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ABSTRACT 

In this study, it w a s  aimed t o  prepare prolonged action 
microcapsules of acetaminophen with short biological half-life by 
a non-solvent addition method which is one of the coaservation-phase 
separation techniques. 

For this purpose, the three different particle size ranges of 
acetaminophen (0.088 - 0.177 mn, 0.250 - 0.354 mn, 0.420 - 0.500 

mn) were used. The solution of polyisobuthylene in cyclohexane as 
a non-solvent and Eudragit RS and Eudragit EL as coating polymers 
were also used. The prepared microsapsules were compressed by a 
hydraulic press using different types of direct tableting agents 
such as Ludipress, AviceI PH 101 and Lactose EP D 30. Dissolution 
rates of each tablet containing 160 mg of microencapsulated 
acetcminophen were exami ned by continuous f low-through cel I method 

The results of this study showed that the release rate of drug 
frcmmicrocapsules prepared with Eudragit RS was lower than that 
of microcapsules prepared with Eudragit RL. However different 

* This paper w a s  presented at the 50th 1nt.Congress of Pharm.Sci. 
of F.I.P., fstanbul, September 3-7, 1990. 
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588 BAYKARA AND KARATAS 

particle size ranges of drug didn't affect significantly the release 
rate; but different types of direct tableting agents were effective 
on the release rate of drug. 

I NTRODUCT I ON 

Acetaminophen is a substance with short biological half-life 
(tl,2 = 2-3 hours) and has bitter taste(l,2). These are twometab- 
olites of acetaminophen in organism. One of these is conjugated 
form w th glucuronic acide, and the other metabol i te is hydroxy- 
lated orm to active metabolite. This second metabol i te is 
hepato oxic at level of high concentration. To prevent this effect, 
it has been thought to decrease the absorption rate(3). 

Therefore, in this study i t  w o s  aimed to prepare prolonged 
action microcapsules of acetaminophen and so, to provide slow 
release of acetami nophen. For this purpose, non-solvent addition 
method which is one of the coacervation-phase separation tech- 

niques were used. As a coating materials Eudragit RS and Eudragit 
RL and three different particle size ranges of acetaminophen 
were used. the content un i f ormi t y and theoretical wall 
thickness values of prepared microcapsules were determined. 

These microcapsules were tableted with different types of 
direct tableting agent at a constant pressure. Then, drug release 
rate and kinetics from tablet were examined. In addition, the 
effect of particle size of drug and structure of coating p o l v r  

were observed. 

MATERIALS and METHODS 

Materials: 
Ace t ami ophen (Atabay Drug Comp . TUrki ye), Eudragi t RS 100 

and Eudragit RL 100, cyclohexane (Roehm Pharma,GnbH,Darmstadt, 
Germany ) .Po 1 y i sobuty lene, cross I inked po I yv i ny lpyr ro I i done(Ko1 I i don 
CL) and Ludipress(BASF, Germany) .Microcrystal 1 ine cellulose 
(Avicel PH 101, F K  Corp.USA). Directly compressible lactose 
(Lactose EP D 30, Meggle GnbH, Germany). Chloroform(BDH Ltd. 
Eng 1 and) . 
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COASERVATION-PHASE SEPARATION METHOD 589 

Table 1- Coding of prepared microcapsules. 

Coating Polyrrer Particle Size Ranges of Drug 

0.088-0.177 nm 0.250-0.354 mn 0.420-0.500 mn 
~ 

Eudragit RL FL 1 FL 2 FL 3 

Eudragit RS FS 1 FS 2 FS3 

Methods: 

I - Preparation of Microcapsules: 

5 gr of crystalline acetaminophen of which particle size 
ranges determined formerly as (0.088-0.177 mn or0.250-0.354 mn 

or 0.420-0.500mn) .was added to a three-mctd 

chloroformic solution of 6 % w/w polyisobutylene(P1B)and coating 
polyrer 8 % w/w (Eudragit RL or Eudragit RS). The "non-solvent'' 
solution (60 g of PIB 6 % w/w in cyccohexane) was dropped into the 
flask at a constant rate o f  0.9 g/ml thereby gradually reducing the 

solubility of the Eudragit. A constant stirring rate (300 rpn) w a s  

provided by using a mgnet. Terperature (25' C) w a s  rmintained 

throughout the production. 

flask containing 20 g 

Two minutes after the f o m t i o n  process w a s  curpleted, the 

microcapsules precipitated and were separated by decantation and 
rinsed twice with 100 ml portions of cyclohexane to r m v e  any PIB 
adsorbed at the microcapsule interface and erpty wall polyrrer 

droplets. By m a n s  of an additional 50 rnl of cyclohexane, they were 

transferred, vacum filtered and solvent traces finally r m v e d  on 

paper at roan tarperature(4) (Table 1 ) .  

