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An oral controlled onset dosage form intended to approximate the chronobiology of rheumatoid
arthritis is proposed for colonic targeting. The multiparticulate system comprising of nonpareil
seeds coated with a mixture of Eudragit S-100 and L100 was designed for chronotherapeutic
delivery of diclofenac sodium, The drug was loaded onto non-pareil seeds by powder layering
technique using the conventional coating pan. Different coat weights of non-aqueous based
Eudragit dispersions were applied onto the drug-loaded pellets using a pilot type spray gun. In
vitro dissolution tests of the coated pellets were performed in different pH media following pH
progression method for a period of 12 h. The in vitro dissolution tests showed that the release of
diclofenac sodium from the coated pellets depended on the pH of the dissolution fluid and the
coat weights applied. All the formulations exhibited an initial lag period characterized by limited
dissolution (5.49% to 10.83%) followed by rapid release of the drug. The high ratio of drug solubil-
ity relative to the dosing amount promoted rapid release of the drug after the lag period. The
" release kinetics of diclofenac sodium from the coated pellets in pH 7.4 buffer fitted well into

Hixson-Crowell dissolution model.

Chronotherapeutics refers to a treatment method of
synchronizing drug administration with biological rhythms
to produce maximum health benefits and minimum harm'. A
colon specific drug delivery system is a controlled onset sys-
tem used to approximate the chronobiology of certain dis-
eases states. This system could be of a particular value when
a delay in systemic absorption is therapeutically desirable.
The management of patients with rheumatoid arthritis and
inflammation could be improved with such a device?. These
diseases are affected by circadian rhythms. Symptoms of
rheumatoid arthritis were found to be most intense when
awaking from a nighttime sleep?®.

Diclofenac sodium, a non-steroidal antiinfammatory
drug is frequently prescribed for long-term treatment of rheu-
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matoid arthritis, osteoarthritis and ankylosing spondylitis®.
Gastrointestinal side effects such as bleeding, ulceration and
perforation of intestinal wall are commonly seen when the
drug is administered orally*. In order to eliminate these ad-
verse effects, enteric-coated products® and sustained release
products® are developed and commercialized.

Colon specific delivery can be achieved with a suitable
mechanism that triggers off the release of the drug upon
reaching the colon. Various approaches have been reported
over the last decade to develop new methodologies for site-
specific drug release to the colon including pH dependent
release’, time controlled release® and microbially controlled
release®. Methods based on pH sensitive delivery such as
enteric-coated dosage forms could be a simple and practi-
cal means for colon targeting. These methods are based on
the polymers that are insoluble at low pH values but soluble
at higher pH values. Several polymers particularly Eudragit
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S-100 and Eudragit L-100 have been investigated for co-
lonic delivery™. A multiparticulate system presents several
advantages in comparison to single units forms such as pre-
dictable gastric emptying and less local irritation''.
Multiparticulates also minimize possible intestinal retention
of indigestive polymeric material upon chronic administra-
tion'2,

With the above considerations in mind, a
multiparticulate controlled onset system based on pH-sen-
sitive polymers was designed using the conventional pan-
coating technique to deliver a drug to the colon in response
to circadian rhythms.

MATERIALS AND METHODS

Diclofenac sodium, Eudragit S-100 and L-100 and non-
pareil seeds were generously donated by Recon Ltd., Ban-
galore. The rest of the chemicals of analytical grade were
obtained from S. D. Fine Chemicals, Mumbai and were used
as received. These include purified talc, isopropy! alcohol,
PVP-K-30, PEG-6000, maize starch, sodium hydroxide, po-
tassium dihydrogen phosphate, disodium hydrogen ortho-
phosphate, hydrochloric acid and glacial acetic acid.

Preparation of drug loaded pellets:

Diclofenac sodium was loaded onto NPS by powder
layering technique. A definite quantity of NPS (# 24/30) was
charged into a conventional coating pan of 12" diameter.
(Sams Machine Tools, India). The mixture of diclofenac so-
dium, maize starch and purified talc was milled, passed
through sieve # 100 and dusted on to NPS using 10% solu-
tion of PVPK-30 in isopropyl alcohol (IPA) as binder solu-
tion. A pilot type spray gun (Bullows 630) fitted with a 1 mm
atomizing nozzle was used to spray the solution. The de-
tailed processing conditions are given in Table 1. The drug-
loaded pellets were dried at temperature of 45° for a period
of 1 h.

