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ABSTRACT 

The present work embodies studies performed with solid 
dispersions of the non-steroidal anti-inf lmatory agent piroxi- 
cam, using biocompatible water soluble polymers polyethylene 
glycol (PEG) 4000 and 6000 alone, as well as in blends of various 
proportions. Different physicochemical properties and in vitro 
characterization were carried out. In vivo studies were performed 
to correlate with in vitro studies. 

INTRODUCTION 

Currently, in the field of pharmaceutical technology, great 
efforts are being directed towards the refabrication of existing 
drug molecules in a fashion, capable of solving problems related 
to toxicity, poor water solubility, poor bioavailability, low 
biological half life, instability, dosing problems etc. (1 r 2 , 3 ) .  

This trend of working has led to the development of new'drug 
delivery systems' (4-10). Various techniques (11-17'), have been 
tried to enhance aqueous solubility of drugs whose gastrointesti- 
nal absorption is dissolution rate limited, and those which are 
poorly water soluble. But all these conventional methods, includ- 
ing rnicronization have their inherent disadvantages. Sekiguchi 
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and Obi (18)  first in t roduced  t h e  concept  of sol id  d e s p e r s i o n s  

a s  a new drug d e l i v e r y  system, with u rea  as t h e  carrier and su l -  

p h a t h i a z o l e  as t h e  poor ly  water s o l u b l e  drug.  Subsequent  r e s e a r c h  

(19-32) h a s  u t i l i z e d  t h i s  t echn ique  f o r  v a r i o u s  d r u g s  wi th  g o d  

r e s u l t s .  

For  t h e  present t o p i c ,  piroxicam (33 -35)  was t h e  chosen 

d rug ,  f o r  which l i terature reports i n d i c a t e ,  it is practically 

water i n s o l u b l e  (36-37). S o l i d  d i s p e r s i o n s  o f  piroxicam, prepared 

by t h e  f u s i o n  t echn ique  were t aken  up for  v a r i o u s  s t u d i e s ,  and 

d e s c r i b e d  i n  t h e  subsequent  s e c t i o n s .  T h i s  s t u d y  comprised of 

comparison of t h e  m a r m a c o k i n e t i c  p r o f i l e  of t h i s  new dosage form 

wi th  t h a t  of t h e  powder piroxicam. 

EXPERIMENTAL 

Materials 
S i l i c a  be1 G(E.  Merck, Germany), silicagel HF (E. Merck, 

Germany), Piroxicam U.S.P. ( c o u r t e s y  : Cadila A n t i b i o t i c s  ( P )  

L td . ) ,  PEG 4000 (S.D.Fine Chem. Ltd.), PEG 6000 (Loba Chemie), 

Acetonitrile (S.D.Fine Chem. Ltd. ) , P e r c h o l o r i c  a c i d  (S. D.Fine 

Chem. L t d . ) ,  Toluene (S.D.Fine Chem. Ltd.) ,  Acetic acid (E.Merck, 

I n d i a ) ,  Cyclohexane (E.Merck, I n d i a ) ,  Acetone (E.Merck, I n d i a ) ,  

Dichloromethane (E.  Merck, I n d i a ) ,  E thanol  (E. Merck, I n d i a ) ,  

Chloroform (S.D.Fine Chem. L td . ) ,  Hydrochlor ic  acid (S.D.Fine 

Chem. Ltd.) .  A l l  r e a g e n t s  were of AR or GR grade and were used 

wi thout  f u r t h e r  puri f icat ion.  

EsuipDents 
Temperature c o n t r o l l e d  o i l  ba th ,  H i t a c h i  200-20, W - V i s  

spec t rophotometer  , Perkin-Elmer 298 I.R. spec t ropho tomete r  , gyra- 

t o r y  shake r ,  c e n t r i f u g e  (Remi-Model). 

