NANOPARTI CULATE TACRCOLI MUS FORMULATI ONS FI ELD OF THE | NVENTI ON The present
I nvention is directed to nanoparticul ate conpositions conprising
tacrolinmus.. In two exenplary enbodi nents of the invention, 5 described are
i nj ectabl e nanoparticul ate tacrolinus conpositions and enteric coated oral
dose nanoparticul ate tacrolinus conpositions, and nethods maki ng and using
the sanme. BACKGROUND OF THE | NVENTI ON Background Regardi ng Nanoparticul ate
Active Agent Conpositions 10 hbnoparticulate conpositions, first described
in US. Pat. No. 5,6145,684 ("the '684 patent"”), are particles consisting of
a poorly soluble therapeutic or diagnostic agent having adsorbed onto or
associated with thd. PARTI(HHATE TACROLEMYSFORMULATION® st abi |l i zer.
The ' 684 patent also describes nmethods of neking such nanoparticul ate
conposi tions but does not desg Lo conprising tacrolinus in
nanoparticul ate form Mt hods=6+=+n Farroperttcdl at e conpositions are
descrlbed for exanple, in U S Pat hbs 5,518,187 and 5, 862,999, both for
" Met hod of Gindi Mhe PRAEMELSRHLA M dircdtddStbaRRGSarticulatd cofpbsitibies 5, 718, 388,
for "Continuous Method of Ginding Pharnmaceutical Substances;" and U. S
Pat. No. 5, 5mmmsng tacrolipmusc do dwofexeoplaneerabodigents of dpemvwm@orrposu tions
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Background Regarding Nanoparticulate Active Agent Compositions

10 Nanoparticulate compositions, first described in U.S. Pat. No. 5,145,684
("the '684 patent™"), are particles consisting of a poorly soluble therapeutic or
diagnostic agent having adsorbed onto or associated with the surface thereof a
non-crosslinked surface stabilizer. The '684 patent also describes methods of
making such nanoparticulate compositions but does not describe compositions

15  comprising tacrolimus in nanoparticulate form. Methods of making
nanoparticulate compositions are described, for example, in U.S. Pat. Nos.
5,518,187 and 5,862,999, both for "Method of Grinding Pharmaceutical
Substances;" U.S. Pat. No. 5,718,388, for "Continuous Method of Grinding
Pharmaceutical Substances;" and U.S. Pat. No. 5,510,118 for "Process of

20  Preparing Therapeutic Compositions Containing Nanoparticles."

Nanoparticulate compositions are also described, for example, in U.S. Pat.
No. 5,298,262 for "Use of Ionic Cloud Point Modifiers to Prevent Particle
Aggregation During Sterilization;" U.S. Pat. No. 5,302,401 for "Method to |
Reduce Particle Size Growth During Lyophilization;" U.S. Pat. No. 5,318,767 for
25 "X-Ray Contrast Compositions Useful in Medical Imaging;" U.S. Pat. No.
5,326,552 for "Novel Formulation For Nanoparticulate X-Ray Blood Pool
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No. 5,328,404 for "Method of X-Ray I maging Using |odinated Aromatic
Propanedi oates;" U. S. Pat. No. 5,336,507 for "Use of Charged Phospholi pids
to Reduce Nanoparticle Aggregation;"” U S. Pat. No. 5, 340,564 for

"Formul ations 5 Conprising Ain 10-Gto Prevent Particle Aggregation and

I ncrease Stability;"” U S. Pat. No. 5,346,702 for "Use of Non-lonic C oud
Point Modifiers to Mnimze Nanoparticul ate Aggregation During
Sterilization;" U S. Pat. No. 5,349,957 for "Preparation and Magnetic
Properties of Very Smal | Magnetic- Dextran Particles;"” U S. Pat. No.
5,352,459 for "Use of Purified Surface 10 Modifiers to Prevent Particle
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| magi ng; " U §s Nf;ag;[:\étic[\ﬁésonance Enhancement Agents;" U.S. Pat. No. 5,429,824 for "Use
of Tyloxépol as a Nanoparticulate Stabilizer;" U.S. Pat. No. 5,447,710 for
15 "Method for Making Nanoparticulate X-Ray Blood Pool Contrast Agents Using
High Molecular Weight Non-ionic Surfactants;" U.S. Pat. No. 5,451,393 for "X-
Ray Contrast Compositions Useful in Medical Imaging;" U.S. Pat. No. 5,466,440
for "Formulations of Oral Gastrointestinal Diagnostic X-Ray Contrast Agents in
Combination with Pharmaceutically Acceptable Clays;" U.S. Pat. No. 5,470,583
20  for "Method of Preparing Nanoparticle Compositions Containing Charged
Phospholipids to Reduce Aggregation;" U.S. Pat. No. 5,472,683 for
"Nanoparticulate Diagnostic Mixed Carbamic Anhydrides as X-Ray Contrast
Agents for Blood Pool and Lymphatic System Imaging;" U.S. Pat. No. 5,500,204
for "Nanoparticulate Diagnostic Dimers as X-Ray Contrast Agents for Blood
25  Pool and Lymphatic System Imaging;" U.S. Pat. No. 5,518,738 for
"Nanoparticulate NSAID Formulations;" U.S. Pat. No. 5,521,218 for
"Nanoparticulate Iododipamide Derivatives for Use as X-Ray Contrast Agents;"
U.S. Pat. No. 5,525,328 for "Nanoparticulate Diagnostic Diatrizoxy Ester X-Ray
Contrast Agents for Blood Pool and Lymphatic System Imaging;" U.S. Pat. No.

30 5,543,133 for "Process of Preparing X-Ray Contrast Compositions Containing
2



30 5,543,133 for "Process of Preparing X-Ray Contrast Conpositions
Containing 2 Nanoparticles;"” U S. Pat. No. 5,552,160 for "Surface Mdified
NSAI D Nanoparticles;"” U'S. Pat. No. 5,560,931 for "Fornul ati ons of
Compounds as Nanoparticul ate Dispersions in Digestible Gls or Fatty Acids;
" U S Pat. No. 5,565,188 for "Pol yal kyl ene Bl ock Copol yners as Surface
Modi fiers for 5 Nanoparticles;"” U S. Pat. No. 5,569,448 for "Sul fated

Non-i oni ¢ Bl ock COponner Surfactant as Stabilizer Cbatings for
Nanoparticle Conpositions;"” U S. Pat. No. 5,571,536 for "Fornul ati ons of
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Pat. No. 5,580,579 for "Slte-speclﬁc Adhesion Within the GI Tract Using
Nanoparticles Stabilized by High Molecular Weight, Linear Poly(ethylene Oxide)
15  Polymers;" U.S. Pat. No. 5,585,108 for "Formulations of Oral Gastrointestinal
Therapeutic Agents in Combination with Pharmaceutically Acceptable Clays;"
U.S. Pat.No. 5,587,143 for "Butylene Oxide-Ethylene Oxide Block Copolymers
Surfactants as Stabilizer Coatings for Nanoparticulate Compositions;" U.S. Pat.
No. 5,591,456 for "Milled Naproxen with Hydroxypropyl Cellulose as Dispersion
20  Stabilizer;" U.S. Pat. No. 5,593,657 for "Novel Barium Salt Formulations
Stabilized by Non-ionic and Anionic Stabilizers;" U.S. Pat. No. 5,622,938 for
"Sugar Based Surfactant for Nanocrystals;" U.S. Pat. No. 5,628,981 for
"Improved Formulations of Oral Gastrointestinal Diagnostic X-Ray Contrast
Agents and Oral Gastrointestinal Therapeutic Agents;" U.S. Pat. No. 5,643,552
25 for "Naﬁoparticulate Diagnostic Mixed Carbonic Anhydrides as X-Ray Contrast
Agents for Blood Pool and Lymphatic System Imaging;" U.S. Pat. No. 5,718,388
for "Continuous Method of Grinding Pharmaceutical Substances;" U.S. Pat. No.
5,718,919 for "Nanoparticles Containing the R(-)Enantiomer of Ibuprofen;" U.S.
Pat. No. 5,747,001 for "Aerosols Containing Beclomethasone Nanoparticle

30 Dispersions;" U.S. Pat. No. 5,834,025 for "Reduction of Intravenously
3




for "Continuous Method of Ginding Pharnmaceutical Substances;"” U S. Pat. No.
5,718,919 for "Nanoparticles Containing the R(-)Enantiomer of I|buprofen;”
US Pat. No. 5,6747,001 for "Aerosols Containing Becl onet hasone
Nanoparticle 30 Dispersions;” U S. Pat. No. 5,834,025 for "Reduction of

I ntravenously 3 Adm nistered Nanoparticul ate Fornul ation | nduced Adverse
Physi ol ogi cal Reactions;" U S. Pat. No. 6,045,829 "Nanocrystalline
Forrmul ati ons of Human | nmunodeficiency Virus (H'V) Protease Inhibitors
Using Cellulosic Surface Stabilizers;"” U S. Pat. No. 6,068,858 for "Methods
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Nanoparticul ate Conpositions Having Cationic Surface Stabilizers:" U S Pat.
20 No. 6, k81, Imgungdeficigney|Vims rqtease intubitqusy’ U.NoPateNa3e2648922 fr
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Di spersions Conprising a Synergistic
in Nanoparticle Compositions;" U.S. Pat. No. 6,270,806 for "Use of PEG-
Derivatized Lipids as Surface Stabilizers for Nanoparticulate Compositions;"
15 U.S. Pat. No. 6,316,029 for "Rapidly Disintegrating Solid Oral Dosage Form,"
U.S. Pat. No. 6,375,986 for "Solid Dose Nanoparticulate Compositions
Comprising a Synergistic Combination of a Polymeric Surface Stabilizer and
Dioctyl Sodium Sulfosuccinate;" U.S. Pat. No. 6,428,814 for "Bioadhesive
Nanoparticulate Compositions Having Cationic Surface Stabilizers;" U.S. Pat.
20 No. 6,431,478 for "Small Scale Mill;" U.S. Pat. No. 6,432,381 for "Methods for
Targeting Drug Delivery to the Upper and/or Lower Gastrointestinal Tract;" U.S.
Pat. No. 6,582,285 for "Apparatus for Sanitary Wet Milling;" and U.S. Pat. No.
6,592,903 for "Nanoparticulate Dispersions Comprising a Synergistic
Combination of a Polymeric Surface Stabilizer and Dioctyl Sodium

25  Sulfosuccinate;" 6,656,504 for “Nanoparticulate Compositions Comprising
Amorphous Cyclosporine;” 6,742,734 for “System and Method for Milling
Materials;” 6,745,962 for “Small Scale Mill and Method Thereof:” 6,811,767 for
“Liquid droplet aerosols of nanoparticulate drugs;” and 6,908,626 for
“Compositions having a combination of immediate release and controlled release

30  characteristics;” all of which are specifically incorporated by reference. In
4



Conbi nation of a Polyneric Surface Stabilizer and Dioctyl Sodium 25

Sul f osucci nate;" 6,656,504 for "Nanoparticul ate Conpositions Conprising
Anor phous Cycl osporine;" 6,742,734 for "System and Method for MIIing
Material s;" 6,745,962 for "Small Scale MII| and Method Thereof;" 6, 811, 767
for "Liquid droplet aerosols of nanoparticul ate drugs;" and 6,908, 626 for
"Conpositions having a conbination of imrediate rel ease and controll ed

rel ease 30 characteristics;" all of which are specifically incorporated by
reference. In 4 addition, U S. patent application Ser. No. 20020012675 Al,

publ i shed on Jan. 31 2002, for "Controlled Release Nanogparticul ate
Conposi ti ons"addiliong .S paters gppiration SesMNor 200200420 Abpublished on Jang31,

Material s, " dgw' & icul Py e Angl pecifically
i ncor por at ed Dy I’g epgﬁggﬁ%ﬁgﬁ%#pﬁ%@g&g%% %%@E‘?%?@gcgﬁribgvs(?t ions are
descri bed, f002/098563 for “Systent/aid Mttiod fPMiHingdBatéBdls " Pescribar ti cul ate
Conposition and Use Thereof as. Antimcrobjal Agent;" U S Pat. No.

4, 826, 689 f or nangpertisylategompasitings, apdiaresnerifically ingomerated by sefereaes.
Wat er - I nsol ubl e Organi ¢ Conpounds; " U.S. Pat. No. 4,997,454 for "Method for

Maki ng Unid orm y-Si t] I . 1 S. Pat.

No. 5,741,522 for Aﬁfﬁg@nash%m%g{lgg%m%gtogg a%o?%g%gé@z&%?‘ gﬁxglse, of Uniform
Si ze for EntrumiPag N&st, BIpS4esr Warlidulate 0dmyekifiof and UseThetdofas Pat . No.
5,776,496, for "U trasmall Porous Particles for Enhancin U trasound Back
Scatter” all AntipggrebiabAgentpddiSt P@taNOy4,i8%68%81ral\/€q§hwef0é?\4ﬁlw}g reference. 15

Background Re ' +ac i T i FK- 50 i oblde

I mMunosuppr esgﬁ#‘ghaﬁ'i S(}%edl’ lgel.rhggigp @%@rﬁs%}%é 9{%@?" ﬁgrlngg\gqusgﬁtﬁ '|S\'/ glﬁt han
cycl ospor i ne. Not 4,997,459 §1C™Method fofrmmfg Bhifer19{SiZéd Particley Bfsm hisblublaensi s,
a nonotypi c species of Streptonyces. . S. Pat. No. 4,894,366 and EPO

Publ i cat i bh NEQmMBndsa'QUcSe?gt. iNse 517441532 ifori$1rasmally Noneaggzegated Rasews por at ed

by reference i’Qrtitcﬁg iprf Uemnftoir&%tiyé for Entrapping Gas Bubbles Within and Methods;" and
U.S. Pat. No. 5,776,496, for "Ultrasmall Porous Particles for Enhancing
Ultrasound Back Scatter” all of which are specifically incorporated herein by

reference.
15 Background Regarding Tacrolimus

Tacrolimus, or FK-506, is a macrolide immunosuppressant which is
reputed to be 100 times more effective than cyclosporine. It is produced by
fermentation of Streptomyces tsukubaensis, a monotypic species of Streptomyces.
U.S. Pat. No. 4,894,366 and EPO Publication No. 0184162 describe tacrolimus

20  and are herein incorporated by reference in their entirety.

Tacrolimus is sold under the trade name PROGRAF® (available from
Fujisawa USA, Inc.) and suppresses some humoral immunity and, to a greater
extent, cell-mediated reactions such as allograft rejection, delayed-type
hypersensitivity, collagen-induced arthritis, experimental allergic
25  encephalomyelitis, and graft versus host disease. Accordingly, tacrolimus

prolongs survival of a host and transplanted graft in animal transplant models of



Tacrolinus is sold under the trade nane PROGRAF(r) (available from Fujisawa
USA, Inc.) and suppresses sone hunoral immunity and, to a greater extent,
cel |l -nmedi ated reactions such as allograft rejection, delayed-type
hypersensitivity, collagen-induced arthritis, experinmental allergic 25
encephal onyelitis, and graft versus host disease. Accordingly, tacrolinus
prol ongs survival of a host and transplanted graft in animal transpl ant
nodels of 5 liver, kidney, heart, bone marrow, small bowel and pancreas,

|l ung and trachea, skin, cornea, and |inb. Mre specifically, experinental

evi dence suggests, that tacrolinus binds_.to an jntracellular protein,
FKBP-12. A cohpirekidney, hat.diongmarmogsmall Powebwiﬂ@ﬁfeaéd%mﬂ traphegng
calcineurin ig; o] and the phosphatase activity of calcineurin

i nhi bi ted. Th?%ﬁ’rekﬁ%%tﬁrgégmgr event dephosphorylation and translocation of
nucl ear factor of activated T-cells (NF-AT), a nuclear conponent thought to
initiate gene tranMbreé ppecificall9| extpefimentahertidaice shgdeptsihatkacreBmis bigds as
interleukin-2, gama interferon). The net result is the inhibition of T 10

| ymphocyt e acto WPFWIM?'I@.TQWFMS%&é@@Plﬁ’ﬁ)thaP&%lﬂépﬁ‘EK@Phb% an enpiri cal

formul a ofg C' 2. = fokmul.a . ' f o 4S, appears
as white csrys%&gﬂnofaléﬂfo?gﬁg’l %ncgﬁz H(%‘gljs Q{g{ag%abrac |%§P?P§g'ﬁ%§%‘}t%e in
wat er, freel yofalldibdigin inhibitedn This effect mey presedtdepkosphorylationand!l and

chloroform Tacrolinus has the followi ng chem cal structure: H HO Hapo H~ H
CH3 O H Ho Hramslogaton ofnuclear factor of activated T-cells (NF-AT), a nuclear component

thought to initiate gene transcription for the formation of lymphokines (such as
interleukin-2, gamma interferon). The net result is the inhibition of T-

10  lymphocyte activation (i.e., immunosuppression).

Tacrolimus has an empirical formula of C4,HeNO,, *H,0 and a formula
weight of 822.05. Tacrolimus appears as white crystals or crystalline powder and
is practically insoluble in water, freely soluble in ethanol, and very soluble in

methanol and chloroform. Tacrolimus has the following chemical structure:

H
s , HCO ' H OCH,

(See, The Merck Index, Twelfth Edition, 9200 (Merck & Co., Inc.,
Rahway, NJ, 1996).



O0CH3 .F60 }Jj3CORCH3 HO H 15 H3COH H OCHY (See, The Merck I ndex,
Twel fth Edition, 9200 (Merck & Co., Inc., Rahway, NJ, 1996). 6 Absorption
of tacrolinmus fromthe gastrointestinal tract after oral admnistration is
i nconpl ete and variable. The absolute bioavailability of tacrolinus is
1710% in adult kidney transplant patients (N=26), 226% in adult Iiver
transpl ant patients (N=17), and 185%in healthy volunteers (N=16). 5 A
singl e dose study conducted in 32 healthy volunteers established the

bi oequi val ence of the I ng and 5 ny capsules Anot her single dose study in

32 healthy vol unt rs estaplished the vaI en of the 0.5 ng and 1 ny
capsul es.. Tacroli %OTH‘A%} Wﬂ%ﬁ%‘hg@ 'émg%a“)a%ﬁﬁ&f rea under the

curve (AUC) aﬁﬁﬁﬂsﬁ‘iﬁ&&s‘ﬂ%ﬁ g{ee 4n \Bri §eTH [ﬂtégﬂﬁ{,aﬂﬁm?% in 18 fasted

10 heal thy volunteers recel Vi a single ora se of and 10 ng.
In 18 ki dney tacwbiapisdni7H0% émadult kidneyakansplant: patients (Neraé)aaﬂté%linradtﬂtrom 3

to 30 ng/ L asured at 10-12 hours p fézi;_ﬁqj)se ;& orrel _21% well with the
AUC (corr el at v tapsplant patignts GNGAY), a‘i“ﬁ PF\/]%Q%Q‘Y ﬂ@'ﬁFeéFﬁ(ﬁ)— ents over a
concentration range of 10 to 60 ng/ m., the correlation coefficient was 0.94.
15 Wth respect touf zgﬁg]

absorptlon wer e gresgl{i% ?3 esg%@?astﬁgg@con It g%@%ﬁ&fs%sg@é%%d’%lﬁd

conposi ti on obiotquivalemtewfahes tthgdmids ingeapafles. Andthexsingle dofse stady ol 32rus

absor pti on when_adm ni stered to éﬂhealthy vol u t?tg rs. effect was nost
pronounced wi h¢althy yplymisess established the digeguivalenemp ?6 AlS@g and C max

were decr easgga ?ﬁ‘é%e ﬁ@m@gg :ﬁ&m‘?ﬁﬁ’ﬁfb&&%@ﬂ&éntdﬁ@fé RS An%wémwué fold. A

hi gh- car bohy

curve (AUC) appeared to increase in a dose-proportional fashion in 18 fasted

10  healthy volunteers receiving a single oral dose of 3 mg, 7 mg, and 10 mg.

In 18 kidney transplant patients, tacrolimus trough concentrations from 3
to 30 ng/mL measured at 10-12 hours post-dose (Cyi,) correlated well with the
AUC (correlation coefficient 0.93). In 24 liver transplant patients over a

concentration range of 10 to 60 ng/mL, the correlation coefficient was 0.94.

15 With respect to food effects, the rate and extent of tacrolimus absorption
were greatest under fasted conditions. The presence and composition of food
decreased both the rate and extent of tacrolimus absorption when administered to
15 healthy volunteers. The effect was most pronounced with a high-fat meal
(848 kcal, 46% fat): mean AUC and C max were decreased 37% and 77%,

20  respectively; Tmax was lengthened S-fold. A high-carbohydrate meal (668 kcal,
85% carbohydrate) decreased mean AUC and mean C max by 28% and 65%,

respectively.

In healthy volunteers (N=16), the time of the meal also affected
tacrolimus bioavailability. When given immediately following the meal, mean
25  Cpe was reduced 71%, and mean AUC was reduced 39%, relative to the fasted
condition. When administered 1.5 hours following the meal, mean C,,, was
reduced 63%, and mean AUC was reduced 39%, relative to the fasted condition.

7



85% car bohydrat e) decreased nmean AUC and nean C nmax by 28% and 65%
respectively. In healthy volunteers (N=16), the tinme of the neal also
affected tacrolinmus bioavailability. Wen given i mediately follow ng the
meal, nmean 25 C,0. was reduced 71% and nmean AUC was reduced 39% relative
to the fasted condition. Wien adm nistered 1.5 hours follow ng the neal,
mean C.. was reduced 63% and nean AUC was reduced 39% relative to the
fasted condition. 7 In 11 liver transplant patients, tacrolinus

adm nistered 15 mnutes after a high fat (400 kcal, 34%fat) breakfast,

lted in d \UC (27118 d - 50 dt
e e o R AR NG oSt S TR o, and
5. ndependggh B (00READARIY Bl RsiABOR GrciseOATY 7 IBOGERNT MU 1S

bound mainly to um n an adcid glycoprotein has “a hi gh
| evel of assCqi,{50A9%) asfnompdrédmca/faasdsfﬁtee di stribution of tacrolinus
bet ween whol e bl ood and plasma depends on several factors, such as

hemat ocrit, tenpergture at, ,the_ ti sima separ at.i dr
concentration andiﬁﬂsg@rﬁoﬁ%?@ﬁhﬁggg @%‘FHFQPPIS 1mqte,ly§8% ‘ﬂgt udy, the
rati o of &R _ d 35
(range 12 to @%&baﬁﬂn{:atleg‘%ﬂsﬁﬁlﬁg%lvgpat%h Epssggg%%ig?ﬂyﬁcaps

therapy nay bmainlpitd albmmhmdﬁpﬁﬁmlyc)opmtpmcamdahas aMfigh levehef der i ng t he
uses of PROGRAF i nj,ecti houl d_.be no .hat _anaphyl

reactions havéssgﬁi)@HP aﬁ?%‘ﬁﬁ‘i‘i‘%ﬁ‘?‘hj’ $18 bepyRen; wh oi"g castor oil

derivatives. R patients
with a hyper S;BLBS)?%%VIp?aer %g@é@)sef:@.‘ %g{g/fg%dﬁq%r ogena’tqg%ﬁ%%g%r%rgt oil)

The initial ddsctimé oPMAE@a}atﬁiﬂpdﬂuQ coacentrdtioniant plastharppotenoner t han 6
hours after transplantation, The reconmen stariing dose of PROGRAF(r)

i nj ecti onl9s @omesniyatien. %P%$d§i§d}’a@%aﬂgﬁg}”g}9@@°9 ongentration;to plasmay| ¢

patients shoul gneeﬁﬁgﬁdfa\fe?agg%ﬁﬁt(réngglb?d‘@’f).end of the dosing range.

In patients unable to take oral PROGRAF® capsules, therapy may be
initiated with PROGRAF® injection. When considering the uses of PROGRAF®
injection, it should be noted that anaphylactic reactions have occurred with

15  tacrolimus injectables containing castor oil derivatives. Therefore, PROGRAF®
injection is contraindicated in patients with a hypersensitivity to HCO-60
(polyoxyl 60 hydrogenated castor oil). The initial dose of PROGRAF® should be
administered no sooner than 6 hours after transplantation. The recommended
starting dose of PROGRAF® injection is 0.03-0.05 mg/kg/day as a continuous IV

20  infusion. Adult patients should receive doses at the lower end of the dosing range.
Concomitant adrenal corticosteroid therapy is recommended early post-
transplantation. Continuous intravenous (IV) infusion of PROGRAF® injection
should be continued only until the patient can tolerate oral administration of
PROGRAF® capsules.

25 PROGRAF® injection must be diluted with 0.9% Sodium Chloride
Injection-or 5% Dextrose Injection to a concentration between 0.004 mg/mL and
0.02 mg/mL prior to use. Diluted infusion solution should be stored in glass or
polyethylene containers and should be discarded after 24 hours. The diluted
8



Concom tant adrenal corticosteroid therapy is recommended early post-
transpl antation. Continuous intravenous (IV) infusion of PROGRAF(r)

i njection should be continued only until the patient can tolerate oral

adm ni strati on of PROGRAF(r) capsul es. 25 PROGRAF(r) injection nust be
diluted with 0.9% Sodi um Chloride |Injection-or 5% Dextrose Injection to a
concentration between 0.004 ng/nL and 0.02 ng/nL prior to use. Dluted

i nfusion solution should be stored in glass or polyethylene containers and
shoul d be discarded after 24 hours. The diluted 8 infusion solution should

t b t d, P d t d. t th
ot ent i al - or giRiqhalvtis ol e sioeed in PE BiBinsR a8 lndesteadil ' OF 1 ut e
sol uti ons ar esta&h{by &RGhé Soﬁntlal%{déﬁfa%ﬁ% Qpammte@ 1R stuatfUSWHeREmbiD1 Ng

should |ikew se be used’'to mnimze t potential for significant drug
adsor pti on ondituté selntionsdre mijlizéda(eenpedilricdasingy etsduEV €-Etombingshoulds pect ed

visual ly for I’tIC Iat matt er orati or ,to adm ni stration,
whenever sol uﬁ]? ﬁ él?lﬁgﬁnzeg&nﬂgﬁn%af) gpﬂ%ﬁﬁ&r&‘ﬁéﬂ?%ﬁwq Pability of
PROGRAF(1 )5 | negletih. an%ﬁfékadm g@@ﬁ’é}m&mdm&sﬁém ViStlyof PirtiB@ate! xed or
co-infused with solutions of or

greater , ganCiclovir or
acycl ovir). 1Mmattér and dlmiqrptyon priorgo adman;tratmnnwhcmvmoﬂutmn dnd cootaineal

tacrolinmus is rec nd S soon e tolerated. In a

patient recei peTAt gﬁygﬁ"\fg?‘:ﬁ qgﬁcelnms aérpsl{(g&gg@b a@@gpeﬂ?@aapy shoul d be
en 8-12 hop Cﬁ{&fv I ded

g![ \z;rti ng oral gose 0 IP croli %@Blﬂggg%%d ochgf'xfﬁgécPQitB-EBﬁ}.lEgé;W@

admi ni st ered bngreater (8.g) geediclavit or abgelesirpvery 12 15 hours. Co-admi nistered
grapefruit juice has been reported to increase tacrolinmus blood trough

based on 1 nical HSCberos beseosae], ERYeSHORA Y 1 i8] RPOHRUPIR o i o
char act v ot] B ﬁk.&‘lﬁw%‘%m‘?‘% AT e Ly S
IV infusion, the first dose of oral therapy should be given 8-12 hours after
discontinuing the IV infusion. The recommended starting oral dose of Tacrolimus
capsules is 0.10-0.15 mg/kg/day administered in two divided daily doses every 12
15  hours. Co-administered grapefruit juice has been reported to increase tacrolimus
blood trough concentrations in liver transplant patients. Dosing should be titrated

based on clinical assessments of rejection and tolerability.

There is currently a need for tacrolimus formulations that have enhanced

solubility' characteristics which, in turn, provide enhanced bioavailability upon

20  administration to a patient, as well as reduced fed/fasted absorption variability.
The present invention satisfies these needs by providing methods and
compositions comprising a nanoparticulate formulation of tacrolimus. Such
formulations include injectable nanoparticulate formulations of tacrolimus that
eliminate the need to use polyoxyl 60 hydrogenated castor oil (HCO-60) as a

25  solubilizer, and enteric coated nanoparticulate formulations of tacrolimus.
Nanoparticulate tacrolimus compositions are desirable because with a decrease in
particle size, and a consequent increase in surface area, a composition is rapidly

dissolved and absorbed following administration.
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20 adm nistration to a patient, as well as reduced fed/fasted absorption
variability. The present invention satisfies these needs by providing

met hods and conpositions conprising a nanoparticulate fornul ati on of
tacrolinmus. Such fornulations include injectable nanoparticul ate

formul ations of tacrolinmus that elimnate the need to use pol yoxyl 60

hydr ogenat ed castor oil (HCO 60) as a 25 solubilizer, and enteric coated
nanoparticul ate formul ati ons of tacrolinmus. Nanoparticulate tacrolinus
conpositions are desirable because with a decrease in particle. size, and a

consequent increase in surfagﬁggygﬁ%%mkﬁqrapi dly dissolved and
absorbed followi ng adm ni str : ENTI ON The present
invention is directed to tacrolimus formnul ati ons conprising nanoparticul ate

tacrol i mus havi ng dhepfdsenttinventionds digectqabtottacrblémus formmiations somprising about

2000 rimand at | east_ one syrface.stabiljzer. 5 In one . enpodipent of the
i nventi on, annP'l‘ﬁpéE{“é‘l‘:ﬁ?%t%‘? RS- having any effectiVe 35185, RaTHClE fize Sfﬁgﬁ&’ﬁg

provi ded, o000 bR dt TS B fabealiyng an - ef fective average

particle size of less than about 600 nm and at | east one surface
stabilizer. In other enbodiments, the injectable fornulation can conprise
tacrol i nusShavi ng &moné émbodimentwkthe geveption, iav ligiectable nafiopasienlathan about 550

nm 10 | ess than ,about 500 .nm |ess, than ‘abpout 450 rim Jess than about 400
T 1 ass t han SRS BERURHOR ROVt FOmFR P ESAOLS PRccles BaHDaBBat 250 nm

less than abo&?fe%tggodv@ﬁige ig»rﬁﬁﬁlé Q%%Q%Wugﬁm hﬁsﬁ%rc]lta‘i’ fasORRELrRQ0 nm

| ess than abo 5r1rim ess than about 50 rum one enbodi nent, the
surface st abi Istabdizer. Sinaotherentbodiments| thermjectable fHmulatipr cambbmprsenoparti cul at e

tacrolinus fornmulations, of the invention elinnate the need use pol yoxyl
60 hydr ogenat &¥TRlHBYHAAVIRY ar{ﬁ&nefe)avgggeapargeip dise IO&;éF erlm%guﬁ iS%t%ef i cial,
as in conygnti i Wl I LBLLTHR nplt4 ons
conpri si ngspollégg%hﬁr%g Rygrogblﬁg%%gﬁ%%@g?égﬂ%gss{%ﬁa%ﬁ w1634

about 350 nm, less than about 300 nm, less than about 250 nm, less than about

200 nm, less than about 150 nm, less than about 100 nm, less than about 75 nm,

or less than about 50 nm. In one embodiment, the surface stabilizer is a povidone

polymer.

15 The injectable nanoparticulate tacrolimus formulations of the invention
eliminate the need to use polyoxyl 60 hydrogenated castor oil (HCO-60) as a
solubilizer. This is beneficial, as in convention non-nanoparticulate injectable
tacrolimus formulations comprising polyoxyl 60 hydrogenated castor oil as a
solubilizer, the presence of this solubilizer can lead to anaphylactic shock (i.e.,

20  severe allergic reaction) and death. In addition, the injectable nanoparticulate
tacrolimus formulations of the invention provide for formulations comprising
high tacrolimus concentrations in low injection volumes, with rapid drug

dissolution upon administration.

