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Introduction
Compounds that differ from pure analgesics and nonsteroi-
dal anti-inflammatory drugs (NSAIDs) are being developed
for the management of patients with osteoarthritis (OA).
Diacerein is a rhein derivative that has been developed
empirically for the treatment of OA. Based on numerous
clinical trials conducted in this field, diacerein is registered
as a symptomatic agent in OA in various countries. As a
result of the positive clinical findings, the potential mecha-
nism of action of diacerein has been investigated. Several
animal and in vitro models suggest that diacerein could
inhibit the production of interleukin-1 (IL-1) [1,2] and
reduce cartilage [3] and the development of cartilage lesions
[4,5]. In vitro studies on lapine chondrocytes have shown
that diacerein can inhibit collagenase production and
modulate IL-1 inhibition of proteoglycan (PG) synthesis
[6]. In addition, diacerein has been implicated in the regula-
tion of transforming growth factor (TGF) β1 and β2 in artic-
ular chondrocytes [7]. To our knowledge, no clinical study
has focused on fundamental aspects; at variance, findings in
different models of OA were reported recently.

Concerning clinical evaluation of diacerein, two main
studies were recently conducted: one in knee OA evaluat-
ing the symptomatic dose ranging effect of diacerein, and
the other in hip OA evaluating the potential structural
effect of diacerein. Both of these studies are important

because they increase our knowledge on the safety and
efficacy profile of the compound.

Mechanism of Action
Different pathways have been described in ovine OA,
rabbit chondrocytes, human subchondral osteoblast
culture, and rat arthritis-induced models. These studies
focused on cartilage thickness, subchondral bone densito-
metry, cytokine and proteases release, and nitric oxide
(NO) production, respectively.

Cartilage thickness and bone structure
Recently Hwa et al. [8] studied cartilage thickness and
subchondral bone in an ovine model of OA. Twenty adult
sheep were operated on for bilateral lateral meniscectomy
(BLM) in the knee joint. Ten animals were treated orally with
diacerein for 9 months, whereas 10 weight-matched ovines
were not treated. Moreover, 10 others served as controls and
were not operated on. Diacerein seemed to lead to a diminu-
tion in cartilage thickness in the weight-bearing zone of
treated sheep compared with untreated sheep, although
differences were not statistically significant. After 9 months
of treatment, the authors observed that, compared with
controls, thickness of cartilage and subchondral bone was
reduced in the lesion (middle) zone, whereas bone mineral
densitometry was enhanced in the outer (external) zone, a
region where osteophyte formation occurred in the animals
treated with diacerein. The authors concluded that diacerein
could help in promoting mechanisms of OA lesion recovery
despite the effect on the weight-bearing zone lesion.

Proteoglycans
In the same animal model, Burkhardt et al. [9] developed a
new assay to quantify proteoglycans. Safranin-O staining
of histologic sections is one of the techniques used to
quantify PG, but it requires specialized spectroscopic
equipment [10,11]. Using a novel microassay to quantify
sulfated glycosaminoglycan (S-GAG) content, the authors
studied changes observed after diacerein treatment of
meniscetomized adult ovine. While reduced in the weight-
bearing zone, the S-GAG content was increased in the outer
lesion of the femoral condyle. S-GAG was not modified on
the tibial cartilage. Using this possibly more sensitive
technique, the authors concluded that diacerein could sup-
port the processes of repair and endochondral ossification.

This paper reviews the most recent clinical and experimental 
studies on diacerein, both of which are under investigation. 
Diacerein could be a disease-modulating agent in osteo-
arthritis because structural benefits have been reported 
in recent trials. Moreover, after an empirical use, studies 
return to the experimental field to understand the mecha-
nism of action of this molecule. However, clinical trials 
using new sets of criteria could be conducted to estimate 
the structural modulating effect of diacerein; experimental 
studies must be performed to understand this effect.
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Subchondral bone metabolism
Collecting femoral condyles of patients undergoing knee
replacement, Pelletier et al. [12•] developed primary sub-
chondral osteoblast cell cultures and studied subchondral
bone metabolism. Diacerein and rhein (its active metabo-
lite) did not affect the usual biomarkers of OA subchon-
dral osteoblasts such as cAMP formation after parathyroid
hormone (PTH) stimulation and alkaline phosphatase
activity, either basal or 1,25(OH)2D3 induced. Conversely,
they dose dependently inhibited osteocalcin release after
1,25(OH)2D3 stimulation, at the mRNA and protein level.
Diacerein and rhein inhibited the production and proba-
bly the activity of the protease uPA (urokinase-type plasmi-
nogen activator). The uPA/plasmin system is known to link
bone resorption with bone formation by stimulating the
protease system and releasing trapped growth factors
[13,14]. In addition, diacerein and rhein inhibited the
plasminogen activator inhibitor type-1 (PAI-1), albeit at a
much lower level than for uPA. uPA/PAI-1, which acts as a
protease and protease regulator, could also have been
implicated in signal transduction [15]. In contrast, IGF-1
levels increased after treatment. A transient dose-
dependent effect was found on IL-6 production; inhibition
was noted at low drug concentrations, which returned to
basal levels at the highest concentration tested. PGE2 levels
increased exponentially and were related to a concomitant
increase in cyclo-oxygenase 2 (COX-2) levels in response to
both drugs.

