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ABSTRACT
Objectives  Gout is a common disease causing 
excruciatingly painful and disabling flares. Although 
currently approved treatments for gout flares are generally 
effective, their use is restricted in many patients who 
present contraindications. There is a clear unmet need 
for treatments, with a rapid onset of action and a good 
safety profile. This study evaluates the efficacy of intra-
articular (IA) colchicine (COL)-loaded microspheres 
enabling sustained-release colchicine (SR-COL), and of a 
combination of SR-COL with an anaesthetic (Ropivacaine 
HCl, ROPI) (PKM-01) in a rat model of acute inflammatory 
arthritis.
Methods  PKM-01 combines ROPI with SR-COL, prepared 
using a polylactic-co-glycolic acid matrix polymer. A model 
of IA carrageenan (CAR)-induced arthritis in knees or 
ankles was adapted for this study. Treatments (phosphate 
buffer saline, dexamethasone, SR-COL, ROPI or PKM-01) 
were administered intra-articularly immediately following 
the CAR injection. Pain was assessed using Von Frey 
filaments or weight-bearing tests. Histological scores 
assessed joint inflammation and destruction.
Results  All animals experienced acute painful and 
destructive arthritis following CAR injection. ROPI 
effectively alleviated pain but had no significant impact on 
inflammation or joint destruction. SR-COL demonstrated 
efficacy in reducing pain, inflammation and joint 
destruction across all parameters. PKM-01 provided a 
strong and rapid analgesic effect and exhibited anti-
inflammatory properties, as evidenced by histological 
analysis of joint inflammation and destruction. Blood levels 
of COL after ankle injections were significantly below 
toxicity thresholds.
Conclusions  These data indicate that PKM-01 may 
serve as an effective and safe treatment option for acute 
inflammatory arthritis. A clinical trial is planned in gout 
flare patients.

INTRODUCTION
Gout is a common condition with a preva-
lence and incidence on the rise worldwide. 
Population-based studies from Asia, Europe 
and North America have reported incidence 

rates between 0.6 and 2.9 per 1000 person-
years, and prevalence rates between 0.8% and 
3.90% in adults,1 with a much higher preva-
lence in Maori and Polynesian.2 Gout occurs 
more frequently in men than in women, 
with population-based studies from Europe 
and North America indicating a male/
female ratio up to 4:1.1 Gout results from 
the deposition of monosodium urate (MSU) 
crystals in both articular and non-articular 
structures. Hyperuricaemia is the primary 
risk factor for developing gout. Although 
presenting as an intermittent flaring condi-
tion, gout is a chronic disease. Clinical mani-
festations include episodes of severely painful 
arthritis, known as gout flares, which are 
characterised by massive infiltration of poly-
morphonuclear neutrophils and monocytes 
following detection of MSU crystals by resi-
dent macrophages.3 4 This early inflammatory 
phase is characterised by interleukin (IL)-1β 
production, which induces the release of 
different chemokines, cytokines adhesion 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ The currently approved treatments for acute gout 
flares are generally effective with a pain relief ex-
pected within the first 1–2 days; however, their sys-
temic nature may limit their use in many patients.

WHAT THIS STUDY ADDS
	⇒ Intra-articular sustained release of colchicine as-
sociated with ropivacaine (PKM-01) demonstrated 
efficacy in the carrageenan-induced arthritis model, 
showing a rapid analgesic effect and significantly 
preventing joint inflammation and destruction.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ A Phase II clinical study to test PKM-01 is planned in 
patients with gout flares.
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molecules which, in turn, increments cell infiltration.5 
The release of IL-1β is driven by NOD-like receptor family 
pyrin domain containing-3 (NLRP3) inflammasome acti-
vation induced by MSU crystals in myeloid cells.6 7 The 
resulting pain is excruciating and severely alters the 
quality of life of gout patients. Inflammatory pain may 
result from the direct action of inflammatory cytokines 
and the activated inflammasome on nociceptive neurons, 
lowering their excitability threshold and causing hyper-
algesia.

The central strategy for effective management of gout 
is long-term urate-lowering therapy to reverse hyper-
uricaemia, which leads to the dissolution of MSU crys-
tals and long-term prevention of gout flares. Flares are 
treated with the goal of rapid pain resolution and resto-
ration of function. Recommended first-line therapies 
should be individualised on the basis of coexisting condi-
tions and include oral colchicine (COL), non-steroidal 
anti-inflammatory drugs, glucocorticoids which can be 

administered orally or by intra-articular (IA) injection 
and IL-1β blockers.8 9 The currently approved treatments 
for acute gout flares have limited and slow efficacy; 
indeed, only 33%–50% of patients experience a pain 
reduction of more than 50% after 1–3 days.10 Addition-
ally, these treatments are associated with safety concerns, 
since 50%–66% of gout patients present at least one 
strong contraindication to COL.10–12

The primary mechanism of action of COL is its capacity 
to bind to tubulin, disrupting microtubules and leading 
to the down-regulation of multiple inflammatory path-
ways as well as modulation of innate immunity. Its effec-
tiveness as a treatment for gout has been attributed to 
its ability to block neutrophil-mediated inflammatory 
responses induced by MSU crystals in synovial fluid by 
disrupting the function of the neutrophils’ cytoskeleton 
and interfering with microtubulin assembly. This results 
in the prevention of activation, degranulation, adhesion 
and migration of neutrophils to sites of inflammation.13 

