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ABSTRACT

Wet granulation method was used instead of conventional pan coating or fluidized –bed coating
technique to prepare enteric-coated diclofenac sodium granules, using ethanolic solution of EudragitTM
L100 as coating, binding and granulating agent .Addition of PEG400 or di-n-butyl phthalate as a
plasticizer was found to improve the enteric property of the coat.
Part of the resulted granules was filled in hard gelatin capsules (size 0), while the other part was
compressed into tablets with and without disintegrant.
The release profile of these two dosage forms in 0.1N HCl (pH 1.2)for 2 hours, and in phosphate buffer
(pH 6.8) for 45 minutes as well as the release kinetic were compared with that o f the enteric film coated
Voltadin (R) SDI tablets.
The results of this study show that, the prepared dosage forms have a good enteric property, with faster
release of drug fro m encapsulated enteric-coated granules in comparison with compressed tablets.

ﺍﻟﺨﻼﺻﺔ

ﺗﻢ ﺍ ﺳﺘ ﺨﺪﺍﻡ ﺍﻟﻄﺮﻳﻘﺔﺍﻟﺮﻃﺒﺔ ﻟﺘﺤﻀﻴﺮﺣﺒﻴﺒﺎﺕ ﻣﻐﻠﻔﺔ ﻣﻌﻮﻳﺎ ﺑﺪﻻ ﻣﻦ ﺍﻟﻄﺮﻕ ﺍﻟ ﺸﺎﺋﻌﺔ ﺍﻷﺧﺮﻯ ﻟﺘﺤﻀﻴﺮﻋﻘﺎﺭ ﺻﻮﺩﻳﻮﻡ ﺩﺍﻳﻜﻠﻮﻓﻴﻨﺎﻙ ﻭ ﺫﻟﻚ
 ﻛﻤﺎﺩﺓ ﺭﺍﺑﻄﺔ ﻟﺘﻜﻮﻳﻦ ﺍﻟﺤﺒﻴﺒﺎﺕ ﺑﺎﻷﺿﺎﻓﺔ ﺍﻟﻰ ﻛﻮﻧﻬﺎ ﻣﺎﺩﺓ ﻣﻐﻠﻔﺔ ﺣﻴﺚ ﺍﻧﻬﺎ ﻻﺗﺬﻭﺏ ﻓﻲ۱۰۰ ﺑﺎﺳﺘﺨﺪﺍﻡ ﻣﺤﻠﻮﻝ ﻛﺤﻮﻟﻲ ﻟﻤﺎﺩﺓ ﺍﻟﻴﻮﺩﺭﺍﺟﻴﺖ ﺍ ﻝ
 ﻭﻗﺪ ﻭﺟﺪ ﺍﻥ ﺍ ﺳﺘ ﺨﺪﺍﻡ ﻣﻮﺍﺩ ﺗﺰﻳﺪ ﻣﻦ ﻣﺮﻭﻧﺔ ﺍﻟﻤﺎﺩﺓ ﺍﻟﻤﻐﻠﻔﺔ ﻣﺜﻞ ﺍﻟﺒﻮﻟﻲ ﺍﺛﻴﻠﻴﻦ٦ ﺍﻟﻤﻌﺪﺓ ﻭﻟﻜﻦ ﺗﺬﻭﺏ ﻓﻲ ﺃﺱ ﻫﻴﺪﺭﻭ ﺟﻴﻨﻲ ﺍﻋﻠﻰ ﻣﻦ
.  ﻭﻣﺎﺩﺓ ﺛﻨﺎﺋﻲ ﺑﻴﻮﺗﻴﻞ ﻓﺜﺎﻟﻴﺖ ﺗ ﺤﺴﻦ ﻣﻦ ﻋﻤﻠﻴﺔ ﺍﻟﺘﻐﻠﻴﻒ ﺍﻟﻤﻌﻮﻱ٤۰۰ ﻛﻼﻳﻜﻮﻝ
