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Articular cartilage plays an important role in 
joint movement and has an essential function of 
load-bearing in the structural organization of the 
normal joint.[1] Articular cartilage injuries are one 
of the most common orthopedic problems of the 
knee joint;[2] however, their treatment has always 
been challenging for clinicians, due to the lack of 
blood supply and limited regeneration capacity.[1,3-5] 
Injured articular cartilage is usually repaired with 
fibrous tissue, although this lacks the strength and 
mechanics of normal hyaline cartilage.[1] The resultant 
repaired tissue, with its poor quality biochemical 
and biomechanical properties, may eventually fail, 
leading to the development of osteoarthritis (OA) or 
degenerative joint disease, causing joint swelling, loss 
of function, pain, and impaired quality of life.[1,3,4,6] 
Therefore, protection of the knee joint cartilage and 

Objectives: This study aims to evaluate the time- and dose-dependent 
effects of oral hydroxychloroquine (HCQ) on focal full-thickness 
knee chondral defect healing in a rabbit model.
Materials and methods: Cartilage defects of 4¥4 mm2 were created 
on both medial femoral condyles of 24 New Zealand rabbits. The 
rabbits were divided into six groups (A-F) according to HCQ 
administration and sacrifice time: A (three-week control) and B 
(six-week control) received no additional interventions; C (20 mg/kg 
HCQ, three weeks); D (20 mg/kg HCQ, six weeks); E (40 mg/kg 
HCQ, three weeks); and F (40 mg/kg HCQ, six weeks). Osteochondral 
specimens were evaluated macroscopically, histologically, and 
immunohistochemically. The terminal deoxynucleotidyl-transferase 
(TdT)-mediated dUTP nick end labeling (TUNEL) method was used 
to detect apoptotic cells.
Results: The International Cartilage Repair Society (ICRS) scores 
were significantly higher in the experimental groups than in the 
controls (p<0.001). The Wakitani scores in Group D showed a 
significant improvement compared to those in Group B (p<0.01). The 
20 mg/kg HCQ treatment groups showed better recovery than the 
controls (p<0.01). High-dose HCQ (40 mg/kg) treatment significantly 
reduced the intensity of collagen type 2 immunoreactivity compared 
to that in the groups receiving 20 mg/kg of HCQ (p<0.01). Collagen 
type 2 expression in Group F was significantly lower than that in 
Group D (p<0.01). There were more TUNEL-positive cells in the 
repair sites of Groups E and F than in the lower-dose experimental 
groups and untreated experimental groups (p<0.001).
Conclusion: A low dose of HCQ improved cartilage repair, 
while higher doses of HCQ exerted a negative effect on cartilage 
regeneration in rabbits. In the presence of defective cartilage, the use 
of HCQ at an appropriate dose and time is important for cartilage 
health.
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treatment injuries to it have gained importance.[1,3,7,8] 
The effects of many pharmacological and biological 
agents on cartilage healing and injury have been 
evaluated.[9-14]
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Hydroxychloroquine (HCQ) is a hydroxylated 
analog of chloroquine (CQ) which has been 
widely used in the treatment of malaria since 
1940s,[15] as well as in rheumatoid arthritis (RA) 
and other chronic inflammatory conditions, 
as a disease-modifying anti-rheumatic drug 
(DMARD) therapy.[16] It has also been used in 
the treatment of novel coronavirus disease 2019 
(COVID-19), although this application has been 
controversial.[17,18] Several clinical studies have 
demonstrated the beneficial effects of HCQ in 
hand OA.[19,20] Numerous adverse effects of HCQ 
have also been identified in clinical use, such as 
pruritus, nausea, vomiting, headache, abdominal 
pain, anorexia, blurred vision, and urticaria.[21,22]

Previously, Volastro et al.[23] evaluated the 
protective or destructive effects of CQ in a rabbit 
cartilage damage model. They observed local toxic 
(destructive) effects when applied intra-articularly, 
while curative effects were seen when applied 
systemically (intraperitoneally). Moreover, 
in an in vitro study, Li et al.[24] showed that the 
application of HCQ in cell culture reduced collagen 
type 2 production and increased the level of matrix 
metalloproteinases (MMP-13), which have the 
potential to damage the cartilage. However, the 
effects of HCQ on defective cartilage have not yet 
been evaluated in vivo.

