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technologies for developing customized solutions for drug delivery systems. The drug
20 delivery systems should positively impact the rate of absorption, distribution, metabolism, and

excretion of the drug or other related chemical substances in the body. In addition, the drug

delivery system should allow the drug to bind to its target receptor and influence that

receptor’s signaling and activity. Drug delivery materials should be compatible, easy to bind

with a particular drug, and able to degrade into fragments after use that are either metabolized
25  ordriven out via normal excretory routes.

A different approach is to produce the active ingredient (API) in nanoparticulate form.

Nanoparticle and micron sized particle compositions are described, for example, in US
20080058399, WO 2008030161 and US 20060165806.

The API nanoparticles can be made using, for example, milling, homogenization,

30 precipitation techniques, or supercritical fluid techniques, as is known in the art. Methods of
making nanoparticulate compositions are also described in US 5,718,388, US 5,862,999, US
5,665,331, US 5,543,133, US 5,534,270.



Candesartan Cilexetil is a white to off-white powder with a nol ecul ar

wei ght of 610.67. It is practically insoluble in water and sparingly
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16-ng, and 32-ng tablets as a col orant. Pharnmacol ogi cal Properties
Candesartan Cilexetil is rapidly and nl et el y bioactivated by ester
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Candesartan, a selective ATl subfypé,afigietensin Il receptor antagonist.
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net abolite. The elimnation e of Canggsartan 1s approximately 9
hours. After single and repsg Txadm ni stration, the pharnmacoki netics of
Candesartan is linear for doses up to 32 ng of Candesartan Cilexetil
Candesartan and its inactive¥metabolite do not accumulate in serum upon
repeat ed once-daily dosing. Foll owi ng adm ni stration of Candesartan
Cilexetil, the absol ute bioavai lgahi LI ndesartan was estimated to be
15% After tablet ingestion, thg%%%gb&%gaLiégoncentration (Crex) is reached
after 3 to 4 hours. Food with a high fat content does not affect the

bi oavail ability of Candesartan after Candesartan C |l exetil adm nistration
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Candesartan Cilexetil is available for oral use as tablets containing either 4 mg, 8 mg, 16 mg,

15 or 32 mg of Candesartan Cilexetil and the following inactive ingredients: hydroxypropyl
cellulose, polyethylene glycol, lactose, corn starch, carboxymethylcellulose calcium, and
magnesium stearate. Ferric oxide (reddish brown) is added to the 8-mg, 16-mg, and 32-mg
tablets as a colorant.

Pharmacological Properties

20 Candesartan Cilexetil is rapidly and completely bioactivated by ester hydrolysis during
absorption from the gastrointestinal tract to Candesartan, a selective AT1 subtype angiotensin
II receptor antagonist. Candesartan is mainly excreted unchanged in urine and feces (via bile).
It undergoes minor hepatic metabolism by O-deethylation to an inactive metabolite. The
elimination half-life of Candesartan is approximately 9 hours. After single and repeated

25  administration, the pharmacokinetics of Candesartan is linear for oral doses up to 32 mg of
Candesartan Cilexetil. Candesartan and its inactive metabolite do not accumulate in serum
upon repeated once-daily dosing.



pl asma proteins (> 99% and does not penetrate red blood cells. The protein
bi nding is constant at Candesartan plasma concentrations well above the
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39 of 1106) of patients treated with placebo.

The most common reasons for discontinuation of therapy with Candesartan Cilexetil were
25  headache (0.6%) and dizziness (0.3%).

The adverse events that occurred in placebo-controlled clinical trials in at least 1% of patients

treated with Candesartan Cilexetil and at a higher incidence in Candesartan Cilexetil (n =

2350) than placebo (n = 1027) patients included back pain (3% vs. 2%), dizziness (4% vs.

3%), upper respiratory tract infection (6% vs. 4%), pharyngitis (2% vs. 1%), and rhinitis (2%
30  vs.1%).