O u t l i n e  of t h e  fusion method of p r e p a r a t i o n  of solid dispersions 
Required amount o f  d i f f e r e n t  ratios of d rug  and carrier 

were weighed and mde i n t o  a phys ica l  mixture i n  a g l a s s  pestle 

and mortar. Next ,  t h e  p h y s i c a l  mixture  w a s  hea ted  i n  a tempera- 
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ture - regulated oil bath with constant stirring, till a homogene- 
ous molten mass was obtained, notina the temperatures of onset 
and completion of melting. The molten mass was quickly congealed 
in an ice-bath under constant stirring. The congealed mass was 

stored in a vaccum dessicator for 24 hours for hardening, the 
hardened mass was crushed, pulverized, sieved through 60 mesh 
sieve and used for further studies. 

Physicochemical characterizations of so l id  dispersions 
Melting points of the solid dispersions, consisting of 

piroxicam with PM; 4000 and PEG 6000 singly and in blends, were 
determined and compared with that of the pre drug. 

TLC characterizations : All the solid dispersions were 
subjected to TLC (the pure drug being spotted simultaneously with 
the dispersions) to determine the homogeneity and absence of drug 
degradation in the dispersions. Silicagel G and HF 254 were used 
as adsorbents, and different solvent systems used, namely - (a) 
Toluene-Acetic acid (95:5) , (b) Cyclohexane-Acetone (10:5) (c) 
Dichloromethane-Ethanol (20:l), (d) Chloroform-Ethanol (1O:l). 

I . R .  spectra characterizations : The dispersions were 
subjected to I . R .  analysis, to determine any drug degradation, or 
interaction with carriers. 

Solubility studies : For determination of solubility of 
the pure drug, physical mixtures and solid dispersions,the method 
outlined by Anastasiadon et al. (38) was adopted. All the solubi- 
lity determinationswere done at 32" - 3 4 " C I  the drug being esti- 
mated spectrophotometrically (39).  

In vitro dissolution studies : For the dissolution rate 
profiles of pure drug and the dispersions, the rotating basket 
method of USP XXI (40) was used, using 500 rd of simulated Gastric 
Fluid (without pepsin) of pH 1.2 at 37 f 1°C. 20 mg of pure drug 

and an equivalent amount of dispersions were used. Aliquots were 
assayed spec t rophot omet ricall y at 333 nm. 
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F I G U R E  1 

IR Spectra of Piroxicam (free drug) t DrUg:PEG 4000, 
1:2 : Drug : PEG 6OO0, 1:7---- . 

Stability studies on solid dispersions : The dispersions 
were stored at 37°C for six months. Solubility and dissolution 
profiles were determined at intervals of one month. I.R. spectra 
was taken after 6 months. 

In vivo bioavailability studies on rabbits : The studies 
were carried out on male rabbitsr of appx. 1.5 kgst fasted for 
15 hrs. and allowing water ad libitum. An amount of piroxicam 
powder and 1:2 dispersion, equivalent to 20 mg of piroxicam, 
calculated on the basis of body weight of the animals were fed 
to the rabbits. Blood samples were withdrawn at predetermined 
intervals. The drug estimation was done after treatment of blood 
samples by the modified procedure (41) using spectrophotometric 
method, at 335 nm. 

From the various parameters studiedr it was evident, that 
with increase in the carrier proportionsr the melting point gradu- 
ally decreases, which was expected. TLC studies conf irmed the 
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SOLID DISPERSIONS OF PIROXICAM 143 

absence of drug degradation in the dispersions. Stability studies 
(Fig.1) show that there is no change of the drug as such in the 
dispersions; solubility and stability studies also confirm the 
same. Solubility studies reveal, that with increment in carrier 
proportions I there is an increase in piroxicam solubility (Fig .2&3) 
upto the 1:2 ratio of drug : PEG 4000 dispersion, 1:7 ratio of 
drug : PEG 6000 dispersion and 1:2:2 ratio of drug : PEG 4000 
: PEG 6000 dispersions and the corresponding physical mixtures. 
Beyond these proportions of drug and carriers, there is a marked 
decrease in drug solubility which confirms that these particular 
ratios are optimum for the maximum solubilization of piroxicam. 
The dissolution profiles prove the superiority of dispersions 
over the parent drug (Fig.3). 