In the present study, we hypothesized that oral 
HCQ could affect cartilage formation and regeneration 
in a rabbit chondral defect model in a dose- and 
time-dependent manner. We, therefore, aimed to 
evaluate the effects of oral HCQ, which is widely 
used over an extended period in various diseases, 
on a cartilage defect model using histological, 
macroscopical, and immunohistochemical (IHC) 
analyses.

MATERIALS AND METHODS

A total of 24 mature (three-month old) male New 
Zealand white rabbits weighing between 2,500 
and 3,500 g were used in this study. All animal 
experiments were conducted in accordance with the 
guidelines provided by the animal committee of the 
local government and international guidelines. The 
animals were randomly divided into six groups of four 
(eight knees). Group A received only cartilage defects 
(no additional interventions -three-week negative 
control); Group B received only cartilage defects (no 
additional interventions -six-week negative control); 
Group C received cartilage defects with oral HCQ 
(20 mg/kg) and three-week follow-up (FU); Group D 
received cartilage defects with oral HCQ (20 mg/kg) 

and six-week FU; Group E received cartilage defects 
with oral HCQ (40 mg/kg) and three-week FU; and 
Group F received cartilage defects with oral HCQ 
(40 mg/kg) and six-week FU. 

Surgical technique

All rabbits were operated under general 
anesthesia using an intramuscular injection of 
2.5 to 10 mg/kg of xylazine (Rompun®; Bayer, 
Leverkusen, Germany) and 20 to 40 mg/kg of 
ketamine (Ketalar®; Zentiva, Kirklareli, Türkiye). 
Cefazolin sodium (50 mg/kg; Sefazol®; Mustafa 
Nevzat Pharmaceuticals, Istanbul, Türkiye) was 
administered to all rabbits as antibiotic prophylaxis. 
Both knees were shaved, and the surgical areas 
were cleaned with povidone-iodine and prepared 
with sterile coverages. After the rabbits were placed 
in the supine position, an anterior midline incision 
was made, a medial parapatellar arthrotomy was 
performed, the patella was dislocated laterally, 
and the femoral condyle was exposed. A total of 
48 full-thickness cartilage defects were created in the 
weight-bearing area of the medial femoral condyles 
on both knees of each animal (diameter: 4 mm, 
thickness: 4 mm) using a sharp, round, cylindrically 
shaped, hollow-edged tool (Figure 1). All calcified 
cartilage was carefully removed with a curette and 
debrided, and the underlying subchondral bone plate 
was exposed. The knee capsule was, then, tightly 
closed with simple sharp 2-0 Vicryl sutures, and the 
skin was closed with 3/0 PDS sutures. The incision 
was dressed with povidone-iodine. The rabbits 
were kept in separate environments during the 
recovery period after anesthesia and placed in their 
pre-operative locations after recovery. Knee joint 
movement and weight-bearing were not restricted, 
and the animals were followed until sacrifice.

Hydroxychloroquine administration

After HCQ was supplied in powder form, 
measurements were made on a precision balance in 
the facilities of the Histology Department of Erciyes 
University, according to the weights of the subjects 
(2,500 to 3,500 g). The application of HCQ according to 
the groups was as follows: control groups (Groups A 
and B) were administered 5 mL of physiological saline 
(PS) by oral gavage, starting on the first day after 
surgery. The experimental groups (Groups C, D, E, 
and F) were administered two different doses of HCQ 
once per day, and in Groups C and E, 20 mg/kg was 
mixed with 5 mL PS and administered to the subjects 
via orogastric lavage. In Groups D and F, 40 mg/kg 
was mixed with 5 mL of PS and administered to the 
subjects via orogastric lavage.
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Postoperatively, the animals were sacrificed with 
an intracardiac injection of potassium chloride at 
two separate times. While Groups A, C, and E were 
sacrificed at the third week, Groups B, D, and F were 
sacrificed at the sixth week, and the medial femoral 
condyles were harvested.