Because of the insolubility of Candesartan and Candesartan Cilexetil in water and the low
bioavailability, there is a need in the art to enhance the lipophilicity / bioavailability /
increase the absorption / reduce the side effect / decrease the dosage / faster onset of
action, in order to overcome the problems associated with prior conventional Candesartan
35  Cilexetil formulations. Moreover, these problems can be solved by surface modification to
decrease the first pass effect or modify the metabolism of Candesartan Cilexetil. Beside the
traditional formulation of Candesartan Cilexe;il, the transdermal application could decrease
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In the composition of the invention the average particle size of Candesartan or its
pharmaceutically acceptable ester, preferable Candesartan Cilexetil, or co-crystal is between
500 nm and 50 nm.

25 In the composition of the invention: (a) the Candesartan or its pharmaceutically acceptable
ester, preferable Candesartan Cilexetil, or co-crystal 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
Candesartan or its pharmaceutically acceptable ester, preferable Candesartan Cilexetil, or co-

30 crystal and at least one stabilizer, not including other excipients; (b) the stabilizer is present in
an amount selected from the group consisting of from about 0.5% to about 99.999% by
weight, from about 5.0% to about 99.9% by weight, and from about 10% to about 99.5% by
weight, based on the total combined dry weight of the Candesartan or its pharmaceutically
acceptable ester, preferable Candesartan Cilexetil, or co-crystal and at least one stabilizer, not

35 including other excipients; or (c) a combination of (a) and (b).
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tured Candesart an
30 Examples of useful ionic stabilizers include, but are not limited to polymers, biopolymers,
polysaccharides, cellulosic, alginates, phospholipids, and nonpolymeric compounds, such as
zwitterionic stabilizers, poly-n-methylpyridinium, anthryul pyridinium chloride, cationic
phospholipids, chitosan, polylysine, polyvinylimidazole, polybrene, polymethylmethacrylate
trimethylammoniumbromide ~ bromide (PMMTMARBY), benzalkonium chloride,
35  hexadecyltrimethylammonium bromide, hexyldesyltrimethylammonium bromide (HDMAB),
and poly(vinylpyrrolidone)-2-dimethylaminoethyl methacrylate dimethyl sulfate.

Advantages of the composition of the invention include, but are not limited to: (1) smaller
tablet or other solid dosage form size and beneficial transdermal/topical application; (2) lower
doses of drug required to obtain the same pharmacological effect as compared to conventional
40 forms of Candesartan Cilexetil; (3) increased bioavailability as compared to conventional
forms of Candesartan Cilexetil; (4) improved pharmacokinetic profiles; (5) an increased rate
of dissolution for Candesartan or Candesartarg Cilexetil nanoparticles as compared to
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25  optionally comprising one or more stabilizers and if desired a pharmaceutically acceptable

acid or base and (3) precipitating the formulation from step (2).

As solvents (a) two different solvents miscible with each other, where is soluble only in one
of them may be used, or (b) the same solvent may be used in the two steps, where

30 Candesartan or its pharmaceutically acceptable ester, preferable Candesartan Cilexetil
nanostructured particles, practically, with the restriction that the applied stabilizer(s) is
soluble in the solvents used.

Such solvents may be dimethyl-sufloxide, ethanol, i-propanol, tetrahydrofuran, acetone,
methanol, pyridine, preferably. '

35  The particle size of the nanoparticulate Candesartan or its pharmaceutically acceptable ester,
preferable Candesartan Cilexetil, or co-crystal can be influenced by the solvents used, the
flow rate and the Candesartan or its pharmaceutically acceptable ester, preferable Candesartan
Cilexetil, or co-crystal — stabilizer ratio.
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30 dispersion to form a granulation. Such granules can subsequently be filled into capsules or be

compressed into tablets. Alternatively, thfough layering of the dispersion onto e.g. sugar-

pellets as carriers in a fluidized bed a solid form for nanoparticles can be. These ways of
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35 form.

