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ABSTRACT

Pharmaceutical compositions comprising modafinil

in the form of particles of defined size. The particle size

of modafinil can have a significant effect on the potency

and safety profile of the drug.
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MODAFINIL HAVING DEFINED PARTICLE SIZE

The present application is a division of

application serial n°® 2,201,967 filed on October 4, 1995

BACKGROUND OF THE INVENTION
The present invention relates to the acetamide
derivative modafinil. Modafinil (C15H15NQ2S), lS 2 -
(benzhydryl-sulfinyl)acetamide, and is also known. as 2-
[ (diphenylmethyl) sulfinyl] acetamide.
:Modafinil has been described as presenting a
.10 "neuropsychopharmacological spectrum characterize'ci:'i by the
presence | of excltation  with hyp.eraCtivity and  of
hypermotility; and by the absence of ster_eotypy '(éx:cept in
‘high doses) and of pbtentialisation of the effe’cts o.f
abomorphine and amphetaming" (U.S. Patent 4;1.77,2'90;
hereinafter the o _'290p‘atent") . A single administration of
modafinil results in increased lécomotor activity in mice .
and increased nocturnél activity in monkeys (Duteil et gi.;
Eur. J. Pharmacol. 180:49 (1990) ) . The neuropsychopharma-
cological pr‘ofile‘ of modafinil has been distinguis?hed from
-9 that of amphetamines (Saletu et al., Int. J. clin. Pharm.
Res. 9:183 (1989)). Modafinil is thought to modulate the
central postsynaptic alphalfadrenergic receptor, : without
participation of the dopaminergic syste'm' (Duteil et al.,
supra) . Modafinil has been succe\ssf‘ully tested in humans
for treatment of idiopathic hypersomnia and naircolépsy
| (Bastuji et al., Prog. Neuro-Psych. Biol. Psych. 12:695
(1988)) . o \ '
' _Narcolepsy is a chron_i'c disorder characterized by
intermlittent sleep attacks, ..persistent,‘ excessivé- daytime
30 ,sleepiness and abnormal *rapid eye movement (“REM'f)- sleep
manifestations, such as sleep-onset REM periods, cataplexy,
sleep 'paralysis. and hypnagogic hallucinations, or bott:

(Assoc. of Sleep Disorders Centersl Sleep 2:1
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(197%)). Most patlents with narcolepsy also have
disrupted nocturnal sleep (Montplalslr, in Gulllemlnault
et al. eds., Narcolepsy, Spectrum Pub., New York, pp.
43-56) . Pathological somnolence, whether due to
narcolepsy or other causes, is disabling and potentlally
dangerous. Causes of pathological somnolence, other than
narcolepsy, include chronic sleep loss (Carskadon et al.,
Sleep, 5:873 (1982); Carskadon et al., PsYchophysiology,
18:107 (1981)); sleep apnea (Kryger et al., Pr1nc1ples
and Practice of Sleep Medicine, W.B. Saunders Co.,
Phlladelphla, PA (198%)); and other sleep dlsorders
(International Class1flcatlon of Sleep Disorders:
Diagnostic and Coding Manual, Amerlcan Sleep Disorder
Association, Rochester MN (1990)). Whether due to

narcolepsy or other causes, pathological somnolence
produces episodes of unintended sleep, reduced attentlon,
and performance errors. Consequently, it is linked to a
varlety of transportatlon and industrial aocmdents
(Mitler et al., Sleep 11:100 (1988)). A therapeutic
agent that reduces or eliminates pathological somnolence
would have important implications not only for~indiVidual
patients, but also for public health and safety. Other
uses of modafinil have been presented.' U.S. Patent '
5,180,745 discloses the. use of modafinil for provzdlng a
neuroprotectlve effect 1in humans, and in particular for
the treatment of Parkinson’s disease. The levorotatory
form of modafinil, i.e., (~)benzhydrylsulfinyl-
acetamide, may have potential benefit-for treatment of
depression, hypersomnia and Alzheimer’s disease (U;S;
Patent 4,927,855). European Published Application 547952
(published June 23, 1993) discloses the use of modafinil

as an anti~ischemic agent° European Published

Appllcatlon 594507 (publlshed April 27, 1994) dlscloses
the use of modafinil to treat urinary incontinence.
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SUMMARY OF THE INVENTION

Our 1nNentlon digcloses a pharmaceutlcal comp081~

tion comprising modafinil in the form of partlcles of a

- defined size, and the use of such composition. We have

discovered - that the size of wmodafinil particles is

important to the potency and safety proflle of the drug.

Thus, in a flrst aspect, the 1nventlon features a

pharmaceutical composit\j.o'n comprising a substantlal 1y
homogeneous mixture. of-'modafinil particles, wherein at

least about 95% of the 'eumulative total of meodafinil |
particles in said comp081t10n have a dlameter of 1ess than
about 200'm1crometers and said comp051t10n contains between

about 50 milligrams and about 700 milligrams of said

modafinil.

