
DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 19(15), 1965-1980 (1993) 

I N  VITRO - IN VIVO CORRELATION OF INDOMETHACIN 
RELEASE FROM PROLONGED RELEASE W/O/W MULTIPLE 

EMULSION SYSTEM 

Suranjana Roy* and Bijan K.  Gupta 

Division of Pharmaceutics , Department of Pharmaceutical 
Technology, Jadavpur  Universi ty ,  Calcutta 700 032, India 

ABSTRACTS 

A prolonged release o r a l  w/o/w multiple emulsion was 

formulated using hydroxypropy l  methyl cellulose a s  thicken- 

inR agent. The polymer when used in  different  propor t ions ,  

controlled indomethacin release from the  b iphas i c  emulsion 

system. Double emulsification technique was used for  formu- 
lation of t h e  b iphas ic  emulsion system. The s t a b i l i t y  of t he  

emulsion was found to be inverse ly  proportional to  the  drug 
re lease  cha rac t e r i s t i c s .  T h e  in  v i t r o  re lease  of indometha- 
cln followed diffusional pa th  through the  o i l  l aye r  and 
through t h e  polymeric o i l .  The in  vivo re lease  s tud ie s  
were ca r r i ed  out 
l inear  correlat ion 
drug release from 

using r a b b i t s  a s  animal models. A good 
was obtained between in  vivo - in v i t ro  

such multiple emulsion system. 

INTRODUCTION 

Multiple emulsion system is an emulsion in  which d r o p s  
of t h e  d i spe r sed  phases  contain smaller  d rop le t s  tha t  have  

*Reprint reques ts  should be addres sed  to : 
2 1 / C ,  Jadavpur  Central Road, Calcutta 700 032, India.  
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1966 ROY AND GUPTA 

t he  same compositions a s  t h e  ex terna l  phase .  Two types  a r e  
poss ib le  : Water-in-oil-in-water (w/o /w)  type  and oil-in- 
-water-in-oil (o/w/o)  t ype .  The potential  of using con- 
t rol led r e l ease  multiple emulsion h a s  been a l r eady  repor ted  

by var ious workers  (1-8). In the  w/o/w multiple emulsions,  
t he  internal  and ex terna l  aqueous phases  a r e  separa ted  by  
an o i l  l aye r  and r equ i r e  fo r  t h e i r  formation and s t a b i l i t y ,  

a t  least  two s tab i l i s ing  sur fac tan ts ,  one having a low HLB 

to form t h e  pr imary  water-in-oil emulsion and t h e  o t h e r  of 
higher HLB to achieve  secondary emulsification. These 

emulsion systems have  the  advantages of being less viscous.  
In t h i s  investigation, a prolonged release o ra l  w/o/w 

multiple emulsion was formulated using su i tab le  hydroph i l i c  
polymer,  Hydroxy p ropy l  methyl cellulose a s  a v i scos i ty  
enhancer. This  polymer when used in  different  proport ions,  
was found t o  control drug release from the  b iphas ic  emul- 
sion system. Indomethacin was used as t h e  model drug. 
Indomethacin is a potent non-steroidal anti-inflammatory 

agent and inh ib i tor  of prostaglandin synthes is .  'The s e v e r i t y  
of gas t r ic  s i d e  e f f e c t s  of indomethacin can be reduced by  

incorporating i t  i n  controlled release drug de l ive ry  sys tem,  

MATERIALS AND METHODS 

Indomethacin, I. P. was generously suppl ied  by  Cipla 
Ltd . ,  Bombay. Hydroxy p ropy l  methvl cel lulose [ BDH 
Chemicals Ltd. ,  Poole, England], Span 80 [ Fluka Chemie 
AG., Buchs] , Liquid paraff in ,  I .P.  [ S . D ' s  Fine Chemicals 

Ltd. ,  Boisar ] ,  Tween 80 [Fluka Chemie, A . G . ,  Buchs] were 
commercially obtained and were used a s  rece ived ,  The drug 
was passed through a U.S. s tandard  100 mesh s i e v e  a f t e r  
drying to  constant weight. 
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W I O N  MULTIPLE EMULSION SYSTEM 1967 

