding sites from both control dogs 
and dogs dosed for only 2 days. Adjacent to fissures, 
unmasked collagen fibrils were oriented parallel to the 
joint surface in 36 of 52 lesions and severely com- 
pressed in 17 of 52 lesions. 

A few of the lesions (nine of 52), on femoral and 
humeral heads, distal parts of tibias and fibulas, and 
tibial tarsal bones of dogs that had been dosed with 
difloxacin for 5 or 7 days, consisted of flaps of articular 
cartilage or areas with complete loss of the superficial 
layer of the articular cartilage (Fig. 9). Cartilage flaps 
had clusters of chondrocytes, many shrunken chon- 
drocytes, or both. In sections stained with toluidine 
blue and fast green, the matrix typically stained green 
or only light purple. 

In dogs that had been dosed for 5 or 7 days, lesions 
were occasionally present on the distal parts of the 
humerus and femur and on both ends of the tibia. 
These lesions had morphologic features similar to le- 
sions on femoral and humeral heads and tibial tarsal 
bones of dogs dosed for only 2 days (Fig. lo), i.e., shrun- 

ken and histologically-normal chondrocytes adjacent 
to fissures, unmasked collagen fibrils oriented perpen- 
dicular to the articular surface, dark purple material 
within fissures, and purple matrix adjacent to fissures. 

Fig. 5. Femoral head; dog No. 1264 dosed with difloxacin 
for 2 days. Note the fissure in the intermediate zone of the 
articular cartilage. The fissure is lined by an incomplete rim 
of dark-staining material. Toluidine blue. 
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Fig. 6. Higher magnification of the fissure from Fig. 5. Clumped material within the fissure lumen stains darkly as do 
the fibrils that are arranged perpendicular to the articular surface (arrowhead). Other fibrils are compressed and lie parallel 
to the articular surface (arrow). Toluidine blue. 

Fig. 7. Tibia1 tarsal bone; dog No. 7836 dosed with difloxacin for 7 days. Note the spindle-shaped cells (arrows) and 
clusters of chondrocytes that are adjacent to the fissure within the articular cartilage. HE. 

Discussion 

Gough et al.7 described the lesions of quinolone- 
induced arthropathy in dogs treated for 14 days, but 
the present authors were unable to find detailed de- 
scriptions of lesions that had developed in dogs over 
periods less than 7 days in duration. In the present 
study, lesions developed in specific sites within 2 days 
of the onset of treatment. Histochemical evaluation of 
lesions revealed that collagen fibrils were unmasked 
and proteoglycan was lost from the matrix of lesions. 
Predilection sites were similar to those described by 
Gough et al.’z9 for subacute lesions but were ranked 
differently by frequency from lesions described by 
BOU~SSOU.~ In soft tissues, however, neither gross nor 
microscopic changes were identified as being referable 
to difloxacin dosing. 

Although dissolution of matrix and necrosis of chon- 
drocytes were typical of all lesions in the present study, 
some lesions had histologically-normal chondrocytes 
within and adjacent to fissures. Recently, Kato and 
OnoderaI4 reported that necrosis of chondrocytes was 
observed at 5 hours and that dissolution of extracel- 
lular matrix was observed at 8 and 12 hours in articular 
cartilages of skeletally immature rats dosed orally with 
ofloxacin at 1,000 or 3,000 mg/kg body weight. In the 
present study, the authors were unable to confirm that 
histologic changes in chondrocytes preceded morpho- 
logic changes in extracellular matrix in dogs dosed with 
difloxacin. 

In agreement with the description of lesions by Gough 
et al.,7 some lesions in dogs that been dosed for 5 or 
7 days in the present study had clusters of chondrocytes 
near fissures; however, other lesions lacked clusters and 
had a marked decrease in numbers of chondrocytes. 
Because clusters of chondrocytes represent regenera- 
tion in articular cartilage,20 surviving chondrocytes were 
presumably less susceptible to the toxic effects of di- 
floxacin. Since necrotic and proliferating chondrocytes 

Fig. 8. Higher magnification of Fig. 7. Spindle-shaped 
cells (arrows) are adjacent to the fissure (F). HE. 
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Fig. 9. Distal part of the fibula; dog No. 0764 dosed with 
difloxacin for 5 days. Note that the epiphyseal growth car- 
tilage (E) is stained unevenly and lightly compared with that 
of Fig. 5. The articular surface (arrows) on the large flap is 
intact, and the matrix within the flap is only lightly stained. 
The edge of the fissure has loosely-packed fibrils (arrowhead) 
and the subjacent cartilage is hypocellular. Toluidine blue. 

Proximal part of the tibia; dog No. 7836 dosed 
with difloxacin for 7 days. Note the small fissure that contains 
clumped fibrillar material and a few necrotic chondrocytes. 
HE. 

Fig. 10. 

were often adjacent, we inferred that the different re- 
sponses represented intrinsic differences in chondro- 
cytes rather than differences in their microenviron- 
ments. Indeed, the use of monoclonal antibodies against 
keratan sulfate has identified two different populations 
of chondrocytes in the middle zone of articular carti- 
lage.28 Also, histochemical differences have been re- 
ported among chondrocytes within adult canine artic- 
ular cartilage. Thus, biochemical or other differences 
among adjacent chondrocytes may account for differ- 
ences in their susceptibility to difloxacin. 