Film coating of the drug-loaded pellets:

As the study aimed at developing a controlled onset
system to provide a site specific release to the colon, a
preformulation study was undertaken to design a physical
mixture of Eudragit L-100 and S-100 having a threshold pH
similar to that existing in the proximal colon' (pH 6.8).
Eudragit L-100 (soluble at pH 6 and above) and S-100
(soluble at pH 7 and above) were physically mixed in differ-
ent ratios (1:1, 1:2, 1:3 and 1:4) and the resulting mixtures
were subjected to solubility studies. The studies revealed

134 Indian Journal of Pharmaceutical Sciences

that the physical mixture of Eudragit L-100 and S-100 in a
ratio of 1:2 had good solubility at pH 6.8 and above. The
studies also indicated the mixture bearing the ratio of 1:1
had a threshold pH of 6.5, whereas the other mixtures (1:3
and 1:4) were not soluble at pH 6.8. Hence the physical mix-
ture of the ratio 1:2 of L-100 and S-100 was used for prepar-
ing the coating dispersion.

The coating dispersion was prepared by dissolving
PEG-6000 in IPA. Purified talc was screened through sieve
#100 before addition to the solution. A homogenous sus-
pension was maintained by stirring at a low speed using a
variable speed propeller stirrer (Remi Udyog, Mumbai), then
the mixture of Eudragit S-100 and L-100 was added. The
dispersion was adjusted to have 6.25% w/w of the polymer
content by dilution with IPA. The dispersion was stirred for
30 min before coating as well as throughout the coating pro-
cess.

A # 22/24 fraction of diclofenac-loaded pellets was
charged into the same coating pan. The coating dispersion
was sprayed on the surface of the drug-loaded pellets un-
der the processing conditions mentioned in Table 2 till 2%,
4%, 6% and 8% of the theoretical weight gain was achieved.
The pellets passing through sieve #14 and retained on sieve
#18 were used for further studies.

Evaluation of the coated pellets:

Morphology and appearance of the pellets were  ex-
amined by scanning electron microscopy (SEM-JEOL, JSM-
840A, Japan). The cross sections of the pellets were mounted
directly onto the SEM sample stab, using double sided stick-
ing tape and coated with gold film (200 nm thick) under re-
duced pressure (0.00 1 torr) to improve the conductivity. In
order to check the integrity of the drug in the formulations,
IR spectra of the drug and the pellets were obtained and
compared using FTIR spectrophotometer (FTIR-8201 PC,
Shimadzu corporation, Japan) using potassium bromide
pellet method.

Estimation of diclofenac sodium:

Weighed quantity of the pellets were carefully trans-
ferred into a volumetric flask and diluted to 100 ml with buffer
of pH 7.4 and allowed to equilibrate for a period of 24 h.
There after the samples were filtered through a Millipore fil-
ter (0.22 pym) and assayed using Jasco V-530 UV/vis spec-
trophotometer against a reagent blank prepared using con-
trol pellets without the drug. Three replicate experiments
were performed.
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In vitro dissolution studies:

Dissolution tests were performed using USP XXIlI Dis-
solution Test Apparatus-| (ElectrolabTDT-06T) following pH
progression method simulating the gastrointestinal tract con-
dition'. A definite weighed quantity of the pellets was loaded
into the basket of the dissolution apparatus. The pH changes
were performed starting with 900 ml of hydrochloric acid
buffer of pH 1.2 for 2 h, acetate buffer of pH 4 for 1 h, mixed
phosphate buffer of pH 5.5 for 1 h, phosphate buffer of pH
6.8 for 1 h followed by phosphate buffer of pH 7.4 till the end
of the test. The temperature through out was maintained at
37+0.5° with stirring speed of 50 rpm. The samples were
drawn every h and filtered through a Millipore filter (0.22
pum) and assayed spectrophotometrically at 273 nm for
samples with pH 1.2 and at 276 nm for other samples using
the same instrument. Dissolution studies were performed in
triplicates for each batch of pellets.

RESULTS AND DISCUSSION

SEM photograph of the peilet with 8% weight gain in
cross sectional view is shown in Fig. 1. The applied film ap-
pears to be continuous and uniform. The IR spectra of
diclofenac sodium and its pellets were found to be identical.
The principal IR absorption peaks of the drug at 3400 cm!
(N-H stretching of secondary amine), 1560 cm™ (C=0 car-
boxylate), 1580 cm™ (bending of secondary amine) and 780
cm™ (1,2,3 trisubstituted benzene) 760 cm™ (C-Cl) were all
obtained in the spectra of the pure drug as well as the pel-
lets indicating no chemical interaction between the drug and
the excipients used.

