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Influence of renal function on the pharmacokinetics of
diacerein after a single oral dose
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SUMMARY

The pharmacokinetics of diacetylrhein following a single oral dose of 50 mg was studied in 12 healthy volunteers and two groups of
8 patients with mild or severe renal insufficiency.

Statistical analysis using a Kruskal-Wallis rank sum test showed a significant difference between the three groups for the following
parameters. In severely uraemic patients, median AUCo-- was multiplied by a factor of about 2: 40.5 mg.h/l versus 21.3 mg.h/l in
healthy subjects. P =0.04; and tlfZ was prolonged by the same factor: 9.6 h versus 4.3 h in the control group. P=0.003. Apparent
drug availability and renal clearance assessed through urinary data decreased with renal failure. respectively: 14.5% and 0.045 IIh
versus 35.4% (P = 0.01) and 0.13 IIh (P = 0.008) in healthy subjects. Amounts of glucuro- and sulpho-conjugates in urine were
lower in severely uraemic patients. Intermediate values were observed for mildly uraemic patients. Other parameters: lag time. Cmax•
tmax, VssfF. urinary glucuro- to sulpho-conjugate ratios did not change significantly. Apparent total clearance of rhein was poorly
correlated with creatinine clearance and this was related to a decrease of non-renal clearance of rhein in renal insufficiency.

It was concluded that. from a pharmacokinetic point of view. a reduction (50%) in the initial dosage of diacerein should be
considered in severe renal failure.

INTRODUCTION

Diacetylrhein or diacerein (4,5-diacetoxy-9,1O- dihy
dro-9,IO-dioxo-2-anthracenecarboxylic acid) is a new
anti-inflammatory, analgesic and antipyretic drug (1).
Unlike common nonsteroidal anti-inflammatory drugs,
its mechanism of action is not linked to the inhibition
of prostaglandin synthesis (2-4).

Many clinical trials have confirmed the effective-
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ness of diacerein in the treatment of arthrosis (gonarth
rosis, coxarthrosis) (5-10).

Diacerein is completely metabolized by animals
and humans into rhein (4,5-dihydroxy-9,1O-dihydro
9,IO-dioxo-2-anthracenecarboxylic acid), which is the
active metabolite. In rats, rhein and its conjugates are
excreted in urine and bile (I,ll-B). Thus, it seems
important to know the possible kinetic modifications
which could arise in renal failure.

The purpose of this study was to characterise the
pharmacokinetics of a single oral dose of diacerein in
patients with various degrees of renal failure compared
to healthy subjects.
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MATERIALS AND METHODS

Subjects

12 subjects with normal renal function and 16 with
various degrees of renal failure consented to be in
cluded in the study, whose protocol was approved by
the Ethics Committee of the Creteil Intennunicipal
Hospital. Each subject underwent a complete medical
examination shortly before entering the trial. A 12
lead ECG was performed and samples were obtained
for haematology, serum biochemistry, urinalysis and
creatinine clearance. Exclusion criteria included car
diac, respiratory and hepatic diseases.

The subjects were all Caucasian and were assigned
to one of three groups, according to their creatinine
clearance (CLer) as follows: group I - controls with
normal renal function (CLer = 68-111 ml/min, 6
women and 6 men, aged 41-59 years, weighing 48-84
kg); group II - mild renal impairment (CLer =33-56
ml/min, I woman and 7 men, aged 31-67 years,
weighing 50-95 kg); and group III - severe renal
failure (CLer: 10-27 mllmin, 2 women and 6 men,
aged 35-63 years, weighing 47-93 kg). Patient char
acteristics are summarised in Table I.

Study procedure

All drug treatments were withdrawn 24 h before dos
ing and not started again until after the study. Sub
jects taking drugs with an expected half life longer
than 6 h were not included. Subjects fasted overnight
and they received a single oral dose of 50 mg of
diacerein (ART 50, Negma Laboratoires, Buc,
France ). They remained supine for the first 4 h after
dosing. A standard lunch was eaten 4 h after drug
administration. Patients were questioned for adverse
reactions 0.25, 12 and 24 h after diacerein administra
tion.

Venous blood samples (5 ml) were drawn through
an indwelling catheter before drug intake and at 0.25,
0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 7, 8, 10, 12, 16 and
24 h after administration in patients from group 1.
Additional samples were drawn 36 and 48 h post-ad
ministration from patients in groups II and III. Blood
samples were collected into 'Vacutainer' tubes con
taining lithium heparinate anticoagulant. They were
immediately separated by centrifugation and 2 x 1 ml
aliquots of the separated plasma were frozen at -20·C
until assayed.

Urine was collected during the following intervals:
0-4 h, 4-8 h, 8-12 h, 12-24 h (groups I, II, III) and
24-48 h (groups II and III). The volume of each urine
sample was measured and 2 x 20 ml aliquots were
frozen at -20·C until assayed.