Other lesions in dogs that had been dosed for 5 or 
7 days had spindle-shaped cells in the disrupted matrix 
adjacent to fissures in the articular cartilage. Articular 
chondrocytes grown in monolayer culture, devoid of 
their normal matrix support, underwent phenotypic 
change to become spindle-shaped;10J8 thus, we con- 
cluded that spindle-shaped cells were chondrocytes that 
had undergone metaplasia. 

In no case was depletion of proteoglycan noted in 
the absence of fissures. In lesions in dogs dosed for 2 
days, clumped material within fissures often stained 
dark purple. The morphologically-intact matrix adja- 
cent to these fissures had lost little, if any, of its affinity 
for purple dye. Fissure formation without loss of pro- 
teoglycan indicated that matrix disruption preceded 
proteoglycan depletion. This finding did not agree with 
that reported by Kato and Onodera,14 in which loss of 
proteoglycan preceded fissure formation in the artic- 
ular cartilages of rats dosed with ofloxacin. 

In lesions in dogs dosed for 5 or 7 days, clumped 
material within fissures usually stained poorly for pro- 
teoglycan. Extracellular matrix adjacent to fissures often 
had moderate reduction to complete absence of affinity 
for toluidine blue stain. The reduction in proteoglycan 
concentration2 may have been mediated by cathepsins 
released from dying chondro~ytes ,~.~~ or by neutral me- 
talloproteases released from viable chondrocytes as oc- 
curs within lesions of o ~ t e o a r t h r i t i s . ~ ~ ~ ~ ~  One or both 
types of enzymatic activity could have been involved 
in the pathogenesis of the arthropathy in the present 
study. 

Along fissure margins, collagen fibrils were first un- 
masked in lesions in dogs dosed for 2 days. Unmasked 
fibrils were generally oriented in their normal direction 
perpendicular to the articular surface and many had a 
sigmoid pattern. This arrangement of fibrils closely 
resembled that reported by Broom4 for collagen fibrils 
in bovine articular cartilage that had been partially 
digested with trypsin and bacterial collagenase. Mor- 
phologic similarities between the difloxacin lesions and 
partially digested cartilage further support the hypoth- 
esis that enzymatic degradation initiated the lesions in 
articular cartilage. Alternatively, difloxacin may have 
caused direct, non-enzymatic destruction of extracel- 
lular matrix. 

In the present study and in all reports on quinolone 
arthropathy obtained by the authors, the lesion de- 
veloped exclusively in the intermediate zone of the 
articular ~ a r t i l a g e . ~ , ~ - ~ J ~ - ~ ~ , ~ '  Quinolone analogs may 
kill chondrocytes in the intermediate zone of articular 
cartilage by causing overwhelming damage to repair or 
replication mechanisms for DNA. In skeletally im- 
mature rabbits, Mank~n '~  demonstrated that the in- 
termediate zone of the articular cartilage was a major 
site for the replication of chondrocytes. The site of 
initiation of lesions in articular cartilage and the find- 
ings of Mankin provide a basis for suspecting that di- 
fioxacin interfered with metabolism of DNA in chon- 
drocytes ofthis zone. Kato and Onodera15 demonstrated 
that in immature rats dosed with ofloxacin, chondro- 
cytes of the intermediate zone had a transient decrease 
and subsequent increase in uptake of tritiated thymi- 
dine. Shen and Pernet,26 and Shen et al.25 have pro- 
posed a model in which norfloxacin binds to specific 
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sites on DNA after the formation of a gyrase-DNA 
complex. These drug binding data support the hy- 
pothesis that quinolones bind to chondrocyte DNA, 
thus causing the toxicity. At high concentrations in 
vitro, various quinolones have been shown to inhibit 
synthesis of mammalian mitochondria1 DNA.5 

Alternatively, the intermediate zone could have been 
selectively affected if difloxacin had been concentrated 
in this zone. Indeed, salicylic acid was concentrated 
two-fold in the intermediate zone compared to the 
superficial and deep zones of explanted osteoarthritic 
articular cartilage obtained from dogs.22 

In agreement with the findings of Gough et al.,7,9 
who used pipemidic acid and oxolinic acid, predilec- 
tion sites for lesions of difloxacin arthropathy in im- 
mature Beagle dogs were on femoral heads, humeral 
heads, and tibia1 tarsal bones. In the present study, we 
were able to define these sites more precisely and we 
demonstrated that the lesions on the humeral head 
were unifocal whereas they were multifocal on the fem- 
oral head. On the humeral head, lesions developed in 
an area that corresponded to the anterior part of the 
weight-bearing area identified by Kincaid and Van 
Sickle.I6 Tatsumi et al.27 demonstrated that lesions did 
not develop in immobilized joints of immature dogs 
dosed with quinolones. Together, these findings suggest 
the importance of weight bearing in the pathogenesis 
of the lesions caused by difloxacin. 

In dogs that had been dosed for 5 or 7 days, pre- 
dilection sites often had extensive lesions with high 
scores and morphologic evidence of chronicity such as 
clusters of chondrocytes, metaplasia of chondrocytes, 
and loss of proteoglycan; however, in non-predilection 
sites, small lesions with low scores also appeared in 
the 5-  and 7-day groups. Assuming its importance in 
the pathogenesis of the arthropathy, weight bearing 
may have been initiated in typically non-weight bear- 
ing areas due to the lameness and changes in joint 
positioning that began on day 3 or 4 of dosing. Thus, 
the authors concluded that a second wave of lesions 
developed, a finding not reported in chronic studies. 
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