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ABSTRACT

Diacerein is 9, 10-dihydro-4, 5-dihydroxy-9, 10-dioxo-anthetharnoic acid diacetate, used for osteoarthritis. This
study was designed to develop and validate high performance liquid chromatography method of diacerein in rat
plasma. The samples were analyzed by using HiQ sil Cis (4.6%X250 mm, 5 micron) columns, using 0.1 M Sodium
dihydrogen orthophosphate: Methanol (45:55 v/v) as a mobile phase. The method showed linearity (r*=0.993) over a
concentration range of (0.2-2.5 pg/ml). The method showed good mean recovery (88.35%) for diacerein. The

method was found to be accurate, precise, linear, specific, sensitive and stable.

KEY WORDS: Diacerein, HPLC, Rat plasma, Analytical method, Validation.

ISSN: 2347-9027 www.jmcdd.com Page 14


http://www.jmcdd.com/

X »
JMCDD

Journal of Medicinal Chemistry and Drug Discovery

INTRODUCTION

Diacerein is 9,10-dihydro-4,5-dihydroxy-9,10-dioxo-anthetharnoic acid diacetate. Diacerein contains not less than
98.0% and not more than 101.0% of Ci9sH»Os | calculated on the anhydrous basis. Category of diacerein is
antirheumatic'. It directly inhibits IL-1 synthesis and release in vitro and down modulates IL-1 induced activities
and have been shown to possess disease modifying effect in experimental models of osteoarthritis and in human
subjects with finger joint and knee osteoarthritis. IL-1 plays a fundamental role in osteoarthritis pathophysiology and
cartilage destruction. IL-1 also promotes expression of inducible nitric oxide synthase, increase release of
prostaglandin E2, IL-6, IL-8 in human osteoarthritis chondrocytes, which promote joint degradation. Hence, by
inhibiting IL-1 diacerein retards all pathological prepossess initiated in OA. Diacerein also inhibits IL-1 induced
expression of cartilage degrading enzymes. It also enhances expression of TGF BETA-1 and TGF BETA 2 thus
favoring matrix synthesis and turnover in articular chondrocytes, thereby accounting for disease modifying property
of diacerein. It also inhibits superoxide production, chemotaxis and phagocytic activity of neutrophils in addition to
effect on macrophage migration and phagocytosis. In contrast to NSAIDS diacerein does not inhibit synthesis of
prostaglandins; hence no gastroduednal toxicity has been observed with diacerein. It is also demonstrated to be
involved in prevention of loss of hydroxiproline and proteoglycans in the joint cartilage, an effect not observed with
conventional NSAIDS or COX-2 inhibitors®. Oral diacerein undergoes complete deaccetylation to its active
metabolite rhein. The apparent availability of rhein, as assed by urinary data, was 35%.The maximum plasma
concentration (Cpax) of thein was 3.2 mm/lit, 2.2hrs after administration of single oral dose of diacerein 50mg.Area
under curve (AUC) was 21.3mg/lit/hr, apparent volume of distribution was 13.2 liter, terminal elimination half-life
(ti2) was 4.3hrs, apparent total plasma clearance was1.6lit/hrs and renal clearance was (Clr) was 0.13lit/hr. Rehin is
metabolized to glucourono-and sulpho-conjugates”.

Several spectroscopic and chromatographic methods are available in literature to determine concentration of
Diacerein, individually or in combination with other drugs or metabolites include reverse phase HPLC with UV*!!,
UV'*" liquid chromatography-tandem mass spectroscopy?*?', RP-HPLC*, LC-MS? fluorescence detection®* ,

HPTLCY.
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The present article describes a simple HPLC method for estimation of Diacerein and validation of the method as per
the guidelines of ICH®.
EXPERIMENTAL
Reagents and chemicals
Diacerein ( Elder pharma, Mumbai, India), Methanol HPLC grade, Double distilled water, Trichloroacetic acid AR
grade, Sodium dihydrogen o-phosphate AR grade.
Selection of mobile phase

