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SUMMARY 

The aim of this study is t o  increase the solubili ty 
of naproxen by inclusion complex fonnation with 01, B , Y ,  hydroxy- 
pmpylbeta and dimethylbetacyclodextrin . The apparent s t ab i l i t y  
constants were calculated f m  the slope and intercept of the AL- 
solubility diagrams. The solid inclusion complexes of napmxen w i t h  
cyclodextrins i n  1:l mola r  r a t io  were prepared by the kneaded-mix, 
spray-drying and freezeilrying method. The formation of inclusion 
ccanplexes i n  the solid state were confirmed by X-Ray diffractomtry 
I . R .  spectroscopy and differential  scanning calorimetry. The dis- 

solution rate of naproxen frm the inclusion ccanplexes was  much 
mre rapid than napmxen alone. The best results were obtained 
w i t h  B-cyclodextrin inclusion canplex prepared by the sprayilrying 
method. 

IIWRODUCI'ION 

O r a l  administration of most drugs generally causes no 
problems, although the usefullness of this route can be limited by 
certain undesirable effects on the gastric mucosa. In an attempt 
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9 44 BLANCO ET AL. 

t o  reduce these effects attention has turned towards rrcdifying the 
chemical structure of the drug mlecule, to give a new cOmpOund 
which may or m y  mt have the sam pharmacological properties. One 

of the mst active f ie lds  i n  p h m c e u t i c a l  technology is concer- 
ned w i t h  the study of new excipients tha t  w i l l  reduce these effects 

t o  acceptable levels, even eliminating them, without canpromising 
the pharmacological properties of the active principle. 

Over the past few years there has been growing inte- 

rest i n  the cyclodextrins ( 1-5 ) because, owing t o  the ease w i t h  
which they form inclusion complexes, it is possible: t o  increase 

the dissolution rate of drugs ( 6 ,  7 1 ,  t o  alter membrane permea- 
b i l i t y  ( 8, 9 1 , t o  increase the bioavailability of sparingly so- 
luble drugs ( 10-12 ) ,  to increase drug s t ab i l i t y  ( 13, 1 4  ) anCl 
t o  reduce gastric irri tancy, i n  particular tha t  of the non-steroi- 

da l  a n t i i n f l m t o r y  drugs. The drug chosen for t h i s  paper f a l l s  
i n  this last category: naproxen, a a n t i i n f l m t o r y ,  analgesic and 
antipyretic frequently used i n  the treatment of rheumatic diseases. 
Naproxen is only s l igh t ly  soluble i n  water and administered orally 
frequently gives rise to gas t r ic  i r r i ta t ion .  The aim of this pa- 
per is t o  increase the solubili ty of naproxen i n  a r t i f i c i a l  gas- 
t r i c  mdium by forming inclusion oomplexes with cyclodextrins and 
using different methods of preparation. 

MATERIALS AND METHODS 

Materials: Naproxen ( Sigma ) , a ,  (3 , y , cyclodextrins ( Chinoin) 

hydroxypropyl and dlimethylbeta cyclodextrins ( Celdex ) . All other 
reagents and solvents were of analytical grade. 
Differential Scanning Calorimetry: A Perkin Elmer DSC-4 w a s  used 
with 5 mg samples and scanned a t  10X min-’ up to 170~x2. 
X-Ray diffraction studies: Diffraction patterns w e r e  obtained by 
scanning a t  l_o/min through the 2 ~ 0  angle on a Siemens D-500 dif- 
fractometer using Cu-K, radiation. 

Infrared spectra: A Perkin E h r  1330 I R  spectrophotomter w a s  u- 
sed. 

Dissolution assays: These were obtained via apparatus I1 of the 
USP X X I  at a temperature of 3 7 s  and 75 r.m. i n  900 m l  of 0.1 N 
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INCLUSION COMPLEXES OF NAPROXEN 945 
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FIGURE: 1 
Phase-solubility diagrams of naproxen-cyclodextrin inclusion 
ccenplexes at  pH = 1 and 250 C. 

ClH solution. Naproxen assays of collected samples were made spec- 
t ropho tmt r i ca l ly  at  272 m ( E i F  = 218 ) a f t e r  f i l t r a t ion .  D i s -  

solution w a s  characterised through two parameters: the percentage 

of naproxen dissolved a f t e r  5 minutes ( indicative of the  rate of 
dissolution ) , and the Dissolution Efficiency ( 15 ) ( showing the 
t o t a l l i t y  of the dissolution process ) .  Similarities i n  behaviour 
between the complexes were revealed by taking the  analysis of va- 
riance corresponding t o  the t w o  characterising parameters chosen. 
The test for  the minimum significant difference ( E D  ) w a s  appli- 
ed t o  see w h i c h  inter-treatment differences were significant.  

