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AGSTRACT 

The m t t a b i l i t y  o f  n a l i d i x i c  a c i d  povder was 

improved by us ing  d i f f e r e n t  t ens ioac t ive  q e n t s  

e spec ia l ly  :.lith : t y r j  59, B r i j  35 and !L!ween 40. There 

vras an  o ; t i x d  concentrat ion f o r  each tcnsi.de which 

nroduced a xaximl vre t tab i l i ty .  

The unique method of c r y s t a l l i z a t i o n  of m l i d i x i c  

m i d ,  i:i presence o f  d i f f e r e n t  c a r r i e r s ,  siio:Ted ,;reat 

e!ikancement i i l  i t s  d i s s o l u t i o n  rate. ikUimW.1 enhancing 

eTfects  xere  oiiown a i t h  1:; YI/V Xyrj 53 Oi- :ie,a:iine and 

5:; v?/v each of FVP end urea. '?he drug y i e l d ,  .i.n Cenernl, 
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684 EL GINDY, SHALAB:!, AND ABD EL KHALEK 

w s  high in all systems and the flow properties of the 

crystallized drug powder were also improved. 

IUTRODUC TI013 

Nalidixic acid is currently used a3 an anti- 

bacterial agent in urinary tract infect:Lons (1). 

Although the phrmaco!s:inetics 04 this &?ug have been 

investicated (2-31, yet little information is available 

RSout the influence of formulation factors on its 

dissolution rate. 

The wet tability of several hydrophobic drugs was 

improved by the use of tensioactive agents (4-5). !be 

lovering of the surface free energy by the adsorption 

of these tensides directly reduced the 1;hermodynamic 

driving force opposing the dispersion pi'ocess (6). 

Chiou and co-workers (7) inveatigat ed the effect 
of crystallization of poorly ;mter-soluble drugs on 

their in-vitro dissolution rates. 1:hrlcec. enhancement 

was oboerved for chloramphenicol , sulphe.thiazole and 
predniaone upon crystallization in 2.5% w/v aqueous 

solution of polysorbate 80. 

The aim of our vork is to improve the wettability 

of the hydrophobic drug, nalidixic acid, and to 

investigate the effect of crystallization in presence 

of different carriers, as well as their concentrations, 

on the in-vitro dissolution rate of its powder. These 
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CRYSTALLIZATION OF NALIDIXIC ACID 685 

c a r r i e r s  include nonionic tensides of d i f f e ren t  

chemical c l a s ses  and HLB values ("ween, B r i j  and I J y r j ) ,  

occlusion and l i n e a r  polymeric compounds (urea,  PEGS 

and PV'P) and hexaiine as a representative exanple o f  

hydrotropic salts of urinary a n t i s e p t i c  properties. 

XXPERIMENTAL 

Llaterials - The following mater ia l s  were used : 

B r i j  35, 58 and 98; i l y r j  51, 53 and 59 and !been 40, 

60 and 30 (Atlas Chemical Indus t r ies  CO.,  U S A ) ,  

hexamine (B.D.H., England), n a l i d i x i c  acid (XAL) 

Sterling-'.'/inthrop, USA),  aolyetliylene c lycol  6000 

(B.D.H., England), polyethylene glycol 20,000 (Hoechst 

Barbverke , Gemany), poly-vinylpyrrolidone (nol. w t  . 
40,000 BASF, Germany), and urea (Merck, USA).  All 

other chemicals were ana ly t i ca l  reagent srade. 

Ue t t ab i l i t y  of XAL Powder by Nonionic Tensides : 

Clean dry cap i l l a ry  tubes (1.5 mm. diameter) 

were packed with 50 mg. of nn l id ix ic  ac id  powder 

(200-160 w.) t o  a height of 15 cm. Zech tube was 

fixed v e r t i c a l l y  bjr means of Q small piece o f  cork i n  

a vaccine b o t t l e  (10 131. capacity) containing 5 ml. 

o f  the tenside solution t o  n depth of one centineter.  

The extent of penetration o f  the so lu t ion  through 

the powder column vias iueasured i n  cm. a t  successive 
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686 EL GINDY, SHALCLBI:, AND ABD EL 

time intervals and the average of four Ceterminations 

was recorded. 

Crystallieation Technique - A quantity of 150 me;. of 

drug powder was dissolved in the least volume (75 ml.) 

of absolute ethyl alcohol at 6OoC. This hot solution 

was gradually added to 50 ml. of an aqueous carrier 

solution stirred by a magnetic stirrer E.t 250 rpm and 

kept at room temperature. The drug solu1:ion was added 

in 5 minutes and stirring was continued for one minute 

more. Then the stirred solution was immediately dipped 

in an ice-bath till complete crystallizo.tion and then 

kept in a refrigerator for 24 hours. The settled 

crystals were collected quantitatively by filtration 

through a sintered glass funnel, dried in a vacuum 

desiccator and then weighed. The fraction that passed 

sieve 200 pm and retained on 160 m (Dirt 1171, German 
Standard) was used for the dissolution c:tudy. 

