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DISSOLUPIOS OF EALIDIXIC ACID SOLID DISPEBSIOHS 

!. System o i  HbEInaluelon and Linear Polymerlo Compound6 

Baslk A. E l  Gindy, A.A. Sbalaby and Y.M. A M  El-Khalek 

Departrpent of Induetrisl  pbsnaaoy, 

Paotalty of warrppoy, Alepaadria Unioeralty, BaVpt. 

ABSTRACT 

The aolublllty end dleaolution rate enhancement 

of nalidixio aold porder, applylng solid diaperelon 

teahnique, with Inalualon and linear polymerlo ooa- 

pound8 were studied, A t  100 g/L o a r r i e r  oonaentratlon, 

the imreaee In dru& eolubllltJr waa 3.3, 2.0, 1.4 and 

1.1 tinre6 that of the powdered drug for urea, PEG 4000, 

PEG 6000 and PVP, reepecflvely. The inorearre in oarr ler  

r a t io  enbaaoed the drug dlonolution, A t  four fold 

carrler oonaentratlozw, the amount dlaeoluted after 

one hour u w  50, 55 m&/L for wrprplee prepared by fusion 
with urea and PEG 6000, reepeotlvely, l!he oopreoipib- 

tion with PVP dIe8011atfbd 65 mg/L of Zidld iXio  acid 
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1032 EL GINDY, SHALABY, AND ABD EL-KHALEK 

after one hour conpared to only  27.5 mg/L of powdered 

drug alone. 

m e  solid dispersion technique has nunerous 

pharmaceutical applications. Such a technique can be 

used to obtain a hosnogeneous distribution of a small 

amount of m e  at s o l i d  state, to etabillae unstable 

drugs, to fomulafe a fast-release priming dose in a 
sustained release dossge form spd to formulate 

Buetained release regimens of soluble drugs by using 

poorly-soluble carriers (1). 

%?he water-soluble carriers most cornonly uasd to 

enhance the dissolution rate of insoluble drugs 

include polyethylene glyoola (2,319 eugars (41, 

urea (5) , polyviPylpymolidon8 (6,7) mcclnio w i d  

( 8 ) ,  atarfaotaatrp (9) etc. 

In our  previous paper (lo), the effect of solid 

disperrrion techniquee, ualng either hydrQtropl0 ealts 

or Hyrj 59, on the dissolution rate of nalidiric aeid 
was studied. 

In this paper, the effeot of solid dispersion 
teohnique on the dis8olution rate Q f  nalidixic mid 

is continued. Dlfferent ooncentratlona of inclusion 

and linear polymerio carriere are  used in order to 
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NALIDIXIC ACID SOLID DISPERSIONS. PART 2 1033 

seleot the type, conaentratian mu¶ technique moat 

effecatlve In enham- the drug release. 

Mater$ale - The following material8 were used : 

polyethylene glyeol 4000, 6000 (BDE Chemisals, Ltd., 
England), polyethylene glyeol 20,000 (Hoeohet Rsrbwerke 

A.Q., Germany), polyPinylpyrrolldone (Luvlekol K30, 

mol. w t ,  40,000, B.A.S.F., Germany), urea (Merolr and 

Coo, U,S,A.), nalidixio aoid (U, Sterling-Winthrop, 

All other ohemhala were anarlytical reagent grade, 

Solubility s tudies  - & exoeee amount of I'?AL wa8 plaoed 

in  dark amber glass bottles oontaining 20 m l  of an 

aqueow solution o f  eaoh carrier in varying conoentra- 

tio~a. !Phe experiment was followed aa explalned ia our 

previoue paper (10). 

B e  dntg was assayed spectrophotmetriaally at 

259 mu. Hone o f  the used oarriers m e  found to inter- 
fere rith the spectrophotometrio assay of the drug at 

this ravelength, 

SainBle Pre- tion - %e earppplere were prepared by ta 

physioal blending, f w i o n  or copreelpitation teohnlque 
aa previouely reported (lo), 
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1034 EL GINDY, SHALABY, AND ABD EL-KHALEK 

Dleaolut%on Rate Studigo - a e s e  were aarried us- 

the beaker method end follorlrrg the aaae proaedure (10). 

Tho amount of drug wae equivalent to 50 rg. 

IE order to elwidate the partioipatlon of the 

different thennody~m50 parameter. In the solubllisa- 

tion of ncrlidbda aaid by aquearu urea rroltatione, two 

solublliutla~ ]PIUL(I were ooaduoted at 25 an4 37'C 

(PQ. 1). Tho ~OlUbillty O f  HAL, in diff-t W- 

oomontrafione, is inarermd rrwf%aantly upon 
inareaat- tha temperature. tber9lodyzx~~Io para- 

metera, ba8ed on there oume8, were oomputed 1Db 

repreeented in table la, 

A t  37OC , A P has 4aall negative veluee, a0 the 
negative aiep I s  iPdioatlre of the npontanslty of the 
proaesm (11). At 25OC in the range of 0.5-5 g/L, the 

oomputsd A F ahowed mall porl t ive mluer rhiah 

lndloete a nonapontaneotae prooees but preolude the 

poeelbllity of oomplexation where the reported valuee 

of oompleaatlon a m  usually in the range of 2-5 K cal./ 
mole (12). A E  valtasrr were oalculated to detenaine 

the enthalpla oontrihtloa to the eolublll~y prooeaa. 

