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ABSTRACT 

The dissolut ion rate,  b i o a v a i l a b i l i t y  and ulcerogenic 

a c t i v i t y  of indomethacin d ispersed i n  water soluble cel lu lose 

polymers was invest igated. Sol id  dispersions of indomethacin 

in  h y d r o x y p r o p y l  cellulose-SL (HPC-SL) , h y d r o x y p r o p y l -  

methy l  cel lu lose (HPMC) and h y d r o x y e t h y l  cel lu lose (HEC) 

were prepared b y  common solvent method w i t h  a v iew to 

improve i t s  dissolut ion and absorpt ion character is t ics .  The 

dispersions were evaluated b y  X-ray d i f f rac t ion ,  TLC, I R ,  

d issolut ion rate,  b i o a v a i l a b i l i t y  and ulcerogenic studies.  

TLC and I R  studies ind icated no in teract ion between 

indomethacin and c a r r i e r s .  Indomethacin in the d ispers ions 

was found to be in amorphous form. Marked increase in  the 

dissolut ion rate and ef f ic iency of indomethacin was observed 

in the case of s o l i d  dispersions. HPC-SL gave the  highest 

dissolut ion improvement. A 30-fold increase in d isso lut ion 

was observed w i t h  indomethacin-HPC-SL (9:  1) d ispersion. 
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CHOWDARY AND SURESH BABU 

In v i vo  studies in human subjects showed a significant 

increase in absorption rate (k,) and serum levels  of 

indomethacin w i t h  so l i d  dispersions when compared to  

indomethacin alone. However, the extent of b ioava i lab i l t y  

was the same w i t h  both indornethacin and i t s  so l i d  

dispersions. About 70-80 per cent reduction in ulcerogenic 

ac t i v i t y  was observed w i t h  so l id  dispersions and the 

dispersions were found to  have negl ig ib le ulcerogenic 

ac t i v i t y .  

INTRODUCTION 

The poor dissolution character ist ics of re la t i ve l y  

insoluble drugs has long been a problem to pharmaceutical 

industry.  Among the various approaches to improve the 

dissolution of these drugs the preparation of so l i d  

dispersions has often proven to  be successful'. We have 

been working on the appl icat ion of water soluble cellulose 

polymers as car r ie rs  fo r  so l id  dispersions. Indomethacin, a 

widely used non-steroidal anti-inflammatory, analgesic and 

ant i -pyret ic drug, i s  poor ly soluble in water and aqueous 

f l u ids  and its absorption is dissolution ra te  l imi ted.  USP 

XXI12  has also prescr ibed a dissolution rate test 

specification fo r  indomethacin capsules. Marked differences 

i n  the dissolution pro f i les  and b ioava i lab i l i t y  of indomethacin 

formulations were also reported ear l ie r  . In the present 

work so l i d  dispersions of indomethacin in  various water 

soluble cellulose polymers such as hyd roxyp ropy l  cellulose- 

SL (HPC-SL) , hydroxypropylmethy l  cellulose (HPMC) and 

hydroxyethy l  cellulose (HEC) were prepared w i t h  a view to  

improve i t s  dissolution and absorption character ist ics and 

were evaluated by  X-ray d i f f ract ion,  TLC, I R ,  d issolut ion rate 
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STUDIES ON INDOMETHACIN 

and b ioava i lab i l i t y  studies. As the use of indomethacin i s  

associated w i t h  g. i. side-effects major ly pept ic ulcerat ion 

w i t h  bleeding, the ulcerogenic a c t i v i t y  of  indomethacin 

dispersed in cellulose polymers was also evaluated. The 

results are reported here. 

EXPERIMENTAL 

Materials 

Indomethacin I .P. , hydroxypropy l  cellulose-SL (Nisso; 

having a v iscosi ty of 3.0-5.9 cp in a 2% by weight aqueous 

solution at  2OOC) ; hydroxypropylmethy l  cellulose (Pharrnacoat 

606; having a v iscosi ty of 6 cp  in a 2% by  weight aqueous 

solution a t  2OOC) ; hydroxyethy l  cellulose (Cellosize; WP 

type; v iscosi ty grade 02; having a v iscosi ty of 7-14 c p  in  a 

5% b y  weight aqueous solution at  25OC).; methanol (ExcelaR- 

Glaxo) and rnethylene ch lo r ide  (Qualigens) were used. 

