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SUMMARY

For poorly sofuble degs, the digestive ahsorption depends on their rate of dissolution, Decreasing the panticte size of these
rgs imprves their rate of dissolution, Fine geinding mills are we o mivnmize powders: cither jur mills or fuid energy mills,
Theses prwcesses were applied wo griveofulvin, pragestersne, spivonoluctime und diosmin. For cach drg, micnmization proved
their digestive alworptiva, aml comsequemly their bivavailabitite and elineal efffeaey, O P2 i Scime. A iewerval.
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BIOAVAILABILITY AND RATE OF
DISSOLUTION

The bivavailability of a drup sdministered hy
the oral route depends primarily un its ability to be
absurbed by the digestive tract. The main
absorption mechanism is passive diltusion, which
requires the active materials o retain un
amphophilic structure in agueous solution, Drugs
thit are absorbed in this way must dissolve in the
digestive flvids belore diffusion through the
digestive tract. The amount of drug absorbed then
depends onits solubility charaeteristics.

Sume drugs are highly soluble and it is
relatively easy 1o obtain o pood rate ol dissolution
with any 1ype ol furmulation. The paruneter
limiting the absorption, in this case, is the
permeahility ol the digestive mucosa 1o 1he
substance, However, the solubility is olten Jow

which reduces the rute of dissolution, This is
especiatly the cuse Tor newer drogs, which may
huve i complex molecular siructure. In these cases,
the drug formulation is important becuuse it is the
main parameter dictating the rate of dissolution of
active materials: digestive absorption is deter-
mined by the amount dissolved,

The hivavailubility of a dug is clossically
defined as the Truction of the administered dose
that reuches the systemic cirealion of o living
urganism, and the rte at which it does sn, The
first, and oflen only, parumeter that can improve
the bivawvailubility of o poorly soluble drug is its
rate of dissolution in the Jigestive Tuids (1),

Noyes and Witney's law can be used (o
evaluate the rate of dissolution: de/di=KaS(Cs-C),
where de/dt is the rate of dissolution from the
powder stute ol drug; Ka is 3 constant depending
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on the dissolution conditions; S is the area of
contact between the powder and the solvent; Cs is
the concentration of the drug at saturation; Ct is the
concentration of the amount of dissolved drug at
the time of measurement. All of these parameters
are consiant, except for S and Cu

Increasing S allows, to & first approximation,
an improvement in the rate of dissolution. S is
inversely proportional to the extent of granulation
of the powder. It can thus be increased by reducing
particle size.

MICRONIZATION: A METHOD OF
REDUCING PARTICLE SIZE

The process used to reduce size of panticles and
aggregates must be chosen accerding to the
powder characteristics (structure, hardness, and
chemical stability) and the particle size required.
The granulation of a powder can be defined as the
average parlicle size measured using an ap-
propriate device: a screen down to a few tens of
micrometers, a particle size counter, or electronic
or laser diffraction for smaller granules (2).

Theoretically, the smaller the particles, the
higher the rate of dissolution. Practically, the
energy of the process can create a disequilibrium in
the electric charges of the particles and cnuse
aggregation of the smaller particles. This means
that the minimum particle size is a few
micrometers.

The best devices for reducing particle size are
those which spread out the energy, However, it is
rarely possible to obtain the required particle size
using only one operation. High-energy equipment
that could reduce a raw material with large
particles to one with micrometer-sized particles
would release a large amount of heat, which could
cause partial destruction of less stable molecules.
Processes for reducing particle size must therefore
be carried out in successive steps. The apparatus
used for reducing particle size can be classified
into three broad categories (1): i) coarse crushers;
ii)-intermediate grinders; iii) fine grinding mills.

Briefly, micronizers are part of the last category
and can only be used with the powders that are first
reduced to particles a few millimeters in size.
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FIG. 1. Jor mill. (Reprinted with permission lrom Le Hir, A,
Pharmacie galénigue. Gth Edition. Masson 1992}

Generally, two types of micronizers ure used:
First, pebble or jur mills operate by the principle of
attrition or impact. The material to be ground is
placed in a cylindrical jar contnining pebbles or
balls of flint, porceluin, or stuinless steel (Fig. 1),
The jar revolves horizontally on its long uxis,
which tumbles the pebbles or balls with the
particles, which ure pulverized. This grinding can
be curried out with the ruw material alone or in
suspension in a (nonsolvent) liguid; Secondly,
uid energy mills are used 1o ubtain exiremely fine
particles, The particle size is reduced by subjecting
the material to high-speed jets of air or inent gas
(Fig. 2).

Like the other methods of reducing purticle
size, micronization does nol produce u puwder
with a uniform particle size, Size distribution is a
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FIG. 2. Fluid energy mill (Reprinted wilhy permission from Ee
Hir, A, Pharmacic gnlénique, Gih Edition, Masson 1992.)
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[ 1] Incresing this area was the best way of increasing
| the rate of dissolution of this drug (4).

