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DISSOLUTION RATE OF NAILIDIXlC 
ACHD-AVICEL GROUND MIXTUWIES 

B. IDORTUN(;* and 2. ~ H A N *  

S U M M A R Y  

Nalidixic acid is an antibacterial agent used for the treatment of urinary tract in- 
fections. 

The aim of this work was to examine the degree to which various ground mixtu- 
res of nalidixic acid enhanced its dissolution rate. 

Ground mixtures were prepared with Avicel, using Avicel concentmtions of 525 ,  
50.75 and 95 %. Each concentration was ground for 10,30,60 and 120 minute periods 
and the 5 % mixture was ground for additional 150. 180 and 210 minute periods in n ball 
miII. 

The ground mixtures were compared to the physical mixtures of tile same Avicel 
concentrations. It was found that the dissolution rates were generally higher than for tho- 
se of both physical mixtures and the pure acid. 

The highest dissolution rates were obtained for the following Avicel concentrati- 
onlgrinding-time combinations: 95%-10': 75%-BO', 50%-120', 25%-120' and 5%-180'. 
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81010 Haydarpaga-Istanbul-Tom 



Using IR spectroscopy, x-ray diffiactometry, and differential thermal analysis 
techniques the chemical and crystalline amorphic states.of the physical and ground mix- 
tures were found to be the same. 

In summary, forming a ground mixture with Avicel was found to be an effective 
method for the enhancement of the dissolution properties of nalidixic acid. 

Nalidiksik asit idrar yollan enfeksiyonlannda kullandan antibakteriyel bir ilaqtx. 

Bu qahgmanin amacl nalidiksik asidin degigik ogiitilmiig kang~mlannm qoziin- 
me h ~ z m ~  ne olqiide arttxdlgm~ bulmaktx. Ogiitiilmiig kangunlar % 5,25,50,75 ve 95 
oranlannda Avicel ilavesi ile hazlrlanh. Her bir konsantrasyondaki liang~m 10, 30,60 
ve 120 dakikallk siirelerle bilyal~ degimende ogiitiildii, % 5'lik b g m  ilaveten 150, 
180 ve 210 dakika siirelerle ogiitiildii. 

Ogiitiilmii~ kan~mlar  ayn1 oranlarda hazlrlanan fiziksel karl$~mlar ile hgdag- 
tudd~.  Coziinme h l z l m n  gene1 olarak hem fiziksel lcangmlardan, hem de saf madde- 
den yiiksek oldugu saptan&. 

En yiiksek qoziinme h~zlan gu konsantrasyon/ogiitrne siiresi kombinasyonlan ile 
elde edildi. % 95-10', % 75-60', % 50-120', % 25-120' ve % 5-180'. 1 I 

IR spektroskopi, x-qm difrslktometri ve diferansiyel termal analiz yontemleri ile 
fiziksel ve ogiitiilmiig kan$imlann h y a s a l  ve kristal-amorf ozellikleri a.rqtml&, ayn1 
olduklan goriildii. 

Sonut; olarak, Avicel ile ogiitiilmiig kansmlar hazlrlamanm nali&ik asit qo- 
ziinme ~ I Z ~ I  arthrmada etkili bir yontem oldugu saptan&. 
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I N T R O D U C T I O N  

Nalidixic acid is an antibacterial agent widely used in urinary tract infections. The 
solubility of this naphtyridine drug in water is poor and hence its absorption is expected 
to be dissolution rate-limited. As high concentrations in urine are needed for its thera- 
peutic efficacy, the formulation of its preparations is important (1). In investigations ma- 



de by various workers considerable in vitro and in vivo differences between comme~ial 
nalidixic acid tablets were found, not only between brands, but also between batches of 
the same brand and tablets of the same batch (2-7). 

The dissolution behavior of oral solid dosage forms has been shown to be a good 
criterion for controlling formulation and process variables that can influence the bioavai- 
lability of the active ingredients of the dosage forms. A dissolution test for nalidixic acid 
tablets has been included in the USP XX. 

Using new formulation techniques was shown to be an effective way of enhan- 
cing the relase rate of ndlidixic acid, too (8,9), One of the methods used to enhance the 
dissolution rates of drugs with limited solubility is grinding of mixtures. Preparing gro- 
und mixtures of a drug may be effective as a result of particle size reduction, transforma- 
tion into an amorphous state or adsorption of drug particles onto the canier particles (10- 
12). The purpose of this study has been to prepare ground mixtures of nalidixic acid 
using Avicel as carrier and to evaluate their dissolution patterns. 

2- EXPERIMENTAL 
2.1. Materials 

Nalidixic acid (ilsan-ha$ nac; San., Tiirkiye), Avicel pH 102 (Selectchemie, 
Switzerland). All chemicals used were of analytical ,gade. 

2.2. Methods 
2.2.1. Preparation of Ground Mixtures 

Ground mixtures of nalidixic acid were prepared with Avicel, using Avicel con- 
centrations of 5,25,50,75 and 95 %. Each concentration was ground for 10,30,60 and 
120 minute periods and the 5 % mixture was ground for additional 150,180 and 210 mi- 
nute periods in a ball mill (Erwelia). The ground mixtyres prepared were sieved through 
35 mesh sieve (Sieving Machine Vibro, Retsch) and assayed for their drug content. 