EXPERIMENTAL RESULTS AND DISCUSSION 
1-. Phase-solubility studies: The naproxen solubi l i ty  curves ( 2 5 a )  

pH=l 1 for the different  cyclodextrins ( Figure 1 ) show that 
soluble complexes were formed i n  each case, corresponding to the 
type A1 diagrams i n  Higuchi and Comr’s terminology ( 16 1 .  Fur- 

t h e m r e ,  there is clear evidence t h a t  the solubi l i ty  of naproxen 
dependes on the type of host molecule and that betacyclodatr in  
and its derivatives function best i n  this respect; quantitative 
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946 BLANCO ET AL. 

evidence being provided by the s t ab i l i t y  constants, which reflect  
the magnitude of the interactions between host and guest molecu- 
les. The high value for  the complex formed with dimthylbetacyclo- 
dextrin ( K = 26988 M-’ ) indicates an inclusion ccmplex of very 
high s tab i l i ty ,  owing t o  a large number of i n t e m l e c u l a r  inte- 
ractions. The inclusion canplexes formed with hydroxypropylbeta 
cyclodextrin and betacyclodextrin ( K = 624 Mel and 1379 M-’ res- 
pectively ) are also stable, whereas the values obtained for  al- 
phacyclodextrin ( K = 19 M-’ ) and gamnacyclodextrin ( K = 1 4 1  
M - ~  
ties. 

relate to the formation of cmplexes w i t h  very law stabili- 

It is beyond doubt that the s t ab i l i t y  constant of an 
inclusion ccmplex depends on the degree t o  which the two mlecu- 
les interact,  dependent i n  turn on the relation betwen the s i z e  
of the guest mlecule and the s ize  of of the cavity i n  the cyclo- 
dextrin. Considering the cyclodextrins used here: naproxen would 

have difficulty f i t t i n g  in to  the s m a l l  cavity within alphacyclo- 
dextrin ( 4.5 2 ) , while gamnacyclcdextrin would present a cavity 

tha t  w a s  too large ( 8.5 8 ) . Betacyclodextrin and its derivatives, 
hcwever , by virtue of the i r  cavity s i z e  ( 7.5 8 ) , would provide 

a space for napmxen mlecules which could then interact with the 

functional groups rirmcing the cavity. 
Uekama et 61. ( 1 ) have put forward a schem which 

Whas ises  those factors that are influential  i n  the absorption 
of drugs administered as inclusion complexes with cyclodextrins. 
There is a series of consecutive stages i n  the absorption process 
( Figure 2 ) which are of prime irqmrtance when the drug passes 
into the circulatory system. It hardly needs pointing out that, 
for those drugs whose rate of absorption is limited by the rate 
of dissolution, it is advisable t o  increase the dissolution rate 

by formjylg inclusion complexes with the cyclodextrins. W e  should 
also ke mare hcwever, of the importance of the s t ab i l i t y  cons- 
t an t  of the mmplex formed; complexes with low s t ab i l i t y  constants 
w i l l ,  when administered, rapidly release the drug, p s s i b l y ,  redu- 
cing the effect  that complexation has on the bioavailability of 
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I N C L U S I O N  COMPLEXES OF NAPROXEN 947 

G . I .  TRACT CIRCULATORY 
SYSTEM Solid drug 011, Dissolved drug 

Solid D-CyD ,-b Dissolved 
complex D-CyD complex 

DRUG 

Solid drug d-- Dissolved drug 

FIGURE 2 

Schematic representation of dissolution-dissociation- 
absorption process of a drug-cyclodextrin ( D-CyD 1 
complex 

the drug. If the stability constant of the complex is high, the 
drug release rate will be slow and the quantity of free drug a- 
round the area where it is absorbed will be low. We can reasonably 
conclude therefore, that the cyclodextrins can only be acting as 
carriers that take the drug from the aqueous nedium to the lipidic 
gastrointestinal membrane. In view of all this Szejtli ( 3 has 
stablished that only inclusion complexes with stability constants 
between 200 and 5000 M-' can be used to improve the bioavailability 
of hydrophobic drugs. 

The experimntal data obtained lead us to reject dime- 
thylbetacyclodextrin, while bearing in mind that it has been des- 

cribed h m  the interaction of this carrier with components of bio- 
logical mmbranes altered their structure and helped in the absorp- 

tion of certain drugs ( 1 1 ,  which would relate to descriptions of 
gastric irritation produced by this cyclodextrin ( 1 ) ,  and our 
reason for rejecting it in comrplex with naproxen. 

With regards to hydroxypropylbetacyclodextrin this 
was also rejected owing to its high cost and d l  efect on the 
solubility of naproxen ccmpared to betacyclodextrin. 
Preparation of inclusion ccanplexes with betacyclodextrin: With 
betacyclodextrin w= went on to form inclusion complexes by means 
of three techniques taken from the biblicgraphy ( 17 ) : freeze- 
drying, spray-drying and kneaded-mixing . 
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948 BLANCO ET A L .  