Determination of Drua Content in the Crs-stallised Ponder: 

In a 25-ml. measuring flask, 25 mg. of crystallized 

drug was dissolved in and completed to t-olume with 

N/10 HaOH. One ml. was taken, diluted tcl 100 ml. with 

11/10 NaOH and assayed spectrophotometrioally at 259 nm. 

If no carrier was included, the previouri dilution 

should give a reading of 1.085 (I3 l$, 1 cm. 

The percentaee of carrier included with the drug powder 

while crystallization was calculated as follows : 
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CRYSTALLIZATION OF NALIDIXIC ACID 687 

reading  
1 . 035 5 c a r r i e r  included P 100 - 

The moun t  of cRr r i e r s  included were found not  t o  

exh ib i t  any s h i f t  i n  U.V. spcctiwm of nalidixic acid.  

Hence these  c a r r i e r s  vere found not  t o  i n t e r f e r e  with 

the  spectrophotometric a s say  of t h e  drug a t  259 nm. 

Prope r t i e s  of t he  Crys t a l l i zed  HAL Powder : 

a )  Flow Prope r t i e s  - The angle  of repose (01, f o r  the  

c r y s t a l l i z e d  powder was determined by the  method of 

the  Fixed Funnel and Free Standing Cone (8). 

b) Poros i ty  - The poros i ty  or voide f of the' crys- 

t a l l i z e d  ponder, t he  bulk volume and the  packed 

volume were de t emined  as previously repor ted  (9).  

c )  iTelting Point  Depression - Few p a r t i c l e s  of the  

c r y s t a l l i z e d  drug ponder i n  d i f f e r e n t  c a r r i e r s  were 

taken on a jlass s l i d e ,  covered with a cover s l i p ,  

and placed on the  p remed  p a r t  of t he  hot  stage of 

the  microscope (Bt)etius, German Democratic Republic). 

The melt ing poin t  was c a r e f u l l y  recorded. 

Disso lu t ion  Rate Determination - The d i s s o l u t i o n  

p r o f i l e  of t he  dime powder c r y s t a l l i z e d  i n  the  presence 

o f  d i f f e r e n t  c a r r i e r s  was followed usin& the  beaker 

method suggested by Levy and Hayes (10). The d i s s o l u t i o n  

apparatus  was a 500-1x1. beaker conta in ing  400 m l .  of 

d i s t i l l e d  water placed i n  a the rmos ta t i ca l ly  con t ro l l ed  

water-bath maintained a t  37OC. Agi ta t ion  was provided 
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688 EL GINDY, SHALABY, AND ABD EL KHALEK 

by an over-head mounted s t i r r e r  w i t h  a s t a i n l e s s  s t e e l  

paddle 5.5 x 1 cm., ro ta ted  cent ra l ly  a t  a constant 

r a t e  of 50 r.p.m. The powdered samples (quant i ty  

equivalent t o  50 mg. of NAL) were gently sprinkled on 

the surface of the diasolution medium a.2d no aggrega- 

t i o n  o f  the p a r t i c l e s  was observed. A t  leach time 

in te rva l ,  an al iquot  was withdrawn by m e a n s  of a 

f i l t e r - p i p e t t e ,  su i tab ly  d i lu ted  with k/10 IJaOH and 

asoayed f o r  drug content spectrophotome-xically a t  

259 nm. Each sample Q ~ S  replaced with d i s t i l l e d  water 

prewamed at 37OC. A l l  samples \-rere run a t  l e a s t  i n  

duplicate. 

RESULTS AND DISCUSSION 

Three d i f fe ren t  c lasses  of nonionic tensioactive 

agents, namely Tween, B r i j  and IJyrj, were chosen on 

the bas i s  of  having difference i n  HLB values, number 

of ethylene oxide u n i t s  o r  length of hydrophobic 

moiety and type of chemical linkages. These tensio- 

ac t ive  aeents were used i n  a screening viet tabi l i ty  

study of na l id ix ic  acid powder as shown in f igure 1. 

It is apparent that ,he penetration height (wet tubi l i ty )  

18s the highest w i t h  1.Q-rj 59, B r i j  35 and Tween 40. 