Figure 1  (A) In vitro release profiles of SR-COL microspheres. (B) Particle size distribution of SR-COL microspheres (µm). 
(C) Example of SR-COL microsphere under scanning electron microscope. (D) Mean COL intra-articular concentrations (y-
axis range: 0–100 ng/mL) (mean±SD). (E) Mean COL plasma concentrations (y-axis range: 0–0.1 ng/mL) (mean±SD). SR-COL, 
sustained-release colchicine.
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However, COL is a Narrow Therapeutic Index drug char-
acterised by significant gastrointestinal adverse events at 
the therapeutic dose and by life-threatening overdoses. In 
addition, toxicity can occur in patients with severe kidney 
disease, severe liver disease and with concomitant use 
of strong P-glycoprotein 1 (ABCB1) inhibitors, CYP3A4 
inhibitors or both (eg, ciclosporin, ketoconazole, clari-
thromycin and verapamil).1 14 According to the existing 
American and European guidelines, the recommended 
oral COL dosing is based on a 1 mg to 1.2 mg immediate 
administration followed by 0.5 mg to 0.6 mg an hour 
later and 0.5 mg or 0.6 mg up to 2–3 times a day on the 
following days, until flare resolution.15–17 Increasing the 
dose level, for treating a flare, to more than 2 mg/day 
might be effective, but is not recommended due to the 
high risk of toxicity.

Therefore, there is a significant need for a more effec-
tive treatment option that provides rapid pain relief 
and has a favourable safety profile. We developed an IA 
sustained-release form of colchicine (SR-COL) to main-
tain high local joint concentration during gout flares, 
enhancing efficacy and minimising systemic toxicity 
through low plasma levels.

Carrageenan (CAR) is currently used as a trigger for 
acute inflammation in various tissues. CAR-induced 
arthritis in rodents has been studied as a model for 
acute arthritis.18 19 The pathophysiology of CAR-
induced arthritis involves inflammatory cytokines such 
as IL-1β and is characterised by a stimulation of inflam-
masome.20–22 This model of hyper-acute inflammation 
mimics crystal arthritis (gout or calcium pyrophosphate 
deposition (CPPD)) disease that can occur in humans. 
It has been widely used to test anti-gout compounds and 
anti-inflammatory agents.22–24 CAR-induced inflamma-
tion has previously been shown to be responsive to corti-
costeroid or COL administration.25 First, we aimed to 
demonstrate in a pharmacokinetic study in rats the ability 
of our approach to achieve high and sustained COL 
concentrations in the synovial fluid while maintaining 
low plasmatic concentrations. Subsequently, we sought 
to evaluate the efficacy of local SR-COL therapy, with 
or without anaesthetic (ROPI), using the CAR-induced 
arthritis model in rats.

METHODS
Manufacturing and characterisation of SR-COL microspheres
The manufacturing and the characterisation, including 
the pharmacokinetic and safety profile of the SR-COL 
microspheres administration in MSU-induced arthritis in 
rats are presented in online supplemental material.

CAR-induced arthritis in rats
Arthritis induction and treatments in rats
Experiments were performed in 4 weeks old male 
Sprague-Dawley (Janvier, Le Genest-Saint-Isle, France) 
weighing 150 g at study initiation. Anaesthetised 
rats were injected with 50 µL of Sigma λ-CAR 2% 

intra-articularly either in one ankle or one knee (batch 
ref. 22 049-56 F) via 300 µL syringe set with 30G needle. 
Treatments were administered intra-articularly, 1 min 
after CAR.

Rats received IA treatments in CAR injected joints. 
The injected dose, depending on the experiment, was 
2 µg of SR-COL injectable microspheres suspensions 
in a volume of 50 µL, or a combination of 2 µg SR-COL 
microspheres and 250 µg ROPI in a volume of 50 µL. 
The positive control group was dexamethasone (DXM) 
100 µg (0.7 mg/kg) (Mylan, 4 mg/mL). The nega-
tive control group was phosphate buffer saline (PBS). 
Depending on the groups, the number of rats was 
between 8 and 10.

Clinical arthritis evaluation
A blinded procedure was used to monitor clinical arthritis 
before the CAR injection (day 0; D0) to serve as baseline 
reference. Then clinical arthritis was blindly evaluated 
at different time points depending on the experiment. 
For each rat, the clinical severity of arthritis was scored 
using a scale as 0: normal; 1: slightly swollen or red; 2: 
noticeably swollen or deformity; 3: extremely swollen 
or marked deformity. The mean arthritic score on each 
day of clinical observation was calculated for each group 
of treatment. Swelling measurements of the joints were 
performed using an electronic calliper (Mitutoyo, Japan) 
measuring transversal diameter. The measure was vali-
dated when contact was obtained with the skin with no 
pressure.

