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Fast and Efficient Monitoring of Diclofenac Dissolution Profile by CE
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Abstract: Capillary electrophoresis (CE) was used to follow Diclofenac tablet dissolution, in very short times and allow-
ing dissolution testing without volume replacement. By using Student’s t test and F-test, this CE method was compared
with HPLC. Statistical data show that there are no significant differences among them. The drug release kinetic of di-
clofenac tablets was described by various mathematical models and equations. Model-Independent Methods: tsg, = 10.34
min; tgge, = 20 min; DE% = 79.41% and MDT = 10.85 min, show that diclofenac tablet dissolution rate is very high, hav-
ing 80% drug dissolution within 20 minutes. Model-Dependent Methods. The kinetics models used were: zero order, first
order, Hixson—Crowell cube root law, Higuchi model, and Weibull model. Criteria used to choose the best model was by
comparisson of r* and AIC (Akaike Information Criteria). The model that best adjusts diclofenac tablet dissolution profile

was the Hixson-Crowell cube root model.
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1. INTRODUCTION

Among  Non-Steroidal  Anti-Inflammatory ~ Drugs
(NSAID) Diclofenac sodium 2-[2-[(2,6-dichlorophenyl)
amino]phenyl]acetate (Fig. 1) can be found. This drug is
mainly used as an analgesic reducing pain and inflammation,
in medical conditions such as rheumatoid arthritis, ankylos-
ing spondylitis and osteoarthritis [1].

Tablets of 50 mg of diclofenac are produced by the Me-
dicinal Plant of Corrientes (PLAMECOR) under The Minis-
try of Public Health. These are distributed without cost in
primary care centers across the province.

USP (United States Pharmacopoeia) recommends di-
clofenac determination by liquid chromatography methods
[2-4]. Diclofenac determinations by electrochemical tech-
niques are the main research interests: cyclic voltammetry
[5]; potentiometric sensor [6]; capillary electrophoresis [7-
9]; spectrophotometric methods are also studied [10-12].
Other authors focus on diclofenac quantification in vivo us-
ing HPLC-MS [13, 14]. A great deal of research papers are
focused on official method validation concerning drug re-
lease from dosage forms [15-19].

In adition, ANMAT (National Drug, Food and Medical
Technology Administration of Argentina), has not yet estab-
lished analytical methods for diclofenac tablets quality con-
trol [20].

Capillary Electrophoresis (CE) is a powerful analytical
tool that allows separation and analyte quantification in
much shorter times than HPLC [21, 22], reducing reagent
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and solvent demand, being more “eco-friendly” than HPLC.
In addition sample volume requirements are lower than
HPLC allowing dissolution testing without volume replace-
ment. When a solid dosage form of a drug is administered
orally, its absorption depends on several processes such as:
release of the active principle, drug solubilization or dissolu-
tion under physiological conditions, and permeability across
the gastrointestinal tract. In vivo performance can be pre-
dicted by evaluating in vitro dissolution. The drug release
kinetic of the diclofenac tablets provided by PLAMECOR
was described by various mathematical models and equa-
tions [23-25].

Cl

NH

Cl OH

@)

Fig. (1). Diclofenac sodium chemical structure.

2. MATERIALS AND METHODS
2.1. Samples and Reagents

Diclofenac in pure form lot 1004-30-5 (powder), origin
China, (99.99 % purity, determined by HPLC method) and
diclofenac 50 mg tablets lot N° 112/12 from PLAMECOR
were used.
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Acetaminophen in pure form lot 4120374 (powder), ori-
gin China, (99.99 % purity, determined by HPLC method)
from PLAMECOR, was used as internal standard.

Placebo used in specificity and accuracy determinations,
was provided by PLAMECOR and its composition is the
same present in the tablet: magnesium stearate 1%, talc 2%,
sodium starch glycolate 3.5%, polyvinylpyrrolidone (PVP)
1.2% and 73.2% green precompact powder.

All reagents were of analytical grade. Sodium hydroxide,
sodium borate, sodium phosphate, hydrochloric acid and
methanol were purchased from Merck (Darmstadt, Ger-
many). Ultra-pure water was obtained from an ultra-pure
water purification system from Millipore (Bedford, MA,
USA) and was used in all the CE experiments.

Stock standard solutions of diclofenac and acetamino-
phen were prepared at a concentration of 2000 ppm by dis-
solving the accurately weighed amount of each drug in wa-
ter. Working standard solutions were prepared by dissolving
stock standard solutions in water.

Sample preparation: a stock sample solution was pre-
pared at a concentration of 2000 ppm by dissolving the accu-
rately weighed amount of a pool of 10 diclofenac tablets, in
water. Working tablet solutions were prepared by dissolving
the stock sample solution in water.

Internal standard procedure: an accurate and precise vol-
ume of acetaminophen 70 ppm (internal standard solution)
was added to diclofenac working standard solution and di-
clofenac sample solution so that they both contain an identi-
cal concentration of internal standard.