The authors concluded that diacerein and rhein could
have a direct effect on reducing the synthetic activities of
osteoblasts through the reduction of uPA and promoting
bone mineralization through the reduction of osteocalcin.
This would favor more mineralized bone tissue that could
be of interest in undermineralized OA bone.

Metalloproteinases
Tamura et al. [16•,17] reported their work on rabbit
chondrocyte two-dimensional cultures. These experiments
suggested that the active metabolite of diacerein suppresses
matrix metalloproteinase (MMP) production. This work
focused on MMP-9/gelatinase B, MMP-1/collagenase 1,
MMP-3/stromelysin 1, and MMP-13/collagenase 3. Rhein
suppressed the rhIL-1α-induced production of proMMPs-1,
-3, -9 and -13 in a dose-dependent manner. The suppressed
production of proMMPs-1 and -3 was accompanied by a
decrease in the levels of their mRNAs. Rhein increased
the production of tissue inhibitor of metalloproteases 1
(TIMP-1). Rhein decreased the apparent total activity of
MMPs in the culture medium, which further supported
these observations. The authors concluded that the thera-
peutic effects of diacerein in OA may be due to the chondro-
protective effect of rhein, inhibiting the release of MMP.
However the diacerein inhibition of MMP release must be
confirmed and may be related to levels obtained with MMP
inhibitors or tetracyclines.

Inflammation
The same authors used diacerein as a treatment in the rat
adjuvant-induced arthritis model [18•]. They measured
paw swelling and the plasma NO level to assess the effect
of diacerein on this articular inflammation model. At
doses of 30 and 100 mg/kg/day, diacerein significantly
suppressed the development of rat arthritis and the
increase in plasma NO. The authors concluded that the
inhibitory effect of diacerein on rat adjuvant-induced
arthritis is partly related to its reduction of NO production.
Another study on human monocytes gave evidence for a
role of diacerein in regulating inflammation [19]. Iron-
regulating protein (IRP) was enhanced by interferon
gamma/lipopolysaccharide (IFNγ/LPS), while this effect
was consistently counteracted by diacerein. No direct effect
of diacerein on IRP activity was found in vitro. However,
similar IRP activation was achieved in vivo by exposing
cells to NO donors and the IFNγ/LPS-induced activation of
IRP was reversed by NO inhibitors. NO-induced IRP activa-
tion was efficiently blocked by diacerein. Diacerein could
then interfere with IRP activation by NO in inflamed
human cells, helping to regulate the inflammatory process
during OA. Thus diacerein could be involved in the regula-
tion of inflammation in the osteoarticular lesion, more
precisely in acute inflammatory osteoarthritis lesions.

Signalization
To our knowledge, no recent study has focused on
transcriptional level control, but there is some evidence
that AP-1 activity could be decreased by diacerein and then
suppress collagenase expression [20]. Recent studies
support this hypothetical action regarding the results on
PAI-1 that could act in signal transduction [15].

Clinical Evaluation
Recent clinical trials are improving our knowledge
concerning the safety and efficacy of this drug [21••,22••].

Safety profile
Upper Gastrointestinal Symptoms
Diacerein differs from other anti-inflammatory drugs by its
lack of upper gastrointestinal (GI) effects. Diacerein has no
inhibitory effect on phospholipase A2, COX, or lipo-
oxygenase in vitro [23]. During the two most recently
conducted trials, no severe or serious adverse events
concerning the upper GI tract, such as gastric or duodenal
ulcers, were reported. These findings are reassuring and are
consistent with those of postmarketing surveillance (since
1994) in several countries where diacerein is available.

Diarrhea
Diarrhea has been reported in clinical trials, with an inci-
dence of 20% to 40% [24,25]. The first possible explana-
tion of this kind of side effect is that it is a drug class effect
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and that (as for the various derivates of rhein) a laxative
effect can be anticipated [26]. Another possible but hypo-
thetical explanation is that because diacerein has been
shown to be capable of inducing prostaglandin synthesis, a
local increase in prostaglandin may lead to an increase in
gut mobility and thus to diarrhea [27].