Different mobile phases like methanol and 0.1 M potassium dihydrogen o-phosphate (pH-6), acetonitrile and 0.1 M
sodium dihydrogen o-phosphate were tried in different ratio order to find the best conditions for the separation of
Diacerein (DCN) and Piroxicam (PIR). After several trials 0.1M Sodium dihydrogen o-phosphate: Methanol in ratio
of (45:55 v/v) was chosen as the mobile phase for analysis in which best results were obtained.
Preparation of mobile phase

Solution of 0.1 M sodium dihydrogen o-phosphate was prepared by dissolving 3.9 g of sodium dihydrogen o-
phosphate in 250 ml of doubled distilled water. Mobile phase was prepared by mixing 0.1 M sodium dihydrogen o-
phosphate with Methanol in 45:55 v/v proportions, filtered through 0.45-p-membrane filter paper and then sonicated
in sonicator bath for 15 min.
Preparation of standard stock solutions of Diacerein (500png/ml, S0pg/ml, S pg/ml)
5 mg of Diacerein was dissolved in 1ml of methanol and then diluted with mobile phase to final volume of 10 ml in
volumetric flask to get concentration 500 pg/ml (stock I). 1 ml stock I solution of Diacerein diluted to 10 ml with
mobile phase in another volumetric flask to get concentration 50 pg/ml (stock II). 1 ml stock II solution of Diacerein
diluted to 10 ml with mobile phase in another volumetric flask to get concentration 5 pg/ml (stock III).
Preparation of intermediate stock solution by using stock solutions of Diacerein (500 pg/ml and 50 pg/ml, 5
pg/ml) for Plasma Calibration Curve

Using a calibrated pipette 1.6 ml of (stock III) solution were pipette out into 10.0 ml volumetric flasks and made up

the volume with mobile phase to get final concentration 0.8 pg/ml. Pipette out 0.4, 0.8, 1.6, 2.4, 3.2 ml of (stock II)
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solution in separate volumetric flasks and then diluted to 10 ml with mobile phase to get concentrations 2, 4, 8, 12,
16 pg/ml. Pipette out 0.4 ml of (stock I) solution in volumetric flask and then diluted to 10 ml with mobile phase to
get concentration 20 pg/ml.
Preparation of ISTD stock solution of Piroxicam (500 pg/ml)
5 mg of Piroxicam was dissolved in 1 ml of methanol and then diluted with mobile phase to final volume of 10 ml in
volumetric flask to get concentration of 500 pg/ml.

Using a calibrated pipette, 0.8 ml of ISTD stock solution (500 pg/ml) was pipette into a 10.0 ml volumetric flask
and made up the volume with the mobile phase to get concentration of 40 pg/ml.
Preparation of Plasma sample solution

To 0.5 ml of rat plasma, 50 pl of an L.S. solution (Piroxicam, 40 pg/ml), 0.5 ml of stock solution of DCN
(Concentrations: 0.8, 2, 4, 8, 12, 16, 20 pug/ml), 0.5 ml methanol and 0.5 ml of trichloroacetic acid (10 % w/v) were
added to a glass tubes. Each sample was vortex mixed for 5 min and centrifuged (5000 rpm for 10 min). After
centrifugation 50 pl aliquots of supernatant of each concentration were injected into the HPLC system(table 1).
Selection of analytical wavelength

From the standard stock solution further dilutions were done using mobile phase and scanned over the range of 200-

400 nm and the spectra were overlain.

Summary of chromatographic parameters selected:

a) Column : HiQ sil Ci5 (4.6%250 mm, 5 micron)

b) Mobile phase : 0.1 M Sodium dihydrogen orthophosphate: Methanol
(45:55 v/v).

c) Flow rate : 1.00 ml/min

d) Detection Wavelength : 257 nm
e) Sample injector : 50 pl loop

f) Temperature : Ambient
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g) Internal standard : Piroxicam

Method Validation

Selectivity/Specificity

Selectivity is the ability of an analytical method to differentiate and quantify the analytes in the presence of other
components in the sample. The selectivity of the method was evaluated by analyzing 6 replicates of plasma samples
spiked at LLOQ (Lower Limit of Quantification - 0.2 ug/ml).