The pHs of the background electrolyte (BGE) solutions
were adjusted by a pHmeter (HANNA Instrument). All solu-
tions were degassed in an ultrasonic bath Cole Palmer 8891
(Cole Palmer, Illinois, USA) and filtered through 0.45 um
nylon membrane (Sartorius, Germany) before use.

2.2. Instrumentation and Electrophoretic Procedure

All experiments were carried out on a capillary electro-
phoresis system (Agilent Technologies, Waldbronn, Ger-
many), equipped with a diode array detector. Separation was
carried out in an uncoated fused-silica capillary of 35.5 cm
total length (effective length 27 cm), with an inner diameter
of 75 um (MicroSolv Technology Corporation, Eatontown,
NJ, USA) in a normal mode, applying a voltage of 20 kV,
with a typical current of about 85 pA.

The cartridge was maintained at 25.0 °C. The wave-
length used for recording the electropherograms was 200
nm. Injection was made from the positive electrode of the
capillary hydrodynamically applying 50 mbar of pressure
for 10 s.

A careful activation and conditioning of the capillary
was essential in order to obtain reproducible results and to
remove substances adsorbed to the capillary wall. Thus, at
the beginning of every working day the capillary was
rinsed with: sodium hydroxide 0.1 M (10 min), ultra-pure
water (10 min) and sodium borate solution 15 mM pH 9.2
(10 min) which is the BGE. Between runs the capillary was
successively flushed with sodium hydroxide 0.1 M,
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ultra-pure water and BGE for 3 min each. At the end of the
day the capillary was washed with sodium hydroxide 0.1 M
(5 min), ultra-pure water (5 min) and then air-dried for
3min.

2.3. Method Validation

For linearity study a calibration curve was constructed
with diclofenac pure form in a concentration range between
50 and 90 ppm.

Specificity was assessed by electrophoretic runs of pla-
cebo prepared with excipients in the same proportion as
found in 50 mg diclofenac tablets.

Precision was analyzed as repeatability. A number of 6
samples were analyzed by triplicate on the same day, by the
same operator, using the same instrument. ANOVA test was
performed to analyze the data using Excel” (Microsoft).

Accuracy was based on the recovery of known amounts
of analyte in placebo. Spiked samples with different levels of
diclofenac (80, 100 and 120% tablet concentration), were
prepared. The analysis was done in triplicate [26].

2.4. HPLC —-UV Analysis

HPLC (Agilent 1120 series compact LC) equipped with a
UV detector was used.

For diclofenac measurement mobile phase consisting of a
filtered and degassed mixture of methanol and phosphate
buffer pH 2.5 (70:30) was used. Diluent was a methanol and
water mixture (70:30). Column: RP-18C, 125x4.5 mm. Flow
rate was 1 mL/min. Detection wavelength was set at 276 nm.
Injection volume was 20 pL. Diclofenac pure form 70 ppm
solution and Diclofenac tablets solution 81 ppm were used.
Identity was verified with diclofenac retention time (8.2min).
Peak areas were determined. Conversion of peak area (A) to
concentration levels (C) was based on equation 1.

Csample = Cdiclo . Adiclo/ Asample (1)

2.5. Dissolution

Drug dissolution profile was evaluated employing USP
basket method, with a Dissolutor AVIC D-II. Dissolution
testing was carried out under physiological conditions. The
volume of the dissolution medium was 900 mL. To simulate
intestinal fluid, a phosphate buffer solution of pH 7.4 was
employed. Tests were conducted at 37+0.5°C. Mild agitation
conditions were maintained during dissolution testing. Agita-
tion (or stirring speed) was 50 rpm.

The selected time points for the dissolution profile were:
0,5, 10, 15, 20, 25, 30, 45 and 60 min.

An aliquot of 500 uL was withdrawn from the dissolutor
at these time intervals. The sample solution extracted from
the dissolutor and 17.5 pL acetaminophen (internal standard
solution) were brought to 2 mL with MilliQ quality water.
Samples were filtered through 0.45 pm nylon membrane
before use.

Samples were analyzed using CE. In the data analysis,
percentage of drug release was calculated using a mean of
three sample measurements.
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2.6. Drug Release Kinetics
2.6.1. Model-Independent Methods

The model-independent approaches performed to char-
acterize drug release were: tyo,, time necessary to release a
determined percentage of drug (tsee, and tgge,); Dissolution
efficiency (DE), based on equation 2, area under the disso-
lution curve up to a certain time, t, expressed as a percent-
age of the area of the rectangle described by 100% dissolu-
tion in the same time; and Mean Dissolution Time (MDT),
equation 3.

DE (%) = 100.ABC "y / Q00.T )
MDT =X [t;. AQ;] / Q.. (3)
2.6.2. Model-Dependent Methods

The kinetics models used were: zero order, as cumulative
amount of drug release vs.time; first order as In cumulative
percentage of drug remaining vs. time; Hixson—Crowell cube
root law, as cube root percent drug remaining vs. time; Hi-
guchi model, as cumulative percentage of drug release vs.
square root of time; and Weibull model, as In dissolved
amount of drug vs. In of time (Table 1).

