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SUMMARY 

Furosemide Eudragit RL-100 sustained release microcapsules 
were prepared using phase separation technique. The r e s u l t s  of 
t h e  release s tud ie s ,  i n  sorensen phosphate lxlffer a t  PH 7.4, 

indicated good sustained release of the  prepared microcapsules. 
Increasing drug to  polymer ratio resulted i n  a decrease i n  the  
release, while increased release obtained by increasing the  PH 
of the d i s so lu t ion  medium. Dosing of healthy human volunteers 
with sustained release microcapsules resu l ted  i n  a reduced and 
sustained u r i n e  volume compared t o  the  profuse d iu res i s  obtained 
with the conventional furosemide capsules. 

INTODUCTION 

F’urosemide is one of the  most widely used members of the  group of 

potent diuretics. It produces a very profuse diuresis within a very 
shor t  period of time and when used i n  excessive amounts, se r ious  side 
e f fec t s  may occur (1). 

The drug is e f fec t ive ly  used i n  the treatment of oedema of hepatic,  
cardiac, pulmonary and renal fa i lure .  It has also been given i n  t h e  
treatment of chronic hypertension (2).  W i n g  long term therapy of 
diseases, pa t i en t  non-compliance with therapy represents a major problem. 
To improve t h e  pa t i en t  compliance, sustained release medications o f f e r  
advantage over t he  conventional dosages form. Other advantages of 
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sustained release medications include maintenance of constant o r  near ly  
constant blood leve l ,  masking the  unpleasent taste, protection against 
the  environment and reducing t h e  GIT reac t ions  of the drug (3). 

furosemide microcapsules by phase separation technique using Eudragit 
retard RL-100. The e f f e c t  of drug-to-polymer ratio and PH of t h e  
dissolution medium on t h e  release rate of t h e  wepared microcapsules 
were studied. Urine volumes were determined after dosing healthy human 
volunteers with regular and sustained release formulations of furosemide. 

me present study w a s  undertaken to prepare sustained release 

EXPERIMENTAL 

Materials : 

Rrrosemide powder was supplied by (Hoechst, Frankfurt W. Germany), 
Eudragit retard RLlOO (Rohrn Pharma, QnbH, Darmstadt, W. Germany), 
Polyisobutylene PIB (Oppanol B 50, .BASF, hdwigshafe, W. Germany). A l l  

other chemicals w e r e  pure analy t ica l  grade. 

Methods : 

Preparation of Furosemide Sustained Release Microcapsules : 

Furosemide Eudragit R G l O O  microcapsules w e r e  prepared using 
the  phase separation technique described by Benita et al. ( 4 ) .  

The drug particle s i z e  (250-315 - )was  dispersed i n  a chloroformic 
solution of the  polymer and stirred a t  200 rpn. A non-solvent cons is t ing  
of 6% w/w PIB i n  cyclohexane w a s  added t o  the  chloroformic dispersion 
drop w i s e  a t  a rate of 10mUminute. S t i r r ing  was continued u n t i l  complete 
phase separation w a s  produced. After decantation, t he  product w a s  separated 
by f i l t r a t i o n  and washed with cyclohexane to remove excess PIB. Drying was 
carried out a t  roomtemperaturein the  dark. Microcapsules were then subjected 
t o  sieve analysis and f r ac t ions  having drug-to-polymer ratios of 1:1, 1:2, and 1:3 
w e r e  prepared by varying t h e  weight of polymer i n  the  above menthod. 

Determination of Furosemide content of Microcapsules : 

A ce r t i an  weight of microcapsules w a s  dissolved i n  t h e  least amount 
of acetone, the  volume was completed with 0.1M NaOH. The so lu t ion  was 
filtered through a s in t e red  g l a s s  funnel (G.5). 

