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SUMMARY 

The particle s i z e  of norfloxacin was reduced through the use of 

an air attrition mill. Not unexpectedly, this treatment also 

increased the surface area of the drug. 

prepared from nonmicronized as well as micronized drug. 

conpressed from each of these granulations and their physicochemical 

properties determined. Tablets containing micronized drug shwed 

faster in-vitro dissolution rates and an improvement in 

bioavailability when tested in Rhesus monkeys. 

Granulations were then 

Tablets were 

I iVTRODZJCT ION 

Micronization has been used willcly as a means of reducing 

particle size or increasing effective surface area of drugs thus 
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potentially improving dissolution characteristics (Besins 1978,1980; 

Bumier et a1;1981; Kornblum -- et al; 1970; Mauger et al; 1983). 

Spironolactone, for example, was shown to have enhanced 

bioavailability after micronization in spite of dissolution ratc- 

limited absorption (Ashbury -- et a l ;  1981; d'Atis _ -  et al; 1981; 

McInnes -- et al; 1981, 1982.) Similarly the bioavailability of 

Griseofulvin from suspensions (Bates et a l ;  1975) and tablets (Lin 

-- et al; 1983) was improved when micronized drug was incorporated. 

-- 

Drug/excipient interaction studies in these laboratories had 

indicated that the intrinsic dissolution rate of norfloxacin was 

likely the rate determining factor influencing the dissolution rate 

of norfloxacin from a tablet formulation. 

surface area and dissolution rates are usually related, a study was 

designed to evaluate these rplationships. 

Since particle size, 

More specifically, the objectives of the study were to evaluate 

the effect of micronized norfloxacin on tablet properties and to 

compare the bimvailability of micronized versus non-micronized 

norfloxacin (in tablet forn) in Rhesus monkeys. 

MATERIALS AID METHODS 

Fifty grams of norfloxacin were micronized using an air attrition 

mill (Trost Jet Mill) coupled to a Syntron Vibra Flow Feeder (Model 

F-0). Particle size measurements on samples of non-micronized and 

micronized drug were performed by microscopy (Brinkmann Instruments, 

Westkury, NY). 

Quantasorb sorption system (Quantachrome, Greenville, W ) .  

Surface area measurements were carried out using a 
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Granula t ions  were achieved by a wet g ranu la t ion  technique  where 

an aqueous s o l u t i o n  of polyvinylpyrro l i  done was used as a g r a n u l a t i n g  

l i qu id .  

T a b l e t s  were compressed from t h e s e  g ranu la t ions  on a s i n g l e  

s t a t i o n  press using 0.32 X 0.58 inches  ova l ,  concave, beve l led  

edged punches. Tab le t  t h i ckness  was m a s u r e d  (N = 1 0 )  us ing  an  Ames 

micrometer. 

Schleuniger  - 2E tester (M = 1 0 ) .  D i s i n t e g r a t i o n  tests were performed 

wi th  t h e  U S P  apparatus i n  an 0.05M sodium acetate buffer  (pH 4 .0)  a t  

37OC wi thout  d i s c s  (N = 6 ) .  Disso lu t ion  rates were determined i n  900 

mls of the same buf fe r  a t  37OC us ing  USP d i s s o l u t i o n  appara tus  I1 

st 50 F P M  (N = 4 ) .  The d i s so lved  amounts were determined by a W 

spect r aph otorne t r i c method. 

The breaking s t r e n g t h s  were determined using a 

Bioavaj l a b i l i t y  s t u d i e s  were c a r r i e d  o u t  i n  a c rossover  des ign  

s tudy  i n  t h r e e  male Rhesus monkeys. 

b i o a v a i l a b i l i t y  s tudy  was a suspension of nor f loxac in  i n  59 tween 80 

/ 5 9  e thano l  adminis tered by gavage. 

p repa ra t ion  of t h i s  suspension. 

followed except  t h a t  the monkeys were seda ted  w i t h  20 mg ketamine 

hydrochJoride i n j e c t e d  in t ramuscular ly  a b u t  5 minutes  before  t h e  

t a b l e t s  were given.  

s e r u m  and a l i q u o t s  of t h e  u r i n e s  were examined by bioassay f o r  level 

of norf loxacin.  

b i o a v a i l a b i l i t y  of t h e  norf loxac in  suspension were obta ined  8 months 

before  the tablet b i o a v a i l a b i l i t y  tests. 