"Particle," as. 'ue_ed ‘herein, refers to an aggre-
gated physical ﬁnit of :the_ acetamide compound, ' i.e. ;' a
piece or a g.rai‘n of acetamide. For example, Figu_res 2-5
provide photographic representations of various modafinil
particles from Lets E-D and L-1.

' As used herein; the term "mean;“-When used in
reference to the size of modafinil particles, refersfto
the eum‘of the size‘measurements ef all measurabled
particlesmeasured'divided by the.total number of

particles measured. For example, for five measurable

particles which could be measured and were determlned to
have diameters of 20 m;crons, 23_m;crons, 20 microns, 35
microns and 20 microns, the mean diameter would be 23.6

mlcrons. As used herein, the term "dlameter" is a

volumetric measurement based on the presumed spherlcal

shape of modafinil particles.
As used herein, the term "medlan," when used in

reference to the size of modaflnll particles, lndlcatee
that about 50% of all measurable partlcles measured have
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a partlcle size less ‘than the defined median partlcle
size value, and that about 50% of all measurable
particles measured have a particle size greater than the
deflned median partlcle size value.' For example, for the
five partlcle values listed above, the. medlan dlameter

would be 20 microns. N '
AS used herein, the term "mcde," when used in

reference to the size of modafinil particles, indicates
the most frequently- occurring particle size value. For
example, for the five particle values listed above, the
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mode diameter would be 20 microns.

As used herein, the term "percent cumulative,"
when used in reference to the size of modafinil
particles, refers to an aggregate of the individual
percent values for all measurable partlcles measured at
specified diameters.

As used herein, "about" means plus or minus
approximately ten percent of the indicated value, such
that "about 20 microns" indicates approximately 18 to 22
microns. The size of the.particle can be determined}_
e.g.;-by the methods proVided below, and by conventiona1

- methods known to those of skill in the art.

In accordance Wlth the invention dlsclosed herein,
the mean particle size for a modafinil partlcle
preferably ranges from about 2 microns to about 19
microns,*more preferably from.about S'microns to about 18

‘mlcrons, and most preferably from about 10 microns to

about 17 microns. |

In accordance Wlth the invention disclosed hereln,
the median particle size for modafinil preferably ranges
from about 2 microns to about 60'm;crons,'more preferably
from about 10 microns to 50 microns, and most preferably
from about 20 microns to about 40 microns. .

In accordance with the invention disclosed herein,
the mode particle size for modafinil preferablyranges
from.about-z'microns to about 60 microns, more preferably
from about 10 microné to about 50 microns, and most
preferably from about 20 microns to about 40 microns.

We view the median measurement as having greater
importance compared to the mode or mean values in that

the median value provides an indication of the
dastrlbutlon of the particles measured in a given
populatlon. While not necessarily a llmltatlon but
rather an indicator of the consistency of the populat on
measured, the ratio of median: meah: mode would 1dea?};

C
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be 1:1:1; however, a ratio of median to mean of 1:2.50 to
1:0.50 is acceptable, and a ratio of'median-to modefof
1:2.50 to 1:0;50 ls acceptable. Ideally, the standard
deviation between the mean, median and mode measurements
of a modafinil population would approach zero, indicating.
that every particle in the population measured was ,
substantially identical or met the criteria for an ideal,
normalized distribution. A standard deviation of less
than about 25 between the mean, median and mode '
measurements 18 acceptable as an indication of the
con91stency of the populatlon of the partlcles measured
In accordance with the invention disclosed hereln,
it is preferable that not more than about 5% of the
cumulative total (percent cumulative) of modafinil '
particles in any one dcsa provided to a'mammal have
particle sizes greater than about 200 microns; it is more
preferablé that not more than abdut.s%,of the cumulative

total (percent cumulative) of modafinil particles in any

one dose provided to a mammal have particle sizes greater
than about 190 microns; it is most preferable that not
more than about 5% of the cumulative total (percent
cumulative) of modafinil particles in any one dose .
provided to a mammal have particle sizes greater than
about 180 microns. Thus, a "substantially homOgeneouS-
mixture" of modafinil particles, as utilized herein,
refers to a mixture of modafinil partlcles in which at
1east about 95% of the partlcles in that mixture are less

than a defined size.
" The value ranges defined above are based ‘upon

measurements made utilizing technology and instruments
developed by the Hiac/Royko Division of Pacific o
Scientific (11801 Tech Road, Silver Spring, MD 20904,
USA). As those in the_artamay appreciate,-different
instruments manufactured by different companies may

.providé different measurements for the same particles.
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For example, in a characterlstic'modafinil lot (Lot L-Z),
the mean, median, and mode particle measurements obtained
using a Coulter Counter TA II sizing counter'were 43, 31,
and 29 microns, respectively; Using_a“Hiac/Royko Model
5 9064 siZing oounter,_the mean, median and modepartiole
measurements_obtained»for'Lot L-2 were 18,75, 31.41 and
25.31 microns, respectively. These differences are '
presumably predicated upon the differentlapproaches\used
in measuring particles of such diminutive sizes. Thus,
10 the value ranges provided above are relative and are most
preferably to be con51dered in v1ew of utllization of
instruments and operatlng systemS'manufaotured by
'Hiac/Royko, for example, and preferably, the Hiao/Royko

Model 9064 system smzxng counter. Modafinil partioles of
15 the invention can be 1n the form of a'pharmacologically

acceptable salt, e. +g., an acidic or basic addition salt.