Analysis

Concentrations of unchanged rhein were measured in
plasma and urine using the high-performance liquid
chromatographic method of Springolo and Coppi (14)
with minor modifications. Briefly, 1 ml of the biol
ogical sample was deproteinised with an equal volume
of acetonitrile. 40 Jll of the supernatant were chroma
tographied on a Nucleosil CIS column using a mobile
phase of McIlvaine buffer, pH 2.2:acetonitrile (53/47,
v/v) at a flowrate of 1 mllmin and with photometric
detection at 432 nm. The limit of detection was 0.10
mgll in plasma and urine with an intra-assay precision
for control samples (0.51 and 5.40 mgll) of ± 4% in
plasma, and an interassay precision of ± 10% both in
plasma and urine.

Conjugates in urine were determined after enzy
matic hydrolysis as follows: j3-glucuronidase from
Helix pomatia, crude solution (type H2, Sigma) with
j3-glucuronidase and sulphatase activities; P-glucuroni
dase from bovine liver (type BI, Sigma); final concen
tration, 50 units/ml; time and temperature, 2 hand
3TC, pH was adjusted to 4.9 with 1 M acetate buffer.

Each urine sample underwent 3 rhein detennina-

Table I : Mean (± SD)demographic and biological characteristics of patients.

Group

I

II

III

n

12

8

8

Sex

(FIM)

6/6

1/7

2/6

Age

(year)

49.8 ±6.7

54.7 ± 12.7

50.1 ±8.9

Height

(em)

171.3 ±9.0

167.6 ± 7.5

169.7 ± 9.9

Weight

(kg)

63.9 ± 12.4

72.4 ± 13.9

75.5 ± 14.2

Serum Creatinine

creatinine clearance

(IJrnOVl) (ml/min)

74.1 ±9.1 88.2 ± 15.5

188.8 ±50.7 42.2 ± 8.0

357.8 ± 81.7 18.9 ± 6.1

Abbreviations: F: female; M: male.
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tions: untreated (UR) and then after hydrolysis with
enzyme H2 (UH) or enzyme BI (UB). Determination
of total conjugates (UTe), glucuronide (UG) and sul
phate (Us) of rhein were, respectively : UH-UR, UB
UR, UTC-UG. Creatinine clearance was calculated by
the formulae of Cockcroft and Gault (15).

Pharmacokinetic analysis

Data were analysed by noncompartmental linear phar
macokinetic methods with a multiexponential re
gression program (SIPHAR 3.3 from Simed, Creteil,
France).

The lag-time (ttag, h), delay between oral adminis
tration and the apparent onset of absorption, the maxi
mum plasma concentration (Cmax, mgll) and the time
to peak (tIDax, h) were observed values.

The area under the plasma concentration-time
curve (AUCo-oo, mg.hIl) was calculated by the log
trapezoidal rule from time 0 to time t of the last
sample and extrapolated to infinity according to the
formula: AUCt-<><> = Ctllvz: where Ct is the plasma
concentration of the drug in the last sample taken at
time t, and Ivz the terminal phase rate constant deter
mined as the slope of the terminal monoexponential
decline in plasma concentration versus time by the
least squares method. Mean ± SD percent of the AUC
extrapolated were 7 ± 0.4, 6 ± 0.2 and 5 ± 0.2 in
groups I, IT and III, respectively. The terminal plasma
half-life (tl/2, h) was calculated by the equation: tI/2 =
In2lA.z.

The apparent total plasma clearance (CUP, 1Ih)
was calculated using the formula: CUP = D/AUCo
00; where D is the corrected dose of diacerein for rhein
(38.6 mg) and F. the unknown absolute bioavailability.
The apparent volume of distribution at steady state
(Vss/F, 1) was calculated using the formula: Vss =CL •

(MRT - (tIag + 1!ka»; where MRT is the mean
residence time expressed by the experimental AUMC
(total area under the first moment - time curve) to
AUC ratio, and ka is the absorption rate constant.

From the urine data (volumes and concentrations),
the amounts of unchanged rhein, glucuro- and sulpho
conjugates excreted in urine were determined. Renal
clearance of rhein (CLR, 1Ih) was calculated according
to the formula: CLR = Ae • (0 - t)/AUCo-t; where Ae
is the total amount of unchanged rhein excreted up to
the last time t (t = 24 h for group I; t = 48 h for
groups II and III). The minimal value of oral bioavai
lability of rhein was assessed according to the for
mula: Fu = (Ae + Aem)lD; where Aem is the total
amount of conjugates excreted at the last time t (t =24
h for group I; t = 48 h for groups II and III).

