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ABSTRACT 

The preparation of a sustained release dosage form for 
indomethacin was studied. Pellets (I) containing indomethacin 
were prepared by spraying a slurry of indomethacin, EudragitQ 

S-100, dibutyl sebacate and alcohol onto non-pareil seeds via 

Wurster column processing. The resultant pellets were further 

coated with various combinations of EudragitQ RS (poorly water 
permeable) and EudragitQ RL polymers (readily water permeable) 
also using the Wurster column. In-vitro dissolution tests were 

conducted in a USP dissolution apparatus containing 900 ml of 

phosphate buffer at either pH 6.5 or 7.2. The in-vitro release 

studies of pellets (I) at pH 6.5 phosphate buffer exhibited a 

f i  dependence indicating a diffusion controlled process from a 
matrix formulation. At pH 7.2 phosphate buffer, pellets coated 

with EudragitQ RS showed the most retardation in the release 
rate of drug. As expected, the total amount of drug released 
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1122 LI, FELD, AND KOWARSKI 

from the coated pellets increased as the concentration of 

EudragitQ RL increased in the barrier coating. Pellets coated 

with EudragitQ FU alone showed the fastest release rate of drug. 

I KTPODUCT 108 

Indomethacin has been used in the treatment of rheumatoid 

arthritis for more than a decade. Oving to its relatively short 

plasma half-life, the usual dosage schedule is to give the dose 

three times a day. l J 2  Patients taking the conventional capsule 

often complained of gastrointestinal and central nervous system 

side effects. The severity of the centrally-medicated side 

effects is related to the plasma concentration occurring after 

administration of the dosage J 4  Indomethacin delivered 

by a sustained release dosage form vould be an ideal means of 

reducing the unwanted side effects by reducing and/or delaying 

the peak plasma concentration without affecting the extent of 

indomethacin bioavailability. 

In reviewing the pharmaceutical literature, a few methods 

have been investigated for the preparation of sustained release 

indomethacin. Sustained release indomethacin microspheres, 

prepared by different types of microencapsulation techniques, 

have been studied extensively. 5 ~ 6 ~ 7 ~ 8  

references dealing with the manufacture of sustained release 

indornethacin tablets. 9J10J11 

There are several 

Among all the mechanical methods 
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DELIVERY SYSTEM FOR INDOMETHACIN 1123 

dealing with the preparation of sustained release indomethacin 

formulations, the most interesting and practical method was 

reported by Dempski et a1.12 They prepared sustained release 

indomethacin pellets via an extrusiodspheronization process. 

It is interesting to note that there are no reports in the 

literature relating to the use of a layering process via a 

Wurster column to produce sustained release indomethacin 

pellets. Hsiao successfully prepared sustained release 

theophylline pellets utilizing the Wurster column process. 13 

This report concerns the use of Eudragit" resins to prepare 

sustained release indomethacin pellets via a Wurster column 

process. In addition, the in-vitro release rate profiles of 

these indornethacin sustained release pellets are compared to 

Indocin" SR (commercially available indomethacin sustained 

release capsule) to assess the value of this particular 

manufacturing process. 

Materials 

a b Indornethacin and polyethylene glycol 8000 were NF 

Talc', non-pareil seedsd (18/20 mesh) and alcohol grade. 

were USP grade. Dibutyl sebacate was used as received. 

Eudragit" S-100 , RSf, and RL 

Pharma. All reagents were analytical grade or better. Indocin@ 

e 

f f were gifts from R o b  
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1124 LI, FELD, AND KOWARSKI 

25 mg capsules' and Indocin@ SR 75 rng capsulesg were used as 

received. 

Preparation Methods for Indomethacin Sustained Release Pellets 

Preparation of fndomethacin/EudranitQ S-lOO/Alcohol Slurry 

To a two-liter stainless steel container,holding 500 g of 

alcohol equipped with a lightning mixer, 6.8 g of dibutyl 

sebacate was added and mixed. 

S-100 were added gradually into the container and mixed until all 

the Eudragitm S-100 powders were dispersed. 

of indomethacin was then introduced and mixed until all powders 

were dispersed, The resultant slurry was then passed through a 

Colloid mill . The slurry was then filled to 1080 g total 

weight with additional alcohol. The solids content of the slurry 

was 34.6% w/w. 