Preparat ion Technique 

Measured amount of g lass  d i s t i l l ed  water (Table  I )  was 

warmed. Hydroxy propylmethyl  cel lulose ( H P M C )  was added  

to i t  while s t i r r i n g  and a so l  was thus  made. Six hundred 

m g .  of dr ied and s ieved  drug was d i spe r sed  i n  t he  so l  

uniformly. Seventeen m l  . l iquid paraff in ,  I .  P.  containing 
2.5% Span 80 was taken in a 50 m l  beaker .  The drug  sus-  
pension was added into i t .  A primary water-in-oil emulsion 
was made using a vor tex  mixer. The pr imary emulsion was 
again re-emulsified with 4 5  m l  aqueous phase  ( H P M C  Sol)  
containing t h e  requi red  percent of hydroxy  propyl  methyl 
cellulose and 0.3% v / v  Tween 80. During t h i s  second emulsi-  
f ication, the speed of vor tex  mixer was reduced. The 

prepared  w/o/w multiple emulsion was t ransfer red  and kept  
in a i r t i gh t  container.  The formulation batch no. ME7 ( t a b l e  
1) contains the  drug in  the  outer  aqueous phase.  The drug 
was d i spe r sed  in  the  final HPMC so l  which was used a s  
the  ex terna l  aqueous phase for  t h e  second emulsion and the  

inner aqueous phase  i n  t h i s  case was water.  

M i C r O S C O D i C  Observation 
Formation of w/o/w multiple emulsion was confirmed by 

observing them under high power crossed polar  microscope. 
The hydrodynamic cha rac t e r i s t i c s  of the prepared  multiple 
emulsion d r o p l e t s  were checked by  introducing a water 

soluble  d y e  (Ponceu Red) in  the  innermost aqueous phase.  

The emulsion was su i tab ly  di luted and observed microscopi- 
ca l ly  for d i s t r ibu t ion  and intensi ty  of t he  colour in the  
internal and ex terna l  aqueous phase  in i t ia l ly  and a t  def in i te  
i n t e rva l s  of time. 

In Vitro Drug Release Studies  
Cuprophan tubing (Medicell InternaOional, London, Size 5,  

2 0 ' / 3 2 '  in  diameter)  was used a s  t h e  d i a l y s i s  membrane. I t  

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 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



T
A

B
L

E
 
- 

1 

M
at

er
ia

ls
 

R
eq

ui
re

d 
in

 t
h

e 
F

or
m

ul
at

io
n 

of
 
W/

O/
W 

M
ul

ti
pl

e 
E

m
ul

si
on

s 

B
at

ch
 

N
o. 

a 
D

ru
g 

S
us

pe
ns

io
n 

P
ri

m
ar

y
 

W
/O

 
E

m
ul

si
on

 
W

/O
/W

 
M

ul
ti

pl
e 

E
m

ul
si

on
 

H
PM

C 
T

w
ee

n 
80

 
W/

O 
T

ot
al

 
12
 

m
l.

 
T

ot
al

 
- 
30
 m

l.
(a

p
p

x
.)

 
F

in
al

 V
ol

um
e 

60
 

m
l.

 

M
et

ha
no

l 
H

PM
C 

L
iq

ui
d 

S
pa

n 
80

 
(m

l.
 1

 
(%

 1 
P

ar
af

fi
n 

(m
l.

 1
 

(%
I 

(m
l.