The present invention also describes pharmaceutical compositions
25  comprising enteric-coated tacrolimus. Such formulations comprise
nanoparticulate tacrolimus, having a particle size of less than about 2000 nm, and

at least one surface stabilizer. The enteric coated dosage forms of the present
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sol ubilizer, the presence of this solubilizer can |lead to anaphyl actic shock
(i.e., 20 severe allergic reaction) and death. In addition, the injectable
nanoparticulate tacrolinus fornulations of the invention provide for

formul ations conprising high tacrolinus concentrations in |owinjection

vol unes, with rapid drug dissolution upon admnistration. The present

I nvention al so descri bes pharmaceutical conpositions 25 conprising
enteric-coated tacrolinmus. Such forrulations conprise nanoparticulate
tacrolinmus, having a particle size of |ess than about 2000 nm and at | east
one surface stabilizer. The enteric coated dosa%gﬂgorns,of the present 10

i nventi on naylD¥entANIpaY beProyided informulations whicyexbibit »yariety obraleasy of rel ease

profiles upo lHASE AL E ent  ne ' 3 an

i mmedi ate- r 2? %gg@ 5 %?%Q)a%g? %rhua&fg){l iq%E,%ta{allgﬂég%‘{l%#gh?%{ealﬂe@é’eﬁ?%%éf%? mul at i on
that allows orfsse (IR) foimyulatibn, oicohticllddaeleasyy (CR)tformnahon thatalhais s, such as
once weekly or once 5 nonthly), and a conbination of both |R and CR

f or mul at i ons. PB&lay admingsiration(er aligrnatp Smernesieds, speh/asance weekly arewage re onl y

pati ent conveRoEmuD SR CRERRAA OFooR IR KhE ER AdFRElPY, SRt R .
enpl oyed i n t&ftheBrdsenitrmventiol @ar e lonB 6 dos@pér dag| sith\dogdgevfapss i ncl udi ng,

but not limted to, the use of erodable 10 fornulations,
di f f usi on- conprowidedhe benefity efianbanced patien sanyanience gnd eemphianced The or nul at i ons.

I n anot her as f e Lnvention there i.S Brov,ge th f..preparing
the nanoparti @E%atngsn% gf;?%%%g-r?lgm?yggg &eﬁ%&oﬁ%ﬁﬁeﬁ&#ﬂgﬂit hod
conprises: (lin &Rty 6f Ways in6lu@ingThist o lithilel @o)ithe @NesdfRESdaBle Medi um  and (2)
15 nechani cally reducing the particle size of the tacrolinus to the desired
ef f ect i vel0 avEraglations.t or-comfrolled formuylations; androsatnigallsoontratetlor

I nj ectabl e co;{;a%os' ions or. less than about 2000 rimfor non-injectable or
enteric-coated C oST'tions. At |east one surface stabilizer can be added
to the dispersion nedia either before,

In another aspect of the invention there is provided a method of preparing

the nanoparticulate tacrolimus formulations of the invention. The method
comprises: (1) dispersing tacrolimus in a liquid dispersion medium; and (2)

15  mechanically reducing the particle size of the tacrolimus to the desired effective
average particle size, e.g., less than about 600 nm for injectable compositions or
less than about 2000 nm for non-injectable or enteric-coated compositions. At
least one surface stabilizer can be added to the dispersion media either before,
during, or after particle size reduction of tacrolimus. In one embodiment for the

20 injectablg composition, the surface stabilizer is a povidone polymer with a
molecula_r weight of less than about 40,000 daltons. Preferably, the liquid
dispersion medium is maintained at a physiologic pH, for example, within the

range of from about 3 to about 8, during the size reduction process.

The present invention is also directed to methods of treating a mammal,
25  including a human, using the nanoparticulate tacrolimus formulations of the
invention for the prophylaxis of organ rejection, and specifically in patients
receiving allogenic liver or kidney transplants. Such methods comprise the step

of administering to a subject a therapeutically effective amount of a
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during, or after particle size reduction of tacrolinmus. In one enbodi nent
for the 20 injectable conposition, the surface stabilizer is a povidone
polymer with a nolecular weight of |ess than about 40,000 daltons.
Preferably, the liquid dispersion nediumis nmaintained at a physiol ogic pH,
for exanple, within the range of fromabout 3 to about 8, during the size
reduction process. The present invention is also directed to nethods of
treating a mammal, 25 including a human, using the nanoparticul ate
tacrolinus fornulations of the invention for the prophylaxis of organ
rejection, and specifically in patients _receivipng allogenic |Ijver or kidney
transpl ants. @F@Earﬁ‘ﬁmﬁc‘%@%ﬁ&%r@‘ﬁﬁ@n&fé?? mH?mH’g‘ﬂr?‘Fﬁhsﬁs t pot limited tQubj ect a
t her apeuti cal L.y; | D : 2 fﬁﬁﬁl rol i mus

formul ati on fﬁ“ﬁ%@%ﬁﬁ‘%ﬁ?&%ﬁ aggp%’é%lﬂ%tg?% g’lﬁnlh?%f to Jﬁg)%' i nj ectabl e or
enteric-coated nanoparticulate tacrolinus fornulation. The nanoparticul ate
tacrol i nus f or nul aThonanopértichixtptaeodintus iforeariations of the pregent mvehtion may | ude one

or nore pharnmaceutjcal ly, acceptabl e, exci pi ents, su%g as 5.non-tqxic
physi ol ogi cal PRHOXRER i eé’qeiodm%eeb%fmaé?@caﬁlﬁ@%}’ le; GHGIPIGEH SUCh 25
preservaties. B : . ' al. ﬁﬁ'ferr ' fQl | ow ng
detail ed S\ées%ordla%%‘lrboé]ﬁ@}pgg 1%%#%? ﬁgggalélg% anaét’g)trHy %ﬂﬁgraggl?ﬁ’tégnded to
provi de fat hepreseexgtivesat i on of the invention as claimed. O her objects,
advant ages, and novel 10 features will be readily apparent to those skilled

in the art fromtheg followi ng detailed descriptiop of the invention. BRI EF
DESCRI PTI ON OF THEDDHbe ¢ing gereral deeription,sn F%ggﬁwq%‘?ﬂﬂfﬁghase optics at

100X of unmi | . g |.L | ' ey r;fi‘&lﬂ gjrﬂg phase
optics at 100éﬁg?p%ﬁ?%gﬁgggga%%s{ée&%%&%M%&?f\%}l%&% nopfail‘!r:{l | cuf ate
tacrol i mus ( Cexplamatibh Gf the ivbentidvoat \(laivhedd 0Dtetr obyjeety s advhntdgese afdviRel K29/ 32 and
0. 05% (w di.oct yl

b ﬂ? %egglrgs will be readily apparent to those skilled in the art from the following

detailed description of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Light micrograph using phase optics at 100X of unmilled

tacrolimus.

15 Figure 2. Light micrograph using phase optics at 100X of an
aqueous dispersion of 10% (w/w) nanoparticulate tacrolimus (Camida LLC) with
2% (w/w) polyvinylpyrrolidone (PVP) K29/32 and 0.05% (w/w) dioctyl
sulfosuccinate (DOSS).

Figure 3: Light micrograph using phase optics at 100X of an
20  aqueous dispersion of 10% (w/w) nanoparticulate tacrolimus (Camida LLC) with
2% (w/w) polyvinylpyrrolidone (PVP) K29/32 and 0.05% (w/w) dioctyl

sulfosuccinate (DOSS) following one week of storage under refrigeration.

Figure 4. Light micrograph using phase optics at 100X of an
aqueous dispersion of 10% (w/w) nanoparticulate tacrolimus (Camida LLC), with
25 2% (w/w) PVP K12 and 0.15% (w/w) sodium deoxycholate.

12



sul fosucci nate (DOSS). Figure 3: Light m crograph using phase optics at 100X
of an 20 aqueous dispersion of 10% (w w) nanoparticulate tacrolimnms (Cam da
LLC with 2% (w w) polyvinylpyrrolidone (PVP) K29/32 and 0.05% (w w)

di octyl sulfosuccinate (DOSS) foll ow ng one week of storage under
refrigeration. Figure 4. Light mcrograph using phase optics at 100X of an
aqueous di spersion of 10% (w w) nanoparticulate tacrolinmus (Cam da LLC),

with 25 2% (ww PVP K12 and 0. 15% (W w) sodi um deoxychol ate. 12 Figure 5.
Li ght m crograph using phase optics at 100X of an aqueous dispersion of 20%

w w) nanoparticulate tacro S % Pl asdone(r
(8630)(randgm copolg g’f :w”ih ﬁé‘f’m"} ot zﬂhﬂse\/‘?ﬂgw %@&8 #in a 60(4%)
ratio). 5 Fig RS Bic Il

aqueous di spe L?:oﬁs %b%%&n@\{?b?@{}v@’ﬁ@par tplg%ul at eﬁfacr 01%3%%%1 Cam d P?“LLC)

with 3% (w w)%%vdwblmwdm)e@sem (randuio coppdymeéryafevingd fpyuoligénemndrvinyldone and
vinyl acetate | 8 ﬁ8 io) follow ng one week of storage under

refrigeration °°|§? G- t&b m crograph using phase optics at 100X of an
10 aqueous di spersion of 10% (W' w) nanoparti culate tacrolinus (Cam da LLC),

pth 2% (/) hydEgerpeopy ‘?ﬁ%ﬂtopt r atu@nf?é?)l(:a?é‘ébtﬁsja%éﬁwaxposs Figure

8. Light mcrograp SI ng phas of "an aqueous di spersion of
5% (W' w) nanopqueong dispérsionad 206 (w'sv) @izopadticulate)acrokinis (Chﬁindla/\l,hﬁl) kARG SL and

0. 15% (w 100X
of an (aq\t,JV)eou ‘b("%/ﬁ'gpg'isgure gﬁbﬁ %m &;ﬁ’g}%rﬁ‘%p‘? USI Mggggﬂ ‘?‘ﬁt‘gnﬁcgﬁﬁ da
LLO), with 19 ngngy E)ggg d f

st 03 ag\é\’1 undera/ee&%y?\rﬁ? ggur?gp?%)trll@qgu 61‘8% L1 ght g%%(!r)lg?egp s%ltﬁJg Shaggsogt ics

at 100X of an
Figure 7. Light micrograph using phase optics at 100X of an

10 agueous dispersion of 10% (w/w) nanoparticulate tacrolimus (Camida LLC), with
2% (w/w) hydroxypropylcellulose (HPC-SL) and 0.1% (w/w) DOSS.

Figure 8. Light micrograph using phase optics at 100X of an
aqueous dispersion of 5% (w/w) nanoparticulate tacrolimus (Camida LLC), with
1% (w/w) HPC-SL and 0.15% (w/w) DOSS.

15 Figure 9. Light micrograph using phase optics at 100X of an
aqueous dispersion of 5% (w/w) nanoparticulate tacrolimus (Camida LLC), with
1% (w/w) HPC-SL and 0.15% (w/w) DOSS following twelve days of storage

under refrigeration.

Figure 10. Light micrograph using phase optics at 100X of an
20  aqueous dispersion of 5% (w/w) nanoparticulate tacrolimus (Camida LLC), with
1% (w/w) HPC-SL and 0.1% (w/w) sodium deoxycholate.

Figure 11. Light micrograph using phase optics at 100X of an
aqueous dispersion of 5% (w/w) nanoparticulate tacrolimus (Camida LLC), with
1% (w/w) HPC-SL and 0.1% (w/w) sodium deoxycholate following twelve days

25  of storage under refrigeration.
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20 aqueous di spersion of 5% (w w) nanoparticulate tacrolinms (Cam da LLC),
wth 1% (ww HPCSL and 0.1% (w w) sodi um deoxychol ate. Figure 11. Light
m crograph using phase optics at 100X of an aqueous dispersion of 5% (ww)
nanoparticul ate tacrolinus (Camda LLC), with 1% (ww HPC SL and 0. 1%
(ww) sodium deoxychol ate follow ng twel ve days 25 of storage under
refrigeration. 13 Figure 12. Light m crograph using phase optics at 100X of
an aqueous dispersion of 10% (w w) nanoparticul ate tacrolinus (Camda LLO),
with 2% (ww hydroxypropyl nmethyl cellulose (HPMC) and 0.05% (w w) DOSS.
Figure 13. Light m.crograph using phase optics at 100X of an_ 5 aqueous
di spersi on of 10% Fig§u® 1% anopb4ght migrographusing tegahi ofey with 2%
(wW'w) hydroxy : I : 0 : | owi ng
RIS BRDAILN GF1 0% (378 Qiidaricantk &i@ﬁx{ﬁsgg&hm}, fgggm

one week of stoOrage under refri ron: Frgure t mcrog usi ng

phase optics 2% (WaX hytiraxypropgligetigl ctilafose GPMO) fand 0954 (wiw)OBPar ti cul at e
tacrolinmus (Camda LLC) with 10 2% Pluronic(r)F108. Figure 15. Light

m crograph usi ng phase tics.at 100X of an queous di si,on of 10% (w w)
nanoparticul ate tactys s (&&t@cmhﬁsm P?‘E%‘Fﬂtl?ﬁéhf@{%gﬁﬁl% f ol | owi ng

Phase. opt s RUeBAEqRRSton of 1 4AGIE) bthoafA SabfiinkisChufAY.CES i U1 1O
nanopar ti cul aR% (wied) dyidrersptdpyimethyl dellilose (IAPMCpahdOe05% (whd). DOSgure 17.

Li ght m crograph using phase optics at 100X of an aqueous dispersion of 10%
(W w) nanopar fallawing ene weekoof siorege uader aefrigerafioni t h 2% Tween(r) 80 fol | owi ng
one week of storage under refrigeration. 20 DETAI LED DESCRI PTI ON OF THE

I NVENTI ON Figure 14.  Light micrograph using phase optics at 100X of an

aqueous dispersion of 10% (w/w) nanoparticulate tacrolimus (Camida LLC) with
10 2% Pluronic® F108.

Figure 15.  Light micrograph using phase optics at 100X of an
aqueous dispersion of 10% (w/w) nanoparticulate tacrolimus (Camida LLC) with

2% Pluronic® F108 following one week of storage under refrigeration.

Figure 16.  Light micrograph using phase optics at 100X of an
15  aqueous dispersion of 10% (w/w) nanoparticulate tacrolimus (Camida LLC) with
2% Tween® 80.

Figure 17.  Light micrograph using phase optics at 100X of an
aqueous dispersion of 10% (w/w) nanoparticulate tacrolimus (Camida LLC) with

2% Tween® 80 following one week of storage under refrigeration.

20

DETAILED DESCRIPTION OF THE INVENTION

A, Introduction

The present invention is directed to compositions comprising a

nanoparticulate formulation of tacrolimus and methods of making and using the

14



A. Introduction The present invention is directed to conpositions conprising
a nanoparticulate formulation of tacrolinus and nmet hods of maki ng and usi ng
the 14 sane. The conpositions conprise tacrolims having an effective
average particle size of |ess than about 2000 run and at |east one surface
stabilizer. Two exanpl es of nanoparticul ate tacrolinus dosage forns are an

I nj ectabl e nanoparticulate tacrolinms dosage formand an enteric coated 5
nanoparti cul ate tacrolinus dosage form although any pharnaceutically
accept abl e dosage formcan be utilized. Exanples of enteric coated dosage

forms include, but.,are not.limted.to, solid. di.spersjons or a liquid filled
capsul s of I e fOIPONYSNY HBEseaTY} LEVBE B BHGeHGRRE  on may be
provided in 10:,fiqe @Hle%‘f!éé@&la‘f{&bs{k %Y_G)b'n'&i hndPat1&dst Sie/sfack §laBBHEr, PrOf i | es upon
adm nistration to a. patient including, for exanple, an IR tornulation, a CR

formul ation that allows once per day adm nistration, and a conbi nation of
both IR and CR f or hwbaxampks of Bampasrulak thcrolimusfdosdge fprmesamtani nvent i on can
require only one, dose per d (,or ..one .dose_.per syitable tine period, such
S eekl v of BiFcERS BBt Grelings Aesaes KR uRan e SR s of
enhanced pati Q ' SRR ] g-ﬁhzlnﬁr IbSrm ik arly

benefi ci a{s fo@aﬁ@m@?ﬁ%ﬁ@?ﬁﬂ? , asMBg&ﬁg?\l% no -ﬂcorrpf)‘%gﬁc%ww th a dosage
adni ni st r at i catcpptabledokagedorm eanib¢ utilivedr dxamphesef enteric cddted desalgaforsmm of

controll ed-re)] ease .enpl oyeq. i,n .t he form may be, ac ished ipn a variety
of " vays | ncl GGRAS, B AT 3R imiled: tb i GisPPRIOTS 08 & Jauiet RUEAATNISE Pl at | on.

di ffusion- 204, ﬁHlB! | ed formul ati ons, and osnotically-controlled

formul ati ons. e conpositions described herein conprise nanoparticul ate

tacrolinmus and at |east one surface stabilizer. For the injectable
conposi tions, the Thadogage formslcdithee pragenodinventiorpmey be phdvidddas an ef fecti ve

%ﬁ{)gg?t Ip ;I fo{tﬁgﬁa‘}éﬁ%%%e%&bﬁ aggar:ie%'bg }elegé)eopr%les 'il?)gnta Rinis ta Ioin 0 goat ed

patient including, for example, an IR formulation, a CR formulation that allows
once per day administration, and a combination of both IR and CR formulations.
Because CR forms of the present invention can require only one dose per day (or
one dose per suitable time period, such as weekly or monthly), such dosage forms

15  provide the benefits of enhanced patient convenience and compliance. This is
particularly beneficial for an immosuppressant, as patient non-compliance with a
dosage administration protocol can result in organ rejection. The mechanism of
controlled-release employed in the CR form may be accomplished in a variety of
ways including, but not limited to, the use of erodable formulations, diffusion-

20  controlled formulations, and osmotically-controlled formulations.

The compositions described herein comprise nanoparticulate tacrolimus
and at least one surface stabilizer. For the injectable compositions, the
nanoparticulate tacrolimus preferably has an effective average particle size of less
than about 600 nm. For the enteric coated compositions, the nanoparticulate

25 tacrolimus has an effective average particle size of less than about 2000 nm.

Advantages of the nanoparticulate tacrolimus formulations of the present

invention over conventional forms of tacrolimus (e.g., non-nanoparticulate or
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25 tacrolinmus has an effective average particle size of |ess than about 2000
nm Advantages of the nanoparticulate tacrolinmus formulations of the
present invention over conventional forns of tacrolinus (e.qg.,

non- nanoparticulate or 15 solubilized dosage forns) include, but are not
limted to: (1) increased water solubility; (2) increased bioavailability;
(3) smaller dosage formsize due to enhanced bioavailability; (4) |ower

t herapeuti ¢ dosages due to enhanced bioavailability; (5) reduced risk of
unwant ed side effects due to | ower dosing; (6) 5 enhanced patient

"oj ect | on af (ObgRR oPeRs Tar Bt ods, P s SobiRid oo O Bl Cho

i nj ectable n%@ﬁmﬂt}' @) lftlr6ask A BicAYAi n?%mhmér%sagefbﬁﬁs%%em i nvention

over conventional foris of injectab actolimus is the elimnation of the
need to use pﬂnhmcsllblmaﬂgldhb'g&)dowdrthampcutlcaiOBageH@@e &ﬂynhmccd sol ubi lizer. A

10 furth t h t ted t I
roduced 1 SO OM RO £ SHa Tkt pevaried PR eRev g b deng Brne © °
present i B e lnhaied hfedttohiciagndaaRORARbifib A (TRRI0RL eﬁ%’iwecormOSI tions,

together with one or nore non-toxic phySiologically acceptable carriers,
adj uvant s, orproplmlwhesf orngah lregccttlonedfgcr orzhp repdatetmentsurgeryr irefusthelThe 15

conposi tions c n be mJI at for re teral i nt ravenous
i n{nr) amuscul ar2 VB‘i‘tag"u e@f mg{sefg;plﬁﬁuétbpg@e Presgti d,
aerosol for ”&wéﬁﬁﬂ»h’b%r ccﬁf%ﬁﬁona!i ?é‘rhﬁ'orf S(Hélﬁé tackdlfiRbs s PRVEGhRati O Ment 5 or

drops), buccal, i1ntracisternal, 1ntrapéritoneal, or topical adm nistration,
and the like. tthedﬂeibluse polynxy]ZGO H’)Ptbogmemémastd)mh(}m@ma)as dsehlbllizeﬂ Aerein
using se lg)ral defi-nj tions, s set for h bel ow and t hroughout

appl i cat i er advantags PE ieplerig ceated, nanppagticujate tar Fag “P?fhn about

2000 run" 1sklb°fe(£'1 fe‘ﬂ'sihé@?é&& &lﬁ%ﬂﬁt n]te?'ﬁsctoa?]@%" of the tacrolinus

parti cl es have a weig average size of less about 2000 nm when
measured by, for exarrple
The present invention also includes nanoparticulate tacrolimus

compositions, together with one or more non-toxic physiologically acceptable
carriers, adjuvants, or vehicles, collectively referred to as carriers. The

15  compositions can be formulated for parenteral injection (e.g., intravenous,
intramuscular, or subcutaneous), oral administration in solid, liquid, or aerosol
form, vaginal, nasal, rectal, ocular, local (powders, ointments or drops), buccal,

intracisternal, intraperitoneal, or topical administration, and the like.
B. Definitions

20 The present invention is described herein using several definitions, as set

forth belew and throughout the application.

The term “effective average particle size of less than about 2000 nm”, as
used herein means that at least 50% of the tacrolimus particles have a weight
average size of less than about 2000 nm, when measured by, for example,

25 sedimentation field flow fractionation, photon correlation spectroscopy, light
scattering, disk centrifugation, and other techniques known to those of skill in the
art.
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25 sedinentation field flow fractionation, photon correlation spectroscopy,
light scattering, disk centrifugation, and other techni ques known to those

of skill inthe art. 16 As used herein, "about" will be understood by
persons of ordinary skill in the art and will vary to some extent on the
context in which it is used. If there are wuses of the termwhich are not
clear to persons of ordinary skill in the art given the context in which it
is used, "about"™ will nean up to plus or mnus 10% of the 5 particular

term As used herein with reference to a stable tacrolinus particle
connotes, but is pot limted, to gne,or re of.the follow.n rLamet ers:
(1), tacrolinus p stpquéagreuaoah%qt %E?’&BP”E%WW{‘P%BE{?P%%%P%F‘“’%@&% ate due
to interpartiwgé 8rtahd Wil vhryQo's6Me R tenPbn HeRBAIMKER whieRitfis G5l I thercdrease in
particle size over. time; (2) that the physica 10 structure of the

tacrol i nus pauses ef the tarm which are motedeao toepersansof oxdindry skillin theoa givehon from an
anor phous phage tq a.crystalline,phase; (3) that th tacrol i qusparticles
are cheni cal @e g?xg%}?té{lv%ﬁ@/%gs?sgsi, \Bﬁg"r‘te"é’ﬁénqaﬁélpé? Pﬁ{?sorﬁgguﬁm%og n subj ect
to a heatisng #lteldf above the nelting point of the tacrolinmus in the
preparation of the nanoparticles of the present invention. 15 The term
“conventional " or "non-nanoparticulate" active agent or tacrolinus shall
mean an active agefs ysedihereinwitharefenéricetisa stabledacroimss particle coatotes, butvhi ch has
an effective ave rticle size of greater than ahout 2000 nm.

Nanopar ti cul df&8° ﬁ?fgﬁoa%}?rﬂry%fg °§étfq fﬁgﬂw%r@fﬂn‘f]‘ﬁr\?eagnta‘é‘f’ s pgicleS e age
particle sizg gt abfiRéiabljocRhRt or2R@Rnitiite dle 1 RRPABER atPRAIVE Yokl 7
solubl e drugs" as USed hérein refers to those drugs that have a solubility
in water of |esgherivise significantly ingyease in partitlersidsloyet Bwie; (2) ithat theyphysicald ng/ nl

ferably | han.about 10 my/nd . ferably. | ess th bout 1 mgy/m .
A used O of SERCtREOHRP RO REPpElss Rk FFeEd PRt Sish e chal | moar

conversion from an amorphous phase to a crystalline phase; (3) that the

tacrolimus particles are chemically stable; and/or (4) where the tacrolimus has not
been subject to a heating step at or above the melting point of the tacrolimus in

the preparation of the nanoparticles of the present invention.

15 The term “conventional” or “non-nanoparticulate” active agent or
tacrolimus shall mean an active agent, such as tacrolimus, which is solubilized or
which has an effective average particle size of greater than about 2000 nm.
Nanoparticulate active agents as defined herein have an effective average particle

size of less than about 2000 nm.

20 The phrase “poorly water soluble drugs” as used herein refers to those
drugs that have a solubility in water of less than about 30 mg/ml, preferably less
than about 20 mg/ml, preferably less than about 10 mg/ml, or preferably less than
about 1 mg/ml.

As used herein, the phrase “therapeutically effective amount” shall mean
25  that drug dosage that provides the specific pharmacological response for which
the drug is administered in a significant number of subjects in need of such

treatment. It is emphasized that a therapeutically effective amount of a drug that
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25 that drug dosage that provides the specific pharnmacol ogi cal response for
which the drug is admnistered in a significant nunber of subjects in need
of such treatnent. It is enphasized that a therapeutically effective anount
of a drug that 17 is adm nistered to a particular subject in a particular
instance will not always be effective in treating the conditions/diseases
descri bed herein, even though such dosage is deened to be a therapeutically
ef fective anmount by those of skill inthe art. 5 The term"particul ate" as
used herein refers to a state of matter which is characterized by the

presence of disgret.e rticles,. pellets, beads ot granul.es irrespective of
their size, sfi& %Ftel%gﬁgﬁcmaﬁwa?me@éﬁlwwwH&%@EW‘EP@“‘&@W ed herein
means a pl ur Alffdolivetn kil thecoritiHRNREGRS BscriBBd hbfcht SverPobgl suchbeads,
granul es or mxture.thereof 1rrespective of their size, shape or norphol ogy.
10 The ter m "dosdgd isaldemed émbed thempestichilyeffectivd amowit by itwose tod skilldn thenposi t i on
according to the invention or a coating or coating material or used in any
other contexdnmeans rel ease which is not inmediate release and is taken to
enconpass controlled rel ease, sustained rel ease and del ayed rel ease. The
term"timg del ay” fRe 43R &%&ﬁl!afe"ra@h@écﬁhe&antr&@rsc{e@%uteafﬁsuéﬂmcﬂfs bet ween
adm ni stration of the conposition and the release of tacrolinus froma
particul ar cocharavterized biyehe preserct afjdiscrete"paaticless pelldts ibeads oredramidest o t he ti ne

bet ween delivery of, agtive,ingredient fromone conppnent and, the subsequent
dol i very of tHEFRAGHYE S et iAca AR 6F MIOBRHSARYn Lhe e, MBUPRTIBIASIas; o

Nanoparti cul - O ?ﬁf&? bt 4i98Ste T, dendieRRe 'nePktsChdaasced
phar macol ogi %ﬁédﬁggngig{eg}ﬁsas | csﬁ%Pfé}lﬁée}é ehglﬁio%éﬁa%cﬂ})at 6 vact o?si ms
conposi ti ons gifantlesopméseretthéravintespeotive of their sizasshdpBonmesphioddgyl i t y The
tacrolinmus formul ati ons of the present invention exhibit increased

10 The term "modified release” as used herein in relation to the composition
according to the invention or a coating or coating material or used in any other
context means release which is not immediate release and is taken to encompass

controlled release, sustained release and delayed release.

The term "time delay" as used herein refers to the duration of time
15  between administration of the composition and the release of tacrolimus from a

particular component.

The term "lag time" as used herein refers to the time between delivery of
active ingredient from one component and the subsequent delivery of tacrolimus

from another component.
20 C. Features pf the Nanoparticulate Tacrolimus Compositions

There are a number of enhanced pharmacological characteristics of the

nanoparticulate tacrolimus compositions of the present invention.
1. Increased Bioavailability

The tacrolimus formulations of the present invention exhibit increased

25  bioavailability at the same dose of the same tacrolimus, and require smaller doses
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25 bioavailability at the sane dose of the sane tacrolinus, and require
smal | er doses 18 as conpared to prior conventional tacrolinus fornul ations.
Thus, a nanoparticulate tacrolinus tablet, if admnistered to a patient in
a fasted state is not bioequivalent to admnistration of a conventi onal

m crocrystalline tacrolinus tablet in a fasted state. 5 The

non- bi oequi val ence is significant because it neans that the nanoparticul ate
tacrolinmus dosage formexhibits significantly greater drug absorption. And
for the nanoparticul ate tacrolinus dosage formto be bioequivalent to the

conventional Jqu y d1 GLoli . f nanoparticul ate
tacrolinus doa{spé:éél%%e\ré%g%bﬁk g@‘%&@?ﬁ%ﬁﬂ@%ﬁ%ﬁgﬁﬁﬁ%aﬁ% yal ess 10 drug.
Thus, the nangpapirticulhRitecrbRmud tabletsif d@amikerb@toma patiuiit in § fastdd)stdtesr eases
the bioavailability of the drug. Mreover, a nanoparticulate tacrolinus

dosage for m rasjbicegsivalesttopdministatiorbefza eonyerticnahmigrpery stalise dagrelimusef f ect
observed wt vent i | mcrocrystalline tacrolinus dosage form (e.g.,
PROGRAF) . Th%@?ﬁﬁ}ﬂﬁ%ﬁgg@'nanopart i culate tacrolinmus dosage form has an
i ncreased bioavailability as conpared to the conventional mcrocrystalline

tacrol i nug dosage Tl fon-Bioedliealbhey igBigaifitast Hecaude ¢f mkas that theie Tacr ol i nus
Conpositions of the Invention are not Affected by the Fed or Fasted State

of the Subj ergnopatievlateriacrolimusdagags fornberhibits signitieantlyeateiodiygof t he
present invention..enc tacrol iy el t he phar okinetic profile
of the tacrol a}bﬁg?uf’g' %@@ﬁ@sﬁﬁ?ﬁ?‘i@%ﬁ%ﬁ%‘% %oﬁag%g’n%ftg%gor_ fasted state
of a subject bhib&ffvdlent tb At copvBRionkl Ribrockdtallif® eefolinhaf ddshed ormsthel i tt] e
or.no appreciable difference in the quantity of drug absorbed or the rate of

drug absor pt i ranoparinulatedaeralimya dosaga fenmewouldrhave tacondainsignificapty lass e 25
adm ni stered in t f versus. t fast.ed state. Benefli f.a dosage form
whi ch subldh ant™g :T&“el TSP °Pﬁ§° %?‘Ph@[“s pégt form inifloind infr 03

the bioavailability of the drug.

Moreover, a nanoparticulate tacrolimus dosage form requires less drug to
obtain the same pharmacological effect observed with a conventional
microcrystalline tacrolimus dosage form (e.g., PROGRAF®). Therefore, the

15  nanoparticulate tacrolimus dosage form has an increased bioavailability as

compared to the conventional microcrystalline tacrolimus dosage form.

2. The Pharmacokinetic Profiles of the Tacrolimus Compositions
of the Invention are not Affected by the Fed or Fasted State of
the Subject Ingesting the Compositions

20 The compositions of the present invention encompass tacrolimus, wherein
the pharmacokinetic profile of the tacrolimus is not substantially affected by the
fed or fasted state of a subject ingesting the composition. This means that there is
little or no appreciable difference in the quantity of drug absorbed or the rate of
drug absorption when the nanoparticulate tacrolimus compositions are

25 administered in the fed versus the fasted state.

Benefits of a dosage form which substantially eliminates the effect of

food include an increase in subject convenience, thereby increasing subject
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food i nclude an increase in subject convenience, thereby increasing subject
19 conpliance, as the subject does not need to ensure that they are taking a
dose either with or without food. This is significant, as with poor subject
conpliance wth tacrolinus, an increase in the nedical condition for which
the drug is being prescribed nmay be observed - i.e., the patient may suffer
fromorgan rejection. 5 The invention also preferably provides tacrolinus
conposi tions having a desirable pharnmacokinetic profile when adm nistered
to mammal i an subj ects. The desirabl e pharnacokinetic profile of the

tacrolimus conposi tions erably |ncludes s not |jimt dto (1) a
C. for tacr ol SORRIANGH &% ssé‘ &bdqes nohRee ﬁ?ﬁ%%eﬂ’la g‘ W&Fﬁ]‘&iq“& Bj ect

foll owi ng ad | §HiY ?{1% 40wHh for a
non- nanopart rgégllleﬁv{etﬁ:ogg?%’loflpnﬁgd for rrulFE | onh[?(t %BR%%%&?B??B&“ m ni st ered

at the sane dwﬂhgerolmmb/ mﬂcﬂ@asamthwﬁlddwal cdmlatlmifonu&uclnﬂhedr@lsbymg in the
pl asma of amam"ra! ct followng .admnistyation, that, is preferably
great er than RIF¥FTY 9% ﬁ?fr‘fe ahﬁpg?etﬂa@ﬁl%ﬁ‘%vs E&Flf{ﬂnF HEan FejeeHnat i on
(e.g., PROGRAF(r)), adm nistered at the sane dosage; 15 and/or (3) a Tnax
for tacrols nus, whege gﬁ,@ﬁd I8 fol |l ow ng
adm ni st rat Il on, that iﬁz pre%éde%&ﬁ?? aeﬁft?ﬁolfﬂ_?_mx ﬂh%d}lt%i&%%%ﬁﬁéa
nanoparti cul ade(suabie phirmeskiheticrpiodile wher( ai:gmstd?&&ﬁ%%n)a)mnaubnc’ts stered at
the sane dos The desi rabk@ﬁghar é< net profile, . as usef: erein, is
the pharmaco %@ﬁs% £ PERIIE0 m‘ﬁlﬁ?qnﬂ?oskﬂ%]é BHCIR8Yr ol i nus.