Pain evaluation
Pain was evaluated before the CAR injection (day 0; D0) 
to serve as baseline reference. Then pain was evaluated at 
different time points depending on experiments, for all 
groups. An allodynia test was performed using von Frey 
hairs (Bioseb, France) using the ‘ascending stimulus’ 
method.26 The Von Frey hairs were presented perpendic-
ular to the plantar surface with sufficient force to cause 
slight buckling against the paw and held for approxi-
mately 5 s. Stimuli were presented at intervals of several 
seconds, allowing for apparent resolution of any behav-
ioural responses to previous stimuli. A positive response 
was noted if the paw was sharply withdrawn. Flinching 
immediately on removal of the hair was also considered 
a positive response. A result showing lower values means 
a pain induction with smaller filament. Analgesic effect 
appears as a higher value.

A static weight bearing test was used to evaluate the 
spontaneous pain.27 The rat was placed on an inclined 
holder with the hind paws resting on two separate pres-
sure sensors. The weight distribution between the hind 
paws is recorded. A result showing lower values means 
more painful instability resulting from pain. The anal-
gesic effect appears as a higher value with a certain 
degree of bias in this model (bilateral hind paw arthritis 
results in unpredictable effects on static weight bearing).
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Histological analysis
Paws were dissected out for histological examination 
of the ankle or the knee. Samples were placed each in 
a dedicated numbered cassette and immersed in 10% 
formalin overnight. The next day, decalcification was 
performed for 5 hours in RDO (Eurobio) then 48 hours 
in EDTA 0.5M. Then, samples were dehydrated in an 
automat and embedded in paraffin. Sections of 4 µm 
are made and stained in H&E. Observation was blindly 
performed, with an inflammation and synovial involve-
ment scored on a 0–3 scale basis as follows: 0: Normal; 
1: Moderate synovial thickening and/or sparse inflam-
matory cells; 2: Noticeable thickening and/or several 
focuses of inflammatory cells and 3: Involvement of 
whole synovium with severe thickening or diffuse infiltra-
tion by inflammatory cells, and with a cartilage destruc-
tion score as follows: 0: Normal; 1: Limited destruction 
or notches or indentation of cartilage surface; 2: Severe 
destruction or many notches or slimming of cartilage and 
3: Complete destruction.28 29

Statistical analysis
The main analysis for pain evaluation was performed 
in respect to intent-to-treat principles. According to 
data distribution, a parametric test (analysis of vari-
ance (ANOVA), Student test) or a non-parametric test 
(Kruskal-Wallis, Mann-Whitney U) with appropriate post 
hoc comparisons was used to compare data across the 
different groups. Clinical score curves were compared 
with ANOVA. A p value of <0.05 was considered statis-
tically significant. Correlations used the non-parametric 
Spearman test. All statistical analyses were performed 
using Prism software.

RESULTS
SR-COL microspheres exhibit a sustained-release profile
COL was entrapped within a matrix of polylactic-co-
glycolic acid polymer to form microspheres allowing for 
sustained release of the drug over the duration of the 
flare. In vitro release testing demonstrated that the drug 
release from the microspheres was consistent over time 
and lasted for about 10 days (figure 1A).

The particle size distribution and morphology of the 
microspheres were analysed to assess their suitability 
for suspension and precision in dosing through a 26G 
needle. Particle size distribution data showed a d10 of 
10 µm, a median particle size (d50) of 16 µm, and a d90 
of 35 µm, confirming a narrow size distribution and suit-
ability for injection through a 26G needle (inner diam-
eter of 0.13 mm) (figure  1B). The scanning electron 
microscopy image of SR-COL microspheres depicts the 
uniform morphology of the microspheres, highlighting 
consistent particle shape and size (figure  1C). These 
characteristics ensure that each dose administered from 
the syringe contains a precise amount of the active ingre-
dient, thus confirming the accuracy and reliability of the 
injected dose in vivo.

Bioburden and endotoxin testing were conducted on 
the microspheres. The measured endotoxin levels were 
low (0.007 EU/mg). Microbial contamination was eval-
uated using the total aerobic microbial count and total 
yeast and mould count, with both counts found to be 
below 2 CFU per unit (data not shown).

Pharmacokinetics of IA administration of SR-COL was 
evaluated. COL concentrations in IA lavage of the ankle 
at 4, 24, 48 and 72 hours after inflammation induction 
varied between 10 and 25 ng/mL, with a peak of COL 
in situ at 24 hours post-injection (figure  1D). Systemic 
COL concentrations in plasma at similar time points 
demonstrated that most of the samples were below the 
limit of quantitation (0.05 ng/mL) although the value 
at 48 hours was slightly above this level (figure 1E). The 
COL area under curve (AUC) in rat after IA injection of 
SR-COL was measured below 2 ng*h/mL. In both cases, 
the release over 3 days with a plateau phase is character-
istic of a sustained-release profile and, very importantly, 
without burst release or lag-time. Furthermore, the 
ratio between IA and plasma could be estimated at least 
between 200 to 500, confirming the strong COL dilution 
from the joint to the whole body, leading to negligible 
systemic levels.