Freeze-ing: A solution of 1:l naproxen and betacyclcdextrin w a s  
prepared i n  d i s t i l l ed  water w i t h  a small a u n t  of m n i a  t o  help 
the active principle t o  dissolve. The solution was  agitated 24 h 
and then freeze-dried. 
Spray-drying: The methcd described above w a s  followed up t o  and 
including the agitation stage a f te r  which the solution w a s  spray- 
dried i n  a Mini Spray Dryer Biichi 190 under the following condi- 
tions: air  temperature= 120P2, air temperature on leaving = 40X, 
air flow rate = 600 l.min . 
Kneaded-mixing: Naproxen and betacyclodextrin were put together .in 
a mrtar i n  a stoichiomtric proportion of 1:l. The same weight of ,  
50% ethanol/water mixture w a s  added and the contents are dround 
togetheruntil homgemus and a l l  the solvent had evaporated and 
dried i n  a vacuum wen. Once dry the product w a s  s i f ted  t w i c e  be- 

tween 125 and 250 meshes. 

-1 

Naproxen and betacyclcdextrin were also subjected 
separately t o  the three treatments. 

Characterisation of the inclusion ccsrrplexes: The thennograms for  
the complexes are shown fo r  the three methods used i n  Figure 3 

The endothermic peak at  156K corresponding t o  naproxen desappears 
i n  the inclusion complexes made by freeze-drying and spray-drying, 
shcwing that the drug had become incorporated i n  the cyclcdextrin 
cavity. The complex given by kneadeddxing shows two characte- 
r i s t i c  endothermic peaks: the f i r s t  a t  l O O X ,  is due to  the evapo- 
ration of water i n  the cyclodextrin and the second t o  naproxen; 

so th i s  method, i n  contrast t o  the other two, does not provide 
complete encapsulation, naproxen exists dispersed i n  the free sta- 
te between inclusion complex. 

Lrooking at  the X-Ray diffractograms ( Figure 4 ) 

shows that the inclusion ccgnplexes have an amorphous structure 
when obtained via spray-drying or freeze-drying, but maintain 
sane cr i s ta l l ine  structure when obtained v i a  kneaded-mixing. Of 
course these results could arise from the formation of an mr- 
phous solid dispersion and not true inclusion of naproxen i n  the 
betacyclodextrin cavity. For this reason w e  made recourse t o  the 
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I N C L U S I O N  C O M P L E X E S  OF NAPROXEN 949 
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9 50 BLANCO ET AL. 
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INCLUSION COMPLEXES OF NAPROXEN 951 

2000 I 5 b O  

FIGURE 5 

I . R .  absorption bands i n  the 1500-2000 region: a) Naproxen 
b) 6-cyclodextrin; c) kneaded-mix inclusion complex; d)  Spray- 
dried inclusion ccanplex; e) Freeze-dried inclusion complex. 

corresponding infrared spectra ( Figure 5 1 :  the naproxen peak a t  
1728 an-’ is absent for  the inclusion complexes obtained v i a  spray 
drying and freezedrying but it is evident for  the complex obtai- 
ned via  kneaded-mixing. 
Dissolution studies: Figwes 6 and 7 shm man dissolution curves 
for  naproxen on its rn and i n  the form of the inclusion complexes 
With regards t o  naproxen it can be observe tha t  different  disso- 
lution prof i les  are obtained according t o  the treatment. Table 1 

lists the percentages of naproxen dissolved a f t e r  5 minutes and the 
dissolution efficiency values for naproxen on its own and subject 
to  the three different  treatments. 
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0-0 Naproxen 
0-0 Kneaded-mix 
A-AFreeze-dried 
8-8 Spray-dried 
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.rl a 

0 20 40 60 80 100 120 

A-A Spray-dried 

Minutes 

FIGURE 6 

Mean dissolution curves ( 6 experiments ) of napmxen 

FIGURE 7 

Mean dissolution curves ( 6 experiments ) of naproxen- 
6-cyclcdextrin inclusion complexes. 

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.



I N C L U S I O N  C O M P L E X E S  OF NAPROXEN 953 

TABLF: 1 

Percentages of naproxen dissolved a f t e r  5 minutes and dissolution 
efficiencies for naproxen on its awn and subject t o  3 different 
treatments. 