The dose ranging study conducted in knee OA com-
paring placebo with three different doses (50, 100, and 150
mg daily) of diacerein during a 16-week period confirmed
that this adverse event is dose-related. It was observed in
13.6%, 17.5%, 29.7%, and 53.3% of patients in the placebo,
50 mg/day diacerein, 100 mg/day diacerein, and 150 mg/day
diacerein groups, respectively [21••]. The 3-year placebo-
controlled trial in hip OA confirmed these findings because
diarrhea was observed in 46% of the patients in the 100 mg
daily diacerein group versus 12% in the placebo group.
Diarrhea is usually considered as mild to moderate. With-
drawals from the study as a result of diarrhea were reported
for 12 of the 122 patients in the 150 mg/day diacerein group
compared with three of 125, three of 126, and three of 111
patients of the other three groups in the knee OA trial. In the
3-year placebo-controlled trial in hip OA, diarrhea was
responsible for discontinuation of treatment more
frequently in the diacerein group (12% vs 2%). Diarrhea
during treatment with diacerein usually occurs within the
first 2 weeks. The question remains whether it is possible to
prevent this adverse event by starting the treatment at a low
dose (ie, 50 mg), and thereafter (ie, after 2–4 weeks) increase
this dose to 100 mg.

Discoloration of Urine
Discoloration of urine is expected during treatment with
diacerein due to the urinary elimination of a metabolite of
diacerein and is without clinical significance. In the hip OA
trial, discoloration of urine was noted in 2% and 31% of the
patients in the placebo and 100 mg daily group, respectively.

Skin Reactions
Allergic cutaneous reactions (pruritus, various skin rashes,
urticaria) were not reported in the knee OA trial [21]. At
variance, in the 3-year hip OA trial, rash or pruritus was
observed in 3% of patients on placebo and in 7% of
patients on diacerein 100 mg daily [22]. To our knowledge,
no severe allergic reaction has been reported.

Symptomatic efficacy
The previously reported clinical trials define diacerein as
an effective symptomatic treatment of OA with the follow-
ing characteristics:

• A moderate symptomatic treatment effect.
• A 4- to 6-week onset of action.
• A 4- to 8-week carry-over effect.

All the trials conclude to a statistically significant differ-
ence when comparing the changes in symptomatic out-
come variables in the diacerein group versus placebo.

However, the magnitude of this treatment effect is usually
moderate. Considering the variable pain evaluated using a
100-mm VAS scale and considering NSAIDs, the usually
expected treatment effect (ie, changes in the placebo group
versus changes in the NSAID group) is 10 to 15 mm.

Considering diacerein and other specific anti-OA drugs
(such as chondroitin sulfate, glucosamine, avocado, and soy-
bean extracts), this treatment effect is usually around 6 to 8
mm [24]. In the knee OA trial, the sample size calculation was
based on an expected treatment effect of 10 mm. The change
in pain in the placebo group was 11 mm; this change was 16,
18, and 14 in the 50 mg/day diacerein, 100 mg/day diacerein,
and 150 mg/day diacerein groups, respectively (ie, an
observed treatment effect of 6, 7, and 3). In the 3-year hip OA
trial, the main objective was to evaluate the potential struc-
tural effect of diacerein. No statistically significant difference
was found between the groups in the three evaluated symp-
tomatic outcome variables (pain, functional impairment, and
patient’s global assessment). These “negative” results are
interesting. This study had a structural long-term design. The
patients had lower baseline levels of pain and functional
impairment than those of patients included in previous short-
term trials evaluating the symptomatic effects of diacerein.
Moreover, during the 3 years of the study, symptomatic rescue
treatments such as analgesics and NSAIDs were permitted.
The post hoc analysis of covariance performed in this study
took into account these confounding factors and revealed the
beneficial symptomatic effect of diacerein.

The symptomatic knee OA trial confirmed the
symptomatic efficacy of diacerein. Based on the different
analyses conducted in this study, the best diacerein dosage
was estimated to be 90.1 mg/day in the intent-to-treat
(ITT) population. In this study, the symptomatic delayed
onset of action was confirmed because the analysis based
on VAS assessment of pain indicated that differences from
placebo were statistically significant by week 4.

The potential carry-over effect of diacerein has not been
evaluated recently but was adequately investigated in the
study reported by Lequesne et al. [25] in which diclofenac
100 mg daily was given to all the patients who were concur-
rently taking placebo or diacerein 100 mg daily [25]. After 2
months of therapy, diclofenac was discontinued; a flare was
observed within 2 weeks in the placebo group but not in the
diacerein group. At month 4, the study drug was discontin-
ued without any flare during the 2 proceeding months,
suggesting a 2-month carry-over effect of diacerein.

Structural effect
The potential structural effect was investigated in the 3-year
placebo-controlled trial in 507 patients suffering from
painful hip OA.