The theoretical content of diclofenac sodium was found
to be 18.24% w/w of the coated pellets. All the investigated

Fig. 1: Cross section of diclofenac sodium pellets coated
with Eudragits.

Cross section of pellet of diclofenac sodium coated with
Eudragit dispersions (8 % weight gain) as revealed un-
der scanning electron microscope.

TABLE 1: PROCESSING CONDITIONS FOR DRUG LOADING.

Core Dusting powder Binder solution Processing conditions
composition (g) (10% w/w)
Non-pareil Diclofenac sodium 300 PVP-K-30 Batch size 1300g
Seeds Maize starch 300 (100 g) Inlet air temperature 45-50°
#24/30 Purified talc 200 in IPA Spray rate (ml/min) 5-10
(500 g) Dusting rate (g/min) 5-10
Spray nozzle
diameter imm
Spray pressure 4 kg/cm?
Pan rotation speed 15 rpm
Pan angle 45°

The composition of the core material along with the processing conditions for loading of diclofenac sodium onto non

pareil seeds by powder layering technique.
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batches of pellets had acceptable drug content.

The dissolution profiles of pellets with different coat
weights are shown in fig. 2. It was seen that the drug re-
lease from the coated pellets depended on the pH of the
dissolution fluid as well as the coat weights applied. All the
curves exhibited an initial lag period charecterised by lim-
ited dissolution (5.49% to 10.83%) followed by rapid release
of the drug. The in vitro lag periods for different formulations
were derived by extrapolating the linear portion of the plots
to the time axis, (cumulative % release vs time plots) as
reported in literature'®. The in vitro lag periods for the for-
mulations were found to rahge between 3.5 and 4.0 h. The
slow release of the drug during the lag period could be at-
tributed to the semi-permeable nature of the pH sensitive
polymers used. Both Eudragit L-100 and S-100 are pH sen-
sitive polymers with a threshold pH of 6.0 ahd 7.0, respec-
tively. The mixture of the two in a ratio of 1:2 had resulted in
a coat having a threshold pH of 6.8 which is evident as a
rapid release phase (burst effect) caused by dissolution of
the coat and release of the drug when the pellets were ex-
posed to a pH of 6.8. The burst effect could be attributed to
certain extent to the pKa (4.0) value of the drug, It has to be
noted that the solubiity of diclofenac is pH dependent and
the solubility increases rapidly at pH values higher than the
pK, value of the drug. It has been established that the rapid
release phase is observed only with drugs possessing a high
solubility at the given pH value."?

An amount of 50.9, 42.5, 37.3 and 30% of the drug was
released from the pellets with 2%, 4%, 6% and 8% weight
gain respectively after 5 h. The results proved that there
existed a rank order correlation between the amount of drug
released at the end of fifth hour and the coat weights. It was
observed that in case of pellets with 8% weight gain the
‘burst effect was minimized and the drug was released in a

Cumilative % drug release

Time (h)
Fig. 2: In vitro release of diclofenac sodium from Eudragit
coated pellets.

Diclofenac sodium release from coated pellets with 2%
weight gain (<), 4% weight gain (0), 6% weight gain (A)
and 8% weight gain (O) respectively.

more progressive manner. This may be due ta increased coat
weight applied when compared to other pellets. The rapid
release phase was known to precede the slow release phase.

TABLE 2: PROCESSING CONDITION FOR ACRYLIC COATING.

Composition of polymeric dispersion (% w/w)

Processing conditions

Eudragit S-100 4.166
Eudragit L-100 2.084
PEG-6000 05
Purified talc 6.0
IPA Q.S

Batch size 3009
Inlet air temperature 35-45°
Exhaust air temperature 25-30°

Spray rate (ml/mm) 5-10

Spray nozzle diameter 1 mm
Spray pressure 4 Kg/cm?
Pan rotation speed 15 rpm
Pan angle 459

The composition of the coating material along with the processing conditions for acrylic coating of diclofenac sodium

loaded non pareil seeds.
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The release kinetics of diclofenac sodium in pH 7.4
buffer was treated according to Hixson-Crowell equation’®,
The rate kinetics was found to be linear with regression co-
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