Naproxen 

Naproxen Spray-Dried 

% naproxen dissolved 
after 5 minutes 

5.43 
5.48 
6.45 
5.36 
5.21 
5.02 

8.03 
4.50 

Naproxen kneaded- 10.13 
mixing 8.08 

5.21 
3.21 

8.82 
10.25 

Naproxen Freeze-Dried 9.62 
14.76 
16.34 
13.52 

23.32 
22.79 
27.69 
33.98 
24.26 
23.34 

Dissolution 
Efficiency 

0.2783 
0.3113 
0.2729 
0.2626 
0.2706 
0.2982 

0.2671 
0.2392 
0.2002 
0.2107 
0.2441 
0.2409 

0.4657 
0.4316 
0.3426 
0.3888 
0.3540 
0.3503 

0.4210 
0.4238 
0.4215 
0.4301 
0.4181 
0.4225 

The PiNOvA for  the % of naproxen dissolved after 5 mi- 

nutes gives a F value of 61.57 which is significant at  01=0.01. 

For the Dissolution Efficiency values the ANOVA gives a F value 
of 10.04 which is also signifficant at  01 = 0.01 level, so w e  used 

the test for minimum significant difference ( MSD ) i n  order to  see 

which of the treatments gave significant differences ( Tab le  2 1 .  
From these results it can be seen that, w i t h  regards 

t o  the percentage of napmxen dissolved a f t e r  5 minutes, naproxen 
and kneaded-mix naproxen present no significant difference, whe- 
reas the freeze-dried and spray-dried naproxen do show significan- 
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9 54 BLANCO ET AL. 

TABLE 2 

Average values for  parameters corresponding to  the treatments 

applied t o  naproxen and values of the MSD test 

Parameter Naproxen Kneaded-mix Spray-dried Freeze-dried MSD 

% Napmxen 
dissolved 5.49 6.52 25.89 12.21 4.869 
a f t e r  5 min 

0.2845 0.2337 0.4231 Dissolution 
Efficiency 0.3855 0.108 

TABLE 3 

Values of dissolution paraters for  napmxen i n  inclusion 
complexes made by three different  methods 

Inclusion % naproxen dissolved Dissolution Efficiency 
CQmpleX after 5 minutes 

52.45 51.60 53.01 0.6466 0.6295 0.6600 
54.87 54.98 57.42 0.6355 0.6375 0.6467 Kneaded& 

62.65 59.20 56.46 0.6364 0.6305 0.6412 
67.05 60.34 59/10 0.6253 0.6461 0.6959 

62.22 67.78 64.07 0.6959 0.7052 0.7295 
53.01 53.87 56.42 0.6856 0.6865 0.6896 Spray-dried 

t l y  higher values due t o  the s t ructural  changes produced by these 
treatments. The values for  napmxen and kneaded-mix naproxen co- 
rrespnding to the dissolution efficiency are s t a t i s t i c a l l y  equal 
but l m r  than those for freeze-dried and spray-dried naproxen. 

Table  3 lists the percentages of naproxen dissolved 
a f t e r  5 minutes and the dissolution efficiency values correspon- 
ding t o  the naproxen-betacyclodextrin mnplexes . 

The ANWA for  the percentage of naproxen dissolved af- 
ter 5 minutes gives a F value of 4.38 which is significant at  a :: 

0.05 level and for  the dissolution efficiency values the ANOVA gi- 
ves a F value of 10.95, significant at  a = 0.01 level. 
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INCLUSION COMPLEXES OF NAPROXEN 

2 
3 2 80- 
m 
cn 
4 a 60- 

955 

0-0 Naproxen 
A-A Physical mixture 

Minutes 

FIGURE 8 

M e a n  dissolution curves of naproxen and physical mixture 

The percentage of naproxen i n  solution a f t e r  5 minutes 

parameter, a t  the 0.05 significance level, s h s  a minimum signi- 

ficant difference of 5.24; therefore significant differences e- 
xist between the values due t o  the complexes made by kneading- 

mixing ( 53.96% ) and those made by frezze-drying ( 60.80 ) and 

spray-drying ( 59.56 . 
With regards t o  the efficiency of dissolution parame- 

ter a t  the 0.01 significant level, the minimum significant diffe- 

rence is 0.0386; therefore the values correspnding t o  the knea- 
ded& method ( 0.6426 ) and the freezedrying method ( 0.6493 ) 

method are considered equal, whereas the mean value corresponding 

t o  the spray-drying method ( 0.6987 ) is significantly greater. 
It has already been s h  tha t ,  for  the inclusion am- 

p l e ~  made by mixing, mt  a l l  the naproxen is incorporated into 

the betacyclodextrin cavity; that the dissolution efficiencies 
for  complexes made by kneadeddxing and freezeilrying should be 

s t a t i s t i ca l ly  similar is therefore of interest  and can be explai- 
ned when the increased solubili ty of naproxen when i n  a physical 

mixture with betacyclodextrin is considered ( Figure 8 . 
A similar occurence has been described by Szejtly for  

indmethacin ( 18 ) and so, for bioavailability enhancement, the 

preparation of a real cyclcdextrin complex is therefore not always 
necessary. 
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