SR-COL microspheres demonstrated both local and systemic 
safety
The safety of administering SR-COL microspheres (2 µg 
COL dose level) and empty microspheres (same polymer 
dose level) into the ankle of healthy rats was compared 
with a group of naïve animals, both at local and systemic 
levels. At the local level, the animals were observed for 28 
days following the IA administration of both items. The 
assessment of the injury score, which includes swelling/
oedema, discolouration, mobility and limb functionality 
on a scale from 0 to 8, indicated no significant effect 
for both products, with scores remaining close to 0 and 
similar to the naïve group, throughout the observation 
period. In addition, the histopathological observations 
of the tissues collected from the joints are comparable 
to the naïve group, demonstrating the local innocuity of 
SR-COL at the injected dose levels. At the systemic level, 
clinical chemistry, haematology and coagulation panels, 
along with the histopathological analysis of the collected 
organs, indicated no modifications when compared 
with the naïve group. Overall, these findings confirm 
the absence of systemic effects associated with SR-COL 
microspheres.

IA SR-COL microsphere administration exerted anti-
inflammatory and analgesic effects on CAR-induced arthritis
As anticipated, arthritis developed in the rats injected 
with CAR (figure 2A). Compared with the control group 
treated with PBS, the administration of SR-COL micro-
spheres significantly reduced the clinical score 2 hours 
post-injection (H2). Six hours after the injection (H6), 
arthritis scores were similar to the control group, but 
we then observed a decrease which was maintained and 
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statistically significant at day 3 (D3) (figure 2A). More-
over, a marked decrease of tarsus thickness was observed 
at D3 with SR-COL compared with PBS (figure  2B). 
Finally, the IA administration of high doses of DXM 
resulted in a major anti-inflammatory effect and thereby 
validated the model.

Allodynia was evaluated using the Von Frey filaments test 
(the lower values correspond to the higher pain) on the 
ankle joint. Both DXM and SR-COL microsphere admin-
istration demonstrated a rapid analgesic effect, observed 
from the first time point of evaluation (figure 2C). For the 
SR-COL group, pain was statistically significantly reduced 
at H2 and H6 and remained distinctly and statistically 
improved over 3 days (figure 2C), while this was not the 
case for DXM-treated rats. This result was consistent with 
the AUC representation of pain evaluation (figure 2D).

SR-COL microspheres prevent histological arthritis
Histological evaluation showed statistically significant 
effect of SR-COL in terms of synovitis or perisynovitis 
(figure  3A–C). The evaluation of osteo-cartilaginous 
destructions showed an early joint destruction in rats 
receiving CAR, as early as 24 hours after induction (data 
not shown). SR-COL and DXM IA administrations were 
able to prevent the destruction and the inflammation of 
the joints analysed at D2.

Addition of ROPI to SR-COL microspheres exerted an anti-
inflammatory, analgesic and protective effect on arthritis
With the perspective of potential further development 
in humans, we refined the treatment by adding ROPI to 
enhance the analgesic effect of SR-COL microspheres and 
to achieve a more rapid onset of action. In this experiment, 

CAR injection was performed in knees and the analgesic 
effect was evaluated using the weight-bearing method. 
As expected, DXM significantly reduced spontaneous 
pain, histological inflammation and joint destruction 
(figure 4A–D). ROPI administration decreased pain, but 
did not affect histological inflammation or destruction. 
PKM-01 (combination of SR-COL and ROPI) was effec-
tive on all three parameters (figure 4A–D). Indeed, the 
PKM-01 combination demonstrated a rapid and strong 
analgesic effect from H2 along with anti-inflammatory 
properties detected after 24 hours on the joint inflamma-
tion and destruction histological analysis (figure 4C and 
D, online supplemental figure 1).

DISCUSSION
In this study, we demonstrated that IA local treatment with 
PKM-01 (combination of SR-COL and ROPI) is effective 
and well tolerated in rats with CAR-induced inflamma-
tory arthritis. PKM-01 exhibited statistically longer pain 
efficacy as compared with DXM, reduced clinical signs 
of arthritis and prevented histological joint inflammation 
and cartilage destruction.

At the initial stage of a gout flare, MSU crystals trigger 
the early inflammatory response by activating the NLRP3 
inflammasome, resulting in joint inflammation and pain.8 
This stimulation leads to the production of inflammatory 
cytokines, including IL-1β and metalloproteinases, and 
to an influx of neutrophils. These phenomena, observed 
in crystal arthritis, especially in gout and CPPD disease, 
are also reported in CAR arthritis model.

The primary mechanism of action of oral COL, one 
of the first-line treatments for gout flares, is its ability 

Figure 2  Evaluation of SR-COL intra-articular administration on clinical arthritis score (A) and tarsus thickness variation (B). 
Von Frey pain evaluation scores (C) and area under curve (AUC) of the Von Frey pain evaluation (D) in SR-COL, DXM and 
phosphate buffer saline (PBS) groups. Kruskal-Wallis test was performed. *p≤0.05, **p≤0.01, ***p≤0.001. Animals received 
intra-articular carrageenan and either PBS, dexamethasone (DXM) or sustained-release colchicine (SR-COL).
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to inhibit neutrophil-mediated inflammatory responses 
triggered by MSU crystals in the synovial fluid. This 
is achieved through disruption of the function of the 
neutrophil cytoskeleton and interference with microtu-
bulin assembly. This results in the prevention of neutro-
phil activation, degranulation, adhesion and migration 
to the sites of inflammation.13 However, oral COL has a 
delayed onset of action, limited efficacy, a narrow thera-
peutic index and clinically significant drug interactions, 
particularly in patients with renal insufficiency that could 
be fatal. In this context, a local approach aiming to maxi-
mise local COL efficacy while minimising systemic safety 
risks would represent a valuable option for patients. 
These polymeric microspheres progressively release COL 
over a period of 10 days, followed by the gradual biodeg-
radation of the polymeric matrix into its endogenous 
metabolites (ie, lactic acid and glycolic acid) in less than 
3 months.30 SR-COL microspheres have been engineered 
to remain within the joint by being sufficiently large, 
typically exceeding 10 µm in diameter, to prevent entry 
into the synovial microvasculature even from inflamed 
joint.31 Additionally, SR-COL microspheres are specif-
ically designed to gradually release COL over a period 
of 7–10 days thereby avoiding burst effects or lag time 
in drug delivery to maximise safety and efficacy. The IA 
administration of these microspheres enables sustained 