The mean plasma profiles following the administration of 
piroxicam are illustrated in figure 4. Absorption of the piroxicam 
(free drug) produced a mean peak piroxicam concentration of 2.4 
mcg/ml at 5.0 hours. The solid dispersed dosage form demonstrated 
a rapid absorption, producing mean peak concentration of 3.5 
mcg/ml at 4.0 hours. The values of areas under the plasma concen- 
tration time curves and other pharmacokinet ic parameters are 
shown in table 1 ,  

Based on these studies, it was noted that the 1:2 disper- 
sions of drug and PEG 4000 gave the best results of enhanced 
solubility and dissolution characteristics(Fig .2&3).  Thus it was 

chosen for further in vivo studies in rabbits. The table 1 s m a -  

rizes the mean pharmacokinetic parameters estimated from the 
plasma concentrations versus time profiles, after administration 
of piroxicam and solid dispersions of piroxicam. A significant 
difference in the AUC values between pure piroxicam and the solid 
dispersed drug prepared with 1:2 ratio of drug and PEG 4000 was 
observed. The elimination data and the corresponding tL values are 
in agreement with the CmX values. 
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Comparative Dissolution Profile Depicting Percent 
Release For Pure Piroxicam and Physical Mixtures 
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Comparative Dissolution Rate Profile Depicting 
Cumulative Percent Released For Pure Piroxicam 
And Various Solid Dispersions Of Piroxicam with 
Carriers. 
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of Pi roxicam (free drug)  (0-0)  and S2’tid Dispersed 
Dosage form ( O - O ) /  mean i s.e.m./ n=6. 

TABLE 1 

Pharmacokinetic parameters of piroxicam s o l i d  
dispersion after oral administration in rabbits 

Formu- No. of b 

cllBX 
b 

tmaX Kel 
lat ion rabbits ( u g h 1  1 ( h r s  1 ( ug . hr/ml ) 

Pi roxicam 6 2.4t0.10 5.0 167.71 0.033 21.0 
(free drug) k8.33 20.002 20.85 

1:2 solid 6 3.5t0.15 4.0 216.71, 0.04 17.32 
dispersion k7.12  k0.004 k1.02 
of drug : 
PEG 4000 

Mean values ( t  SD) are shown. A significant difference from pure 
piroxicam, as determined by student ‘It” test is indicated by * P40.01 

* 

Observed peak concentration at time. 

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.



746 BHATI'ACHARYYA ET AL. 

In vitro and in vivo dissolution and absorption profiles 
were subjected to linear regression analysis, and the correlation 

coefficient (r) was calculated. Plots of t50%l the time taken to 
release 50% of piroxicam in vitro versus C , gives a significant 
correlation between t 

M X  
and Cmx (~0.996). 50% 

From all these studies, it is evident that solid dispersion 
can prove to be a superior mode of delivery of piroxicam in compa- 
rison to the conventional dosage forms, as shown by its enhanced 

bioavailability from the solid dispersions. It is possible, that 
a reduction in particle size of the drug crystallites, with con- 
comitant increase in surface area, has l e d  to the increased 
dissolution rates and bioavailability. 

ACKNOWLEDGEMENT 
The authors wish to thank the University Grants Conmission, India 
for the financial help. 

REFERENCES 

1. Y.W.Chienr J.Parentera1. Sci . ,  36, 231 (1982). 
2.  W.L.Chiou, S.Riegelman, J.Pham. Sci., 58, 1505 (1969). 
3. J.Kochweser, N.Engl.J.Med., 287, 227 (1972). 
4. J.Urquhart, Drugs., 23, 207 (1982). 
5. O.Vaizoglu, P.Speiser, Trends Pharmacol.Sci., 3 , 28 (1982). 
6. H.A.Struyker Boudier, Trends Pharmacol. Sci. I 3, 162 (1982). 
7. A.Zaffaroni, Med. Res. Rev., 1, 373 (1969). 
8. P.Goldmanr N.Engl.J.Med., 307, 286 (1982). 
9. S.D.Buck (ed.) 'Controlled drug delivery', Vols. 1 and 2, CRC 