~In another aspect, the invention features a‘method
of altering a somnolent state, e.g., narcolepsy,

idiopathic hypersomnia and related sleep dlsorders, usmng
20 modafinil particles of a defined size. The method
involVes administering to a mammal a pharmaceutical
\composition_comprising.an'efﬁective'amount of modafinil
- in thetform of-particles of.a'defined size.
"An effective amount", as used herein, is an
25 amount. of the pharmaceutical composition that 1is o
effective for treating a somnolent or somnolescent state,-
l.e., an amount of modafinil of a defined particle Size
that is able to reduce or eliminate the symptoms of a
somnolesoent state. An effective amount of a
30 pharmaoeutlcal comp051tion of the invention is useful for
enhancing alertness, or 1ncrea31ng regularity of sleep
rhythms. | B -
A "pharmaceutical composition", as used herein,
means a medicament for\use-in treating a mammal that
35 cpmpriees modafinil of a defined particle size prepared



10

20

30

-~ CA 02382275 2002-05-17

T
in a manner that is appropriate for administration to a
mammal. A pharmaceutical composition according to the
invention may also, but does not of necessity, include a

non-toxic pharmaceutlcally acceptable carrier. |
The pharmaoeutlcal composition of the 1nventlon

can contain at least about 50 mg, preferably at least

about 100 mg, or more preferably at least about 200 mg of
modafinil having a\partiole.size as defined above. The
pharmaceutical composition preferably contains'no more
than about 700 mg; more preferably, no more than about
600 mg ; and most preferably, no more than about 400 mg,

of modafinil hav1ng a partlcle size as defined above.
In a further aspect which is the one claimed

hereinafter, the invention features a process a process for
the preparatlon of a pharmaceutlcal compos:Ltlon comprising
:anorporatlng an effective amount of modafinil partlclee
haV1ng a diameter less than about 200 um 1nto said
compos:Lt:Lon with the prov1so that modaflnll is not freeze-
dried. It also features a process a process for the
preparation of a pharmaceutical comprising incorporating an
effective amount of modafinil particles having a diameter
less than about 200 _p,mi intc said composition with the
proviso ‘that the composition does not comprise all of
sodium sacchrinate, Dextran* 70, Tween* 80, hydroxypropyl-
B-cyclodestrine and xanthum gum or does not comprise all of

sodium sacchrinate, Dextran* 70, Tween* 80, Xanthum gum and

lactose or mannitol.

Other features~and advantages of the'invention

willl be apparent from the following detalled descrlptlon
and from the claims. '

* trademarks
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DETAILED DESCRIPTION
We first briefly describe the drawings.
I. Drawings -

Fig. 1 is a graph depicting particle size

‘distributions for six lots of modafinil: Lots L-1, L-2,
E-A, E-B, E-C and E-D. ‘

Fig. 2 1s a scanning electron micrograph of:a_
sample of modafinil Lot E-D at 50 x magnification.
Fig. 3 1s a scanning'electron micrograph of a
sample of modafinil Lot E-D at 100 x magnification.
Fig. 4’is a scanning electron micrograph of a
sample of modafinil Lot L-1 at 50 x magnifiCation}
Fig. 5 1s a scanningfelectron microgféph of a
sample of modafinil Lot L-1 at 100 x magnification.'
| Fig. 6 is a graph_depicting'the dissolution fate
of medafinil particles frcm,Lot E~-D (median particle size
94.05 um) and Lot L-1 (median particle size 50.18 um).
| Fig. 7 is a graph depicting the dissolution rate
of modafinil particles from Lot E-B (median particle'size-
89.10 um), Lot E-D (mediah particle size 94.05 um) and

it — it R - Al =it - e _— Akl Py - R A - PRt
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Lot L-1 (median particle size 50.18 um).