Sixty-eight grams o f  EudragitQB 

Three hundred grams 

h 

PreDaration of Indomethacin-EudranitQ S-100 Pellets (IS 

Pellets) 

Pellets containing indomethacin were prepared by spraying 

the indomethacin/Eudragit@ S-lOO/alcohol slurry onto 500 grams of 

the 18/20 mesh fractions of nonpareil seeds via the Wurster 

column (Aerornatic Strea-1 Coater ). The coating parameters for 

this process are given in Table I. The resultant pellets were 

dried at 5OoC for 32 hours to remove the residual solvent from 

the pellets. 

i 

Coatinn Operation of Indomethacin Sustained Release Pellets 

Seven hundred grams of indomethacin Eudragite S-100 pellets 

were coated in an Aerornatic S-1 coater Using either EudragitQB RS 
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DELIVERY SYSTEM FOR INDOMETHACIN 1125 

IABLB I 

Operatinn Parameters Setting 

Atomizing air pressure 
Fluidizing air velocity 
Partition Height 
Pump/Drive 
loozzle 
Inlet Temperature 
Outlet Temperature 
Flow Rate of coating solution 

2 Bars 
30 - 60 M3/H 
2 c m  
Masterflex 16 Pump Headj 
1.2 mm Schnick nozzlek 
52 - 56OC 
34 - 36'C 
10 - 20 g/min 

or RL polymers or a combination of RS and RL polymers. 

composition for the dispersions are presented in Table 2. 

Different amounts of the EudragitQD RS or RL coatings were applied 

to IS pellets by spraying predetermined amounts of the coating 

dispersion onto the pellets. Five different ratios of Eudragite 

RS to EudragitQ RL (100:0, 75:25 ,  50:50, 25:75, 0:lOO) were 

prepared to determine the effects on indomethacin dissolution 

rates. In all, a total of 20 samples were collected for testing 

and evaluation. 

Testing 

The 

Sieve Analysis 

The size distribution of the IS pellets was evaluated by a 

sieve-analysis technique using a set of US standard sieves, 

namely t12, X14, 116, 118, 120, 425 and base pan. The sieving 

load was 10 8. The sieve nest was shaken using an ATM Sonic 
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1126 LI, FELD, AND KOWARSKI 

T A B U  2 

COMPOSITIOlV OF EUDBAGIW PS AlVD/OB RL DISPERSIOlV 

EudragitQ BS or RL 
Talc, USP 
Polyethylene Glycol 8000, NF 
Alcohol, USP 
Distilled Water 

6.0" 
1.8 
0.6 
86.6 
5.0 

* I X i  t yi( = 6 where X i  is equal to the amount of EudragitQP RS, 
and Yi equal to the amount of Eudragite RL. 

1 Sifter for five minutes. The net weight that was retained on 

each sieve was then determined and recorded. Duplicate samples 

were run for each batch of IS pellets. The average values were 

used for the calculation of particle size distribution. The 

arithmetic mean diameter of IS pellets was determined from the 

sieve analysie as discussed by Parrott . 14 

True Density 

The true density of each sample of IS pellets was 

determined by using a solvent displacement method. 

Assav Procedures 

Total drug content of the IS pellets was determined by 

dissolving accurately weighed portions of each batch in 100 ml 

methanol and observing the spect rophotometric absorbancp at 318 

nanometers ( > m a  for indomethacin). Duplicate samples were 
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DELIVERY SYSTEM FOR INDOMETHACIN 1127 

assayed and the mean values reported. Absorbance followed Beer's 

Law over the range of concentrations encountered. The same 

procedures were followed to determine indomethacin content in the 

RS and/or RL coated pellets. 

In-Vitro Dissolution Studies 

The dissolution tests were conducted using apparatus 11, 

USP XXI/NF XVI with paddles. An agitation speed of 100 rpm was 

used in this study. A n  amount of indomethacin sustained release 

pellets containing 75 mg of indomethacin were used with 900 ml of 

dissolution medium at 3 7 O C .  The dissolution medium consisted of 

either pH 6.5 or 7.2 phosphate buffers. Samples were removed at 

suitable time intervals. The collected samples were assayed 

spec t ropho t ome t r ically using a Beckman DUQD-6 Spec t ropho t orne t erm 

at 318 nm for indomethacin content. Each determination was 

carried out in triplicate. 