The s tandard  i n  t h e  

Non-micronized drug was used for 

Standard dosing procedures  were 

Blood and u r i n e  samples were c o l l e c t e d  and t h e  

Four weeks s epa ra t ed  t h e  t a b l e t  doses .  Data  on t h e  

The human b i o a v a i l a b i l i t y  s tudy  on nor f loxac in  was an  open, 
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two-way, randomized, crossover, single-dose study conducted i n  20 

healthy male volunteers. 

RESULTS AND DISCUSSICEI 

The differences i n  pa r t i c l e  s i z e  of non-micronized and 

micronized norf loxacin can be seen i n  Figure-1. 

norfloxacin can contain agglomerates up to 550 microns although 80% of 

typical l o t s  is usually between 5-200 microns. 

sarples  revealed some agglomerates up t o  400 microns, but 90s. of 

the bulk was between 1-100 microns. The surface area of non- 

micronized norf loxacin was measured as  1.8Om /g. Micronized 

material, by contrast ,  measured 2.10m2/g. The surface area data 

are  somewhat surprising s ince,  from pa r t i c l e  s i z e  measurements, one 

could expect a much larger surface area for micronized $rug a s  

corrpared t o  unmicronized material. 

Non-micronized 

After micronization, 

2 

Table - 1 compares t h e  physicochemical properties of the two 

groups of tablets .  

t ab le t s  made from micronized drug. 

variations,  and disintegration times were comparable although the 

breaking strength of t ab le t s  prepared with micronized drug were some- 

what greater.  T h i s  is at t r ibuted t o  improved bonding made possible by 

the increased surface area as well as  an increase i n  f i l l -dens i ty .  

Table - 2 shows the bioavai labi l i ty  i n  Rhesus mnkeys of 

norfloxacin from tab le t s  containing micronized and non-icronized 

drug. Absorption of micronized drug w a s  more e f f ic ien t  as demonstrated 

by uniformly higher concentrations in  serum and u r i n e .  

Irq?rovement i n  dissolution rates  were noted i n  

The weight and thickness 

Serum and 
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EFFECT OF MICRONIZATION OF NORFLOXACIN 2 8 5  

Figurs 1 

Comparison Between the Par t ic le  Size of Non-Micronized 

vs Micronized Norf loxacin 

u r i n e  levels from the t ab l e t  containing micronized norfloxacin, i n  

f ac t ,  were similar t o  t h o s e  observed when the drug was administered 

as a gavage (assumd t o  be 100% bioavailable).  I t  is a lso  interest ing 

to  note that  the improvement i n  bioavai lahi l i ty  of micronized drug was 

several orders of magnitude greater than tha t  suggested by the 

increase i n  physical parameters of par t ic le  s i z e  and surface area. 

Two additional points must be considered: 

1) H m n  bioavai labi l i ty  studies where a tab le t  formulation 
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Table 1 

Comparison of Physical Properties of Tablets Containing 
Non-micronized and Micronized Drug 

Weight*= gms 

Thickness'SD mn 

Breaking Strength 

2 SD Kg 
Disintegration Time 

P. Dissolved 
15 Min. 
30 Min. 

Non- 
Micronized 

Drug 

0.41 232 0.0029 

4.9 572 0.0 11 

7 A420.34 

1'48" to 3"12" 

78 .W 7.6 
96. %3.2 

E.! icr on i z ed 
Drug 

0.4347+0.0029 

5.29 1+0.0141 

8.842 0.54 

3'24" to 4'53" 

102.221.0 
103.42 0.7 

containing non-micronized norfloxacin was used, showed that the drug 

was rapidly absorbed in humns and when compared to an oral 

suspension, was found 90% bioavailable. 

2) P.1.1 animal studies on this drug suggest that Rhesus monkeys 

exhibit considerably lower and variable absorption rates for 

norf loxacin compared to humans. Factors like retention 

time, fluid volume, pH of gastric fluid, stomach emptying and 

intestinal motility are all likely involved. The differences 

in bioavailability between monkeys and humans implies that a different 

mechanism of ahsorption exists between the species. 
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