20 In one eﬂhﬁ@hﬁ@%wﬁnef g&&%ﬂ gﬁa@ ﬁv&cfa{m@sswheﬁasﬁysm e in

conparative arnmaéokinetic testin a non- nanbpart I cufate tacrolinus

fornul ati on (ﬁagna of%ﬁmm)l)subjaclnﬁohowmgrmwaﬁm detis mefesabpdy a T, not
greater t an about 909% greater than about 80% not reater t han about
70% notllyr eBtedle %‘H%Fhea@mfor@)%n'mop tertagrg E‘HH%‘S i (egot great er

t han about 2 %;Rgggb ?@@1 9 n about 20%
not greater tsﬂan a OL&’q Q&%rg{cir}g@ggs?feh?tdpﬁa}é mggut&igﬁ)qﬁ hﬁgt greater than

about 5% of tfaerolimns, when assayed in the plasma of a mammalian subject following

administration, that is preferably greater than the AUC for a non-nanoparticulate
tacrolimus formulation (e.g., PROGRAF®), administered at the same dosage;

15 and/or (3) a Tmax for tacrolimus, when assayed in the plasma of a mammalian
subject following administration, that is preferably less than the Tmax for a non-
nanoparticulate tacrolimus formulation (e.g., PROGRAF®), administered at the
same dosage. The desirable pharmacokinetic profile, as used herein, is the

pharmacokinetic profile measured after the initial dose of tacrolimus.

20 In one embodiment, a preferred tacrolimus composition exhibits in
comparative pharmacokinetic testing with a non-nanoparticulate tacrolimus
formulation (e.g., PROGRAF®), administered at the same dosage, a Tpax not
greater than about 90%, not greater than about 80%, not greater than about 70%,
not greatér than about 60%, not greater than about 50%, not greater than about

25  30%, not' greater than about 25%, not greater than about 20%, not greater than
about 15%, not greater than about 10%, or not greater than about 5% of the Tpax
exhibited by the non-nanoparticulate tacrolimus formulation.
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exhi bited by the non-nanoparticulate tacrolinus formulation. 20 In another
enbodi nent, the tacrolinus conposition of the invention exhibits in

conpar ati ve pharnacokinetic testing with a non-nanoparticulate tacrolinus
formul ation of (e.g., PROGRAF(r)), adm nistered at the sane dosage, a C.
which is at | east about 50% at |east about 100% at |east about 200% at 5
| east about 300% at | east about 400% at |east about 500% at |east about
600% at |east about 700% at |east about 800% at |east about 900% at

| east about 1000% at |east about 1100% at |east about 1200% at | east
about 1300% at |east _abou 400% . at | east about..1500% .at |.east about
1600% at |east abBhAPCHEHEs) O&QCM’%@C@SB%]FCQ@QB%%P%F%“é’%‘fmabout 1900%
great er than bigwifsin compafalibl bokifeticBstHp R AR A AR ard ACT Of 1 1TUS
formulation. In yet another ehbodi nent, the tacrolinus conposition of the

i nvention extatiolitmusifornmudatiar aft (e\ge PROGRAFS) iadministetedt ihregsawietdosage, a

o oD Sl Rt e ol ST T S
at | east ahotieod Souiooh a6 eadaoBhoHIA Aok R, ARk AR5P60RS, | cast

about 150% east about I'8ast about 200% east .about 225%
at | east abouat 1&s08bout700%asttleash abdut B06%, at ladst hbag 900%0 at led@@boutat | east

about 350% a st . aboyt 400% 6 at | east 450% . at out 500%
at | east abou{()@%(ﬁ} legst #’@3%?10(9%/&@@198 uﬁﬁ%@"aﬁ casfiabopt %@%’ agﬁaﬁteast
about 700% ") v 0 &R0 fRjoopbout
850% at leag%bolgggﬁ@@%%xﬁ%&%éﬁ@@ﬁ%ﬁ%&%@%&%1at st Mast ol PTG % at

| east about 1&9644 aladut!l 863%, aratldastlalidingd 900% greatet tlndhe ClLASMbited bat | east
about 1200% greater than the AUC exhi it)eﬂd by the non-nanoparticul ate
tacrol i mi0 f ofbgmoBMmageparticylate Wﬁ;ﬁ“}‘ atigh. Bj pequi val ency of the

Tacrol i nus Conpositions of the 25 I nvention When Adm nistered in the Fed
Versus the Fasted ¥ @bGother embodiment, the tacrolimus composition of the invention

exhibits in comparative pharmacokinetic testing with a non-nanoparticulate
tacrolimus formulation (e.g., PROGRAF®), administered at the same dosage, an
AUC which is at least about 25%, at least about 50%, at least about 75%, at least

15 about 1_00%, at least about 125%, at least about 150%, at least about 175%, at
least about 200%, at least about 225%, at least about 250%, at least about 275%,
at least about 300%, at least about 350%, at least about 400%, at least about
450%, at least about 500%, at least about 550%, at least about 600%, at least
about 750%, at least about 700%, at least about 750%, at least about 800%, at

20  least about 850%, at least about 900%, at least about 950%, at least about 1000%,
at least about 1050%, at least about 1100%, at least about 1150%, or at least
about 1200% greater than the AUC exhibited by the non-nanoparticulate
tacrolimus formulation (e.g., PROGRAF®).

3. Bioequivalency of the Tacrolimus Compositions of the
25 Invention When Administered in the Fed Versus the Fasted
State

The invention also encompasses a composition comprising a

nanoparticulate tacrolimus in which administration of the composition to a
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The invention al so enconpasses a conposition conprising a nanoparticul ate
tacrolimus in which adm nistration of the conposition to a 21 subject in a
fasted state is bioequivalent to adm nistration of the conposition to a
subject in a fed state. The difference in absorption of the conpositions
conprising the nanoparticulate tacrolinms when admnistered in the fed
versus the fasted state, is 5 preferably |ess than about 35% |ess than
about 30% | ess than about 25% |ess than about 20% |ess than about 15%

| ess than about 10% |ess than about 5% or |[|ess than about 3% In one
enbodi ment of the invenfi,on, the inyention enconpasse nanopal.ti cul ate
tacrol i nus, eé’?ﬁ’%\ﬁ’ﬁ#%ﬁ@?&t 1%?9“6‘1351%@ Q’fﬁ?*ﬂ'lfg]a ?lbﬂftth cgm2831§% &t in a
fasted state g$idk gEfdsdtent to adm nistration of the conposition to a
subject in a fegi state, in particular as defined by Chmax and AUC gui del i nes
given by the U S. Food and Drug Adm nistration and the correspondi ng

Eur opean regul at oiThe diffemence (iEABSayptionroddhe ¢anghositions goingeibingdlss t wo product s
or nethods are bioequival ent if the 90% Conf.i den I nterval s ) for AUC
and 15 C. ar eP3NOPRRHIS .%50?181% when W%@&? gﬁ’e‘%&é’ e’&Péﬁﬁg?StF‘g%@%?aﬁt to

bi oequi val£nc 0 | i tween two
conpounds 53g)r ggiﬁylgﬁg#@gg{%}%n |?ﬂ§@%@&gg?}w{ %bﬁﬁggéga‘gﬂéﬁ@&gm del i nes,
the 90% C f othadabout2086, Hesshkdnabent D5%Blessothdn Ssouh i 0%, kess S¥babbutf 586, d@rex nust
between 0.70 to 1.43 2Q 4, Dissolution Profiles of the Tacrolinus

Conposi tions s thar abeyh3%t i on The tacrol i nus conposi tions of the present

I nventi on have unexpectedly dramatic dissolution profiles. Rapid

di ssol ution of an 1 BensHh A theli r faster

di ssol uti on gener aﬁ?éﬂ{%@%@d@gnf astéelgwonset’ thgflﬁ‘éécﬂttrlﬂog%han E%Sg@s;r eater

bi oavai | abi | i hanopaxticulats acmlinhs, Wwhasml adiministraticf of the aompbsitavid abi | ity of

10 subject in a fasted state is bioequivalent to administration of the composition to a

subject in a fed state, in particular as defined by Cpax and AUC guidelines given
by the U.S. Food and Drug Administration and the corresponding European
regulatory agency (EMEA). Under U.S. FDA guidelines, two products or
methods are bioequivalent if the 90% Confidence Intervals (CI) for AUC and

15  Chuax are between 0.80 to 1.25 (Tyax measurements are not relevant to
bioequivz'alence for regulatory purposes). To show bioequivalency between two
compounds or administration conditions pursuant to Europe’s EMEA guidelines,
the 90% CI for AUC must be between 0.80 to 1.25 and the 90% CI for Cpex must
between 0.70 to 1.43.

20 4. Dissolution Profiles of the Tacrolimus Compositions of the
Invention

The tacrolimus compositions of the present invention have unexpectedly
dramatic dissolution profiles. Rapid dissolution of an administered active agent
is preferable, as faster dissolution generally leads to faster onset of action and

25  greater bioavailability. To improve the dissolution profile and bioavailability of
tacrolimus, it is useful to increase the drug’s dissolution so that it could attain a
level close to 100%.
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tacrolinus, it is useful to increase the drug's dissolution so that it could
attain a level close to 100% 22 The tacrolinus conpositions of the present
i nvention preferably have a dissolution profile in which within about 5

m nutes at | east about 20% of the conposition is dissolved. In other

enbodi nents of the invention, at |east about 30% or about 40% of the
tacrolinmus conposition is dissolved within about 5 5 mnutes. In yet other
enbodi ments of the invention, preferably at |east about 40% about 50%
about 60% about 70% or about 80% of the tacrolinmus conposition is

di | ved Wi thi t 1 I nutes.. .Fi ' t nbodi t of th
VARSI 7 ST S S P E C S 1 A S
100% of the ttﬁggo%tpeﬁggggf;rm%éu ée}gmnsdbemsssg!m& m%t’!léa@t boP s, e 10 mi nutes.

Dissolution is pre measur I'n a medium which is discrimnating.
Such a di ssol commuitioads disselvéd. Joratherembodiments ¢f the fifvention, afilestdbout on cur ves

for two products havi Ve different dissolution.profiles.in gastric
juices, i.e. ,y&’ﬁgr 2@?%2@%‘?%?«@%9}%%90@&?@8% #\?ﬁ’lgﬁd()\"ﬁ*'«ﬂ%“ ssol uti on
of a conpagity A fs¥pealh ' ] ; | | s medi um
cont ai ni ngjst h%‘ﬁgﬁsf g%}gtn@ sod%%mg%%régﬁﬁéﬁﬁgﬁ’%a’%# ?]&%%E%r m nati on
of the anount40fhssbolut £elscaboub60%c abaut Z0%oat atopt B@kaiftheptactodimatsr y. The

rotating bl ade net hod (Eurqgpean. . Pharnmacopoei a) ¢an, be used to nmeasure
di ssol uti on. @mmﬁlwéﬁssﬁﬁgﬁlwhm%m g%g‘b‘?“t?%ﬁffagb’l’& CIConposi ti ons of
the 20 1 nventhOouminfithd iudeftion, pRrbHaBly O 14adfatoRE 0ol Bt BOADARIuE ! ONS Of

the present 1 nventionis conpositions redisperse such that the
effective ave9@gpeor gbout 100% of theadacrdlimbe complsitiar is diksdlved atithinisbaquadi cl es is
| ess than, about 2 mcrons. This is significant, as if upon adm nistration
t he nanop]é)rti@éﬂlﬁﬁse tacrolinus 25 conpositions of the invention did not
redi sperse to a nanoparticul ate particle size,

Dissolution is preferably measured in a medium which is discriminating.

Such a dissolution medium will produce two very different dissolution curves for
two products having very different dissolution profiles in gastric juices, i.e., the
dissolution medium is predictive of in vivo dissolution of a composition. An

15  exemplary dissolution medium is an aqueous medium containing the surfactant
sodium lauryl sulfate at 0.025 M. Determination of the amount dissolved can be
carried out by spectrophotometry. The rotating blade method (European

Pharmacopoeia) can be used to measure dissolution.

5. Redispersibility Profiles of the Tacrolimus Compositions of the
20 Invention

An additional feature of the tacrolimus compositions of the present
invention is that the compositions redisperse such that the effective average
particle size of the redispersed tacrolimus particles is less than about 2 microns.
This is significant, as if upon administration the nanoparticulate tacrolimus

25  compositions of the invention did not redisperse to a nanoparticulate particle size,
then the dosage form may lose the benefits afforded by formulating the
tacrolimus into a nanoparticulate particle size. A nanoi:articulate size suitable for

the present invention is an effective average particle size of less than about 2000
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then the dosage formmay | ose the benefits afforded by fornulating the
tacrolimus into a nanoparticulate particle size. A nanoparticul ate size
suitable for the present invention is an effective average particle size of
| ess than about 2000 23 nm In another enbodi ment, a nanoparticul ate size
suitable for the present invention is an effective average particle size of
| ess than about 600 urn Indeed, the nanoparticul ate active agent
conpositions of the present invention benefit fromthe small particle size
of the active agent; if the active 5 agent does not redisperse into a snal

particle size upon rat| , then s" Qr | onerated active
agent particl &8 iﬁ‘@n‘t qr P@OPH@“@%%@W"‘%% P95 free energy
of the nanoP%%&tiUn%ﬁn%ﬁ’éétﬁ)@a%ﬂg& ganctets%rmé@a%paﬂtﬁt 0aamf or ce to
achieve an overall reduction in f energy. Wth the formation of such

aggl onerated particles, the bioavailability of the 10 dosage form may fall
wel | bel ow t hat obkxdc&dadhe\ma;nlopaﬂtietﬂhtecmﬁde a@mpewmpmtldnsmfttbﬁ presdmg

ticul at t - MD riicul ate tacroli
Compost 11 ons BRCRHE RoRGRHER e SRR BETICe el (e ROUF SEUHLTaN BEVEhe
nanoparti gl afgant &&rs%t F&!& Bﬁéﬁﬂtﬁ'a‘%ﬁxc?ﬂgﬁﬁic%é‘gig% i héit dchinfifratiOn, dhdMMRI ,  such

as a human or —ani nal monstrate stltutlon/redlsper5|on in a
bi or el evant atplemops’ ormggbnmmbdad:t'ate atgbn!tpai‘ticéestareéommdeonggtpahet icle size of
t he redi spersed ta t|cI es is.less than about 2 ,crons.. Such

bi or el evant aaf s&rfe SFeCIeRY ggggopﬁg@pgte( $ySteny, M he Jesired
i oni C strengt des
Bty 55 Bl et e

medi a. The deS|r ose that are representative
of 20 physi ol Bithcthe fmﬁbﬁiﬁmﬁa@ghﬂn&rﬂeﬂb&tiblmﬁhebuﬁyaﬂ&nhﬂy dither el evant

o1t onslbi dosige i mag iy pelgincbt Bpeieduibioltud derion Dmltch

exhibit the dgg trength. Biorelevant pHis well known in
the art. For exarrpgpa%iflﬁ&? %‘?tutﬁgratg t he

Moreover, the nanoparticulate tacrolimus compositions of the invention
exhibit dramatic redispersion of the nanoparticulate tacrolimus particles upon
administration to a mammal, such as a human or animal, as demonstrated by

15  reconstitution/redispersion in a biorelevant aqueous media such that the effective
average particle size of the redispersed tacrolimus particles is less than about 2
microns. . Such biorelevant aqueous media can be any aqueous media that exhibit
the desired ionic strength and pH, which form the basis for the biorelevance of
the media. The desired pH and ionic strength are those that are representative of

20  physiological conditions found in the human body. Such biorelevant aqueous
media can be, for example, aqueous electrolyte solutions or aqueous solutions of
any salt, acid, or base, ora combination thereof, which exhibit the desired pH and

ionic strength.

Biorelevant pH is well known in the art. For example, in the stomach, the
pH ranges from slightly less than 2 (but typically greater than 1) upto4 or5. In
the small intestine the pH can range from 4 to 6, and in the colon it can range
from 6 to 8. Biorelevant ionic strength is also well known in the art. Fasted state
gastric fluid has an ionic strength of about 0.1M while fasted state intestinal fluid
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pH ranges fromslightly less than 2 (but typically greater than 1) up to 4
or 5. In the small intestine the pH can range from4 to 6, and in the col on
it can range from®6 to 8. Biorelevant ionic strength is also well known in
the art. Fasted state gastric fluid has an ionic strength of about 0.1M
while fasted state intestinal fluid 24 has an ionic strength of about 0.14.
See e.g., Lindabi et al., "Characterization of Fluids fromthe Stonmach and
Proxi mal Jejunumin Men and Wonen," Pharm Res., 14 (4): 497-502 (1997). It
is believed that the pH and ionic strength of the test solution is nore

critical than the.specific chen cal cqontent,. r.di n appropri ate pH and
i oni ¢ strengt¥°¥ar & St 8P§bé’lug6ﬂédSf%?'g‘ﬂ&wmfgugé%”‘f ‘rﬁ?t% Bﬁg of
strong aci dspluils FRRDHe SIS RactbMd Froxid] 9¢j8m@h ilMMdnl AW ERBH 2FHapmaci d- base
pairs (i.e., weak acids and corresponding salts of that acid), nonoprotic
and pol ypr ot i Res., dHdd): 4973081 9%¥Nc. Representative el ectrol yte sol utions can
be, but are not limted to, HO solutions, ranging in concentration from

about 0.001 to aboyt 0.1 a .sal utions, ~Langi.ng, i.n_concentrati on
from about 0.001 t6 S50 é\%t.hi’p 'Bgﬁ@d 1%?&?@%@?38%58@8?“5&% e,
el ectrol yte s@itighl ﬁﬂﬁﬂféadibei&ﬁc chethical &n%&h%oli&él\?rHC lyéf?ﬁprloﬁﬁﬁ’détp}paﬁkl M HC or

| ess, about 0.01 MHC or less, about O. ess, ‘about 0.1 M Nad
or |ess, aboupnig strengthNaltes oan beehiaingd Buough oaerps\eoDrbinatons of strongnd

m xtures thereof. O these ectrolyte | uti.on 0..01 M HC .and/ o 0.1 M
NG - are modtouisFRESa SOL: SnER S rEATHE ALIVERG 2 6Tt A (andiEk ons,

owi ng to the piisamd cofRsgondingaals bf harubid)! MoRosbtié Hﬁ‘d?dilgiﬂd%'
gastrointestinal tract.” Electrol yte concentrations o .001 MHC1, 0.01 M

HC1, and 0.1 ¢ledt@lytes;@fa espond to pH 3, pH 2, and pH 1, respectively. Thus,
a 0.01 MHA solution sinulates typical acidic conditions found in the
stonmach. A sol uti of 0.1. M rovides a, reasonabl e approxination of
the ionic strengt ﬁﬁgﬂﬁﬁﬂnﬁ%xgﬁglek\lﬁw so?utlons can be, u%are not Iimi eH to,)illérf31

solutions, ranging in concentration from about 0.001 to about 0.1 M, and NaCl

solutions, ranging in concentration fror_n about 0.001 to about 0.1 M, and
mixtures thereof. For example, electrolyte solutions can be, but are not limited
to, about 0.1 M HCI or less, about 0.01 M HCI or less, about 0.001 M HCI or
less, about 0.1 M NaCl or less, about 0.01 M NaCl or less, about 0.001 M NaCl
or less, and mixtures thereof. Of these electrolyte solutions, 0.01 M HCl and/or
0.1 M NaCl, are most representative of fasted human physiological conditions,
owing to the pH and ionic strength conditions of the proximal gastrointestinal
tract.

Electrolyte concentrations of 0.001 M HCI, 0.01 M HCI, and 0.1 M HCl
correspond to pH 3, pH 2, and pH 1, respectively. Thus, a 0.01 M HCI solution
simulates typical acidic conditions found in the stomach. A solution of 0.1 M
NaCl provides a reasonable approximation of the ionic strength conditions found

5  throughout the body, including the gastrointestinal fluids, although
concentrations higher than 0.1 M may be employed to simulate fed conditions
within the human GI tract.
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5 throughout the body, including the gastrointestinal fluids, although
concentrations higher than 0.1 M may be enployed to sinulate fed conditions
within the human G tract. 25 Exenplary solutions of salts, acids, bases or
conbi nati ons thereof, which exhibit the desired pH and ionic strength,

I nclude but are not limted to phosphoric acid/ phosphate salts + sodi um
potassi um and calciumsalts of chloride,'acetic acid/acetate salts +

sodi um potassium and calciumsalts of 5 chloride, carbonic acid/bicarbonate
salts + sodium potassiumand calciumsalts of chloride, and citric

ot her _embod mont s S5pupRy MIbARE G5l Rl hebd & WBARoRs Bereel VR T o8 of

the inventi orxhibidh&@&iree H dhddbnie GteRHE, indluds Bhteranst limitedtdy ot her 10
sui tabl e medi a) have an effective average particle size of |ess than about

1900 nm | esPhospharigseid{phosplimtasalts Hesodium patassivm: and zaleivmsaltsefs t han about

1600 rim e t.han ab n | ess t | @ss t han about
1300 nm Iesgﬁfolnlqghac ﬁ%géiajé%g%r‘?ﬁ{ﬂ ]"ég‘g%g‘?ﬁ%%%ﬁ?}l i%@g%@lﬁsé’ s than about
1000 nm  kessghioib, catbstié adl@Bidattibnate®aRs + Rodiudb pofassiifl afY calch@ssdlRan about

700 run, |less than about 15 650 nm |ess than about 600 nm | ess than about

550 nm | ess of khlerideand cioio agid/citrate saltshsodiwhopatasssun and caleiym saltsaf about 400
nm | ess than,about 350 nm |ess than about 300 run, |ess than about 250
nm | ess t har? t 200 run, less than about 150 nm |ess than about 100
urn, |less than about 75 nm or |ess than about 50 nm as neasured by

light-scattering MRbfREemboliEiscemte inventidn) te re@igperpeéd At®lidfuismet hods. Such
nmet hods suitable for measuring effective average particle size are known to

a person of @atticlesrof thinvention (redispersed inmenlpgysens;ibinteleventcamranyeothesst ed usi ng
B i
Conpri sing a nayN&dshat dboufrg00 fia! leSythed alfbut 1700 nm, less than about 1600 nm,
less than about 1500 nm, less than about 1400 nm, less than about 1300 nm, less
than about 1200 nm, less than about 1100 nm, less than about 1000 nm, less than
about 900 nm, less than about 800 nm, less than about 700 nm, less than about
15 650 nm, less than about 600 nm, less than about 550 nm, less than about 500 nm,
less than about 450 nm, less than about 400 nm, less than about 350 nm, less than
about 300 nm, less than about 250 nm, less than about 200 nm, less than about
150 nm, less than about 100 nm, less than about 75 nm, or less than about 50 nm,
as measured by light-scattering methods, microscopy, or other appropriate
20  methods. Such methods suitable for measuring effective average particle size are

known to a person of ordinary skill in the art.

R_edispersibility can be tested using any suitable means known in the art.
See e.g., the example sections of U.S. Patent No. 6,375,986 for “Solid Dose
Nanoparticulate Compositions Comprising a Synergistic Combination of a
25  Polymeric Surface Stabilizer and Dioctyl Sodium Sulfosuccinate.”
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25 Polynmeric Surface Stabilizer and Dioctyl Sodium Sul fosuccinate.” 26 6.
Tacrol i mus Conpositions Used in Conjunction with G her Active Agents The
tacrolinmus conpositions of the invention can additionally conprise one or
nore conpounds useful in the prophylaxis of organ rejection. The 5
conpositions of the invention can be co-fornulated with such other active
agents, or the conpositions of the invention can be co-adm nistered or
sequentially admnistered in conjunction with such active agents. Exanples
of drugs that can be co-adm nistered or co-fornulated with tacrolinus

L o o 6 keGSR UGB O 0o

corticosteroids, gl'ucoc% tf‘fe &Y o ds, doxycycline, interferon beta-IDb,

mal ononi tril am de FK778, azathioprine, Canpath-1H, basilixi mab, and

met hotrexate. D. (giacrolim@s sompesitionseutitheinverition cdaaddiionally temprseconpr i si ng
nanoparticulate 15 tacrolinus particles and at |east one surface stabilizer.
The surface SWgISFmoreeempeundspsefibindhe prophylexised organdeiegdedbcTlt ed with t he

surface of; the tacroli rti.cles .  Surf L ze I rein do
not chem é al lc&n}pgglg@nwnf%e?rﬁghtl& ?%rf P?ﬁ%for%gffatt?%ﬁgé Soéh étﬁgﬁafc?l Tvé' E’%%?gér ably,

i ndi vi dual yreBdibdBpdiitidns of B ihveiRionlcat bk ba-aimaisteredz 80queatiblly f r ee of

i nt er nol ecul arr c_r.o(gg?l_i nkages. |n_another enbodi maﬁl';, thgci 20 %l?)y osi tions of

the present iadministesed insanioetion withisugh astivasgents e xameples of dmes thakean, The
|

present invention al.so. inelude (14 te t. [ l;tions
together wt hrbeo‘i?éé@?%?% Bor fo%%@a?%ﬁv@b gﬁ%‘g@éﬁ lﬁ§ﬁl§€’cber£g?: aebl}%g ﬁE‘?%?r lers,
adj uvants, orio)/@Ridsp6sne, aBcopBénoYiela¥id! Ripamyeidl (8o RRowA kS bieslimushhe 25
conposi tions can be fornulated for parenteral injection (e. % , I ntravenous,
i nt r anmusd@ araleriuzumpb.umacephesplatecomafetihdoftiviosteraids, ghicoeorsigpsteroidsi qui d, or
aer osol

doxycycline, interferon beta-1b, malononitrilamide FK778, azathioprine,

Campath-1H, basiliximab, and methotrexate.
D. Compositions

The invention provides compositions comprising nanoparticulate
15  tacrolimus particles and at least one surface stabilizer. The surface stabilizers are
preferably adsorbed to or associated with the surface of the tacrolimus particles.
Surface stabilizers useful herein do not chemically react with the tacrolimus
particles or itself. Preferably, individual molecules of the surface stabilizer are
essentially free of intermolecular cross-linkages. In another embodiment, the
20  compositions of the present invention can comprise two or more surface

stabilizers.

The present invention also includes nanoparticulate tacrolimus
compositions together with one or more non-toxic physiologically acceptable
carriers, adjuvants, or vehicles, collectively referred to as carriers. The

25  compositions can be formulated for parenteral injection (e.g., intravenous,
intramuscular, or subcutaneous), oral administration in solid, liquid, or aerosol
form, vaginal, nasal, rectal, ocular, local (powders, ointments or drops), buccal,

intracisfcemal, intraperitoneal, or topical administration, and the like. In certain
27



form vaginal, nasal, rectal, ocular, |ocal (powders, ointnments or drops),
buccal, intracisternal, intraperitoneal, or topical admnistration, and the
like. In certain 27 enbodinents of the invention, the nanoparticul ate
tacrolinus formulations are in an injectable formor an enteric coated oral
form 1. Tacrolimus Tacrolimnmus, also knowmn as FK-506 or Fujimycin, is a
23-nmenbered 5 nmacrolide | actone. As used herein, the term"tacrolinus"

i ncl udes anal ogs and salts thereof, and can be in a crystalline phase, an
anor phous phase, a sem - crystalline phase, a sem -anorphouse phase, or a

m xture thereQf,. Ih l. i I the pr f..1nyenti-on en .appl i cabl e,
may be pres er?%bé)ldfrﬂgqté Sﬁ{h? ﬁ%vré%ﬁ%’l tﬁ? nm{?ﬁ%“?ﬁ%& tgﬁl{aﬁg}% ;g%rbql%(@o&}slafleoi%ur e

enanti omer OrandfijedtableXfbiih Or afi MEHE Goddéd Sahfrmi se, 10 of enantioners. 2.
Surface Stabilizers Conbi nations of nore than one surface stabilizer can be
used in the injectable tacrolinmus formnulation of the present invention.
Suitabl e surface Xkt abiTacrelimusncl ude, but are not limted to, known organic
and inorgani ¢ 15 pharnaceutical excipients. Such excipients include various

Cur ot ant s. - sur t aprolBpu isH Bbp Bn e BREND g tpiiiin. U aPSRGmbREY, o
ionic, ang zuhidr6lidedBttond.UAE aSddtitéin, thétdmeft@r6luSUintiages laddpslander for an

i nj ectable nanoparticulate tacrolinmus fornulation is a povidone polyner. 20
Repr esent at i seltetheraof.candenn da in a exystallittsi phases a8 amerpheys phaser d5§Mir opy |

met hyl cel | ul ose . (;now known_as hypronel | ose) . hydroxypropylgel |l ul os
pol yvi nyl pyr rc&.' ﬁ%ﬁ'ﬂ%? Suft iﬁwlra&%cﬁ-gﬁo%ﬁlpﬁ%ee?r adl?{%’u ﬁ't@fng%s ectfl?fgﬁgl?lsgel atin,
casein, |ecitifithe freS® RRAhtSE When@Bylidably, n&‘yfﬂegﬁ@s% BeitheR & @8 ferPbe
tragacanth, stearic acid, benzal konium chloride, calciumstearate, glycerol

nonost ear at e,ongBubstantially apticallyl pure ehantiosieo anas ok turssTAcemic/Orythemyise, sor bi t an
esters,

10  of enantiomers.
2. Surface Stabilizers

Combinations of more than one surface stabilizer can be used in the
injectable tacrolimus formulation of the present invention. Suitable surface
stabilizers include, but are not limited to, known organic and inorganic

15 pharmaceutical excipients. Such excipients include various polymers, low
molecular weight oligomers, natural products, and surfactants. Surface
stabilizers include nonionic, anionic, cationic, ionic, and zwitterionic surfactants.
A preferred surface stabilizer for an injectable nanoparticulate tacrolimus

formulation is a povidone polymer.

