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ABSTRACT 

The pharmacokinetics of diacerein following a single oral dose of 50 mg was studied 
in 12 healthy volunteers, 10 patients with a mild liver cirrhosis (Child Pugh's grade A), 
and 6 patients with a more severe liver cirrhosis (Child Pugh's grade B to C). Statistical 
analysis using a Kruskal-Wallis test showed no significant differences between the three 
groups for the following parameters: median C,, was 3.9mgl-'  for the cirrhotic 
patients group I (CPI) and 3 a2 mg 1-' for the cirrhotic patients group I1 (CPII) versus 
3-2  mg 1-' for the healthy volunteers (HV); median t ,  was 4.9 h for CPI and 4 -3  h for 
CPII versus 4.3 h for HV; median Cl/F was 2.1 1 h-' for CPI and 2.5 1 h-' for CPII 
versus 1.6 1 h-' for HV; median Vdss/F was 12.6 1 for CPI and 14.0 1 for CPII versus 
13.21 for HV. The urinary parameters were comparable. It was concluded that, from 
a pharmacokinetic point of view, no reduction in the initial dosage of diacerein need 
be proposed in liver cirrhosis. 
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INTRODUCTION 

Diacerein (4,5-diacetoxy-9,10-dihydro-9,l0-dioxo-2-anthracenecarboxylic acid, 
DAR), is a new anti-inflammatory, analgesic and antipyretic drug whose 
mechanism of action is not linked to the inhibition of prostaglandin synthesis, 
unlike the nonsteroidal anti-inflammatory drugs. 1-3 Many clinical trials have 
confirmed the effectiveness of DAR in the treatment of gonarthrosis and 
coxarthr~sis.~-* 

DAR is completely metabolized by animals and humans into rhein, 
4-5-dihydroxy-9,lO-dihydro-9,lO-dioxo-2 anthracenecarboxylic acid, which is 
the active metabolite. Rhein is metabolized to form glucurono- and sulfo- 
conjugates which are eliminated in urine and probably in bile, 9-11 Although 
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the sites of deacetylation and conjugation have not been identified, the liver is 
expected to play a major role in diacerein elimination. Thus the purpose of this 
study was to determine possible variations in the pharmacokinetics of a single 
oral dose of DAR in patients with liver cirrhosis compared to healthy subjects. 

METHODS 

Subjects 

Sixteen patients (6 women and 10 men) with cirrhosis were studied. They were 
35 to 63 years old (mean f SD: 49 f 8 years) and their weights ranged from 48 
to 90 kg (mean f SD: 66 f 11 kg). The severity of the liver disease was assessed 
according to Pugh's modification of Child's classification. Ten patients (cirrhotic 
patients group I, CPI) had grade A cirrhosis on the scale and a score of 5 or 
6. Six patients (cirrhotic patients group 11, CPII) had grade B to C cirrhosis 
on the scale and a score of 7 to 10. Serum bilirubin concentrations ranged from 
7 to 179pmoll-', plasma albumin ranged from 24.4 to 51-8gl-1, and 
prothrombin time ranged from 32 to 82%. The patients had normal renal 
function as indicated by creatinine clearance estimated using Cockroft and 
Gault's method.12 Table 1 lists the characteristics of the 16 patients with liver 
cirrhosis. All but essential medication was stopped for 48 h before the study 
and for its duration. 

Table 1. Characteristics of the 16 patients with liver cirrhosis (mean, range) 

Healthy Cirrhotic patients 
volunteers Group I Group I1 

Sex (M/F) 6/6 614 
Age (years) 50 (41-59) 49.7 (39-63) 
Weight (kg) 64 (48-84) 65.0 (48-90) 
Creatine clearance 

Alanine aminotransferase 

Aspartate aminotransferase 

Glutamyl transferase 

Alkaline phosphatase 

(ml min-I) 88 (75-125) 112 (45-182) 

(IU 1-1) 17.5 (10-24) 46.0 (7-84) 

(IUI-1) 13.3 (9-21) 65.7 (23-154) 

(IU 1-1) 15.0 (8-40) 264 (31-838) 