 ) 
E

m
ul

si
on

 
(m

l.
 1

 
(m

l.
 1

 

M
E 

1 
- 

1.
25
 

17
 

0.
75
 

M
E 

2 
- 

1.
0 

17
 

0.
75
 

M
E 

3 
- 

0.
5 

17
 

0.
75
 

M
E 

4 
- 

0.
5 

17
 

0.
75
 

M
E 

5 
10
 

- 
17
 

0.
75
 

M
E 

6 
10
 

- 
17
 

0.
75
 

- 
17

 
0.
75
 

M
E 

7 
- 

1.
25
 

0.
11
3 

15
 

1.
0 

0.
11
3 

15
 

1.
0 

0.
11
3 

15
 

0.
5 

0.
11
3 

15
 

0.
5 

0.
11
3 

15
 

0.
25
 

0.
11
3 

15
 

0.
50
 

0.
11
3 

15
 

+
d

ru
g

 

a 
- 

E
ac

h 
b

at
ch

 w
as

 
tr

ip
li

ca
te

d
 

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 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



W/O/W MULTIPLE EMULSION SYSTEM 1969 

was washed seve ra l  t imes with double d i s t i l l ed  water and 
lef t  soaking in d i s t i l l e d  water overnight before use .  Imme- 
d ia te ly  a f t e r  prepara t ion ,  1 5  m l  of the  w/o/w emulsion 
was pipet ted to a bag made of cuprophan, double t ied  a t  
each end. The cuprophan bag containing the  multiple emul- 
sion was placed in  200 m l  phosphate  buffer of pH 6.2 a s  
the  d i a l y s i s  medium a t  37+1° under s t i r r ing .  Five ml 
al iquots  were withdrawn a t  ha l f  an hour in te rva l  and was 
replenished with the  fresh d i a l y s i s  medium. Aliquots were 
su i tab ly  d i lu ted  and assayed  spectrophotometr ical ly  a t  
320 nm in a Hitachi 200-20-UV-VIS Sphectrophotometer.  

In Vivo Drug Absorption Studies  i n  Animal Models 
White male r a b b i t s  weighing 2-3 kg were used a s  the  

model animals. Three r a b b i t s  were used sepa ra t e ly  for  t he  
formulation batch and control.  Indomethacin powder in  t h e  
same dose was used as t h e  control.  Indomethacin was given 
in  10 mg/kg dose.  The animals were fasted overnight .p r ior  

to each experiment.  An adapted needle  with a bulb end was 
used to feed t h e  r a b b i t s  o r a l l y ,  Blood samples  were col- 
lected a t  spec i f ied  time in t e rva l s  and centrifuged. Pleeme 
indomethacin concentration was determined by Hucker' 8 

method (9) with s l igh t  modification. 0.01 N NaOH solution 
was used instead of 0.1 N NaOH solution. The fluorescence 
was measured i n  a Shimadzu RF 540 spec t ro  fluororneter, 
init iating maximum act ivat ion a l  295 nm and fluorescence 

was observed at  380 nm. Reagents blank were run through 

the  procedure.  

RESULTS AND DISCUSSIONS 

Multiple emulsions was prepared  successful ly  by the  
method descr ibed .  The phys ica l  s t a b i l i t y  of multiple emul- 
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ROY AND GUPTA 

sion was found proportional to t h e  amount of hydroxypropy l  
methyl cel lulose present  i n  the  internal  aqueous phase  and 
in t h e  external  aqueous phase.  The increased level  of HPMC 

produced a h igh ly  viscous mult iple  emulsion with a shelf 

life of 6 months o r  more. The w/o/w emulsions were inst-  
a b l e  a t  loo and phase  separat ion occured within 1 2  hours .  
The result  of s t a b i l i t y  s tud ie s  are summerized in  t ab le  2 .  

The v iscos i ty  of t he  multiple emulsion decreased on s torage 
a t  room temperature.  This may be due to migration of 
water molecules from the  inner aqueous phase  t o  t h e  outer  
aqueous phase.  The journey of t h e  water molecule in  both 
the  direct ion may cause thining of t he  o i l  l a y e r  which 
ult imately may lead to the  rup tu re  of o i l  l a y e r  and conse- 
quently breakdown of the mult iple  emulsion d rop le t .  