 ﺣﻴﺚ ﺗﻢ ﻣﻘﺎﺭﻧﺔ ﻛﻴﻔﻴﺔ ﻭﺳﺮﻋﺔ٬ﻭﻗﺪ ﺗﻢ ﺗﻌﺒﺌﺔ ﺟﺰء ﻣﻦ ﻫﺬﻩ ﺍﻟﺤﺒﻴﺒﺎﺕ ﻓﻲ ﻛﺒﺴﻮﻻﺕ ﻛﻤﺎ ﺗﻢ ﺿﻐﻂ ﺍﻟﺠﺰء ﺍﻵﺧﺮ ﻭﺗﺤﻮﻳﻠﻪ ﺍﻟﻰ ﺣﺒﻮﺏ
( ﻟﻤﺪﺓ۰ ٫۱  ) ﺣﺎﻣﺾ ﺍﻟﻬﻴﺪﺭﻭ ﻛﻠﻮﺭﻳ ﻚ ﺫﻱ ﻋﻴﺎﺭﻳﺔ ﻗﻴﻤﺘﻬﺎ۱ ‚۲ ﺗﺤﺮﺭ ﺍﻟﻌﻘﺎﺭ ﻣ ﻦ ﻫﺬﻩ ﺍﻷﺷﻜﺎﻝ ﺍﻟﺼﻴﺪﻻﻧﻴﺔ ﻓﻲ ﻭﺳﻂ ﺫﻱ ﺍﺱ ﻫﻴﺪﺭﻭﺟﻴﻨﻲ
.  ﺩﻗﻴﻘﺔ ﻣﻊ ﺣﺒﻮﺏ ﺍﻟﻔﻮﻟﺘﺎﺩﻳﻦ ) ﺍﻟﻤﻐﻠﻔﺔ ﻣﻌﻮﻳﺎ ( ﻣﻦ ﺍ ﻧﺘﺎﺝ ﻣﻌﻤﻞ ﺍﺩﻭﻳﺔ ﺳﺎﻣﺮﺍء٤۵  ﻟﻤﺪﺓ٦٫۸ ﺳﺎ ﻋﺘﻴﻦ ﻭﻓﻲ ﻭﺳﻂ ﺫﻱ ﺍﺱ ﻫﻴﺪﺭﻭ ﺟﻴﻨﻲ
 ﻭﺃ ﻥ ﺗﺤﺮﺭ ﺍﻟﻌﻘﺎﺭ ﻣﻦ ﺍﻟﻜﺒﺴﻮﻻﺕ ﺍﻟﺤﺎﻭﻳﺔ ﻋﻠﻰ ﺍﻟﺤﺒﻴﺒﺎﺕ٬ﻭﻗﺪ ﺍﻇﻬﺮﺕ ﺍﻟﻨﺘﺎﺋﺞ ﺟﻮﺩﺓ ﺍﻟﺘﻐﻠﻴﻒ ﺍﻟﻤﻌﻮﻱ ﻟﻸﺷﻜﺎﻝ ﺍﻟﺼﻴﺪﻻﻧﻴﺔ ﺍﻟﻤ ﺤﻀﺮﺓ
.ﺍﻟﻤﻐﻠﻔﺔ ﻣﻌﻮﻳﺎ ﻛﺎﻥ ﺃﺳﺮﻉ ﻣﻦ ﺗﺤﺮﺭﻩ ﻣﻦ ﺍﻟ ﺤﺒﻮﺏ

INTRODUCTION
Enteric coated granules encapsulated in hard
gelatin capsules as a pharmaceutical dosage form
were used to get products with fast onset of
absorption and better pharmacokinetic properties
(1-3)
, since this dosage form is less influenced by
food intake due to faster gastric emptying of
granules after dissolving of hard gelatin shell
compared with the retention o f relatively large
enteric coated tablet in the stomach.
In addition, patients preferred the easily
swallowed gelatin capsules on tablets (4).
Different techniques were used to prepare
enteric-coated granules or pellets, such as pan
coating and fluidized bed coating apparatus (5-8).
The aim of this study is to investigate whether
enteric-coated granules could be prepared by
ordinary wet granulation method using ethanolic
solution of EudragitTM L 100 as coating and
granulating agent.

The non-steroidal anti-inflammatory drug
(NSAID) Diclofenac sodium is
used as a
model drug for this study.

