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PROVISIONAL SPECIFICATION 

Invention Title: A Novel Formulation of Diclofenac 

The invention is described in the followin~ statement: 

1 . 

P/00/009 28/5/91 
Regulation 3.2 

Page 3



2 

A Novel Formulation of Diclofenac 

Field of the Invention 

The present invention relates to methods for producing particles of diclofenac using dry 

milling processes ~s well as compositio.ns ·comprising diclofenac, medicaments produced 

using diclofenac in particulate form and/or compositions, and to methods of treatment of an 

animal, including man, ·using a therapeutically effective amount of diclofenac administered by 

way of said ·medicaments. 

Backgr.ound 

Poor bioavail~bility is a significant problem encountered in the development of compositions 

in the therapeutic, cosmetic, agric_ultural and food industries, particularly those n:iaterials 

containing a biologically active material that is poorly solu~le in water at physiological pH. 

An active material's bioavailability is the degree to which the active material becomes 
' . 

available to the target tissue ·in the body or other medium after systemic administration 

through, for example, oral or intravenous means. Many factors affect bioavailability, 

including the form of dosage and the solubility and dissolution rate of the active material. 
~ . . . 

In therapeutic applications, poorly and slowly water-soluble materials tend ·to be eliminated 

from the gast~ointestinal tract before being absorbed into the circulation. In addition,. poorly 
. . 

soluble active agents tend to be disfavored or even unsafe for intravenous administration. 

due to the risk of particles of agent blocking blood flow through capillaries. 

It is known that the rate of dissolution of a particulate drug will increase with increasing 

surface area. One way of increasing surface area is dec'reasing · particle· size. 

Consequently, methods of making finely divided ~r sized drugs have been studied with a 

view to controlling the size and size range of drug particles for pharmaceutical compositions. 

For example, dry milling techniques ha~e been used to reduce particle size · and hence 

influence drug absorption. However, ' in conventional dry milling the limit of fineness is 

reached generally in the region of about 100 microns (100,000 nm), at which point material 

cakes on the milling chamber and prevents any further diminution of particle size. 

Alternatively, wet gri~ding may ~e employed to reduce particle size, but flocculation restricts 

the lower particle size limit to approximately ·1Q microns (10.,000 nm). .The wet mil.ling 

process, however, is prone to contamination, thereby leading to a bias in the pharmayeutical 

art against wet milling. Another alternative milling technique,· commercial airjet milling, has 

provided particles ranging in average size from as l~w as about 1 to about ~O microns 

(1,000-50·,ooo nm). 

: 
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Th~re are several approaches currently used to formulate poorly soluble active agents. One 

approach is to prepare the active agent a~ a sol~ble salt.. Where this approach cannot be 

. employed, alternate (usually physical) approaches are employed to improve the solubility of 

the active agent. Alternate approaches generally subject the active agent to physical . . 
conditions .th.at change the agent's physical and or chemical prop~rties to improve its 

. . 
solubility. These include process technologies such as micronization, modification of crystal 

or polymorphic structure, ·development of oil based solutions, use of co-solvents, surface 

stabilizers or complexing agents, micro-emulsions, supercritical fluid and production c;>f solid 

dispersions or solutions. More than one of these proces~es may be used in combination to 

improve formulation of a particular therapeutic material,. Many of these approaches 

commonly convert a drug into an amorphous state-, which generally leads to a·· higher 

dissolution rate. However, formulation approaches · that . result in the production of 

amorphous material are not common in commercial formulations due to Concerns relating to 

stability and the potential for material to re-crystallize. 

These techniques for preparing such pharmaceutical compositions tend to be complex .. By 

way of example, a principal technical difficulty encountered ·with emulsion polymerization is 

the removal of contaminants, such as unreacted ryionomers or initiators (which may have 

undesirable levels of toxicity), at the end of the manufacturing process. 

Another method of providing reduced particle size is the formation of pharmaceutical drug 

microcapsules, which techniques include . micronizing, polymerisation and co-dispersion. . . 
However, these· techniques suffer from a number of disadvantages including at least the 

inability tO produce sufficiently small particles such as· those obtained by milling, and the 

presence of co-solvents and/or contaminants such as toxic monomers which are difficult to 

remove, leading to expen~ive _manufacturing processes. 

Over the last decade, iritt::nse scientific investigation has been· carried out to improve the 

solubility' of active agents by converting the agents to ultra fine powders by methods sych as 

milling and grinding. These techniques may be used to increase the dissolution rate of a 

particulate solid by increasing the overall surface area and decreasing the. mean particle 

size. 

US · Patent 6,634,576 discloses examples of wet-milling a solid . substrate, such as a 

pharmaceutically active compound, to produce a usynergetic ~-mixture". . . . . 
International P~tent Application PCT/AU2005/001977 (Nanoparticle Composition(s) and 

Method for Synthesis Thereof) describes, inter alia, a method comprising the step of 

contacting a precursor compou.nd with a co-reactant under mechanochemical synthesis 

· conditions wherei~ a solid-state chemical reaction between the precursor compound and the 

co-reactant produces therapeutically active nanoparticles dispersed in a carrier matrix. 

Mechanochemical synthesis, as discussed in · International Patent Application 
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PCT/AU2005/001977, refers to the use of mechanical energy to activate, initiate or promote 

a chemical ·reaction, a crystal structure transformation or a phase change in a material or a 
. . 

mixture of materials, for example by agitating a reaction mixture in the presence of. a milling 

media to transfer mechanical energy to the reaction mixture, and includes without limitation · 

"mechanochem.ical · activation", "mechanochemical processing", "reactive milling", . and 

related processes. 

International Patent Application PCT/AU2007/000910 (Methods for the preparation of 

biologically active compounds in nanoparticulate form) describes, inter a/ia, a method for dry 

milling raloxife~e ~ith lactose and NaCl which produce~ nanoparticulate raloxifene without 

significant aggregation problems. 

One limitation of many of the prior art processes is that they are not suitable for commercial . . 
scale milling. The present invention provides methods for overcoming the protitems identified 

by the prior art by providing a milling process which provides· particles with increased surface 

area, yet can also be scaled up to a commercial scale. 

One example of a therapeutic area where this technology could be applied in is the area of 

acute pain management. Many pain· medications such a~ diclofenac are ·commonly 

prescribed as pain relief for chronic pain. As a result they are commonly taken on a da.ily . . . . 
basis to _maintai~ an effective therapeutic level. Diclofena·c is a poorly water so~uble drug so 

'dissolution and absorbtion to the b"ody is slow. So a method such as the present invention 

which provides for improved dissolution, wili likely provi~e much faster absorption resulti~g in 

a more rapid onset of 'the therapeutic effect. By using. a method such as the present 

invention, which provides faster absorption, a drug such as diClofen~c. could be used more 

readily to treat acute pain as well as chronic pain. 

Although the background to the present invention is discussed in the context of improving 

. 'the bioavailability of materials that are poorly or slowly water solub!e, the applications of the 

methods of the present invention are not limited to such, as is evident from the following· 

description of the invention. 

Further, although th~ background to the present invention is large.ly discussed in the context 

of improving the bioavailability of therapeutic or pharmaceutical compounds, the appl!cations 

.of the methods of the present invention are clearly not.limited to such. For example, as is 

evident from the following description, applications of the methods of'the present invention 

include but are not limited to: nutraceutical and nutritional compounds, complementary 

medicinal compounds, veterinary therapeutic applications and agricultural .ch~mic~I 

applicatlons, such as pesticide; fungicide or herbicide. 

Furthermore an application of the current invention would be to materials which contain a 

biologically active compound such as, but not limited to a therapeutic or pharmaceutical 

compound, a nutraceutical or nutrient. a complementary medicinal product such as active 

...___ ______________________ , ... -···-
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components in plant or other natu~lly occurring material, a veterinary ther~peutic comp~und 

or an agricultural compound such as a pesticide, fungicide 9r herbicide. Specific examples 

wo.1,Jld be the spice turmeric that cont~ins .the active compound curcumin, or flax seed thaf 

contains the nutrient ALA an omega 3 fatty acid. As these· specific examples indicate this 

invention could be applied to, but not limited to, a range of natural products such as seeds, 

cocoa and cocoa solids, coffee, herbs, spices, other plant materials. or food materials that 

contain a biologically active compound. The application of this invention to these types of 

materials would enable greater. availability of the active compound in the materials when 

used in the relevant application. For example where material subject to this invention is 

orally ingested the active would be more bioavailable. 

Summary of the Invention 

In one aspect the present in'-'.entlon is directed to the unexpected finding that particles of a 

biologically active·material can be produced by dry milling processes at commercial scale. In 

one surprising aspect the particle size produced by the process is equal to or less than 

2000nm. In a.nother surprising aspect the particle size produced by the process is equal to or 

less than 1000nm. In another su.rprising aspect the crystallinity. of the active material is 

unchanged or not substantially changed. In a preferred embodiment the present invention is · 

directed to the unexpected· finding that particles of didofenac can be produced by dry milling 

processes at commercial scale. · 

Thus in a first aspect the invention comprises a method producing a composition, co~prising 

the steps of dry. milling a solid bi<;>logically active material and a millable grinding matrix in a 

mill comprising a plurality of milling bodies, (or a time period sufficient to produce particles of 

the biologically active material .dispersed in an at least partially milled grinding material. 

In one preferred embodiment, the average particle size, determ.ined on a particle number 

·basis, is equal to or less .than a size selected from the group 2000 nm, ·1900 nm, 1800nm, 
. . 