1 1 -  Evaluation of the Prepared Microcapsules: 

1 1 . 1 . 1 -  Determination of Drug Content: 

The samples containing theoretically 160 nq of acetcminophen were 

taken f r a n  the three different points of obtained microcapsules bulk. 
Thesesarples were dissolved in mthanol and assayed spectropho- 

mtrically for acetaninophen at 246.5 nm using a calibration curve 
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590 BAYKARA AND KARATAS 

Table 2- Theoretical wall thickness and core rmterial content of 
prepared microcapsules. 

Code of microcapsule Core rmterial Wall thickness 
content (% w/w) Theor. (m) 

FL 1 
FS 1 
FL2 
FS 2 
FL 3 
FS3 

73.0 7.68 
72.6 7.83 
77.4 14.2 
75.3 15.7 
73.2 26.1 
74.4 25.1 

based on standart solutions in methonol.This determination was 
repeated for three t i m s  (Table 2). 

11.1.2- Determination of Theoretical Wall Thickness: 

The theoretical wall thickness o f  microcapsules were calculated 
f r c m  the particle size of core mterial(rl), the relative densities 
of the core and w a l l  rmterial(dc,dw)and the drug content in the 
microcapsules(F)using the following equat ion(5,6) (Table 2). 

11.1.3- Determination of Density: 

The densities of drug and coating polyrers were determined 
picnmtrical l y .  As dispertion m d i m ,  petrolelm ether for the drug 
and liquid vaseline for Eudragit RL/RS were used. The densities 
were; acetminophen 1.231 g/ml, Eudragit, 1.176 g/ml. 

11.2- Selection of Excipients to be Used in Tablet 
Compression and Preparation of Tablets: 

The prepared microcapsules were cqressed in the form of tab- 
lets that contain 160 q of acetminophen. For this purpose, the 
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COASERVATION-PHASE SEPARATION METHOD 59 1 

Table 3- Direct tableting agents used for preparation of micro- 
capsule tablets. 

Direct Tableting &ents(DTA) Coding 
~ ~~ ~ 

Lud i pr e s s YL 

Avicel R-I 101 YA 
Lactose EPD 30 YE 

Lactose EP D 30 + Kollidon C L  (99.5 t 0.5) YE1 

Lactose EP D 30 + Ac-Di-Sol (99 t I )  YE2 

Lactose EP D 30 + Ac-Di-Sol (97 t 3 )  YE3 

different types of direct tableting agents(DTA)were used (Table 3 ) .  

But a super disintegration agent with wicking action was added to 
Lactose EP D 30 t o  carpare with Ludipress containing 3 .4  % of 
Koll idon(7). The tablets were prepared with each of excipients shown 
in Table 3 using s m  type of microcapsules at the constant pressures. 
Than dissolution tests of these tablets were mode and drug release 
profiles were drawn(Fig.1). The type of DTA to be used in the tablet 
fornulotions has been determined f r m  the exmination of the release 
prof i les. 

The drug contents of microcapsules obtained after every 
product ion process were determined and the amount of microcapsules 
corresponding to 160 mg of acetminophen was calculated. Then the 
calculated m u n t  of microcapsules were mixed separetely with each 
of selected three excipients such as Ludipress, Avicel PH 101, 

Lactose EP D 30 + Kollidon CL . This mixture was pressed by 
hydraulic press at a pressure of 111.96 MR. During the carpression, 
the pressure was mintained 15 sec. The punch of 10 mm diameter 
was used(8). 

The tablet fornulotions consisting of the microcapsules 
(Table 1) and excipients are shown in Table 4.  
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FIGURE 1 
Profiles of dissolution rate of microcapsules pressed 

by using direct tableting agents shown in Table 3. 