Macroscopic examination

The regenerated tissues of the defect sites 
were photographed and blindly evaluated by two 
investigators macroscopically, using the International 
Cartilage Repair Society (ICRS) scores.[25]

Histopathological examination

After macroscopic evaluation, specimens of the 
distal medial femoral condyles were embedded 
in 10% formalin for 72 h and decalcified in 10% 
ethylenediaminetetraacetic acid (EDTA)-buffered 

saline solution. The samples were, then, serially 
dehydrated in ethanol and embedded in paraffin 
blocks. Subsequently, 5-μm sections were taken 
perpendicular to the articular surface from the 
paraffin blocks prepared for light microscopic 
examination using a microtome (Leica RM 2155; Leica 
Microsystems Nussloch GmbH, Germany). The 5-µm 
thick sections obtained from joint tissues were stored 
in an oven at 60°C for one night. The sections were, 
then, initially treated with hematoxylin and eosin 
(H&E) and Masson’s trichrome (MT) staining to 
assess histoarchitectural changes. Two histologists 
blindly graded the histological preparations using 
a computer-assisted light microscope (Olympus 
BX51; Olympus Corp., Tokyo, Japan) and Wakitani 
histology scoring systems.[26] There were no 
significant differences in the histological scores 
between the observers.

FIGURE 1. Full-thickness cartilage defects were created in the weight-bearing 
area of the medial femoral condyles on both knees of the animals (diameter: 4 mm, 
thickness: 4 mm) using a sharp round cylindrical shaped and hollow edged tool.
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Immunohistochemical procedure

The IHC staining method is based on the 
binding of a marker with a specific antigenic 
detection feature on the cell surface. In this study, 
the expression of collagen type 2 (bs-0709R, Bioss) 
in defective cartilage tissues was demonstrated 
in the IHC examination. For IHC staining, 
avidin-biotin peroxidase was applied using Lab 
Vision™ UltraVision™ Large Volume Detection 
System: anti-Polyvalent, HRP (ready-to-use) 
(Thermo Scientific, TA-125-HL; Thermo Fisher 
Scientific Inc., MA, USA) IHC staining kit. To avoid 
tissue spillage, 5-µm sections from the paraffin-
embedded blocks were prepared with routine FU 
after 10% formalin fixation and decalcification on 
poly lysine slides. The sections were rehydrated 
by first passing them through xylene and a graded 
alcohol series and, then, washed three times for 
5 min with phosphate-buffered saline (PBS). For 
antigen recovery, the sections were boiled in a 
microwave oven at 600 Watts for 5 min with 10% 
citrate buffer, washed twice for 5 min with PBS 
(pH 7.4), and treated with 3% hydrogen peroxide 
(H2O2) for 12 min to inhibit endogenous peroxidase 
activity. The remaining procedures were carried out 
in a chamber to prevent the tissues from drying out. 
Each solution was applied to ensure that it covered 
the tissue completely. Block serum was applied 
to the sections, which were washed with PBS for 
20 min at room temperature to ensure that the 
regions outside the antigenic areas were covered. 
Collagen type 2 primary antibody was dropped 
and incubated overnight at +4ºC on the tissues in 
the preparations. After washing, the sections were 
incubated with biotin-secondary antibodies for 
30 min to ensure binding to the primary antibody, 
and the washing process was repeated. The sections 
were, then, treated with streptavidin peroxidase 
for 30 min and washed with 3,3'-diaminobenzidine 
tetrahydrochloride (DAB) (Lab vision, UltraVision 
detection system, Large volume DAB substrate 
system, TA-125) peroxidase substrate kit for 
1 to 10 min to make the immunoreactivities 
visible, and washed with deionized H2O for 5 min. 
Subsequently, the tissues, which were placed in 
increasing alcohol concentrations for 5 min each, 
were placed in xylene for 15 min, and closed 
with a closure solution (Entellan™; Merck KGaA, 
Darmstadt, Germany). The sections treated using 
the IHC staining method were examined under a 
light microscope (Olympus BX51; Olympus Corp., 
Tokyo, Japan)), and microscopic photographs were 
taken from 10 different areas at 40¥ magnification 

for each tissue. Collagen type 2 immunoreactivity 
intensities were calculated from the photographs 
taken using ImageJ software, and the results were 
recorded.[25,27]