1700nm, 1600nm, 1500nm, 1400nm, 1300nm,-1200 nm, 1100nm, 1000nm, 900nm, 800nm. 

700nm, 600nm. 500nm. 400 nm, 300nm, 200nm and 100 nm. Preferably. the average 

. particle size is equal to or greater than 25nm. 

In another preferred embodiment. the particles have a median particle size, determined on a 

parti~le volume .basis, equal or less than a size selected from _the group 2000 nm, 1900 nm, 

1800nm, 1700nm, 1600nm, 1500nm, 1400nm, 1300nm, 1200 nm, 1100nm, 1000nm, 

900nm, BOOnm, 700nm, 600nm, 500nm, 400 nm, 300nm, 200nm and 100 nm. Preferably, 

the median particle size is equal to or greater than 25nm. Prefera.bly, ·the percentage of 

particles, on a particle volume basis, is . selected .· from. the group consisting of: less than 

2000nm (% < 2000 nm} is selected from the group ~O %, 60%, 70%, 80%, 90%, 95% and 

100·%; less than 1000nm (% < 1000 nm} is selected from the group 50 %, 60%, 70%, 80%, 
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90%. 95% and 100 %; less than 500nm (% < 500 nm) is selected from the group 0%, 10%, 

20°k, 30%, 40%, 50 %, 60%, 70%, 80%, 90%, 95% and 100 %; less than 300nm (% < 300 

nm) is selected from the group 0%, 10%, 20%, 30%, 40%, 50 %, 60%, 70%, 80%, 90%, 

95% and 100 %; and less than 200nm (% < 200 nm) is selected from the group 0%, ·10%, 

20%, 30%, 40%, 50 %, 60%, 70%, 80%, 90%, 95% and 100 %. 

In another preferred embodiment, th~ crystallinity profile of the biologically active material is 

selected from the group consisting of: at least 50% of the biologically active material is 

crystalline, at least 60% of the biologically active material is crystalline, at least 70% of the 

biologically active material is crystalline, at least 75% of the biologically-active material is 

crystalline, at least 85% of the biologically active material is crystalline, at least 90% of the 

biologically active material is CryStalline, at least 95% Of the biologically active material is 

crystalline·and at least 98% of the biologically active material is crystalline. Mo~e pref~rably, 

the crystallinity profile of the biologically active material is S!Jbstantially equal to the 

crystallinity profile of the biologically active material before the material was subjected to the 

method as described herein. 

In another preferred embodiment, the amorphous content of the biologically active material 

is selected from the group consisting of: less than 50% of the biologically active material is 

amorphous, less than 40% of the biologically active material is amorphous: less than 30% of 

the biologically active material is amorphous, less than 25% of the biologically active 

material is amorphous, less than 15% of the biologically active. material is amorphous, less 
. . 

than 10% of the biologically active material is amorphous, les5 than 5% of the biologically 

active material is amorphous and less than 2% of ~he biologically active material is 

amorphous. Preferably, the biologically active material has no significant increase in 

amorphous content after subjecting the material to the method as described herei_n. 

In another preferred embodiment, ·the ~illing. time period is a range selected from the group 

consisting of: between 10 minutes and 2 hours, between 10 minutes and 90 minutes, 

between 10 minutes and 1 hour, between 10 minutes and 45 minutes, between 10 minutes 

and 30 minutes, between 5 minutes and 30 minutes, between 5 minutes and 20 minutes, 

between 2 minutes and 10 minutes, between 2 minutes and 5 minutes, between 1 minutes 

and 20 minutes, between 1 minute and· 10 minutes, and between 1 minute and 5 minutes. 

In another preferred embodiment, the milling medium is selected from the group consisting 

of: ceramics, glasses, polymers, ferromagnetics and metals. Preferably, the milling medium 

is steel balls having a diameter selected from the group consisting of: between 1 and 20 mm, 

between 2 and 15 mm and between 3 and 10 mm. In another preferred embodiment, the 

milling medium is zirconium oxide balls having a diameter selected from the group consisting 

of: between 1 and 20 mm, between 2 and 15 mm and between 3 and. 10 mm. Preferably, the 

dry milling apparatus is a mill selected from the group consisting of: attritor mills (horizontal 

Page 8



7 

I 

or vertical). nutating mills, tower mills, pearl mills, planetary mills. vibratory mills, eccentric 

vibratory mills. gravity-dependent-type ball mills, rod mills, roller mills and crusher mills: 

Preferably, ·tiie milling medium within th~ milljng apparatus Is mechanically agitated by 1, 2 

or 3 rotating shafts. Preferably, the meth9d is configured to produce th~ biologically active 

material in a continuous fashion. · 

Preferably, the total combined amount of biologically active .material an.d grinding matrix in 

the mill at. any gi~en time Is equal to or greater than a mass selected from the group 

consisting of: 200 ~rams, 500 grams, 1 kg, 2kg, 5kg, 10kg, 20kg, 30k~. 50kg, 7~kg, 100kg, . 

150kg, 200kg . . Preferably, the total combined amount of biologically active material and 

grinding matrix is less than 2000kg. 

Preferably, the biologically active material is selected from the group consisting of: 

diclofenac or a derivative or salt thereof. 

In another preferred embodiment, the grinding matrix is a single material or is a mixture of 

two or more materials in any proportion. Preferably, the single material or a mixture of two or 

more materials is selected from the group consisting of: mannitol, sorbitol, lsomalt, xylitol, 

maltitol! lacti.tol, erythritol, arabitol, ribitol, glucose, fructose, mannose, galactose, anhydrous 

lactose, lactose monohydrate, sucrose, maltose, trehalose, maltodextrins, dextrin, lnulin, 

dextrates, polydextrose, starch, wheat flour, com flour. rice flour. rice starch, tapioca flour, . . 
tapioca starch, potato flour, potato starch, other flours and starches, milk powder, skim milk 

powders, other milk solids and dreviatives, soy flour, soy meal or other . soy products, 

cellulose, microcystalline cellulose, microcystalline cellulose based co.-blended materials, 

pregelatinized (or partially) starch, HPMC, CMC, HPC, citric acid, tartaric acid, malic acid, 

maleic acid fumaric acid, ascorbic acid, succinic acid, sodium citrate, sodium tartrate, 

sodium malate, sodium ascorbate, potassfum citrate, potassium tartrate, potassium malate, 

sodium acetate, potassium ascorbate, sodium carbonate, potassium carbonate, magnesium 

carbonate, sodium bicarbonate, potassium bicarbonate, calcium carbonate, dibasic calcium 

phosphate, tribasic calcium phosphate, sodium sulfate, sodium chloride, sodiu~ 

metabisulphite. sodium thiosulfate, ammonium chloride, glauber~s . salt, ammonium 

carbonate .. sodium bisulfate, magnesium sulfate, potash alum, potassium chloride, sodium 

hydrogen sulfate, sodium . hydroxide, crystalline hydroxides, · hydrogen carbonates •. 

ammonium chloride, methylamine hydrochloride, ammonium bromide. silica, thermal ~ilica, 

alumina, titanium dioxide, talc, chalk, r:nica, kaolin, bentonite, hectorite, magnesium 

trisilicate, clay based materials or aluminium silicates, sodium lauryl sulfate, sodium stearyl 

sulfate, sodium cetyl sulfate, sodium cetostearyl sulfate; sodium docusate, sodium 

deoxycholate, N-lauroylsarcosine sodium salt, glyceryl i:nonostearate . glycerol distearate . 

. glycery1 palmitostearate, glyceryl behenate, glyceryt caprylate, glyCE'.ryl oleate. benzalkonium 

chloride, CT AB,. CT AC, Cetrimide, cetylpyridinium chloride, cetylpyridinium bromide, 
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benzethonium chloride, PEG 40 stearate, PEG 100 stearate, poloxamer 188, , poloxamer 

338, poloxamer 407 polyoxyl 2 stearyl ether, polyoxyl 100 stear:yl ether, polyoxyl 20 stearyl 

ether, polyoxyl 10 stearyl ether: polyoxyl 20 cetyl ether, polysorbate 29, polysorbate. 40, 

polysorbate 60, polysorbate 61, polysorbate 65, polysorbate 80, polyoxyl 35 castor oil, 

polyoxyl 40 castor oil, P<?lyoxyl 60 castor oil, polyoxyl 100 C?astor oil, polyoxyl 200 castor oil_. 

polyoxyl 40 hydrogenated castor oil, polyoxyl 60 hydrogenated castor oil, polyoxyl 100 

hydrogenated castor oil, polyoxyl 200 hydrogenated castor oil, cetostearyl a·lcohol, macrogel 

15 hydroxystearate, sorbitan monopalmitate, sorbitan monostearate, sorbitan trioleate, 

sucrose palmitate, sucrose stearate, sucrose distear.ate, sucrose laurate, glycocholic acid, 

sodium glycholate, cholic acid, soidum chelate, sodium deoxycholate, deoxycholic acid, 

sodium taurocholate, taurocholic acid, sodium· taurodeoxycholate, ta~rodeoxycholic acid, soy 

lecithin, phosphatidylcholine, . phosphatidylethanolamine, phosphatidylserine, 

phosphatidylinositol, PEG4000. PEG6000, PEG8000, PEG10000, PEG20000, . alkyl 

naphthalene sulfonate condensatE!/Lignosulfonate blend, calcium dodecylbenzene sulfonate, 

sodium. ~odecylbenzene sulfonate, diisopropyl naphthaenesulphonate, erythritol distearate, 