- Fig. 8 is a graph deplctlng*mean plasna
concentratlon of modafinil 1n dogs following 51ng1e oral
doses of'modaflnll-from lOtS'Wlth different partlcle'

5 sizes. ' R '

Fig. 9 is a graph depicting mean plasma
concentration of modafinil equivalents; i.e., modafinil
andmodafinil acid metabolite, in dogs, following single
oral doses of modafinil from lots with different particle

10 sizes. ' ' '

II. The Inventlon
The 1nventlon results from our discovery that the
particle slze,-and the con51stency of the particle size,
of modafinil can have a 51gn1f1cant effect on its potency
15 and safety profile. - '
The first human trlals for the use of moéaflnll to
treat narcolepsy took place cutside of the Unlted States
of Amerloa. ‘The modafinil used in the lnltlal studles *
was prepared in non-commer01al scale lots (referred to
20 herein as "early" or H“EM 1ots) Pursuant to our '
discovery of the present invention, it was observed that
the early lots had a_median Partiole size of betweenfso
microns ("um“) and 150 um. In the 1n1t1al safety studles
conducted outside of the United States, early lot
25 modafinil was administered to humans wlthout reports of
' cllnlcally 51gn1f1cant adverse events in acute o
administration. | ' | -
~ Separate safety.and-efficacy studies of modafinil'
were subsequently oonduoted in the;United States under
30 the direction of Cephalon, Inc. using modafinil lots
prepared by a method scaled up for commercial production
(referred"to herein aS'“late" or HLY iots) When the
late lots of modaflnll were admlnlstered to humans 1n the
Unlted States, the initial cllnlcal trlal revealed the .
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occurrence of unanticipated'adverse events at a dose
level (800mg/day) prev1ously determlned to be acceptable
during studies conducted outsmde of the United States.
We discovered that the late.lots had a medlan,partlcle

5 size of between 30 and 50 um. Thus, the initial human
trials conducted in the United States were performed with
modafinil having aSignificantly smaller particle size.

' o As'was subsequently discovered, lotS‘Comprising a

smaller particle size resulted in an inCrease in the

10 potency of modaflnll leading us to conclude that the
drug can be more readlly absorbed when compared to
modaflnll derlved from lots comprlslng a larger particle
size. Therefore, modaflnll partlcles of a deflned 51ze
prOV1de at least two 51gnlflcant and unexpected

15 advantages. Flrst, potency 1s 1ncreased A smaller .
average.partlcle size allows achievement of a glveni '
modafinil plasma concentration'at a lower'oral'dose.'
Second, with the knowledge of the lmportance of partlcle
size on potency; the safety proflle of the drug can be

20 more accurately controlled because d051ng with consistent

and deflned partlcle sizes allows for greater reliability
in the dosing of the drug necessary to achieve a de51red

result. |
III. Human_Cllnlcal Safet Studles - _Foreidn
25 The safety and pharmacodynamlcs of modaflnll were
initially characterlzed in several studles conducted
,outs1de the United States using modaflnll obtalned from
the early lots. Durlng these ‘studies, modaflnll in
amounts of up to 4,500 mg,have been ingested without the
30 occurrence of Significant~¢linical-side'effects-(see,lfor

example, Bastuji, supra; see also Lyons, T.J. and French,
J. Aviation, Space end'EnVironmentalimedicine May, 1991,
432) . 'No'statistically or clinically significant |
hemodynamic changes 1n heart rate or blood pressure in

35 patlents or in healthy volunteers us1ng modaflnll doses
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tested:in the foreign~Studies have been reported.

IV. Human Cllnloal Safety Studies - Unlted States
While 51gn1f1oant testlng of modaflnll had already
been conduoted_outslde the United States, new drug
5 candidates; such as:modafinil ~typically undergo clinical

research in the United States 1n order to corroborate the
nformatlon obtained in foreign studies. The first
United States clinical evaluation of‘modaflnll.was_a
doubleéblind,,ascending dose study involying oral
10 administration of modafinil to healthy males (i.e.,
physically and'mentally healthy'male subjeots 18 to 50
years of age; average body'welght of -10% to +15% of
normal weight for age, he;ght,,frame and sex; 2101) .
The planned doses for the first United States
15 clinical trial were 200, 400, 600, 800, 1000, 1200 and
1400-mg/day of'modafinil or placebo. These dose leVels
wére_based;uPOn the,safety profile'observed-during the
foreigh clinical testing of modafinil. Subsequent doses
were.glven only when it'was determined'that the
20 previously adma.nlstered dose was safe and well tolerated.
For'example, the safety data for the 200 ng study dose
was rev1ewed and assessed before other volunteers
recelved the 400 mg dose.
In this first Unlted States Phase I cllnlcal
25 study,tmodaflnll from‘Lot L-1 was utlllzed Complete'\
- data were obtained for three of the seven modaflnll dose
levels intended for testlng, l.e., 200, 400, and 600
mg]day} However, elevatlons in heart rate and blood
pressure were noted in two of the volunteers at the 800
30 mg dose level. These symptoms resolved_w1thout treatment
or seqoelae folloWing‘drug*discontinuation. This was
surprising and completely unexpected given the -
escalation of modaflnll d051ng observed in the forelgn'
studies. Because these results were unexpected and
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because they occurred in healthy volunteers, these
adverse events led to discontinuation of dosage
progression at the 1000, 1200 and 1400 mg/day levels
until the cause of such results was determined. ‘

V. Discrepancy Between the Forelgn and Unlted
- 8tates Results | .

In'searching for the cause of'the'discrepancyf'we
compared plasma levels of modafinll measured in the flrst'
United States study and the precedlng forelgn studles.
We found that at a given oral dose, when compared to
subjects in the foreign.studies, subjects in the United

'States study had higher peak7modafinil'plasma levels.

