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ABSTRACT 

This study is concerned with the development of a solid dispersion formulation of 
Jlurbiprojen (FLP) and phospholipid (PL) with improved dissolution characteristics. 
The FLP powders were blended with PL to produce FLP-PL physical mixtures or 
made into solid dispersions with PL by the solvent method. The FLP exhibited sig- 
nificantly improved dissolution rates in PL coprecipitate (coppt) compared to the 
physical mixtures or FLP alone. The dissolution studies suggested that less than a 
20:l ratio of FLP to PL was required to disperse FLP completely in the carrier. 
The coppt yielded a ninefold greater initial dissolution rate. Also, the total amount 
dissolved after 60 min was twqjold greater at a 10: 1 ratio of FLP to L-(-dimyristoyl 
phosphutidylgl~ycerol (DMPG). Sinzilar results were observed with a ratio as low 
as 20: I (FLP: DMPG). Increasing the DMPG content did not increase the rate to 
any significant extent. Thus, a small PL: FLP ratio improved the dissolution to a 
signijicant level. Thus, an FLP: PL dispersion may have the clinical advantages of 
quick release and excellent bioavaitability. 

INTRODUCTION of rheumatoid arthritis and osteoarthritis. Unfortunately, 
it has a short elimination half-life of 3.9 hr and is slightly 
soluble in water ( I ) .  Since the rate of FLP absorption is 
controlled by the release of drug from its dosage form 
into the gastrointestinal tract, modifications in the disso- 
lution profile of FLP have obvious clinical significance. 

Flurbiprofen (FLP), a potent nonsteroidal anti-in- 
flammatory drug, is a nonselective inhibitor of prosta- 
glandin biosynthesis in humans and is indicated for the 
acute or long-term treatment of the signs and symptoms 
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Figure 1. Dissolution behavior of FLP:DMPG solid disper- 
sion system at 25°C and in distilled water. 

Solid dispersions of drugs have generally been devel- 
oped to improve the dissolution of poorly water-soluble 
drugs ( 2 ) .  Various water-soluble materials, such as poly- 
vinylpyrrolidone (3), polyethylene glycols (4) and bile 
acids ( 5 ) ,  have been used in the past to improve the disso- 
lution rate and bioavailability of drugs. In these cases, 
the dosage form contains large proportions of carriers to 
be effective. It would certainly be advantageous to incor- 
porate a minimal amount of the carrier to produce rapid 

dissolution of a drug from a solid dosage form. Recently, 
phospholipids (PLs) have been introduced to improve the 
dissolution profiles of drugs. Substantial increases in dis- 
solution characteristics were observed with PL-drug 
compositions that have high proportions of the drug (e.g., 
95% w/w) (6).  The choice of PL as a codispersing agent 
is based on its potential advantage of spontaneous forma- 
tion of liposome structures in aqueous media, which en- 
trap various solutes either in the aqueous compartments 
or in the bilayers. 

The purpose of the present investigation is to evaluate 
the effect of PL composition, concentration, and solvent 
characteristics on the dissolution behavior of FLP pre- 
pared as a coprecipitate (coppt) with PL. 

EXPERIMENTAL 

Materials 

FLP was obtained in a powder state from Sigma 
Chemical Company. Pure synthetic PLs with a label 
claim of 98% purity (Sigma Chemical Company) were 
used and included L-a-dimyristoylphosphatidylcholine 
(DMPC), 1,-a-dimyristoyl phosphatidylglycerol (DMPG), 
L-a-distearoylphosphatidylcholine (DSPC), and egg phos- 
phatidylcholine (EPC). Chloroform, methanol, ethanol, 
and other solvents were reagent grade. Demineralized 
water was used as the aqueous vehicle. All materials and 
reagents were used as received from the vendors. 