Statistical methods

All results were expressed as means ± standard devia
tion (SD). Statistical analysis used the nonparametric
Kruskal and Wallis rank sum test for all parameters.
The level of significance was P < 0.05. Relationship
between rhein clearance and creatinine clearance was
found by orthogonal regression analysis (16).

RESULTS

Figure 1 shows the mean plasma concentration vs time
curve of rhein in control subjects (group I) and
uraemic patients (groups II and III). The median phar
macokinetic parameters of rhein and urinary data are
given in Tables II and III.

The ttag, Cmax and tmax of rhein did not change
significantly relative to the degree of renal impair
ment: tIag ranged from 0-0.5 h; Cmax from 1.3-7.1

Table ll: Median (range) pharmacokinetic parametersof rhein in controls (group I) and uraemicpatients (groups II, III).

Parameter Group"

J II JJJ P

tlag (h) 0.2 (0-0.5) 0.1 (0-0.5) 0.4 (0-0.5) NS
tmax(h) 2.2 (1.0-5.0) 2.7 (1.5-3.0) 2.7 (1.5-7.0) NS
Cmax (mg/l) 3.2 (1.6-5.6) 3.6 (1.3-6.1) 3.5 (2.4-7.1) NS
AUCQ-co (mg.h/l) 21.3 (5.8-32.6) 23.2 (10.3-65.0) 40.5 (19.4-109.7) 0.04

tIn (h) 4.3 (2.7-6.6) 6.9 (3.0-15.1) 9.6 (5.0-11.9) 0.003

CUP (Ilh) 1.6 (1.2-6.7) 1.7 (0.8-3.7) 0.95 (0.4-2.0) 0.04

VssIF(I) 13.2 (7.8-29.3) 13.4 (9.1-48.6) 13.2 (6.0-18.3) NS

"Group I CLer > 68 mllmin; group II CLcr = 33-56mllmin; group III CLer = 10-27mllmin.
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Fig. 1 : Mean plasma concentrations in the 3 groups of patients aftera single oraldoseof diacetylrhein 50 mg.

mg/l and tmax from 1.0-7.0 h. There was a statisti
cally significant increase in AVC in each of the
groups with renal insufficiency over that in healthy
subjects: AVC ranged from 21.3 mg.h/l in controls to
23.2 and 40.5 mg.h/l for groups II and III (P =0.04).
Consequently, the total apparent clearance decreased
significantly in renal failure by the same factor. Li
near regression of rhein total apparent clearance (or
the elimination rate constant) vs creatinine clearance

gave no significant correlation (r = 0.271, P > 0.05
and r = 0.282, P > 0.05 respectively). The tlf2 of
rhein increased as renal function decreased from 4.3 to
9.6 h. The difference between tll2 in groups II and III,
and in control subjects (group I) was statistically signi
ficant (P =0.003). The VssIF did not appear to differ
significantly among all the groups examined. Renal
elimination of rhein and its conjugates was signifi
cantly reduced but the ratios of the amount of each
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Table 1lI : Urinary data (median, range) of rhein and its conjugates in controls (group I) and uraemic patients (groups II, III).

17

Parameter Group"

I II 1lI P

UR (mg) 2.5 (0.7-3.7) 2.2 (0.2-3.7) 1.4 (0.2-4.4) 0.17 (NS)

UG (mg) 7.7 (4.5-16.0) 7.3 (2.0-13.0) 3.3 (0.0-9.0) 0.04

Us (mg) 2.2 (0.9-5.5) 1.3 (0.7-2.8) 0.8 (0.05-1.8) 0.002

UTe (mg) 10.4 (6.7-21.5) 8.6 (2.7-13.4) 4.1 (0.05-10.1) 0.008

Fu (%) 35.4 (26.5-60.5) 30.6 (8.4-39.6) 14.5 (0.8-37.8) 0.01

URIUG 0.27 (0.08-1.20) 0.43 (0.11-0.90) 0.37 (0.17-2.20) 0.47 (NS)

URlUs 1.02 (0.32-2.45) 1.93 (0.31-2.68) 2.32 (0.68-4.05) 0.09 (NS)

UoIUs 3.83 (2.04-10.0) 4.13 (2.75-6.37) 3.97 (0.00-8.23) 0.75 (NS)

CLR (Uh) 0.13 (0.05-0.21) 0.08 (0.03-0.22) 0.045 (0.002-0.12) 0.008

"Group I Clef> 68 rnVrnin; group II CLer=33-56 rnllrnin; group III CLer =10-27 rnVrnin.
Abbreviations: DR free rhein; Do urinary glucuroconjugates; Us urinary sulphoconjugates;

UTe urinary total conjugates; CLR renal clearance of rhein.

conjugate to that of free rhein were not significantly
different, although there was a tendency to a lower
elimination of sulphoconjugates (P = 0.09). Severe
renal failure significantly decreased renal clearance of
rhein (P =0.008). However, linear regression of rhein
renal clearance vs creatinine clearance was not signifi
cant (r =0.450, P > 0.05). The apparent availability
of rhein (Fu) administered per os as diacerein, as
sessed through urinary data, decreased with renal im
pairment (P =0.01) from 35.4% to 14.5%.