TUNEL method

The terminal deoxynucleotidyl-transferase 
(TdT)-mediated dUTP nick end labeling (TUNEL) 
method was used to detect apoptotic cells in the 
articular cartilage sections. Paraffin-embedded 
cross-sections of knee joint tissues with a thickness 
of 5 µm were deparaffinized, rehydrated in graded 
alcohol (pure alcohol, 96%, 80%, 70%, 60%, and 
50%), and washed three times with PBS at room 
temperature. The cross-sections were, then, 
incubated with the TUNEL kit (in situ TUNEL 
reaction using ApopTag® Fluorescein In Situ 
Apoptosis Detection Kit; EMD Millipore Corp., 
Darmstadt, Germany) for apoptotic cell detection 
in a humid and dark environment and, then, rinsed 
with PBS. Deparaffinized sections were transferred 
to water and passed through a decreasing alcohol 
series. After 5 min of equilibration buffer treatment 
at room temperature, the reaction buffer and TdT 
enzyme mixture were prepared, dripped onto the 
sections, and the preparations were incubated at 37°C 
for 1 h. After stopping the reaction with stop buffer 
and treating for 30 min with the fluorescein marker 
anti-digoxigenin antibody, nuclei were stained 
with the 4,6-diamidino-2-phenylindole (DAPI) 
chromogen. The prepared samples were evaluated 
using a fluorescence microscope (Olympus BX51; 
Olympus Corp., Tokyo, Japan). To assess the number 
of TUNEL+apoptotic cells, photographs were taken 
from at least 10 different areas of each tissue using 
a 40¥ magnification. In the tissues obtained after 
immunofluorescence staining, positively stained 
apoptotic cells were carefully counted using the 
ImageJ software program, and statistical analysis 
was performed.[25]

Statistical analysis

Statistical analysis was performed using the 
GraphPad Prism version 8.0 (GraphPad Inc., San 
Diego, CA, USA). Descriptive data were expressed in 
mean ± standard deviation (SD), median (min-max) 
or number and frequency, where applicable. The 
normality of distributions was evaluated using the 
Shapiro-Wilk test. The comparison of two groups 
in more than one group was performed using the 
Bonferroni analysis and one-way analysis of variance 
(ANOVA). The Kruskal-Wallis test was used for 
comparisons between more than two groups. The 
Dunn's test was used for multiple comparisons. 
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A p value of <0.05 was considered statistically 
significant.

RESULTS

Macroscopic evaluation

All the rabbits completed the study. No complications 
or adverse effects related to the surgery or HCQ 
administration were observed. In all groups, the 
defect areas were filled with varying proportions of 
repaired tissues macroscopically. In the HCQ 20 and 
40 mg/kg groups, the surface of the newly formed 
cartilage appeared to be more regular than that in the 
controls, and ICRS scores were significantly higher 
in the third- and sixth-week study groups than those 
in the controls (p<0.001), indicating no significant 
difference among the study groups (p>0.05) (Table I). 
The macroscopic samples of the groups are shown in 
Figure 2.

Histopathological evaluation

Histological images of the tissues belonging to 
each group were analyzed by H&E and MT staining. 
In the degenerating articular cartilage, decreased 
cell population ratios were seen in all samples. 
Three weeks after its formation, cell distribution 
was irregular at the histological level in the defect 
area, and granulation tissue was observed in the 
subchondral bone. The repaired tissue histologically 
consisted of fibrous-like tissue with fibroblastic cell 
morphology, with no signs of cartilage regeneration 
(Figure 3a).

The untreated group (B) mostly had irregular 
surfaces with a hyaline matrix mixed with 
fibrocartilage. However, there was a significantly 
more regenerated cartilaginous tissue in Group 
B than in Group A. The joint damage in Group 
B was characterized by a lack of superficial and 
intermediate regions and a decrease in the thickness 
of the cartilage layer (Figure 3b). In Groups C and D, 
the repaired tissue was not sufficiently integrated 
with the adjacent cartilage and subchondral bone. 
However, the cartilage layers could be distinguished 
more clearly in Group D than in Group C, except for 
in the superficial region (SR) (Figures 3c, d). In Group 
E, the surface of the repaired tissue was irregular 
and thinner than that of the adjacent cartilage. An 
irregular cartilage surface with predominantly 
irregular distribution of cells was observed in this 
group. In Group F, the articular cartilage surface was 
smoother than that in Group E. Cell distribution was 
irregular in Groups E and F; chondrocyte-like cells 
appeared in clusters or scattered (Figures 3e, f). At 
the end of the study period (six weeks after chondral 
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defect formation), no inflammation was observed in 
either experimental group.