Preparation of Solid Dispersions 

Solid dispersions of indornethacin were prepared b y  

common solvent method. For HPC-SL and HEC methanol and 

for  HPMC a mixture of methylene ch lo r ide  and methanol (1 :2)  

were used as solvents. The samples were prepared b y  

dissolv ing both the drug and the car r ie r  in the solvent to  

get a clear solution. The solvent was then removed by  

evaporation at  4OoC under vacuum. The mass obtained was 

then crushed, pu lver ised and s i f ted  through mesh number 

120. In the case of HEC, as i t  is insoluble in most of the 

organic solvents a modified method in which the drug was 

dissolved in the solvent and the car r ie r  was dispersed as 

fine par t ic les and the solvent is then removed b y  
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802 CHOWDARY AND SURESH BABU 

evaporation under vacuum, was used, In each case four 

concentrations of the car r ie r  namely 5,10,25 and 50% were 

used i n  the preparation of  so l id  dispersions. 

Preparation of Physical Mixtures 

Indornethacin and car r ie rs  were weighed accurately in  
1 : l  ra t io ,  mixed thoroughly by t r i tu ra t ion  in a mortar, 

powdered and s i f ted through mesh number 120. 

X-ray Diffract ion Studies 

X-ray diffractograms were obtained using P h i l l i p s  

diffractometer (PW 1140) and CU-Ka radiation. Diffractograms 

were run at a scanning speed of 2O/min and a char t  speed of 

2O/2cm/28. The diffractograms are shown in  Fig. 1. 

Interaction Studies 

A TLC method was used to  study the chemical s tab i l i t y  

of indomethacin in so l id  dispersions. The solvent system 

consisting of methanol : strong ammonia solution (100: 1.5) 

was employed. Indomethacin was detected by exposing to  

iodine vapours. 

I R  spectra of indomethacin and i t s  so l i d  dispersions 

were obtained using Perkin-Elmer 841 I R  spectrophotometer . 
I R  spectra of indomethacin and i t s  so l i d  dispersions in HPC- 

SL, HPMC and HEC were obtained by  preparing a f i l m  of the 

preparation dispersed in Nujol. 

Dissolution Rate Studies 

The dissolution rate of indomethacin in pure form and 

from so l id  dispersions and phys ica l  mixtures was studied 

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.



STUDIES ON INDOMETHACIN 803 

I I I I 1 
:O0 2 5 "  2 0 °  IS" 10" 5' 

2 0  

FIGURE 1 

X-ray diffractograrns of indomethacin in pure form (1 )  

and in  so l i d  dispersions in HPC-SL (2 ) ,  HPMC (3)  

and HEC (4) a t  loo/, ca r r i e r  concentration 

using USP X X I  Dissolution Rate Test Apparatus employing a 

paddle s t i r r e r .  In 900 m l  of dissolution medium (a solvent 

blend consisting of 1 volume of phosphate buffer of pH 7.2 

and 9 volumes of d i s t i l l ed  water), a sample equivalent to  50 

mg of indomethacin, a speed of 25 r p m  and a temperature of 

3 7 O + I 0  were employed in each test. A 5 m l  aliquot of 

dissolution medium was withdrawn at dif ferent time in terva ls ,  

suitably d i lu ted and assayed spectrophotometrically2 at 318 

nm using Shimadzu UV-150 spectrophotometer. The per cent 

of indomet hacin dissolved at various time in terva ls  was 

calculated and plotted against time (Fig. 2). From these 
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804 CHOWDARY AND SURESH BABU 
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FIGURE 2 

Dissolution pro f i les  of indomethacin in pure form ( A )  and 

from so l id  dispersions prepared w i t h  HPC-SL (0), HPMC ( 0 )  

and HEC (A) at  10% car r i e r  concentration 

(t ime taken for 50% dissolution) dissolution prof i les  

and TgO (time taken fo r  90% dissolution) values were 

recorded. Dissolution efficiency (D. E) values were calculated 

from the dissolution prof i les  as suggested by Khan . The 

results are given in Table 1. 