Compositions suitable for parenteral injection may comprise physiologically acceptable
sterile aqueous or nonaqueous solutions, dispersions, suspensions or emulsions, and sterile
powders for reconstitution into sterile injectable solutions or dispersions. Examples of suitable
aqueous and nonaqueous carriers, diluents, solvents, or vehicles including water, ethanol,
40 polyols (propyleneglycol, polyethylene-glycol,_7 glycerol, and the like), suitable mixtures
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The pharmaceutical compositions of the invention show enhanced lipophilicity/

30 bioavailability / increased absorption and dissolution rate / reduced side effect /

- decreased dosage / faster onset of action as compared to conventional Candesartan Cilexetil
form.

The present invention is also directed to methods of treatment of hypertension using the novel
Candesartan and Candesartan Cilexetil nanoparticles disclosed herein.

35 A. Preferred Characteristics of the Candesartan and Candesartan Cilexetil
nanoparticles of the invention

1. Increased Bioavailability
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25  minutes after the treatment. Serum samples were prepared by centrifugation (7000 rpm, 10
min, 4 °C) of the clotted blood within 60 minutes and were stored at —20 °C till analysis.

Sample preparation

An aliquot of 200 pl serum was combined with 20 pl of internal standard working solution
and 1.2 ml methanol for protein precipitation. The mixture was vortexed for 1 min and

30  centrifuged at 12000 rpm for 10 min at 4 °C. The supernatants were evaporated to dryness
under a stream of nitrogen at 40 °C and reconstituted with 200 ul of water — methanol (50:50
v/v) and 20 pl was injected into the HPLC system. Serum Candesartan concentrations were
determined using a standard curve set up from Candesartan prepared from Candesartan
Cilexetil by enzymatic hydrolysis.

35  Statistical analysis

Statistical analysis and graph drawing were carried out be GraphPad Prism 4.0 (GraphPad
Software, San Diego, USA).
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The nanoparticulate Candesartan and Candesartan Cilexetil compositions of the invention

25  have increased solubility and dissolution profile due to the decreased particles size and unique
nanostructured particle formation. Rapid dissolution of an administered active agent is
preferable, as faster dissolution generally leads to faster onset of action and greater
bioavailability.

Exaple 2:
30  Experimental protocol

Determination of solubility (Cpay)

The solubility of nanostructured Candesartan Cilexetil compared to the reference APl was
determined in distillate water by UV-VIS measurements (Agilent 8453) at 254 nm
wavelength and room temperature. The redispersed sample was filtered by 0.20 pm

35  disposable syringe filter. In order to check the nanoparticle presence in the solution, it was
irradiated by red laser pointer operating at 670 nm wavelength. If no scattering was observed
the filtration was successful, the solution did not contain nanoparticles.

10
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to det epplehpinkhin sACUDI I ity of the nanostructured Candesartan Gl exetil.
The particle size of “f he redi spersed nanostructured Candesartan Ci | exeti l

was 479,nm by .i.nt.ensi.t ; A i he d
150 vos AP VEOS) Lo RBASHRIFLRRE AL AR, IDBATHISI, BAREQURusT
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was 0. 483é&etitvat 4TFnoubnein®nsitybased @avérage 8ul 423 hinthy mmiexivcaeege. Bie d (90)
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redi spergihj.l i o) r ! i f nple 6, nore
{han 2o o SR Ei St frCRERR AP0 SESEHTIL, (BiBBTEY G, O\ olVes
i medi ately upon the redispersion. Wthin,.10 m nutes the solution

cont ai %yet%éso‘ﬁ%l&}ng’ gﬁ&h%é@%f%&‘%é?ﬁ cles reaches its saturated
state, the dissolved Candesartan Cilexetil content is 0.4836 ng / nlL which
i s ¥ aCouparative distadutiantesti t h the solubility of nanostructured Candesartan