DISCUSSION

The most noticeable feature of rhein pharmacokinetics
in renal failure was the increase of its half-life by a
factor of about 2 in the uraemic patients of group III.
This longer half-life was solely explained by a re
duced total apparent clearance of rhein, whereas the
apparent volume of distribution was unchanged in
uraemic patients.

To assess the magnitude of the decrease in the
total clearance (CL and not CUF), the bioavailability
should be known. Unfortunately, since no injectable
formulation of rhein was available, no intravenous
data could be obtained. Likewise, determination of
biliary excretion of rhein and its conjugates was not
investigated, since it would have required the enroll
ment of uraemic patients undergoing surgery of the
biliary tract, allowing the installation of a Kehr drain.
The minimal availability of rhein assessed in cumula-

tive data of urinary fractions, was decreased by 50%
in severe renal failure. Two hypotheses could explain
this finding: it may be a real decrease of availability as
is the case for several drugs, such as furosemide (17),
pindolol (18) or D-xylose (19); or the decreased appar
ent availability (in urine) could also result from signi
ficant biliary excretion during renal impairment.
Studies have shown compensatory biliary elimination
during renal insufficiency for some drugs, such as 13
lactamines (cephaloridin, cephacetril, cephalotin) (20
22). Hence, this hypothesis should be explored here,
since animal studies have demonstrated biliary excre
tion of rhein. However, the apparent volume of dis
tribution at steady-state (VssIF) remained the same in
the three groups, and also the unbound fraction of
rhein in plasma (J. Barre et aI, personal communica
tion). The complementary hypothesis of no change in
the unbound tissue fraction leads one to suppose that,
in fact, Vss did not change with renal function. There
fore, in the three groups, the availability F should
probably be the same. If we assume F =0.35, then
the decrease in the total clearance was 1.6 x 0.35
(group I) minus 0.95 x 0.35 (group III), e.g. 0.23 1Ih,
whereas the decrease in the renal clearance was only
0.09 lib. It should be noted that a lower value of F in
group TIl would result in an even greater decrease in
the total clearance of rhein. Thus, the nonrenal clear
ance of rhein was markedly reduced in chronic renal
failure patients. Such a phenomenon has been demon
strated only for a few drugs, including D-xylose (19),
procainamide (23), cefsulodin (24) and enprofylline
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(25). This finding explained the lack of correlation
between the apparent total clearance of rhein (or the
elimination rate constant) and creatinine clearance,
since a linear relationship is expected only if the non
renal clearance (or the nonrenal elimination rate con
stant) remains constant in uraemic patients.

The nonrenal clearance is composed of the biliary
and the metabolic clearances. Since the biliary clear
ance was not expected to vary, the metabolic clear
ances of rhein was probably decreased in renal failure.
Hypothetical mechanisms include inhibition of rhein
conjugation in uraemia, or a form of product inhibition
since in renal failure the metabolites might accumulate
in plasma. Another hypothesis is the occurrence of a
so-called futile cycling: the conjugates could be hydro
lysed in the body by the esterases present in various
tissues (26) or spontaneously in plasma. This has
been observed with clofibric acid (27) and some
arylpropionic acids (28,29). By this process, the hy
drolysed conjugates would produce unchanged rhein
which would be added to the amount of rhein still
present in the body and thus prolong its half-life. Di
rect evidence of spontaneous hydrolysis of rhein con
jugates in plasma could not be obtained, since the
purified metabolites were not available; however, dur
ing the validation of the chromatographic assay of
rhein conjugates in urine, a significant increase in
rhein concentration has been observed (19% after 4 h,
41% after 8 h) when urine was incubated at 37"C. It
should be stressed that rhein could form ether conju
gates (with one of the phenol functions) and ester con
jugates (with the carboxylic function) and the latter
are known to be far less stable than the former. Thus,
part of the conjugates could be hydrolysed back to
rhein in the body and this would be more pronounced
in renal failure owing to the reduced elimination by
the renal route.

The poor correlation between clearance of rhein in
renal failure and creatinine clearance precludes the
usual dosing adjustment based on the relationship be
tween them. However, these results suggest that, to
afford the same average rhein concentration as in pa
tients with normal renal function, the maintenance
diacerein dose should be reduced by 50% in patients
with severe renal disease. Then, as a function of clini
cal results, an increase in dose could be con- sidered.
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