(IUl-1) 107 (53-152) 62.8 (35-91) 
Albumin (g 1 - I )  45.7 (41.8-48'9) 45.5 (38.3-51-8) 
Prothrombin (s) ND 13.9 (13-18) 
Bilirubin bM)  7.5 (3.0-11-7) 16.5 (7.0-31.4) 
Child Pugh's score 7 A5 

3 A6 

4/2 
47.7 (35-60) 
66.5 (58-79) 

112 (79-168) 

22.5 (15-27) 

42.0 (18-71) 

126 (14-291) 

86.8 (51-140) 
33.4 (24'4-41.1) 
16.5 (13-20) 
77.0 (10.2-178) 

2 B7 
2 B8 
2 c10 

ND: not determined. 
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Results were compared with those obtained in 12 healthy volunteers (6 females 
and 6 males) 41 to 59 years old @Of7 years) and weighing 48 to 84kg 
(64 k 12 kg). Their clinical biochemistry tests showed no abnormalities. All 
subjects gave written informed consent to the study which was approved by 
the Ethics Committee of the Centre Hospitalier Intercommunal de Crkteil. 

Study design 

After fasting overnight, the volunteers received a capsule containing 50 mg 
of DAR. A standard breakfast was eaten 2 h after drug administration and a 
standard lunch 2 h later. Blood samples (5  ml) were drawn at 0.25 h before and 
0.25, 0.50, 1, 1.5, 2, 2.5, 3, 3.5, 4, 5 ,  6, 7, 8, 10, 12, 16, 24, 36, 48h after 
drug intake. Urine samples were collected between 0 and 4, 4 and 8, 8 and 12, 
12 and 48 h post-drug administration and stored at -20 "C. Blood samples, 
drawn into heparin were centrifuged and the plasma was stored at - 20 "C. 

Drug assay 

DAR and rhein were assayed by liquid chromatography using a modified 
version of the method developed by Springolo and Coppi.13 The HPLC 
apparatus consisted of a Shimadzu LC-6A pump, a Shimadzu SIL-6A 
autosampler, a Shimadzu SPD-6A UV spectrophotometer, a Shimadzu RF 535 
fluorimetric spectrophotometer and a Shimadzu CR 5A integrator. 

Plasma samples were treated with an equivalent volume of acetonitrile and 
then centrifuged for 10 min at 1000 x g. The supernatant was injected onto the 
column. 

Urine samples were divided into three aliquots; one of each was treated with 
either an enzymatic solution (P-glucuronidase H2 or P-glucuronidase B1, 
Sigma) or water to measure rhein conjugates. One hundred microlitres of 
500 IU ml- of the B1 or H2 enzymatic solution or water, 4 0 ~ 1  of 1 M acetate 
buffer pH 4.9, and 360 pl of water were added to 500 pl of urine and incubated 
for 2 h at 37". Then, 1 ml of acetonitrile was added and the tubes were 
centrifuged for 10 min at 1000 x g; 40 1.11 of the mixture were injected onto the 
column (C18 5 p; 250 x 4.6 mm). The mobile phase was a mixture of McIlvaine 
buffer, pH 2.2, and acetonitrile (50/57.5 v/v); the flow rate was 1 ml min-I; 
the detection wavelength was 432 nm. Some urine samples were subjected to 
a fluorimetric detection with an excitation wavelength of 430 nm and an emission 
wavelength of 530 nm because of interference of endogenous compounds. HPLC 
chromatograms were evaluated by the external standard method using drug- 
spiked plasma and urine specimens as standards. Two control samples were 
analysed between each patient's series of specimens. The quantification limit 
was O.20mg I-' for the plasma and urine assays. The between-day coefficient 
of variation was 13.4 per cent at 0-5mg1-l and 9 -8  per cent at 5mg1-l for 
the plasma assays, 12- 1 per cent at 0.5 mg I-' and 10.1 per cent at 5 mg 1- l  
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for the urine assays. Biases at 0.5 and 5 mg 1-l were less than 6 per cent (NS) 
and intra-run coefficients of variation were less than 7 per cent. 