Clexetil (Figure 3.). The reference Candesartan Cilexetil content in
di sti | | Bde vatherinstamagdoub eedigteasibibty dfindovstiicBirasandesafary Cilexdil of €zamppleat i ve

di ssol ugi pRrd &&in 95 9L RO (CandeNRas A ASRCIcoRkAL of B LoRFISHbh UgikdoI R
Candesart an i%eigexe

ti] 3..lncrea .selubi | ity by, anor rtl.
cr yst al Ve rgé’f‘é#‘.‘? PR ROPR ) Wb e R PRl BETddpersed
nanopar Banegireptere &y treaches jisx satimptedo s ithe gtissobredt Gandesarian Calgxetil
20 content is 0.4836 mg / mL which is in a good correlation with the solubility of nanostructured

Candesartan Cilexetil (Figure 3.).

The reference Candesartan Cilexetil content in distilled water cannot be detected by UV-VIS
method.

Figure 3.: Comparative dissolution test of reference Candesartan Cilexetil and nanostructured
25  Candesartan Cilexetil

3. Increased solubility by amorphous /partly crystalline / crystalline / polymorph / co-crystal
state of the nanoparticulate Candesartan Cilexetil compositions of the invention

The chemical stability of solid drugs is affected by the crystalline state of the drug. Many
drug substances exhibit polymorphism. Each crystalline state has different chemical

30 reactivity. The stability of drugs in their amorphous form is generally lower than that of drugs
in their crystalline form, because of the higher free-energy level of the amorphous state.

Decreased chemical stability of solid drugs brought about by mechanical stresses such as
grinding is to a change in crystalline state.

11



The chem cal stability of solid drugs is affected by the crystalline state
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manni t of ,Reat é&ﬁﬁlnﬁfa mffhe n&NEpdrBBIIGIRET EdidridnyCBdxe AR QSAPOSRIOMS BFthe
Candesa,rtglz | exe er was performed by dispersing 5 ng nanosized
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seen in Figure 6. Figure 5: Instantaneous redispersibility of

nanost rﬁﬁlﬂﬁﬁq.Candesartan Clexetil in distilled

The redispersibility of nanostructured Candesartan Cilexetil powder was performed by
dispersing 5 mg nanosized Candesartan Cilexetil powder in 5 mL distilled water. Following

25  the distilled water addition to the solid nanostructured powder, the vial was gentle shaken by
hand resulting colloid dispersion of nanostructured Candesartan Cilexetil particles as it is
demonstrated in Figure 5. The particle size and size distribution of the redispersed particles
can be seen in Figure 6.

Figure 5: Instantaneous redispersibility of nanostructured Candesartan Cilexetil in distilled
30  water

Figure 6: Size and size distribution of the Candesartan Cilexetil nanoparticles before and after
the redispersion

35 5. Enhanced lipophilicity to increase the absorption and permeability profiles of the
nanoparticulate Candesartan Cilexetil compositions of the invention

Due to the phospholipidic nature of cell membranes, a certain degree of lipophilicity is
oftentimes a requirement for the drug compoluznd, not only to be absorbed through the
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pol oxandegredPbfihypdrophiREy causes faster surface wetting and faster dissolution compared to the

25 original crystalline form. This advanced property of the Candesartan and Candesartan

Cilexetil nanoparticles of the present invention is supported by the results of the

- redispersibility test (See in Figure in 4). Due to the bigger surface, the polymorph character of

the nanoparticles and the hydrophilic groups of the stabilizer(s) (e.g.: poloxamer- Pluronic PE
10500) the surface wetting is faster than the crystalline form’s. -

30 B. Compositions

The invention provides nanosized Candesartan and Candesartan Cilexetil nanostructured
particle formations comprising at least one stabilizer to stabilize them sterically and/or
electrostatically.