Regenerated cartilage was scored according to 
the Wakitani Visual Histological Assessment Scale 
using H&E-stained sections (Table I). In this study, 
regenerated tissue was not clearly observed in the 
defect areas of Group A. There was more repaired 
tissue filling the defect in the HCQ treatment 
groups. According to quantitative analysis with 
Wakitani histological scoring, after three weeks of 
HCQ treatment, there was no significant difference 
between Groups C and E, which were treated with 
20 mg/kg and 40 mg/kg of HCQ, respectively. The 
total histological scores of Groups C and E were 
improved compared to that of Group A, although it 
did not reach statistical significance (p>0.05). While 
the improvement in Group D's sixth-week scores was 
statistically significant compared to that in Group B 
(p<0.01), the difference in osteochondral repair scores 
between Groups D and F was not significant (p>0.05). 
The results of Groups C and D indicated a greater 
recovery in the 20 mg/kg of HCQ treatment groups 

compared to the controls, consistent with the H&E 
findings. The findings from the experimental groups 
showed that HCQ administered at an appropriate 
dose could improve cartilage repair after oral 
administration.

In the preparations stained with MT, collagen 
fibers in the experimental groups receiving HCQ 
treatment showed a dense blue color, whereas pale 
stained areas were observed in degenerated surface 
cartilage areas. These areas were less prominent in 
Groups C and D than in Groups E and F (Figure 4).

Immunohistochemical evaluation of collagen 
type 2

Collagen type 2 was present in the deeper 
parts of the repair tissue stained with IHC in 
Groups C and D, and collagen type 2 expression 
was not observed in the superficial layer in the 
experimental groups receiving HCQ treatment 
(Figure 5). The repaired tissue exhibited a mixture 
of fibroblastic and hyaline-like cartilage cell 
morphologies. Tissue in the experimental groups 

FIGURE 2. Macroscopic samples of the groups.



Jt Dis Relat Surg634

FIGURE 3. (a) Week 3: the superficial zone, the intermediate zone, the radial zone of the cartilage layer, and the defect region 
where the ossification zone cannot be distinguished (arrow). (b) Week 6: the cartilage layer was thin, as there was no superficial 
and intermediate zone. (c) Treatment group with 20 mg/kg of HCQ, Week 3: layers of radial zone, calcified zone, and subchondral 
zone over the cartilage defect. (d) Treatment group with 20 mg/kg of HCQ at Week 6: the articular surface is irregular, but the 
osteochondral zone is intact. (e) Treatment group with 40 mg/kg of HCQ at Week 3. (f) Treatment group with 40 mg/kg of HCQ at 
Week 6.
RZ: Radial zone; CZ: Calcified zone; SZ: Superficial zone; IZ: Intermediate zone; HCQ: Hydroxychloroquine; SB: Subchondral bone; * Decreased cell population; 
(H&E, ¥20).

(a)

(d)

(b)

(e)

(c)

(f)

FIGURE 4. Matrix stained pale blue due to collagen fiber reduction (arrow). Decreased cell population (*) (¥20, Masson's trichrome).
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receiving high-dose HCQ (40 mg/kg) treatment 
(Groups E and F) exhibited a significantly reduced 
intensity of collagen type 2 immunoreactivity 
compared to the experimental groups receiving 
20 mg/kg of HCQ treatment (Groups C and D). The 
repaired tissue in Group D was thicker than that in 
Group C, and showed high IHC staining intensity 
for collagen type 2. At six weeks, collagen type 2 
expression in Group F was significantly lower than 
that in Group D (p<0.01).

TUNEL evaluation

To determine the effect of oral HCQ on apoptosis 
of chondral defect repair tissue, all sections were 
stained with the TUNEL kit, as described above. 
In osteochondral specimens, administration of 
high doses of HCQ (Groups E and F) affected the 
entire repair tissue layer. When osteochondral 
specimens treated with HCQ were evaluated suing 
the TUNEL test, there was an increase in TUNEL 
at the repair sites (E and F) of the experimental 
groups administered high-dose HCQ, compared to 
the untreated (A and B) experimental groups and 
the experimental groups (C and D) treated with 
20 mg/kg of HCQ. The number of apoptotic cells 
was remarkable in Groups E and F (Figure 6). The 
results showed that 40 mg/kg of HCQ treatment 
significantly increased apoptosis (p<0.01) (Table I).