MATERIALSand METHOD
Materials:The following materials were used ,
Diclofenac sodium (Bio Gena.Italy), EudragitTM
L 100 (Rhö m pharma ,GMBH, Weiterstadt,
Germany) ,Ethanol 95% ,Polyethylene glycol
400 (BDH chemicals Ltd,Pool England),
Lactose ,Hydrochloric acid, (Riedal-De Haen,
AG
Seelze-Hannover,
Germany) ,Microcrystalline cellulose (Avicel PH
102)
(FMC
Corporation,Pensylvania
USA.) ,Trisodium phosphate (Hopkins and
Williams Ltd. ,England), Di-n-butyl phthalate
(USB ,B. Brussels ,Belgium), Magnesium
stearate (Merck ,Darmstadt ,Germany), and
enteric film coated Voltadin(R) SDI tablet as a
reference.
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Method: Preparation of Enteric-Coated
Granules:Diclofenac sodium was mixed with
lactose and the powder mass was moistened
with 2% ethanolic solution of EudragitTM L100
as a granulating , binding and enteric coating
agent (6, 9) until the proper consistency was
obtained. The amount of enteric polymer was
about 1.25% based on the total weight of the
powder mixture. The moist mass was then
granulated by passing through a 0.8 mm mesh
size sieve. The granules were then dried on
trays. Part of the resulted granules was filled in
hard gelatin capsules size 0 (25mg ⁄ capsule)
while the other part was compressed into
tablets (25mg
⁄ tablet).

 Dissolution:-

The dissolution characteristics of the
encapsulated enteric-coated granules, the
compressed tablets from the prepared granules
and Voltadin(R)SDI tablets as a reference were
studied using USP XXIV method for enteric
coated products at 50 r.p.m and constant
temperature (37± 0.5 °C ). One capsule or
tablet of each was placed in 750 ml 0.1 N HCl
(pH 1.2)and samples were taken for 2 hours,
followed by addition of 250 ml of 0.2M
trisodium phosphate to the same jar to get
phosphate buffer of pH 6.8, then sampling
were continued for 45 minutes (10) .
Samples were taken at certain time
intervals and assayed for diclofenac sodium
spectrophtometrically at its λmax 273 nm for
the acid medium and at λmax 276 nm for the
buffer medium.

 Factors Affecting the
Preparation:1. Effect of Addition of Plasticizer:Two different types of plasticizers were
used to study their effect on improving the
coating property of EudragitTM L100. A watersoluble type (PEG 400) and non water-soluble
(Di-n-butyl phthalate). 10% of either type of
plasticizer calculated on the amount of dry
lacquer substance was added to the coating
solution (9).
2. Effect of Compressing the Granules:Part of the resulted enteric-coated granules
was compressed into tablets. The results of
dissolution of these tablets were compared
with that o f encapsulated enteric-coated
granules.

50
3. Effect of Addition of Disintegrant :
10% Avicel PH 102 calculated on the total
amount of granules was added extragranularly
(11)
to the enteric coated granules before
compression. The results of dissolution were
compared with those of encapsulated entericcoated granules as well as with tablets
prepared from the same granules but without
disintegrant.