20 Representative examples of surface stabilizers include hydroxypropyl
methylcellulose (now known as hypromellose), hydroxypropylcellulose,
polyvinylpyrrolidone, sodium lauryl sulfate, dioctylsulfosuccinate, gelatin,
casein, lecithin (phosphatides), dextran, gum acacia, cholesterol, tragacanth,
stearic acid, benzalkonium chloride, calcium stearate, glycerol monostearate,

25  cetostearyl alcohol, cetomacrogol emulsifying wax, sorbitan esters,
polyoxyethylene alkyl ethers (e.g., macrogol ethers such as cetomacrogol 1000),

polyoxyethylene castor oil derivatives, polyoxyethylene sorbitan fatty acid esters
28



pol yoxyet hyl ene al kyl ethers (e.g., macrogol ethers such as cetonacrogol
1000), polyoxyethylene castor oil derivatives, polyoxyethylene sorbitan
fatty acid esters 28 (e.g., the comrercially avail able Tweens(r) such as
e.g., Tween 20(r) and Tween 80(r) (1Cl, Speciality Chem cals));

pol yet hyl ene glycols (e.g., Carbowaxes 3550(r) and 934(r) (Union Carbide)),
pol yoxyet hyl ene stearates, colloidal silicon dioxide, phosphates,

car boxynet hyl cel | ul ose cal ci um carboxynet hyl cel | ul ose sodium 5
nethylcellulose hydroxyethylcellulose hypronellose pht hal at e,

oyt vt al ol qobteeyTRIRTA TR QTS bie, Win 0 BICRRRED. "W 1
et hyl ene OXIcse@«!dIs ﬂﬁymlammyl @eﬂig%gil?yi‘col @ Dabowatiga550®e, and

triton), poloxaners . Pl uroni cs r) and F1080 whi ch are bl ock

copol yners ofand OA¢® M@QI®MPQWOW¢WW¢%§?HOIQ@H sibicomi dieidg.e. g. |,

Tet 908 k t f t I
bl oGk copol y MR TRy cafRYBrs P cAufsE Tt SRR B el o P R e ana
et hyl ene gxi dﬁ»‘ethﬂc@lhﬂddeeﬂﬁﬂ'bﬁiﬂ cd1iRAs3E, h @tﬁéllﬁsb?»h@ﬁld@@rr@hbﬁﬁtalliﬁ@r si ppany,
N.J.)); Tetronic 1508(r (T- 15 (BASF’ andotte Corporatlon) Tritons

X-200(r), whiceHulose, magaesiyin alwminupnsilieate; driethanodamimepal Evmﬂcﬂlmmhd Haas) ;
Crodestas F- f t

0 otear are (& S b PisRuBriniotiangie) EFHR S BERE Sl & knoan as
din-10xr) %rn%uaé]@a&@mo I&ﬁbﬁaa%&apél GRRbAS akd tHoR)peldkame® (e.g., O 0dest as
SL-40(r) (Croda, Inc.); ch is

g} 8H37 0:42( Com?dmcls BHE@MEW@?—IWQ Blosk napolmdrsloféuhyjqne qz:mdel and
) (-D
a1 ¢ opyr Moo Ay Fhe B BoloRiseY et Terthot S, 205k nckin A F B e

hept anoyl - N- iy Wﬁd&@@t@@aﬁ:ﬁm{bﬁﬁi Bbek c@bgjnh’éi%ﬁfié’d‘ﬁéin%quéhﬁaﬁpt yl (-D

t hi ogl ucosi de; n-hexyl (-D- gl ucopyranosi nonanoyl - N- net'hyl gl ucam de; n-

noyl (-D-gl ucadpimoamdi prahylensaixidecand- dshy'lmem@ tocthyiletediamioe (§ASF- D 25
9l ucopyranosige, e Corporation, Passippany N 135, Yeltonic 15088 (15P508) (BASF PEC
Wyandotte Corporation), Tritons X-200®, which is an alkyl aryl polyether
15  sulfonate (Rohm and Haas); Crodestas F-110®, which is a mixture of sucrose

stearate and sucrose distearate (Croda Inc.); p-isononylphenoxypoly-(glycidol),
also known as Olin-lIOG® or Surfactant 10-G® (Olin Chemicals, Stamford, CT);
Crodestas SL-40® (Croda, Inc.); and SA9OHCO, which is
C18H37CH2(CON(CH3)-CH2(CHOH)4(CH20H)2 (Eastman Kodak Co.);

20  decanoyl-N-methylglucamide; n-decyl (-D-glucopyranoside; n-decyl (-D-
maltopyranoside; n-dodecyl (-D-glucopyranoside; n-dodecyl (-D-maltoside;
heptanoyl-N-methylglucamide; n-heptyl-(-D-glucopyranoside; n-heptyl (-D-
thioglucoside; n-hexyl (-D-glucopyranoside; nonanoyl-N-methylglucamide; n-
noyl (-D-glucopyranoside; octanoyl-N-methylglucamide; n-octyl-(-D-

25  glucopyranoside; octyl (-D-thioglucopyranoside; PEG-phospholipid, PEG-
cholesterol, PEG-cholesterol derivative, PEG-vitamin A, PEG-vitamin E,
lysozyrﬁe, random copolymers of vinyl pyrrolidone and vinyl acetate, and the
like. Also, if desirable, the nanoparticulate tacrolimus formulations of the present
invention can be formulated to be phospholipid-free.
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chol esterol, PEG chol esterol derivative, PEGvitamn A PEGvitamn E,

| ysozyne, random copol yners of vinyl pyrrolidone and vinyl acetate, and the
like. Also, if desirable, the nanoparticulate tacrolinus formulations of the
present invention can be fornulated to be phospholipid-free. 29 Exanpl es of
useful cationic surface stabilizers include, but are not limted to,

pol yners, biopolyners, polysaccharides, cellulosics, alginates,
phosphol i pids, and nonpol yneric conpounds, such as zwitterionic
stabilizers, poly-n nethyl pyridinium anthryul pyridiniumchloride, cationic
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stabi | i zers iandmnaapqlymeric eeropeunds] such aegwittsrionigtstabilizers, pplyds- sul f oni um 10

h honi ' . nmoni ds.. ..
B oyl t 11 merRgPYRaR i AR ol R SRS BhoShatipidsny | amroni um
br o de, 60 Qitbsd batplybite, AR dRBbIR! bolbrdhc, BoRIRy InfeAS R o et hy|

di hydr oxyet hyl anmmoni Um chlor1 de” or bromde, dec triethyl armoni um
chl ori de, dedsinethylpmmyhiumpdonidg dirémide RV J oride or bromide, Cl2 15

15di net hyl hyd hy i | or.i.d ' t .di met hyl
nydr oxyet hyl EHGRURRAPORR oGS e EOMABE Al Bopi TR RAEA m
met hyl  sul T at@meth§iihoéthylGhéhherPRRZdime RN OfHeptitedsl &ﬁoiéi'b‘i’rzﬁ de, lauryl

di met hyl (ethenoxy)4 ammoni um chloride of brom de, Nalkyl (
18) di net hy| bestabjlizeanimoluide,rhut hreoxat dimiteta, datibni¢ dipitis] @l ftnienhy| - benzyl 20

i hioride, N-tetradecylidmet hyl.benzyl ' hiorid
monohydr dPe, RICABIMAT A ALSTABRYRTAPER SFRERINSIFE and (C 12-14)
dimet hyl " 1- nﬂsﬁaﬁ‘%&iﬁ&ﬁ}’l‘mﬁﬁﬁfﬁ‘ﬁﬁn‘éﬁldﬂﬁ& endfl-dit2-LHIB oy DT Mt de,

al kyl -trimet anmoni um sal ts and yl=di et hyl ammoni um salts, |auryl
bromide, coconut trimethyl ammonium chloride or bromide, coconut methyl

dihydroxyethyl ammonium chloride or bromide, decyl triethyl ammonium
chloride, decyl dimethyl hydroxyethyl ammonium chloride or bromide, C12-

15  15dimethyl hydroxyethyl ammonium chloride or bromide, coconut dimethyl
hydroxyethyl ammonium chloride or bromide, myristyl trimethyl ammonium
methyl sulfate, lauryl dimethyl benzyl ammonium chloride or bromide, lauryl
dimethyl (ethenoxy)4 ammonium chloride or bromide, N-alkyl (C12-
18)dimethylbenzyl ammonium chloride, N-alkyl (C14-18)dimethyl-benzyl

20 ammonium chloride, N-tetradecylidmethylbenzyl ammonium chloride
monohydrate, dimethyl didecyl ammonium chloride, N-alkyl and (C12-14)
dimethyl 1-napthylmethyl ammonium chloride, trimethylammonium halide,
alkyl-trimethylammonium salts and dialkyl-dimethylammonium salts, lauryl
trimethyl ammonium chloride, ethoxylated alkyamidoalkyldialkylammonium salt

25  and/or an ethoxylated trialkyl ammonium salt, dialkylbenzene dialkylammonium
chloride, N-didecyldimethyl ammonium chloride, N-tetradecyldimethylbenzyl
ammonium, chloride monohydrate, N-alkyl(C12-14) dimethyl 1-naphthylmethyl
ammonium chloride and dodecyldimethylbenzyl ammonium chloride, dialkyl
benzenealkyl ammonium chloride, lauryl trimethyl ammonium chloride,

30 alkylbenzyl methyl ammonium chloride, alkyl benzyl dimethyl ammonium
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trimethyl amoni um chl oride, ethoxyl ated al kyam doal kyl di al kyl anunoni um sal t
25 and/or an ethoxylated trial kyl amonium salt, dialkyl benzene

di al kyl ammoni um chl ori de, N-di decyl di net hyl amoni um chl ori de,

N-t et radecyl di net hyl benzyl ammoni um chl ori de nonohydrate, N-al kyl (Cl12-14)
di et hyl 1-napht hyl net hyl amoni um chl ori de and dodecyl di net hyl benzyl
ammoni um chl ori de, dial kyl benzeneal kyl amoni um chl oride, lauryl trinethyl
anmoni um chl ori de, 30 al kyl benzyl nethyl ammoni um chl ori de, al kyl benzyl

di met hyl anmoni um 30 bronide, Cl2, C15, C17 trinethyl anmmoni um bromi des,

dodecyl benzyl tri gt ﬁ}@ i chl ni um
chl ori de (DAl “%‘ﬁ béi G 7 ”Shnlyb q)F;%)rl Hﬁnﬂéf&h?%ﬂrl% ni um
hal ogeni des, atmn@ﬁumlchloﬁﬁehycblyamnymmmgﬂdmmmm cidonde MAPMWCRHNUNONI UM
brom de, 5 dodec%yt ri ethyl amoni um br om de tet radecyl tri met hyl ammoni um

br omi de, arides, alkyldimeth @%Fmdmm

Eibéﬁbﬁiy'cﬁm.nei’*?n?ﬂg@h%rch%&f@%éﬁ %@ﬁ%’ﬁ*ﬁ%. GHGE, ooy ol ne esters

st ear al kogi Ur&oﬂbdﬂﬂiie&@leﬁmﬁb@mﬁﬂb‘roﬁﬁ&& be@ae@ﬂ@methylammwmwﬁbfdﬂlﬁél de and 10
di st earyl di rmnl um chloride),, yr| di nium brom de or chloride, halide

salts of qudnethylitieetylsan 19@349& CI{MQU%%%@I PAPYQUAY, ALKAQUAT (Al kari |

a0y nenBethanRbIShehl bttt A e ST S TS, noa 1

acryl ates, angteyd @M¢h £Ydholihe esterd B RlttySatidsy, befizkdkoriam/chliride, am ne acet at e,
stearyl 15 am ne acetate, alkylpyridiniumsalt, and al kél I m dazolium salt,

and am ne oxustmalkomumc;éﬂcami@lqomp@ml@eﬂsu@rasm@ndmm @‘td%ﬂn g acryl an des:

Chi o1 deOandupeiry dionBe SHSHG, G RyARiaRin Hritufe of BB RIS RIRDA O guar
Such exenpl ar«?ﬁaféﬁhk &Dpél &We&wakﬂhﬁméslmapm%ﬂwﬁmwmlmﬁé&ﬂom c 20

surface stabilizers are  déscrib in J. Cross and E. Singer, Cationic
Sur f act ant s: Chemical Company), alkyl pyndlmum salts; amines, such as a]kylammes

dialkylamines, alkanolamines, polyethylenepolyamines, N,N-dialkylaminoalkyl
acrylates, and vinyl pyridine, amine salts, such as lauryl amine acetate, stearyl

15 amine acetate, alkylpyridinium salt, and alkylimidazolium salt, and amine oxides;
imide azolinium salts; protonated quaternary acrylamides; methylated quaternary
polymerts, such as poly{diallyl dimethylammonium chloride] and poly-[N-methy!l
vinyl pyridinium chloride]; and cationic guar.

Such exemplary cationic surface stabilizers and other useful cationic
20  surface stabilizers are described in J. Cross and E. Singer, Cationic Surfactants:
Analytical and Biological Evaluation (Marcel Dekker, 1994); P. and D. Rubingh
(Editorj, Cationic Surfactants: Physical Chemistry (Marcel Dekker, 1991); and J.
Richmond, Cationic Surfactants: Organic Chemistry, (Marcel Dekker, 1990).

Nonpolymeric surface stabilizers are any nonpolymeric compound, such
25  benzalkonium chloride, a carbonium compound, a phosphonium compound, an
oxonium compound, a halonium compound, a cationic organometallic compound,
a quarternary phosphorous compound, a pyridinium compound, an anilinium

compound, an ammonium compound, a hydroxylammonium compound, a
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Anal ytical and Biol ogi cal Evaluation (Marcel Dekker, 1994); P. and D

Rubi ngh (Editor), Cationic Surfactants: Physical Chem stry (Mrcel Dekker,
1991); and J. Richnond, Cationic Surfactants: Organic Chem stry, (Marcel
Dekker, 1990). Nonpolymeric surface stabilizers are any nonpol yneric
conpound, such 25 benzal koni um chl oride, a carboni um conpound, a
phosphoni um conpound, an oxoni um conpound, a hal oni um conpound, a cationic
organonetal lic conpound, a quartenmary phosphorous conpound, a pyridi nium
conmpound, an aniliniun1 conmpound, an annnniunlconpound a hydr oxyl ammoni um

conmpound, a m ound, a

te?}tjl ;ry a corrpoungefn; g duarzf'm] rndry aﬁ’r%g%%m com%ﬁ?aﬁgpptﬁ

f](c)r &ul a NR1 Eﬁﬁ&ﬁﬁﬁm)conﬂmund cmmlf@pmﬂRl &mn MOﬂlmnrndnmoﬁﬂdmh Rzﬂ(]grm)alﬂa (i) none

o R4 are one o0 R4 i three o R4 are
CH3; (iv) almﬁ%&) ;F@‘@‘EPOUP Oﬁ%%qsg:%al"ﬁ&h& : one of RI-R4 is

CoH5CH2, and one I@H&,’chal n of seven car bon atons or |ess;
10 (vi) two of R Eth4 arneolﬁégg,iuﬁdégllgf R4 is C6H5CH2, and one of R -R4 is

an al kyl @hain of (i) net@erof®id-Réis @HR™s or nore; (Vi i) two of RI-R4 are CH3
and one of RI-R4 is, the groug CoH5(CH2) n, where n>l; (viii) two of R-R4
are CH3, one of RI(iRg jthr 436?‘@H%ne of 15 R -R4 conprises at | east

one heteroatom (i , one of RI-R4 is C6H5CH2, and one
of R -R4 corrprls@))at eggsl%ﬁ(h){n g?ﬂgen' (x) two of R-R4 are CH3, one of

R-R4 is CBH5CH2, (and ame aﬂRl-RuaE&c:Hemia f%1-RY ib CEHSCOIG and/ohe 6f T r agnent ;
R1-R4 is an alkyl chain of seven carbon atoms or less;
10 (vi) two of R1-R4 are CH3, one of R1-R4 is CGHSCH2, and one of
R1-R4 is an alkyl chain of nineteen carbon atoms or more;
(vii) two of R1-R4 are CH3 and one of R1-R4 is the group
C6HS(CH2)n, where n>1;
(viii) two of R1-R4 are CH3, one of R1-R4 is C6HSCH2, and one of
15 RI1-R4 comprises at least one heteroatom;
(ix) two of R1-R4 are CH3, one of R1-R4 is C6HSCH2, and one of
R1-R4 cdmprises at least one halogen;
(x)  two of RI-R4 are CH3, one of R1-R4 is C6H5CH2, and one of

R1-R4 comprises at least one cyclic fragment;

20 (xi) two of R1-R4 are CH3 and one of R1-R4 is a phenyl ring; or
(xii) two of R1-R4 are CH3 and two of R1-R4 are purely aliphatic

fragments.

Such compounds include, but are not limited to, behenalkonium chloride,
benzethonium chloride, cetylpyridinium chloride, behentrimonium chloride,

25  lauralkonium chloride, cetalkonium chloride, cetrimonium bromide, cetrimonium
chloride, pethylamine hydrofluoride, chlorallylmethenamine chloride
(Quaternium-15), distearyldimonium chloride (Quaternium-5), dodecyl dimethyl
ethylbenzyl ammonium chloride (Quaternium-14), Quaternium-22, Quaternium-

26, Quaternium-18 hectorite, dimethylaminoethylchloride hydrochloride,
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20 (xi) two of R-R4 are CH3 and one of R-R4 is a phenyl ring; or (xii)
two of R-R4 are CH3 and two of RR-R4 are purely aliphatic fragnments. Such
conpounds include, but are not limted to, behenal konium chl ori de,
benzet honi um chl ori de, cetyl pyridiniumchloride, behentrinoniumchloride, 25
| aur al koni um chl ori de, cetal koni um chl oride, cetrinoni um brom de,
cetrirnonium chloride, cethylam ne hydrofluoride, chlorallyhnethenam ne
chloride (Quaternium 15), distearyldinmoniumchloride (Quaterniumb5),
dodecyl dinethyl ethyl benzyl amoni um chl ori de (Quaternium 14),
Quat erni um 22, Quaternium 26, Quaternium 18 hectorite,
gi n”eL hyl i’im' nowstdiyé hYdroa(shldjéddjydwﬂmhl { ! laﬁ?]m&ﬁut#ﬂ)ﬁym)eﬂﬂgl éthﬁfp}mlthué,de,

i et hanol a ni.um PCE (10) .0 et her osphat | et.hanql a ni um POE
(3) ol eyl emwﬂ&ne@mmnéwéﬁe&wk@m@%oma@ﬁ» talfow prigm-ghloride,
di oct adecyl a | | . | ' ' brom de,
denat oni um b(@lr]]ﬁz)éghzaii e@,‘? %@?@?@F‘kﬁ‘?‘%@éﬁ@or %o%uﬁ%lﬂﬂﬁ?&%ﬁ@ e(I)lri de, 5
et Pyl enedi aLrbgmid%lfdpdatgniubpbénlieategmmgétglﬂmﬁimwdﬂg@dd, tavirttien h' lobrﬁmnicﬁtmmdh idege ACI,
i of et am ne hydrochl.oride, negluym.ne hydroc ride,. methyl benzet honi um
chl ori de, > ny etwlenedirminesibydraehloride ppaniding hydrechleride. Rysidogimegielat er ni um 1,
pro cai nehyd ' el al . ' Nt 0Nt e;
st ear al koni u?’ﬂ%g%?g%e: lﬂ@.:rocs %y#gggﬁlﬁgpg%é@lﬁ@@’W"@ﬁg‘l@lﬁ%ﬂ}le 10
di hydr of | uor chieridé,ahyr@ivh it brofidd) blylteimoniunsl chierde] g0l qubichdimy], ammoni um
brom de. Mst of these surface stabilizers are known pharnmaceuti cal
exci pi ent s aRtpcaimebydrecideridas gosqbetaines steatatkoniyun bptemittsk of Phar naceuti cal

ond The phar StelioRTSpmer Bl stV b AR TR THRAIRRRE | °, Co T on "
Press, 2000) dilsafstivorida/ thfowtrintciva ichlogide iiiddieRadbe yludiethyh e@mohiith done

Pol ynmers

bromide.

Most of these surface stabilizers are known pharmaceutical excipients and
are described in detail in the Handbook of Pharmaceutical Excipients, published
jointly by the American Pharmaceutical Association and The Pharmaceutical

15  Society of Great Britain (The Pharmaceutical Press, 2000), specifically

incorporated herein by reference.
Povidone Polymers

Povidone polymers are preferred surface stabilizers for use in formulating

an injectable nanoparticulate tacrolimus formulation. Povidone polymers, also

20  known as polyvidon(e), povidonum, PVP, and polyvinylpyrrolidone, are sold
under the trade names Kollidon® (BASF Corp.) and Plasdone® (ISP
Technologies, Inc.). They are polydisperse macromolecular molecules, with a
chemical name of 1-ethenyl-2-pyrrolidinone polymers and 1-vinyl-2-
pyrrolidinone polymers. Povidone polymers are produced commercially as a

25  series of products having mean molecular weights ranging from about 10,000 to
about 700,000 daltons. To be useful as a surface modifier for a drug compound

to be administered to a mammal, the povidone polymer must have a molecular
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Povi done pol yners are preferred surface stabilizers for use in fornulating
an injectable nanoparticulate tacrolimnmus fornulation. Povi done pol yners,

al so 20 known as pol yvidon(e), povidonum PVP, and pol yvi nyl pyrrolidone,
are sold wunder the trade nanes Kol lidon (BASF Corp.) and Pl asdone(r) (ISP
Technol ogies, Inc.). They are pol ydi sperse nmacronol ecul ar nol ecules, with a
chem cal nane of 1-ethenyl-2-pyrrolidinone polyners and 1-vinyl -
pyrrolidinone pol yners. Povidone polynmers are produced commercially as a 25
series of products having nean nol ecul ar wei ghts rangi ng from about 10, 000

to about 70QueEd oftfdst BHAR abde 40@0005&3%{15 %a%oiwlﬂﬁ%lmdaffgw&erft% a drug
conpound to be adm nistered to a namal EOVI done pol'ynmer must have a

mol ecul ar 330W@Dglhhom‘wb'dd§lav¢1@1rﬁﬁaﬂtywleaammlm ethl t ons, as a nol ecul ar
wei ght of greater than 40, 000 dal tons woul d have diffi culty clearing the
body. Povi done po

| d
conprising: (1) ot}%’OX}‘f?Pﬁ& %?&ﬁ?&f%‘lbyf’?r exan&yﬁ&ﬂ%egﬁﬁ)%ﬁmﬁfgﬁyde by
5 the Reppe Qe@ﬁhﬁ@e(gvdmaﬁﬁagq46%&6%&&6&9%@%& hemhldthpad gpedi ol over

copper at 200 to formy-butyrol actone; and (3) reacting y- butyrol’actone with
ammoni a t b6 yithd Rem;erthdlenme'nthSub,s(@mdérydmgeamnghe lyf-butamediolydvene gi ves t he

T e AR o P2 S SRS oA 1" L
oroduces. pol gt oo, TR At el R R Rty e O B0 Prhe
di f ferent mlmmmolldmmbmm&h@om&mahm iswarrigdl cut by helingnimlteeul es vary
Because F?a”go?%pﬁé%ﬁ%om%y?ﬁ%?ee  Werahasso mEionBR oG] Ve ght
el aht . o Scede TR ARG MY 128 %2‘223"& Sif scosi 1y yﬁgsﬁ?éké’ﬁfs@#ﬁé”k%

of various grades of pOV|done pol ymers represent a
The manufacturing process for povidone polymers produces polymers

containing molecules of unequal chain length, and thus different molecular
weights. The molecular weights of the molecules vary about a mean or average
for each particular commercially available grade. Because it is difficult to

15  determine the polymer’s molecular weight directly, the most widely used method
of classifying various molecular weight grades is by K-values, based on viscosity
measurements. The K-values of various grades of povidone polymers represent a
function of the average molecular weight, and are derived from viscosity

measurements and calculated according to Fikentscher’s formula.

20 The weight-average of the molecular weight, Mw, is determined by
methods that measure the weights of the individual molecules, such as by light
scattering. Table 1 provides molecular weight data for several commercially

available povidone polymers, all of which are soluble.
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function of the average nol ecul ar wei ght,

and are derived fromviscosity

nmeasurenments and cal cul ated according to Fi kentscher's formula. 20 The
is determ ned by nethods that

wei ght - average of the nol ecul ar wei ght,
nmeasure the weights of the individual
scattering. Table 1 provides nol ecul ar weight data for several
avai |l abl e povi done pol yners,
K-Value My altons ** Mv altons ** Mh (Dalton s)**
7,000 10,500 3,000 Plasdone C-30 30.5 1.5 38,000 62,500*
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. rticle Size used herein, particle
size is determned on the basis of the weight average particle size as

measur ed Jy converivanik vieRitylatlrie okl RAEM M the hGRIALGHESmMBLlr KnOWn t 0

those skil | edleighf ahd¥wad the wehthe iveta@ridkcalliSifeight) QW 6, Mif Wedre determietingg light

sedi nment at i ogeatletiny aild hitraeentrifi@tionpand Mvavas depehihéliby @i3tosie) rdasubsmestnect r oscopy,
Based on the data provided in Table 1, exemplary preferred commercially
available povidone polymers include, but are not limited to, Plasdone C-15%,

10  Kollidon 12 PF®, Kollidon 17 PF®, and Kollidon 25%.

3. Nanoparticulate Tacrolimus Particle Size

As used herein, particle size is determined on the basis of the weight
average particle size as measured by conventional particle size measuring
techniques well known to those skilled in the art. Such techniques include, for

15 examplé, sedimentation field flow fractionation, photon correlation spectroscopy,

light scattering, and disk centrifugation.

Compositions of the invention, and the enteric coated compositions in
particular, comprise tacrolimus nanoparticles having an effective average particle
size of less than about 2000 nm (i.e., 2 microns). In other embodiments of the

20 invention, the tacrolimus nanoparticles have an effective average particle size of
less than about 1900 nm, less than about 1800 nm, less than about 1700 nm, less
than about 1600 nm, less than about 1500 nm, less than about 1400 nm, less than
about 1300 nm, less than about 1200 nm, less than about 1100 nm, less than

about IQOO nm, less than about 900 nm, less than about 800 nm, less than about
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i ght scattering, and disk centrifugation. Conpositions of the invention,
and the enteric coated conpositions in particular, conprise tacrolinus
nanoparticl es having an effective average particle size of |ess than about
2000 rim(i.e., 2 mcrons). In other enbodinments of the 20 invention, the
tacrolinmus nanoparticles have an effective average particle size of |ess

t han about 1900 run, |ess than about 1800 nm |ess than about 1700 nm | ess
t han about 1600 nm |ess than about 1500 nm | ess than about 1400 urn, |ess
than about 1300 nu, |ess than about 1200 nmm, |ess than about 1100 run, |ess
than about J00@®nn)dess kiemabbhieddOain lessHhoh sbvut 583 am! leanthahabbut®30 ninjn, | ess

t han about 35 700 nm |ess than about 650 M, | ess than about 600 nn, |ess

t han .about 53¢ than about300 M Jessthan abryt 4p0my less thap shoutAddmmadessithan | ess
than about 4QQ00sol5 Jedstah st 360 JClcAlhah S5t 298 E AN IARoM | 55

t han about 2 m | ess €ss an égout nm | ess

than about 1Q00mm, l¢sssisantdbant H00nth, [é5 thirabdut 000 hms fesé than abbetis M), nu, as
measured by |ight-scattering nmethods, mcroscopy, or other appropriate

met hods. Pn Qn&shthanahewA0Rm: as measured hydight-seatierng mehadssmiqrewerhi t he
present inv | . linject abl e nanoparticul ate conpositions in
particul ar, ?ghpmrg?%%&gﬂréétgge:ﬂ%g nanoparticles that have an effective
average particles-size of less than 10 about 600 nm In other enbodi nents,
the effective averlagrotherdmibddiment? theirmnbgsticulsith aompbsitionSSthe presértss t han
about 500 nm, | ess than about 450 nm | ess than , about 400 run, |ess than
about 300 nminYesbieniangrihemirstablenanoparticulate qompesitions in parbeulay; ROMPESS t han

about 150 mn ’taéi'@li%\hlg H%J;&]pglgl‘[a}gs 8 Pialdhn Jeﬂ‘e%%iv& B eagél)gé:eﬁi%lg? Fi%rbf {egsr thaffSS than

about 50 rim I've average partic ess an about 2000
nm'" nmeand0 t bbute00l masIn sthép evhbddimeiits,cthe effentive paerage paticleaiz ialgsarticl e
size less than the effectjve averaq | ess t han about 2000

e, by vvei%{]t, I . e,
nm I the "dhanahopt 50 amelesytban abeytd0Q ni, Jess thay abgutA S0nm, lassdhan 1900 nm
then at | east;ghoito rﬁlg%%ﬁfth&{]&out 300 nm, less than about 250 nm, less than about
200 nm, l_ess than about 150 nm, less than about 100 nm, less than about 75 nm,

or less th;m about 50 nm.

15 An “effective average particle size of less than about 2000 nm” means
that at least 50% of the tacrolimus particles have a particle size less than the
effective average, by weight, i.e., less than about 2000 nm. If the “effective
average particle size” is less than about 1900 nm, then at least about 50% of the
tacrolimus particles have a size of less than about 1900 nm, when measured by

20 the above-noted techniques. The same is true for the other particle sizes
referenced above. In other embodiments, at least about 70%, at least about 90%,
at least about 95%, or at least about 99% of the tacrolimus particles have a
particle size less than the effective average, i.e., less than about 2000 nm, about
1900 nm, about 1800 nm, erc..

25 In the present invention, the value for D50 of a nanoparticulate tacrolimus
composition is the particle size below which 50% of the tacrolimus particles fall,
by weight. Similarly, D90 is the particle size below which 90% of the tacrolimus
particles fall, by weight.
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tacrolinus particles have a size of |ess than about 1900 nm when neasured
by 20 the above-noted techniques. The sane is true for the other particle
sizes referenced above. In other enmbodinents, at |east about 70% at | east
about 90% at |east about 95% or at |east about 99% of the tacrolinus
particles have a particle size less than the effective average, i. e., less
t han about 2000 rim about 1900 nm about 1800 nm etc.. 25 In the present
i nvention, the value for D50 of a nanoparticulate tacrolinus conposition is
the particle size bel ow which 50% of the tacrolinmus particles fall, by

vei ght. Simlarlyq, DI0OCoficédipatiiH éf Nhfoprr&uldfd Puérofi add'Sifadene
tacrolimus particles §glpitizedy Wei ght. 36 4. Concentration of

Nanoparticul ate Tacrolinmus and Surface Stabilizers The relative anounts of

tacrolinmus and on Smitih |41 Welo The opti mal
anount of the ind%?%ﬁ%como%@%&%&%@éﬁoﬂr%@eeglg%%e\l%égﬂﬁ%%% physi cal
and chem cal ca vary btidetg. Dhe dptimalianicame ofthalmdividesl(compoatksts depknds,foh as t he
hydrophilic |ipophilic balance (HLB), nelting _point, and the _surface

tensi on of weXaEpledipenpBysical and ghemicalAtiribytes of Eh urfpeestabilige(s) t he

concentratio 0] AVETT . t 59 ﬁ?@u 01% from
about 95%t o&é‘%gﬁ’ g@‘{lﬁ%ﬁ;tﬁ%rﬁycﬁr@l%ﬁgﬁﬁaﬁﬁ@gb@ ?g&a%g%)’ ﬁe@g ’ ;pdv‘\lgi ght,
based on t hesirficakensiviiufveterwel@iohs of theReabilizer, ekd. nus and at | east one
surface stabilizer, not including other excipients. H gher concentrations of
the active ingredient are generally preferred froma dose an st
efficiency standpesferablypheCancanirption pitagioHEus Cam Vary rom aEQ}Fﬁgé%ﬁ abi | i zer
can vary fro o/l 9 99 Ry o oabout
99.9% or fr%%nﬁg?gtlﬁi &%J&ugggﬁﬁ 8%59@%’%3/&0\%%%??&%3& %bg)@ g'g/o?ot al

conbi nedl@r ybywieight, baked actheltotalicombinel weightefsthe taceolimus andleat $dastorel zer, not

I ncl udi ng ot her, excipjents., . .. ) .
surface stabilizer, not including other excipients. Higher concentrations of the

active ingredient are generally preferred from a dose and cost efficiency

standpoint.

Preferably, the concentration of surface stabilizer can vary from about
15  0.5% to about 99.999%, from about 5.0% to about 99.9%, or from about 10% to
about 99.5%, by weight, based on the total combined dry weight of tacrolimus

and at least one surface stabilizer, not including other excipients.
S. Other Pharmaceutical Excipients

Pharmaceutical compositions of the invention may also comprise one or
20 more binding agents, filling agents, lubricating agents, suspending agents,
sweeteners, flavoring agents, preservatives, buffers, wetting agents, disintegrants,
effervescent agents, and other excipients depending upon the route of
administration and the dosage form desired. Such excipients are well known in
the art.

25 Examples of filling agents are lactose monohydrate, lactose anhydrous,
and various starches; examples of binding agents are various celluloses and cross-

linked polyvinylpyrrolidone, microcrystalline cellulose, such as Avicel® PH101
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5. O her Pharmaceutical Excipients Pharmaceutical conpositions of the

I nvention may al so conprise one or 20 nore binding agents, filling agents,

| ubricating agents, suspending agents, sweeteners, flavoring agents,
preservatives, buffers, wetting agents, disintegrants, effervescent agents,
and ot her excipients depending upon the route of admnistration and the
dosage form desired. Such excipients are well known in the art. 25 Exanples
of filling agents are | actose nonohydrate, |actose anhydrous, and various
st ar ches; exanples of binding agents are various cellul oses and Cross-

| i nked poI yV| AVI cel (r)
PH 01 37 an \I/\B, g‘{ee vﬁi%%]ffgcﬁs@%%e%ﬂtu#]?aﬁeg%g%ﬁé?%%céé&g SFlicified

m crocrystal |celﬂtﬁose((@kdasdl(DSM(C(E’ﬂ950| v SMCCTM. Suitable lubricants, including
agents that act on the flowability of the powder to be corrpressed are

colloidal silicon dioxide, such as Aerosil ghq) 200 % talgc, stearic acid,
magnesi um st ear at Suitable dubrigagtseinelding agempts etongbe flomahility efther sweet ener s

I f | di
Shecharine oy paRtiode dolisibta ECUEREL s Bl HioRfae, SRR AerogiiPddgl - DoC! U
agents ars Vygpageielatid) nlgheiRiaichradd, oMbt hoarkitbbesiliotigalf | avor, and fruit

flavors, and the |ike. anpl es of "‘preservatives are potassium sorbat e,
nethylparaben, propyl araben benzoic acid and its salts, other esters of
par ahydr oxybenzoi Examipdes szumefaserbatqﬂnymaMrw agtificitl swsetsnerasueh ast hy|  or

b | al cohal h d h I d
conmpaunds. SudHaEe Fuol Rl oAt £y danats Bane B A B [ncl ude
phar maceut i Cglyayy J6liffg Ak aré MdoRhSyeet GhdB8Rark HINATFO), Bhbylde

cel lul ose, | act o H%a& C c?lm um phosphat e, saccharides, and/or mxtures
of any of thguhoﬂagm;ax@.ﬁﬁkﬂmvdrgsandthaiukwent s include mcrocrystalline

10 Examples of preservatives are potassium sorbate, methylparaben,
propylparaben, benzoic acid and its salts, other esters of parahydroxybenzoic acid
such as butylparaben, alcohols such as ethyl or benzyl alcohol, phenolic
compounds such as phenol, and quarternary compounds such as benzalkonium

chloride.