The s t ruc tu re  of a f r e sh ly  p repa red  w/o/w multiple 
emulsion was observed  under  t h e  microscope ( figure 11. 
Many small  d rop le t s  are seen i n  the  inner aqueous phase.  
Figures 2 and 3 show t h e  s t ruc tures  of ruptured w/o/w 
multiple emulsion d rop le t s  a f t e r  24 hours  of preDaration and 
after 15  d a y s  respec t ive ly .  It may be assumed tha t  coales- 
cence between the inner  aqueous d rop le t s  and the  outer  
aqueous phase  occured and hence t h e  s i z e  of t he  inner  
aqueous d rop le t s  increased within t h e  o i ly  phase  causing 
rupture  of t h e  emulsion drople t .  

The in  v i t r o  release of indomethacin from w/o/w multi- 
ple emulsion is Inversely Droportional to t h e  concentration 
of t h e  Dolymer in  both the aqueous phases  ( f igure  4 ) .  An 
increased content of the polymer produced a h ighly  s t a b l e  
emulsion but  drug re lease  from such emulsion was v e r y  
poor. On the  o t h e r  hand ,  emulsion s t a b i l i t y  was hampered 
when the  polymer content was lowered,  but the  drug re- 
lease r a t e  improved. The re lease  of drug from the outer 

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 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



T
A

B
L

E
 -

 2
 

R
es

u
lt

s 
of

 
S

ta
b

il
it

y 
S

tu
d

ie
s 

of
 

C
on

tr
ol

le
d 

R
el

ea
se

 
M

u
lt

ip
le

 
E

m
ul

si
on

 a
t 

R
oo

m
 

T
er

np
er

at
ur

ea
 

M
u1

 t 
j p

 le
 

'
+

I
 
in

d
ic

at
es

 
- 

st
ar

ti
n

g 
of

 
p

h
as

e 
se

p
ar

at
io

n
 

E
m

ul
si

on
 

Ti
m

e 
O

f 
O

bs
er

va
tio

n 
- 

I
-
'
 

in
d

ic
at

es
 
- 

ab
se

n
ce

 o
f 

p
h

as
e 

se
p

ar
at

io
n

 

1 
H

ou
r 

8 
H

ou
rs

 
24

 
H

ou
rs

 
7 

D
ay

s 
15

 D
ay

s 
1 

M
on

th
 

3 
M

on
th

s 
6 

M
on

th
s 

B
at

ch
 

N
o.

 
-
 

M
E 

1
 

M
E 

2 

M
E 

3 
M

E 
4 

M
E 

5 

M
E 

6 

M
E 

7 

a 
- 

A
ve

ra
ge

 
of

 
tr

ip
li

ca
te

 s
tu

d
ie

s 

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 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1972 ROY AND GUFTA 

Figure 1. Scanning Electron Micrograph of Freshly Prepared 
w / o / w  Multiple Emulsion Batch No. ME 5 ,  Magnifi- 
cation x750. 

Figure 2 .  Scanning Electron Micrograph of W/O/W Multiple 
Emulsion after 24 hours of Preparation, Batch No. 
ME 5 ,  Magnification x750 
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W/O/W MULTIPLE EMULSION SYSTEM 

'o 100 
a, In 

1973 

- Percent HPMC in  
Pr im.  em : E x t e r n a l  aq.Phase 

Figure 3 .  Scanning Electron Micrograph : W / O / W  Multiple 
Emulsion after 1 5  days of preparation, Batch No. 
ME 5 ,  Magnification x500. 

Figure 4 .  Release Profile of Indomethacin from Controlled 
Release Multiple Emulsion Systems. 
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1974 ROY AND GUFTA 

' 1 2  Ti me, ( hour) 

Figure 5.  Drug Release Versus Square Root T ime  Plot of 
Indomethacin Incorporated Controlled Release 
Multiple Emulsion System. 

aqueous phase  ( f o r  batch no, ME 7) was much f a s t e r  than 
r e s t  of the formulation batches.  Comparing t h e  re lease  
pat tern of o t h e r  batches of multiple emulsion ( M E  1 to 

ME 6 )  with the  batch no. ME 7 ,  i t  may be concluded tha t  
the r a t e  l imiting s t e p  in  the in  v i t r o  re lease  of drug from 
the  prepared mult iple  emulsion was the t ranspor t  through 
the  oil phase and through the polymeric d ispers ion ,  r a t h e r  
than t h e  t ranspor t  through the d i a l y s i s  membrane. 