Linearity

Linearity was tested for the range of concentrations 0.2-5 pg/ml. Each standard in three replicates were analyzed
and peak areas were recorded. The response factors were plotted against the corresponding concentrations to obtain
the calibration graphs.
Accuracy

The accuracy of the assay was calculated as the absolute value of the ratio of the calculated mean values of the
quality control samples to their respective nominal values, expressed as percentage. Accuracy should be measured
using minimum five determinations per three concentrations (0.5, 2, 4 pug/ml). 50-ul aliquots of supernatant of each
concentration were injected in to the HPLC system.

Precision

The precision of this method was evaluated by the % CV at different concentration levels corresponding to LQC,
MQC and HQC during the course of validation.
A] Inter Day Precision (Reproducibility)

The reproducibility (inter-assay precision) was evaluated in three replicates for three different concentrations of
DCN (0.5, 2, 4 pg/ml) on three consecutive days (fresh samples were prepared every day). The results, expressed as

mean amounts of drug found in plasma and summarized in the table 6.
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B] Intra Day Precision (Repeatability)

The repeatability (intra-assay precision) of the method was evaluated in five replicates on the same day for three
different concentrations of DCN (1, 3, 4 ug/ml). The results, expressed as mean amount of drug found in plasma and
summarized in the table 7.

Recovery

The % mean recoveries were determined by measuring the responses of the extracted plasma quality control samples
against unextracted quality control samples at HQC, MQC and LQC levels. Recovery from human plasma samples
was evaluated in triplicate for each three concentrations of DCN (0.5, 2, 4 pg/ml). 50-ul aliquots of supernatant of
each concentration were injected in to the HPLC system.

Stability

Drug stability in a biological fluid was a function of the storage conditions, the chemical properties of the drug, the
matrix, and the container system. Stability procedures should evaluate the stability of the analytes during sample
collection and handling, after long-term (frozen at the intended storage temperature) and short-term (bench top,
room temperature) storage conditions.

I) Freeze and Thaw stability

Freeze thaw stability of the spiked quality control samples was determined after three freeze thaw cycles stored at -5
°C £ 0 °C. Comparing them against the freshly spiked quality control samples assessed stability.

II' ) Bench top stability

Bench top stability of the spiked quality control samples was determined for a period of 5 hours 30 min stored at
room temperature. Comparing them against the freshly spiked quality control samples assessed stability.

I1I) Stock solution stability

Stock solution stability of the HQC and LQC was determined for a period of 5 hours 30 min stored at room

temperature. Comparing them against the freshly weighed stock solution assessed for stability.
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RESULTS AND DISCUSSION

Selection of analytical wavelength

It was observed that both drugs showed considerable absorbance at 257 nm and No endogenous interferences are
noted at the retention time of the drugs as shown in figure 1.

Method Validation

Selectivity/Specificity

The precision and accuracy for at LLOQ level are found to be 3.79 % (as % CV) and 112.86 % (as % recovery),
respectively. The results are summarized in table 2. No endogenous interferences are noted at the retention time of
the drugs as shown in figure 3 and 4.

Linearity
All the three calibration curves analyzed during the course of validation were found to be linear for the standards
concentration ranging from 0.2-5 pg/ml and best fitted by a linear equation y = mx + c, the coefficient of
determination for plane diacerein (R?) is 0.997 and plasma containing diacerein (R?) is 0.993. An averaged
calibration curves are shown in figure 5 and 6

Accuracy

The % mean accuracy of calculated concentrations for all quality control samples at LQC, MQC and HQC

concentration levels are ranged from 86.79 % to 100.92 %, which is within acceptance limit 85.00 - 115.00 %.