2.2.2. Preparation of Physicat Mixtures 

Physical mixtures of the same Avicel concentrations were prepared by tumbling 
the powders in a bottle for 15 minutes. 



2.2.3. Dissolution Rate Studies 

The dissolution rates of the pure drug, the ground mixtures and the physical mix- 
tures were studied according to the USP XXII procedure specified for nalidixic acid tab- 
lets (using apparatus 2 at 60 rpm. in a medium of pH 8.60) (13). Accurately weighed 
samples, equivalent to 100 mg of drug were spread over the surface of 900 mL dissoluti- 
on medium. At preset time intervals, aliquots of 1 mL were withdrawn and replaced by 
an equal volume of dissolution medium. The samples were assayed spectrophotometri- 
cally at 258 nm after suitable dilution with 0.01 N NaOH (Varian Techtron Series 634 
spectrophotometer) and the amount dissolved was determined using a calibration curve. 
The equation of the curve was found to be y=0.115 x + 0.0003 (r=1.0067). 

.The reported data are tlle average of at least three determinations. 

To rule out interference of the absorbents on the UV measurements, a test was 
carried out with the highest Avicel amount used in the study. No interference was obser- 
ved at 265 nrn. 

2.2.4. Particle Size Analysis 

A sample of 10 g was used for each analysis carried out by sieving for 10 minutes 
(Sieving Machine Vibro, Retsch). The arithmetic weight average was calculated accor- 
ding to the equation . d,), where R is the % of particles within a size range with 
the midpoint d, . Summing the results of all the size ranges, the average particle diameter 
of the sample was found (14). 

The reported data are the average of two determinations. 

2.2.5. IR Absorption Measurements 

This was carried out with Perkin-Elmer 1420 Infrared Spectrophotometer using 
KBr disc method. 

2.2.6. X-Ray Diffraction Measurements 

Powder X-ray patterns were measured using Philips, PW 1050 Diffractometer. 
Conditions: 40 W ,  20 mt, range 1000. Vertical goniometer was used. 



1 2.2.7. Thermal Measurements 

The DTA patterns were carried out with Netsch Model 429. 

3- RESULTS AND DISCUSSION 

Avicel pH 102 w s  used as carrier material in this study. Although chemically 
inert, Avicel can form hydrogen bonds and thus adsorb drugs (15). Avicel was used in 
preparing ground mixtures, too and enhanced the dissolution rate of different drugs to a 
certain extent depending on the drudingredient ratio and the ,ginding time (8, 11, 16). 

In this study mixtures of nalidixic acid with 5,25,50,75 and 95 % Avicel were 
ground for 10,30,60 and 120 minutes. The sample with 5 % Avicel was further ground 
for 150.180 and 210 minutes. 

Figures 1-5 show the dissolution profiles of these ground mixtures compared to 
the corresponding physical mixtures and the pure drug. The dissolution patterns of the 
physical mixtures with 75 and 95 % Avicel are better than that of the pure drug. The 
physical mixtures containing 5,25 and 50 % Avicel did not differ from the pure drug in 
regard of their dissolution rate and the variation coefficients of the results were high. 

It can easily be seen that nalidixic acid ground mixtures prepared with Avicel ex- 
hibited enhanced dissolution rates in all the studied concentrations compared to the pure 
drug. The drug-to-camer ratio and the grinding time influence the dissolution profiles. 
Table 1 shows the average particle diameter values of all the samples. The particle sizes 
decrease with increasing times of grinding, only the sample containing 5% Avicel agglo- 
merates slightly when ground for 210 minutes. Though it is obvious from the data that 
particle size reduction improves the dissolution of the drug, it is hardly possible to find 
out a good correlation for the particle size and dissolution data in common, because the 
particle size is not the only factor influencing the dissolution rate of nalidixic acid, the 
presence of Avicel and the drug-to-carrier ratio make a great difference. With higher 
Avicel concentrations short grinding times were appropriate, although particles get smal- 
ler with longer ginding times; the decrease of the dissolution with longer times of ,orin- 
ding is supposed to be caused by the adsorption of the Avicel particles onto the drug par- 
ticles as a multilayer thus preventing the diffusion of the drug, due to the swelling of this 
excess Avicel. With lower Avicel concentrations dissolutio~~ was enhanced by increasing 
the grinding time, this enhancement may be due to particle size reduction, together with 
the increased surface area. Furthermore grinding time not only affects particle size re- 



duction, but also homogeneous mixing and adsorption of the drug onto the carrier partic- 
les; for example, the dissolution of the mixture containing 5% Avicel and ,ground for 30 
minutes is better than that ground for 10 minutes, although their average particle sizes 
are almost the same (Fig. 5, Table 1). 

Time (min) 

Figure 1: Dissolution Profiles of Nalidixic Acid-Avicel(95 %) Mixtures Ground for 10 (A), 30 
(0). 60 (+) and 120 (0) Minutes, the Corresponding Physical Mixture ($) and the Pu- 
re Drug (#). 
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Figure 2: Dissolution Profiles of Nalidiiic Acid-Avicel(75 %) Mixtures Ground for 10 (A), 30 
(0). 60 (4) and 120 (0) Minutes. the Conresponding Physical Mixture ($) and the Pu- 
re Drug (#). 