BESULTS AHD DISCUSSIO~ 

Phvsical Properties of Indomethacin Eudranitm 5-100 Pellets 

11s Pellets] 

Table 3 shows that the Wurster column coating process is a 

reproducible means of preparing indornethacin sustained release 

pellets. The true density values, assay values of Indomethacin 

content in the finished pellets, and the yield of pellets for 

five batches of IS pellets were similar. Furthermore, the 
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DELIVERY SYSTEM FOR INDOMETHACIN 1129 

100 

80 
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2 00  

a 
Q 
3 a 4 0  
0 
ap 

20 

0 2 4 0 8 
TIME(H0URS) 

FIGURE I 

Cumulative Amount ( X I  of Indomethacin released from two sustained release 
formulations in pH 6.5 Phosphate Buffer, 

Key : X IndocinQ 25 mg capsule 
0 IndocinQ SR 75 mg capsule 
m 
A 

Sustained Release portion of Indocin@ SR 75 mg capsule 
Indomethacin Eudragite S-100 Pellets (Each point represents mean 
f SD of five batches of IS pellets valves) 

particle size distribution for these f i v e  replicate batches of IS 

pellets also demonstrated that the process is reproducible. 

Ninety-nine percent of the finished pellets were found on a 14/18 

mesh cut. The average pellet diameters ranged from 1235 to 1250 

microns. These data indicate that the process is very 

reproducible for preparing the IS pellet, 
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1130 LI, FELD, AND KOWARSKI 

Jn-Vitro Release Rates from Indomethacin Eudranite S-100 Pellets 

fIS Pelle tsl 

Figure 1 shows a plot of cumulative percent indomethacin 

released from the five replicate batches of IS pellets and from 

commerically available indomethacin products in pH 6.5 phosphate 

buffer, The standard deviations for the release rate data for 

the five batches of IS pellets were very small indicating that 

the coating process was very reproducible. 

The release rate profile of the IS pellets was much slower 

than the commercial indomethacin capsules. This indicated that 

the IS pellets exhibited sustained release characteristics. As 

can be seen from Figure 1, 44% of the total drug content was 

released at the end of 8 hours. 

These in-vitro release rate data were examined according to 

Higuchi’s model”. 

replicate batches of IS pellet exhibited a f i d e p e n d e n c e  

illustrating release from a typical matrix formulation. The 

As can be seen from Figure 2, all five 

correlation coefficient for the release of indomethacin on the 

basis of the Higuchi matrix model was r2 = 0.9997. 

Studies conducted at pH 7.2 phosphate buffer, showed a much 

faster release of indornethacin from the IS pellets. For 

instance, 96% of the drug content was released at the 45 minute 

interval (refer to Figure 3). The reason for the difference in 

release rate profiles of the IS pellets in two different pH 
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DELIVERY SYSTEM FOR INDOMETHACIN 1131 

n 
W 
u) 
< 
w 
A 
w 
K 

i o o  p 

80 - 

60  - 

FIGURE 2 

Release rate profi 2s of Indomethacin from IS pellets and Indocine SR plotted 
assuming Higuchi matrix equation. 

Key : Indocin@ SR 75 mg capsule 
A IS Pellets (each point represents mean f SD of five batches of 

IS pellets valves) 

phosphate buffers can be explained as follows. At pH 6.5, 

EudragitQ S-100 remained intact. Therefore, the release of 

indomethacin from these pellets remained a diffusion controlled 

process. However, in pH 7.2 media, the Eudragite 5-100 started 

to dissolve. This destroys the Eudragite 5-100 matrix and allows 

for more rapid release of the indomethacin. 
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100 

ao 

W 
-1 
W 
U 

3 
U 
0 

Ip 

0 4 0  

2 0  

0 10 2 0  30 4 0  50  60 7 0  
TIME(M1NUTES) 

Cummulative amount ( X )  of Indomethacin released from two sustained release 
formulations in pH 7.2 Phosphate Buffer. 

