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Direct spectrophotometric determination of diacerhein in capsules
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A simple, rapid and precise ultraviolet spectrophotometric method using 0.1 N sodium hydroxide has
been developed and validated for the assay of diacerhein. The drug can be estimated at 277 nm
(ultraviolet region, UV) as well as at 502 nm (visible region, VIS). The absorbances were linearly corre-
lated with concentration in the 6.0–24 mg � mL�1 range (r ¼ 0.9999) and 10–34 mg � mL�1 range
(r ¼ 0.9998), respectively at 277 and at 502 nm. The relative standard deviation values for intra (n ¼ 6)
and inter-day (n ¼ 3) precision were <2%. Recoveries ranged between 99.0 and 101.7%. The method
has been successfully applied to the drug assay in capsules. It was also found that the excipients in
the commercial capsules did not interfere with the method. Statistical analysis showed no significant
difference between the results obtained at two wavelengths (277 nm or 502 nm).

1. Introduction

Diacerhein (DAR) is an oral agent that has been devel-
oped specifically for the treatment of osteoarthritis (Le-
quesne 1994; Spencer and Wild 1997). No official meth-
ods are available for DAR in bulk or in its pharmaceutical
forms and there is only one reported method for its deter-
mination in bulk form by high-performance liquid chroma-
tography (HPLC) with UV detector (Giannelinni et al.
2005). Chromatographic techniques are time consuming,
costly and require expertise, while spectrophotometric
methods are easy to use and robust methods for the quan-
titation of drugs in formulations where there is no interfer-
ence with excipients (Watson 1999). Thus, the aim of the
present work was to develop and to validate a simple and
reproducible spectrophotometric procedure for the quanti-
tative determination of DAR in capsules. The proposed
method can be applied routinely because it does not re-
quire high cost reagents and equipment.

2. Investigations, results and discussion

For media optimization various diluents and solvents, like
0.1 N HCl, 0.1 N NaOH, methanol, ethanol and acetoni-
trile, were evaluated. Due to better solubility of the drug
in 0.1 N NaOH, this diluent was chosen. The absorption
spectrum of DAR in 0.1 N NaOH shows a strong absor-
bance peak at 241 nm and other two peaks at 277 and

502 nm (Fig.). The absorption peaks at 277 and 502 nm
were selected for analytical studies. According to Gianne-
linni et al. (2005) in alkaline conditions (1 N NaOH), at
room temperature, DAR was found to degrade rapidly to
its active metabolite rhein, in stoichiometric amount.
Then, we can propose that rhein is probably the species
measured. No interference with excipients were observed
with the proposed methods. The optimal characteristics of
the method, such as Beer’s law limit, apparent molar ab-
sorptivity, correlation coefficient, slope, intercept, and con-
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Fig.: Absorption spectrum in 0.1 N NaOH: (A) diacerhein chemical refer-
ence substance at 15 mg/mL; (B) capsules excipients
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fidence limits are presented in Table 1. The correlations
coefficients were >0.999, indicating a linear relation be-
tween absorbance and concentration of drug. The linearity
data were validated by the analysis of variance (ANOVA),
which demonstrated significant linear regression and no
significant linearity deviation (P < 0.05). The experimental
results obtained for the determination of DAR in capsules
are shown in Table 2 and the % RSD values for the intra-
day and inter-day were less than 2%, indicating a satisfac-
tory precision (Table 2). Statistical analysis showed no sig-
nificant difference between the results obtained at 277 nm
and 502 nm (P < 0.01) for all evaluated products. Good
recoveries results were obtained (Table 3), and no signifi-
cant differences were observed between the amount of
DAR added and the amount found, which indicated the
accuracy of the method. It was shown that the variation of
the ionic force of the diluent from 0.1 N to 1 N as well as

changes of the wavelength from 277 nm to 282 or � 5 nm
from 502 nm did not have any effects on the analytical
results (Table 4). However, the change of ionic force of
NaOH from 0.1 N to 0.01 N or change of the wavelength
from 277 nm to 272 nm, had a significant effect on the
results.

3. Experimental

3.1. Chemicals

Diacerhein chemical reference substance (CRS) (assigned purity, 99.8%)
was obtained from DEG (Brazil). Capsules (Product A) and compounded
capsules (Products B and C) were purchased at the local market and were
claimed to contain 50 mg DAR each. Sodium hydroxide analytical grade
was obtained from Merck (Germany).

3.2. Equipment

A double-beam UV-VIS spectrophotometer (Shimadzu, Japan) model
UV – 1601 PC, with a fixed slit width (2 nm) and a 10 mm quartz cell
was used to obtain spectrum and absorbance measurements.