11aphthalen¢ sulfonate formaldehyde · condensate, nonylphenol · ethoxylate · (poe-30), 

tristyrylphenol ethoxyfate, polyoxyethyfene O 5) tallowalkylamines, sodium alkyl naphthalene 

sulfonate, sodium alkyl naphthalene sulfonate condensate, sodium ~lkylbenzene sulfonate, 

sodium isopropyl naphthalene sulfonate, sodium methyl naphthalene formaldehyde 

sulfonate, sodium n-butyl naphthalerw sulfonate, tridecyl alcohol ethoxylate (poe-18), 

triethanolamine isodecanol phosph.ate ester, triethanolamine tristyrylphosphate ester, 
. . 

tristyrylphenol ethoxylate · sulfate, bis(2-hydroxyethyl)tallowalkylamines. Preferably, the 

concentration of the single (or first) material is selected from the group consisting of: 5 - 99 

% w/w, 10 - 95 % w/w, 15 - 85 % w/w, of 20 - 80% w/w, 25 - 75 % w/w, 30 - 60% w/w, ·40 -

50% w/w. Preferably, the. concentration of the second or subsequent material is selected 

from t~e group consisting of: 5 - 50 % w/w, 5· - ·40 % w/w, 5 - 30 % wlw, of 5 - 20% w/w, 1 O -. . 
40 % w/w, 10 -30% wlw, 10 -20% w/w, 20 - 40% w/w, or 20 - 30% w/w or if the second or 

subsequent material is a surfactant or water soluble polymer the concer;itration is· selected 

from 0.1 -10 % w/w, 0.1 .;5, % w/w, 0.1 -2.5 % w/w, of 0.1 - 2% w/w, 0.1 -1 %, 0.5 -5% w/w, 
. . 

·0 .5 -3% w/w, 0.5 -2% w/w, 0.5 - 1.5%, 0 .5 -1 % w/w, of 0.75 - 1.25 % wlw, 0.75 -1% and 

1%w/w. 

Preferably, the grinding matrix is selected from the group co.nsisting of: 

(a) lactose monohydrate or lactose monohydrate combined with a material selected 

from the group consisting of: sodium pentane sulfate: sodium octadecyl sulfate; 

Brij700; Brij76; sodium · n-lauroyl sacrosine; l~cithin; docusate sodium; polyoxyl-

40-stearate; Aerosil R972 fumed siliea; sodium lauryl sulfate or other alkyl sulfate 

surfactants with a chain length between C5 to C18; calcium carbonate; mali~ 

'---- - ···- ·· -
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acid; tartaric acid; trisodium citrate dehydrate; 0,L-Malic acid; .Xylitol; Poloxamer 

407; Poloxamer 338; Poloxame~ 188; Polyvinyl pyrrolidone; lactose anhydrous; 

mannitol; microqf'Ystalline cellulo.se; sodium lauryl sulfate and polyethylene glycol 

40 stearate; sodiufT1 lai.Jryl sulfate anQ polyethylene glycol 100 stearate; sodium 

lauryl sulfate and PEG 3000; sodium lauryl sulphate and PEG 6000; sodium 

lauryl sulfate and Brij700; sodium lauryl sulfate and Poloxamer 407; sodium lauryl 

sulfate and Poloxamer 338 and sodium lauryl sulfate and Poloxamer 188. . . . 
(b) lactose anhydrous or lactose anhydrous combined with a material selected from · 

the group consisting of: sodium pentane sulfate; sodium octadecyl sulfate; 

Brij700; Brij76; sodium n-lauroyl sacrosine; lecithin; docusate sodium: polyoxyl-

40-stearate; Aerosil R972 fumed siliea; sodium lauryl sulfate or other alkyl sulfate 

surfactants with a chain length between C5 to C18; calcium carbonate; malic 

acid; tartaric acid; trisodium. citrate dehydrate; D,L-Malic acid; Xylitol; Polyvinyl 

pyrrolidone; lactose monohydrate; mannitol; microcrystalline cellulose; sodium 

lauryl sulfate and polyethylene glycol 40 stearate. sodium lauryl sulfate and 

polyethylene glycol 100 stearate, sodium lauryl sulfate and PEG 3000, sodium 

lauryl sulphate and PEG 6000, sodium lauryl sulfate and Brij700. sodium lauryl 

sulfate and Poloxamer 407, sodium laui'yl sulfate and Poloxamer 338. sodium 

lauryl sulfate and Poloxamer 188; Poloxamer 407, Poloxamer 338 and Poloxamer 

188. 

(c) mannitol or mannitol combined wit~ a material .selected from the group consisting 

of: sodium pentane sulfate; sodil!m octadecyl sulfate; B.rij700; Brij76; sodium n

lauroyl sacrosine; lecithin; d~cusate sodium; polyoxyl-40-stearate; Aerosil R972 

fumed silica; sodium lauryl sulfate or other alkyl sulfate surfactants with a chain 

length between CS to C18; calcium carbonate; malic acid; t~rtaric acid; trisodium 

citrate dehydrate; · D,L-M_alic acid; Xylitol; Polyvinyl pyrrolidone; lactose 

monohydrate; microcrystalllne cellulose; lactose anhydrous;· sodium lauryl sulfate · 

and polyethylene glycol 40 stearate, sodium lauryl sulfate and polyethylene glycol 

100 stearate, sodium lauryl sulfate and PEG 3000, sodium la1,1ryl sulphate and 

PEG 6000, sodium lauryl suifate and Brij700, sodium lauryl sulfate and . . 

. Poloxainer 407, sodium lauryl sulfate and Poloxamer 338, _sodium lauryl sulfate 

and Poloxamer 188; Poloxamer 407, Poloxamer 338 and Poloxamer 188. 

(a) tartaric acid or tartaric acid combined with a material sele·cted from the group 
. . 

consisting of: sodium pentane sulfate; sodium octadecyl sulfate; Brij700; Brij76; 

sodium n-lauroyl sacrosine; lecithin; docusate sodium; polyoxyl-40-stearate; 
. . . 

~erosil R972 t1.:1m.ed silica; sodium lauryt sulfate or other alkyl sulfate surfactants 

with a chain length between C5 to C18; calcium carbonate; malic acid; tri~odium 

~----------------·--· ··· Page 11
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citrate dehydrate; D,L-M.alic acid; Xylitol; Polyvinyl pyrrolidone;_ la~tose 

monohydrate; microcrystalline cellulose; lactose anhydrous; mannitol; sodium 

lauryl sulfate and polyethylene glycol 40 · stearate. sodium . lauryl sulfate and 

polyethylene glycol 100 stearate, sodium_ lauryl i;ulfate and PEG 3000, sodium 

lauryl sulphate and PEG 6000, sodium lauryl sulfate .and Brij700, sodium lauryl 

sulfate and Poloxamer 407, ·sodium .lauryl sulfate and Poloxamer 338, sodium 
. . 

lauryl sulfate and Poloxamer 188; Poloxamer 407', Poloxamer 338 and Poloxamer 

188. 

(e) Xylitol or Xylitol combined with a material selected from the group consisting of: 

sodium pentane sulfate; sodium octadecyt sulfate; Brij700; Brij76; sodl_um n

lauroyl sacrosine; lecithin; docusate sodium; polyoxyl-40_-stearate; Aero~il R972 

fumed silica; sodium lauryl sulfate or other alkyl sulfate surfactants with a chain 

length between C5 to C18; calcium carbonate; malic acid; tartaric acid; trisodium 

citrate dehydrate; D.L-Malic acid; Polyvinyl pyrrolidone; lactose monohydrate; 

microcrystalline cellulose; lactose anhydrous; mannitol; sodium lauryl sulfate and 

polyethylene glycol 40 stearate, sodium lauryl sulfate and poly~thylene glycol 100 

stearate, sodium l~uryl sulfate and PEG 3000. sodium lauryl sulphate and PEG 

6000, sodium lauryl sulfate and Brij700, sodium lauryl sulfate and Poloxamer 407, 

. sodium lauryl sulfate and Poloxa·mer 338, sodium lauryl sulfate and Poloxamer 

186; Poloxamer 407, Poloxamer 338 and Poloxamer 186. 