Methods 

Preparation of Coprecipitates and Physical 
Mixtures 

Coppts of FLP-PL were prepared by the solvent 
method (7) using chloroform or other solvents in a jack- 

Table I 

Dissolution of Flurbiprofen-Phospholipid Composition in Distilled 
Water at 25°C 

Limiting 
Composition IDRn Concentration after 
(FLP:PL) Type of PL (pg/ml/min) 60 min (pg/ml) 

I :O  No PL 0.24 11.49 
20: 1 DMPG 1.81 22.24 
10: 1 DMPG 2.20 24.30 
20: 1 DPPC 1.24 19.02 
20: I DMPC I .90 22.64 
10: 1 DSPC 1.14 18.49 

IDR = initial dissolution rate. 
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Figure 2. Effect of the concentration of DMPG on the dissolution of FLP coprecipitates at 25°C and in distilled water. 

eted beaker with constant stirring. They were subse- 
quently dried and examined within 24 hr. Physical mix- 
tures were prepared by lightly triturating appropriate 
quantities of drug and PLs, using a small mortar and pes- 
tle, then transferring to a vacuum desiccator until ready 
for use. 

Dissolution Studies 

The dissolution rate measurements were carried out 
using a Vanderkamp 7000 dissolution test apparatus 
(paddle method). The dissolution flasks were immersed 
in a water bath at 37°C. The dissolution medium (900 
ml) was continuously stirred by a USP standard paddle 
at 100 rounds per minute. Samples were added on the 
surface of the stirred dissolution medium at the beginning 
of the study. At different time intervals, 3-rnl samples 
were withdrawn automatically by a Vanderkamp 8000 
dissolution fraction collector using a 10-pm porosity fil- 
ter screen. Measurement of concentrations of FLP was 
carried out employing a Shimadzu ultraviolet (UV)/visi- 
ble scanning spectrophotometer at a wavelength of 247 
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nm. Interference by the excipients was not observed dur- 
ing analysis. Experiments were run in duplicate, and the 
results were averaged. The difference between highest 
and the lowest readings was always less than 6%. 

RESULTS AND DISCUSSION 

Dissolution Studies 

Figure 1 shows the dissolution profile of FLP from 
PL solid dispersions prepared at a ratio of 10: 1 (FLP: 
DMPG). The dissolution profiles of the pure FLP and the 
physical mixture 10: 1 (FLP: DMPG) are also shown for 
comparison. The figure clearly indicates a greater rate 
and extent of dissolution of FLP from the coppt than the 
corresponding physical mixture or the pure compound. 
Table 1 shows that the coppt at a ratio of 10: 1 (FLP: 
DMPG) yielded a 9.3-fold greater initial dissolution rate 
(computed over the first 5 min of dissolution) than the 
pure FLP. It also produced a 2.1-fold greater limiting 
concentration than the pure FLP, which is essentially the 
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Figure 3. Effect of phospholipid composition on the dissolution of FLP:PL coprecipitates at 25°C and in distilled water. 

total amount dissolved after 60 min. Figure I also shows 
that the initial rate of release of FLP from coppts is 
greatly improved during the first 10 min of dissolution; 
after that, the rates of drug release from both coppt and 
pure FLP are very similar. This result is consistent with 
similar studies with carbamazepine (8). 

Figure 2 shows the dissolution profiles of FLP solid 
dispersions prepared at various ratios of FLP: DMPG. It 
shows that increasing the DMPG concentration from 10: 
1 to 5 :  1 does not increase the dissolution to any signifi- 
cant level. On the other hand, at a FLP:DMPG ratio of 
20 to 1, the dissolution profile looks very similar to the 
higher FLP:DMPG ratios. These results suggest that a 
ratio of 20 to 1 is sufficient to disperse crystalline FLP 
completely in DMPG to produce a coppt. 

Effect of Phospholipid Composition 

The rates of dissolution of FLP from coppts at FLP: 
PL ratios of 10: 1 for DMPG, EPC, DMPC, DPPC, or 
DSPC are compared in Fig. 3. It is apparent that the initial 

dissolution rate and the limiting concentration after 60 
min are greater for all coppts than that obtained from the 
dissolution of pure FLP. Furthermore, the release of drug 
decreases with an increase in the chain lengths of fatty 
ester of the PL. For example, DPPC and DSPC have 
higher chain lengths than DMPC or EPC. Thus, DPPC 
and DSPC both show less improvement in the release of 
the drug than DMPC or EPC, as can be seen in Fig. 3 .  
A PL improves the dissolution of a drug by its ability 
to form liposomes when in contact with water (6). The 
increase in  the release of drug may be due to an intrinsic 
solubility of the drug in the medium of the stationary 
layer or due to a partitioning process. In any case, if it 
is assumed that DPPC or DSPC behaves like DMPC or 
EPC in the formation of the crystalline lattice of the 
coppt, then the decreased release of FLP when combined 
with a longer chain compound may be related to the 
phase transition temperature T, and the corresponding 
physical state at 25°C. The TL’s of EPC, DMPC, DPPC, 
and DSPC are 1°C 23°C 43”C, and 58°C (9), respec- 
tively. Since the TL’s of DPPC and DSPC are above 25°C 
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Figure 4. 
water. 