Precision

A] Inter Day Precision (Reproducibility)

The % CV of calculated concentrations for all quality control samples of LQC, MQC and HQC concentration levels
are ranged from 1.99 to 7.17 %, which is within the acceptance limit of 15.00 % as shown in table 6.

B] Intra Day Precision (Repeatability)

The % CV of calculated concentrations for all quality control samples at LQC, MQC and HQC concentration levels

are ranged from 3.25 to 5.27 %, which is within acceptance limit 15.00 % as shown in table 7.
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Recovery

The % mean recovery for diacerein at HQC, MQC and LQC levels are found to be 87.05 %, 91.27 % and 86.72 %
respectively. Over all % CV at all QC levels is 2.87 %, which is within the acceptance limit of 15.00 % and % over
all mean recovery is 88.35 %, which is within the acceptance limit of 20.00 %. The results are summarized in the
table 8.

Stability

I) Freeze and Thaw stability

The % mean stability for HQC (4 pg/ml) and LQC (0.5 pg/ml) are found to be 86.60 % and 87.14 % respectively,
which is within the acceptance limit of 85.00 - 115.00 %. The results are summarized in the table 9.

II) Bench top stability

The % mean stability for HQC (4 pg/ml) and LQC (0.5 ug/ml) are found to be 88.67 % and 90.92 % respectively,
which is within the acceptance limit of 85.00 - 115.00 %. The results are summarized in the table 10.

I1T) Stock solution stability

The % mean stability for HQC (4 pg/ml) and LQC (0.5 pg/ml) are found to be 94.11 % and 96.54 % respectively,

which is within the acceptance limit of 90.00 - 110.00 %. The results are summarized in the table 11.

CONCLUSION

This study presents a simple and validated HPLC method for estimation of Diacerein from rat plasma.
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TABLE:
Table 1: Plasma sample preparation
Stock Stock TCA Conc. of | Conc. of
Rat solution of | solution of | MeOH | (10% w/v) | DCN PIR
Plasma DCN PIR (ng/ml) | (pg/ml)
(0.5 ml) (50 pb)
0.5 ml Mobile Mobile 0.5 ml 0.5 ml Blank Blank
phase phase
0.5ml | 0.8 ug/ml | 40 pg/ml 0.5 ml 0.5 ml 0.2 1
0.5 ml 2 pg/ml | 40 pg/ml 0.5 ml 0.5 ml 0.5 1
0.5 ml 4 pg/ml | 40 pg/ml 0.5 ml 0.5 ml 1 1
0.5 ml 8 ug/ml | 40 pg/ml 0.5 ml 0.5 ml 2 1
0.5 ml 12 pg/ml | 40 pg/ml 0.5 ml 0.5 ml 3 1
0.5 ml 16 pg/ml | 40 pg/ml 0.5 ml 0.5 ml 4 1
0.5 ml 20 pg/ml | 40 ug/ml 0.5 ml 0.5 ml 5 1
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Table 2: Results for Selectivity

Replicate No. Nominal Conc. (LLOQ)
(0.2 ng/ml)
Calculated Conc. (nug/ml)
1 0.22
2 0.24
3 0.23
4 0.22
5 0.23
6 0.22
Mean 0.23
SD 0.00857
% CV 3.79
% Mean Accuracy 112.86
Acceptance Criteria:
At least 67 % (4 out of 6) sample should be within 80.00-120.00 %.
The % Mean accuracy should be within 80.00-120.00 %.
The % CV should be <20.00 %.