(f) microcrystalllne cellulose or microcrystalline cellulose combined with· a material 

selected from the group consisting of: sodium pentane sulfate; sodium octadecyl · 

sulfate; Brij700; Brij76; sodium n-lauroyl sacrosine; lecithin; docusate sodium; 

polyoxyl-40-stearate; Aerosil R972 fumed silica; sodium lauryl sulfate or other · 
. . . 

alkyl sulfate surfactants with a chain length between C5 to C18; calcium 

carbonate; malic aci~ ; tartaric acid; trisodium citrate . dehydrate; D,L-Malic acid; 

polyvinyl pyrrolidone; lactose monohydrate; xylitol; lactose anhydrous; mannitol · 

sodium lauryl s1,.1lfate and polyethylene glycol 40 stearate, sodium lauryl. sulfate 

and polyethylene glycol 100 stearate, sodium lauryl sulfate. and PEG 3000, 

sodium lauryl sulphate.and PEG 6000, sodium lauryl sulfate and Brij700, sodium 

lauryl sulfate and Poloxamer 407, sodium _lauryl sulfate and Poloxamer 338, 

.sodium lauryl sulfate and Poloxamer 188; Poloxamer 407, Poloxamer 338 and 

Poloxamer 188; 

(g) Kaolin combined with a material selected from the gro~p cor:isisting of: sodium 

pentane sulfate; sodium octadecyt ·sulfate; Brij700; Brlj76; sodium n-lauroyl . . . 
· sacrosine; lecithin; docusate sodium; pol,yoxyl-40-stearate; Aerosil R972 fumed 

. . 
silica; sodium lauryl ·Sulfate or other alkyl sulfate surfactants with -a· chain length 

.· 
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between CS to C18; calcium carbonate; malic acid; tartaric acid; trisodium citrate 

dehydrate; D,L-Malic acid; polyvinyl pyrrolidone; lactose monohydrate; xylitol; 

lactose· anhydrous; mannitol; microcrystalline cellulose; sodium lauryl sulfate and 

polyethylene glyc~l 4Q stearate, sodium lauryl sulfate and polyethylene glycol 100 • 

stearate, sodium lauryl sulfate and PEG 3000, sodium lauryl sulphate and .PEG 

6000, sodium lauryl sulfate and Brij700, sodium lauryl sulfate and Poloxamer 407, 

sodium lauryl sulfate and Poloxamer 338, sodium lauryl sulfate and Poloxamer 

188; . Poloxamer 407, Poloxam·er 338, Poloxamer 188, alkyl naphthalene 

·sulfonate c~ndensate/Lignosulfonate blend; Calcium Dodecylbenzene Sulfonate 

(Branched); Diisopropyl naphthaenesulphonate; erythritol distearate; linear and · 

branched· dodecylbenze!'le sulfonic acids; Ne1phthalene Sulfonate Formaldehyde 

Condensate; nonylphenol ethoxylate; POE-30; Phosphate Esters, Tristyrylphenol 

Ethoxylate, Free Acid; Polyoxyethylene (15) tallowalkylamines; sodium alkyl 
. . 

naphthalene sulfo~ate; sc:>dium alkyl naphthalene sulfonate condensate; sodium 

alkylbenzene sulfonate; sodium isopropyl naphthalene sulfonate; Sodium Methyl 

Naphthalene; Formaldehyde Sulfonate; sodium salt · of n-butyl naphthalene 

sulfonate; tridecyl alcohol ethoxylate, POE-18; Triethanolamine isodecanol 

phosphate ester; Triethanolar.nine tristyrylphosphate ester; Tristyrylphenol 

Ethoxylate Sulfate; Bis(2-hydroxyethyl)tallowalkylamines. 

(h) Talc combined with a material selected from the group consisting of: sodium 

pentane sulfate; sodium octadecyl sulfate; Brij700; Brij76; sodium n-iauroyl 

sacrosine; lecithin; docusate· sodium; polyoxyl-40-;;tearate; Aerosil R972 fumed . . 

silica; sodium ·1auryl sulfate or other alkyl sulfate surfactants with a chain length 

between CS to C18; calcium carbonate; malic acid; tartaric acid; trisodium citrate 

dehydrate; D,L-Malic acid; polyvinyl pyrrolidone; lactose monohydrate;· xylitol; 

lactose anhydrous; mannitol; microcrystaltine cellulose; sodium lauryl sulfate and 

pply~thylene glycol 40 stearate, sodium lauryl sulfate and polyethylene glycol 100 

stearate, sodium lauryt sulfate and PEG 30QO, sodium lauryl sulphate and PEG 

6000, sodium lauryl sulfate and Brij700, sodium lauryl sulfate and Poloxamer 407, 
' 

sodium lauryl sulfate and Poloxamer 338, sodium lauryl sulfate and Poloxamer 

188; Poloxamer 407, Poloxamer 338, Poloxamer 1se. alkyl naphthalene 

sulfonate condensate/Lignosulfonate blend; Calcium Dodecylbenzene Sulfonate 

(Branched); Diisopropyl naphthaenesulphonate; erthritol distearate; linear and 

branched dodecylbenzene sulfonic acids; Naphthalene Sulfonate Formaldehyde 

Condensate; nonylphenol ethoxylate, POE-30; Phosphate Esters, Tristyrylphenol 

Ethoxylate, Free Acid; Polyoxyethylene (15) tallowalkylamines; sodium alkyl 

naphthalene sulfonate; sodium alkyl naphthalene sulfonate condensate; sodium . 
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alkyJbenzene sulfonate; sodium isopropyl naphthalene sulfonate; Sodium Methyl 

Naphthalene; Formaldehyde Sulfonate; sodium salt of n-butyl naphthalene . 

sulfonate: tridecyl alcohol ethoxylate, POE-18; Triethanolamine isodecanol 

phosphate ester; Triethanolamine tristyrylphosphate ester; Tristyrylphenol 

Ethoxylate Sulfate; Bis(2-hydroxyethyl)tallowalkylamines. 

Preferably, the grinding matrix is selected from the group consisting of: a material 

considered to be 'Generany Regarded as Safe' (GRAS) for pharmaceutical products; a 

. material considered acceptable for use in an agricultural formulation; and a material 

.considered acceptable for us~ in a veterinary formulation. 

In another preferred embodiment, a milling aid or combination of milling aids is used. 

Preferably, the milling aid is · selected from the group consisting of: colloidal silica, a 

surfactant, a polymer, a stearic acid arjd derivatives thereof. Preferably, the surfactant is 

selected from the group consisting of: polyoxyethylene alkyl ethers, polyoxyethylene 

stearates, polyethylene glycols (PEG), poloxamers, poloxamines, sarcosine based 

surfactants, polysorbates, alip~atic alcohols, alkyl .and aryl sulfates, alkyl and aryl polyether 

sulfof')ates and other sulfate surfactants, inmethyl ammonium based surfactants, lecittiin and 

· o_ther phospholipids, bile salts, polyoxyethylene castor oil derivatives, polyoxyethytene 

sorbitan ' fatty acid esters, Sorbitan fatty acid esters, Sucrose fatty acid esters, alkyl . . . . . 
glucopyranosides, alkyl maltopyranosides, glycerol fatty acid esters, Alkyl · Benzene 

Sulphonic Acids, Alkyl Ether carboxylic Acids, Alkyl and aryl Phosphate esters, Alkyl and 

aryl Sulphate ester5, Alkyl and aryl Sulphonic acids, Alkyl Phenol Phosphates esters, Alkyl 

Phenol Sulphates esters, Alkyl and Aryl Phosphates,· Alkyl Polysaccharides, Alkylamine 

Ethoxylates, Alkyl-Naphthalene Sulphonates formaldehyde condensates, Suif9succinates, 

lignosulfonates, Ceto-Oleyt .Alcohol. Ethoxylates, Condensed Naphthalene Sulphonates, 

Dialkyl and Alkyl Naphthalene Sulphonates, Di-alkyl Sulphosuccinates, Ethoxylated 

nonylphenols, Ethylene Glycol Esters, Fatty Alcohol Alkoxylates, Hydrogenated 

tallowalkylamines, Mono-alkyl Sulphosuccinamates, Nonyl Phenol Ethoxylates, Sodium 

Oleyl N-methyl Taurate, TallowalkYfamines, linear and branched dodecylbenzene sulf6nlc 

acids 

Preferably, the surfactar:it is selected from the group consisting of: sodium lauryl· sulfate, 

sodium stearyl sulfate, sodium cetyl sulfate, sodium cetostearyl sulfate, sodium · docusate, 

-sodium deoxycholate, N-lauroytsarcosine sodium salt; . glyceryl monostearate •· glycerol 

distearate glyceryl palmitostearate, glyceryl behenate, glyceryl caprylate, glyceryl oleate, 

benzalkonium chloride, CTAB, CTAC, Cetrimide, cetylpyridinium chloride, cetylpyridinium· 

bromide, benzethonium chloride, PEG 40 stearate, PEG 100 stearate, poloxamer 188, , 

poloxamer 338, poloxamer 407 polyoxyl 2 stearyl ether, polyoxyl 100 stearyl ether, polyoxyl 

20 stearyl ether, polyoxyl 10 stearyl ether, potyoxyl 20 cetyl ether, polysorbate 20, 
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polysorbate 40, polysorbate 60, polysorbate 61 , polysorbate 65, polysorbate 80, polyoxyl 35· . 

castor oil, polyoxyl 40 castor oil, polyoxyl 60 castor oil, polyoxyl 100 castor oil, polyoxyl 200 

castor oil, polyoxyl 40 hydrogenated castor oil, polyoxyl 60 hydrogenated castor oil, polyoxyl 

100 hydrogenated cas~or oil, polyoxyl 200 hydrogenated castor oil, cetostearyl alcohol, 

macrogel 15 hydroxystearate, sorbitan monopalmitate, sorbitan monostearate, sorbitan 

trioleate, Sucrose · Palmitate, Sucrose Stearate, Sucrose Distearate, Sucrose laurate, 

Glycocholic acid, sodium Glycholate, Cholic Acid, Soidum Chelate, Sodium Deoxycholate, 

Deoxycholic acid, Sodium_ taurocholate, taurocholic acid, Sodium taurodeoxycholate. . . 
taurodeoxycholic acid, _soy lecithin. phosphatidylcholine, phosphatidylethanolamin~ . 

phosphatidylserine, phosphatidylinositol,· PEG4000, PEG6000. PEGBOOO, PEG10000, 

PEG20000, . alkyl nap~thalene sulfonate condensate/lignosulfonate blend.Calcium 

Dodecylbenzene Sulfonate, Sodium Do~ecxlbenzene . Sulfonate,Diisopropyl 

.r:iaphthaenesulphonate, erythritol distearate, Naphthalene Sulfonate Formaldehyde 

Condensate, nonylphenol ethoxylate (poe-30), Tristyrylpheno! Ethoxylate, Polyoxyethylene 

( 15) tallowalkylamines, sodium ·alkyl naphthalene sulfonate, sodium alkyl naphthalene 

sulfonate condensate, sodium alkylb~nzene sulfon_ate. sodium isopropyl naphthalene 

sulfonate, Sodium Methyl Naphthalene Formaldehyde Sulfonate, sodium n~butyl 

· naphthalene sulfonate, tridecyl alcohol ethoxylate (poe-18), Triethanolamine isodecanol 

phosphate ester, Triethanolamine .. tristyrylphosphate ester, Tristyrylphenol Ethoxylate . . 
Sulfate, Bis(2-hydroxyethyl)tallowalkylamines. 