The modafinil tablets used in the foreign studles
were based upon early lots of modafinil, while the
modafinil tablets used in the United States study were

- based upon. late lots of modaflnll. We theorlzed that a

difference in bloavallablllty of the dlfferent lots of
modaflnll was respon51ble for the dlfferences in maximum

tolerable dose observed in the foreign and United States
clinical studies. Although not obvious or readily
apparent, one of several possible explanatlons which we
posited was a possible'difference'in the modafinil i :
particle size used in the foreign and the United States

studies.

VI Particle Size Ana1151s
- FolIOW1ng this assumption, we compared varlous

parameters from lots of the bulk drug; such comparisons
had not been conducted prevlously, given the assumptlon
that the modafinil being tested in the United-States'was
the "same" as that investigated outside of the United
States. Particle size distribution of the bulk drug was
among the parameters'examined We have performed

‘modafinil partlcle size analyses w1th a Hiac/Royko Model
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9064 sizing counter, a CoulterCounter.sizihg-counter,'by
optical microscopy and.by_sqanning electronmicrOSCOpy;
Our particle size measuremenfs were obtained using
a Hiac/Royco Model 9064 sizing counter following\\

5 manufacturer instructiOns (400 nm aperture; saturated -
waterfwithmodafinil-solution; PDAS'program). A-summary
of the results of these measurements is presented in '
Table 1, which inCludesthemean,median'and mode
particle sizes for six*representativelots of mpdafinil.

10 For cOmparative_purposes,‘the,standard deviation values.
derived frdm the mean,-median and.mode;measuréments are
provided, as are the ratio ?alués of median:meahtmcdé;
Lots EﬁA, E-B, E-C and E-D were among the so-called early'
lots, and Lots L-1 ahd'va'wéreamong the so-called late

15 lots.
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Table 1

 MODAFINII, PARTICLE DIAMETER

STD | MEDIAN: |

| DEVIATION MEAN MO |

BETWEEN DE

| MODE

'176.48 74.27' 114,
o 31.53
- +/- 2 60
101. 37.30 .
N 4o 92 . |
| 158.63 68.28 1 4 25: |
| +/- 63.81

| 18.73 1::.34:

*nN=4: +[/- values are standard dev1atlons

Fig. 1 is a-graph of particle diameter versus
percent cumulative particles for late Lots L-1, L-2, and
for the early Lots E-A, E-~B, E-C, and E~D. The 50

percent cumulativeuparticlé_size‘for,Lots'L-l and L-2 was

'betweenfapproximately 30:ﬂm-and approximately SO'um; '

while'the 50 percent cumulative particle size for Lots
E-A, E-B, E-C, and E-D was between approx1mately 80 um

and apprOX1mately 140 um |
In addition to the Hlac/Royko data,,electron

mlcroscopy and optlcal mlcroscopy were ‘used to verlfy

modafinil particle size and morphology Representatlve

scannlng electron mlcrographs of early Lot E-D are shown
in Fig. 2 (50% magnlflcatlon) and 1in Flg 3 (100X
maqnificatlon) | Representatlve scannlng electron
mlcrographs of late Lot L -1 are shown in Fig. 4’(502
magnlflcatlon) and Fig. 5 (lOOx magnlflcatlon)
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It is noted that the size of modafinil particles
may be determined by any-of'several convéntional methOds.
Methods useful for analy21ng partlcle size within the
range of 100 Angstroms to 100 um,;lnclude, but are not_
limited to: laser d;ffractlon particle size analysis, -
mechanical.sieving,.optical microscopy, '
ultraCentrifugatien, sedimentatibn, air‘permeability,
electron'mlcroscopy, scannlng electron mlcroscopy and
Coulter cOunter technlques.\For a general review of
methods for determlnlng'partlcle size, see Martin et al.,
Physical Pharmacy, 3rd Ed., Lea & Feblger, Phlladelphla
(1983). See also O’Conner in Remington’s, lnfra.,
Section IX. | ' |

| Optlcal mlcroscopy is useful for particle slze-
measurement in the range of 0.2 pm to 100 pm. For
optlcal mlcroscopy, an emulsmon oxr suspenszon, dlluted or
undiluted, 1is mounted on a slide or ruled cell. The
microscope eyeplece is fltted'w1th a mlcrometer by Wthh

‘the szze of the particles may be estlmated

- Mechanical smeVLng uses a serilies of standard
sieves calibrated. by the Natlonal Bureau of Standards.j
Mechanical sieves may be used for screening material as'
fine as 44 um (NoO. 325“sieve)' Sleves manufactured by
photo-etching and electroformlng are avallable w1th

.apertures from 90 um to 5 um.