The chosen structural parameter was the radiologic
joint space width evaluated on a pelvic radiograph. The
primary outcome variables were the changes in joint space
width evaluated in millimeters and the proportion of
patients with radiologic progression during the study.
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In the analysis of the ITT population (446 patients: 221
in the diacerein group and 225 in the placebo group), the
mean values of the joint space narrowing rate were 0.39 ±
0.81 mm/year in the placebo group versus 0.39 ± 0.75 mm in
the diacerein group. The median values of the joint space
narrowing rate were 0.23 mm/year in the placebo group
versus 0.19 mm/year in the diacerein group. This difference
did not reach statistical significance. In the completer popu-
lation (269 patients: 131 in the diacerein group and 138 in
the placebo group), the mean values of the annual joint
space narrowing rate were lower in the diacerein group (0.18
± 0.25 mm/year) compared with the placebo group (0.23 ±
0.23 mm/year; P = 0.042). The clinical relevance of such a
statistically significant difference is difficult to interpret. To
overcome the difficulty of interpretation of the changes in
this structural parameter, it was proposed that the results be
presented individually (ie, by presenting the percentage of
patients with a "relevant" change during the study) [28,29].
Considering the structural parameter evaluating OA, particu-
larly the change in joint space width, it was proposed to
present by treatment group the percentage of patients with
radiologic progression. The question remaining is the defini-
tion of “progression.” During the OMERACT meeting in
Toulouse, several methods were proposed to define a cut-off
permitting to switch a continuous variable (such as change
in joint space width) into a dichotomous variable (such as
radiologic progression yes/no). Concerning radiologic
progression, the technique that took into account measure-
ment error was considered acceptable [30].

This technique was adopted in the 3-year hip OA trial.
It defined radiologic progression as a change of at least 0.5
mm during the study.

The occurrence of radiographic progression (ie, a
change in joint space width of at least 0.5 mm during the
study) was significantly lower and occurred later in the
diacerein group compared with the placebo group. This
was observed in the ITT population (50.7% with diacerein
versus 60.4% with placebo; P = 0.036) and in the com-
pleter population (47.3% with diacerein versus 62.3%
with placebo; P = 0.007). The question remains regarding
the clinical relevance of the observed treatment effect
(ie, 50.7 – 60.4 = 9.7% and 61.3 – 47.3 = 14% in the ITT
and completer analysis, respectively).

It is difficult to answer the question of the clinical rele-
vance of such an observed treatment effect. However, it is
possible to conclude to a statistically significant structure-
modifying effect of diacerein. Other studies in other sets of
patients should be conducted to confirm these results.

In the field of OA, the evaluation of the clinically
relevant structure-modifying effect can be based on the
long-term symptomatic effect. It has been proposed that a
lower rate of radiologic progression should result in a
subsequent long-term symptomatic effect resulting in a
lower requirement for articular replacement. Therefore,
evaluation of the percentage of patients requiring surgery

during a long-term placebo-controlled trial studying a
potential OA disease-modifying drug has been proposed as
a clinically relevant outcome measure [31].

In the 3-year hip OA trial, total hip replacement of the
“signal” hip during the study and during the 3 months
after discontinuation of the study treatment was performed
in 87 patients: 37 in the diacerein group (14.5%) and 50 in
the placebo group (19.8%). The comparison of the
survival curves of the two groups showed a trend favoring
the diacerein treatment that did not reach statistical signifi-
cance (P = 0.286).

Before any definite conclusion, further studies are
necessary to evaluate the clinical relevance of this outcome
measure and the minimum intergroup difference to be
considered as clinically relevant. Such an outcome variable
(ie, the percentage of patients undergoing surgery during a
trial) is not generally accepted as an outcome measure
because such a parameter is based on the level of symp-
tomatic and structural severity of OA and on other factors
unrelated to OA, such as the patient's willingness and the
health care system. A possibility for further investigation of
the clinical relevance of an OA disease-modifying drug is
not to focus the evaluation on the percentage of patients
undergoing surgery but on the percentage of patients
fulfilling the criteria indicating time to surgery. Such a set
of criteria should be a composite index taking into account
only the parameters related to the severity of OA, such as
the level of the symptoms of the patient, the amount of
concomitant treatment necessary for the patient, and the
structural severity of OA [32]. Such an outcome variable
will greatly facilitate the conduct of trials and the interpre-
tation of the clinical relevance of the observed results.

Conclusions
All the recently conducted studies suggest that diacerein
may improve clinical symptoms and have a beneficial
effect on cartilage breakdown. Composite index for
patients with OA, including severity of the symptoms,
number of concomitant treatments, and the structural
severity, could help to quantify efficacy of a structural-
modifying drug such as diacerein. Experiments should be
conduct to explain its mechanism of action, in experimen-
tal animal models and in humans.
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