Preferably the polymer is selected from the list of: polyvinylpyrrolidones (PVP), 

polyvinylalcohol; acrylic acid based polymer5 and ?Opolymers of acrylic acid 

Prefer<;tbly, the milling aid has a concentration selecte·d -from the group consisting of: 0.1 -10 

% w/w, 0.1 -5 % w/w, 0.1 -2.5 % w/w, of 0.1. - 2% w/w, 0.1 -1 %, 0.5 -5% w/w, 0.5 -3% w/w, 

0.5 -2% w/w, 0.5-1 .5%, 0.5 -1 % w/w, of 0.75-1.25 % w/w, 0.75 -1% and 1% w/w. 

In another preferred embodiment of the invention, a facilitating agent is used or combination 

of facilitating agents is used. Preferably, the facilitating agent is selected from the group 

consisting of: surfactants, polymers, binding agents, filling agents, lubricating agents, 

sweeteners, flavouring agents, preservatives, buffers, wetting agents, disintegrants, 

effervescent agents, agents that n:iay f9rm part of a medicament, including a solid dosage 

form or a dry powder inhalation formulation and ottier material required for specific drug 
. . 

delivery. Preferably, the facilitating agent is added during dry milling. Preferably, the 

facilitating agent is added to the dry milling at a time selected from the group consisting of: 

with 1-5 % of the total -milling time remaining, with 1-1 O % of the total milling time remaining, 

with 1-.20 % · of the total milling time . remaining, with 1-30 % of the total milling time 

remaining, with 2-5% of the total milling tim~ remaining, with 2-10% of the total milling time 

remaining, with 5-20% of the total milling time remaining and with 5-20%·of ttie total milling 

' I" 
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time remaining. Preferably, the disintegrant is selected from the group .. consisting of: 

crosslinked. PVP, cross linked carmellose and ~odium :;tarch glycolate. Preferably, the 

facilitating agent is added to the milled biolo~ically active· material and grinding matrix and 

further processed in a mechanofusion process. Mechanofusion milling causes mechanical 

energy to be applied .to. powders or mixtures of particles in the micrometre and nanometre . . . . 

range: . 

The reasons for including facilitating agents include, b.ut are not limited to providing better 

dispersibility, control .of agglomeration, the release or retention of the active particles from 

the delivery matrix. Examples of facilitating agents include, but are not limi.ted to stearic acid, · 
. . 

magnesium stearate, ·calcium stearate, sodium ·stearyl fumara~e. sodium stearyl lactyfate, 

Zinc stearate, sodium steara'e or lithium stearate, other solid state fatty acids such as oleic 

acid, lauric acid, palmitic acid, erucic acid, behenic acid, or derivatives (such as esters and 
' . . . 

salts), .Amino acids such as leucine, isoleucine, lysine, valine, methionine, phenylalanine, 
. . 

.aspartame or acesulfarrie K. In a preferred aspect of manufacturing this formulation the 

facmtating agent is added to the milled mixture of biologically actiye material and co-grinding 

matrix and further processed in another milling device such. as Mechnofusion, Cyclomixing, 

or impact milling such as ball milling, jet milling, or milling using a high pressure 

. homogeniser, .or combinations thereof. In a highly preferred aspect the f~cilita~ing agent is 

added to the milling of the mixture of biologically active material and co-grinding. matrix as 

some time before the end of the millin~ process. 

In another preferred embodiment, diclofenac is milled with lactose monohydrate a.nd alkyl 

sulfates. Preferably·diclofenac is milled with lactose monohydrate and sodium lauryl sulfate. 

Preferably diclofenac is milled with lactose monohydrate and sodium octade.cyl sulfate. In. 

another preferred embodiment, Diclofenac is milled with lactose nionohydrate, alkyl sulfates 

and another surfactant or J)olymers. Preferably · diclofenac Is milled with · lactose 

monohydrate, sodium lauryl sulfate and polyether sulfates. Preferably diclofenac is milled 

with lactose monohydrate; sodium lauryl sulfate and polyethylene glycol· -40. stearate. 

~referably diclofenac is milled with lactose monohydrate, sodium lauryl sulfate and 

polyethylene glycol 100 stearate. Preferably diclofenac is milled with lactose monohydrate, 

sodium laur'yl sulfate and a poloxamer. Preferably diclofenac is milled with . lactose 

monohydrate, sodium lauryl sulfate and poloxamer 4q7. Preferably diclofenac is milled with 

lactose monohydrate, sodium lauryl sulfate and poloxamer 338. · Preferably diclofenac is 
. ' 

milled with lactose monohydrate, sodium. lauryl sulfate and poloxamer 188. Preferably 

~iclofenac is mille~ with lactose monohydrate, sodium lauryl ~ulfate and a solid polyethylene 

·glycol. Preferably diclofenac is milled with lactose. monohydrate, sodium lauryl sulfate and 

polyethylene glycol 6000. Preferably diclofenac is. milled with lactose monohydrate, sodium 

lauryl sulfate and polyethylene glycol 3000. In another preferrf'.!d embodiment, Diclofenac is 

) 
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milled with lactose monohydrate and polyether sulfates. Preferably diclofenac is milled with 

lactose monohydrate and polyethylene glycol 40 stearate Preferably diclofenac is milled 

with lactose monohydrate and polyethylene glycol 100 stea'rate In another preferred 
J 

embodiment diclofenac is milled with lactose monohydrate and polyvinyl-pyrrolidine. 

Preferably diclofenac is milled with lactose monohydrate· and polyvinyl-pyrrolidone with ~n 

approximate molecular weight of 30;000-40,000. In another preferred embodiment, 

dicloferiac is milled with lactose monohydrate and alkyl sulfonates. Preferably diclofenac is 

milled with lactose monohydrate and docusate sodium. In another.preferred embodiment, · 

diclofenac is milled with lactose monohydrate and a surfactant. Preferably diclofenac is . 

milled with lactose monohydrate and lecithin .. Preferably diclofenac is milled with lactose 

mono.hydrate and sodium .n-lauroyl sarcosine. Preferably diclofenac is milled with lactose 

monohydrate and polyoxyethylene alkyl ether surfactants. Preferably diclofenac is milled 

with lactose monohydrate and PEG 6000. In another preferred formulation . diclofenac is 

milled with lactose monohydrate and silica . Preferably diclofenac is milled with lactose · 

monohydrate and Aerosil R972 f urned silica. In ·another· preferred embodiment, diclofenac is 

milled with with lactose monohydrate, tartaric acid and sodium lauryl sulfate. In another 
\ . 

preferred embodiment, diclofenac is mille~ with with lactose monohydrate, sodium 

bicarbonate and sodium lauryl sulfate. In another preferred embodiment, diclofenac is milled 

with lactose monohydrate, potassium bicarbonate and sodium lauryl sulfate.In another 

pr~ferred embodiment, di~lofenac is. milled with mannitol and alkyl ·sulfates. Preferably 

diclofenac is milled with mannitol and sodium lauryl sulfate. Preferably diclofenac is milled . . 
with mannitol and sodium ectadecyl sulfate; In.another preferred embodiment, D_iclofenac is . 

milled with mannitol, alkyl sulfates and another surfactant or· polymers. Preferably diclofenac 

is milled with mannitol, sodium ·1auryl sulfate and polyether sulfates. Preferably diclofenac is 

milled with mannitol, sodium lauryl sulfate and polyethylene glycol 40 stearate. Preferably 

diclofenac is milled with mannitol, sodium laury1 sulfate and polyethylene glycol 100 stearate. 

Preferably diclofenac is milled with mannitol, sodium lauryl sulfate and a poloxamer. 

Preferably diClofenac is· milled with mannitol, sodium laury1 sulfate and poloxamer 407 . . 

Preferably diclofenac is milled with mannitol, sodium laury1 sulfate and poloxamer 338. 

Preferably diclofenac is milled with mannitol, sodium laury1 sulfate and polox.amer 188. 

Preferably diclofenac is milled with mannitol, sodium laury1 sulfate and a solid polyethylene 

glycol. Preferably diclofenac is milled wit~ mannitol, sodium lauryl sulfate and polyethylene 

glycol 6000. Preferably diclofenac is milled with mannitol, sodium laury1 sulfate and 

polyethylene glycol 3000. In another preferred embodiment, Di~lofenac is milled with 

r:nanni~ol and polyether sulfates. Preferably diclofenac is . milled with mannitol and 

polyethylene glycol 40 stearate Preferably diclofenac is milled with mannitol and 

polyethylene glycol 100 ,stearate In another preferred embodiment di~lofenac is milled witr 

Page 17



00 
:o:::t 
t-
.....-1 

0 
O'. 
O'. 
0 
0 
N 

,. 