release of COL within the joint, maintaining a local 
concentration of up to several tens of ng/mL over days 
and inducing a strong effect on pain, joint inflammation 
and joint destruction in the CAR arthritis model.

The significant efficacy observed for SR-COL in the 
CAR arthritis model may be attributed to the high local 
concentration of COL, as compared with oral COL, where 
the local IA Cmax is estimated to be approximately 3 ng/
mL.13 In contrast, the achieved local IA COL concentra-
tion range with the IA injection of SR-COL microspheres 
(of 10 ng/mL to 100 ng/mL) has been reported to alter 
neutrophil adhesion, prevent neutrophil recruitment13 
and reduce neutrophil deformability and motility.32 
Furthermore, the rapid onset of action observed in the 
CAR arthritis, as early as 2 hours after the administration 
of SR-COL, is clinically more favourable than the average 
24 hours for oral COL administration in humans33 and 
may be attributed to the sustained and high exposure 
to COL over time. This is consistent with reported find-
ings,34 where maximum intracellular loading of COL is 
reached faster with higher extracellular COL concentra-
tion and prolonged time exposure. Interestingly, SR-COL 
appears to exert a quicker effect on pain than on clin-
ical inflammation, with a significant reduction observed 
as early as 2 hours after injection, whereas its impact on 
clinical arthritis becomes significant only at D3. This 

Figure 3  Histological inflammation (A) and destruction (B) scores at D2. (C) Histological characterisation of ankles from 
representative rats in the different conditions of treatment (H&E stain evaluation). Kruskal-Wallis test. *p≤0.05, **p≤0.01, 
***p≤0.001. Animals received intra-articular carrageenan and either phosphate buffer saline (PBS), dexamethasone (DXM) or 
sustained-release colchicine (SR-COL). CAR, carrageenan.
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suggests a potentially distinct mechanism of action on 
pain pathways, which may precede the modulation of 
joint inflammation.

Following its release into the joint from SR-COL 
microspheres and subsequent dilution throughout 
the body, COL reaches negligible levels in the systemic 
compartment. In rat experiments, the local to 
systemic dilution factor is estimated to range between 
200 and 500. By comparing PK data after adminis-
tration of efficacious IA dose levels in rat and effica-
cious systemic dose levels in human, we observed that 
systemic concentration values in rats following IA 
injection were equal to or less than 0.05 ng/mL, which 
is significantly lower than the concentration achieved 
through the approved oral COL in humans (approx-
imately 6 ng/mL Cmax). Similarly, the COL AUC in 
rats after IA injection of SR-COL was measured below 
2 ng*h/mL, a low value compared with 50 ng*h/mL 
after the approved human oral COL dose.33

We did not observe any local detrimental effects after 
the administration of SR-COL microspheres, either alone 
or in combination with ROPI (PKM-01), into the joints 
of healthy rats at the effective dose level defined by the 
CAR arthritis model. Furthermore, consistent with the 
anticipated outcomes of the negligible systemic COL 

concentrations, there were no indications of systemic 
toxicity. If confirmed in humans, these negligible 
systemic COL concentrations could permit the reassess-
ment of existing contraindications or dose adjustments 
for oral COL administration related to drug interactions 
or comorbidities. Based on these preclinical results, 
PKM-01 could be a rapidly efficacious and safe option 
to treat acute pain in microcrystalline arthritis, particu-
larly for gout flares and potentially acute CPPD disease 
arthritis, in which treatment options are also limited.35 36

While this study provides valuable insights, certain 
limitations must be acknowledged. First, it was 
conducted in animal models as part of a proof-of-
concept study. Clinical trials are planned for the treat-
ment of gout flares in humans. Second, the model 
employed does not use urate crystals to accurately 
replicate gout flares but rather serves as a general 
model of acute arthritis, triggered by inflammasome 
activation. However, this CAR-induced model is rele-
vant for drawing conclusions about diseases with 
similar mechanisms, such as urate or CPP crystal-
induced arthritis,37 particularly considering that liter-
ature on urate crystals models is scarce with regards 
to pain assessment.38–40 Moreover, there is no model 
yet replicating CPPD disease, and the air pouch 

Figure 4  Postural pain evaluation scores along the study (A) and area under curve (AUC) (B). Histological inflammation 
(C) and destruction (D). Kruskal-Wallis test was performed. *p≤0.05, **p≤0.01, ***p≤0.001. Animals received intra-articular 
administration of carrageenan (CAR) and sustained-release colchicine (SR-COL), and/or dexamethasone (DXM), and/or 
phosphate buffer saline (PBS), and/or ropivacaïne (ROPI) associated with SR-COL in knees.
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model only replicates the inflammatory response 
and not the potential effects on cartilage.41 Finally, 
the findings related to cartilage pathology should be 
confirmed in dedicated models such as other models 
of inflammatory arthritis or osteoarthritis models.