An aliquot of t h e  f i l trate w a s  su i tab ly  d i l u t e d  wi th  0 . 1 M  NaoH 

and assayed for its furosemide content spectrophotometrically at 
334 nm using Unicam SP 8800 spectrophotometer (cambridge-mgland). 
Blank experiments showed no interference from t h e  polymer a t  this 
wavelength. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



RELEASE OF FUROSEMIDE FROM SUSTAINED RELEASE MICROCAPSULES 445 

Dissolution r a t e  s tud ie s  : 

Weights of microcapsules equivalent to 40 mg furosemide were f i l led 

i n t o  hard ge la t in  capsules. Dissolution rate s tudies  of the  conventional and 
sustained release capsules were carried out  a t  3 7 ' ~  using USP d i s so lu t ion  
apparatus (Fmeka, QnbH, Type DT, Frankfurt, W. Germany). Sorensen Phosphate 
buffer PH 7.4 (700 m l )  w a s  used as t h e  dissolution medium and t h e  stirring 
rate was 100 rpm. Samples were taken a t  d i f fe ren t  time in t e rva l s ,  su i t ab ly  
d i lu t ed  with 0.1M NaOH and assayed spectrophotemetrically a t  334 nm. 

To simulate the  i n - v i v o  conditions, dissolution experiments over a range 
of PH 1.2-7.5were carried out. Dissolution media used i n  the  study were : 250 m l  
of e i the r  0.1M HCL (PH 1.21, sodium c i t r a t e  buffer (PH 4.6) and sorensen 
phosphate buffer PHs 6.5 and 7.5. The solution was stirred a t  25 rpn a t  37OC. 
A t  appropriate i n t e rva l s  (2 hrs), t he  dissolution m e d i u m  w a s  changed to change 
t h e  PH and to  maintain s ink  conditions (5) . 
Urine  volume measurements : 

Urine volume measurements were carried out i n  6 healthy female volunteers, 
35-44 years old. Following an overnight fas;ting, subjects were given regular or  
sustianed release furosemide capsules equivelant t o  401rg furosemide with l O O m l  

of water, Urine samples were collected and measured every hour for 12 hours, 
doses were administered one week apart .  

RESULTS AND D I S C U S S I O N  

The r e su l t s  of t he  d isso lu t ion  studies i n  sorensen phosphate buf fer  
PH 7.4 are shown i n  Fig. 1. regular furosemide capsules showed 100% release 
after approximately 37 minutes. The comparison of the  d isso lu t ion  r a t e  of a l l  

Eudragit-RL formulations with t h a t  of regular furosemide capsules indicated a 
sustained e f f ec t  due t o  t h e  encapsulation of the  drug. mis effect is dependent 
on the  durg-to-polymer ratio. Increasing the  drug-to-polymer ratio resulted 
i n  a decrease i n  d isso lu t ion  rate as a re su l t  of increase i n  coat thickness 
surrounding the drug particles: thereby increasing the  d is tance  t r ave l l ed  by 

t h e  drug through the  coat. lhese findings are in agreement with previous 
workers (6,7 1. 

I n  this study, the results showed a uniform drug release, which may 
be due to  theuhiformity of t h e  wall thickness of t h e  coating material surrounding 
t he  drug particles. I n  addition, Eudragit polymers are capable of swelling without 
d i s in tegra t ion  or a t t r i t ion  and due to  t h e i r  permeability d i f fus ion  occurs. 
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. 
1 2 3 4 

Time ( h r . )  

Fig.1 D i s s o l u t i o n  rate of furosemide  Eudragit-RL-100 microcapsules 
0 1:l 
0 1 : 2  
A 1:3 

and of furosemide  powder 
A i n  phosphate  b u f f e r  PH 7 . 4  
W i n  0 . 1  M HCL 

The Ts0 i n  v i t r o  (time for 50% drug release) for regular furosemide capsules 
is 15 minutes and 30, 37 and 52 minutes for furosemide Eudragit-RL 1:1, 1:2 arid 1:3 
respectively. Results ind ica ted  increased Ts0 - i n v i t r o  with increase i n  drug - 
polymer ratio. 
reasonable parameter to explain the  coating effect (8).  