:Measurements’obtained using instruments and
techniQuesfdevelOPed-by\Hiac/Royko\are‘preferred. A
Hiac/RchousiZing counter utilizes the principle of
lightnextinction (obscuration)'foriparticle*size
detection. The principle involved is that when a

_partlcle suspended in a llquld passes through a sensor

mlcrocell where a laser beam ils dlrected through a W1ndow
at the cell the partlcles in the fluid block the laser

beam from a light-extinction photodlode (photodetector)
resulting in a loss of light ;ntenSLty.'_Thls loss of
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light intensity detectedby.thephctcdetectcr produces an
electrical pulse fcr-each:particle. These pulses are
prcpcrtional in amplitude to the light 1nten51ty (11ght
extinction) Wthh 1s a measure of particle size.

VII. Effect of Modgflnil Particle.size.on Rate of

Modaflnll Dlssclutlcn ' ' '

' We 1nvest1gated the ‘effect of mcdafinil particle
size on the rate of dissolutlcn. The results of those
experiments are summarized in Fig. 6 and Fig. 7.

In the first experiment 500 ml of deionized water
was put in a 1- llter beaker and 50 mg of E-D or L-1 was
added. The suspen51on was stirred ccnstantly'w1th a 5 cm
Teflcn~ccated magnetic stir bar-and a magnetic stir plate
(Thermolyne model #'546725). Samples of 1 ml each were
taken at times 0, 1, 5, 10, 15, 20, 25, 30, 40, 50, and
60 minutes, with each sample being replaced with 1 ml of

‘deionized water. The stir plate speed setting was "aun
for the first'zo minutes, and "7" from 20 to 60 minutes.

Each sample was 1mmed1ately filtered thrcugh a 0.45um
filter, to remove undissolved particles. The filtered

samples were assayed for modafinll by high perfcrmance
lquld chromatography, based upon the method of Mcachcn

et al. (J. Chromatag. B 654:91 (1994)).. Modafinil Lot
L-1 (median: 50.18 pm) had a faster dissolution rate than
did mcdafinil Lot E-D (mean' 94.05 um) . The results of
the flrst experlment are summarized in Fig. 6.

A second dlssclutlon rate experiment was conducted
to determine relative dlssoluticn rates of modafinil from
the capsules used in the.dcg.study (described-belcw).cf
plasma modafinil levels following cral adminiStration.cf
modafinil frcm'Lcts E~-B, E-D and L-1. In the second
dissolution rate experiment, the solvent was 900 ml cf
0.01 N HCI, maintained at 37°cC. Each.sample placed'into
the solvent ccnsisted cf'2oo.mg'cf.ncdafinil packed in a

gelatin capsule. Stainless steel coils were attacheditc_
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the capsules to prevent them from floating. A'stirring
paddle was used at 100 rpm; Solution samples were taken
at 0, 5, 10, 15, 20, 25, 30, 40 and 60 minutes. The
results'of the modafinil capsule dissolution_experiment
are summarized in Fig. 7. - '

VIII. Effect of lodaflnll Particle

, ?Modaflnll Plasma Concent;atlon -
“Given the dlsparlty in results between the foreign

and United States studies- u51ng what was presumed to be

"1dentlcal".modaf1nll additional non-human analyses were
necessary prior to contlnuatlon of human cllnlcal trzals.
Accordlngly, anlmal studies in dogs were carrled out to
determlne the in v:vo pharmacoklnetlcs of modafinil w1th
different average partlcle size dlameters, roughly '
designated as hav1ng'"small" (Lot L-1) and "large" (Lots
E~B.and\E-D)'median particle sizes; Nine male dogs were
randdmly assigned, accordlng to body welght to three ‘dose
groups. Each group was given a single oral dose of 200
of mg'modaflnll weekly for three weeks in a randomlzed
cross-over design, as descrlbed in Table 2.