Pharmacokinetic parameters 

Pharmacokinetic calculations were carried out with an IBM PC AT computer 
using the SIPHAR 3.0 program (Simed, Creteil, France). Raw data were 
subjected to the ‘Peeling’ algorithm for determination of pharmacokinetic 
parameters: 

the maximum plasma concentration Cma; 
the time for maximum plasma concentration tmm; 
the area under curve from time zero to t (AUCo-,) calculated using the log 
trapezoidal rule and extrapolated to infinity (AUCo-,) according to the 
equation AUCo-, = AUCo-l + Ct/kel; 
the elimination half-life (t%), calculated according to tl/, = Ln2/kel; 
the apparent total body clearance of rhein (CVF), calculated using the 
equation, Cl/F= D/AUCo-, where D = dose expressed as rhein and F the 
unknown bioavailability; 
the apparent distribution volume at steady-state ( Vd,,/F), determined using 
the formula, V,,, = CI (MRT - (flag + l/ka)), where mean residence time 

area under the mean curve (AUMC) and AUC were calculated using log 
trapezoidal rules, k, is the absorption rate constant and tl, is the lag time. 

For urinary elimination, the following parameters were calculated: 

the cumulative amounts of unconjugated rhein in urine (U& 
the cumulative amounts of conjugated rhein in urine (UTc); 
the cumulative amounts of glucurono-conjugated rhein in urine (U,) as the 
product of concentrations times urinary volumes; 
the cumulative amounts of sulfo-conjugated rhein in urine (Us) determined 
as the difference between conjugated rhein and the glucurono-conjugated; 
the cumulative amounts of total rhein in urine (UT) determined by adding 
of the above values; 
the minimal bioavailability (F,) was estimated using the ratio 

the total renal clearance of rhein was determined using the equation C1,= 

MRT = AUMC/AUCo-, ; 

F,=lOOx UT/D; 

UT/AUCO-, . 

Statistical analysis 

Statistical significance was assessed using the PRIMER program (McGraw- 
Hill, USA). Statistical analysis used a Kruskal-Wallis test. A p  value of 0.05 
was considered significant. 
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RESULTS 

Diacerein was not detected in any sample; only rhein was measured. Figure 1 
shows the mean plasma concentrations of rhein plotted as a function of time 
for the three groups. The main pharmacokinetic data for the two cirrhotic groups 
and comparative values for healthy subjects are shown in Table 2. No significant 
differences were observed between the three groups for all the parameters 
calculated. 

4 1  

\ 
ul 
E - 
c 
0 

er 
m 
L 
c) c 
al 
U c 
0 
U 

- H V  

+ C P I  * C P I I  

3 

2 

I 

0 
0 5 10 15 20 25 

3 

2 

I 

0 
0 5 10 15 20 25 

T i m e  (h) T i m e  (h) 

Figure 1 .  Plasma rhein concentration in cirrhotic patients and healthy volunteers 

Table 2. Median (range) pharmacokinetic parameters of rhein in patients with cirrhosis 
vs control subjects 

HV 
n=12 

c,, (mdl) 3.2 (1.6-5'6) 
t,, (h) 2.2 (1.0-5.0) 

4.3 (2.7-6'6) 
1.6 (1.2-6.7) 

0.13 (0.05-0.21) 

AUC,-, (mg.hI-') 21.3 (5.8-32.6) 
t ,  (h) 
Cl/F (1 h- l )  
C1, (1 h - l) 
vdss/F (l) 13.2 (7.8-29'3) 

CPI 
n =  10 

3.9 (2.2-5.6) 
2.8 (1.0-5.0) 

18.5 (14.5-36.1) 
4.9 (2.2-12.2) 
2.1 (1'1-2.7) 

0.12 (0.02-0.70) 
12.6 (8.9-28'5) 

CPII 
n = 6  

3.2 (1.8-4.8) 
2.8 (2.0-4'5) 

15.3 (12'1-34.7) 
4.3 (2.5-11'8) 
2.5 (1-1-3.2) 

0.15 (0.05-0.20) 
14.0 (8.9-33'3) 

HV: healthy volunteers; CPI: cirrhotic patients group I; CPII: cirrhotic patients group 11. 
Between group differences were not significant with Kruskal-Wallis test. 
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Table 3.  Median (range) urine data of rhein in cirrhotic patients vs control subjects 

HV 
n= 12 

2.5 (0-7-3.7) 
7.7 (4-5-16.0) 
2 .2  (0.9-5.5) 

10.4 (6.7-21.5) 
35.4 (26.5-60.5) 
0.27 (0.08-1.20) 
1.02 (0-32-2.45) 
3.83 (2.04-10.0) 