Table 3: Observation table for Linearity of Diacerein plain sample

Concentration (ng/ml) Response Factor*
(n=3)
0.2 0.3658
0.5 0.4794
1 0.9389
2 1.9627
3 2.8720
4 3.5388
5 4.5492
*Average of three
determinations
ISSN: 2347-9027 www.jmcdd.com Page 26
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Table 4: Observation table for Linearity of Diacerein in plasma sample

Concentration (ug/ml) | Response Factor*
(n=3)
0.2 0.3921
0.5 0.5642
1 1.0006
2 2.0891
3 3.1698
4 4.1216
5 4.6742

*Average of three determinations

Table 5: Results for Accuracy

LQC | MQC | HQC
Replicate No. Nominal concentration (ng/ml)
0.5 2 4
Calculated Concentration (ng/ml)
1 0.41 2.30 3.31
2 0.40 1.93 4.01
3 0.47 2.06 3.73
4 0.46 1.93 3.96
5 0.42 1.86 3.35
Mean 0.43 2.02 3.67
SD 0.0330 0.1737 0.3297
%CV 7.61 8.61 8.98
;/c"czﬁi‘; 86.79 100.92 91.84

Acceptance Criteria:

The % Mean Accuracy for HQC, MQC, and LQC sample should be

within 85.00-115.00 %.
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A DAY 1 | DAY 2 |  DAY3
Nominal concentration 0.5 ng/ml (LQC)
Calculated concentration (ug/ml)
1 0.435 0.449 0.451
2 0.442 0.434 0.435
3 0.425 0.433 0.430
Mean 0.434 0.439 0.439
SD 0.0086 0.0091 0.0112
% CV 1.99 2.08 2.55
B Nominal concentration 2 pg/ml (MQC)
Calculated concentrations (ng/ml)
1 2.047 1.934 1.916
2 1.846 1.927 2.157
3 1.979 1.799 2.046
Mean 1.957 1.887 2.039
SD 0.1022 0.0754 0.1204
% CV 5.22 3.99 5.90
C Nominal concentration 4 pg/ml (HQC)
Calculated concentrations (ug/ml)
1 3.860 3.889 3.428
2 3.680 3.693 3.548
3 3.838 3.679 3.927
Mean 3.793 3.754 3.634
SD 0.0981 0.1177 0.2605
% CV 2.59 3.14 7.17
Acceptance Criteria:
The % CV for LQC, MQC and HQC samples should be within 15.00 %.
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Table 7: Observation table for Intra Day Precision

Nominal concentrations
Replicate
No. (LQC) (MQC) (HQC)
(1 pg/ml) (3 ng/ml) (4 pg/ml)
Calculated concentrations (ung/ml)
1 0.930 2.986 3.868
2 0.812 3.094 4.097
3 0.867 3.303 4072
4 0.886 3.108 3.809
S 0.916 3.119 3.900
Mean 0.88 3.12 3.95
SD 0.0465 0.1141 0.1282
% CV 5.27 3.66 3.25
Acceptance Criteria:
The % CV for HQC, MQC, and LQC samples should be within15.00 %.
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Table 8: Observation table for Recovery

LQC MQC HQC
(0.5 pg/ml) (2 pg/ml) (4 pg/ml)
Replicate Plane Plasma Plane |Plasma | Plane Plasma
No. sample sample sample | sample | sample sample
Calculated concentrations (ng/ml)
1 0.490 0.394 1.992 1.913 4.461 3.904
2 0.496 0.432 2.126 1.864 4.486 3.815
3 0.458 0.426 2.056 1.858 4.228 3.750
Mean 0.481 0.417 2.058 1.878 4.392 3.823
SD 0.0203 0.0207 0.0673 | 0.0302 | 0.1426 0.0776
% CV 4.21 4.97 3.27 1.61 3.25 2.03
()
/o Mean 86.72 91.27 87.05
Recovery
% Overall
Mean 88.35
Recovery
Overall SD 2.54
Overall %
Cv 2.87
Acceptance Criteria:
The % CV of recovery at each QC levels should be < 15.00 %.
The overall mean recovery for all QC levels should be < 20.00 %.
Table 9: Results for Freeze and Thaw stability Study
Nominal concentrations
LQC (0.5 pg/ml) HQC (4 pg/ml)
Replicate - — " —
No. Comparison Stability Comparison Stability sample
Sample Sample sample
Calculated concentrations (ng/ml)
1 0.382 0.342 3.920 3.587
2 0.428 0.341 3.894 3.262
3 0.391 0.363 4.047 3.423
Mean 0.400 0.349 3.954 3.424
SD 0.024 0.012 0.082 0.163
% CV 6.08 3.54 2.07 4.75
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% Mean
stability
Acceptance Criteria:
The % CV for LQC and HQC should be sample should be < 15.00.
The % mean stability of LQC and HQC sample should be within 85.00-115.00 %.