Inspection of the r e s u l t s  revealed that the s teara te  

e s t e r  o f  polyoxyetliylene (POE) exhibited b e t t e r  wetting 

power t o  HAL povrder than either the l a u r y l  e ther  
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CRYSTALLIZATION OF NALIDIXIC ACID 689 

Tween Brij 
Nonionic Tensides 

’ J e t t a b i l i t y  of nn l id ix i c  ac id  powder a f t e r  one hour 
using 4 g / l  t ens ide  solut ion.  

meen  B r i  j L1wj 
a 40 35 51 
0 60 58 53 
fa 8o 98 59 

der iva t ive  of POE ( B r i j  35) or the  palnii tyl  es ter  of 

YOE sorb i tan  der iva t ive  (Tween 40). Accordingly, the 

used tens ides  could be a r r a q e d  according t o  t h e i r  

wetting power as follows : X y r j  59 B r i j  35 ‘Tween 40 

and th i s  is  i n  azreement with t h e i r  HLB values. Figure 

2 shows the  n e t t a b i l i t y  ( i n  cm.) of the drug powder 
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690 EL GINDY, SHALAEY, AND ABD EL KIWEK 

. a. 

0.2 0.4 0.6 0.8 1 .o 
Tenskk Conantration (a%) 

FIGURE 2 

ne t t ab i l i t y  of nalidixic acid powder by different  non- 
ionic tensides a f t e r  one hour. 
o----o Tween 40, Alyrj 59, 8-& B r i j  35 

a f t e r  one hour of contact with different  concentrations 

of each of the three oelccted tensides. The f igure 

indicates that there i s  an opt imal  concentration f o r  

each tenside which produces a maximal w t t a b i l i t y  1.e. 

0.4$ 
was chosen, being o f  intermediate XLB a:ad wetting 

Xyrj 59) 0.59; B r i j  35 > 1% Tween 40. B r i j  35 
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CRYSTALLIZATION OF NALIDIXIC ACID 691 

TbBIJ;: 1 

l'hgsical p rope r t i e s  of iXL ponder pi-epared by 
c r y s t a l l i z a t i o n  ir, aqueous 5s; w/v B r i j  35 so lu t ion  

Contact Tiine ;; Tenside Adhesion 
v i t h  Tenoide Tan 0 :; Porosi ty  t o  Glass 

(hl-s. 1 Wall 

4 3.28 1.37 63.312 ++ 
8 4.20 1.29 59.902 + 

12 5.10 1 . 2 1  55.913 - 
24 5.99 1.13 51.323 - 

Untreated Ik l ic l ix ic  Acid 1.60 75.362 ++++ 
';he (-) s ip .  xeans no adhesion t o  glass mll. 

p o p e r t y ,  t o  1-eveal the  c f f e c t  o f  the  contact  t i n e  OF 

2AL c r y s t a l s  v r i t h  the tenside so lu t ion  011 the  mount  

of tenside iiicluded aEd, i n  turn ,  on the f low y o p e r t i e s  

o f  the dru,; (Table I). 

I'he r e s u l t s  show that  t he  auount of included tens ide  

and hence the f l o w  proper t ies  were increased,  v i l i i l e  

the 5 poros i ty  and nclhesion t o  the glass cor t a ine r  

were reduced, with the  increase i n  the  contact  time. 

The d i sao lu t ion  r a t e  o f  na l id ix i c  m i d  powder 

c r y s t a l l i z e d  i n  5;: VI/V so lu t jon  of the se lec ted  ten- 

s i d e s  is  represented i n  fi,-ure 3. Inspectioil  of the 

i ~ s ~ 1 1 t S  revealed that the c r y s t a l l i z a t i o n  o f  iJAL i n  

presence 01 m y  o f  these tenoides  enhanced i ts  d i s -  

so lu t ion  r a t e  t o  a varyin& extent .  The increase i n  

d i s so lu t ion  rate 'has the following ascendins o rde r  : 

H y r j  59 < l;;.ecn 40 < B r i j  35, which i s  i n  accordance 
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0 - 
3 4  0 
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- 3  

E 
U 

2 

1 

10 20 30 40 50 60 
Time (min.) 

??IGUi33 3 
Diseolution rate of IJAL poader crzstallized in 
5% m/v of different tensides. 
e - 4 untreated drag k. - -x crystallized drug - 1.Iwj 59 - Bri? 35 
0-a !been 40 

with the amount of carrier included (Table 2). 