15 Suitable diluents include pharmaceutically acceptable inert fillers, such as
microcrystalline cellulose, lactose, dibasic calcium phosphate, saccharides, and/or
mixtures of any of the foregoing. Examples of diluents include microcrystalline
cellulose, such as Avicel® PH101 and Avicel® PH102; lactose such as lactose
monohydrate, lactose anhydrous, and Pharmatose® DCL21; dibasic calcium

20  phosphate such as Emcompress®; mannitol; starch; sorbitol; sucrose; and glucose.

Suitable disintegrants include lightly crosslinked polyvinyl pyrrolidone,
corn starch, potato starch, maize starch, and modified starches, croscarmellose

sodium, (5ross-povidone, sodium starch glycolate, and mixtures thereof.

Examples of effervescent agents are effervescent couples, such as an
25  organic acid and a carbonate or bicarbonate. Suitable organic acids include, for

example, citric, tartaric, malic, fumaric, adipic, succinic, and alginic acids and
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cel lul ose, such as Avicel (r) PH101 and Avicel (r) PH102; |actose such as

| act ose nonohydrate, |actose anhydrous, and Pharmatose(r) DCL21; dibasic
cal cium 20 phosphate such as Entonpress(r); mannitol; starch; sorbitol;
sucrose; and glucose. Suitable disintegrants include lightly crosslinked
pol yvi nyl pyrrolidone, corn starch, potato starch, maize starch, and

nodi fi ed starches, croscarnell ose sodium cross-povidone, sodium starch

gl ycol ate, and m xtures thereof. Exanples of effervescent agents are

ef fervescent couples, such as an 25 organic acid and a carbonate or

bi car bonat e. | ' i [ ; Ltgtc, tartaric,
mal i c, fumar i@%%%@éggﬁﬁh@aﬁ?ggﬁo&%ﬁ? %ﬁ(g%ﬁc?]tg&% ﬁggﬁg’nq’%dri des and
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sodi um car bonat e, sodi um b carbgnat e, potassium carbon , .potassium

bi car bonat e, DHREIMBEIC,MASHESHER saonate.fodmmyelyeing & P%ﬂa‘ﬁ)és,mq_-l ysi ne
carbonate, a L.y ) 41 . -&&)&'

bi car bonat e L&Qrggf&%g,%ﬁ%r ?%?Fﬁ\fg%%ﬁhﬁéﬂﬁg%&%%%resgﬁ . 6.

| nj ect abl & Nzompandnt oflthrteffervescenticousle ayielpaésennns The invention provides

i njectabl e nanoparticulate tacrolimus fornulations that can conprise high
drug concentrations in_low injection volunes, wth rapid drug dissolution
upon adni ni strati &. | Anigstable N?Popﬁ@lqullﬂtégtaﬁiﬂlﬁ“%ﬁeﬂﬁFhﬂ@HF ate 10
tacrolinmus forrmulation of the invention elimnate the need to use pol yoxyl
60 hydrogenat ed . i AT, IRe 83 Ll %gj?

i nj ectabl e tacrol ieﬂ_rr%s eél‘rﬂ% zgti oﬁc' C?gcﬁi%?lle?gg@a&‘ﬁ%dééetg?%:ﬁol%uﬁﬁw ggﬁr{s’ol imus 5
- 50% 15 povhatemecqopsisedrigh dinghddcentrations indowirjectiorDBel0mes Mitlptdpaldj ust i ng

agent pH abouf 6 . to about 7 ter for injectio ..S. )
J P dtrug dissolut?on upon ad\ﬁllamiSU'ation. Inajdgition, e%‘gectable nanoparticulate

10  tacrolimus formulation of the invention eliminate the need to use polyoxyl 60

hydrogenated castor oil (HCO-60) as a solubilizer.

An exemplary injectable tacrolimus formulation comprisees, based on %

wiw:
Tacrolimus 5-50%
15 povidone polymer 0.1-50%
preservatives 0.05-0.25%
pH adjusting agent pH about 6 to about 7
water for injection q.s.

Exemplary preservatives include methylparaben (about 0.18% based on %
20  w/w), propylparaben (about 0.02% based on % w/w), phenol (about 0.5% based
on % w/w), and benzyl alcohol (up to 2% v/v). An exemplary pH adjusting agent
is sodium hydroxide, and an exemplary liquid carrier is sterile water for injection.
Other useful preservatives, pH adjusting agents, and liquid carriers are well-
known in the art.
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Exenpl ary preservatives include nethyl paraben (about 0.18% based on % 20

w w), propyl paraben (about 0.02% based on % w w), phenol (about 0.5% based
on %w w), and benzyl alcohol (up to 2% v/v). An exenplary pH adjusting
agent is sodium hydroxide, and an exenplary liquid carrier is sterile water
for injection. Oher useful preservatives, pH adjusting agents, and liquid
carriers are well- known in the art. 39 The tacrolinus is preferably present
in an injectable nanoparticulate formnulation of the present invention in an
anount of from about 0.01 ng to about 50 ng, preferably in the anount of

from about 0.05 I &gl ations 5
Tacrol i nrus bi oavai a%a%%s?ggﬂg%ﬁ%eﬁpﬁéﬁ I%glr]nﬁﬁl st e? %ﬁdﬁaﬁﬁr@%d.
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di ssol ved drug exits the stonmach and enters the nore basic conditions of the
10 upper small intesti %nte?ﬂ%&ﬁﬁ&@n%ﬁﬁ xﬂgﬁ@i'bﬂét ates out of solution. The
precipitated tacrolimis Is poorly a sor%e since it must once again

di ssolve before it can be absorbed and this process is slow because of the
poor wat er5 sol ubi | Taoyolithus biagvailability is rétheced vdenladinngstefedtvich frodg i n t he
stomach, foll d by precipitation, dimnishes the enhanced hioavailability
that tacroli n&&gﬁ%ﬁ%@pwﬂ&?ﬁgﬁwamiﬂ%ﬁﬁ%m ﬁag’é’uﬁtq{‘gﬁ%?)&afa’&ul ate dosage
form such a d'j&éq- | 4 le.J enersl r
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fromthe | ow tattotionWitéd disssivein thhecidicoemichveantitionedThen, wiendhé mi nate this
decrease in bi,oa\fa'i lability, In addition,

an enteri¢c coatjn uld decrease
or elininate 4if® & exithg stemach gnd entersiths mogs basic ngﬁf?nzo
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nanoparticul a
tacrolimus is poorly absorbed since it must once again dissolve before it can be

absorbed and this process is slow because of the poor water solubility of
tacrolimus. The dissolving of the drug in the stomach, followed by precipitation,
diminishes the enhanced bioavailability that tacrolimus can gain from

15  administration as a nanoparticulate dosage form, such as a nanoparticulate
tacrolimus solid dispersion, or nanoparticulate tacrolimus liquid filled capsule.
Protection of the drug from the low pH conditions of the stomach would reduce
or eliminate this decrease in bioavailability. In addition, an enteric coating would
decrease or eliminate the nausea and vomiting associate with tacrolimus

20  administration.

Therefore, a composition comprising enteric-coated nanoparticulate
tacrolimus is described herein. In one embodiment, the oral formulation

comprises an enteric coated solid dosage form.

Solid dosage forms for oral administration include, but are not limited to,
25  capsules, tablets, pills, powders, and granules. In such solid dosage forms, the
tacrolimus is admixed with at least one of the following: (a) one or more inert

excipients (or carriers), such as sodium citrate or dicalcium phosphate; (b) fillers
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tacrolinus is described herein. In one enbodi nent, the oral fornulation
conprises an enteric coated solid dosage form Solid dosage forns for ora
adm nistration include, but are not |limted to, 25 capsules, tablets,
pills, powders, and granules. In such solid dosage forns, the tacrolinus is
adm xed with at [east one of the following: (a) one or nore inert

excipients (or carriers), such as sodiumcitrate or dical cium phosphate; (b)
fillers 40 or extenders, such as starches, |actose, sucrose, glucose,
mannitol, and silicic acid; (c) binders, such as carboxynethyl cell ul ose,
alignates, ¢ ' | Welo T I d)

Puract ant s, o hielders ¥AcH o RUoB. Tdbidel Bros HURE maliolaBtieid 00 e,
cal ci um car beral &) biadens, Such ast cabox§gmethylcellalosé), alighgtes)igelatiaj d, certain
conplex silicates, and sodiun1carbonate;%&a} sol ution renﬁrders, such as
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pol yet hyl ene glycols, 10 sodium | auryl sulfate, or m xtures thereof. For

capsul es, t adetaidsrs, sueh a5 paraffing (g3 abspptioneacreleratorpes)ich RS GUAURITY se bufferi ng

agents. Drug i hodi . | 1C ed
tacrolimus co 53@?@0%%%%&%6&% &ﬁggg esﬁ&g%stcgﬂglﬁﬁﬁégédl%y%@sm profile
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profile associated with the admnistration of a drug _conpound may be
descri bed as sa&ch pytalacalcinpstearateemagnesivm steangte, selid palyethyjane glyeelsy i nus

oul ot 1 30pr gpdflt BLRASHERS, ohshins B peRRE R Ahas MoBufe e el et P Vo
Smlarly, a (Rjgﬁg}pf@hhgﬁﬁ %s@mgﬁf@ﬁﬁgyg;hgh produces such a 20 profile

upon admi nistration nay be said to exhibit "pul sed rel ease" of tacrolinus.

Conventional frequent dosage regimes in which an i medi ate release (IR
Drug Release Profiles

7

In one embodiment, the enteric-coated tacrolimus composition described
herein exhibits a pulsatile plasma profile when administered to a patient in an oral
15 dosage form. The plasma profile associated with the administration of a drug
compound may be described as a "pulsatile profile" in which pulses of high
tacrolimus concentration, interspersed with low concentration troughs, are
observed. A pulsatile profile containing two peaks may be described as
"bimodal". Similarly, a composition or a dosage form which produces such a

20  profile upon administration may be said to exhibit "pulsed release" of tacrolimus.

Conventional frequent dosage regimes in which an immediate release (IR)
dosage form is administered at periodic intervals typically gives rise to a pulsatile
plasma profile. In this case, a peak in the plasma drug concentration is observed
after administration of each IR dose with troughs (regions of low drug

25  concentration) developing between consecutive administration time points. Such
dosage regimes (and their resultant pulsatile plasma profiles) have particular
pharmacological and therapeutic effects associated with them. For example, the
wash out period provided by the fall off of the plasma concentration of tacrolimus
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dosage formis adm nistered at periodic intervals typically gives rise to a
pul satile plasma profile. In this case, a peak in the plasm drug
concentration is observed after adm nistration of each IR dose with troughs
(regions of |low drug 25 concentration) devel opi ng between consecutive

adm nistration tinme points. Such dosage regines (and their resultant

pul satil e plasma profiles) have particular pharnmacol ogi cal and therapeutic
effects associated with them For exanple, the wash out period provided by
the fall off of the plasma concentration of tacrolinus 41 between peaks has
been t hought bétere&ipeaks BN bdeh thoupht foitsd Déonitriibutig fedtoinGedudiiguent i ng pati ent
tol erance to various types of drugs, Miltiparticulate nodified controlled
rel ease (CR)peuenspgiretionidolerance i varipus typss ef diugtl osed herein are discl osed
and clainmed in the United States Patent Nos. 5 6,228,398, 6,730,325 and

6, 793, 936 to Devayy - Al ich.a hby CO . i rated by
ref erence herei n.%nﬁaig@lgﬁgdroéﬁ%%dg.'”Bp?%ﬁlezafgf@éj &l é&é%tliogﬁgfn?fn%a:}-%e f ound
t herei n. Anohass digslpsdthegdin bitedigdlesedahd clyaed indhe United Sultés Radrit Nug| at e
nodi fied release con‘?osi tion having a first conponent conprisi ngl a first

a

popul ati ch o6, , ) ano e peej con

| ati oh 06,228,398,£630.329 and 03B 36to dInyanoeinbadhel waigh aresspaeifigallecond
popul ation of tacraljjus. The . naredi rCO LNk vt cl f e second
Conponent  ar bR B sertat haRhr A HabE SRy EhRH SRR G LBy bFY o
addi ti onal | yfouhlehezgigond popul ati on of tacrolinus-containing particles
further conprises a nodified release matrix material. Foll ow ng oral

delivery, the conposition in (%ggrati on 15 delivers the tacrolimus in a
pul satile nanner . Anathgr gspeetafitbeiprenens invientien isfa multiparticplate medifigde nodifi ed

| iti ing t he i ti . .thefi t toi
| ed at et Eidse ROV Brs bt brRBasd R SR BB PES o' Tha
second pppul &Eﬁdl’i'ih\@fanag sE@&f@dnfﬂbieﬂQioEﬂ;ﬁi'sﬁtﬁ acé%u&ﬁﬁpdim'la’tﬁmtdf me between the
rel ease of active fromthe first

tacrolimus. The ingredient-containing particles of the second component are

coated with a modified release coating. Alternatively or additionally, the second
population of tacrolimus-containing particles further comprises a modified
release matrix material. Following oral delivery, the composition in operation

15  delivers the tacrolimus in a pulsatile manner.

In a preferred embodiment of a multiparticulate modified release
composition according to the invention, the first component is an immediate

release component.

The modified release coating applied to the second population of

20  tacrolimus particles causes a lag time between the release of active from the first
population of tacrolimus-containing particles and the release of active from the
second pc'>pulation of active tacrolimus-containing particles. Similarly, the
presence of a modified release matrix material in the second population of
tacrolimus-containing particles causes a lag time between the release of

25  tacrolimus from the first population of tacrolimus-containing particles and the
release of active ingredient from the second population of tacrolimus-containing

particles. The duration of the lag time may be varied by altering the composition

42



popul ati on of tacrolinmus-containing particles and the rel ease of active from
the second popul ation of active tacrolinmus-containing particles. Simlarly,
the presence of a nodified release matrix nmaterial in the second popul ation
of tacrolinmus-containing particles causes a lag tinme between the rel ease of
25 tacrolinmus fromthe first popul ation of tacrolinus-containing particles
and the release of active ingredient fromthe second popul ati on of
tacrolinmus-containing particles. The duration of the lag time nay be varied
by altering the conposition 42 and/or the anmount of the nodified rel ease

coating and/ QrdRk i dlint BEhe WRBAL fehidse Sdith %.n%?h!l‘?érg%’thgegﬁnégﬁﬁ%rg el ease

matrix material utilized. Thus, the duration of the | tinme
desi gned t o randdoc amoumtsif nemlifi¢brelemsematrin mateHelutilized.t Rbug thesduratiomés | e
produced by t Jtipanticul ate nodified . 5 rel eas onposi ti on upon

e e
adni ni st rat i ¢he 1ag Asrdesignsd o mymig a éuffdrﬁa?f?%g’f?g(ie'profi | e produced by

the admnistration of two or nore IR dosage forns given sequentially, the

mul tiparticul ate qRRLhR!thélabh ?o‘fﬁegmeédl?jmengﬂﬁf)é}acﬁaﬁ%ﬁamﬁed nvention is
particularly useful for admnistering tacrol’inus for which patient

t ol er ance5mayelbasemonipositinh upah adriiinistratioh is substantiallysimilaoidithe plismel ease 10
conposition is therefore aqdvant ageous for reducin r mnmzing the
devel opment GROSPIEHERd By e tiegatons 105 @19 R daFagTorRS Eifen

compos ti on. TRl o bOHIIRA rAERK OHRDORIBE b hienpr OPNY! axi o

of organ rejection donprising adm nisterin t apeutic ective
anount of a invampiosig particudarlys odeful for administering tharolimas forrwhiclypatéent he present
i nvention to 15 provide pulsed or _ hinodal, K adm pnistratjaon of tacrolinus.
Advant ages oftokerace mi&mﬁmeﬁ%ﬂ#oﬁm tpgel Eﬁoatflletdﬁéleaﬁf’si ng frequency

o0 by SBBYRAIFrblFasts AR e ) | T o
frequency i s desidlopmegtesfpatient toleranse toothe petivedngredizapin the cempositiave a
formul ati on which may be admi nistered at 20 reduced frequency. The reduction
'n dosage fr equen%er;%gseen i%%griltPolnefu%er provides a method for prophylaxis of organ
rejection comprising administering a therapeutically effective amount of a
composition or solid oral dosage form according to the present invention to
15  provide pulsed or bimodal administration of tacrolimus. Advantages of the
present invention include reducing the dosing frequency required by conventional
multiple IR dosage regimes while still maintaining the benefits derived from a
pulsatile plasma profile. This reduced dosing frequency is advantageous in terms
of patient compliance to have a formulation which may be administered at
20  reduced frequency. The reduction in dosage frequency made possible by
utilizing the present invention would contribute to reducing health care costs by

reducing the amount of time spent by health care workers on the administration
of drugs.

The active ingredient in each component may be the same or different.

25  Forexample, a composition in which the first component contains tacrolimus and
the second component comprises a second active ingredient may be desirable for
combination therapies. Indeed, two or more active ingredients may be
incorporated into the same component when the active ingredients are compatible
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utilizing the present invention would contribute to reducing health care
costs by reducing the anount of tine spent by health care workers on the
adm nistration of drugs. The active ingredient in each conponent may be the
sane or different. 25 For exanple, a conposition in which the first
conponent contains tacrolinmus and the second conponent conprises a second
active ingredient may be desirable for conbination therapies. |ndeed, two
or nore active ingredients nay be incorporated into the same conmponent when
the active ingredients are conpatible 43 with each other. A drug conpound
present in OoRgEh EARRARGN A Shuglddthpohd® pitsdrt ondEmptheACORAP 3Gpskitdn f or
exanpl e, an enhancer conpound of a sensitizer conpound in another conponent
of the conponiy bosccompamsdi yfqr lexam plie pan,/enhandsir pompomd eraeseapl@mﬂ c effect of

t he drug coqpound herein..the term "enhan refers to a

e oung i fRgind fn e €mpohet be e omessiion OISO thel, ™

bi oavallablImbewaﬂablﬁvy&Cﬂneﬁéﬁeuﬁwﬁ%@t@medmgd@ﬁmmang net transport across
the AT in an animal,” such as a human. Enhancérs i nclude but are not

linited to medi um chain fatty acids; salts, esters, ethers and derivatives
t her eof , i ncl udi ndys yseddweréinese tam "enhayicor aefericto;a aompound iwhidoissur f act ant s

such asthoset at .can be e Leactin t-hyl ene oxide wi.th a fatty
21 d, "t ar (Pang gheRtandinehe B RioR enor hloadeiily of S affieCReitielt 1 aci o
ester;, cyt %&%uﬁé%@tﬂrﬂﬁb&'ﬂa%&thE’fH*l‘Mﬁ&ﬁ?%ﬂfﬁr@ﬂrkubﬁﬁé bhhpes and the |ike;
and mxtures of two or nore of these agents. The proportion of tacrolinus

cont ai ned i rEldmnhersmqbudedmt areenot ligmiteddo malmnlmmfatmaci@c galts, estggendi ng on

t he desired ng, r,e |ne he n.the first conponent
and i n the. sehunAT oA BefPobpeiinEs ﬁfyceeﬁqsfql@%e@w ries RO
therapeufy c §1§ﬁ9ﬁﬂ§%ucﬂ-5%ethb§é3ﬂ1 iR é%hyl@ﬁé’oxﬁ@w@ﬂh%se”t ei t her

in the formof one substantially optical Iy pure enantlorrer or as a mxture,
racem ¢ or ofaityavids 2 fattyf al eohehtanaticiphendher a socbiten onglydesol fateyf asidibstyr;

cytochrome P450 inhibitors, P-glycoprotein inhibitors and the like; and mixtures

of two or more of these agents.

The proportion of tacrolimus contained in each component may be the

15  same or different depending on the desired dosing regime. The tacrolimus is
present in the first component and in the second component in any amount
sufficient to elicit a therapeutic response. The tacrolimus when applicable, may
be present either in the form of one substantially optically pure enantiomer or as a
mixture, racemic or otherwise, of enantiomers. The tacrolimus is preferably

20  present in a composition in an amount of from 0.1-60 mg, preferably in the
amount of from 1-30 mg. Tacrolimus is preferably present in the first component
in an amount of from 0.5-60 mg; more preferably the tacrolimus is present in the
first component in an amount of from 2.5-30 mg. The tacrolimus is present in the
subsequent components in an amount within a similar range to that described for

25  the first component.

The time-release characteristics for the release of tacrolimus from each of”
the components may be varied by modifying the composition of each component,
including modifying any of the excipients or coatings which may be present. In

44



20 present in a conposition in an anmount of fromO0.1-60 ng, preferably in
the amount of from 1-30 ng. Tacrolinmus is preferably present in the first
conponent in an amount of from 0.5-60 ng; nore preferably the tacrolinus is
present in the first conmponent in an anmount of from 2.5-30 ny. The
tacrolinus is present in the subsequent conponents in an anount within a
simlar range to that described for 25 the first conponent. The

time-rel ease characteristics for the rel ease of tacrolinus fromeach of the
conponents may be varied by nodifying the conposition of each conponent,

I ncl udi ng nodi fa.l LI t';n&ﬁn ' may be present.
In 44 parti gﬁWﬁ@?‘S gaiﬂggg?ﬁ%ggpgpitbﬁﬁgﬁun@;@bﬂ con%gﬂ;bed by changi ng
the conposi composition ad/dithe amount oftthe inodifleddeleaseccontthgas theqmstidlesyifon t he

particles, if such a coating is present. If_nore than one nodified rel ease
conponent isSu‘ﬁ’f%%@ﬁ'ilgI%P@S?i'gdiﬁm@@th@@}fs‘@@ﬁﬁ@Ferki?SFGPmB%Wtbqf t hese
conponent s . LLfer le Yl | fil.ed rel ease
o Taci 't at oipsag PRIRIARTRIBke Chido' 15l of Hesd fontpolt B niPHe T, 17

rel ease obp tRamaot differéntgSanilaiy, whey nrlifi@ireleasd isdakilitatdd sy the fichgicnind anount
of nodified release matrix material utilized., The npdifjed release coating
may be prese®fa modified-eleassmahimaterial, zlgasa abthsactiysimgredient mrapibei ent t o
yield the desi ' ke Ul cQ -1Q..:T:hey nodi f i ed
rel ease coat %ﬁéﬁgnhg@%%yggg L&I{ %ﬁggﬁﬁ?%%%ﬁe%{e?sﬁ ngr%;iﬂ %‘ﬁ%ug}um?%at S
sufficient tqheineddifiédRlcaes tofingim4¥Ebd Fresehglinesh aifpass insany ligounfg tine or
delay tine for the rel ease of tacrolinus fromeach conponent may al so be
vari ed by nodhatys suffieipat toyigld the desireddelaptimeder eagh pagismss gempenent.nc| udi ng

The 11 52020 RAhET TesR0 ot Aiie WLl hn BB Aingonchl FFEfY anditf, 75" ©
tacrol i nus i shdted aAfeientoysdlatid ddstrvd timeesd BétRben wm]bbneﬁﬁm ni stration.
a

Alternatively, the first conponent may be, for exanple, a tine- del ayed

i redi at e rel ease conponent in which the tacroljnus is rel eased
The lag time or delay time for the release of tacrolimus from each

component may also be varied by modifying the composition of each of the
components, including modifying any excipients and coatings which may be

15 present. For example, the first component may be an immediate release
component wherein the tacrolimus is released substantially immediately upon
administration. Alternatively, the first component may be, for example, a time-
delayed immediate release component in which the tacrolimus is released
substantially immediately after a time delay. The second component may be, for

20  example, a time-delayed immediate release component as just described or,
alternatively, a time-delayed sustained release or extended release component in
which the tacrolimus is released in a controlled fashion over an extended period

of time.

As will be appreciated by those skilled in the art, the exact nature of the
25 plasma concentration curve will be influenced by the combination of all of these
factors ju§t described. In particular, the lag time between the delivery (and thus

also the onset of action) of the tacrolimus in each component may be controlled

by varying the composition and coating (if present) of each of the components.
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substantially immedi ately after a tine delay. The second conponent nmay be,
for 20 exanple, a tine-delayed i nmedi ate rel ease conponent as just described
or, alternatively, a tinme-del ayed sustained rel ease or extended rel ease
conponent in which the tacrolinmus is released in a controlled fashi on over
an extended period of tinme. ' As will be appreciated by those skilled in
the art, the exact nature of the 25 plasnma concentration curve wll be

i nfluenced by the conbination of all of these factors just described. In
particular, the lag tinme between the delivery (and thus also the onset of

action) of tigud BEvALdHoHDS it RAGOsRIRARTRAIN coMponbat (RRINJiRE HRAmdut var yi ng

the conposition and coating (if (gr esent) of each of the conponents. 45 Thus
by vari ati onaued nathes chéhmgmwumgxe en@):mckwwmanofﬂwdamﬁmngnumeoumunt and

t f th t f
oo ous. 1 ofeias S plenia SRR Ry be Bbfingls DEbRnE Iy BebiBian b n  ne
duration of 143&jmé B&w%éﬂﬁle%k%edftﬁé}ﬁhlhﬁi ﬁéﬁl%a@ﬁ céxﬂﬁéﬁé'n't BB theafireach

conponent and the nature 5 of the release from each conponent (i.e.
i medi at €5 r ebfthsecleaseStom nach conipomsnt (i. etlmn)ematheelgasbmtmmdubleaqgl asna

profile may be and c arI def ned n the | ag
time is |ongf amﬁlﬁli’élféﬁg tg TpaPpLo %%l ﬁFPF@t‘%Fa”@ aé[:ygc%egnﬁg in when
the Lag tiMepkd0R0hhen the 143 t@lﬁ@flselroﬁgjjo &by bd ApefitldosRPtcld cul at ©

nodi fi ed reI ase - 10 conpos I on acc |ng e pre en I nventi on has an

i medi at e r eldegree(e.g.dnwdien the lag tinetis shat)t one rmdl fied rel ease conponent,
the i nmmedi ate rel ease corrponent corrpri sing a first popul ation of

tacrol i nmus-cont al S,.a the nodified release conponents
conpri si ng second %ﬁ re& %de é‘?ﬂ‘mﬁﬁtpﬂ}ea”c‘\ﬂ&ﬂ%mcwtet‘ﬁﬁ 1§F$ Fil€3SEont ai ni ng
particlesy Thgmp6s &ga&th Fé%&nt’lﬂ@énfnbﬁﬂﬁ &) fAREdiAR reRARONENt s may
conprise a conttoll'ed ecotlng Additionally or alternatively, the

second and scbmponsmhandratdedst ene mﬂﬁ'mdee]easemn@nnmtnﬂny imoedjaté sdease nodi fi ed

release matrix material. .I.n o eratlgln ad{:n tration.qf such
component comprising a first population of tacrolimus-containing particles and

[

the modified release components comprising second and subsequent populations
of tacrolimus-containing particles. The second and subsequent modified release

15 componeﬁts may comprise a controlled release coating. Additionally or
altemaﬁ\;ely, the second and subsequent modified release components may
comprise a modified release matrix material. In operation, administration of such
a multiparticulate modified release composition having, for example, a single
modified release component results in characteristic pulsatile plasma

20  concentration levels of the tacrolimus in which the immediate release component
of the composition gives rise to a first peak in the plasma profile and the modified
release component gives rise to a second peak in the plasma profile.
Embodiments of the invention comprising more than one modified release

component give rise to further peaks in the plasma profile.

25 Such a plasma profile produced from the administration of a single dosage
unit is advantageous when it is desirable to deliver two (or more) pulses of

tacrolimus without the need for administration of two (or more) dosage units.
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a nmultiparticulate nodified rel ease conposition having, for exanple, a
single nodified rel ease conponent results in characteristic pulsatile

pl asma 20 concentration | evels of the tacrolinus in which the i medi ate
rel ease conponent of the conposition gives rise to a first peak in the

pl asma profile and the nodified release conponent gives rise to a second
peak in the plasma profile. Enbodi nents of the invention conprising nore
t han one nodified rel ease conponent give rise to further peaks in the

pl asma profile. 25 Such a plasma profile produced fromthe adm nistration of
a single dosage E?}e;ici&a@,ﬂgant ageous when it is desirable to deliver two
(or nore) pulses o tacrolTnmus without the need for adm nistration of two
(or nore) dosage units. 46 Enteric Coating Any coating material which

nmodi fi es the rel eAsg codtitgmaterial whichundifiesttherelaiss of the taaolirans imethe be used.

In particular, . coating materials suitable for use in th racti ce of the
 nvent i on i ni4SiFSR TARRSLAARY hehsad @pwcu%x,ﬁeﬁmma%alsi%ae@g fREWEAHI s, such
as cel |l ul ose ] e i | hydr oxy
propyl net hy?%g’ﬁ%ﬂtcgggmgﬁtﬁtﬁug?%% yd\?liﬁey ?@gfgtt{ébgmegﬁg%@g anmoni o

met hacr yl &t ematepialsy soehas seliiosesacetatesphthalhtd, cetltbose abetaté tamelebdte,k Eudragi t (r)
RS and RL, poly acryljc acjd _and poly acryl ate and nethacryl ate copol yners
such as tho&é‘l-rglﬁ‘f Bropyhwethy II‘FI?)Q‘HBh ale, PRy} acetate @"g tC) ammoniR, i ny|
acet al di et hyl amj, , ®hat e

e nat o SRETPAYI)cARTRACS sl A SRR Ao Bl ialie Mok RO RACRS

car boxyvi nyl agabREpolg acistid iacich aakl glohedotylatecaid winethavaylael dopslymersduch am

carnel | ose, sodi um carboxynethyl starch, gpoly. vinyl . )ﬁl cohol , hydroxyet hyl

cel | ul ose, nthoggsold ander|the dradg Mark Endragita S-ad Inpelynanyl grefaldicthylampo

e d ne ] Li nii : )
T Faci 1 1Y ot st TiFexspRopdl ety ARuISOREInE et s hellbe M drBeet D S 1O
hydoxypr opy| gelcfetthingassteridly,diok ¥psaabystyvirsd pylyaserd, ybdiam, alginate, sodium

pol yvi nyl pyrrolidone, crosslinked starch, mcrocrystalline, cellulose,
chitin, am nedaellpseystlging garmetoses pesliymoarboxymethyl starch, poly vinyl

alcohol, hydroxyethyl cellulose, methyl cellulose, gelatin, starch, and cellulose

based cross-linked polymers--in which the degree of crosslinking is low so as to

15 facilitate adsorption of water and expansion of the polymer matrix, hydoxypropyl
cellulose, hydroxypropyl methylcellulose, polyvinylpyrrolidone, crosslinked
starch, microcrystalline cellulose, chitin, aminoacryl-methacrylate copolymer
(Eudragit® RS-PM, Rohm & Haas), pullulan, collagen, casein, agar, gum arabic,
sodium carboxymethyl cellulose, (swellable hydrophilic polymers)

20  poly(hydroxyalkyl methacrylate) (m. wt. about 5 k-5,000 k),
polyvinylpyrrolidone (m. wt. about 10 k-360 k), anionic and cationic hydrogels,
polyvinyl alcohol having a low acetate residual, a swellable mixture of agar and
carboxymethyl cellulose, copolymers of maleic anhydride and styrene, ethylene,
propylene or isobutylene, pectin (m. wt. about 30 k-300 k), polysaccharides such

25  as agar, acacia, karaya, tragacanth, algins and guar, polyacrylamides, Polyox
polyethylene oxides (m. wt. about 100 k-5,000 k), AquaKeep acrylate polymers,
diesters of polyglucan, crosslinked polyvinyl alcohol and poly N-vinyl-2-
pyrrolidone, sodium starch glucolate (e.g. Explotab®; Edward Mandell C. Ltd.);
hydrophilic polymers such as polysaccharides, methyl cellulose, sodium or
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(Eudragit(r) RS-PM Rohm & Haas), pullulan, collagen, casein, agar, gum
arabic, sodium carboxynethyl cellul ose, (swellable hydrophilic polyners) 20
pol y(hydroxyal kyl nethacrylate) (m w. about 5 k-5,000 k),

pol yvi nyl pyrrolidone (m wt. about 10 k-360 k), anionic and cationic
hydrogel s, pol yvinyl alcohol having a | ow acetate residual, a swellable

m xture of agar and carboxynethyl cellul ose, copolyners of naleic anhydride
and styrene, ethylene, propylene or isobutylene, pectin (m w. about 30

k- 300 k), polysaccharides such 25 as agar, acacia, karaya, tragacanth,

al gins and geA¢umRAMBEXTmEtRTc Qﬂﬁﬂoséaﬁ*', dSxypropyledtiyll RNiflogi des (m wt. about
100 k-5,000 k), AguaKeep acryl ate po yrre)r’ps,gp}di (E%lers of 'pol ygl ucan,

crossl i nked hydrgxyprgpyl seldalnsd, hiduoxpethyl aelluloss;niteo cgllunless) ¢atborymethydi um st ar ch

I | at : Expl at ab - Ed dell €. . )@ (-hyd TR I
Juch ae. pol yéedumareelubRt pers PRy B cEtdes (i Mobish s ymib Gfige).© PO ™S
car boxymet hy e bty Déediuldi¥ B hPadRY bthyReRbse; @EllMbRSetatd) ey NPT OPY|
cel lul ose, hydroxyethyl cellulose, nitro cellulose, carboxymnethyl

cel Ibuljo;seﬁ cbmtgm:t@sdrllldlomprlg}aiormﬂey@lm:i.g,gﬁggnj sﬂm;(:gal?)delﬁ?mijpmdulm, IUIm Ion
Car bi de met.hyl et . cellulose t roxy et e se, .cellul ose
acetate, cel P@V%@Xﬁ@%i]l‘@PSIQIWII% pé VSHWX'ﬁ ,X’ é@?eé‘g]i fgtty 8%f1 agen,
starch, mal t@&%,éﬂc{l%ﬁc?g%ﬁc}é', ?gly?cr?% xeéa,reggggﬂe&m Iﬁeﬂ?ﬁcrypg ?n& igy! al cohol

pol yvi nyl acet at ero y-acl pol yacry e, polyacrylic
aci d, copol ymettmexylicaeidi(ag: Fudmgi®iRohm andHas)oother aceylmaicid darivgtives,

Eudragit(r), hm and Haas other .acrylic agi.d derivatives, .sorbitan
esters, natuf¥ 1%?%qrs,|r@g+r%lhgq§g§,??9ggxg§srgecgp $IRRIES, AHHANHA i nate, 10
sodi um | CLdHRim [ 9l . f 'nﬁhe%m?gar, and
guns sug(ﬁ ag ar agﬁéﬁéépg%g%l%%%ﬁesbgw)%nrggglggg%g'g%ategg rageens, guar,
xant han, schuwhaglarabic) karayanlotsh bean, taghchhthnciardghense ghar, ¥enthdn, | be

appr eci at ed béi the.- person skill g i 1E_Ihe r}‘, exci pi ents ch, as

pl astici zersS$ erogficuhprdmisres and blendtherent ?w@ffﬁﬁm@%@ﬁa% t he
coating. Sui ' 1L 286 S,k f.Qr :)

nonogl yceri dEg%‘gﬂﬁiyl?@%ﬁﬁﬁéﬁﬁ"cﬁﬂ%‘fjg%lhyagc?}agﬁg ’ﬁglﬂjtégﬁﬁéf tzijtérﬂ'ltvréltzlittg g't;ld di et hyl

the like may be added to the coating. Suitable plasticizers include for example
15 acetylated monoglycerides; butyl phthalyl butyl glycolate; dibutyl tartrate; diethyl

phthalate; dimethyl phthalate; ethyl phthalyl ethyl glycolate; glycerin; propylene
glycol; triacetin; citrate; tripropioin; diacetin; dibutyl phthalate; acetyl
monoglyceride; polyethylene glycols; castor oil; triethyl citrate; polyhydric
alcohols, glycerol, acetate esters, gylcerol triacetate, acetyl triethyl citrate,

20  dibenzyl phthalate, dihexyl phthalate, butyl octyl phthalate, diisononyl phthalate,
butyl octyl phthalate, dioctyl azelate, epoxidised tallate, triisoctyl trimellitate,
diethylhexyl phthalate, di-n-octyl phthalate, di-i-octyl phthalate, di-i-decyl
phthalate; di-n-undecyl phthalate, di-n-tridecyl phthalate, tri-2-ethylhexyl
trimellitate, di-2-ethylhexyl adipate, di-2-ethylhexyl sebacate, di-2-ethylhexyl

25 azelate,_ dibutyl sebacate.