Effect of the coprecipitating solvent o n  the dissolution of FLP:DMPG (20: 1) coprecipitates at 25°C and in distilled 

it would remain in solid state at the experimental temper- 
ature and would not disperse spontaneously, thereby de- 
creasing the dissolution, as was observed. On the other 
hand, DMPG improved the rate of dissolution of FLP the 
most. DMPG has a net negative charge on its polar head 
group, which could form an electrostatic complex with 
the amino group of FLP. This favorable orientation could 
have increased FLP concentration in the vicinity of 
DMPG liposomes and hence could have increased the 
initial rate of dissolution. as was observed. 

Influence of the Coprecipitating Solvent 

It is reported (6) that the solvent for a coppt sometimes 
plays a role in improving the dissolution characteristics 
of di-ugs in aqueous medium. Therefore, this study was 
conducted to ascertain the role of the solvent on the re- 
lease of FLP. The results are given in Fig. 4. It is obvious 
from the table that all of the solvents produced a similar 
ratc and amount of drug release. Thus, it can be con- 
cluded that solvents do not play a role in the dissolution 
pattern of the FLP coppt. Although a small amount of 
the residual solvent may be present even after a long pe- 

riod of drying, it does not seem to have any effect on 
the rate of dissolution of the FLP coppt. Simply, FLP 
combines with PL in a manner that provides an appro- 
priate orientation of the PL molecules to enable rapid dis- 
persion into bilayers when contact is made with water. 

CONCLUSION 

The coppts of FLP with various PLs in different pro- 
portions showed faster dissolution characteristics in vitro 
than the plain FLP or FLP-PL physical mixtures. A PL 
with a phase transition below the body temperature yields 
the best possible result in improving the dissolution char- 
acteristics of the drug. DMPG at a ratio of 20 : 1 (drug : 
PL) provided the optimum combination for improved dis- 
solution of FLP. This ratio provided a ninefold greater 
initial dissolution rate, and the extent of dissolution was 
improved twofold after 60 min. The coprecipitating sol- 
vent does not influence the dissolution characteristics of 
the FLP from the coppts. Therefore, FLP-PL coppts may 
have the clinical advantages of quick in vivo release and 
better bioavailability compared to the FLP alone. 

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
/3

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1082 Habib, Phan, and Owusu-Ababio 

REFERENCES 

1 .  P. R. P. Verma and T. E. G. K. Murthy, Drug Dev. Ind. 
Pharm., 23, 633 (1997). 

2. W. L. Chiou and S .  Riegelman, J. Pharm. Sci., 60, 1281 
(1971). 

3. H. Sekikawa, T. Naganuma, J. Fajiwara, M. Nakano, and 
J. Arita, Chem. Pharm. Bull., 27, 31 (1979). 

4. K. H. Kim and C. I. Jarowski, J. Phann. Sci., 66,1536 ( 1977). 
5 .  R. G. Stoll, T. R. Bates, K. A. Nieforth, and J. Swarbrick, 

J. Pharm. Sci., 58, 1457 (1969). 

6. S .  Venkataram and J. A. Rogers, J. Pharm. Sci., 73, 757 
(1984). 

7. W. L. Chiou and S. Riegelman, J .  Pharm. Sci., 60, 1569 
(1 97 1 ). 

8. M. Biswas, C. 0. Akogyeram, K. R. Scott, G. 0. Potti, 
J. F. Gallelli, and M. J. Habib, J. Contr. Rel., 23, 239 
(1993). 

9. B. D. Ladbrooke and D. Chapman, Thermal analysis of 
lipids, proteins and biological membranes; A review and 
summary of some recent studies, Chem. Phys. Lipids, 3, 
304 (1969). 

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
/3

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.