1 In the field of hormanes, progesterone has had
r limited clinical use because of its poor digestive

absorption due to its low aqueous solubility. To
improve its bioavailability, progesterone was
micronized and placed in soft gelatin capsules
containing arachidonic oil as a dispersion excipient
‘ \ (5). A new formulation of progesterone is now
SIZE o availuble for hormonal therapies. A comparison of
oral micronized progesterone administration (200
mg per dese) and injectable administration
ey . . (intramuscular route) of an oily solution (50 mg
.:.l..l[l.\tll:ul cnnuc;:t. Fuor regulur particles, diameter per dose) in postmenopausal women showed that
is u'w.d o define the extent of granulation, after o |-day treatment, the relative bicavailability
regirding the particles us spheres. The size range of the micronized progesterone was 8.6%
uf the particles is usually normally distribured compared with the intramuscular progesterone
wround o maximum, which is defined as the (Table 1). Mean C___ values for oral administration
pasticle size and which is the median value of the of progesterone were 30% of those obtained after

FREQUENCY

FIG. A, Sive roiges of punicles,

real measured size (Fig, 3). intramuscular administration, and T, Occurred
significantly earlier with the oral administration
APPLICATION OF MICRONIZATION TO (6). These results could be due to the low diffusion
POORLY SOLUBLL DRUGS WITH rite of progesterone from its oily solvent after
A LOW BIQAVAILABILITY injection. After the second day of the treatment, 3

progesterone was shown to accamulale, after the
multiple  intramuscular  doses; no  such
accumulation  wos  observed  after oral
admynistration. ’ )

5 3 < . The use of micronization for progesterorie has
Giriscofulvin has a particulurly low solubility made it possible to administer this harmone by the
and was thus siudied as a micronized powder with digestive route, providing a significant benefit 1o
u mediun particle size of 3 micrometers (3). patients.

The rate of dissolution of several sparingly
soluble drups has been impraved by micronization.
The must successlul examples involve aatifungal,
hormonal and venotonic drugs,

3.
- 7
fs,
L
5.
25
o

i

Muasurement of the umount dissolved in water Comparable advantages have also been
versuy lime using 4 micronized powder showed obtained with micronized spironolactone, which
that the rate of dissolution depended on the ureq of has an enhanced in wiro dissolution (7). The
eontaet, which is related w the padticle size. bioavailability in 24 healthy male subjects

TABLE 1. Compurlson of phurmacokinetic paraimeters for micronized progesterone administered orally and progesterone
In oll ndmintstered Inbrwmusculurly for day 1 of o 2-dny regimen,

Micronized progesicronc® Intramuscular progesierone*®
ALC L, e viml) 8742172 2546+ 13.2¢
. t/ml) 17,1 £ 10.7 143+ 1.0
T th 25216 871200

22000z **50 g in ool fValues ofter intramusculor progesterone significantly dilfesent from corresponding v_:\lu_:s after
micronized progesierane sremtnient (p < 005, Each value is the mean = SEM of duta from |5 subjects. Reprinted by pennission from
the American Soicty Tor Repnoductive Medicine (Fervifity and Sterility 1993, 63: 26-33).
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TABLE 2 Bloavallability of micronlzed spironolactonc to standard spironolactone tablels.

&T;:pmljan Bivuvailability (%h)*
By 96-hour AUC** By %6-hour urinary canrenone eacretion®*®
15 mg tablels 1183 (108.0-129.7) LR (%.6-1258)
100 mg tablets FILY (101.8-321.5) 1014 (§7.2-111.9)
Overall 114.6 (108.0-121.6) 7.0 (U8.1-116.8)

*Figures in parentheses ore 95% conlidence limits.
** Canrenone AUC after micronized tablets
Canrenone AUC after standard toblets
*+**Urinary canrenone excretion afler micronized tablels

x 100

Urlnary canrenone excretion after standard tablets

(Reproduced with permission from Mclnnes, G.T. et ol. / Clin Pharmacel 1982, 22: 410-417. © Lippencott-Raven Publishers).

Intestinal sbsorpiioa (%)
Micronized dicsmin 72%
Nonmleronbzed divamin 17%
o - Time (hours)

n

FIG. 4. Intestinal ahsorption of micronized and nonmicronized
diosmin,

receiving tablets manufactured with either
micronized material or the standard materia was

Improvement %

studied by measurement on the pharmacokinetics
of the main metabolite of spironolactone,
canrenone, for 96 h after treatment (). Table 2
shows the relationship of the blood levels of
canrenone (AUC) and ils urinury excretion with
the particle size of spironolactone; the difterences
ure statistically significant,

A pharmucological study wus carried out by
Johnston et al, (9) to investignte the effects of
micronization on the digestive absorption of a
flavonoid, divsmin, This study showed that the
absorption of micronized divsmin is four times
greater than that of nonmicronized diosmin (Fig,
4).
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FIG. 5. Improvement in the clinicol symptoms of venous insufficiency with micronized and nonmicronized dinsmin,
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Anuther study demonstrated the better clinicul
efficacy of micronized iosmin after 60 days of
treatment  (p<0.01) (10). Plethysmographic
measurements showed a significontly higher
venolonic activity for micronized diosmin, in
lerms of venuus distensibility and emplying time,
The superiority of micronized divsimin, compared
with an equivalent dose of nonmicronized diosmin,
has been demonstrated both pharmacologically
and in terms uf the clinical symptoms of venous
insufficiency (Fig, 5).

CONCLUSIONS

These findings on the inMuence of particle size
show that reducing particle size by micronization
cun improve the rate of dissolution of poorly
soluble materials. Such in vito results may be
uselul for optimizing drug Formulations to imprave
the bivavailability of pacrly soluble drugs.
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