!Che r a p d o p ~  nature of the raltaer rrithln the range of 

0.5-5 g/L urea aonoentratlon prevented a defiaite 
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FIGURE 1 

Solubility of BUI with different oarriere 
o--0 urea at 25OC. A-A PVP at 37OC. .-I urea at 37'~. 

statement as to whether the proeese i a  eadothermle, 

erothenaic or athem. 

It can be oonoluded that both the poeitire A H  
value8 ae w e l l  a6 the negative A P  varlaee indioate 
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1036 EL G I N D Y ,  SHALABY, AND ABD EL-KHALEK 

!FABLE 1 

Thermodynamic parameters for l y r l i d i r i o  acid 

a) In urea eolutiona 

Comeatrat I o n  A F (Kcal/mol) A H  A 8  
3 7 ' ~  gcal/mole e.u. t: g/& 2 5OC 

0. 5 
1.0 

2.0 

5.0 

10.0 

25.0 

50.0 

100 0 

+0.133 

+0.133 

+0.133 

+OoO73 
-0.101 

00. 175 
-0.216 

-0.271 

-0 042 

-0.161 

-0 . 161 
00.182 

-0.341 

4. 454 
-0.610 

-0. 776 

+ 4,513 

+ 7.507 

+ 7.507 

+ 6.462 

+ 5.899 

+ 6.784 

+ 9.640 

+I20 371 

* e.u. 8 entropy d t .  

b) In eolutlone of linear polymerlo compounds 

Conoeatrat Ion A F (Koal/mol) at 37OC 
PVP PEG 4000 P E G  6000 

5.0 -0.139 -0.117 -0.106 
10.0 -0.068 -0. 104 -0.204 

25.0 +0.076 -0.183 -0.204 

50.0 -0.146 -0. 2% -0.204 

100 . 0 -0.117 -0 404 -0.244 
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NALIDIXIC ACID SOLID DISPERSIONS. PART 2 1037 

that the solubility increase is entropic in origin (11). 

The positive A s  values indicate spontaneity of the 
reaction. U r e a ,  in other words, may 6olUbillse nsli- 

dido acid by "breaking upn water clusters surround- 

the nonpolar molecule, inoreasing the entropy of the 

ayrstera, and produclng 8 "drivhgn foroe for the 

eolubilieation. 'Ehis aeerrmption is in agreement wlth 
the syste~ne o f  bensoic acid-urea and salicylic acid- 

urea investigated by Feldman aad Qibaldi (11). 

!the solubility profiles of HAL wlth PVP and PEGS 

are &om in figurea 1 and 2. PVP m e  found to inter- 

act wlth NAI, in solution, as manifested by the elight 
increme in the drug solubility accampaaied by an 
increase in the free energy ohange, A F, (Table lb). 
Thle m Q h t indicate a decreaeed spontaneity of the 

procem, but did not involve oomplexatlon (12). At 

25 g/L w/v, A P exhibited a net positive value, lndicat- 
ing ta nonepontaneous reaction at thie critiaal 

concentratfon. PEG 4000 showed nearly a similar solubi- 
lity pattern to that o f  PVP with a larger enhancement 

in the solubility and much smaller A F  values. PEG 6000 

ehowed o n l y  a slight enhancement irz the solubility of 

HAL accompanied by a spontaneous reaction and no 

complenntion. PEG 20,000 revealed a alight enhancement 

in the solubility of XAL up to 1 g/L wfv caz~ier. Thia 

was followed by a solubility decrease even below the 
water-solubility of the drug. 
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FIGURE 2 

Solubility of HAL with different polyethylene glyools 
a t  3 7 O C b  
0-0 PEQ 4000 A-h PEG 20000 O-• PEG 6000 

1Pbne, at 100 g/& w/v cI(uTIer conoentration, the 

follorrrirrg rank order could be uoneldered, regarding 

the solubility enhannement by using lnuluelon and 

~inetiw polymeric U0mpOund6 t urea > 4000) PEG 6000) 

P n b  
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20 40 6 0  
Time i n  minutes 

FIGURE 3 

Effect o f  different  techniques on the dissolution rate 
of equiportioas ( 0 )  or 1:4 EAL t o  urea ( 0 )  powder. 
o--o drug alone 0-0 fhaion 
0-D phy8lCal blending A--O eoprecipitatlon. 

dissolution prof i les  of  powdered U-urea 

binary mixturee prepared by dlfferent  techniques are 

srhown in figure 3. The equiportion physical blend of 

urea and SUAL showed a slight enhancement in the 

di8soltxtion rate of HAL powder, acoounted t o  a BDB 
(relat ive dissolution rate) of 2.08 after 5 minutes 

(Table 2). This may be due t o  the lack of  intimate 

contact between the two components In  the powder 
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1040 EL GINDY, SHALABY, AND ABD E L - K W E K  

TABLE2 

Saprpleo of powdered EAL-oarrler blnary mixture6 

uoed In tho dle6olutlon rate rrtudler 

Carrier DTAhoarrier Condition RDR' 
*/r at 5 min. 