Contrary to our expectation, EIyrj 59 with the highest 

number of ethylene oxide units, gave the least enhance- 

ment in XAL dissolution rate. Upon decreasing i.lyrj 

concentration from 5:; VI/V to 1:; w/v, t h 2  dissolution 
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CRYSTALLIZATION OF NALIDIXIC ACID 693 

TABLE 2 

Sffect of type of carriers and concentrations 
on the yield and relative dissolution rate of 

crystallized NAL powder 

Carrier ration Carrier Yield R D R* 
, 
Concent- Amount of 

(% w/v> Included 

I 

(mg 1 5' 
(% w/v) 

Tensio-Active Agents : 
Tween 40 5.0 3.23 148.0 
Brij 35 2.5 4.53 148.0 
Brij 35 5.0 5.99 146.5 
1We.l 59 1.0 4-15 146 . 0 

2.5 3.23 130.0 
5.0 1.11 113.0 

I1 

I t  

3.00 
4.83 
14-42 
14.66 
11.80 
1-48 

Inclusion and Polymeric Compounds : 
Urea 5.0 5.99 146.5 
PVP 5.0 5.07 147.5 
PEG 20,000 5.0 3.69 148.5 
PEG 6,000 5.0 4-15 147.5 

Hydrotropic Salt : 
Hexamine 1.0 2.76 138.5 

2.5 0.92 110.0 
Cry8talliZed drug alone - 146.5 

II 

5.67 
8.33 
4.00 
4. 17 

2.42 
1.33 
1.13 

* The relative dissolution rate calculated by dividing 
the amount of NAL dissoluted at any time by that 
dissoluted from the untreated sample at the same time. 
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694 EL CINDY, SHALAFi!, AND ABD EL KllALER 

lo 20 30 40 SO 60 
Time ( min.) 

FIGURE 4 
Effect of N p - j  59 concentrations on the Dissol- 
ution Rate of NAL (+-+ ) powder. 
X- - + crystalliaed NAL &-A 2.5% w/v 
m 55: w/v - :L% w/v 

rate of NAL powder was found to increas~s significantly 

(Fig, 4) and the yield of the crystallised drug together 
with the amount of tenside included inc:ceaaed as well, 

The relative dissolution rate (RDR) showed the highest 

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 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



CRYSTALLIZATION OF NALIDIXIC ACID 695 

values with 1:; w/v !:ij 59 and 5$ w/v Brij 35 after 5 

minutes. 

It was rc2orted that during crystallization some 
tenside nolccules, due to their surface activity, may 

be adoorbed onto the hydrophobic surface of the crystals. 

This adsorption would undoubtedly increase the wett- 

ability of the powder or crystals and thereby increases 
their dissolution rate (7).  

The effect of occlusion and linear polymeric 

compounds on IJAL dissolution rate is shown in Figure 5. 
Usiq urea, PVP, YI"G 6000 or PEG 20,000 (5:: vf/v of 
each) a mrlced increase in the rate of dissolution of 

the drug ponder rrae noticed, but in varyinl: depees. 

Urea and PVP showed oimilar dissolution profile with 

PVP being foster in the first 15 minutes. Also the 

amount of carrier included reached about 6:: and 57; vr/w, 
for urea and PVP respectively, of the crystallized IT& 

powder. After one hour, the amount of drug diosoluted 

using either E G  6000 or 20,000 was nearly double that 
dieeoluted from the uncrystallized drug. 

The order of dissolution rate enhancement for 

occlusion and linear polymeric conpounds could be 

smerized as follow6 : PEG 20,000 < PEG 6000 < urea 
(PVP. These results may be due to the peat ability of 

urea to occlude (11) and PVP to complex (12) drugs. 

Close values vere obtained f o r  the yield of cryst- 

allized ITAL vrith all inclusion and linear polymeric 
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c a 
E 
a 2  

1 - 
10 20 30 50 60 

Time (min.1 

FIGURE 5 
Diesolution rate of IU (t - --o) powder 
crystalllsed in 5% w/v of different carriers. 
* - -4  drug cryatalliaed with no oarrier. 

b-&PEG 6,000 e-0 urea, 
-mo 20,000 - PVP 

compounds which accounted to be more than 91% w/w of 

the added IZAL (Table 2). 

Hexamlne was chosen a s  an example +,f hydrotropic 

salts with the advantage of having urinary antiseptic 

properties (1). Ueiw 2.556 w/v hexmine, a very mall 

amount of carrier was included (less tbm 1% w/w) 
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7 -  

10 20 30 40 50 6 0  

71GUR.E 6 
Xffoct of hexfcrine concentrations on the 
dissolution rate of iAL (0- - - m) 2owder. 
%-- --x crystallized drug with no carrier. 

2.5% w/v e---. 15 w/v. 

resulting in a oli&t enhancenent in IJAL dissolution 

rate (!Cable 2 end Fig. 6). Upon decreasing hexanine 

concentration to only 1% w/v, a reasonable mount of 

this carrier was included (2.76:; w/w) and the yield 

of NAL powder *::as also increased. 
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A depression of m e l t i n g  point of a l l  the recryst- 

a l l i zed  samples by 0.5-2.0°C. was found. T h i s  depress- 

ion might r e f l ec t  the presence of a cerfain amount of 

c a r r i e r  w i t h  the drug crys ta l  which cauried a defect 

i n  the c rys t a l  structure. The crystal  w o u l d  become 

thermodynamically unstable and so disso:,ve faster (7). 
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