In conclusion, this study establishes proof-of-
concept for the efficacy of IA SR-COL treatment 
combined with ROPI, in an acute arthritis model, 
providing support for further development to test its 
efficacy in crystalline arthritis.

Acknowledgements  Part of this study has been funded by PK MED. Authors wish 
to thank Nicolas Voituron and Valerie Besnard from animal facilities and Tiscell 13 
platform of Sorbonne Paris Nord University, Bobigny. They also thank, for their help, 
Eric Assier, Delphine Lemeiter and Antonin Oudar.

Contributors  All authors contributed to the manuscript. JG, FM, LS, NB, CS, 
GP and M-CB were responsible for conception and design. JG, RH and ER were 
responsible for statistical analyses. All authors were responsible for data collection 
and analysis. JG, FM, GP, ER and M-CB wrote the first version of the manuscript. 
All authors were responsible for the interpretation of data and approved the final 
version of the manuscript. M-CB and GP are the guarantors.

Funding  Part of this study has been funded by PK MED.

Competing interests  JG, FM, CS, GP and PP are employees of PK MED. M-CB and 
H-KE received research grants from PK MED.

Patient consent for publication  Not applicable.

Ethics approval  All animal care and experimental procedures were conducted in 
compliance with the principles and guidelines of the European Union (2010/63/UE) 
and the French government regulations (referral #32645).

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available upon reasonable request.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Elodie Rivière http://orcid.org/0000-0003-1010-3081

REFERENCES
	 1	 Dalbeth N, Merriman TR, Stamp LK. Gout. Lancet 

2016;388:2039–52. 
	 2	 Pascart T, Wasik KA, Preda C, et al. The gout epidemic in 

French Polynesia: a modelling study of data from the Ma’i u’u 
epidemiological survey. Lancet Glob Health 2024;12:e685–96. 

	 3	 Martin WJ, Walton M, Harper J. Resident macrophages initiating and 
driving inflammation in a monosodium urate monohydrate crystal-
induced murine peritoneal model of acute gout. Arthritis Rheum 
2009;60:281–9. 

	 4	 Chirayath TW, Ollivier M, Kayatekin M, et al. Activation of osmo-
sensitive LRRC8 anion channels in macrophages is important for 
micro-crystallin joint inflammation. Nat Commun 2024;15. 

	 5	 Martinon F, Pétrilli V, Mayor A, et al. Gout-associated uric acid 
crystals activate the NALP3 inflammasome. Nature New Biol 
2006;440:237–41. 

	 6	 Renaudin F, Orliaguet L, Castelli F, et al. Gout and pseudo-gout-
related crystals promote GLUT1-mediated glycolysis that governs 

NLRP3 and interleukin-1β activation on macrophages. Ann Rheum 
Dis 2020;79:1506–14. 

	 7	 So AK, Martinon F. Inflammation in gout: mechanisms and 
therapeutic targets. Nat Rev Rheumatol 2017;13:639–47. 

	 8	 Mikuls TR. Gout. N Engl J Med 2022;387:1877–87. 
	 9	 Challener G, Yokose C. Year in review 2023: gout clinical research. 

GUCDD 2024;2:354–69. 
	10	 Keenan RT, O’Brien WR, Lee KH, et al. Prevalence of 

contraindications and prescription of pharmacologic therapies for 
gout. Am J Med 2011;124:155–63. 

	11	 Pascart T, Norberciak L, Ea HK, et al. Difficult-to-treat gout flares: 
eligibility for interleukin-1 inhibition in private practice is uncommon 
according to current EMA approval. Rheumatology (Oxford) 
2019;58:2181–7. 

	12	 Pascart T, Lancrenon S, Lanz S, et al. GOSPEL 2 - Colchicine for 
the treatment of gout flares in France - a GOSPEL survey subgroup 
analysis. Doses used in common practices regardless of renal 
impairment and age. Joint Bone Spine 2016;83:687–93. 

	13	 Leung YY, Yao Hui LL, Kraus VB. Colchicine--Update on 
mechanisms of action and therapeutic uses. Semin Arthritis Rheum 
2015;45:341–50. 

	14	 Terkeltaub RA, Furst DE, Digiacinto JL, et al. Novel evidence-
based colchicine dose-reduction algorithm to predict and prevent 
colchicine toxicity in the presence of cytochrome P450 3A4/P-
glycoprotein inhibitors. Arthritis Rheum 2011;63:2226–37. 

	15	 FitzGerald JD, Dalbeth N, Mikuls T, et al. 2020 American college of 
rheumatology guideline for the management of gout. Arthritis Care 
Res (Hoboken) 2020;72:744–60. 

	16	 Richette P, Doherty M, Pascual E, et al. 2016 updated EULAR 
evidence-based recommendations for the management of gout. Ann 
Rheum Dis 2017;76:29–42. 