3.3. Sample preparation

Twenty capsules were weighed to obtain the average weight. An amount of
the powdered sample equivalent to 12.5 mg of DAR was transferred to a
100 mL volumetric flask, about 70 ml of 0.1 N NaOH were added and the
flask was sonicated for 20 min, followed by addition of 0.1 N NaOH to
volume (final concentration of 125 mg � mL�1). This solution was filtered
through a quantitative paper filter (Schleicher & Schuell) and further dilu-
tion was made with the same solvent in order to give final concentrations
of 15 mg � mL�1 and 22 mg � mL�1 to be measured at 277 nm and 502 nm,
respectively.
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Table 1: Results of the regression analysis of diacerhein by spectrophotometric method

Parameters 277 nm 502 nm

Concentration range (mg � mL�1) 6–24 10–34
Apparent molar absorptivity (L � mol�1 � cm�1) 12570.16 9483.63
Slope � standard errora 0.0009 � 0.0003 0.0079 � 0.0027
Intercept � standard errora 0.0341 � 0.0002 0.0260 � 0.0005
Correlation coefficient (r)a 0.9999 0.9999
Linear regressionb 212626 (4.6) 28278 (4.6)
Linearity deviationb 1.325 (2.96) 0.407 (2.96)

a Data obtained from three calibration curves
b Figures in parentheses corresponding critical values for F at P ¼ 0.05

Table 2: Intra and inter-day assay variations of diacerhein by
spectrophotometric method

Intra-daya Inter-dayb

277 nm

Product % � s.e.m. % RSD % � s.e.m. % RSD

A 99.4 � 0.52 1.3 99.2 � 0.25 1.1
B 97.8 � 0.57 1.4 97.8 � 0.35 1.2
C 99.4 � 0.41 1.0 99.3 � 0.35 1.0

502 nm

A 97.8 � 0.18 0.5 97.9 � 0.14 0.6
B 98.7 � 0.63 0.1 99.5 � 0.37 1.1
C 98.0 � 0.64 0.1 99.7 � 0.23 0.6

a average of six determinations
b average of three determinations
s.e.m. ¼ standard error of the mean

Table 3: Recovery test of diacerhein capsules by standard ad-
dition method

l (nm) Amount of reference (mg � mL�1) %

Added Recovered Recovery Average

277 4.0 3.97 99.0
7.0 7.03 100.2 99.4
10.0 9.92 99.0

502 6.0 6.12 101.7
10.0 10.02 99.9 100.4
14.0 13.95 99.4

Table 4: Robustness test of spectrophotometric method

l (nm) Ionic force of NaOH

0.01 Na 0.1 Na 1 Na

277 % � s.e.m. 103.0 � 0.2 98.6 � 0.1 98.1 � 0.4
% RSD 0.3 0.2 0.6

502 % � s.e.m. 101.2 � 0.2 98.9 � 0.2 96.8 � 0.3
% RSD 0.2 0.3 0.4

Change of wavelengths

272 277 282

% � s.e.m. 103.6 � 0.7 98.6 � 0.1 98.9 � 0.1
% RSD 1.0 0.2 0.1

497 nma 502 nma 507 nma

% � s.e.m. 99.1 � 0.4 98.9 � 0.2 99.6 � 0.3
% RSD 0.5 0.3 0.5

a mean of two determinations
s.e.m. ¼ standard error of the mean



3.4. Method validation

The method was validated by the determination of the following opera-
tional characteristics: specificity, linearity, precision, accuracy and robust-
ness (USP 29 2006, ICH Q2R1, 2005).

3.4.1. Specificity

The influence of commonly used capsule excipients was investigated be-
fore the determination of the drug in dosage forms.

3.4.2. Linearity

For measurement at 277 nm, aliquots of DAR CRS stock solution
(100 mg � mL�1 in 0.1 N N OH), ranging from 1.5 to 6.0 ml, were trans-
ferred to 25 ml volumetric flasks and the volumes were made up with
0.1 N NaOH to obtain solutions at concentrations of 6, 9, 12, 15, 18, 21
and 24 mg � mL�1. In a similar way, for measurement at 502 nm, aliquots
of stock solution ranging from 2.5 to 8.5 ml were transferred to a 25 ml
volumetric flasks and the volumes were made up with 0.1 N NaOH to
obtain solutions at concentrations of 10, 14, 18, 22, 26, 30 and
34 mg � mL�1. The curves were prepared in three different days. The linear-
ity was evaluated by linear regression analysis, which was calculated by
the least square regression method.

3.4.3. Precision

The precision of the assay was determined by repeatability (intra-day) and
intermediate precision (inter-day) and was expressed as a R.S.D.% of a
series of measurements. Repeatability was calculated by assaying six sam-
ples of the 100% standard concentration (15 or 22 mg � ml�1). The ana-
lyses were repeated on three different days in order to evaluate the inter-
mediate precision.

3.4.4 Accuracy

The accuracy was determined by % recovery of known amounts of DAR
substance reference added to the samples at beginning of the process. All

solutions were prepared and assayed in triplicate. The percentage recovery
of added DAR substance reference was calculated using the equation pro-
posed by A.O.A.C. (1990).

3.4.5 Robustness

The samples were assayed under different conditions, such as different
ionic force of the diluent (0.01 N NaOH and 1 N NaOH) and at different
wavelengths (272 � 5 nm and 502 � 5 nm).
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