RESULTS and DISCUSSION
 Dissolution in Acid Medium:1. Effect of Addition of Plasticize r:The effect of plasticizer was studied by
comparing the release of drug from the
encapsulated granules coated with EudragitTM
L100 in acid medium with and without
addition of plasticizer.
The results show that 15% of the drug was
released from the coated granules in the
absence of plasticizer in the coating solution,
which is not accepted according to the USP
requirements
for
the
enteric-coated
preparations, which state that not more than
10% of drug dissolves at the end of 2 hours (10).
Addition of either PEG 400 or di-n-butyl
phthalate to the coating solution decreased the
release of the drug after 2 hours of dissolution
in acid medium to 6.2% and 8.5% respectively
in comparison with 10% released from the
reference Voltadin(R) SDI tablets (Fig. 1),
which are all acceptable.
These results indicate that addition of
either of the plasticizer can improve the enteric
property of the coating polymer which may be
due to increasing the mobility of the chain of
the polymer at the surface of the granules, so
they facilitate the filming property of the
polymer (12,13),but since di-n-butyl phthalate is
non water soluble, it will decrease the
permeability of film to moisture and enhance
the stability of the product, so it is preferred
for the preparation of this product on PEG 400
(14)
,therefore the granules prepared with PEG
400 were neglected.
2. Effect of Compressing the Granules:Compressing of the granules prepared using
di-n-butyl phthalate as plasticizer for the
coating material to tablets with and without
addition of disintegrant, resulted in decreasing
the release of drug in the acid medium of
dissolution to 7.4% and 6.3% respectively in
comparison with the encapsulated granules
(Fig. 1). The decrease in the release of drug
may be due to the smaller surface area of the
tablets compared to the granules, while the
slight difference in the release between the two
tablet preparations, may be due to the effect of
disintegrant.
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kinetics, since plotting the logarithm of the
percent remaining versus time gave straight
lines with good correlation (r-value range from
-0.94 to -1.01) for the acid medium and the
two phases in the buffer medium of dissolution
as show n in Fig.2.
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Fig. (1) Dissolution profile of encapsulated
enteric-coate d granule s tablets Prepare d
with and without addition of disintegrant in
comparison with Voltadin(R)SDI tablets

 Dissolution in Buffer Medium:As shown in Fig. 1, higher and faster
release was obtained from encapsulated
enteric-coated granules in comparison with
Voltadin(R)SD I tablets and tablets prepared
with and without addition of disintegrant,
where about 90% of the drug was released
from these granules within 20 minutes (8)
compared to 72%, 57.5% and 49.7% from
the other tablets, respectively.
This high and fast release of drug is mainly
due to the larger surface area of the granules
compared to the tablets.
In addition, both the encapsulated entericcoated granules and tablets containing
disintegrant as well as Voltadin(R)SDI tablets
met the USP specifications for the release of
drug in buffer solution (not less than 75%of
drug dissolves at the end of 45 minutes) (10)
in contrast to tablets without disintegrant.

Kinetics of Dissolution:The release characteristics of the drug from
encapsulated enteric-coated granules and
tablets prepared from these granules in
presence of disintegrant as well as that of
Voltadin(R) SDI tablets, follow first order
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Fig. (2) Plot of the log % remaining ve rsus
time for the release of drug from
encapsulated ente ric-coated granules and
tablets prepare d with addition of
disintegrant in comparison with
Voltadin(R) SDI tablets.
The small value of the release rate
constant in the acid medium(pH 1.2) (Table 1)
gives an indication that the coating material
(EudragitTM L100) when used as granulating
and binding agent is effective in preventing the
release of drug in acidic pH.
However, the small and slow release of drug at
this pH may be either due to the presence of
small-uncoated drug or due to the release of
drug through the coating and its possible
discontinuities (15) .
As the pH of the dissolution medium
reaches the level critical for the coating pH 6.8
(buffer medium) the film starts to dissolve,
thereby increasing the release of drug (9, 15) as
shown in Fig.2 and Table 1, in which there is a
great increase in the release rate constants of
the two dosage forms in the buffer medium
mainly at the first phase (more than 100 times)
compared to that at acid medium.
In addition, the results of dissolution at the
buffer medium give an indication that the
release of drug is affected by the dosage form
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as well as by the surface area, since the release
rate constants for the encapsulated entericcoated granules are higher than that of
compressed tablets.

Table (1)
Release rate constants (K) min-1.of the Prepare d
Dosage Forms in Comparison with Voltadin(R)
SDI Table ts
Voltad in ( R)
pH The
Encapsulated
Tablets
SDI
DissolEnteric-coated with
Tablets
ution
Granules using Disinte Medium di-N-Butyl
grant
Phthalate as
Plasticizer
1.2
76.75*10 -5
57.5*10-5
88.3*10-5
6.8
K1
0.309
0.143
0.098
K2
0.031
0.020
0.017

Abbreviations:K1: refers to the dissolution rate constant for
the
first phase in the buffer medium
K 2 : refers to the dissolution rate constant for
the second phase in the buffer medium
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