When the modified release component comprises a modified release
matrix material, any suitable modified release matrix material or suitable
combination of modified release matrix materials may be used. Such materials

are known to those skilled in the art. The term "modified release matrix material"
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pht hal at e; di met hyl phthal ate; ethyl phthalyl ethyl glycolate; glycerin;
propyl ene glycol; triacetin; citrate; tripropioin; diacetin; dibutyl

pht hal at e; acetyl nonoglyeeride; polyethylene glycols; castor oil; triethyl
citrate; polyhydric alcohols, glycerol, acetate esters, gyl cerol
triacetate, acetyl triethyl citrate, 20 dibenzyl phthal ate, dihexyl
pht hal ate, butyl octyl phthalate, diisononyl phthalate, butyl octyl

pht hal ate, dioctyl azelate, epoxidised tallate, triisoctyl trinellitate,

di et hyl hexyl phthal ate, di-n-octyl phthalate, di-i-octyl phthalate,

di -1 -decyl s REETA R . bl hET ht hal at e,
tri-2-ethyl h%%@&hﬁe@ﬁgﬂuﬂ?sﬁ%ﬂ@@ﬁigi} %ﬁgﬁ%oﬂg%}?%g@ggﬁ ?ﬁ/ - et hyl hexyl
sebacat e, di mixtatehHeneofwhiclPareaapiblé of mddifiyihy kheseleaseadfitacrdlimmst he nodi fi ed

rel ease conmpgnent. conprises a npdified release matrix material, any
Sui tabl e noafEpaeEdBPiElD VR oF I Vi oModkisdelease murE malerals suiidbln of

dified I ' ' 0 kal Kk t
oo e e AR ko ok R R R0 © e o <o

those skille elease matrix material" 48 as

used her & n inierberstatlineydilojose, sodivpotarbmrymethiyictl mpdse dhycdorpalicpieelbulased
m xtures thereof which are capahl e of nodifying the release of tacrolinus
di spersed t h&ichias hyq!romrpaylmetmﬁcm%@ anéaﬁqowrpeyle%@éomwlﬁ rials

suitable fof,: ' t ' ' ' re not
i ted o SORUS AUl Sloniad it RSAltosk A Bl RBNALC HifoBiflodt O 0
hydoxyal kyl cglycol, pslesinypyerolidond) vellwdusecetate, oelhikydecettatel mgyratend

hydr oxypr opyl cel | ul ose, pal yet hyl ene oxi de, alk¥lcelluloses such as

met hyl cel | ul ealblesg@cetats ate %Hgl,osmﬁtgﬁé@ timellitate, gplyvylacetate

Col | ul ook RELpHR Foiy AR IR G B3 il e T B LBrcR 1 &1 ©

pol yvi nyl acetate 10 phthal ate, pol yal kyl net hacryl ates, polyvinyl acetate and

m xture thereof. A multipaizulatecmbdified eldaskicompositioraecoeding tstheippesentccor di ng
to the present inventjon may be incorporated into any suitabl e dosage form
whi ch faci | i inyestion may be incogioratpd inde any, suitaplgrdogageform which faciates e nanner .

Typically, thg. dO3ARE a]::f%ﬂngredient in a pulsatile manner. Typically, the dosage form

may be a blend of the different populations of tacrolimus-containing particles

15  which make up the immediate release and the modified release components, the
blend being filled into suitable capsules, such as hard or soft gelatin capsules.
Alternatively, the different individual populations of active ingredient containing
particles may be compressed (optionally with additional excipients) into mini-
tablets which may be subsequently filled into capsules in the appropriate

20 proportidns. Another suitable dosage form is that of a multi-layer tablet. In this
instance the first component of the multiparticulate modified release composition
may be compressed into one layer, with the second component being
subsequently added as a second layer of the multi-layer tablet. The populations
of tacrolimus-containing particles making up the composition of the invention

25  may further be included in rapidly dissolving dosage forms such as an

effervescent dosage form or a fast-melt dosage form.
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may be a blend of the different popul ations of tacrolinus-containing
particles 15 which nake up the i medi ate rel ease and the nodified rel ease
conponents, the blend being filled into suitable capsules, such as hard or
soft gelatin capsules. Alternatively, the different individual populations
of active ingredient containing particles may be conpressed (optionally
with additional excipients) into mni- tablets which may be subsequently
filled into capsules in the appropriate 20 proportions. Another suitable
dosage formis that of a nulti-layer tablet. In this instance the first
conponent of the MidoRaehibotiniing, tHOEbhpGitiditiceaIhC @ RO fIvehish My Dbe
conpressed into one layer, wth the second conponent being subsequently
added as a sewoprises at/keast dwo phpulatidnsi ofltaoyelimusbdrdainingiparticdes which bave  of
tacrol i mus-containin .ticles ing up the conposition of the invention
25 may furt hEHeEt i, @%Oﬁ%’i‘%&’g&ﬁ% di ssol vi ng dosage forns such as an

ef fervescent dosage formor a fast-nelt dosage form 49 In another

enbodi ment, the CPrapaably! f_hrbp%f%ﬁi%%é‘&nﬁ sitit dfiNERVERTbn £ANRE kSRS at | east
two popul ations of tacrolinus-containing particles which have different in
vitro di ssol otal dosage fdriMsesntaiing theabomposition cqlease theatactolimus gnglothat i on of t he

i nvention and _the .soli oral_  dosage .forms, contai ni ng the gconposition
rel ease the f%'zﬁpf&%l?gﬁgﬁ t‘fq’i%]fm‘_l%?fg’é% inthe S&F‘I’mB? qnﬁé”f’géé%l i mus
contai ned i nyfifefrbkade %ﬂhﬂs%&n?@ﬁ%%&ﬁqe&?dp%eﬁ@ WhifHsfir®f the

tacrolinus f?om t he second conponent . I'rst ~ conponent conprises an
| R conponent corhponeakeomprises ah IR sompehant ot exaniple, it sIpeefsmblenthat teleaseacr ol i mus

fromthe seco component is.delayed until supstantialy all .fh 0
tacrol fmus | At PRGH ueaﬁ%ewethfswa ¢ GrRonest B sdheiaife%éétaaﬁdaliwéldiscro| i mus
from theyeecoptbieAlgMRR EBhipdienfiEls el rdloustip ! RELAR R Boldlihie use of a

nodi fi ed rel ease coating an ra no ease matrix matertal. In one
enbodi nent, fbenthe sedond demipondit endydberdelayed agdetailédeatiove by ¢heamseflay pr ovi di ng

a dosage regi .WwWhich facil.itates wash-put of a fi.rst dose of tacrolinus
g gmrga]g\éra release coating andE/or a moglﬁ%g release matrix matenai.

In one embodiment, when it is desirable to minimize patient tolerance by

providing a dosage regime which facilitates wash-out of a first dose of tacrolimus
15  from a patient's system, release of the tacrolimus from the second component is

delayed until substantially all of the tacrolimus contained in the first component

has been released, and further delayed until at least a portion of the tacrolimus

released from the first component has been cleared from the patient's system. In

a particular embodiment, release of the tacrolimus from the second component of
20  the composition in operation is substantially, if not completely, delayed for a

period of at least about two hours after administration of the composition.

The release of the drug from the second component of the composition in
operation is substantially, if not completely, delayed for a period of at least about

four hours, preferably about four hours, after administration of the composition.

25
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15 froma patient's system release of the tacrolinmus fromthe second
conponent is delayed until substantially all of the tacrolinus contained in
the first conponent has been rel eased, and further delayed until at |east a
portion of the tacrolinus released fromthe first conponent has been
cleared fromthe patient's system In a particular enbodi nent, rel ease of
the tacrolinus fromthe second conponent of 20 the conposition in operation
is substantially, if not conpletely, delayed for a period of at |east about
two hours after admnistration of the conmposition. The rel ease of the drug

fromthe secgnd c kh{@ W ' ' : ‘Eerafiati ubstantial |y,
I f not conpl gfel y%gﬁgg;gj%or %grl 0 h%l?w;?%}gggﬁﬁabout affl?)lhs? hour s,

preferably about four hours, after administration of the conmposition. 25 50
E. Methods of MakNagopdtioyatetacrolimtecompositionsusn Bomadé asingasy suitable

Nanoparticul ate tacroli, conposi tjons can be.mage using any suitable

met hod knovvn“}eﬁmfl ogyn b4t 8 ?"aP' ré&ﬁ?ﬂ?e’?‘l g’ﬁlpﬂ’é’,geﬁg?ﬂfﬁhﬁ}'zation, or
precipitatio chni : 1;2155% fn]%’ﬂ% ticulate 5
corrpositionspge%g?%gg@%?@gggﬁr%@ﬂ ten 0? , , §Qiﬁﬂ%§?%ds of maki ng
nanoparti $ul abmpositigrssre desesibed m 8ISs PadrisNo. HBtH,684. MMehoBnofmbkihg. 5, 518, 187
for "Method of G jnding Pharpaceutical Sypsta s: " U.S. e .
5,718, 388 f oPano 3R, ERMPINE IS AL Hesqr ?fgmgﬁ-gr Rﬁe%&ﬁ?-cgflt%{ﬁ?sggnces; "
U S. Patent : : ANVEL Wely | C '

Subst ances; TR ot it PRAmab RS huatos? Y0 FRLAL KBS AL 0% for

of Nanopart i ctiCatittnushsaMathe@lidf Grihdidg Phirmaceuticlal Shhystdnates; GoSviBatdbNof | er s; "
U.S. Patent No. 5 662,883 f ropreci,pita

e r "Co-. M . i on of Nangparticulate
Phar maceut i cAIS6AGIR TR MF‘II%‘O%W Grigding arentienl Su ?t%f,*"esb.lgg- ?%th\lh- No.
5, 560, 9324f 0k £ el Rk LoR.:0f: ' Lcal Agents;
P 590 931y o5 S Mk il NGt G
Conposi ti ons withCryrstal GeowdhrvIpdifieiss! US. PatentNo. 5662883 fée “Cb; 534, 270 for
"Met hod of Preparing Stable Drug Nanoparticles;" U.S. )

Microprecipitation of Nanoparticulate Pharmaceutical Agents with Crystal

Growth Modifiers;” U.S. Patent No. 5,560,932 for “Microprecipitation of

Nanoparticulate Pharmaceutical Agents;” U.S. Patent No. 5,543,133 for “Process

15  of Preparing X-Ray Contrast Compositions Containing Nanoparticles;” U.S.

Patent Nq. 5,534,270 for “Method of Preparing Stable Drug Nanoparticles;” U.S.

Patent No. 5,510,118 for “Process of Preparing Therapeutic Compositions

Containing Nanoparticles;” and U.S. Patent No. 5,470,583 for “Method of

Preparing Nanoparticle Compositions Containing Charged Phospholipids to

20  Reduce Aggregation,” all of which are specifically incorporated herein by

reference.

The resultant nanoparticulate tacrolimus compositions or dispersions can
be utilized in solid, semi-solid, or liquid dosage formulations, such as liquid
dispersions, gels, aerosols, ointments, creams, controlled release formulations,

25  fast melt formulations, lyophilized formulations, tablets, capsules, delayed
release formulations, extended release formulations, pulsatile release

formulations, mixed immediate release and controlled release formulations, etc.
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Patent No. 5,510,118 for "Process of Preparing Therapeutic Conpositions
Cont ai ni ng Nanoparticles;" and U S. Patent No. 5,470,583 for "Method of
Prepari ng Nanoparticle Conpositions Containing Charged Phospholipids to 20
Reduce Aggregation,” all of which are specifically incorporated herein by
ref erence. The resultant nanoparticul ate tacrolinus conpositions or

di spersions can be utilized in solid, sem-solid, or liquid dosage
formul ati ons, such as liquid dispersions, gels, aerosols, ointnents,
creans, controlled release fornulations, 25 fast nmelt fornulations,

| yophilized for LWRARR d r mul ations,
ext ended rel easgudfjor rru amgﬁ@k%awsdaiteﬁ§ %?f%‘ggéém/ %Prlrfjﬁat I ons fom xed

i medi ate repxeparmgethelnmmprtuﬂulatdtac&ﬂmefofmﬂﬁbmtdfdmmvmtmn BheConsi st ent

wi th the above discl osure rovigded herein is nmet ho reparing the
nanopart i cuuaﬁtboeiaeman?%}ée mﬁd ) diepersine {250 iURIR 05&1111 #lsBetsioat hod
conprises t ersion
medi um andhl?lgéhﬁ]pﬁﬂ&gl ca ﬁ??%@?%‘gg%%%%%%lwgbgﬁég%?%ﬂ%ﬁ%groI inmus to
the 5 desi r edesiréd effedtive assragea partiohr size; swchis 1e3s tlamcdboats2008038n bhkess about 2000
nmor |less than about 600 nm_ A s rface stabdg rzbgr ca be ad ed before,
during, or a ?bo%épgin& eA§P12p%°°r qré‘#lb‘fa‘i dbgfar equi d

di sper si on ecﬂﬁtlo FRG

W;thl n .the r ge o ?r om a 1?“8&% %e%&e{wﬁb%kﬁ%&ﬁ%é%ﬁéaggﬁct|on

process; rmrmamu&ﬁaralalphymldympﬂhbremggemmmdmgabbﬁbnﬁbeutmabout 7.5
during the size reduction process | spersion _nediumused for the size
reduction pricabeut §.9 dyring theaiare w@a@oceas,mggwf@rﬁpywmahq 10ghi ch

Lacr oLl TP | ot B8R sbie) BT SUARSEELA SaRARaRE Bl By Sof ] over

p—

oi |, ethanol ano gl'ycerin, ene g or
glycol . 15 Efdkdiani us&dlf&tmed&eﬁédmnmpﬂjce@ mpmfaablyahuéwspﬂtﬁooghwt icle size
reduction of tacrolinmus include ball mlling, nedia mlling, and

honpgeni zat i By§dia in which tacrolimus is poorly soluble and dispersible can be used, such as
safflower oil, ethanol, t-butanol, glycerin, polyethylene glycol (PEG), hexane, or
glycol.

15 Eﬁ'ective methods of providing mechanical force for particle size
reduction of tacrolimus include ball milling, media milling, and homogenization,
for example, with a Microfluidizer® (Microfluidics Corp.). Ball milling is a low
energy milling process that uses milling media, drug, stabilizer, and liquid. The
materials are placed in a milling vessel that is rotated at optimal speed such that

20  the media cascades and reduces the drug particle size by impaction. The media
used must have a high density as the energy for the particle reduction is provided
by gravity and the mass of the atirition media.

Media milling is a high energy milling process. Drug, stabilizer, and
liquid are placed in a reservoir and recirculated in a chamber containing media
25 and arotating shaft/impeller. The rotating shaft agitates the media which subjects
the drug to impaction and sheer forces, thereby reducing the drug particle size.

Homogenization is a technique that does not use milling media. Drug,
stabilizer, and liquid (or drug and liquid with the stabilizer added after particle
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for exanple, with a Mcrofluidizer(r) (Mcrofluidics Corp.). Ball mlling is
a low energy mlling process that uses mlling nedia, drug, stabilizer, and
liquid. The naterials are placed in a mlling vessel that is rotated at

opti mal speed such that 20 the medi a cascades and reduces the drug particle
size by inpaction. The nedia wused nust have a high density as the energy
for the particle reduction is provided by gravity and the nass of the
attrition nedia. Media mlling is a high energy mlling process. Drug,
stabilizer, and liquid are placed in a reservoir and recirculated in a
chanber contg@jdy ' b tihd ating
shaft agi tat%ﬂeﬁgﬁgr?ﬁfgﬁ%ﬁgﬁﬁt S ’?ﬂ%&%?l%tb{ﬁgﬁ P‘Iﬁ%gg?i@ﬁﬁv%%lﬁs heer
forces, thertbMicedinidirg®tifealtduhe haerhétioneClmmber. Thoprodact todeiteateds a

techni que that does not_ use mlljing nmedia. Drug, .stabilizer, and liquid (or

drug and |i gsitedugtedrintorthe pump; andthen forerdpuls T PRmRg valee ob¥esi ze reducti on)
constitute [ s séream propeld ed i nto~a Qcess .z ich in the

M crof | ui di gl.gﬁ%rgfl&ﬁgze.&aﬁrgas &ﬁg&i (?{Jttger B%TP'OQII&M@P.SP Wﬁfll%gr uct to be
treated §s ]?rﬁdh@,tﬁé prififg Vil9e RUlPsed2nd tﬁé}ﬂﬂdﬁ&ﬁﬁ%ﬁ’ce@%rougﬁﬁmdor' mng val ve
of the Mcrofluidizer(r) purges air out of the punp. Once the punp is filled
with 5 pr odintgractionehambet. rthe\geometry of thedatetaction chamberrproduses peweéndilc ed

t hrough the _interactian chanber. .The onmetry of the.interact.i on chanber

bt odues. powarIESIOL Aitesdmeg: BRI AL A AP eRs TS O HETE HHE a o

responsi bl e feaiictRif t9pebifically, SnsidEM GhteaAbtonEHpbet, 4R bissurized Produbsis

I nteraction chanber, "'the priessurized product is 'split into two streans and

accel erat ed spliténto twostrganhy agid ace¢loratad to sxtramelyhighreedoditiey. efhe farmed hen
directe oward each pther, _and .collide in the i.nteractign zone.. . The

esal tinf or BT teaieniey ovire SSrmolis s oaliie il BRpnagRe: T8 e, The
Mcrof | ui di zg&gkih g*&ﬂcﬂﬁé%‘@eéﬁﬁn@m’ﬂﬁﬁﬁfq?ﬁ #Ebr &PpRt k9w TRE! i ng of the
product. U. S Pa% nt No. 5,510,118, which is speC|P| cally 1 ncorporated by
reference, rMfiewfluidizerhalso proddesatieagexchatger of allowitantingrof thelprotisstng a

particle size reduction_nethod, the particle size of tacrqglinus is
U.S. Patent No. 5,510,118, which is specifically incorporated by reference, refers

to a process using a Microfluidizer®.

15 Using a particle size reductidn method, the particle size of tacrolimus is
reduced to the desired an effective average particle size, such as less than about
2000 nm for the enteric coated formulation, and less than about 600 nm for the

injectable tacrolimus formulation.

Tacrolimus can be added to a liquid medium in which it is essentially
20  insoluble to form a premix. The concentration of the tacrolimus in the liquid
medium can vary from about 5 to about 60%, and preferably is from about 15 to
about 50% (w/v), and more preferably about 20 to about 40%. The surface
stabilizer can be present in the premix or it can be added to the drug dispersion
following particle size reduction. The concentration of the surface stabilizer can
25  vary from about 0.1 to about 50%, and preferably is from about 0.5 to about 20%,
and more preferably from about 1 to about 10%, by weight.

The premix can be used directly by subjecting it to mechanical means to

reduce the average tacrolimus particle size in the dispersion to less than about
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reduced to the desired an effective average particle size, such as |less than
about 2000 run for the enteric coated formulation, and | ess than about 600
mm for the injectable tacrolimus fornulation. Tacrolinmus can be added to a
liquid nmediumin which it is essentially 20 insoluble to forma prem x. The
concentration of the tacrolinmus in the liquid nediumcan vary from about 5
to about 60% and preferably is fromabout 15 to about 50% (wv), and nore
preferably about 20 to about 40% The surface stabilizer can be present in
the prem x or it can be added to the drug dispersion follow ng particle

St ze reduct | gpynul R i§ BREGIUT tht RO pRinik BE usdd diRkfly WIRR'a BallGhilliglsetP vary from
about 0.1 to about 50% and pref ePany I's fromabout 0.5 to about 20% and
nor e pref er oot gtirfitiann Alternatively,dacxblimbs P4t l¢agt ons syinface Tthbiligersanbecan be used

directly b ubj ect.i L.t .t o nechani cal, ans, .o reduge the average
Cacrol i mus. fuiReRdn St inyid hefbimnatpe rurably Resrefigh e & OB Pe 53 000 m. 1t
s prefer r ednbliptuntil hbfdgteole didpetiofl i RkREd W Gich ek lardihd largss USed  Tor

attrition. Alternatively, "tacrolihus an east one surface stabilizer can

be di spér seagglomerhtes vischle tb tie diaked eyei digis preferads thatthe peemiarbe sabjgeteda Cowl es

type mxer, until a hqnmogeneoys dispersion.is abserved in. whi there are
& alpng Fecamyl sred B

no large 5 A9gPeihePrmuLing dsngriion sfep HAeH 3 Rerdrc Pediagm that the
prem x be suhj ed to such a prem|ling dispersion step when a
recirculating nedia mill is used for attrition. The nechani cal neans

applied to reduce the tacrolinmus particle size conveniently can take the
form of a di spersTheomethanicabmietmdpplied spredsdeche tactdlamusiariicle sizde a bal |

mll, an attritor, mll, vi br at or ) I'1,, and,. media mlls such_as a sand
il and a DRCRNCHPRYY can aﬂigf%m?{ ? gzsmrélpemalélﬁwgblﬁé@ﬁrélqn@ ively
shorter 197 | jnbRde E?bﬁﬁn!iiﬁ%i é]t?ﬁ’tof RilP M bAfory Bﬁlldﬁﬂ'r?@cﬂ%hﬁﬂé’ﬂch%ga' n particle
size. For media milling, the apparent viscosity of the premx is preferably
from about 16fdndll aadatiead 6O, Acmedipmilés prefedrefiaiue batHe refativelyghotber appar ent
' ity of | X | . e .
VI SCOSITY © m&lpuelg ! eerpea(ui}esd to provide the desired reduction in particle size. For media
milling, the apparent viscosity of the premix is preferably from about 100 to
about 1000 centipoise, and for ball milling the apparent viscosity of the premix is
15  preferably from about 1 up to about 100 centipoise. Such ranges tend to afford

an optimal balance between efficient particle size reduction and media erosion.

The attrition time can vary widely and depends primarily upon the
particuiar mechanical means and processing conditions selected. For ball mills,
processing times of up to five days or longer may be required. Alternatively,

20  processing times of less than 1 day (residence times of one minute up to several

hours) are possible with the use of a high shear media mill.

The tacrolimus particles must be reduced in size at a temperature which
does not significantly degrade tacrolimus. Processing temperatures of less than
about 30 to less than about 40°C are ordinarily preferred. If desired, the

25  processirig equipment can be cooled with conventional cooling equipment.
Control of the temperature, e.g., by jacketing or immersion of the milling
chamber in ice water, is contemplated. Generally, the method of the invention is

conveniently carried out under conditions of ambient temperature and at
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15 preferably fromabout | up to about 100 centipoise. Such ranges tend to
afford an optinmal bal ance between efficient particle size reduction and
nmedia erosion. The attrition time can vary wi dely and depends prinmarily
upon the particul ar nechani cal neans and processing conditions sel ected. For
ball mlls, processing times of up to five days or |onger may be required.
Alternatively, 20 processing tines of less than 1 day (residence tines of
one mnute up to several hours) are possible with the use of a high shear
media mll. The tacrolinus particles nust be reduced in size at a

t enper at ur e Wotésbing Pesured whidhre kafe and bifective faie élilingl proess. Processi ng
tenperatures of |less than about 30 to less than about 40C are ordinarily
preferred. |Ambient pmessm%przasupm@@b@mbo%bﬂh mpillsnattrtanmills, 8ad| ed wi t h
conventi onal 50ﬁ| eqU|pnent Control of the tenperature, e.g., by

j acketing or A of the mlling chanber in ice water, is

contenpl ated. Generally, the nmethod of the invention is conveniently
carried out underGenagietiedis of anmbi ent tenperature and at 54 processing
pressures which are sare and effective for the mlling process. Anbient
processing pressures are typical of ball mlls, attritor mlls, and
vibratory m|ls. Tthe %M%@W@Pﬂﬁﬂﬁgﬂ%éﬁe@fﬁ&ﬁb&mn se particles

consi ot ng cODRARi PAEREREH yee! .2 Pakhy Bnsitng HERRALS ST rplBREE, o g

nmedi a can CoRpinl ¥tetnARel, frviridiny wedihicAtcathprist Hedry BRVihg alcoating ¢fdher ed
thereon. In general, sui tabl e polyneric resins are chemcally and physically

inert, 10 supelymeticaesinadhezed Gfreont al s, sol vent, and nonomers, and of
sufficient hardness and friability to enabl e them to avoid bei ng chi pped or

crushed during gr ndi_n | in I nked
pol ystyrenes, suc %Féle I%%%%ﬁﬁ%%g ﬂgcg%g c?ﬁy %@b@ﬁ%@xﬁﬁ styrene
copol ymere; aksiaaalboRed 8Smetals, solvent, and monomers, and of sufficient hardness

and friability to enable them to avoid being chipped or crushed during grinding.

Suitable polymeric resins include crosslinked polystyrenes, such as polystyrene
crosslinked with divinylbenzene; styrene copolymers; polycarbonates;
polyacetals, such as Delrin® (E.I. du Pont de Nemours and Co.); vinyl chloride

15 polymers and copolymers; polyurethanes; polyamides;
poly(tetrafluoroethylenes), e.g., Teflon®(E.I. du Pont de Nemours and Co.), and
other fluoropolymers; high density polyethylenes; polypropylenes; cellulose
ethers and esters such as cellulose acetate; polyhydroxymethacrylate;
polyhydroxyethyl acrylate; and silicone-containing polymers such as

20 polysiloxanes and the like. The polymer can be biodegradable. Exemplary
biodegradable polymers include poly(lactides), poly(glycolide) copolymers of
lactides and glycolide, polyanhydrides, poly(hydroxyethyl methacylate),
poly(imiﬁo carbonates), poly(N-acylhydroxyproline)esters, poly(N-palmitoyl
hydroxyproline) esters, ethylene-vinyl acetate copolymers, poly(orthoesters),

25  poly(caprolactones), and poly(phosphazenes). For biodegradable polymers,
contamination from the media itself advantageously can metabolize ir vivo into

biologically acceptable products that can be eliminated from the body.
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pol yacetals, such as Delrin (E. 1. du Pont de Nenours and Co.); vinyl
chloride 15 polyners and copol yners; pol yurethanes; polyam des;
poly(tetrafl uoroethylenes), e.g., Teflon (E. I. du Pont de Nenours and Co.),
and other fluoropolyners; high density pol yethyl enes; polypropyl enes;
cellulose ethers and esters such as cellul ose acetate;

pol yhydr oxynet hacryl ate; pol yhydroxyet hyl acrylate; and silicone-containing
pol ymers such as 20 polysil oxanes and the |ike. The pol yner can be

bi odegradabl e. Exenplary bi odegradabl e pol yners include poly(lactides),
pol y(gl ycol i de) %Smeaiaﬂréﬁfabge@ng@dneizuﬁ@lm gsout Y13 ABYElr3 des,

pol y( hydroxyet hyl nethacylate),  poly(inino carbonates),

pol y( N- acy| hyaw dSoy Sine igrindingsthe gsindingi mgdia jsaireferably fromyabout@.02 & abosty ester s,

et hyl ene-vinyl acetate copol [ S ol rthoesters 25

pol y( capr ol %‘F’&hé‘& mothH gﬁ%ﬁ%ﬂﬁ%‘?é&@s@.&g%&l ’B‘F%%’es ®adabl e pol yners,
contam nation fromthe nedia itself advantageously can netabolize in vivo
into biological I%@g&ﬁﬁ&ﬁ@f@iﬁ&%@éﬁd&ﬁﬁ&ffcaﬂab@t@.sfaatb@hestof]gvm.the body.
55 The grinding nedia preferably ranges in size fromabout 0.01 to about 3
mm For fine grinding, the grinding nedia is_preferably from about 0.02 to
about 25mm and lrcrEelsred gringing precsss tispattictes@se mede pentinuoushih Sucksi ze. The

pol ymeric resj A i fro 0 A A nB. 5 1In
b et er r ed SPGB SR8l BT hrotinfhy o XMt bbbl
met hod conprddaertifi@ fHel tAerolimiuy with! grivdivy Medih ailelin Meschamber & rélludeith chanber,
contacting the tacrolinmus with grinding nedia while in the chanber to reduce

the tacr ol itacrolipas pagicle size; end awnﬁml@uﬁymmmg/themmﬂ@aﬂm nanoparti cul ate
tacrolinmus from.the .mlling.chagber. 10 The grinding nmedia is separated from
the mlled ntgﬁrg"}}g\u?i&@m@[e l%cﬁﬂbﬁ{ls usi ng conventional separation

techni ques, in a secondary process such as by sinple filtration, sieving

through @ mesh fiThegritding fledRis sepachtédBohithemilléd i@bpatipalagt i on techni ques
such as centrifugation may al so be enpl oyed. )
tacrolimus using conventional separation techniques, in a secondary process such

as by simple filtration, sieving through a mesh filter or screen, and the like.
Other separation techniques such as centrifugation may also be employed.