A l inear  re la t ionship was observed  between the  amount 
of drug released and the  squa re  root of time ( f igure  5 ) .  

This  suggests t ha t  t h e  drug re lease  through the  oi l  l a y e r  
and polymers may be diffusional in  nature.  The re lease  
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1976 ROY AND GUPTA 

Batch n o . M E  7 
M E  6 7 

M E 5  A 
M E 4  4 
ME 3 + 
ME 2 X 

C I ME 1 aJ 

0 u 
g 1.2 

0.8 

0.4 

v) 
0 

2 4 6  8 10 12 
Time, hour 

Figure 6 Mean Concentration of Indomethacin a f t e r  Oral 
Administration of W / O / W  Type Multiple Emulsion. 

constants as calculated,  a r e  presented in  t ab le  3 .  Figure 6 

represents  t h e  plasma leve l  curves  of t h e  controlled r e l ease  
multiple emulsion system and indomethacin drug powder. 
The absorpt ion of indomethacin from conventional capsule  

containing powdered drug was ve ry  rap id  and the  peak 

plasma concentration was h igh .  But t he  prepared  multiple 
emulsion produced flatenned peak showing prolonged drug 
action over  1 2  hour s tudy .  The maximum plasma concentra- 
tion (Cmax)  and the  time requi red  to reach Cmax ( tmax)  
were recorded for the formulation. The a rea  under t h e  

curve  ( A U C )  from zero to f inal  sampling time (AUCo t )  was 
calculated using the  t rapezoidal  ru le  ( 1 0 ) .  The resu l t s  of 

some of t h e  batches of prepared  w/o/w mult iple  emulsion 

ME 1, ME 2, ME 3 i n  t ab le  4 )  were d iscarded  because of 
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Figure 7. 

low plasma concentration at ta ined from thoee formulation 
batches.  The effect ive therapeut ic  l eve l  of indomethacin, 
0.5 pg/ml  could not be at ta ined from them ( f igure  6 ) .  A 

correlation between t h e  in  v i t r o  dissolution s tudies  and in  
vivo animal experiments  was es tab l i shed  by  plotting ts0% , 
t he  time taken to r e l ease  50% of indomethacin in v i t r o ,  
ve r sus  Cmax i n  vivo (f igure 7 ) .  A l inear  plot suggests a 
good correlat ionship between them. 

Thus i t  was found that  t h e  hydroxypropylmethyl  cellu- 
lose was successfully used not only as a v iscos i ty  inducing 
agent,  but a l so  a s  a controlling agent of indomethacin 
release from t h e  w/o/w multiple emulsion system. Though 
w/o/w type  multiple emulsions were prepared  with great  
success ,  t h e  s t a b i l i t y  of the formulation was of concern. 
S tab i l i ty  was found to be inverse ly  proportional to t h e  
release r a t e  of drilR. The drug re lease  prof i le  of a h igh ly  
s t a b l e  w/o/w t y p e  multiple emulsion (ME 1 1  was poor. Main 
emphasis of t h i s  work was focussed on obtaining an optimum 
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WIOIW MULTIPLE EMULSION SYSTEM 1979 

re lease  pat tern of drug from the  prepared  mult iple  emulsions 

and hence formulations were designed accordingly.  
In conclusion i t  may b e  sa id  tha t  a good control was 

successfully achieved ove r  t h e  re lease  r a t e  of indomcthacin 

from the  prepared  w/o/w mult iple  emulsions using hydroxy  

propyl  methyl cel lulose a s  t he  drug re lease  r a t e  controlling 

polymer. The polymer loaded w/o/w multiple emulsion can 

be  successful ly  used a s  a controlled re lease  oral  l iquid 

drug de l ive ry  system. 
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