The stabilizers preferably are associated or interacted with the Candesartan and Candesartan
35 Cilexetil, but do not chemically react with the Candesartan and Candesartan Cilexetil or
themselves.

The nanoparticles of Candesartan and Candesartan Cilexetil of the invention can be formed
by solvent-antisolvent precipitation methods ulsi3ng stabilizer(s). The stability of the prepared
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can be wideaiasgd by changing the flow rates; pressure and the types of the stabilizers (see Flg 7.).

25  The particles size and size distribution of the Candesartan Cilexetil particles can be precisely

controlled by the flow rates as it is show in Fig. 8. The particles size of the Candesartan
Cilexetil particle was 162 nm in the best case.

Figure 7: Particle size and size distribution of Candesartan Cilexetil nanoparticles using
different stabilizers

30  Figure 8: Effect of the flow rates on the particle size and size distribution of Candesartan
Cilexetil nanoparticles

Example 6:

During the experiments Candesartan Cilexetil nanoparticles were prepared in a microfluidic
based continuous flow reactor. As a starting solution, 200 mg Candesartan Cilexetil and 600
35 mg poly(vinylpyrrolidone) (PVP10) dissolved in 100 mL ethanol was used. The prepared
solution was passed into the reactor unit with 2 mL/min flow rate using a feeding unit.
Meanwhile, using a second feeding unit, 0.05% sodium acetate dissolved in distilled water
was passed into a mixing unit with 8 mL/min {li)w rate, where it was mixed with the solution



controlled by the flowrates as it is showin Fig. 8. The particles size of
the Candesartan Cilexetil particle was 162 nmin the best case. Figure 7:
Particl e wDze10anessi ze di stribution of Candesartan Gl exretriHUznﬂ]mmti cles

using different stabi re 8. FEf of the flowrates
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the stabilizers. The particles size and size distribution of the
Candesa EL2d fd4.exetil particles can be controlled by the flowrates as it
is show n E g. 9. The particles size of the Candesartan Cilexetil particle
was 406 yrun in t t case re 9: Effect of the flow
rates ofi® ?‘?féaﬁ‘é’f P}i’e’ gﬂ?@%ﬂ@%i"ff@ﬂfﬁ?f@wr‘ '°8f Candesartan Cil exetl I
nan articles Table L: Effect on the flow rates on the particle size
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as-synt hesi zed by the nmethod described in exanple 6. Clains 1.)
Nanostructured Candesartan, its pharmaceutically acceptable esters,
preferably Candesartan Cilexetil and co-crystals having an average particle
size of less than about 500 nm 2.) Nanostructured Candesartan, its
pharmaceutically acceptable esters, preferably Candesartan Cilexetil and
co-Atystals according to claim1 wherein the average particle
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size is between 500 nmand 50 nm 3.) Nanostructured Candesartan, according
to claiml1l wherein the average particle size is between 500 nm and 50 nm
4.) NanoswouotwmreshCandesartan esters, preferably Candegamrtmreo/doexat i |
according to claim1l wherein the av {ég’%@ particle size is between 500 nm
and 50 nm 5.) A stable nanostructur rrpositi on conprising: (a)
nanostructured Candesartan or its pharmaceutically acceptabl e est
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si ze of twbdPshA R Yha 36 m and (b) at |east one stabilizer, wherein
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bet ween5.» QY stubl eazahoStucured Gothpdsitdorcamgmsing: on accordi ng to clains 6-10,
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sel ected fromt I r u ()
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consi st §.ngAGtable euiosthatired coMpdsitiGbavcbrdng; ©IWHmid,, cumipgising: f r om about 5. 0%
to about 99.9% by weight, and from about 10% to about 99.5% by wei ght,

based on theg) panostructured Candesartan or its pharmaceutically acceptable ester, preferable
Candesartan Cilexetil, or co-crystal having an average particle size of less than
20 about 500 nm; and

(b) at least one stabilizer,
wherein the composition is prepared in a continuous flow reactor.
7.) A stable nanostructured composition according to claim 4., comprising:

(a) nanostructured Candesartan or its pharmaceutically acceptable ester, preferable
25 Candesartan Cilexetil, or co-crystal having an average particle size of less than
about 500 nm; and

(b) at least one stabilizer,
wherein the composition is prepared in a microfluidic based continuous flow reactor.