Sterile Product Manyfacturing

15 ljevelopment of injectable compositions requires the production of a
sterile product. The manufacturing process of the present invention is similar to
typical known manufacturing processes for sterile suspensions. A typical sterile

suspension manufacturing process flowchart is as follows:

. (Media Conditioning)
20 A
Compounding
A
Particle Size Reduction
X
25 Vial Filling
\:

(Lyophilization) and/or (Terminal Sterilization)
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Sterile Product Manufacturing 15 Devel opnent of injectable conpositions
requires the production of a sterile product. The nmanufacturing process of
the present invention is simlar to typical known manufacturing processes
for sterile suspensions. A typical sterile suspension manufacturing process
flowchart is as follows: (Media Conditioning) 20 4 Conpounding 4 Particle
Si ze Reduction 4 25 Vial Filling 4 (Lyophilization) and/or (Term nal
Sterilization) 56 As indicated by the optional steps in parentheses, sone of
the processing is dependent upon the method of particle size reduction
and/ or nethod of Asindidatddzntthe optidral stepsiacentiisses, some bflttici ppo¢esging s not
required for, a mlling nethod that does not _ use nedja. If term nal
sterilizati dhdsrendent qp@aéheometbed@fp@msle@%rw@&ﬂoaﬁaﬂ@r metadiafal i nstability,

aseptic pro S a X : T n t herapy,

it is inportcsg%?{zﬁgo%rg?fi%gﬂ%ﬁ&er S §uS g0 égéo%%gﬁiﬁgak@QMrs t he

requi red t haenethed that dessmonusoimediae ItetginhNstatilization ixchdt figdsibledatetos t he  drug
bi oavai | abl e in_a_constant manner, Thus, another aspect of the present 10

i nventi oR pre®omicad apd/pephsirabmstapiity.iaseptic ITSATENE cathbe Uidng a hunan, using a
nanoparticul ate tacrolinus formulation of the invention for the prophyl axis
of organ regecti lfically in patients receiving allogenic |iver

or ki dney f.ikr.'ansp aﬁ%@%gﬁgﬁgﬁé%ﬁods conprise the step of adm nistering to a
subj ect a

In human therapy, it is important to provide a tacrolimus dosage form that
delivers the required therapeutic amount of the drug in vivo, and that renders the
drug bioavailable in a constant manner. Thus, another aspect of the present

10  invention provides a method of treating 2 mammal, including a human, using a
nanoparticulate tacrolimus formulation of the invention for the prophylaxis of
organ rejection, and specifically in patients receiving allogenic liver or kidney
transplants. Such methods comprise the step of administering to a subject a
therapeutically effective amount of a nanoparticulate tacrolimus formulation of

15  the present invention. In one embodiment, the nanoparticulate tacrolimus
formulation is an injectable formulation. In another embodiment, the

nanoparticulate tacrolimus formulation is an enteric coated oral formulation.

One of ordinary skill will appreciate that effective amounts of a
tacrolimus can be determined empirically and can be employed in pure form or,
20  where such forms exist, in pharmaceutically acceptable salt, ester, or prodrug
form. Actual dosage levels of tacrolimus in the enteric-coated compositions of
the invention may be varied to obtain an amount of tacrolimus that is effective to
obtain a desired therapeutic response for a particular composition and method of
administration. The selected dosage level therefore depends upon the desired
25 therapeuﬁc effect, the route of administration, the potency of the administered

tacrolimus, the desired duration of treatment, and other factors.
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therapeutically effective anmount of a nanoparticulate tacrolinus fornul ation
of 15 the present invention. In one enbodi nent, the nanoparticul ate
tacrolinmus fornulation is an injectable formulation. In another enbodi nent,
the nanoparticulate tacrolinus fornmulation is an enteric coated oral

formul ation. One of ordinary skill will appreciate that effective anounts of
a tacrolinmus can be determned enpirically and can be enployed in pure form
or, 20 where such fornms exist, in pharmaceutically acceptable salt, ester,
or prodrug form Actual dosage levels of tacrolinus in the enteric-coated

conposi tions of DDéage fidit 6bmPOsitiBis MLy ditdif JudhtaribiirAd Bf fich aibrikipls
tacrolinmus that is effective to obtain a desired therapeutic response for a

particul ar dbergekasmanbansediomake upfthe dailyi doset Havillds unilastopd) ect ed dosage

i ni st at 1 DEYP 0D e 4RO, d0Fe 58 1o v e AR RSB FQ4pRE] bl [ 0
duration of vafiestdfEaétorsa e ipeahd dagkobSthe edhilasagshysidldgicd iapohdeitoNs nay

contain such anounts of such submultiples thereof as may be used to nake up
the daily ddweachievedsiactivite ofith¢specifioagent hoeampasitiantesaployes; heespetifie dose

| evel f ticular.patient will d d ' f factors: th
type and degiechsr conpSHEPR HRRRYe ot BEQEMERRL dusriPhsibsed d'Schl St
activity of dibeofiRepitient; tR&Ehe oFad@iiReSioh, iteTRUNESratidie aiDREd &f C  agents

or conposition enployed; the age, body weight, %i:leral heafth, sex, and
di et of the gxsretiontof theragent; tle diratiemofithe treatmienty drugswsed bf cambinationtarat i on,

and rate of _excretion.of the.agent: t duration.,qf the treatpent; drugs
dsed | contiORIGIA St s Resi AL ARkl Al s SBUknou i hERERE | ko
factors mel lafgnown in the nedical 10 arts. * * * * * The foll ow ng exanpl es
are given to illustrate the present invention. It should be understood,

however, that the spirit and scope of the invention is not to be limted to
the specific conditions or details*descFibed*in tHhese exanpl es but

The following examples are given to illustrate the present invention. It
should be understood, however, that the spirit and scope of the invention is not to
be limited to the specific conditions or details described in these examples but

15  should only be limited by the scope of the claims that follow. All references
identified herein, including U.S. patents, are hereby expressly incorporated by

reference,

The following examples are given to illustrate the present invention. It
should be understood, however, that the spirit and scope of the invention is not to
20  be limited to the specific conditions or details described in these examples but
should only be limited by the scope of the claims that follow. All references
identified herein, including U.S. patents, are hereby expressly incorporated by

reference.
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15 should only be limted by the scope of the clains that follow Al
references identified herein, including U S. patents, are hereby expressly
incorporated by reference. The foll owi ng exanples are given to illustrate
the present invention. It should be understood, however, that the spirit
and scope of the inventionis not to 20 be limted to the specific
conditions or details described in these exanples but should only be limted
by the scope of the clains that follow. Al references identified herein,
including U S. patents, are hereby expressly incorporated by reference. 58
EXAMPLES Exanple 1 The purpose of gRAMPEBEKESPI € was to prepare a

nanoparticul ate tacrolinmus fornulatrton. Figure 1 shows a |ight m crograph
usi ng phase optics at 100X of 5 unmlled tacrolinus. An aqueous dispersion
of 10% (w w)Exampelelli nus (Camida LLC), conbined with 2% (w w)

pol yvi nyl pyrrolidone (PVP) K29/32 and 0.05% (w w) dioctyl sul fosucci nate

(DCSS), was ml | i .o . r. of . M1
Systens, King of eg}éléhgﬁ%s?e %ﬂ"sgg@{@%gﬁw& %ﬁ@%ﬁ%&“@%@ﬁ%cd%ﬁ%cr&@@ﬂ%m) al ong
wi th 500 m cloafiulReby. Wigufe ) stidviy d liglR ni6Rgtaph Ushiy phasoptivs at 10030%¢ nedi a
| oad). The m xture was mlled at a speed of 2500 rpns for 60 m nutes.

Fol | owi ng@ i yumiHed tacrlinyiese t i cl e size of the milled tacrolimus particles was
measured, in deionized distilled water, using a Horiba LA 910 particle size

15 anal yzer., The,jnitj . 1 [ i ihze was 192 run,
with a D50 of 17‘%%‘%‘@%8@%& Acﬂlﬁgﬁé’w&%ﬁ‘.g%‘#ﬁ@&%‘ﬁ%%% > |'i ght
m crograph UsnitdnedWith %N/ W) poBitvidydppiralidoh @ VIP)Y K29/32 aad 0/0591Gv/w)n a second
measurenment in distilled water followng 1 week of refrigeration at <15C,
t he nmean t acdiestylsulfosuccinate (DOSS), was milled in a 10 ml chamber of a NanoMill®

0.01 (NanoMill Systems, King of Prussia, PA; see e.g., U.S. Patent No.

10  6,431,478), along with 500 micron PolyMill® attrition media (Dow Chemical)
(89% media load). The mixture was milled at a speed of 2500 rpms for 60

minutes.

Following milling, the particle size of the milled tacrolimus particles was
measured, in deionized distilled water, using a Horiba LA 910 particle size
15  analyzer. The initial mean milled tacrolimus particle size was 192 nm, with a
D50 of 177 nm and a D90 of 278 nm. Figure 2 shows a light micrograph using
phase optics at 100X of the milled tacrolimus. In a second measurement in
distilled water following 1 week of refrigeration at <15°C, the mean tacrolimus
particle size was 245 nm, with a D50 0of 219 nm and a D90 of 374 nm. Figure 3
20 showsa ﬁght micrograph using phase optics at 100X of the milled tacrolimus

following one week of refrigeration.

The results demonstrate the successful preparation of a stable
nanoparticulate tacrolimus formulation, as the mean particle size obtained was

192 nm, and minimal particle size growth was observed following storage.
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particle size was 245 nm with a D50 of 219 nmand a D90 of 374 nm Figure 3
20 shows a light mcrograph using phase optics at 100X of the mlled
tacrolinmus followi ng one week of refrigeration. The results denonstrate the
successful preparation of a stable nanoparticulate tacrolinmus fornulation,
as the mean particle size obtained was 192 run, and m nimal particle size
grow h was observed follow ng storage. 59 Exanple 2 The purpose of this
exanpl e was to prepare a nanoparticulate tacrolinmus fornulation. An aqueous
di spersion of 10% (ww) tacrolinmus (Camda LLC), 5 conbined with 2% PVP K12
and 0. 15% sogkaipme@oxychol ate, was mlled in a 10 m chanber of a

NanoM | | (r) . noM Il Systens, King of Prussia, PA, see &e.g., US.
Patent No. 6,431,478), along with 500 micron PolyMII(r) attrition nedia
(Dow Chemical ) (SBbe prspose dfdhid pxanmiple wasito prepargcisnanppartigulgte tacrohimusl of 2500
rpnms for 150, m .es. 10 Followng mlling, the particle size of-the mlled
tacrolinus pfgflfl% 8% was measured, in deionized distilled water, usi ng a
Horiba LA 910 particle size analyzer. The mean mlled tacrolinus particle

size was 329 nm MhhucdbubdBpedsionTII 0%4/Fwv/) tacol PR WanfiBALLD), Figure 4 shows
a light mcrograph usi ng ﬁhase optics at 100X of the mlled tacrolinus. 15

The resuldt s ewarhined with @7 R¥P Klandd. 1% sedipardeoryshodate,avastaidled ina 10

nAToPIL LT o AL B U BB (Ol LA RSB HRIE Bh e
n 3;010&: ti CU: @g.ﬁm&gaatdﬂé M’Ef’ég@"‘m Along Wit 5 00ARicRs BSlyMil®deitishon of 20%
(Ww tacro x;ngtlfii pwnéhe?nical) %8’9% media load). The mixture was milled at a speed of

2500 rpms for 150 minutes.

10 Following milling, the particle size of the milled tacrolimus particles was
measured, in deionized distilled water, using a Horiba LA 910 particle size
analyzer. The mean milled tacrolimus particle size was 329 nm, with a D50 of
303 nm and a D90 of 466 nm. Figure 4 shows a light micrograph using phase
optics at 100X of the milled tacrolimus.

15 The results demonstrate the successful preparation of a stable
nanoparticulate tacrolimus formulation, as the mean particle size obtained was
329 nm.

Example 3

The purpose of this example was to prepare a nanoparticulate tacrolimus

20 formulation.

An aqueous dispersion of 20% (w/w) tacrolimus (Camida LLC),
combined with 3% (w/w) Pluronic® S630 and 0.05% (w/w) DOSS, was milled in
a 10 ml chamber of a NanoMill® 0.01 (NanoMill Systems, King of Prussia, PA;
see e.g., U.S. Patent No. 6,431,478), along with 500 micron PolyMill® attrition
25 media (Dow Chemical) (89% media load). The mixture was milled at a speed of
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conmbined with 3% (ww Pluronic(r) S630 and 0.05% (ww) DOSS, was mlled in
a 10 mM chanber of a NanoM Il (r) 0.01 (NanoM Il Systens, King of Prussia,
PA; see e.g., US. Patent No. 6,431,478), along with 500 mcron PolyMII(r)
attrition 25 nedia (Dow Chemcal) (89% nedia |oad). The mi xture was mlled
at a speed of 60 2500 rpns for 60 mnutes. A light m crograph using phase
optics at 100X of the mlled tacrolimus is shown in Figure 5. Follow ng
mlling, the particle size of the mlled tacrolinus particles was neasured,
in deionized distilled water, using a Horiba LA 910 particle size 5

anal yzer. Thg .\nitial an mlled tacrolimis particle size 1 am wth
2o ot 1030Rmpn Eorsthatndie. ASha ket BR ot Gk AR et bt 1 oo
water fol | qyiR ks Rfshb&h i on at <15C, the nean tacrolinus
particle si %‘v\ggcrqlgﬁ snfr%]s é\ﬁlﬁﬁg Os'of 180 nm and a D90 of 279 run. A

|'i ght m crograph using phase optics at 100X of the mlled tacrolinus

fol | owi ng one wediollviwing oriling, the partidier sizeadfitheymilldd tacrolimus Ipexticldswasi gure 6.
The results denonstrate the su ssful pre atiaqn a stable

nanopart i cullg?aéu'ieac q‘?Pdéedf‘fiFﬁfﬁ%éW?fnP %Eﬁ%‘%ﬁiﬁ%%}’ﬁlﬁ €S ze obt ai ned
was 171sm, ' 'egiﬁ]ﬂ- ) el | : \%H] f W ng

st or age. > Exa %Im4 agﬁ'fghfrl%gg%ﬂgé%yﬁ{ug exgrrp %@‘&gfmg&ﬁf@&l?e a
nanoparti culldf@Eof Bs3rmh iant a2 DI00sfi230ain. dn a sévond gneaswemensinalistilied wdterl 0% (W w)

tacrolinmus (Camda LLC), _cqnbined with 2% (W w hydroxypropyl.cellul ose
(HPC-SL) andobowing, | weels of nobtgsratigaat il §1Ce the meat tagrofmug Siggy was

NanoM | | (r) ( I ' Prugsi:a.: .PA .e.0., US
Pat ent No. 6& 2‘3’%‘,"‘Q@?M§°o°r¥§%§m5’?‘ﬂ5?o%ﬁ%6??g7nﬂ“ﬂor”*yﬁﬁtﬁ’(“r" F@%@ﬁ%ﬁgon medi a
(Dow Cheni caihasd SRids w0 d0@X be ) millEh eacrolithus folloming dtiel weedt ofistoragepeed of 2500
rpnms for, 150 minutes. A |jght m.crpgre?é)h usi ng phase optics at | OOX of the
mlled tifcr gmdeuzefiigerationis showniinbigarer.

The results demonstrate the successful preparation of a stable

nanoparticulate tacrolimus formulation, as the mean particle size obtained was

171 nm, and minimal particle size growth was observed following storage.

Example 4

15 The purpose of this example was to prepare a nanoparticulate tacrolimus

formulation.

An aqueous dispersion of 10% (w/w) tacrolimus (Camida LL.C),
combined with 2% (w/w) hydroxypropylcellulose (HPC-SL) and 0.1% (w/w)
DOSS, was milled in a 10 m] chamber of 2 NanoMill® 0.01 (NanoMill Systems,
20  King of Prussia, PA; see e.g., U.S. Patent No. 6,431,478), along with 500 micron
PolyMill® attrition media (Dow Chemical) (89% media load). The mixture was
milled at a speed of 2500 rpms for 150 minutes. A light micrograph using phase
optics at 100X of the milled tacrolimus is shown in Figure 7.

Following milling, the particle size of the milled tacrolimus particles was

25  measured, in deionized distilled water, using a Horiba LA 910 particle size
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Followng mlling, the particle size of the mlled tacrolinus particles was
25 measured, in deionized distilled water, using a Horiba LA 910 particle
size 61 analyzer. ' The nmean mlled tacrolinus particle size was 389 nm
with a D50 of 328nnmandaD90of 614nm The results denonstrate the successful
preparation of a stable nanoparticulate tacrolimnmus fornulation, as the nean
particle size obtained was 5 389 nm , Exanple 5 The purpose of this
exanpl e was to prepare a nanoparticulate tacrolinmus fornulation. An aqueous
di spersion of 5% (ww) tacrolinus (Camida LLC), conbined 10 with 1% (W w)

HPC- SL and Yar(’ % W?gc ' 15@;%&' : RATRE NanoM || (r)
0.01 (NanoMQP%@éef'sp’ggs)n,l inéleo E"?ﬁl#slm , ggazég«gggsg ’U.%l.aeég?fe‘nt No.

6, 431, 478) , 32Bamngamnd 4 D960O6i4 amon Pol yM 11 (r) attrition nmedia (Dow

Chem cal) (89% nedia load). The m xture was mlled at a speed of 5500 rpns

for 90 m nutes. | i gh I crograph usin ase optics at. 100X of the mlled
15 tacrolinmus i ségﬁdgﬂﬁﬁsﬁeﬁoﬁgpég&e Sp@ﬁegifgjqwgpw M ofa sEble particle size of
the mlled 6}%&5 1l : d bﬁﬁn RisPRIdARAndi wid | 1 ed water,
using a Hor?r%g @%e%rét ?Ig{liﬁ)gﬂg%mg’%g%@r@ egll I’??é[el al Irlnaanaérri 1 ed

tacrol i nis B8Ptancl e size was 169 mu, with a D50 of 160 nmand a D90 of 225
nm |In a second neasurenent in distilled water 20 foll owi ng 12 days of

refrigeratigE at <15C, the nmean tacrolinus particle size was 155 rim wth

a D50 of 13 a DO0 of 216 nm A light mcrograph using phase optics
at 100X of the mlled tacrolimus follow ng twelve days of storage under

or eparat fon of & SEaNR ST e S B e e S e

mean parti clfermulagombt ai ned was

An aqueous dispersion of 5% (w/w) tacrolimus (Camida LLC), combined
10 with 1% (w/w) HPC-SL and 0.15% (w/w) DOSS, was milled in a 10 ml chamber
of a NanoMill® 0.01 (NanoMill Systems, King of Prussia, PA; see e.g., U.S.
Patent No. 6,431,478), along with 500 micron PolyMill® attrition media (Dow
Chemical) (89% media load). The mixture was milled at a speed of 5500 rpms
for 90 minutes. A light micrograph using phase optics at 100X of the milled

15 tacrolimus is shown in Figure 8.

Following milling, the particle size of the milled tacrolimus particles was
measured, in deionized distilled water, using a Horiba LA 910 particle size
analyzer. The initial mean milled tacrolimus particle size was 169 nm, with a
D50 of 160 nm and a D90 of 225 nm. In a second measurement in distilled water

20 following 12 days of refrigeration at <15°C, the mean tacrolimus particle size was
155 nm, with a D50 of 138 nm and a D90 0f 216 nm. A light micrograph using
phase optics at 100X of the milled tacrolimus following twelve days of storage

under refrigeration is shown in Figure 9.

The results demonstrate the successful preparation of a stable
25  nanoparticulate tacrolimus formulation, as the mean particle size obtained was

169 nm, and minimal change in particle size was observed following storage.
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169 nm and m nimal change in particle size was observed foll ow ng storage.
62 Exanple 6 The purpose of this exanple was to prepare a nanoparticul ate
tacrolimus fornulation. An aqueous di spersion of 5% (w w) tacrolinus

(Cam da LLC), conbined 5 with 1% (ww HPC-SL and 0.1 % (ww) sodium
deoxychol ate, was mlled in a 10 m chanber of a NanoMII(r) 0.01 (NanoM ||
Systens, King of Prussia, PA;, see e.g., US. Patent No. 6,431,478), along
with 500 mcron PolyMII(r) attrition nedia (Dow Chem cal) (89% nedi a

| oad). The m xture was mlled at a speed of 5500 rpnms for 75 mnutes. A

l'i ght m'croga;&_mgwsi ng phase optics at 100X of the 10 mlled tacrolinus is
shown in Figure . Following mlling, the particle size of the mlled

tacrolinus particles was neasured, in deionized distilled water, using a
Hori ba LA 910 parkheqiuepase of thigerample was Rherepare eingnopastieulatetaaelimugr ol i nus
particle Siéﬁ vgs.l 780 rim with a D50 of 220 nmand a D90 of 6,665nm In
a second medfU? ﬁ%?‘ﬂ in distilled 15 water follow ng 12 days of
refrigeration at <15C, the nean tacrolinus particle size was 65,100 nm

with a D50 of 31,A%aquesusaidpersioldf 9% M@??ab?olimﬁﬁﬂc%ﬂiHQDLC),rﬁoﬁimﬁdaph usi ng
phase optics at 100X of the mlled tacrolinus foll ow ng twelve days of

st orage Andevith Eor(wie) HPCobL iand 81 &atwiw) spdigoy deoxycholate, wassmilled inénonst r at e
t he unsuccessf u repar at {.on gt e anopardd cul.ate tagrolinus

f or mul at i on,sﬁ)argi_ ?ﬁ&ﬁ@* ?ﬁ%@%4§gﬁéa®aﬁ‘%@ gﬁqf’ﬁﬁ’r%ngéﬁg%g fon were
observed folsk@wigNy.§ ViRl N@Wﬁfﬂ%&%cﬁ%ewiﬂm@ﬁ‘fﬁbn PhiyRill® &tiritidh cr ogr aph
usi ng phase optics at 100X following mlling al so shows the presence of

| ar ge, possimédia DomiChemical (@Y%t media Ieadanibhe mixtage Waemgledrs sspesd athi s
exanpl e vas 4o Bl SR 8% st ERP A it il cEraph sl phiase opties 2t 1 Gt SPthe

10  milled tacrolimus is shown in Figure 10.

Following milling, the particle size of the milled tacrolimus particles was
measured, in deionized distilled water, using a Horiba LA 910 particle size
analyzer.  The initial mean milled tacrolimus particle size was 1,780 nm, with a
D50 of 220 nm and a D90 of 6,665nm. In a second measurement in distilled

15  water following 12 days of refrigeration at <15°C, the mean tacrolimus particle
size was 65,100 nm, with a D50 of 31,252 nm and a D90 of 175,813 nm. A light
micrograph using phase optics at 100X of the milled tacrolimus following twelve

days of storage under refrigeration is shown in Figure 11.

The results demonstrate the unsuccessful preparation of a stable
20  npanoparticulate tacrolimus formulation, as significant particle size growth and
agglomeration were observed following twelve days of storage. Moreover, the
light micrograph using phase optics at 100X following milling also shows the
presence of large, possible “unmilled” crystals.

Example 7

25 The purpose of this example was to prepare a nanoparticulate tacrolimus

formulation.
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63 An aqueous dispersion of 10% (ww) tacrolinmus (Camda LLC) conbined wth
2% (W w) hydroxypropyl net hyl cel | ul ose (HPMC) and 0.05% (w w) DOSS, was
mlled in a 10 m chanber of a NanoM I 1 (r) 0.01 (NanoM || Systens, King of
Prussia, PA; see e.g., U S. Patent No. 6,431,478), along with 500 micron 5
PolyM 11l (r) attrition nmedia (Dow Chemcal) (89% nedia |oad). The m xture was
mlled at a speed of 2500 rpns for 60 mnutes. A light m crograph using
phase optics at 100X of the mlled tacrolinmus is shown in Figure 12.
Followng mlling, the particle size of the mlled tacrolinus particles was
measured, in deiqn | gtdold: | ; ' @)]& j cl e size
10 anal yzer. Theglmn@i ?Rycﬁéﬂﬁélﬁﬁg?wgg@?ﬁ?@&@uﬁg@giﬁél zenﬂ\/\ggédzw nm
with a D50with 209 §wiw) layailoxypbsiyiméthltélutosd EPMEP and8.06%a@uwe DOES,i n

Cacr ol i mus. i ngeding Tomfshanber ot aafengMil 8 0% Naimm g 600 of 337
nm A | oht pRHOBAARG disi 0% PARAPR APk CE70! albADidls0b e | ed tacr ol i mus

foll owi ng one week 0 age I‘geration 1Is own in Figure 13.

The resu$t sPdbdfil® atarftéon tedis (DowCHetlicaly (9% mediarioaf). dhe ndiktuee was
nanoparti cul g e, tacroli formul ation, as th an particle size obtained
was 215 nnibledatd TORGPT rpaséors@z@ug&tmﬁnﬁaﬁfgmwma%wm&ﬂaéw ng

storage.  Exgpl# 1800 TEmARAS A1 ALs IhawR 1A, 1815 L0 prepare a

nanopartic e tacroli1mnmus ormu ron.  An aq us di spersion of 10% (w w)
tacrolinmus (Camda LLC) and 2% (ww Pluronic(r) F108 was mlled in a 10 nl
chanber of a Nan®blibWing millifig, the platicidlsize oSymtmilled tdGrolimos pRticlesivas PA, see

.g., US Patent No. 6,431,478), 25 al i t, 0.m Pol yM | |
attrition nm?ﬁg}{]rewdmemeééﬁﬁ%@mq@&%&ga ﬁeagq LA medeleraenas m | 1ed a
a speed;@f %§89zerr.p e fiﬁ{ialqgeéﬂ Iﬂﬁfeﬁﬁacr@liﬂ)hgﬁérﬁd@%ize was 215 nm, with a

D50 of 196 nm and a D90 of 311nm. In a second measurement in distilled water

following 1 week of refrigeration at <15°C, the mean tacrolimus particle size was
227 nm, with a D50 0f 206 nm and a D90 of 337 nm. A light micrograph using
phase optics at 100X of the milled tacrolimus following one week of storage

15 under refrigeration is shown in Figure 13.

The results demonstrate the successful preparation of a stable
nanoparticulate tacrolimus formulation, as the mean particle size obtained was

215 nm, and minimal particle size growth was observed following storage.

Example 8

20 The purpose of this example was to prepare a nanoparticulate tacrolimus

formulation.

An aqueous dispersion of 10% (w/w) tacrolimus (Camida LLC) and 2%
(w/w) Pluronic® F108 was milled in a 10 ml chamber of a NanoMill® 0.01
(NanoMill Systems, King of Prussia, PA; see e.g., U.S. Patent No. 6,431,478),
25  along with 500 micron PolyMill® attrition media (Dow Chemical) (89% media
load). The mixture was milled at a speed of 2500 rpms for 60 minutes. A light
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m crograph using phase optics at 100X of the mlled tacrolinus is shown in
Figure 14. Following mlling, the particle size of the mlled tacrolinus
particles was neasured, in deionized distilled water, using a Horiba LA 910
particle size 5 analyzer. The initial nean mlled tacrolimnmus particle size
was 237 nm with a D50 of 212 nmand a D90 of 355 nm In a second
measurenent in distilled water following 1 week of refrigeration at <15C,
the nean tacrolinus particle size was 332 nm with a D50 of 306 nmand a
D90 of 467 run. A light mcrograph using phase optics at 100X of the mlled

Lacr ol | s fyahcl ithdicnBPOMIRE pals 2 190.RGF b dnttRA Bhord Bhid BSKGRATH [ S shown in

Fi gure 15. nonstrate the success preparation of a stable
nanoparti culligeretldcrol i rus fornul ation, as the nean particle size obtained
was 237 nm and mnimal particle size growh was observed foll ow ng

storage. Exanpl 15 The, purpose of this exanple was to prepare a
nanoparti cul ate &éﬁ@&@%ﬂ%n’g‘go F“é’lc{eoﬁﬁz.e ‘)fﬁﬁ% CIOIEs p $313510% (w w)
tacrolinus (faxha 2 ; ) ks Jan a 10m
chanber of a Nanoﬁ/lhﬁgﬁ%goﬁﬁliﬂﬁ%gﬁgg%ﬁgwﬁ%% t:%%tljis?sia, PA; see
e.g., U S Raabuaer. Nthe ifitiBhedd 8jilleAcraliomg particte S80was 23 ommPeiteb | | (1)

attrition | w Chem % nmedia 1oad). The m, xtur, s mlled at
a speed of m;%@goé @P?Gm?f(tﬁ%gémﬁﬁ i?ﬁ?ndawm%fﬁﬁna?Flﬁﬁﬁtﬁée optics
at 100X of t ' i s ' ' . | mlling,
the particl efgg?éﬂélgjo f’ ﬂg&fmﬁ tdgid} %F%éﬂ er[}gﬁdtﬂl %F{gs wag aﬁ%é er%!a‘ggsr ed, in
dei oni zed di382idoh,ewlittna D0, of 396 men andHODPO af 46Y A0 A lghti miceographensimpnal yzer .

The initial an mlled tacrolimis partjcle. size was 20 with a 65 D50
of 101 mm arkhas owftss 3t 1008 ofihe milied tacralismis awmeq%r&a%%aq | ed wat er
10 under refrigeration is shown in Figure 15.

The results demonstrate the successful preparation of a stable
nanoparticulate tacrolimus formulation, as the mean particle size obtained was

237 nm, and minimal particle size growth was observed following storage.

Example 9

15 The purpose of this example was to prepare a nanoparticulate tacrolimus

formulatibn.

An aqueous dispersion of 10% (w/w) tacrolimus (Camida LLC) and 2%
(w/w) Tween@ 80 was milled in a 10ml chamber of a NanoMill® 0.01
(NanoMill Systems, King of Prussia, PA; see e.g., U.S. Patent No. 6,431,478),
20  along with 500 micron PolyMill® attrition media (Dow Chemical) (89% media
load). The mixture was milled at a speed of 2500 rpms for 60 minutes. A light
micrograph using phase optics at 100X of the milled tacrolimus is shown in

Figure 16.

Following milling, the particle size of the milled tacrolimus particles was
25  measured, in deionized distilled water, using a Horiba LA 910 particle size

analyzer. The initial mean milled tacrolimus particle size was 208 nm, with a
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following 1 week of refrigeration at <15C, the nean tacrolinus particle size
was 406 nm with a D50 of 348 nmand a D90 of 658 run. A light m crograph
using phase optics at 100X of the mlled tacrolinus follow ng one week of
storage 5 under refrigeration is shown in Figure 17. The results denonstrate
that this formulation is probably not preferred, as the tacrolinus particle
si ze al nost doubl ed after one week of storage. 66 Wat is clained is: 1. A
nanoparti cul ate di spersion of tacrolinus conprising: (a) particles of
tacrolinmus having .an effective average particle size of |ess than about

2000 nm  (b)D$§0 of BASm @fié aPIV GF2D85ind binl 4 eondEieMubateriton distiledatent €d W th
the surface of the tacrolinus particles; and (c) a_dispersion mediumin

whi ch t acr ol foHowingsl weels pirefrigeation at 7h&iCo the mean taprotiBius paticlesizawact ed from

the group copsi.stin talll ph a and a

sem -cryst alzﬁ%lr{gﬁ’p‘ﬁlﬁgbsg.&?ﬁg n%oa%d;agpﬁ {)]?ﬁg%ﬁ %ﬂd i‘gp rts?%ﬁé%gphﬁsi?%n 1,
wherein the plase epticdas 106X o€ HirGhRRd tdcaslimisllowiigoneonsaksdfiskgagyf a
crystal | i ne phase,. an anor phous phase, and a semi-crystalline phase. 3. The
nanopar t icul ender refidgrratioroiy sbews imFigure 1%herein the effective average
particle size of the nanoparticulate tacrolinus particles is selected from
t he group consi sting of,. | €ss t han out. _1900. I t han about 1800 nm

| ess t han about 1%%‘?#8(% oglsﬁﬁgﬁhaiﬁrga%orﬁpggagloﬂ%p{oi)g@yr{aﬁgﬁ?e egn?s 1500 nm
l'ess than ab@ytacidfifusparti¢le Size taliasst db@Bled 32 GnBReek @F Stokdpen about 1200 nm

| ess than about 1100 nm |ess than about 1000 nm |ess than about 900 nm

| ess than about 800 nm |ess than about 700 nm | ess than about 650 nm

| ess than about 600 nm |ess than about 550 nm |ess than about 500 nm

| ess than about 450 nm |ess than about 400 nm |ess than about 350 nm

| ess than about 300 nm |ess than about 250 nm |ess than about 200 nm | ess
than about 150 nm |ess than about 100 nm |ess than about 75 nm and | ess

t han about 50 nm 4. The nanoparticul ate dispersion of claiml, wherein the
nanoparti cul ate di spersion
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is formulated (a) for admnistration selected fromthe group consisting of
oral, pulnonary, rectal, ophthalmc, colonic, parenteral, intracisternal,
intravagi nal, intraperitoneal, |ocal, buccal, nasal, and topical

adm nistration; (b) into a dosage form selected fromthe group consisting of
liquid dispersions, solid dispersions, liquid-filled capsule, gels,
aerosols, ointnents, creans, |yophilized 67 fornulations, tablets,
capsules, nulti-particulate filled capsule, tablet conmposed of nulti-
particul ates, conpressed tablet, and a capsule filled with enteric-coated
beads of tacrolinus, (c) into a dosage formselected fromthe group

consi stwrﬂ i9ka §Bt gol | ed rel ease fornmulations, fast nelt fornulations,

del ayed r ease fornul ations, extended release fornulations, pulsatile

rel ease formulations, and m xed i medi ate rel ease and cont rol led rel ease
formul ati onsk. or Adanoamyicultaardiimaﬁdlmf tagrolirays, cofipyisinghd (c). 5. The
nanoparticul ate di spersi on of any one of claims | to 4 fornulated for

i nj ectable n| St.r n.the I ff rage
particle siz a(g Haé%c Q?ﬁéacﬁ(\’,@% Sﬁtav nreltf%tcm% 4\)%%2 E%?fg%gr [ gE tgttthea%c?ﬂ é‘ger si on
of clali mo@,nm:,orrprl sing as a surface stabilizer a povi done pol ymer having a
nol ecul ar wei ght of about 40 000 daltons or less. 7. The nanoparti cuI ate

di spersion of any one of cl to 4, which is an enterijc-

formul ati on @ nabdenst P'i“‘cﬁHr % SF‘&H‘F@‘I adsgebed do o gssoRigtedpuith thes gge of the

ent eri Cpcoahad phBERL a4 on of claim 7, wherein the fornulation reduces or
elimnates t e naus€a and vomiting associated with oral adm nistration of
non-nanoparticul ate or solubilized tacrolinus. 9. The nanoparticul ate

di spersi on ofc) anya dispersién wediumsin Which t8¢rolimas isipeotlneolublenoparti cul at e

di spersion further conprises one or nore phar maceuti cal |y acceptable

exci pients, carr.

di spersion of %ﬁme‘é%eacrqlm&‘f AP e %gé fr Eb{hg COan%Hng %? am%?ﬁﬂe ﬁl&g‘l‘ Sa?’:sent

in an asmom ho@?heﬁewégm&mlgﬁ@msaony st| ng of from about 99.5%to
about 0.001% from about 95% to about O 1% and from about 90% t o about

.5% by we based on the t ot al i ned wei ght he acr ol s and
at Iqeas%/ onezq sur f Hednaappastiqul gt dispergion o? claim ?wherem r\'1e tacro imus 1Is selecteégﬁtl)J

the group consisting of a crystalline phase, an amorphous phase, and a semi-crystalline phase.