U r e a  It1 

1:4 

It1 

It4 
It1 

lr4 

PVP 1:l 

124 

I t 1  

It4 

PEG 6000 1:l 

1:4 

It1 

1:4 

Physloal blend 
W 0 

Furlon eyatem 

W I) 

Co-preeipitate 
I) Il 

Phyeieal blend 
I) 0 

Co-precipitate 
n W 

Fusion syetem 

I) I) 

Co-precipitate 
0 n 

2.08 

2.42 

6.01 

7.67 

4.11 
6e92 

2e33 
2.33 
9.67 

14.42 

7.34 
12 83 
6.50 
10.50 

~~ ~ ~ ~ ~ ~- ~ ~~ ~- 

RDR t (relative diesolution rate) amount o f  
lt&L dlreoluteb at any tlme 1 that dissoluted 
from the untreated drug at the aeme tlme. 
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NALIDIXIC ACID SOLID DISPERSIONS. PART 2 1041 

mixture. The co-precipitate system started with a 

rapid dissolution rate at the first 20 minutes followed 

by a slower one, where the RDR was 4.17 after 5 minutes, 

The Azsion syetem showed the highest dissolution 

rate e-ement all over the dissolution period 

wlth a RDR of 6.01 after 5 mimttes. !i!heee findinga 
may be explained on the basis of particle eise reduc- 

tion of the drug (1). in addition to the inherent 

properties of urea as an inclusion compound (13). 

merefore, the following rank order could be eon- 

sidered regardiag the eolubiliaing capacity of the 

techniques : fusion ) oo-preoipitation } simple 

blemding. 

The l:4 lodfrurea systems showed the same order 

for the dissolution behatriour, but wlth a higher 
enhancement (Fig. 3). 

The dissolution rate profiles of EJdEPVP systems 

are  shown i n  figure 4. The equiportion co-precipitate 

system showed a rapid diesolution rate during the 

first 20 snimtes, then approached equilibriura, m e  

20% &BL system ahewed the same behaviour but with a 

higher enhancement. sfhe RDR for the co-precipitate 

system, after 5 minutes, was 9.67 and 14.42 for the 
1:l aad 1:4 HAL-PVP respectively. This marked enhance- 

ment in the dissolution characterietioe of the GO- 

precipitatea, moat probably reflecta a signifioant 
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FIGURE 4 

Effect of different techniques on the dissolution rate 
of equiportione ( 0 )  or l t 4  BAL to PVP ( 0 )  powder. 
0--00 drug alone 0-0 physioal blending 
A-A ooprecipitation. 

reduotion in the partiole sise of the drug durlng 

ample preparation (7). 'Ehe reduaed partiole sim and 

the ooncomitant increase in the surfwe area of nali- 

dixio acid exposed to the dissolution nedium appears 

to be the mejor factor responsible for the observed 

potentistion, 
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I 
P‘ 

,d’ 
/ 

20 40 60 
Time in minutes 

FIGURE 5 

Effeot of different teohniques on the dissolution rate 
of equiportions ( 0 )  or 1:4 HAL to PEG 6000 ( 0 )  powder, 
0--0 drug alone A-A copreoipitatlon 
0--0 f’usion. 

The equiportion melt system of HAL-PEG 6000 

(pL%g. 5) showed a marked and -00th dissolution 

enhancement, where the 1:4 m e l t  system showed a very 

fast dissolution up to 10 minutes follow8d by a lait- 

fns diasalution value, The 1:l ?UL-PEG 6000 co-preoi- 

pitate  syetem revealed a dissolution enhanceaent of 
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1044 EL GINDY, SHALABY, AND ABD E L - K W E K  

about 6.5 times the untreated drug after 5 mIPutee, 
while the 2096 HAL eystenn gave a BDB of 10.5 at the 

m e  time interval. Since ISBGPEO melt was allowed to 

solidify rapidly, the cryatallisation of the drug is 
retarded due to redaced rsolute migration and diffloulty 

in nucleation of the drug in the oieoous medium (1). 

!there are some other factorsr whioh may oontribute to 

the enhancement of dieeo~ution rate of Wger in PEG 

melt system, namely high viecosity, eupemoollng 

effeot, and phyelcoohe8iloal iateraotion between the 

drug and palmers (1). 

Although certain carriere exhibited low interaction 

with NAL In the aqueoue phaee as manifested by their 

low solubiliaiag eapaeity e,g. PVP and PEO 6400, yet 

they proved to be powerful oarrlere when w e d  in solid 

diepereion Sy8t-S. 

To ooncrltade, fusion of 2 M  HAXI with urea or 
PEQ 6000, and oopreoipitation with PVP aaa be used for 

the enhanoement of the dileeolution rate of nalidlxlo 

asld powder. 

1, W.L. Chlou asrd S. Biegelman, d. F+htamn. S O L ,  6& 

1281 (1971). 

2, W.L. Chioa and So Biegellann, ibid., z, 1505 (1969). 
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