
131

Õèìèÿ, ãîä. ÕVIII, êí. 4 (2009) Chemistry, Vol. 18, Iss. 4 (2009)

MECHANISM OF DISSOLUTION
OF DELAYED RELEASE FORMULATION
OF DICLOFENAC SODIUM

Roli JAIN 1, Archna PANDEY2, Sashi S. PANDEYA2

1Dr. H.S. Gour University, Sagar (M.P.) INDIA
2Veterinary College Mhow (M.P.), INDIA

Abstract. Diclofenac sodium [o-(2,6-dichloranilino) phenyl] acetate is a po-

tent  non steroidal drug (NSAID) and used as an anti-inflammatory  and analgesic

agent; is one of the least soluble compounds even though present as sodium and

potassium salt.  In present study we are trying to increase the dissolution rate of that

poor water soluble drug by the solubilization capacities of micellar solution of diblock

copolymer polyethylene glycol 400. The ëmax is obtained at 276nm , and the Beer’s law

is obeyed up to 5 to 50µg/ml.The critical micellar concentration (CMC) of polyethyl-

ene glycol 400 was found at 1.25.10-3 mol/L by UV method. The different polymicellar

concentrations of PEG were used to verifying how the different dissolution media

would influence the release drug characteristics. The mechanism of drug release was

determined using the Korsmeyer-Peppas model.
Keywords: diclofenac sodium, polymeric micelles, polyethylene glycol 400,

Korsmeyer-Peppas model, delayed formulation

Introduction
The ever-increasing evolution of the pharmaceutical field, discovery of disease

mechanisms and improved understanding of the human body physiology have ren-
dered the need of ‘smart’ delivery systems more compelling over the last decade [1-
5].  The ultimate goal in developing a new drug delivery system is improvement of the
efficacy of the active compound administered, attenuation of undesired side effects,



132

and ultimately increase of the patient compliance. Polymeric net-works and controlled
drug delivery systems possess great potential for filling the need for better control of
drug administration.

Poorly soluble drugs represent a problem for their scarce availability related to
their low dissolution rate. They have been consequently objects of numerous researches
to improve this behavior. Among common NSAID, diclofenac sodium [o-(2,6-
dichloranilino) phenyl] acetate has molecular weight is 318.13 . A potent anti-inflam-
matory drug of this class is one of the least soluble compounds even though present as
sodium and potassium salt [6-11]. It is poorly soluble in acidic medium, 0.003 g/L in
simulated gastric fluid, and highly soluble in basic medium,  13 g/L in simulated intes-
tinal fluid  sodium [12], suggesting that the pH affects the solubility and absorption of
diclofenac. So it required a delayed release mechanism, most often accomplished
with stable coating that prevent the drug in stomach and there by delayed release. The
formulation is in move favorable environment of the small intestine; this technology
commonly referred as enteric coating system [13,14]. Low molecular weight surfac-
tant and the many block copolymers have been widely used to enhance the solubility
of hydrophobic drugs upon oral administration [15].

Experimental
Diclofenac  sodium was obtained  from   IPCA laboratories Ratlam as a gift

sample, PEG-400 (Meark), Hydrochloric acid (SD fine chemical), and potassium
dihydrogen phosphate  (SD fine chemical)  All chemicals are used as analytical grade.
In order to determine the standard calibration curve of diclofenac sodium UV-Visible
spectrophotometer (Perkins Elmer, Lamda 35) has been used.