16 

mannitol and polyvinyl-pyrrolidine. Preferably diclofenac is milled with mannitol and 

polyvinyl-pyrrolidone with an approximate molecular weight of 30,000-40,000. In another 

preferred embodiment, diclofenac i~ milled with mannitol and alkyl sulfonates. Preferably 

diclofenac is milled with mannitol and docusate sOdium. In a~other preferred embodirnent. 

diclofenac is milled with niannitol and a surfactant. Preferably diclofenac is milled with 

mannitol and lecithin. Preferably diclofenac is milled with mannitol and sodium n-lauroyl 

· sarcosine. Preferably diclofenac is milled with mannitol and polyoxyethylene alkyl ether 

surfactants. Preferably diclofenac is milled with marmitol and PEG 6000. In another preferred 

formulation diclofenac is. milled with mannitol and silica. Preferably diclofenac is milled with 

mannitol. and A~rosil · R972 fumed silica. In another preferred embodiment. diclofenac is 

· milled with wit!) mannitol, tartaric acid and sodium lauryl sulfate. In another preferred 

embodi~ent, diclofenac is milled with with mannitol, sodium bicarbonate· and sodium lauryl 

sulfate. In another preferred embodiment, dipl~fenac is !11illed with mannitol, potassium 

bicarbonate and sodium lauryl sulfate. -

In a second aspect the inyention comprises a biologically active material produced by the 

me.thod described herein and composition comprising the biologically active material as 

described herein. Preferably, the average particle size, determined on a particle number 

basis, is equal to or les~ than a size selected from the group 2000 nm, 1900 nm,· 1800nm, 

1700nm, 1600nm, 1500nm, 1400nm, 1300nm, 1200 nm, 1100hm, 1000nm, 900nm, 800nm, 

700nm, 600nm, 500nm, 400 nm, 300nm, 200nm and 100 nm. Preferably, the average 

particle size is equal. to or great~r ·than 25nm. Preferably, the particles have ·a median 

particl~ size, determined on a particle volume basis, equal or less than a ·size selected from 

the group 2000 nm. 1900 nm. 1800nm. 1700nm, 1600nm, 1500nm, 1400nm, 1300nm, 1200 

nm, 1100nm, 1000nm, 900nm, 800nm, 70Qnm, 600nm, 500nm, 400 nm, 300nm, 200nm and 

100 nm. Preferably, the median particle size is equal to or greater than 25nm: Preferably, the 
. . 

percent~ge of particles, on a particle volume basis, is selected from the group consisting of: 

less than 2000nm (% < 2000 nm) is selected from the group 50 %, 60%, 70%, 80%, 90%, 

95% ~nd 100 ?o; less than 1000nm (% < 1000 nm) is selected from the g,roup 50 %, 60%, 

70%, 80%, 90%, 95% and 100 %; less than 500nm (% < 500 nm) is select.ad from the group · 

0%, 10%, 20%, 30%,-40%, 50 %, 60%, 70%, 80%, 90%, 95% and 100 %; less than 300nm · 

(% '< 300 nm) is selected from the group 0%, 10%, 20% •. 30%, 40%, 50 %, 60%, 70%, 80%, · 

90%, 95% and 100 %; and less than 200nm (% < 200 nm) is selected from the group 0%, 

10%, 20%, 30%, 4q0!o, 50 %, 60%, 70%, 80%, 90%, 95% and 100 %. . 

Preferably, the crystallinity profile of the biologically active materi~I is s~lected from the 

group consisting of: at' least 50% of the biologically active material is crystalline, at least 60°/~ 

of the b~ologically active material is crystalline, at least 70% of the biologically active material 

is crystalline, at least 75% of the biologically active material is crystalline, at least 85% of the 
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biologically active material is crystalline, ·at le~st 90% of the biologically active material is 

crystalline, at least 95% of the biologically active material is crys~alline and at least 98% of 

the biologically active material is crystalline. Preferably, the crystallinity profile of the 

biologically active mat~rial is substantially equal to the crystallinity profile of the biolo_gically 

active material before the material was subject to the method described herein. Preferably, 

th.e amorphous conte.nt of the biologically active material is selected from the group 

consisting of: less than 50% of the biologically active material is amorphous, less than 40% 

of the biologically active material is amorphous, less than 30% of the biologically active 

material is amorphous, less than 25% of the biologically active material is amorphous. less 

than 15% of t~e . biologically active material is amorphous, less than 19% of the biologically 

active material is amorphous, less than 5% of the ·biologically active material is amorphous 

and less than 2% of the biologically active material is amorphous. Preferably, the biologically 

active material has had no significant increase in amorphous content following subjecting the 

material to the method as described herein. 

·In one preferred embodime!'t. the invention compri.ses COl'l'_lpositions comprising the 

biologically active ingredient togetner with a grindi~g matrix, a mixture of grinding matrix 

materials, milling aids, mixtures. of milling aids, facilitating agents and/or mixtures of 

facilitating agents as described herein, in concen~rations and ratios as described . herein 

under the methods of the invention. 

In a third aspect the invention comprises a pharmaceutical composition comprising a 

biologically active ma~erial produced by the met~od described herein and compositions 
. . . 

described herein. Prefera~ly, the invention comprises pharmaceutical compositions 

comprising the biologically active ingredient together with a . grinding matrix, a mixture of 

grinding matrix materials, milling aids. mixtures of milling aids, facilitating agents and/or 

mixtures of facilitating agents as ~ascribed herein, in concentrations and ratios as described 

herein under the mett:iods of the invention. Preferably, the average particle size, determined 

on a particle number basis, is equal to or less than a size selected from the group 2000 nm, . . 
1900 nm, 1800nm, 1700nm, 1600nm, 1500nrT), 1400nm, 1300nm, 1200 nm, 1100nm, · 

1000nm, 900nrn, 800nm, 700nm, 600nm, 500nm, 400 nm, 300nm, 200nm and 100 nm. 

Preferably, the average particle size is equal to or greater than 25nm. Preferably, the 

. particles have a median particle size, ~etermined on a particle volume basis, equal or less 

than a size selected from the group 2000 nm, 1900 nm, 1800nm, 1700nm, 1600nm. 

1500nm, 1400nm, 1300nm, 1200 nm, 1100nm, 1000nm, 900nm, 800nm, 700nm, 600nm, 

500nm, 400 nm, 300nm, 200nm and 100 nm. Preferably, the median particle size is equal to 

. or greater than 25nm. Preferably, the percentage of part.icles, on a particle volume basis, is 

selected from the group coQsistlng of: less than 2000nm (% < 2000 nm) is selected from the 

group 50 %, 60%, 70%, 80%, 90%, 95% ~nd 10~ %; less than 1000nm (% < 1000 nm) is 
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selected from the group 50 %, 60%, 70%, 80%, 90%, 95% and 100 %; less than 500nm (% 

< 500 nm) is selected from the group 0%, 10%, 20%, .30%, 40%, 50 %, 60%, 70%, 80%, 

90%, 95% and 190 %; l~ss than 300nm (% < 300 nm) is selected from the group 0%, 10%, 
. . . 

20%, 30%, 40%, 50 %, 60%. 70%, 80%, 90%, 95% and 100 %; and less than 200nm (% < 

200 nm) is selected from the group 0%, 10%, 20%, 30%, 40%, 50 o/~. 60%, 70%, 80%, 90%, 

95% and 10Q %. Preferably, the composition has a T max less than that of the equivalent . . 
conventional composition administered at the same dosage, wherein the composition 

comprises diclofenac. Preferably, the composition has a Cmax greater than that of the 

equivalent conventional-. .composition administered at the same dosage, wherein the 

comppsition comprises diclofenac. Preferably, the compos,ition has an AUC greater than 

that of the equivalent conventional composition adminis~ered at the same dosage, wherein 

. the composition ~mpris~s diclofenac. 

In a fourth aspect the invention comprises a method of treating a hu_man in .need of such 

treatment comprising the step .of administering to the human an effective amount of a 

phannaceutical composition as described herein. 

In a fifth aspect, the invention comprises the use of a pharmaceutical composition as . . . . 
described 'herein in the manufacture of a medicament for the treatment of a human in need 

of such treatment. 

In a sixth aspec~ the Invention comprises a method for manufacturing a pharmaceutical 

composition as described herein comprising the step of combining a therapeutically effective 

· amo·unt of a biologically active material P,repared by a method described herein or a 

composition as described herein, together with a pharmaceutically acceptable carrier to 

produce a pharmaceutically acceptable dosage form. 

· In a seventh aspect the. invention comprises a method for · manufacturing a veterinary 

product comprising the step of combining a therapeutically effective amount of the 

biologically active material prepared by a method as described herein or a composition a.s 

described herein, together with an acceptable excipient to produce a dosage form 

acceptable for veterinary use. 