8.) A composition according to claims 6-8, comprising nanostructured Candesartan having
30 an average particle size between 500 nm and 50 nm.

9.) A composition according to claims 6-8, comprising nanostructured Candesartan Cilexetil
having an average particle size between 5001161m and 50 nm.
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30 (1,1,3,3 -tetramethylbutyl)-phenol polymer with ethylene oxide and formaldehyde,

poloxamers; poloxamines, which is a tetrafunctional block copolymer derived from

sequential addition of propylene oxide and ethylene oxide to ethylenediamine; PEG-

phospholipid, PEG-cholesterol, PEG-cholesterol derivative, PEG-vitamin A, PEG-

vitamin E, lysozyme, poly(2-ethyl-2-oxazoline), poly(methyl vinyl ether), random
35 copolymers of vinyl pyrrolidone and vinyl acetate.

13.) The composition of claims 1-13, comprising as additional stabilizer hydroxyl-propyl-

cellulose derivatives, any other stabilizers, preferably combination of two stabilizers of

Claim 9 and/or lauryl trimethyl ammonium chloride, alkylbenzyl methyl ammonium

40 chloride, alkylbenzyl dimethy lammonium bromide, benzyl trimethyl ammonium
bromide, benzalkonium chloride, hexadecyltrimethylammonium bromide.

14.) Process for the preparation of nanostructured Candesartan or its pharmaceutically
acceptable ester, preferable Candesartan Cilexetil, or co-crystal according to claims 1 to
45 14, comprising precipitating nanostru(itgilred Candesartan or its pharmaceutically
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20.) The pharmaceutical composition of claim 20, wherein the composition is formulated: (a)
for administration selected from the group consisting of oral, pulmonary, rectal, colonic,
parenteral, intracisternal, intravaginal, intraperitoneal, ocular, otic, local, buccal, nasal,

35 and topical administration; (b) into a dosage form selected from the group consisting of
liquid dispersions, gels, aerosols, ointments, creams, lyophilized formulations, tablets,
capsules; (c) into a dosage form selected from the group consisting of controlled release
formulations, fast melt formulations, delayed release formulations, extended release
formulations, pulsatile release formulations, and mixed immediate release and controlled

40 release formulations; or (d) any combination of (a), (b), and (c).

21.) A method of treating a subject in need by administering to the subject an effective
amount of nanostructured Candesartan or its pharmaceutically acceptable ester,
preferable Candesartan Cilexetil, or co-crystal of claims 1 -19.
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23.) Use of nanostructured Candesartan or its pharmaceutically acceptable
ester, preferable Candesartan Cilexetil, or co-crystal of clains 1-19 with
a sol ubi IwWOyosr14bast about 0.4836 ng/m in water for decrfﬂﬁszi)ng)ot)we dosage
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26.) Use of nanostructured Candesartan or its pharmaceutically acceptable ester, preferable
Candesartan Cilexetil, or co-crystal of claims 1-19 having increased absorption in human
gastrointestinal tract for decreasing the dosage used in the treatment of hypertension.

20 27.)Use of nanostructured Candesartan or its pharmaceutically acceptable ester, preferable
Candesartan Cilexetil, or co-crystal of claims 1-19 having faster onset of action in
decreased dosage in the treatment of hypertension.

28.) Use of nanostructured Candesartan or its pharmaceutically acceptable ester, preferable

25 Candesartan Cilexetil, or co-crystal of claims 1-19 having decreased variability in
decreased dosage in the treatment of hypertension.
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