T50 

5 

Bioavai lab i l i ty  Studies 

In v i vo  b ioava i lab i l i t y  studies were conducted on ( i )  

indomethacin (ii) indomethacin-HPC-SL (9: 1) and ( i i i )  

indomethacin-HPMC (9: 1 ) so l id  dispersions in healthy human 
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STUDIES ON INDOMETHACIN 

TABLE 1 

805 

Dissolution Parameters of Indomethacin f r o m  various 

Solid Dispersions 

F i r s t  order 
dissolution D.E. 

ra te constant ( % I  
(min) (rnin) ( k , )  (rnin-I) 

Percent 
Solid car r ie r  

Dispersion concen- T50 T90 

t r a t i o n  

Indomet hacin -- 

Indomet hacin 
HPC-SL 5 

10 

25 

50 

Indomet hacin- 
HPMC 5 

10 

25 

50 

Indomethacin- 
HEC 5 

10 

25 

50 

54 

3.8 

1.8 

1.9 

2 .o 

48 

12 

8.5 

7.5 

14 

11.5 

2 .o 
1.5 

'120 

120 

21 

16 

13 

>120 

74 

48 

33 

>120 

>I 20 

13 

6 

14.5 

60.83 

73.13 

82.37 

82.96 

26.83 

51.67 

58.50 

58.83 

45.27 

50.13 

84.51 

90.17 

0.0051 

0.038 

0.068 

0.074 

0.081 

0.0053 

0.015 

0.020 

0.027 

0.015 

0.018 

0.087 

0.115 
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806 CHOWDARY AND SURESH BABU 

subjects as per a cross-over randomized block design (RED). 

Each treatment (product)  was rep l i c ted  5 times. Healthy 

human subjects of age range between 24-28 years (average 

weight was 58.524.5 kg) were par t ic ipated in the study. 

A l l  subjects were instructed to  re f ra in  from taking any 

medication during the study. Each subject was administered 

one product once a month. Indomethacin and i t s  so l i d  

dispersions were administered at a dose of 25 mg of 

indomethacin. The products were taken o ra l l y  in the morning 

following overnight fasting. No food or  l iquid other than 

water was ,permitted un t i l  4 hours fo l lowing administration of 

the product. 

Af ter  collecting the zero-hour blood sample (b lank) ,  

the product in the study was administered o ra l l y  w i t h  a 

glassful of water. 2ml blood samples were collected at  0.5, 

1.0, 1.5, 2.0, 3.0, 4.0, 6.0, 8.0 and 24.0 hours af ter  

administration. A l l  the samples were stored under 

refr igerated conditions p r i o r  to assay. Serum concentrations 

of indomethacin were determined by a known 

spectrofluorometric method6 as follows: 

0.2 m l  of serum was pipetted in to  a glass-stoppered 

centrifuge tube containing 2 m l  of 1M c i t ra te  buf fer  (pH 5.0) 

and 10 m l  of heptane containing 5% isoamyl alcohol. The 

contents of the tube were shaken fo r  15 m i n  and then 

centrifuged. 8 m l  of the heptane phase was pipetted in to  a 

centrifuge tube containing 5 m l  of 0.1N sodium hydrox ide  and 

shaken fo r  5 min. Af ter  centrifuging, 3 m l  of the lower 

aqueous phase was transferred in to a test-tube containing 3 

m l  of d i s t i l l e d  water. To t h i s  0.5 m l  of 2M hydroch lo r ic  

acid, 2 m l  of each of chloramine-T reagent and m- 

aminophenol reagent were added in sequence and shaken wel l .  
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STUDIES ON INDOMETHACIN 807 
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FIGURE 3 

Mean serum concentration of indomethacin fo l lowing ora l  

administration of indomethacin (0) , indomethacin-HPC-SL 

(9 : l )  (A)  and indomethacin-HPMC ( 9 : l )  (D). 