In an eighth aspect the invention comprises a method for manufacturing of a pharmaceutical 

formulation comprising the step of combining an effective amount of the biologically active 

material prepared by a method described herein together with acceptable excipients to 

produce a formula~ion that can deliver a therapeutically effective amount of active to the 

pulmonary or·nasal area. S1.;1ch a formulation could be, but is not limited t~ a dry powder 

. formulation for oral inhalation to the lungs 9r a formulation for nasal inhalation: Preferably the 

method for manufacturing. such a formulation uses lactose, mannitol; sucrose, sorbitol,· xylitol 

or other sugars or· polyols as the co-grinding matrix together with surfactant such as. but not 

limited to lecithin, DPPC (dipalmitoyl phosphatidylcholine), PG (phosphatidylglycerol), 
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dipalmitoyl pho~phatidyl ethanolamine (DPPE), dipalmitoyl phosphatidylinositol (DPPI) or 

other phospholipid. The particle size of the material produced by the invention disclosed 

herein results in the materials being readily aerosolized and. suitable for methods of delivery 

to a subject in need thereof, including pulmonary and nasal delivery methods. . 

While the method of the present invention has particular application in the preparation of 

poorly water-soluble biologically active materials, the scope of the invention is not limited 

thereto. For example, the method of the present inv~ntion enables production of highly 

water-soluble biologically active materials. Such materials may exhibit advantages over 

conventional materials by way of, for example, more rapid therapeutic action or lower dose. 

In contrast, wet grinding tech~iques utilizing water (or other comparably polar solvents) are 

incapable of being applied to such materials, as the particles dissolve appreciably in the 

solvent. 

Other aspects and advantages of the invention will become apparent to those skilled in the 

art from a review of the ensuing description. 

Brief Description of the Drawings 

Figure 1: The P~D of 12 w/w % indomethacin-Spex milled with lactose monohydrate without 

and with 1% alkyl sulfate surfactants (example 1a) . as measured with the Malvern 
I 

Mastersiz~r. The.graph is a frequency'(volume %) versus size (in micron) . 

Figure 2: The PSD of 12. w/w % indomethacin 11 O ml attritor milled with lactose 

monohydrate without and with 1% SLS (example 1b) as measured with the· Malvern 

. Mastersizer. The graph is a·fre.quency (volume%) versus size (in micron) 

Figure 3: The PSD of 12 w/w % indomethacin Spex milled with lactose monohydrate without 

and with ~% polyoxyethylene alkyl ether surfactants,...(example 2a) as measured with the 

Malvern Mastersizer. The graph is a frequency (volume%) versus size (in micron) 

Figure 4: The PSD of 12 w/w % indomethacin 110 ml attritor. milled with lactose 

monohydrate without ar:id with 1% Brij700 {example 2b) as measun~d with the Malvern 

Mastersizer. The graph is a frequency (volume%) versus size (in micron) 

Figure 5: The PSD of 12 w/w % indomethacin Spex milled with lactose monohydrate without 

and with other surfactants (example 3a) as measured with the Malvern Mastersizer. The· 
. r 

graph is a frequency (volume%) versus size (in micron) . 

I 
I 
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Figure 6: Th~ P~D of 10 w/w.0/o indomethacin Spex milled with lactose monohydr~te without 

.and with other surfactants or additives {example 3b) as measured with the ·Malvern 

Mastersizer. The graph is_ a.frequency (volU!'fle %) veraus size (in micron) 

Figure 7: The PSD of 20 w/w .% indomethacin Spex milled with lact<?se monohydrate and 

1% SLS and also milled with the invidual components (example 4) as. measured with the 

Malvern Maste.rsizer. The graph is a frequency .(volum~ %) versus size (in micron) 

Figure 8: The PSD of 20 w/w % diclofenac Spex milled with lactose mono hydrate and 1 % 

.SLS a.nd also- milled with the invidual components (example 5) as measured with the 

Malvern Mastersizer. The graph is a frequency (volume%) versus size (in micron) 

Figure 9: The PSD of 20 w/w % diclofenac in mannitol Spex milled without surfactant, with 

1 ~/o SLS and with 1%_sodium octadecyl sulfate (~xample 6a) as measured with the. Malvern 

Mastersizer. The graph is a frequency (volume·%) ve.rsus size (in micron) 

Figure 10: The PSD of 10 w/w % diclofenac in.mannitol milled in.the Siebtechnik mill with 

1% SLS (example 6b) as measured with the Malvern Mastersizer. The graph is a frequency 

(volume 0/~) versus size (in micron) 

Figure '11: The PSD of 35 w/w% naproxen acid in lactose monohydrate Spex milled without 

(A), with (B) 1 w/w% of the surfactant polyoxyl-40-stearate and with (C) 1 w/w% sodium 

lauryl sulfate as measured with a Malvern Mastersizer (Example 7 a). The graph is a 

frequency (volume %) versus size (in micron). 

Figure 12: The PSD of 35 w/wo/o naproxen acid in lactose monohydrate with 1w/w % SLS at 

larger scale milled with an attritor (A) and a simoloyer (B) mill as measured with a Malvern 
( . . 

Mastersizer (example 7 b). The graph is a frequency (volume%) versus size (in micron). 

figure 13: The PSD of 40 w/w% naproxen acid in lactose monohydrate with (A) and without 

(B) 1 w/w% of the surfactant polyoxyl-40-stearate after Spex milling as measured with a 

Malvern Mastersizer (example 7c). The graph is a frequency (volume %) versus size (in 

micron). 
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Figure 14: The PSD of 35 w/w% naproxen acid in mannitol Spex milled without (A) and with 

(B) 1 w/w% SLS·as measured With a· Malvern Mastersizer (example Sa). The graph is ·a 

frequency (volume%) versus size (in micron). 

Figure 1 S: The PSD of 35 w/w% naproxen acid in mannitol with 1 w/w % SLS milled with an . 

attritor (A) and a sir'noloyer (B) mill as measured with a Malvern Mastersizer (example 8 b). 

The graph.is a frequency (volume%) versus size (iri micron). 

Figure 16: The PSD of 30 w/w% naproxen acid in mannitol spex mmed without (A) and with 
l 

(B) 1w/w% of the surfactant SLS as measured with a Malvern- Mastersizer (example 8c). The 

graph is a frequency (volume%) versus size (in micron). 

Figure 17: The PSD of 30 w/w% naproxen acid in mannitol 15 attritor milled without (A) and 

with (B) 1w/w% of the surfactant SLS as measured with a Malvern . Mastersizer (example 

8d). The graph. is a frequency (volume%) versus size (in mic.ron). 

Figure 1 s: The f'.>SD of 20 w/w% meloxicam attritor milled in .lactose monohydrate with 3 

w/w o/o SLS (A) and in lactose monohydrate only (B). The graph is a frequency (volume%) 

versus size (in micron). 

Figure 19: The PSD of 20 w/w% meloxicam attritor milled in mannitol with 3 w/w % SLS (A) 

and in mannitol only (B). The graph is a frequency (volume%) versus size (in micron). 

Figure 20.: The PSD of 30 w/w% naproxen acid in lactose .monohydrate (A), in lactose 

monohydrate with 20 w/w% Trisodium Cit.rate Dlhydrate (B), and in trisodium . citrat~ 

dihydrate (C) after spex milling as measured with a Malvern Mastersizer (example 11a). The 

graph is a frequency (volume%) versus size (in micron). 

Figure 21 : The PSD of 30 w/w% naproxen acid Spex milled in lactose monohydrate with 20 

w/w% calcium carbonate (~~· a~d in calcium carbonate. (B) as measured with a Malvern 

Mastersizer (Example 1~b). The graph is a frequency (volume 0io) versus size (in micron). 

Figure 22: The PSD after Sf)ex miiling of 25 w/w% naproxen acid in lactose anhydrous with 

20 w/w% xylitol (A), and i~ xylitol (B) as measµred with a Malvern Mastersizer (example 

12a). The graph is a freguency (volume .%) versus size (in·micron). 
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Figure 2~: The PSD after Spex milling of 25 w/w% naproxen .acid in lactose anhydrous with 

20 w/w% malic acid (A), and in malic acid (B) as measured with a Malvern Mastersizer 

(example 12 b). The graph is a freq·uency (volume%) versus size (in micron) . . 

· Figure 24: The PSD after. Spex milling of 25 w/w% naproxen acid in lactose anhydrous with 

20 w/w% trisodiu.:n ·citrate dihydrate (A), ·and in trisodium citrate dihydrate (B) as ~easured 
with~ Malvern Mastersizer (example 12 c). The graph is a frequency'(volume %) ver5t:1s size 

(in micron). 

Figure 25: The Particle size distribution of 13 w/w % indomethacin in lacto.se monohydrate 

milled at 100 gram scale with and without 1% SLS and with and without tartaric acid 

(example 13a) as measured with the Malvern Mastersizer. The graph is a frequency (volume 

%) versus size (in micron) · 

Figure 26: The Particle size distribution of 13 w/w % indomethacin in lactose monohydrate 

milled at one kilogr~m scale with 1% SLS and with ta.rtaric add (example 13b) as measured . . 

with the Malvern Mastersizer. The graph is a frequency (volume%) versus size (in micron) 

Figure 27: Th.e Particle size distribution of 15 w/w % dicloferiac in lactose monohydrate and 

1% SLS milled at 350·gram scale '!"ith and without tartaric acid (example 14) as measured 

with the Malvern Mastersizer. The graph is a frequency (volum~ %) versus size (in micron) 

Figure 28: The PSD of 1 O · w/w % Halosulfuron -Methyl Spex milled with lactose 
. .. 

monohydrate without (A) and with (B) 1% lecithin (example 15) as measured with the 

Malvern Mastersizer. The graph is a frequency (volume%) versus size (in micron) . . 
Figure 29: The PSD of 1 O w/w % Metsulfuron -Methyl Spex milled with lactose monohydrate 

without (A) and with (B) 1% SLS (example 16) as measured with the Malvern Mastersizer. 