10. V.F.Smlen, L.A.Bal1 (ed.) 'Controlled drug bioavailability', 

11. R.M.Atkinson, C.Bedford, Antibiot. Chem-ther. I 12, 232 (1962). 
12. M.A.Scheikh, J.C.Price, J.Pharm. Sci., 55, 1048 (1966). 
13. S.L.Hem, D.K.Skauen, J.Phram. Sci. I 56, 229 (1967). 
14. D.M.Skallen, J.Pharm. Sci., 56, 1373 (1967). 
15. S.S.Kornblum, J.O.Hiroscharn, J.Pharm. Sci., 59, 606 (1970). 
16. G.Levy, Amer. J.Pharm., 135, 78 (1963). 

Press, Inc Florida, 1984. 

Vols. 1 and 2, John Wiley, N e w  York, 1984. 

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.



SOLID DISPERSIONS OF PIROXICAM 747 

17. G.Levy, Lancet, 2, 723 (1962). 
18. K.Sekiguchi, N.Obi, Chem. Pharm. Bull., 9, 866 (1961). 
19. G.Levy, Amer. J.Pharm. 135, 78 (1963). 
20. S.L.Lin, J.Menig, L.Lachman, J.Pharm. Sci., 57, 2113 (1969). 
21. W.L.Chiou, S.Riegelman, J.Pharm. Sci., 58, 1505 (1969). 
22. L.Lachman, H.A.Lieberman, J.L.Kanig, 'The Theory and practice 

of industrial pharmacy' Lea and Febriger, Philadelphia, P. 

23. J.D.Mullins, T.J.Macel1, J. Amer. Pharm. Ass. Sci. 49, 245 

24. M-Feinberg, J. Amer. Pharm. Ass., NS9, 113 (1969). 
25. J.L.Kaing, J. Pharm. Sci., 53, 188 (1964). 
26. A.H.Goldberg, M.Gibaldi, J.L.Kanig, J. Pharm. Sci. , 54, 1145 

27. A.H.Goldberg, M.Gibaldi, J.L.Kanig, J. Pharm. Sci., 55, 587 

28. B.J.Hargreaves, J./ J.E.Pearson, P-Connor, J. Pharm. Pharma- 

29. A.P.Sirnonelli, S.C.Mehta, W.I.Higuchi, J. Pharm. Sci., 58, 

30. J.L.Ford, A.I.Stewart, J. Pharm. Phamac. 29, 688 (1977). 

31. M.P.Smrs, J. Pharm. Sci. I 66, 825 (1977). 
32. N.A.El Gindyr A.A.Shelaby, Drug. Dev. Ind. Pharm. , 9 ,  363 

33. K.A.Florey, Analytical profiles of drug Substancces, 15, 109 

34. R.N.Brogden, R.C.Hee1, T.M.Speight Drugs. I 28, 292 (1984). 
35. J.C. P. Weber , Epidemiology of adverse reactions to non-ste- 

roidal anti-inf lmatory drugs: Advances in inf lamnation 
research, edited by K.P.Ramsford, Vol. 6, 1983. 

518, 1970. 

(1960). 

(1965). 

(1966). 

~01.r 31, 47 (1979). 

538 (1969). 

(1983). 

(1986). 

36. Merck Index, 11th edition, P. 7472. 
37. Martindale-the extra pharmacopoeia, 28th edition, the pharma- 

38. Anastasiadon, Drug. Dev. Ind. Pharm., 9, 103 (1984). 
39. Tong bao Yaoxue, Y a m  Fenxi Zozhi. , 22( 3) I 136 (1986). 
40. U.S.P. MII,  Supplement no. 2. P. 1880r 1985. 
41. A.S.Dhake, N.N.Singh, A.Y.Nimbkar, H.P.Tipnis, Indian Drugs., 

ceutical press, Londonr 1982. 

26(4), 190 (1989). 

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.