	17	 Latourte A, Pascart T, Flipo R-M, et al. 2020 Recommendations from 
the French Society of Rheumatology for the management of gout: 
management of acute flares. Joint Bone Spine 2020;87:387–93. 

	18	 Ashraf S, Mapp PI, Shahtaheri SM, et al. Effects of carrageenan 
induced synovitis on joint damage and pain in a rat model of knee 
osteoarthritis. Osteoarthr Cartil 2018;26:1369–78. 

	19	 Radhakrishnan R, Moore SA, Sluka KA. Unilateral carrageenan 
injection into muscle or joint induces chronic bilateral hyperalgesia in 
rats. Pain 2003;104:567–77. 

	20	 Kim MH, Suh HR, Han HC. The effects of the cholinergic system on 
carrageenan-induced arthritis. Neurosci Lett 2024;823:137651. 

	21	 Lopes AH, Silva RL, Fonseca MD, et al. Molecular basis of 
carrageenan-induced cytokines production in macrophages. Cell 
Commun Signal 2020;18. 

	22	 Sur B, Kang S, Kim M, et al. Inhibition of Carrageenan/Kaolin-
induced arthritis in rats and of inflammatory cytokine expressions 
in human IL-1β-stimulated fibroblast-like synoviocytes by a 
benzylideneacetophenone derivative. Inflammation 2019;42:928–36. 

	23	 Hilliquin P, Natour J, Aissa J, et al. Treatment of carrageenan induced 
arthritis by the platelet activating factor antagonist BN 50730. Ann 
Rheum Dis 1995;54:140–3. 

	24	 Valenti C, Giuliani S, Cialdai C, et al. Anti-inflammatory synergy of 
MEN16132, a kinin B(2) receptor antagonist, and dexamethasone 
in carrageenan-induced knee joint arthritis in rats. Br J Pharmacol 
2010;161:1616–27. 

	25	 Chang YH. Mechanism of action of colchicine. III. Antiinflammatory 
effects of colchicine compared with phenylbutazone and 
indomethacin. Arthritis Rheum 1975;18:493–6. 

	26	 Chaplan SR, Bach FW, Pogrel JW, et al. Quantitative assessment of 
tactile allodynia in the rat paw. J Neurosci Methods 1994;53:55–63. 

	27	 Bove SE, Calcaterra SL, Brooker RM, et al. Weight bearing as a 
measure of disease progression and efficacy of anti-inflammatory 
compounds in a model of monosodium iodoacetate-induced 
osteoarthritis. Osteoarthr Cartil 2003;11:821–30. 

	28	 Le Buanec H, Delavallée L, Bessis N, et al. TNFalpha kinoid 
vaccination-induced neutralizing antibodies to TNFalpha protect 
mice from autologous TNFalpha-driven chronic and acute 
inflammation. Proc Natl Acad Sci U S A 2006;103:19442–7. 

	29	 Amagai Y, Tanaka A, Matsuda A, et al. Topical application of 
ketoprofen improves gait disturbance in rat models of acute 
inflammation. Biomed Res Int 2013;2013. 

	30	 Shive MS, Anderson JM. Biodegradation and biocompatibility of 
PLA and PLGA microspheres. Adv Drug Deliv Rev 1997;28:5–24. 

	31	 Pradal J, Maudens P, Gabay C, et al. Effect of particle size on the 
biodistribution of nano- and microparticles following intra-articular 
injection in mice. Int J Pharm 2016;498:119–29. 

	32	 Paschke S, Weidner AF, Paust T, et al. Technical advance: Inhibition 
of neutrophil chemotaxis by colchicine is modulated through 
viscoelastic properties of subcellular compartments. J Leukoc Biol 
2013;94:1091–6. 

R
M

D
 O

pen: first published as 10.1136/rm
dopen-2025-005988 on 29 S

eptem
ber 2025. D

ow
nloaded from

 https://rm
dopen.bm

j.com
 on 27 July 2026 by guest.

P
rotected by copyright, including for uses related to text and data m

ining, A
I training, and sim

ilar technologies.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-1010-3081
http://dx.doi.org/10.1016/S0140-6736(16)00346-9
http://dx.doi.org/10.1016/S2214-109X(24)00012-3
http://dx.doi.org/10.1002/art.24185
http://dx.doi.org/10.1038/s41467-024-52543-8
http://dx.doi.org/10.1038/nature04516
http://dx.doi.org/10.1136/annrheumdis-2020-217342
http://dx.doi.org/10.1136/annrheumdis-2020-217342
http://dx.doi.org/10.1038/nrrheum.2017.155
http://dx.doi.org/10.1056/NEJMcp2203385
http://dx.doi.org/10.3390/gucdd2040025
http://dx.doi.org/10.1016/j.amjmed.2010.09.012
http://dx.doi.org/10.1093/rheumatology/kez203
http://dx.doi.org/10.1016/j.jbspin.2015.10.006
http://dx.doi.org/10.1016/j.semarthrit.2015.06.013
http://dx.doi.org/10.1002/art.30389
http://dx.doi.org/10.1002/acr.24180
http://dx.doi.org/10.1002/acr.24180
http://dx.doi.org/10.1136/annrheumdis-2016-209707
http://dx.doi.org/10.1136/annrheumdis-2016-209707
http://dx.doi.org/10.1016/j.jbspin.2020.05.001
http://dx.doi.org/10.1016/j.joca.2018.07.001
http://dx.doi.org/10.1016/S0304-3959(03)00114-3
http://dx.doi.org/10.1016/j.neulet.2024.137651
http://dx.doi.org/10.1186/s12964-020-00621-x
http://dx.doi.org/10.1186/s12964-020-00621-x
http://dx.doi.org/10.1007/s10753-018-0947-8
http://dx.doi.org/10.1136/ard.54.2.140
http://dx.doi.org/10.1136/ard.54.2.140
http://dx.doi.org/10.1111/j.1476-5381.2010.00995.x
http://dx.doi.org/10.1002/art.1780180511
http://dx.doi.org/10.1016/0165-0270(94)90144-9
http://dx.doi.org/10.1016/S1063-4584(03)00163-8
http://dx.doi.org/10.1073/pnas.0604827103
http://dx.doi.org/10.1155/2013/540231
http://dx.doi.org/10.1016/s0169-409x(97)00048-3
http://dx.doi.org/10.1016/j.ijpharm.2015.12.015
http://dx.doi.org/10.1189/jlb.1012510