The fluorescence of the  solution was measured at  exc i ta t ion 

and emission maxima of 465 and 490 nm respect ively against 

the reagent blank prepared in  the same manner. 

From the time vs  serum concentration curves (Fig. 3 )  
peak serum concentration (Cmax), t ime a t  which peak 
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STUDIES ON INDOMETHACIN 809 

TABLE 3 

Ulcerogenic ac t i v i t y  of Indomethacin and i t s  Dispersions 

Preparation 
Ulcer index 

Mean* f S.E. 
Remarks 

Indomethacin 4.00 ? 0.26 Ulcerogenic 

Indomet hacin- 
HPC-SL 

1.17 t 0.31 70.75% reduction 
in ulcerogenic 
ac t i v i t y  

Indomethacin- 0.83 5 0.17 79.25% reduction 
HPMC in ulcerogenic 

ac t i v i t y  

Indomet hacin- 
HEC 

1.05 f 0.25 73.75% reduction 
in ulcerogenic 
a c t i v i t y  

* Average of scoring i n  s i x  animals 

occurred ( tp)  and area under the curve (AUC) were 

recorded. Elimination ra te  constant ( kel) and biological 

half- l i fe ( t , )  were calculated from the slope of the l inear  

regression l ine  in the elimination phase of the semi- 

logarithmic p lo t  of time vs concentration. Absorption rate 

constant ( ka) was calculated by applying Wagner-Nelson's 

method to time vs concentration data. The results are given 

in Table 2. 

z 

Ulcerogenic Studies 

Ulcerogenic studies were carr ied out by  the method of 
7 Okabe . Wistar ra ts  of e i ther  sex weighing between 120-150 
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810 CHOWDARY AND SURESH BABU 

g were used. The animals were s tarved f o r  24 hours p r i o r  

to  experimentation. The py lo rus  was l iga ted  under light 

ether anaesthesia. Af ter  the recovery of the animal, the  

preparat ion was administered o r a l l y  a t  a dose equivalent t o  5 

mg of indomethacin per  k g  of body weight. The animals 

were sacr i f iced a f te r  8 hours and the  stomach rnucosa was 

col lected f o r  the observat ion of ulceration. The rnucosa of 

the  fundus and the p y l o r i c  p a r t  of t h e  stomach was observed 

w i t h  magnifying lens f o r  u lcers  and perforat ions.  The r a t i n g  

of u lcer formation (u lcer  index)  was done according t o  

scoring system descr ibed b y  Anderson and Soman . The 

resul ts  a re  g iven in Table 3. 

a 

RESULTS AND DISCUSSION 

Sol id  dispersions of indomethacin in HPC-SL, HPMC and 

HEC were found to  be fine and free-f lowing powders. Low 

s.d. values in per  cent drug content ensured un i fo rmi ty  of 

drug content in each batch. In TLC studies indomethacin 

d ispersed in var ious c a r r i e r s  showed the  same R value as 

pure compound and no add i t iona l  spots were detected. I R  

spectra of indomethacin in pure form and in  s o l i d  dispersions 

were a l l  ident ica l .  The p r i n c i p a l  I R  absorpt ion peaks of 
-1 -1 indomethacin a t  1380 crn (C-H st re tch ing) ,  1460 cm 

(-0.CH3), 1610 cm-l (aromat ic) ,  1710, 1720 cm-’ (C=O), 

3500 cm-l (-OH) were a l l  observed in t h e  spectra of 

indomethacin as w e l l  as i t s  dispersions. Thus TLC and IR 
spectra indicated no in teract ion between indomethacin and 

car r ie rs .  These observations also ind icated tha t  

indomethacin was not decomposed dur ing t h e  preparat ion of 

s o l i d  dispersions. 

f 

The phys ica l  state of the drug in the s o l i d  dispersions 

was evaluated b y  X-ray d i f f r a c t i o n  studies. X-ray 
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STUDIES ON INDOMETHACIN 81 1 

diffractograms of indomethacin in pure form exhib i ted 

characterist ic crysta l l ine d i f f ract ion pattern (Fig. 1) . 
Whereas in the case of so l id  dispersions the sharp 

d i f f ract ion peaks of indomethacin disappeared indicating i t s  

presence in an amorphous form in the dispersions. 