DISCUSSION

In this in vivo study, we, for the first time, evaluated 
the dose- and time-dependent effects of oral HCQ, 
which is widely used over an extended period 
in various diseases, on a rabbit cartilage defect 
model using histological, macroscopical, and IHC 
analyses. The main findings were that a lower 
dose of HCQ could improve cartilage repair after 
oral administration and although oral HCQ had 
a positive effect on the filling of cartilage defects 
macroscopically and histopathologically, IHC 
analysis revealed that, particularly especially with 
long-term and high-dose usage, it had a negative 
effect on cartilage proliferation and increased 
apoptosis.

The safe therapeutic dose of HCQ for routine 
use in humans is approximately 6 to 6.5 mg/kg/day 
(average 200 to 400 mg per day), particularly in long-
term treatments.[28] Studies of CQ in various animal 
models have shown that it is approximately 40% 
more toxic than HCQ when administrated orally.
[29] The acute lethal and tolerated doses for chronic 
use of CQ in rabbits were reported to be 85 mg/kg 
and 25 mg/kg, respectively, for 42 to 72 days.[30,31] 
The acute lethal dose or tolerated value of HCQ in 
rabbits is unknown. However, in some experimental 
animals, various tolerated doses have been reported: 
in dogs, 20 mg/kg/day; in rats, >80 mg/kg/day 

FIGURE 5. Immunohistochemically stained collagen type 2 image. The repaired tissue in groups E and F consisted of fibrous-like 
tissue with histologically fibroblastic cell morphology and showed weak collagen type 2 staining. 
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FIGURE 6. Apoptotic cells in the joint tissues of the experimental groups were determined by the TUNEL 
method. 
TUNEL: Terminal deoxynucleotidyl-transferase (TdT)-mediated dUTP nick end labeling; DAPI: 4,6-diamidino-2-phenylindole; 
TUNEL + apoptotic cell (¥40; green arrow).
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and >250 mg/kg/day to <400 mg/kg/day; and 
monkeys, >60 mg/kg/day in a 10-month test.[29] 
The daily tolerable doses of CQ for rabbits and 
monkeys are similar (rabbit, >25 mg/kg/day vs. 
monkey, >25 mg/kg/day to <50 mg/kg/day). Thus, 
40 mg/kg/day of HCQ administration in rabbits 
is considered tolerable and above the therapeutic 
dose in rabbits, compared to >60 mg/kg/day 
over 10 months for monkeys. The approximate 
calculation of HCQ doses applied in our study 
was designed to be compatible with previous 
studies, and to be non-toxic and therapeutic for 
the experimental animals (20 mg/kg/day vs. 
40 mg/kg/day).

In experimental studies on the treatment of 
cartilage injuries, the main goal is to provide healing 
with hyaline cartilage. To address this issue, very long 
FUs of ≥6 months are usually required.[32] However, 
these long-term FUs are not always possible in terms 
of the workforce and cost of research. Moreover, loss 
of participants increases during FU, which makes it 
difficult to evaluate the results. In the literature, when 
the positive or negative effects of various substances 
or drugs on cartilage defects or repair processes were 
evaluated, evaluations were made at different time 
points, ranging from two to 24 weeks.[23,26,32-34] In this 
study, histopathological, IHC, and morphological 
changes in healing tissue were evaluated at two 
different time periods: at Weeks 3 and 6.

Chloroquine and HCQ, its hydroxylated analog, 
are 4-aminoquinoline compounds. They have been 
widely used in the treatment of malaria since 
1940s.[15] The latter is an approved therapy for several 
autoimmune diseases, such as RA and systemic 
lupus erythematosus, owing to its anti-inflammatory 
properties.[16,21] It is usually preferred over CQ, due to 
of its lower toxicity under rheumatic conditions.[29] Its 
potential efficacy in a wide variety of conditions has 
also been highlighted, including endocrine diseases, 
infectious diseases, and coagulopathies.[35] The true 
mechanism of action of HCQ in controlling these 
diseases has not been fully understood yet. The HCQ 
is thought to act by inhibiting antigen presentation, 
interfering with lysosomal activity and toll-like 
receptor signaling, and terminating circulating 
immune complexes.[36] Although it is controversial, 
it has been used in the treatment of COVID-19 in 
recent years.[17,18] In addition, several clinical studies 
have demonstrated beneficial effects of HCQ in 
hand OA.[19,20] Vuolteenaho et al.[37] concluded that 
it suppresses nitric oxide production induced by 
interleukin (IL)-1β in osteoarthritic cartilage, and 
that it could be useful in the treatment of OA. 