Figure 3: Dissolution Profiles of Nalidixic Acid-Avicel(50 %) Mixtures Ground for 10 (A), 30 
(O), 60 (+) and 120 (13) Minutes, the Corresponding Physical Mixture ($) and the Pu- 
re Drug (#). 
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4: Dissolut ion Profiles of Nalidixic Acid-Avicel(25 %) Mixtures Ground for 10 (A)). 30 
(o), 60 (+) and 120 (U) Minutes, the Corresponding Physical Mixture (S) and the Pu- 
re Drug (#). 
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are 5: D i s s o l u t i o n  Profiles of Nalidixic Acid-Avicel (5 %) Mixtures Ground for 10 (O), 30 
<v >, 60 (X), 120 (A), 150 (O), 180 (+) and 210 (U ) Minutes, the Corresponding 
Physical Mixture (S) and the Pure Drug (#). 



TABLE 1: Average Pfvticle Diameter Values of the Nalidixic Acid-Avicel Groul~d Mixtures Compared to Pure Nalidixic Acid, Pure Avi- 
cel and the Co~espoltdit~g Pl~ysical Mixtures. 

Average Particle Diameter (pm) 

Grinding time 
(tnin) 

N. Acid 
Pure 

Avicel 

Ground Mixtures with Avicel Content of 
I I 



The ground mixtures with the Avicel concentration/grinding time combinations 
95 % - 10 min., 75 % - 60 min., 50 % - 120 min., 25 % - 120 rnin. and 5 % - 180 min. 
exhibited the highest dissolution rates in their groups, as shown in Table 2. 

The mixture with 95 % Avicel ground for 10 minutes exhibited the most predomi- 
nant dissolution rate of the drug and the lowest coefficients of variation, all the drug 
went into solution within 5 minutes, the rate being fourfold of the pure drug. 

TABLE 2: Dissolution Rate Data of the Ground Mixtures which Exhibited the Highest Dissolu- 
tion Rates and Percentages in their Groups: A5, 40, A6,, (% dissolved in 5, 30 and 
60 rnin respectively). 

C. V.: Coeffcient of variation 

In the IR spectra of the ground mixtures which exhibited the best results, no chan- 
ge in the absorption bands was observed (Fig. 6), showing that ginding with Avicel did 
not affect the chemical structure of nalidixic acid. 

(C.V.1 
87.423 
(5.635) 

102.300 
(2.031) 

96.150 
(2.702) 

91.350 
(1.776) 

95.250 
(5.455) 

91575 
(4.294) 

X-ray diffraction pattern of the sample with 5 % Avicel ground for 180 rnin. indi- 
cate that the amorphous state of nalidixic acid was not obtained by grinding with Avicel 
(Fig. 7). 

A30 (C.V.) 
77.114 
(8.877) 

103.350 
(5.782) 

93.300 
(1 213) 

89.550 
(1.811) 

91.350 
(4.209) 

88.800 
(2.340) 

Sample 

Pure nalidixic acid 

% 95-10' 

% 75-60' 

% 50-120' 

% 25-120' 

% 5-180' 

No significant difference was observed between the DTA curves of the ground 
and physical mixtures with 5 '70 Avicel (Fig. 8). These results pointed out that the impro- 
vement of the dissolution patterns of nalidixic acid can only be attributed to particle size 
reduction, the enhancing effects of Avicel, which must have facilitated wetting due to its 
hydrophilicty . 

A, (C.V.) 
25.039 

(24.198) 

104.250 
(2.398) 

53.550 
(5.111) 

57.875 
(8.154) 

49.425 
(42.476) 

59.963 
(3 1.73 1) 



Fiyre 6: IR Spectra of tile Ground Mixtures Shown in TABLE 1 Colnpared to the Correspon- 
ding Pl~ysical Mixtures. Key: 
A. Mixture Ground with 5 % Avicel for 180 min. 
B: Mixture Ground with 15 % Avicel for 120 rnin. 
C: Mixture Ground with 50 % Avicel for 120 min. 
D: Mixture Ground with 75 % Avicel for 60 min. 
E: Mixture Ground with 95 % Avicel for 10 min. 
a, b, c, d, e: Corresponding Physical Mixtures. 
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Figure 7: X-Kay Diffrac"o Patterns of Avicel (a), the Pure Drug (b) the Physical Mixture (c) 
and the 180 min. Ground Mixture (d) of Nalidixic Acid with 5 % Avicel. 



Figure 8: DTA Thertnogran~s of Avicel (a), the Pure Dmg (b), the Physical Mixture (c) and the 
180 rnin. Ground Mixture (d) of Nalidkic Acid with 5 '70 Avicel. 



To conclude preparing ground mixtures was found to be an effective means of 
increasing the dissolution of the poorly water soluble drug nalidixic acid. These systems 
can be used in formulations to achieve more rapid and reproducible rates of dissolution. 
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