87.14 86.60

Table 10: Results for Bench top Stability Study
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Nominal concentrations
Replicate LQC (0.5 pg/ml) HQC (4 pg/ml)
No. Comparison Stability Comparison Stability
sample Sample sample Sample
Calculated concentrations (ug/ml )
2 0.402 0.386 3.664 3.386
3 0.406 0.362 4.154 3.607
Mean 0.410 0.373 3.903 3.460
SD 0.010 0.012 0.246 0.127
% CV 2.52 3.21 6.288 3.67
% Mean
Stability 90.92 88.67
Acceptance Criteria:
The % CV for LQC and HQC should be sample should be < 15.00.
The % mean stability of LQC and HQC sample should be within 85.00-
115.00 %.

Table 11: Results for Stock solution Stability Study
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Nominal concentrations

LQC (0.5 pg/ml) HQC (4 pg/ml)
Replicate | Comparison Stability Comparison Stability
No. sample sample sample sample
Calculated concentrations (ng/ml)
1 0.410 0.410 3.904 3.861
2 0.397 0.389 3.957 3.778
3 0.400 0.367 4.104 3.621
Mean 0.402 0.388 3.988 3.753
SD 0.0071 0.0214 0.1033 0.1222
% CV 1.76 5.50 2.59 3.26
% Mean
stability 96.54 94.11

Acceptance Criteria:
The % mean solution stability for drug should be within range
90.00-110.00 %.
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Figure 1: Overlain spectra of Diacerein (10 pg/ml) and Piroxicam (10 pg/ml)
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Figure 2: Chromatograph of Blank Plasma
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Figure 3: Chromatograph of Standard Piroxicam (tg-5.480) and Diacerein (tr-9.150)
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Figure 4: Chromatograph of Plasma spiked with Piroxicam (tg-5.472) and Diacerein (tz-
9.015)
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f(x) =0.946070300270386 x +0.165470893796499
R*=0.993011673124751
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Figure 5: Calibration curve plain Diacerein sample
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Figure 6: Calibration curve Diacerein in plasma sample
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	Selection of mobile phase
	Different mobile phases like methanol and 0.1 M potassium dihydrogen o-phosphate (pH-6), acetonitrile and 0.1 M sodium dihydrogen o-phosphate were tried in different ratio order to find the best conditions for the separation of Diacerein (DCN) and Piroxicam (PIR). After several trials 0.1M Sodium dihydrogen o-phosphate: Methanol in ratio of (45:55 v/v) was chosen as the mobile phase for analysis in which best results were obtained.
	Precision
	The precision of this method was evaluated by the % CV at different concentration levels corresponding to LQC, MQC and HQC during the course of validation.
	Precision
	Table 1: Plasma sample preparation

	Replicate
	No.
	Nominal concentrations
	(LQC)
	(1 µg/ml)
	(MQC)
	(3 µg/ml)
	(HQC)
	(4 µg/ml)
	Calculated concentrations (µg/ml)
	1
	2
	3
	4
	5
	Mean
	0.88
	3.12
	3.95
	SD
	0.0465
	0.1141
	0.1282
	% CV
	5.27
	3.66
	3.25
	The % CV for HQC, MQC, and LQC samples should be within15.00 %.