3. The nanoparticulate dispersion of claim 1, wherein the effective average particle
size of the nanoparticulate tacrolimus particles is selected from the group consisting of less than
about 1900 nm, less than about 1800 nm, less than about 1700 nm, less than about 1600 nm, less
than about 1500 nm, less than about 1400 nm, less than about 1300 nm, less than about 1200 nm,
less than about 1100 nm, less than about 1000 nm, less than about 900 nm, less than about 800
nm, less than about 700 nm, less than about 650 nm, less than about 600 nm, less than about 550
nm, less than about 500 nm, less than about 450 nm, less than about 400 nm, less than about 350
nm, less than about 300 nm, less than about 250 nm, less than about 200 nm, less than about 150

nm, less than about 100 nm, less than about 75 nm, and less than about 50 nm.

4. The nanoparticulate dispersion of claim 1, wherein the nanoparticulate dispersion
is formulated (a) for administration selected from the group consisting of oral, pulmonary, rectal,
ophthalmic, colonic, parenteral, intracisternal, intravaginal, intraperitoneal, local, buccal, nasal,
and topical administration; (b) into a dosage form selected from the group consisting of liquid

dispersions, solid dispersions, liquid-filled capsule, gels, aerosols, ointments, creams, lyophilized
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i ncludi ng other excipients. 68 11, The nanoparticul ate di spersion of any one
of clains Ito 10, wherein the at |east one surface stabilizer is present in
an amount selected fromthe group consisting of fromabout 0.5%to about

99. 999% by wei ght, from about 5.0%to about 99.9% by wei ght, and from about
10% to about 99.5% by wei ght, based on the total conbined dry wei ght of the
tacrolinmus and at |east one surface stabilizer, not including other

exci pients. 12. The nanoparticul ate di spersion of any one of clains | to 11,
conprising at least one primary surface stabilizer and at |east one
secondary surface stabilizer. 13. The nanoparticul ate dispersion of any one
of cl ai feemilatiéns] 2abl¥.eciishles,NtuiLpardic@ate SHRR Ichs@le, Itablee compedd f sORulthe
group consisting of an anionic surface stabilizer, a cationic surface

st abi | i pasticulatess gpmpressed iatdets and aeapsule £ibletl ity entesicreoated dends efiagrelinus, (c)
stabiligzer i Qni abi lj zer. it
nanopar@?ﬁﬁﬁggge3?%%g$gﬁgiﬂéppgﬁ§¥§}egg?kéﬁépﬂéﬁgﬂ)%giggﬂgﬁgbépﬁﬂmﬁﬂgﬁat

| east omelt $orifudations tdalalyéd reddasé formaladonse dxtbridedrélosse Fomipationgspuddatifeelesecet yl
pyridinium_ chloride, gelatin, casein, phosphatides, dextran, glycerol, gum
acaci a, losmulatienseapd mixed dmasdiate release apd coptolipd rrigese framlatipnsheofd) ray

cal ci .“”&(ﬁﬁkﬁﬁgftf%%fé%,'r(%)ff,ea'hﬁl(?mnos'[ earate, cetostearyl alcohol, cetonacrogol

enul si fyl ng wax, tan esters, polyoxyethylene alkyl ethers,
pol yoxyet hyl ene castor oil derivatives, polyoxyethylene sorbitan fatty acid
esters, pol yst hylBreenglopemicslateddidparsibn dafr anye oy lof ataimai Line bt dorimuidated for

pol yoxyet h ne, stearates, coll.oidal,silicon dj.oxide hosphat es odi um
odbcy! iRt fosndl SRR sthelii 4 foudus b, Moy Py PET BRORe ol o ESes
hy pr onejhhe asout 660 Raxynet hyl cel | ul ose sodi um net hyl cel | ul ose,

hydr oxyet hyl cel | ul ose, hypronell ose phthal ate, noncrystalline cellul ose,
magnesi um al um num si |l i cate, triethanol am ne, polyvinyl alcohol,

pol yvi nyl pyr®-ol i dbisenangpgrticulatg dispeesionapfetlaipt Butynprisiteabp sHERSEnEabiliger 13
t hyl ' : o O ] h d
ohoxphops e pofift bR S WBRHPEATENLI RO BNBR B8 2 e P Osucei ni o

acid, sodiumlauryl sulfate, alkyl aryl polyether sulfonates, m xtures of
sucrose st eal.at e Hredhapopartedatd idispemioatof ,anp-one 96 nlainys pedowhipbliy af ghtgdé-dol ) |

decan Oylc&a't\é-dr%}t&}/lllt%nuo nrapngpea.i'ticrt]ﬁa?ee t%Xrloligriug._ D-gl ucopyranosi de;

8. The nanoparticulate enteric-coated formulation of claim 7, wherein the
formulation reduces or eliminates the nausea and vomiting associated with oral administration of

non-nanoparticulate or solubilized tacrolimus.

9. The nanoparticulate dispersion of any one of claims 1 to 8, wherein the
nanoparticulate dispersion further comprises one or more pharmaceutically acceptable

excipients, carriers, or a combination thereof.

10.  The nanoparticulate dispersion of any one of claims 1 to 10, wherein the
tacrolimus is present in an amount selected from the group consisting of from about 99.5% to
about 0.001%, from about 95% to about 0.1%, and from about 90% to about 0.5%, by weight,
based on the total combined weight of the tacrolimus and at least one surface stabilizer, not

including other excipients.
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n- decyl 3-D-malt opyranosi de; n-dodecyl (3-D glucopyranoside; n-dodecyl
(3-D-mal toside; 69 heptanoyl - N-net hyl gl ucam de;

n- hept yl - (3- D- gl ucopyr anosi de; n-heptyl (3-D-thioglucoside; n- hexyl

(3- D gl ucopyranosi de; nonanoyl - N- et hyl gl ucam de; n-noyl

(3-D-gl ucopyranosi de; octanoyl - N-net hyl gl ucam de;

n-octyl - (3- D- gl ucopyranosi de; octyl (3-D-thioglucopyranoside; |ysozyne,
PEG phosphol i pi d, PEG chol esterol, PEG chol esterol derivative, PEG vitamn
A, PEGvitam n E, random copol yners of vinyl acetate and vinyl pyrrolidone,
a cationic polynmer, a cationic biopolynmer, a cationic polysaccharide, a
cationic celljul osiTge nampatticmatd:dledegdnmbﬁanyaoneQ;a?tclamﬂs ¢ t0a0pwhetsiartheatcdesspound,
a cationic phospholipids, catjonic lipids, ynet hyl met hacryl at e

trimet hﬁngmﬁeémbﬂfzgmsdgesegmnfa@rﬁwg ggm the group consisting of from about

POy e P18 Bbud 0999l WELDA AURNBELYboc B LBARTISRE By N s i
hexadecyltrl net hy Fom osp oni um conpodunds, quartenmary
ammoni u rhO&’olrmmbuutc&Q S%dm myehght;ba(sai ahthertatet dopbjirtdhdri svengh ofithe bacpolinies, andac onut
trinmet hﬁl anmmoni l.oride Wﬁf“@onm tri.net hyl ammoni um brom de, coconut
met hyl  dfasyRfEsY é‘Eerf% ilzeraRt mgd’ﬂi“‘aéxmB'BEtBnut met hyl di hydr oxyet hyl
anmoni um brom de, decyl triethyl ammonium chloride, decyl dinethyl

hydroxyet hyl jamomhel 'ﬁh-fd%hﬁfchlifb disiResibn Of Bt shel ofrImeXy®t iy horﬂﬁmﬁg htMeast

chl ori de brom de, 5di met hyl™ hydr oxyet hyl amoni um chl ori d

Cl2_i 5d|qneph91|arwaﬂa@s<§t@vh§qr apgritdpastpne sshonsiengwriseesibibizercoconut d| net hyl
hydr oxyet hyl anmoni um chl ori de, coconut dinmethyl hydroxyethyl ammonium
brom de, nyri;styl | , r

benzyl ammnilé'm CH}‘OI‘I cf}evla¥|cgg‘r %Jym’ﬁfw%“ﬁigﬂm%m%ﬁ%’ﬁ% irle(:)nra'nﬂc}mag"lwury

di nmet hylsta(oﬁtzhemaxlyatéd fronthe gmup lebmsistitg of b anighic durfadelsyabil (zet, taeslaomyc) gurfag®roni um
brom de, al kyl (C12.18)di net hyl benz anmmoni um ch] ari de, , N-al

(G 4. 18)S£ﬁthZPw1 z‘ﬂétﬁrzwca i{ARIiZER % qrb'e,mcwur £5 ga'é@wr m#eerhgﬂnb%ﬁwpe
amoni ungphiRef i de nonohydrate, dinethyl didecyl ammoniumchloride, N-alkyl
and (C12_14) dimethyl 1-napthyl nethyl amonium chloride, trinmethylanmmonium
hal i de, al kyl -trimethyl ammoni um salts, dialkyl-dinmethyl anmoni um salts,

lauryl tri matIHyI thgmlmﬁlt@ml rmnpmlctéathd;spd;rarpe@f any one of claims 1 to 13, wherein

al kyam m sal t xylated tri.a m salt,
i a1 ky! 626 et e BT ARt B, elocR e S R p U PPt o TRl
chl or i deshldNdeegdl@ing @yseh, HobpHabl @z bx i RIicerd], guil @Edcl cholesterol, tragacanth,

stearic acid, benzalkonium chloride, calcium stearate, glycerol monostearate, cetostearyl alcohol,

cetomacrogol emulsifying wax, sorbitan esters, polyoxyethylene alkyl ethers, polyoxyethylene
castor oil derivatives, polyoxyethylene sorbitan fatty acid esters, polyethylene glycols, dodecyl
trimethyl ammonium bromide, polyoxyethylene stearates, colloidal silicon dioxide, phosphates,
sodium dodecylsulfate, carboxymethylcellulose calcium, hydroxypropyl celluloses,
hypromellose, carboxymethylcellulose sodium, methylcellulose, hydroxyethylcellulose,
hypromellose phthalate, noncrystalline cellulose, magnesium aluminum silicate, triethanolamine,
polyvinyl alcohol, polyvinylpyrrolidone, 4-(1,1,3,3-tetramethylbutyl)-phenol polymer with
ethylene oxide and formaldehyde, poloxamers; poloxamines, a charged phospholipid,
dioctylsulfosuccinate, dialkylesters of sodium sulfosuccinic acid, sodium lauryl sulfate, alkyl
aryl polyether sulfonates, mixtures of sucrose stearate and sucrose distearate, p-
isononylphenoxypoly-(glycidol), decanoyl-N-methylglucamide; n-decyl B-D-glucopyranoside;
n-decyl B-D-maltopyranoside; n-dodecyl B-D-glucopyranoside; n-dodecyl B-D-maltoside;
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nmonohydrate, N-al kyl (C12_14) di nmet hyl 1-naphthyl methyl anmoni um chl ori de,
dodecyl di net hyl benzyl ammoni um chl ori de, dial kyl benzeneal kyl amoni um
chloride, lauryl trinethyl amoni um chloride, alkylbenzyl methyl anmonium
chl oride, alkyl benzyl dinethyl 70 amroni um brom de, Cl2trimethyl ammoni um
brom des, C15tri nethyl ammoni um brom des, C17 trinmethyl ammoni um brom des,
dodecyl benzyl triethyl amonium chloride, poly- diallyldinethylammoni um

chl oride, dinethyl amoni um chl ori des, al kyl di met hyl ammoni um hal ogeni des,
tricetyl methyl anmoni um chloride, decyltrinmethyl anmoni um brom de,

dodecyl tri et hyl anmmoni um brom de, tetradecyl trinmethyl ammoni um brom de, net hyl

LT i OCTy RNl A cfhidel AP HAno S ey btiRoRideTh e,

benzyl trinethyla nium brom I ne” esters, benzal koni um chl ori de,

st ear al kexyil urf-Dhdlasopghanosidayp aonaisyl-Nemythylgiucadide; umroyb mpda-glucepyrhnoside;
pyridiniumchloride, halide salts of quaternized polyoxyethylal kylan nes,
al kyl poereRhiNrmethylalucamids; ngoctyki-Relucgpyranoside; n@ctwiﬁstt,%lqgﬁacaﬁyraw@Fa ni um
sal ts, t [ y r W.a.des E Jak / NITRIS,
and  callSrhe J%o HELREARLY pRELAoRCAT PR HICBIA AL &, T RANETR S
1 to 14 PEaddtdaminiEatdndomaopglymsisid vinybacetatérandevimyd ipytralidaie] arcgioactpolyanaagent s.
16. The nanoparticul ate di.spersion of ,%gy one of cHi nse 1 to 15, wherein
upon  adRHANS OIREIYEIFTL & AlinRIATRAlYSPeRbAtdR 1 CHIARS GetHlonis. o& CAUNIS glginate, 4 ch
that th idic an iveg a PadshidIBidl ZecatshiCt 8pbidsr om

t he groggﬂg%%siét ﬁgﬁ%®°|e§8 ?ﬁgﬁﬁabgut%gkﬁggroﬂg,b Iggs’th%n about$i500 nm
| ess t hanlyatethylmdtBaOylatey | agmethylmnadoun 17 G6omide, | eswifomiam aboempde®3, nm

I th bout 1500 . less tha bout 14 n. | ess, t.hap ahkout .1300, nm
OO e e A T A e R R T e e R
I ess t hamnaagis bP8HidephdspRénifiiadbmpbAd c%&@erﬂzi’fy Ar@fiSniuMalordpsials, HARzyIM

| ess than about 650 nm |ess than about 600 nm | ess than about 550 nm

| ess t hdi{2zblometlsdsthylammenjum: hromide ocaconwo tritpgthyle gmmoniwm ghnside4gocantt | ess

h .| . t h t
than abddiiciodnfiBhiua S 08 e, milyl BfbaioRadnit BinGREH; Hifee BocdhE2
t han abesthyl dilydroxgelyl sfmohinmnbratide, dedy1 mivthyl Amnidreurn ahipidet decyl dimethyl

di spersion of any one of c¢lajns 1 taq 16, wherein the . . .
P hydroxyethylyammonium c(fllor{de, decyl dimethyl hydroxyethyl ammonium chloride bromide,

Ci2.1sdimethyl hydroxyethyl ammonium chloride, Ci,.;sdimethyl hydroxyethyl ammonium
chloride bromide, coconut dimethyl hydroxyethyl ammonium chloride, coconut dimethyl
hydroxyethyl ammonium bromide, myristyl trimethyl ammonium methyl sulphate, lauryl
dimethyl benzyl ammonium chloride, lauryl dimethyl benzyl ammonium bromide, lauryl
dimethyl (ethenoxy)s ammonium chloride, lauryl dimethyl (ethenoxy); ammonium bromide, N-
alkyl (Ci2.1s)dimethylbenzyl ammonium chloride, N-alkyl (C4.15)dimethyl-benzyl ammonium
chloride, N-tetradecylidmethylbenzyl ammonium chloride monohydrate, dimethyl didecyl
ammonium chloride, N-alkyl and (Ci;.14) dimethyl 1-napthylmethyl ammonium chloride,
trimethylammonium halide, alkyl-trimethylammonium salts, dialkyl-dimethylammonium salts,
lauryl trimethyl ammonium chloride, ethoxylated alkyamidoalkyldialkylammonium salt, an
ethoxylated trialkyl ammonium salt, dialkylbenzene dialkylammonium chloride, N-
didecyldimethyl ammonium chloride, N-tetradecyldimethylbenzyl ammonium, chloride
monohydrate,  N-alkyl(Ciz.14)  dimethyl  1-naphthylmethyl = ammonium  chloride,
dodecyldimethylbenzyl ammonium chloride, dialkyl benzenealkyl ammonium chloride, lauryl

trimethyl ammonium chloride, alkylbenzyl methyl ammonium chloride, alkyl benzyl dimethyl
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nanoparti cul ate di spersion redisperses in a biorelevant nedia such that the
tacrolinmus particles have an effective average particle size selected from
the group consisting of |less than about 2 mcrons, |ess than about 1900 nm
| ess than about 1800 nm |ess than about 1700 nm I|ess than about 1600 nm
| ess than about 1500 nm |ess than about 1400 nm |ess than about 1300 nm

| ess 71 than about 1200 nm | ess than about 1100 nm | ess than about 1000

nm | ess than about 900 nm | ess than about 800 nm | ess than about 700 nm
| ess than about 650 nm |ess than about 600 nm |ess than about 550 nm

| ess than about 500 nm |ess than about 450 nm |ess than about 400 nm

l'ess 1t hamnahputh bﬁﬁrﬂd@rﬂlzirmhﬁl Qﬁ%(ﬁlﬂﬁﬂbro%g@esnmﬂhﬁ@ﬁlyf diRMoRRABromRIds 'lm less

t han about 200 nm | ess than about [ ess than about 100 nm | ess
t han abdtimethgl nammonin eésomtdasa abdmyl@nzylnmrlenlerl Phunorawio p sehlorislel apely-

di sper S'd?arfly? 1m8tlh?fam of Wh%io%dg tdm?et# Orrﬁm?ﬁ/lﬁ@t d g?rq{le% aﬁ(yld?lggtﬁglta on[ the

group consrsting’ o er aquebus i"bns; "aqueous sol utions

of a sa:htogerﬁqsseousces}ol uﬁd:tnyls AhmaRiuACi dxloradweda@ltsm{dtﬂylmomhma brafméde, and
conbi natjons thereof. 19. The nanoparticul ate drspersron of any one of
clai ms 1dogesyltgethyjammaniin e brgmide.of tetagecy!ismeshylamaonifien 'ér§§‘é‘3j/fed msthyhe

p' asma %o&;r/]lgi’ﬂmlﬁﬂiuh?” cfilsh4 CtPJl{{"’i il ﬁfjmt&rﬁflf rHB‘mu S brbfiiide, t@@ﬁktyit oo

x for on- nanopartrcu ‘at’e |nus formul ation, mnistere
sarre dagmghylaRoniune blamuiearcholmel edt@s dlnenp&lkemmm dﬂormdearsteamggonmnemhionde he

Tmax 1s selected fromt consi sti.n ter thap about 90%
ot ot e AbBP O coom B A SaPL PTG ShRtied st ek BT altan zeRon

about 6Qy oﬂ?éthﬂﬁlﬁ?‘ltaﬁ'ine% hafkyfPOHHEinRAY0salR tantih &A@ ind faarrg RS oXR%, infié
greater than about~ 25% not greater t han about 20% not greater than about

15% notazglindemesaltst ipsatoretestiiquatentaryaaarytamides: enetbylated aquasdsoary Bolymeérst laed Trax
exhi bi tedtd?t;ré a hon- nanoparticulate tacrolinus formulation, adm nistered at

t he sane %1 " 21. The nanoparticul ate di spersion of claim19, wherein the
nanopartrculate di spersion exhibits a Tnax selected fromthe group

consi sting ofi5] esTht hnopdineiilate chﬁpbfsion log syt bigan of addgittls b oo, sadditemally han
about 4 hours, |ess than about hours, |ess than about 2 hours, |ess than
about 1 SRBWRFiSINg ARE r>re1§gretrwaﬁa%lanrs BYVePsiSes after administration to fasting
subj ect s.

16.  The nanoparticulate dispersion of any one of claims 1 to 15, wherein upon
administration to a mammal the tacrolimus particles redisperse such that the particles have an
effective average particle size selected from the group consisting of less than about 2 microns,
less than about 1900 nm, less than about 1800 nm, less than about 1700 nm, less than about 1600
nm, less than about 1500 nm, less than about 1400 nm, less than about 1300 nm, less than about
1200 nm, less than about 1100 nm, less than about 1000 nm, less than about 900 nm, less than
about 800 nm, less than about 700 nm, less than about 650 nm, less than about 600 nm, less than
about 550 nm, less than about 500 nm, less than about 450 nm, less than about 400 nm, less than
about 350 nm, less than about 300 nm, less than about 250 nm, less than about 200 nm, less than

about 150 nm, less than about 100 nm, less than about 75 nm, and less than about 50 nm.

17.  The nanoparticulate dispersion of any one of claims 1 to 16, wherein the
nanoparticulate dispersion redisperses in a biorelevant media such that the tacrolimus particles
have an effective average particle size selected from the group consisting of less than about 2
microns, less than about 1900 nm, less than about 1800 nm, less than about 1700 nm, less than

about 1600 nm, less than about 1500 nm, less than about 1400 nm, less than about 1300 nm, less
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22. The nanoparticul ate di spersion of any one of clains | to 21, wherein the
Cmax of the tacrolinus, when assayed in the plasna of a mammal i an subj ect
following adm nistration, is 72 greater than the Crax for a

non- nanoparticul ate tacrolinmus formul ation, adm ni stered at the sane

dosage. 23. The nanoparticul ate di spersion of claim22, wherein the Chmax is
selected fromthe group consisting of at |east about 50% at |east about
100% at | east about 200% at |east about 300% at |east about 400% at

| east about 500% at |east about 600% at |east about 700% at |east about
800% at |east about 900% at |east about 1000% at |east about 1100% at

| east ahban abol2XDWnngtless dlamtabatnoliiD0 hd{) 0ks thah abewrst006 o i{esd tHah Upowa 1900 ems t
about 1500% at |east about 1600%__ at | east about 1700% at |east about
1800% Joss anw@a&&@w&meswe?@%%gwéélpélm,ﬂ%a s RBOR ) b lane Oy 0% nm,

NoN- Nanqaa ik dnCba B0, Tks HadnABo& 5001, Msh PAR -abSEHMWSD nfd, $s6 thaflabbiil @06 AHE
dosage. 24. The nanoparticul ate dispersion of any one of claims 1 to 23,

wher ei n ledsghanlaBoutf350tning 1¢sa dhran| abmuts300wims hesa dwayabouti230 mivs 1gsb derabeift 280 nm,
| i bj ect | oW dmi nj L i t t UC
el 305460 LSS B 00 36 B okl ol SR e AP B S
P

dosage. . The nanoparticul ate dispersion of claim24, wherein the AUC is
selected fromthe group consisting of at |east about 25% at |east about
50% at | east about 75% at |east about 100% at |east about 125% at | east
about 150% d8- | ed§¢ napenarticirate dispersionaeft claigh 7. whewin the bieleyvantamedip 19259

at | eas %g%@?&‘ rfro%ﬁ@% ‘gg[o"ﬁg cbﬁﬁsﬁ%&%&%&r,ﬁaﬁ%us %fegﬂr&?t%zfgg]@m& aq U S(ﬂﬁ%dn@ apA

about at bout east abou 9 at [ east about 500%
at | eastsalilaquéous s@iUtiomstof ah @eidf aquboustsoBBiOAS ofaa base asd carbbmatiois@Rérecdt | east
about 700% at |east about 750% at |east about 800% at |east about 850%

at | east abo 90Q% at | east  about .950% at |east abqut ,1000% at.. |east
Sbout - 1050% 19t | S5 AaRTEUKORRErSIT PESS e ST 3% Sob nerpi BE Tem B ou
1200% grig@tarolimubaRhdnBsayele iR i phishR b  B¥ndnRal AU BRACIBAGWing W AifstfpioAlk at i on
of tacrolinmus, adm nistered at 'the same qlosa%()a. 6. The nanoparticul ate

di sper siless than teyTanéoras nen-aaneparticelgtegcrolimys horadasionoadmigistagedc @t the same
signifi gﬁng Iey di fferent absorption | evels when adm ni stered under fed as
conpare P

20. The nanoparticulate dispersion of claim 19, wherein the T is selected from the
group consisting of not greater than about 90%, not greater than about 80%, not greater than
about 70%, not greater than about 60%, not greater than about 50%, not greater than about 30%,
not greater than about 25%, not greater than about 20%, not greater than about 15%, not greater
than about 10%, and not greater than about 5% of the Ty« exhibited by a non-nanoparticulate

tacrolimus formulation, administered at the same dosage.

21.  The nanoparticulate dispersion of claim 19, wherein the nanoparticulate
dispersion exhibits a Tmax selected from the group consisting of less than about 6 hours, less than
about 5 hours, less than about 4 hours, less than about 3 hours, less than about 2 hours, less than

about 1 hour, and less than about 30 minutes after administration to fasting subjects.

22.  The nanoparticulate dispersion of any one of claims 1 to 21, wherein the Cy,y of

the tacrolimus, when assayed in the plasma of a mammalian subject following administration, is
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fasting conditions. 73 27. The nanoparticul ate di spersion of claim 26,
wherein the difference in absorption of the tacrolinms conposition of the
i nvention, when adnministered in the fed versus the fasted state, is
selected fromthe group consisting of |ess than about 100% | ess than about
90% | ess than about 80% |ess than about 70% |ess than about 60% | ess

t han about 50% | ess than about 40% |ess than about 30% | ess than about
25% | ess than about 20% |ess than about 15% |ess than about 10% | ess

t han about 5% and | ess than about 3% 28. The nanoparticul ate di spersion of
any one of clains | to 27, wherein admnistration of the conposition to a
human i igreatdr alzinable €1,atfer 4 Sorbhawgartivalhtenicrdlimadistmilatiorg administatd btthe same
conposition to a subject in a fed state. 29. The nanoparticul ate di spersion
of cl ai #P%8E wherein " bi oequi val ency" is established by (a) a 90%

Confi dence Interval of between 0.80 and 1.25 for both Crax and AUC, or (b)

a 90% Confi degce irpt ﬁ&ﬁ@hai@ﬁla&e&%&%r@of&@aiﬁ@ Whérid @k AYGsaadciad R0 the
Confi dence Interval of between 70 to 1.43 for Cm-. 30. Use of a

conposi tgram cosisting ofgt feastabpubYeodt ledshalmait 100%, @dedsoabaub 300Pknatfleast shost of a
di . 31 Th L ai.m,30. £or, facturi di |
The. or opRbtexat teast MBpliEfoolh, ot (SChaDly SPss R iIbtsh 8o o0hyg o RGBSR Mot g ' "

wher ei N |3 abloB8C0DYA, AH fea St ABBGTIODYH) Bt lesst BHYUR 11 000%, Q@ 1t abaidl 108%, leasuhiued t o
provi de cont rolled rel ease of tacrolinus in vivo such tohat nglc% a single
dosage pépr0%gatJeastabontyiiG0&e af lvaskebprtali4A0%onetlegst shaut 1110560t daptcabaut 1900 Bns of
tacroli oo i 0 | 4 RQypLA r 1Sl
cont act fwngeaﬁtg%quﬁ\llzgéyoofgt %é%;%spﬁggﬁ)vé’?ﬁ%tk%?gﬁone S/(Elg agfgqg%ﬁa h?l? er for
a tine ashibitedley a nanaidopantisulateffbinailivn df tacrglinas] astimiaistenadt althenameciosgpesi ti on
having an effective average particle size of |less than about 2000 nm 74
34. The methqg of gl ol ieu AT Sleri S 39 2h 25k o PP SRee 120G or et
the tacrolimus, when assayed in the plasma of a mammalian subject following administration, is
greater than the AUC for a non-nanoparticulate tacrolimus formulation, administered at the same

dosage.

25.  The nanoparticulate dispersion of claim 24, wherein the AUC is selected from the
group consisting of at least about 25%, at least about 50%, at least about 75%, at least about
100%, at least about 125%, at least about 150%, at least about 175%, at least about 200%, at
least about 225%, at least about 250%, at least about 275%, at least about 300%, at least about
350%, at least about 400%, at least about 450%, at least about 500%, at least about 550%, at
least about 600%, at least about 750%, at least about 700%, at least about 750%, at least about
800%, at least about 850%, at least about 900%, at least about 950%, at least about 1000%, at
least about 1050%, at least about 1100%, at least about 1150%, or at least about 1200% greater
than the AUC exhibited by the non-nanoparticulate formulation of tacrolimus, administered at

the same dosage.

26.  The nanoparticulate dispersion of any one of claims 1 to 25, which does not
produce significantly different absorption levels when administered under fed as compared to

fasting conditions.
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29.  The nanoparticulate dispersion of claim 28, wherein “bioequivalency” is
established by (a) a 90% Confidence Interval of between 0.80 and 1.25 for both C,,,x and AUC;
or (b) a 90% Confidence Interval of between 0.80 and 1.25 for AUC and a 90% Confidence
Interval of between 0.70 to 1.43 for Cpax.

30.  Use of a composition according to any one of claims 1 to 29 for the manufacture

of a medicament.

31.  The use of claim 30 for manufacturing a medicament useful in the prophylactic

treatment of organ rejection.

32.  The use of claim 31, wherein the tacrolimus composition is enteric coated, and is
formulated to provide controlled release of tacrolimus in vivo such that only a single dosage per

day is required to maintain therapeutic blood concentrations of tacrolimus.

33. A method of making a tacrolimus composition comprising contacting particles of
tacrolimus with at least one surface stabilizer for a time and under conditions sufficient to
provide a tacrolimus composition having an effective average particle size of less than about

2000 nm.
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34, The method of claim 33, wherein the contacting comprises grinding, wet

grinding, homogenizing, or precipitation.

35.  The method of any one of claims 33 or 34, wherein the effective average particle
size of the tacrolimus particles is selected from the group consisting of less than about 1900 nm,
less than about 1800 nm, less than about 1700 nm, less than about 1600 nm, less than about 1500
nm, less than about 1000 nm, less than about 1400 nm, less than about 1300 nm, less than about
1200 nm, less than about 1100 nm, less than about 900 nm, less than about 800 nm, less than
about 700 nm, less than about 650 nm, less than about 600 nm, less than about 550 nm, less than
about 500 nm, less than about 450 nm, less than about 400 nm, less than about 350 nm, less than
about 300 nm, less than about 250 nm, less than about 200 nm, less than about 150 nm, less than

about 100 nm, less than about 75 nm, and less than about 50 nm.
36. A method for making a nanoparticulate tacrolimus dispersion comprising:

(a)  dispersing tacrolimus in a liquid dispersion medium in which tacrolimus is poorly

soluble; and

(b)  reducing the particle size of tacrolimus to an effective average particle size of less

than about 2000 nm,
wherein at least one surface stabilizer is added before, during, or after step (b).

37.  The method of claim 36, wherein step (b) comprises ball milling, media milling,

homogenization, or any combination thereof.

38.  The method of claim 36, wherein the liquid dispersion medium is selected from
the group consisting of water, safflower oil, t-butanol, glycerin, polyethylene glycol, hexane and

glycol.

39.  The nanoparticulate dispersion of claim 1, wherein the liquid dispersion medium
is selected from the group consisting of water, safflower oil, t-butanol, glycerin, polyethylene

glycol, hexane and glycol.
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