9Grassot J, et al. RMD Open 2025;11:e005988. doi:10.1136/rmdopen-2025-005988

Crystal arthropathiesCrystal arthropathiesCrystal arthropathies

	33	 Terkeltaub RA, Furst DE, Bennett K, et al. High versus low dosing 
of oral colchicine for early acute gout flare: twenty-four-hour 
outcome of the first multicenter, randomized, double-blind, placebo-
controlled, parallel-group, dose-comparison colchicine study. 
Arthritis Rheum 2010;62:1060–8. 

	34	 Chappey ON, Niel E, Wautier JL, et al. Colchicine disposition in 
human leukocytes after single and multiple oral administration. Clin 
Pharmacol Ther 1993;54:360–7. 

	35	 Latourte A, Ea H-K, Richette P. Calcium pyrophosphate and 
basic calcium phosphate crystal arthritis: 2023 in review. GUCDD 
2024;2:101–7. 

	36	 Abhishek A, Neogi T, Choi H, et al. Review: unmet needs and the 
path forward in joint disease associated with calcium pyrophosphate 
crystal deposition. Arthritis Rheumatol 2018;70:1182–91. 

	37	 Pascart T, Filippou G, Lioté F, et al. Calcium pyrophosphate 
deposition disease. Lancet Rheumatol 2024;6:e791–804. 

	38	 Goo B, Lee J, Park C, et al. Bee venom alleviated edema and pain in 
monosodium urate crystals-induced gouty arthritis in rat by inhibiting 
inflammation. Toxins (Basel) 2021;13:661. 

	39	 Silva CR, Fröhlich JK, Oliveira SM, et al. The antinociceptive and 
anti-inflammatory effects of the crude extract of Jatropha isabellei in 
a rat gout model. J Ethnopharmacol 2013;145:205–13. 

	40	 Wang Y, Lin Z, Zhang B, et al. Cichorium intybus L. extract 
suppresses experimental gout by inhibiting the NF-κB and NLRP3 
signaling pathways. IJMS 2019;20:4921. 

	41	 Nasi S, Romani M, Busso N. Age-associated calcification: insights 
from murine models. GUCDD 2024;2:236–51. 

R
M

D
 O

pen: first published as 10.1136/rm
dopen-2025-005988 on 29 S

eptem
ber 2025. D

ow
nloaded from

 https://rm
dopen.bm

j.com
 on 27 July 2026 by guest.

P
rotected by copyright, including for uses related to text and data m

ining, A
I training, and sim

ilar technologies.

http://dx.doi.org/10.1002/art.27327
http://dx.doi.org/10.1038/clpt.1993.161
http://dx.doi.org/10.1038/clpt.1993.161
http://dx.doi.org/10.3390/gucdd2020010
http://dx.doi.org/10.1002/art.40517
http://dx.doi.org/10.1016/S2665-9913(24)00122-X
http://dx.doi.org/10.3390/toxins13090661
http://dx.doi.org/10.1016/j.jep.2012.10.054
http://dx.doi.org/10.3390/ijms20194921
http://dx.doi.org/10.3390/gucdd2030018

	Intra-­articular sustained-­release colchicine is efficacious in an inflammatory arthritis rat model
	Abstract
	Introduction﻿﻿
	Methods
	Manufacturing and ﻿﻿characterisation﻿﻿ of SR-COL microspheres
	﻿﻿CAR-﻿﻿induced arthritis in rats
	Arthritis induction and treatments in rats
	Clinical arthritis evaluation
	Pain evaluation

	Histological analysis
	Statistical analysis

	Results
	SR-COL microspheres exhibit a sustained-release profile
	SR-COL microspheres demonstrated both local and systemic safety﻿﻿﻿﻿﻿﻿﻿﻿
	IA SR-COL ﻿﻿microsphere﻿﻿ administration exerted anti-inflammatory and analgesic effects on CAR-induced arthritis﻿﻿﻿﻿
	SR-COL microspheres ﻿﻿prevent﻿﻿ histological arthritis
	Addition of ROPI to SR-COL microspheres exerted an anti-inflammatory, analgesic and protective effect on arthritis﻿﻿﻿﻿

	Discussion
	References