: , - Table 2
GROUP NUMBER OF  WEEK BULK DRUG LOT AND
' DoGs 'MEDIAN PARTICLE SIZE
1 3 1 E-D (94.05 gm)
- 2 L-1 (50.18 pum)
3 E-B (89.10 um)
2 3 1 L-1 (50.18 um)
2 E~B (89.10 pum)
3 E-D (94.05 um)
3 3 1 " E-B (89.10 gm)
3

L-1 (50.18 um)

After each weekly dose, blood samples (2 ml) were
drawn from all anlmals by venepuncture predose (Wlthln
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one hour of dosing), and at 0.5, 1, 2, 3, 4, 6, 8, 10,
12, 18, 24; and 36 hourS-pcst-dose. Blood samples mere _
collected in heparlnlzed {(lithium heparln) test tubes and
centrlfuged at 2,500 to 3,000 rpm. The plasma was drawn
off with a glass plpette, and stored frozen (=20 C) untll
analyzed. The plasma concentratxon of modafiniil, and 1its
acld and sulfone metabolltes were 51multaneously '
determlned by hlgh~pressure lquld chromatography,
accordlng to the'method of Moachon et al. (J. Chromatag.
B 654:91 (1994)). B ' |
'~ Mean plasma modafinil levels in the nine'dogs, at
0 to 36 hours after modaflnll admlnlstratlon, are

deplcted in Fig. 8. Wlth "small" particles (Lot L-l),

the plasma'modaflnll ccncentratlon peaked at 10 ug/ml
In contrast “with "larger" partlcles (Lots E-D or E~B),
the plasma'modaflnll concentratlon peaked at 8 ug/ml
Thus, the modafinil haV1ng a'medlan partlcle s1ze of o

_50 18 um resulted in a hlgher peak plasma concentratlon

20

25

30

35

than that obtained w1th the same dose of modaflnll
admlnlstered in the form of larger partlcles. Slmllar
results were observed regardlng the acid metabollte of
modafinil, 2~benzhydrylsulf1nylacet1c ac1d as deplcted in
Fig. 9. | | | o

These results implicated the'chsequences of
different particle sizes ‘and the 1mportance of '
controlllng modaflnll partlcle size. By controlllng the
particle s1ze, safety concerns can be addressed. For
example, a ncn-homogenous mlxture of modaflnll partlcle
sizes may not proV1de consistent potency nor aveid
undesired fluctuatlons 1n plasma modaflnll
concentratlons, such fluctuatlons can 1ead to unde51red
and uneXpected events. Moreover ‘the use of modaflnll '
partlcles hav1ng a defined size is more efficient because
a given plasma modaflnll ccncentratlon can be achleved at
a lower oral dose. ' '
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:After'the.discrepanoy'between-theeforeign;and'
first United States studies was resolved and determined
to be related to the dlfferences in particle sizes, a

second Phase I study was conducted in the United States,
to further determine the cllnlcal safety, tolerance and

-pharmacoklnetlc propertles of modafinil haV1ng a partlcle

size as deflned The second study lnvolved normal young
males and an experlmental de51gn s1mllar to the flrst

United States study (descrlbed above)

In the second study, all-subjects'began at 200
mg/day‘us1ng“modaf1nll from Lots L~1 or L-2. Dosage was
then tltrated in 200 mg/day 1ncrements, up to the target -
dose. The results of this study suggested that 600

'mg/day'was the maxmmum tolerable dose ("MTD") of

modafznll w1th 800 mg/day helng the minimum 1ntolerable
dose. |

IX. Methods of Pre-a 1n-Modafinil Having Defined
 Size - o o

:'Modafinil’and modafinil~-related oompoundchan'be
prepared by conventional methods. Methods for preparlng
modaflnll and'modaflnll-related compounds appears in the
1290 patent. Modafinil of the particle s1ze deflned
herein may be obtalned by a varlety of approaches '

utilizing conventional methods, e.g., the methods
25

disclosed in the 7290 patent and then subjecting the
modaflnll of undeflned partlcle srze to conventlonal
methods of milling and sleving. Methods for commlnutlon
(i.e., the mechanlcal process of reducmng the size of
partlcles or aggregates) are known to those in the art;
Examples are provaded in O'Conner et al. Chpt 88,
Remlngton s.Pharmaceutical 8c1ences, 18th Edition, Mack
Publishing Co., Easton,.PA.(lQQO), Following '
comminution, the particles can betseparated\into'a series
of sieve cuts by passing the-partioles_downward through '
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an agltated vertlcal stack of 51eves of decrea31ng mesh
sizes and collectlng the granules retained on each sleve
or 1n the bottom pan. Particles which fall outside of.a
des1red range can agaln be subjected to milling and
5 51ev1ng -
X. Formulation and Administration
An appropriate dosage for modafinil having a
deflned particle size is between about 50 mg and about
700 mg of'modaflnll. .
10 The pharmaceutlcal compoSLtlon descrlbed hereln is
most preferably admlnlstered orally in the form of a .

vehlcle-such as a tablet, capsule, powder, pill,
llquld/suspen51on or emu151on.' The admlnlstratlon
vehlcle may comprlse a pharmaceutlcally- acceptable

15 carrier. The carrier may comprise agents that aid
Solublllty, absorption, flavor, color or texture of the
vehicle or its contents. Toplcal admlnlstratlon v1a an
epidermal patch or the like, or admlnlstratlcn vma dlrect
1nject1on of the drug,‘ls also acceptable. A vehlcle of

20 the invention can include +10- ~-15% of the modafrnll ;
_partlcle, due to factors such as vehlcle manufacturlng
'tolerances and eXpected shelf life of the modafinil. For
exanple, a vehlcleslabeled-as contalnlng 50 mg can be'
initially prepared withi'e.g., 55 or 58 mg of modaflnll

25 with the expectatlon that after one month to two years of'
storage, the active amount of modaflnll thereln has
- decreased. Vehlcles prepared Wlth such adjustments 1n
order to compensate for the expected degradatlon of the
drug fall within the scope cf the invention.