The  stock solution of diclofenac sodium  was prepared as 0.25 g/L in distilled
water containing 1ml of methanol, the dilution were made to prepare a series of solu-
tion containing diclofenac sodium in different concentration against water as  blank.
The critical micellar concentration, CMC, was determined by using UV-visible spec-
troscopy. The comparative dissolution rate studies on conventional diclofenac sodium
tablet were carried out   according to apparatus 1 (Basket method) USP-29 at Electro
lab TDT08L. Enteric coated dissolution properties of tablet were studied using disso-
lution testing for 2h in 0.1 N HCl (stomach medium) and followed by testing 45min in
polymicellar media and without polymicellar media at pH 6.8 phosphate buffer on 6
units. Dissolution medium (900ml) was maintain at 37°C and agitated at a speed of
75rpm under sink condition, withdraw the10ml of sample at each time interval
120,130,135,140,150,165min, from the dissolution apparatus and withdrawal volume
replaced by fresh dissolution media  to maintain the sink condition, filter the withdraw
volume and prepared appropriate dilution. The sample solution was analyzed at 276nm
by UV spectrophotometer and calculate the amount of drug present is in the sample
has calculated.
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Results and discussion
The calibration curve of diclofenac sodium was plotted between different con-

centration of diclofenac sodium Vs absorbance (Fig. 1, Table 1).

Fig. 1. Verification of the Beer - Lambert law

Table 1. Optical  and linear regression  data for Beer’s law

The critical micelle concentration (CMC) of PEG with diclofenac sodium was
found that 1.25x10-3mol (Table 2, Fig. 2.). It is based on the fact that some polymer
like polyethylene glycol has a tendency to associate with micelles rather than water
phase and their absorbance changes depend on the surrounding. The break in curve
(between absorbance Vs [PEG 400] is taken as CMC Fig. 2. The minima occurs at
concentration of PEG which is below the reported CMC of PEG .This is attributed
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either some micelle aggregates are formed or CMC it self lowered due to solubiliza-
tion  of diclofenac sodium in hydrophobic core

Table 2.  Determination of critical micellar concentration of PEG

Fig. 2. Determination of critical micellar concentration of PEG

The dissolution profile of the three commercial product of diclofenac sodium
was compare in with and without polymicellar media at pH 6.8. (Table 3, Fig. 3). The
enteric-coated conventional tablet does not show release in the acidic medium. How-
ever, as the drug passes the stomach and enters the small intestine, it is subjected to
the intestinal fluids (pH 5.5–6.8). At this pH, the enteric coated tablets show high
dissolution and hence higher absorption into the blood stream. Polyethylene glycol 400
enhances the rate of drug release.
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Table 3. Comparative average (n=6) dissolution of diclofenac sodium (50mg)
different formulation available in Indian market in polymicellar media and without

polymicellar media

Fig. 3. Comparative dissolution profile (n=6) of three commercial products of
diclofenac sodium in polymicellar media and without polimicellar media at pH 6.8

The mechanism of drug release during the dissolution investigation in 0.1n HCL
or pH 6.8 was determined using the Korsmyer-Peppas model [16-20]:

      n
t atMM =∞/

where M
t
 corresponds to the amount of drug released at time t, M∞ is the total

amount of drug released at time ∞→t , the constant a incorporates structural and
geometric characteristics of the drug dosage form and n is released exponent.
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The rate of release of drug strictly follows first order kinetics. It is further conformed
by plotting a graph between log of % drug release Vs log of time (Table 4, Fig. 4).

Table 4. Kinetic parameter for in-vitro drug release

Fig. 4. Plot for first order equation

The mechanism by which the drug is released
Based on various mathematical models, the magnitude of the release exponent

“n” indicates the release mechanism (Fickian diffusion, case II transport or anoma-
lous transport). In the present study the limits considered were n = 0.45 (indicates a
classical Fickian diffusion-controlled drug release) and n = 0.89 (indicates a case II
relaxation release transport; non-Fickian, zero-order release). Values of n between
0.45 and 0.89 can be regarded as an indicator of both phenomena (drug diffusion in
the hydrated matrix and the polymer relaxation) commonly called anomalous trans-
port. From the release exponent in the Korsmeyer-Peppas model (n = 0.8733) it could
be suggested that the mechanism that led to the release of diclofenac sodium was an
anomalous transport.
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Conclusion
The use of polymicellar solution of polyethylene glycol 400 appears to be a reli-

able manner to enhance the in-vitro release of diclofenac sodium delayed release
formulation.
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