3. RESULTS AND DISCUSSION

Electropherogram of diclofenac pure form (Fig. 2).

3.1. Method Validation

Calibration Curve: plotting area ratio (diclofenac/ aceta-
minophen) vs. Diclofenac concentration, a good linearity has

Table1. Model-dependent methods.

Zero order Qi=Q + K.t

First order InQ,=1InQ, + K.t

Hixson-Crowell Qo 3 Q B =K.t
Higuchi Q;=Ku.t 12
Weibull In {In [Q., /(Q..Q)]} = B.In(t-t) — P.In t4
500
400 4 Acetaminophen

300
Diclofenac

200

100 +
o4

0.0 05 1.0 1.5 20 25

Absrobance (mAL)

Analysis time (min)

Fig. (2). Diclofenac pure form electropherogram. Voltage of 20 kV,
current 85 pA. Electropherograms were recorded at 200 nm. Injec-
tion was made hydrodynamically applying 50 mbar of pressure for
10 s. BGE: sodium borate solution 15 mM pH 9.2.
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been found from the regression analysis [y = (0.0208 +
0.0007)x — (0.0292 £ 0.0479)] with r* = 0.9972 with a 95%
confidence level. Linear range of the essay was 50-90 ppm
(Fig 3).

Electrophoretic analysis of placebo demonstrates the
chemical inertia of diclofenac tablets excipients, and there-
fore method specificity (Fig. 4).

The proposed method was found to be highly precise,
having a Relative Standard Deviation for repeatability
(n=10) of 1.72%, below the maximum amount accepted by
the pharmacopoeias for pharmaceutical preparations
(SD%=< 2%).

Accuracy: recovery of analyte in placebo 100.36 —
103.47%, values that fall within the requirements set by USP
and ANMAT. (Table 2).

This CE method was compared with HPLC [26].
ANOVA test was performed to analyze the data Results are
shown in Table 3. Statistical data obtained by using Stu-
dent’s t-test and F-tests show no significant difference be-
tween the methods (p>0.05). A confidence level of 95% was
considered.

Calibration curve
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Fig. (3). Calibration curve, (diclofenac/acetaminophen area) vs.
Diclofenac concentration (ppm).
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Fig. (4). Placebo electropherogram.



Fast and Efficient Monitoring of Diclofenac Dissolution Profile by CE

3.2. Dissolution Profile

! (gg:'_ Diclofenac Dissclution P rofils

A0 4
40 -
30 4
20 -

Fig. (5). Diclofenac dissolution profile.

3.3 Drug Release Kinetics
3.3.1. Model-Independent Methods
Calculated parameters:
tso0, = 10.34 min
tgoo, = 20 min
DE% =79.41%

Table2. Accuracy (recovery of analyte in placebo).
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MDT = 10.85 min

These results show that Diclofenac tablet dissolution
rate is very high, having 80% drug dissolution within 20
minutes.

3.3.2. Model-Dependent Methods
Fig. (6). shows the results of the kinetic models used.

The criteria used to choose the best model was by com-
parisson of r* and AIC (Akaike Information Criteria). The
highest adjusted r* and the lowest AIC determine the model
that best adjusts diclofenac dissolution profile. (Table 4).

Based on these two criteria, the model that best adjusts
diclofenac dissolution profile was the Hixson-Crowell cube
root model, in wich the surface area of the tablet exposed to
the dissolution medium, varies throughout the process as a
function of the cubic root of the squared volume of the
solid.

CONCLUSION

The CE method has been confirmed to be useful for the
quality control of diclofenac 50 mg tablets, without interfer-
ence from common excipients. This method was found to be
simple, rapid and specific, allowing separation and analyte
quantification in much shorter times, reducing reagent and
solvent demand, being more “eco friendly” than HPLC. In
addition sample volume requirements in CE are lower than

Diclofenac Percentage of Tablet Concentration %

Recovery of Analyte in Placebo %

80

101.18

101.09

102.79

100

102.14

101.69

102.93

120

102.02

103.47

100.36

Table 3. Statistical comparison of the CE method with the reference method.

Parameter CE Method HPLC-UV Method
Xm + SD 48.1+0.8 49.5+0.7
RSD% 1.73 1.38
s’ 0.69 0.47
F 1.4672 (3.1788)
t -4.2247 (2.1009)

(Values in parentheses correspond to critical values tabulated for p = 0.05).
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Fig. (6). Model-Dependent Methods.
Table4. Comparisson of r* and AIC for the studied kinetic models.
Mathematical models r’ AIC
Zero order 0,9782 15,2552
First order 0,9837 -12,1213
Hixson-Crowell 0,9984 -27,8613
Higuchi 0,9979 3,4225
Weibull 0,9634 -6,6849
HPLC allowing dissolution testing without volume replace- ACKNOWLEDGEMENTS

ment. Diclofenac dissolution profile adjusts best to the Hix-
son-Crowell cube root model. Diclofenac tablet dissolution
rate is very high, having 80% drug dissolution within 20
minutes.
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