11.3- D i s s o l ution Rate: 

Drug release frm the pressed microcapsules w a s  assesed using 

flow through cell(c0lum method,Desaga). pH 5.8 phosphate buffer was 

used as dissolution m e d i u m .  Flow rate was 2 ml/min. The sarples 
were taken at intervals of 5, 10, 15, 30, 60, 90, 120, 180, 240, 
300, 360, 420 m i n u t e s  and assayed spectrophotaretricolly for 

acetaninophen at 240.5 n m  using a calibration curve based on 

standart solutions in pH 5.8 phosphate buffer. The test was repeated 
for four t i m s .  The release rate profiles were drown as the percent 

of cumulat ive amount of drug versus time. 

RESULTS and DISCUSSION 

The release profiles of drug f r o m  microcapsules pressed with 

different types of DTA's were shown in Fig Z(a,b,c,d,e,f).Generally, 

The drug release rate from formulations prepared with microcapsules 
decreased when were compared tothe formulations prepared with 
crystal 1 ine acetami nophen (W, FKB, FKC). Also, the drug release 
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FIGURE 2 (a,b,c). 

In vitro dissolution profiles of fomulations. 

M: Uncoated drug pressed by using Ludipress. 
FKB: Ulcoated drug pressed by using Avicel PH 101. 
FKC: Ulcoated drug pressed by using Lactose EP D30 and KolIidonCL. 
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t (minute) 

d 

595 

f 

FIGURE 2 (d,e,f) 

In vitro dissolution profiles of  fomulations. 

M: Uncoated drug pressed by using Ludipress. 
FKB: Uncoated drug pressed by using Avicel PH 101. 
K C :  Uncoated drug pressed by using Lactose EP D30 and KolIidonCL. 
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COASERVATION-PH ASE SEPARATION METHOD 599 

rate from formulations coated with Eudragit RS was lower than that 
of formulations coated with Eudragit RL.Because,Eudragit RS 

contain 1 i t t  le number of quaterner anmon i urn groups and consequently 
its hydrophilicity is low (9). 

If amount of coated polymers is kept constant,thewall 
thickness of microcapsules increase as the particle size of drug 
increase, because, surface area of the particles decrease(l0,ll). 
This situation shown in Table 2,cause slow relase of drug in 
application.But, the microcapsule wall get damaged during the 
tablet ing process because of applied pressure. Sothe drug release 
from microcapsules modified into drug release from porous matrix. 
Therefore, the effects of particle sizeof drug and wall thickness 
of individual microcapsuleson the drug releasewere not very 

important. 
In addition, the drug release from tablets also depended on 

types of DTA's used in tablet formu lot ions. In a1 1 formu lot ions, the 
drug release from tablets pressed with Avicel PH 101 was slow, 
because a disintegrating agent was not used in these tablet formu- 
lation. But, the other formulations included different ratios of 
KollidonCLas adisintegratingagent;Ludipress which was used in 

formulations,contains structurally 3.4 % KollidonCL.Also, 0.5 % 

KoIIidonCL was added tothe formulations preparedwi thLactoseEPD30.  

The results obtained from dissolution tests were applied to 
four different kinetics such as zero order,first order,Higuchi, 
m d i f  ied Hixson-Crowel I .  The best harmony was obtained for 
Higuchi kinetic model, modified Hixson-Crowell, zero order and 
first order kinetics in the written order (Table 5 ,  6, 7) .  

Especially, the drug release from all of formulations which 
were with Avicel PH 101, fitted Higuchi model ( 1 2 ) .  This harmony 
decreased in the formulations containing KollidonCL as shown Fig.3. 
But i t  wasobservedthat the main model described to obtain best 
harmony with drug release kinetic from tablets 
o f  microcapsules was Higuchi mdel. This result was identical to 
that of ethyl cellulose walled microcapsules studied by Jalsenjak 

(13,14)and Alpan et .a1 . (15).  
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FIGURE 3 
Dissolution profiles according to Higuchi kinetic. 

The results of this study showed that acetaninophen is micro- 
capsulated according to our purpose by the non-solvent addition 
mthod. 

But the necessary , 
* To optimize mixing 
coaservation conta 
and to realize val 
conditions. 

eff 
ne r 
dat 

ciency based on geometry of 
and on chosen particle size range, 
on parmters according to these 

* To increase the wall thickness of microcapsules for slow 
drug release. 

* To select suitable DTS's which were utilized for compression 
of microcapsules. 
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