Solid dispersions gave fast and r a p i d  dissolution of 

indornethacin when compared to pure drug and phys ica l  

mixtures. With each car r ie r  as i t s  proport ion in the so l i d  

dispersion was increased the dissolution of indomethacin also 

increased. Among the cellulose polymers studied HPC-SL 

gave highest dissolution. A 30-fold increase in dissolution 

(basing on T50 values) was observed w i t h  HPC-SL at 10% 

car r ie r  concentration. Comparative dissolution prof i les  of 

indornethacin from various so l id  dispersions prepared at  10% 

car r ie r  concentration are shown in Fig. 2.  Dissolution 

efficiency (D.E) was also more in the case of so l i d  

dispersions. The dissolution efficiency of indomethacin was 

increased from 14.5% for  pure drug to  73.13%, 51.67% and 

50.13% w i t h  HPC-SL, HPMC and HEC respectively at 10% 

car r ie r  concentration. 

The dissolution of indomethacin in pure form and from 

various so l i d  dispersions followed f i rs t -order  kinetics. The 

f i rs t -order  dissolution rate constants were also higher fo r  

so l id  dispersions when compared to  the pure drug (Table 1 ) .  

The increased dissolution rate and efficiency observed in the 

case of so l id  dispersions i s  due to the molecular dispersion 

of indomethacin in an amorphous form in the matr ix  of the 

car r ie r .  

The results of the in vivo b ioava i lab i l i t y  studies 

(Table 2 )  indicated fast absorption and higher serum levels  
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812 CHOWDARY AND SURESH BABU 

of indomethacin from so l id  dispersions when compared to 

indomethacin pure drug. The absorption rate constant (k,) 

and [AUC]3hr were also more in the case of so l id  dispersions 

indicating higher rate of absorption of indomethacin from 

so l id  dispersions. However, [AUC]; was found to  be nearly 

the same w i t h  the pure drug and i t s  dispersions indicating 

that the extent of b ioava i lab i l i t y  was the same w i t h  both 

indomethacin and i t s  so l i d  dispersions. As indomethacin i s  

poorly soluble the observed increase in the  rate of 

absorption in the case of so l id  dispersions i s  due to  the 

rap id  dissolution of indomethacin from these so l id  dispersions 

when compared to pure drug. The biological ha l f - l i fe  was 

found to be nearly the same fol lowing the administration of 

indomethacin in pure form and in so l id  dispersion form 

indicating that the elimination characteristics of indomethacin 

remained unaltered when i t  was administered in so l i d  

dispersion form. 

0 

The results of the ulcerogenic studies (Table 3) 

indicated that the ulcer formation and the degree of sever i ty  

were significantly reduced in the rats  receiving the so l id  

dispersions than those received indomethacin. About 70-80 
per cent reduction in  ulcerogenic ac t i v i t y  was observed w i t h  

so l id  dispersions and the dispersions were found to have 

negligible ulcerogenic ac t i v i t y .  

CONCLUSIONS 

Solid dispersion of indomethacin in HPC-SL , HPMC and 

HEC was found to be effect ive in increasing the dissolution 

rate and efficiency and absorption rate of indomethacin. 

These so l id  dispersions have negligible ulcerogenic ac t i v i t y .  

Hence so l id  dispersion of indomethacin in water soluble 
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cel lu lose polymers can be used t o  improve the  d isso lut ion and 

absorpt ion ra te  of indomethacin and reduce i t s  ulcerogenic 

a c t i v i t y .  
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