30 While the 1nventlon nas been described in
con51derable detail, the 1nventlon disclosed herein is
not to be limited to the actual descr;ptlon, but is to be
afforded the full scope-of the'appended?Claims and all
equivalents thereto. Although the specific examples '

35 presented herein are directed to the use of modafinil of
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'a defined particle size in the mediation of narcolepsy,

other uses of'modaflnll (e.g., for treatment of |
Parkinson’s disease, urlnary 1ncont1nence, Alzhelmer’s
disorder, etc. ) have been presented in the art, and those

5 utllltles are appropriate 1n conjunctlon'WLth the
invention as disclosed hereln. '
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CLAIMS

1.. A process for the prepa—ration of a
pharmaceutical ' compositi-on comprising incorporating an
effective afnoun‘t of modafinil particles 'having a dlameter
less than about 200 um intb sald composition with the

proviso that modafinil is;hot.freeZe—dried.

2. The process of claim 1, wherein said
particles have a median diameter of Dbetween about 2

micrometers and about 60 micrometers.

10 : 3. The process of claim 1, wherein said
particles have a mean diameter of from about 2 micrometers

to about 19\micrometers.'

4. The process o_f claim 1, wherein said
particles have a mode diameter of from about 2 to about 60

micrometers.

5. The process of claim 1, wherein the ratio of
the median of said particles to the mean diameter of said

particles 1s in the range_1:2.50 to 1:0.50.

6. The process of claim 1, wherein the ratio of
20 the median diameter of said .parti‘cles to the mode diameter

of said particles-is in the range 1:2.50 to_l:O.SO.

7. The process of c¢laim 1, wherein said

parti'c:les have a mean diameter of from about 2 micrometers
~to about 19 micrometers, a median diameter of from about 2
micrometers to about 60 micrometers, and a mode diameter of

from about 2 micrometers to about 60 micrometers, the ratio
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of said median diameter to said mode diameter being in the
range 1:2.50 to 1:0.50' and the ratio of said median

diameter to said mean diameter being in the range 1:2.50 to

1:0.50.

8. The process of claim 7, wherein the standard
deviation of said mean, median and mode diameters is less

than 25 micrometers.

9. The process of any one of claims 1 to 8,
wherein said composition is :Ln a form adapted for oral
administration being a ;tablet,' Capsule,' powder, pill,

liquid suspension or emulsion.

10. A process for the preparation of a

pharmaceutical comprising incorporating an effective amount

of modafinil particles having a diameter less than about

200 um into said compos:_i.tion with the proviso that the

composition does not comprise all of sodium sacchrinate,
Dextran* 70, Tween* 80, hydroxypropyl-pB-cyclodestrine and
xanthum gum or does not comprise all of sodium sacchrinate,

Dextran* 70, Tween* 80, Xanthum gum and lactose or

mannitol.

11. The process of claim 10, wherein said
particles have a median -diameter of between about 2

micrometers and about 60 micrometers.

12. The process of claim 10, wherein particles
have a mean diameter of from about 2 micrometers to about

19 micrometers.

* trademarks
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13. The process of <claim 10, wherein said
particles have a mode diameter of from about 2 to about 60

micrometers.

14. The process of claim 10, wherein the ratio
of the median diameter of said particles to the mean
diameter of said particles is in the range 1:2.50 to

1:0.50.

15. The process of claim 10, wherein the ratio
of the median diameter of said particles to the mode
diameter of said particles 1s in the range 1:2.50 to

1:0.50.

16. The process of claim 10, wherein said
particles have a mean diametet of from about 2 micrometers
to abeut.19‘micrometers, e'median diameter of from~abeut 2
micrometers to about 60 micrometers, and a mode diameter of
from aboutiz micrometers to about 60 micrometers, the ratio
of said median diameter te'said mode diameter beingxin.the
range 1:2,50 to 1:0.50 and the ratio of said median
diameter to eaid-mean diameter being in the range l$2.401to
1:0.50.

17. The process.' of claim 16; wherein the
standard deviation of said mean, median and mode diameters

is less than 25 micrometers.

18. The process of e.ny ‘one of claims 10 to 17,

wherein said composition in a form adapted for oral

administration, said form being a tablet, capsule, powder,

pill, liquid suspension or emulsion.

.~
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