Key : A IS pellets (each point represents mean SD of two batches of IS 
pellets valves) 
Indocin@ SR 75 mg capsule 

ComDarison of In-Vitro Release Rate Profile between Indomethacin 

Eudranite S-100 Pellets and Indocine S.R. Capsule 

In order to evaluate whether the formulations presented in 

this paper can produce satisfactory sustained release 

indomethacin pellets, the in-vitro release rate profile o f  the 

commercially available sustained release indomethacin formulation 

(Indocine S.R. 75 m g  capsule) was determined. The results were 

compared with the in-vitro release rate profile of IS pellets. 
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DELIVERY SYSTEM FOR INDOMETHACIN 1133 

As Figure 1 shows, the release rate of indomethacin from Indocin 

S.R. was much faster than from IS pellets in pH 6.5 phosphate 

buffer. For instance, only 12% of the drug was released from IS 

pellets at the first hour, while 53% of the total indomethacin 

was released from the IndocinQ S R .  The reason for this 

phenomenon may be attributed to the fact that Indocine SR 

contains 3 3 . 3 %  of the total drug dose as a loading dose . 
Consequently, a very high initial concentration of indomethacin 

was observed in the first hour, If 33 .3% of the total 

indomethacin released was substracted from the original release 

rate data of Indocine SR capsules, the release rate profile for 

the sustained release portion of Indocin@SR was found to be much 

closer to the release rate profile of the IS pellets (Figure 1). 

The in-vitro release rate of IndocinQ SR was examined 

1,16 

according to Higuchi's model. The release rate profile of this 

formulation did not exactly follow Higuchi's matrix release model 

(Figure 2). The correlation coefficient of this formulation was 
L r = 0.9500. As mentioned above, IS pellets showed a matrix 

release rate profile. 

Dissolution studies conducted at pH 7.2 phosphate buffer, 

illustrated that the release rate profile of IndocinQ SR was 

similar to IS pellets (Figure 3). This observation can be 

explained as follows. In pH 7.2 media, polyvinylacetate, which 

was used as the slowly dissolving polymer to coat indomethacin 

pellets12, started to dissolve. This destroys the 
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LI, FELD, AND KOWARSKI 

0 2 4 6 
TIME(HOURS) 

FIGURE 4 

The dissolution profiles of 1s pellets coated with three levels of EudragitO 
RS in pH 7.2 phosphate buffer 

Key : X 1.0% Coating 
1.5% Coating 

A 2.0% Coating 

polyvinylacetate coating and allows for more rapid release of the 

indomethacin from IndocinQ SR pellets, 

The in-vitro release rate profiles of IS pellets were not 

exactly similar to IndocinQ SR. However, only a bioavailability 

study can really demonstrate how these differences in in-vitro 

release rates can effect the in-vivo performance of these two 

sustained release indomethacin formulations. 
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100 

n a o  
W 
u) 
U 
W 
J 

6 0  

0 
3 
a 

0 I 2 4 6 a 
T IME(H0URS)  

The dissolution profiles of IS pellets coated with four levels of EudragitQ RL 
in pH 7 .2  phosphate buffer 

Key: X 1.0% Coating 
I 1.5% Coating 
A 2.0% Coating 
0 3.0% Coating 

Effect of Polymer Type and Concentration on the Release Rate of 

the EudranitQ RS/RL Coated IS Pellets 

As can be seen from Figures 4 to 8, the release rates of 

indomethacin from coated pellets in pH 7.2 phosphate buffer 

decreased as the concentration of the polymers increased, 

regardless of the type or ratio of Eudragite RL or RS used in the 
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1136 L1, FELD, A N D  KOWARSKI 

l o o r  . /  

0 2 4 6 8 
TIME(HOURS) 

FE!mu 

The dissolution profiles of IS pellets coated with four levels of EudragitQ 
RS/RL (50/50) in pH 7.2 phosphate buffer. 

Key : X 1.0% Coating 
1.5% Coating 

A 2.0% Coating 
3.0% Coating 

coating. These release rate data (0 - 8 hours) were then 

examined according to zero order release kinetics as well as 

first order release kinetics. Correlation coefficients were 

determined and were tabulated. 