CPI 
n=lO 

2 .6  (0'6-6.3) 
7.5 (2.1-21'6) 
2.2 (0.7-4'4) 
9 .2  (2.8-24.9) 

34.1 (9.6-82' 1) 
0.26 (0.10-1.20) 
1.00 (0'49-3.18) 
3.40 (1.94-6'66) 

CPII 
n = 6  

2.1 (1.5-9'3) 
12.5 (2.1-16-0) 
3.5 (2.2-7-3) 

15.5 (7.3-22'4) 
40.2 (23.1-47.7) 
0.25 (0.11-2.41) 
0.69 (0.42-1.45) 
3 . 1 3  (0.28-5.54) 

HV: healthy volunteers; CPI: cirrhotic patients group I; CPII: cirrhotic patients group 11. 
Between group differences were not significant with Kruskal-Wallis test. 

A tendency towards lengthening of the tl/ ,  for the cirrhotic patients was 
observed but did not reach statistical significance, owing to the large inter- 
individual variabilities. Table 3 reports the urine data for the two groups of 
cirrhotic patients and the control subjects. Although the total amount of rhein 
and the amount of conjugated rhein tended to rise with increasing disease 
severity, these increases did not reach statistical significance. 

DISCUSSION 

This study on the influence of cirrhosis on the pharmacokinetics of rhein, the 
active metabolite of DAR, was undertaken because previous reports of studies 
in rats and in healthy subjects showed that rhein was metabolized to form 
glucurono- and sulfo-conjugates. The absence of diacerein in plasma samples 
after oral administration indicates complete presystemic deacetylation, which 
could take place in the plasma, intestinal mucosa or liver. Deacetylation in 
plasma was ruled out by in vitro experiments with diacerein-spiked plasma 
(data not shown). When deacetylation takes place in the liver, cirrhosis can have 
a wide influence on drug kinetics, as was demonstrated for glafenine.I4 For 
other drugs like rokitamycin, cirrhosis did not impair its deacetylation and this 
was explained by a possible metabolism by unaltered isoenzymes of cytochrome 
P450.I5 

These data show that the pharmacokinetics of rhein after a single dose are 
unaltered in cirrhotic patients, even those with more severe disease, compared 
with healthy subjects. Several explanations can be proposed to explain these 
results. 

Rhein undergoes only type I1 metabolism that is conjugation, essentially by 
glucuronic acid. Indeed, in urine, 80 per cent of rhein is in the form of conjugates 
three-quarters of which are glucurono-conjugates. The lack of an effect of 
cirrhosis on highly conjugated drugs is not uncommon. As shown by Shull 
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et al. l6 for oxazepam and by Kraus et a1.I7 for lorazepam, the kinetics of drugs 
whose clearance depends upon processes of glucurono-conjugation are not 
necessarily modified by liver cirrhosis. Moreover, Pacifici et al. l8 observed that 
glucuronyl transferase activity in human hepatic needle biopsis was not 
significantly altered in severe hepatic cirrhosis. Similarly, the total lack of 
conjugation observed in Gilbert’s syndrome did not affect the conjugation of 
oxazepam.19 

Moreover, other organs are able to conjugate rhein in rats. For example Sund 
and Elvegard20 showed that colon and jejunum are also areas of glucurono- 
and sulfo-conjugation and this may also hold true in humans. 

Lastly, rhein conjugates are known to undergo biliary excretion and 
enterohepatic recirculation in It is not known if biliary excretion also 
takes place in humans; however, comparison of pharmacokinetic data obtained 
in five cholestatic patients included in the present study with those from healthy 
volunteers revealed no statistically significant differences for all parameters (data 
not shown). Also, despite the slight increases of both the total amount of rhein 
and the amount of conjugated rhein in urine observed as a function of increasing 
disease severity (Table 3), these differences did not reach statistical significance. 

In conclusion, diacerein pharmacokinetics were not impaired even in severe 
hepatic disease. These findings suggest that the initial diacerein schedule for 
patients with liver cirrhosis need not be modified. However, since cirrhosis may 
influence drug accumulation after multiple doses, extrapolation of these results 
to clinical practice should be made with caution, and the occurrence of diarrhea, 
which is a possible sign of overdosage, should be monitored. 
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