Determination of the  Tso - i n v i t r o  w a s  reported to  be the  mast 

To test t h e  adaptab i l i ty  of the  release data t o  Higuchi model, percentage 
drug released was p lo t t ed  against  the  square root of time (9). The r e s u l t s  showed 
tha t  t he  drug release process for the  microcapsules obeyed t h e  Higuchi model up to  
50% drug release. This indicates tha t  t he  drug is reasonably encapsulated and a 
matrix type drug release occurs. 
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Fig.2 Release  p r o f i l e  of  furosemide E u d r a g i t  RL-100 mic rocapsu le s  

0 1:l 
0 1:2 
A 1:3 

i n  phosphate  b u f f e r  PH 7 . 4 ,  a c c o r d i n g  t o  t h e  d i f f u s i o n  model 
of Higuchi  

Figures 2 and 3 showed tha t  the  re lease  of t h e  drug started after a l ag  t i m e  
of approximately 7.5 minutes. This l a g  time corresponded t o  t h e  d is in tegra t ion  time 
for the  hard g e l a t i n  capsules. 

To simulate the  i n  vivo conditions, t he  release pa t te rns  were determined 
throughout the  PH range 1.2-7.5 ( F i g  3 ) .  Due to t h e  lowsolubili ty of the  drug a t  
low PHIS, only very small amounts ( 3 - B )  are released a f t e r  2 h r s  d i sso lu t ions  i n  
0.1M HCL FH 1.2. Increasing t h e  PH by changing t h e  d isso lu t ion  medium'resulted i n  a 

continuous increase i n  t h e  amount of drug released. T50 i n  v i t r o  was found t o  be 
4 . 2 5 ,  4 . 3 0  and 5 hrs for furosemide Eudragit R G 1 : 1 ,  1:2 and 1:3 respectively.  

After 7 hrs, 88% of t h e  drug was released from furosemide Eudragit RL 1:l 
capsules compared t o  76% release from both 1:2 and 1:3 formulations. 
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PH 7 . 5  

Time (hr.) 

Fig.3 Dissolution rate of furosemide Eudragit RL-100 microcapsules 
at d i f f e ren t  PH’s 

0 1:l 
I3 1:2 
A 1:3 

Fig. 4 shows the result of urine volume measurements at different time 
intervals. Administration of furosemide regular capsules resulted in a sharp 
increase and decrease in the mean urine volume with peaks after 2 and 8 hrs. In 
healthy volunteers, peak plasma concentration of the drug occurs 60 minutes 

after oral administration (10). However, evidence of reduced bioavailability 
of furosemide in oedema was noticed (11 1. 

A signtflcant decrease In the mean urine volume with t i m e  was produced 
after administraiton of furosemide Eudragit Rt 1:l end 1:3 sustained release 
capsules. The decrease was found to be uniform and sustained over approximately 
1-6 hrs after dosing w i t h  sustained release capsules. Further Increase In the 
mean urine volume was noticed 8-10 hrs following capsule e8ministraiton. 
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400. 

L 

2 4 6 8 10 12 
Time (hr.) 

Fig.4 Urine volume obtained a t  d i f f e r e n t  time i n t e r v a l s  a f t e r  
admins t r a t ion  of furosemide E u d r a g i t  RL-100 microcapsules 
1:l 

A 1:3 
A and of furosemide powder 
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txeviaus study on the bioavai lab i l i ty  and elimination kinetics of. furasemide retard 
capsules shawed a renewed increase of t h e  plasma concentration and renal excretion 
between 9-10.5 hrs after capsule administraiton, suggesting tha t  a f u r t h e r  

absorption of fursoemide occurs as a consequence of the delayed release from distal 
parts of the  small i n t e s t i n e  or from the  la rge  i n t e s t i n e  (12). 

I n  conclusion, encapsulation of furosemide may provide two advantages 
amongst which are : 1. decrease the  frequency of dosing, thereby improving pat ient  
compliance, 2. sustained release formulations may attain smooth release of drug 
result ing i n  a gentle e f f ec t ive  sustianed diuresis which is par t icu lar ly  desired 
i n  the long t e r m  therapy of oedema a n d w t e n s i o n .  
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