As Table 4 shows, the release kinetics for pellets coated 

with 1.0 to 1.5% of polymer loads fit more closely first order 

kinetics regardless of the ratio or the amount of Eudragite RS or 
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2 4 6 8 
TIME(H0URS) 

The dissolution profiles of IS pellets coated with four levels of Eudragita 
RS/RL (75 /25 )  in pH 7 . 2  phosphate buffer. 

Key : X 1.0% Coating 
I 1.5% Coating 
A 2.0% Coating 
0 3.0% Coating 

RL in the coating. However, considering all data points for the 

pellets coated with 2.0 to 3.0% loads, the best correlation 

coefficients were obtained with a zero-order release model. 

These observations can be explained as follows. At low 

levels of RS and/or RL coatings, the IS pellets tend to be only 

partially covered with the Eudragit polymers. Consequently, the 

release of indomethacin tends to be less restricted. As coating 
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100 - 

4 
W 

2 4 6 
TIME(H0URS)  

FIGURE 8 

The dissolution profiles of IS pellets coated with four levels of EudragitQ 
RS/RL (25/75) in pH 7.2 phosphate buffer. 

Key : X 1.0% Coating 
I 1.5% Coating 
A 2.0% Coatjng 
0 3.0% Coating 

levels are increased (2% to 3% RS and/or RL levels), the coverage 

of the IS pellets is more uniform and continuous. 

The release rate of indomethacin tends to become zero order 

indicating that the EudragitQ coating acts AS a membrane to 

regulate the drug release. The rate limiting step for the 

release of indomethacin from the coated pellets WAS primarily 

controlled by the thickness of the membrane. 
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0 2 4 6 

TIME(H0URS) 

Effect of different polymer ratios on dissolution profiles of indomethacin 
pellets coated with 1.5% coating, 

Key : Eudragit RS to Eudragit RL, 0:lOO 
X Eudragit RS to Eudragit RL, 25:75 

Eudragit RS to Eudragit RL, 50:50 
A Eudragit RS to Eudragit RL, 75:25 
0 Eudragit RS to Eudragit RL, 1OO:O 

Figures 9 to 11 show plots of X indomethacin released 

versus time for five batches of IS pellets coated with the same 

levels of EudragitQ RS, RL or combinations of RS/RL. 

same levels of coating, the release rate of indomethacin from 

the coated pellets is directly related to the type of EudragitQ 

used. As expected, pellets coated with the poorly water 

With the 
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0 1 2 3 4 5 6 1 

TIME(H0URS) 

PIGWE 1 Q 

Effect of different polymer ratios on dissolution profiles of Indomethacin 
pellets coated with 2 , O X  coating. 

Key : Eudragit RS to Eudragit RL, 0:lOO 
X Eudragit RS to Eudragit RL, 25:75 

Eudragit RS to Eudragit RL, 50:50 
A Eudragit RS to Eudragit RL, 75:25 

Eudragit RS to Eudragit RL, 1OO:O 

permeable EudragitQ RS, showed the most retardation in release 

rate of drug. The total amount of drug released from the coated 

pellets increased as the concentration of EudragitQ RL increased 

in the barrier coating. Pellets coated with the readily water 

permeable EudragitQ RL alone showed the fastest release rate of 

drug as compared to other batches of coated pellets within a 

given coating level. 
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LI, FELD, AND KOWARSKI 

- 

Effect of different polymer ratios on dissolution profiles of Indomethacin 
pellets coated with 3.0% coating. 

Key : Eudragit RS t o  Eudragit RL, 0:lOO 
X Eudragit RS to Eudragit RL, 25:75  
I Eudragit RS to Eudragit RL, 5 0 : S O  
A Eudragit RS to Eudragit RL, 75:25  

Based on the data and discussion presented in this article, 

several conclusions can be drawn regarding this work. (1) The 

manufacture of an indomethacin sustained release pellet product 

using a column process is extremely convenient. (2) The 

processing technique is relatively simple and reproducible. ( 3 )  
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Retardation in the release rate of indomethacin can be achieved 

via the coating of different types and ratios of EudragitQ 

polymers. (4) The amount of the polymers applied was the 

determining factor in controlling the release rate. 

In-vivo performance of these sustained release indomethacin 

formulations will be evaluated using a dog model in future 

stud i es . 
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