In the present study, we observed that a lower dose 
of HCQ (20 mg/kg) improved cartilage repair after 
oral administration; however, a higher dose of 
HCQ (40 mg/kg) had a negative effect on cartilage 
regeneration and increased apoptosis. Cartilage 
proliferation and healing occurred in the control 
group at six weeks; however, the same effect was 
achieved by the third week with the use of 20 mg/kg 
of HCQ. Therefore, the use of appropriate doses of 
HCQ in cartilage injuries may accelerate healing.

Furthermore, HCQ is only available in oral 
dosage forms and should be consumed with food to 
reduce the risk of adverse gastrointestinal reactions. 
Almost all of the drug is rapidly absorbed by the 
gastrointestinal tract, and HCQ reaches its maximum 
plasma concentration in approximately 3 h and is 
rapidly distributed to tissues. It has a large volume of 
distribution of 100 to 1,000 L/kg and is slowly released 
from tissues and metabolized. Its metabolites are 
excreted in the urine. The initial half-life is three to 
five days; however, the terminal elimination half-
life is one to two months.[21] In humans, particularly 
in individuals of African descent, its main adverse 
effects include pruritus, nausea, vomiting, headache, 
abdominal pain, loss of appetite, blurred vision, and 
urticaria. Rarely observed reactions include psychosis, 
seizures, agranulocytosis, exfoliative dermatitis, 
graying of hair, alopecia, electrocardiographic 
changes (QRS widening, T-wave abnormalities), 
hypotension, and hemolysis in individuals with 
glucose-6-phosphate dehydrogenase enzyme 
deficiency.[21,22] Moreover, in this study, we observed a 
negative effect of oral HCQ on cartilage regeneration, 
as it increased apoptosis in damaged cartilage tissue 
at higher doses. To fully determine its cartilage 
toxicity, further studies using different doses and 
time points are needed.

In their study, Volastro et al.[23] evaluated the 
protective and destructive effects of CQ in a rabbit 
cartilage damage model. They examined its dose-
dependent effects via systemic (intraperitoneal) 
and local (intra-articular) administration. The 
authors observed local toxic (destructive) effects 
in intra-articular application (twice a week, five-
week FU), while they histologically demonstrated 
that it could be curative when applied systemically 
(intraperitoneal). They emphasized the importance 
of investigating the appropriate dose and duration of 
CQ and suggested avoiding local application in the 
presence of severe cartilage degeneration, and being 
careful while implementing long-term systemic 
application. Moreover, in an in vitro study, Li et al.[24] 
showed that the application of HCQ in cell culture 
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reduced collagen type 2 production and increased 
the level of MMP-13, which have the potential to 
damage the cartilage. Consistent with the findings of 
this study, we observed that the use of appropriate 
doses of HCQ was beneficial for cartilage regeneration 
and proliferation histopathologically and IHC, while 
HCQ could damage cartilage by increasing apoptosis 
in the presence of cartilage defects, particularly in 
long-term and high-dose use.

Hydroxychloroquine, which has been used for 
many years and has advantages such as low cost 
and easy accessibility, has also been clinically shown 
to be effective for treating several diseases, and its 
side effects in various tissues have been reported. 
However, its effects on cartilage have not been clearly 
elucidated yet. This in vivo study is valuable, as it is the 
first report in the literature to demonstrate the effects 
of orally administered HCQ on injured cartilage in an 
experimental model.

Nonetheless, this study has several limitations. 
First, we evaluated only two doses at only time points 
(relatively early period); evaluation of applications 
at different doses and longer time intervals would 
be useful in revealing the real beneficial and toxic 
value effects on cartilage. Second, we were unable 
to record mechanical and biochemical data of the 
repaired tissues. Mechanical function is known to be 
critical for mechanical loading, and the mechanical 
character of the repair tissue is an outcome that 
should be incorporated into treatment protocols. 
Therefore, further studies are required to evaluate 
the mechanical and biochemical properties of the 
repaired cartilage tissue.

In conclusion, our study results indicate that the 
use of oral HCQ in focal cartilage defects is safe and 
contributes to cartilage healing and proliferation 
when administered at an appropriate dose in rabbits. 
Higher doses of HCQ have a negative effect on 
cartilage regeneration and increase apoptosis. Further 
studies are needed to evaluate the effects of HCQ at 
different doses and time points.
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