The graph is a frequency (volume%) versus size (in micron). 

Figure 30: The PSD of 1 O w/w .% Tribenuran -Methyl Spex milled with lactose monohydrate 

without (A) and with (B) 1% Brij 700 (example 17) as measured with the Malvern 

Mastersizer: The graph is a frequency (volume%) versus size (in micron). 

Figure 31 : · The PSD of 10 w/w % sulfur Spex milled with lactose monohydrate without (A) 

and with (B) 1% SLS (example 18).as measured with the Malvern Mastersizer. The graph is 

a frequency (volume%) versus size (in micron). 
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Figure 32: The PSD of 10 w/w % Mancozeb Spex · milled with lactose monohydrate 

(example 19) as measured with the Malvern Mastersizer. The·graph is a fr~quency (volume 

%) versus size (in micron). 

Figure 33: The PSD of 30 w/w% Metaxalone Spex milled in lactose monohydrate 

with (A) and without (B) 1 w/w% of Poloxamer 407 and of only Un.milled Meta~alone 

(C) as mea~ured with a Malvern Mastersizer (Example 2°0). The graph is a frequency 

-(volume%) versus size (in micron). · 

Figure 34: The PSD of attritor milled powders of (A)-43 w/w% Metaxalone ~ith 1 

w/w% SLS, and of (B) 50 w/w% Metaxalone with 2 w/w% SLS, 2w/w% pluronic 407 
J • • 

and 20 w/w% sodium bicarbonate both in laco.tse monohydrate (Example 21) as 

measured with a Malvern Mastersizer. The .graph .is a frequency (volume %) versus 

size (in micron). 

Figure 35: The Dissolution profile shows the average of three measurements of A) 

milled metaxalone, B) u.nmilled metaxalone and C) ~ commercial tablet of 

metaxalone, Skelaxin® (Example 21) using 0.01 M HCL in an USP1-dissolution 

apparatus. . 

Figure 36: The PSD of 35 w/w % Napn;>xen Acid milled with the 750 ml 15 attrltor .ln 

Mannitol with (A) 1% SLS, (B) 1% SLS and 1% POE 40· sterate, and .(C) 1% SLS and 1% 

PEG 3000 (example . 22) as measured with the Malvern Mastersizer. The graph is a 

frequency (volume%) versus size (in micron). 

Figure 37: The PSD of 12 w/w %· lndomethacin milled with the 750 ml 1 S attritor in lactose 

· . monohydrate with (A) 1% SLS, (B) 1% SLS and 1% Pluronic F127, (C) 1% SLS and 1% 

POE 40 Sterate (example 23) as measured with the Malvern Mastersizer. The graph is a 

frequency (volume%) versus size (in micron). 
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Detailed Description of the Invention 

General 

Those skilled in the art will appreciate th~t the invention described herein is susceptible to 

variations .and modifications other than those specifically described. It is ·to be understood 

that the invention includes all such variations and modifications. The invention also includes . . 
all of the steps, features, compositions a".ld materials referred to or indicated in the 

specification', individually or collectively· and any and all eombinations or any two or more of 

the steps or features. 

The present invention is not to be limited in scope by the specific embodiments described 

· herein, which are intended for the purpose of exemplification only. Functionally eq~ivalent 

prodl..!Cts, compositio~s and m~thods are clearly within the s~pe of the invention as 

de.scribed herein. 

The invention described herein may include one or more ranges of- values (e.g. size, 

concentration etcj. A range of values will be understood to · include all values within· the 

range, including the values defining the range, and values adjacent to the range that lead to 

the same or sut:>stantially the same outcome as the values immediately adjacent to that 

value which defines the boundary .to the range. 

The entire disclosures of all publications (including patents, patent applications, journal 

articles, laboratory manuals, books, or other documents) cited herein are hereby 

incorporated by reference. Inclusion does not constitute an admission is made that any of 

the references constitute prior art or are part of the common general knowledge of those 

working in the field to which this invention relates. 
J 

Throughout this sp~cification, uniess the context. requires otherwise, the wo~d "comprise" or . 

variations, such as "comprises" or "comprising" will be understood to imply the inclusion of a 

stated integer, or group of integers, but not·the exclusion of any other integers or group· of 

integers. It is also noted that in this disclosure, and particularly In the claims and/or 

paragraphs, terms such as "comprises", "comprised", "comprising" and the like can have the 

meaning attributed to it in ·US Patent law; e:g. , they 'Can mean "includes", "included", 

"including", and the like . 

. "Therapeutically effective amounr as used herein with respect to methods of treatment and . . 

in particular drug dosage, shall mean that d~sage that provides the specific pharmacological . 

response for which the drug is administered in a signi~cant number of subjects In need of 
' such treatment. It is emphasized that "therapeutically effective amount," adi:ninistered to a 

particular subject in a particular instance will not always be effective in treating the diseases 

described herein, even though such dosage is. deemed a "therapeutically effective amount" . . 
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by those skilled in the art. It is to be further understood that drug dosages are, in PC!rticular 

instances, measured as oral dosages, or with reference to drug levels as measured in blood. 

The term "inhibit" is defined to include its generally accepted meaning which includes 

prohibiting, preventing, restraining, and lowering, stopping, or reversing progression or 

severity, and such action on a resultant symptom. As such the present invention includ~s 

both.medical therapeutic and prophylactic administration, as appropriate. 

The term "biologically active material" is defined to mean a biologically active compound 9r a 

substance which comprises a biologically active compound. In this definition, ·a compound is 

generally taken to mean a distinct chemic::al entity where a chemical formula or formulas can 

be used to describe the substance. Such compounds would generally, but not necessarily be 

identified in the literature by a unique classification system such as a CAS number. Some 

compounds may be more complex and have a mixed chemical structure. For such 

compounds they may only have ·an empirical formula or be qualitatively identified. A 

compound would generally.be a pure material, although it would be expected that up to 10%, 

20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% of the substance could be other impurities and 

the like. Examples of biologically active compounds are, but not limited to, pharmaceutical 

actives. and analogs, homologs and first order derivatives thereof. A substance that contains 

a biologically active compound is any. substance which has as one of its components a 

biologically active compound. Examples of substances containing biologically active 

compounds are, but not limited to, ~harmaceutical formulations and pr~ucts. 

Any of the terms, "bi9logical(ly) active·, · active", "active material· shall have the same 

meaning as biologically active material. 

The term "grinding matrix• is defined as any inert substance that a biologically active material 

can or is combined with and milled. The terms "co-grinding matrix" and "matrix" are 

interchangeable with "grinding matrix". 

Particle Size 

There are a wide range of techniques that can be utilized to characterize the particle size of 

a material. Those skilled in the art also understand that almos.t all these techniques do not 

physically measure the actually particle size, as one might measure something with a ruler, 

but measure a physical phenomena which is interpreted to indicate a particle size. ~s part of 

the interpretation process some assumptions need to be made to enable mathematical 

calculations to be made. These assumptions deliver results such as an equivalent spherical 

particle size, or a hydrodynamic radius. 

Amongst these various methods, two types of measurements are most commonly used. 

Photon correlation spectroscopy (PCS), also known as 'dynamic light scattering' (DLS) is 

Page 27



00 
"'1" 
t
........ 
0 
O"I 
O"I 
0 
0 
C'.:t 

26 

commonly used to measure particles with a size less than 10 micron. Typical!y this 

measurement yields an equivalent hydrodynamic radius often expressed as the average size . . 
of a numt:,er distribution. The .other common particle size measuremen~ is laser diffraction 

which is commonly used to measure particle size from 100 nm to 2000 micron. This 

· · technique calculates ·a volume distribution of equivalent spherical particles that can be 

expressed using descriptors such as the median particle size or ~he % of particles under a 

given size. 

Those skilled in the art recognize that different characterization techniques such as. photon 
. . 

correlation spectroscopy and laser diffraction measure different properties of a particle 

ensemble. As a result multiple tech~.iq'ues wlll give multiple answers to the question, "what is 

the particle size." In theory one could convert and compare the various parameters each 

technique measures, howev.er, for real world particle systems this ls not practical. As a 

result the ·particle size used to describe ·this invention will be given as two different sets of 

values that each relate to these two common measurement techniques, such that 

measurements could be made with either technique and then evaluated against th·e 

description of this invention. 

For measurements made using a photo correlation . spectroscopy instrument, or an. 

equivalent method known in the art, the term "number average particle size" is defined as 

the average particle diameter as determined on a number basis. 

For measurements made using a laser diffraction instrument, or an equivalent method 

· known in the art, the term "median particle size" i~ defined as the median particle diameter 

as determined on an equivalent spherical particle volume basis. Where the term median is 

used, it is understood to describe the particle size that divides the population in ~alf such 

that 50 % 9f the population is greater than or less than this size. The median particle size is 
. . 

often written as 050, D(0.50) or. 0(0.5]. As used herein 050, 0(0.50) or 0[0.5) shall be taken 

to mean 'median particle size'. 

Another commonly used ·way of describing a particle size distribution measured by laser 

diffraction, or an equivalent method known in the art, is to describe what % of a distribution is 

under or over a nominated size. The term "percentage less than" also written as "%<~ is 

defined as the percentage, by volume, of a particle size distribution under a nominated size. -

for example the·% < 1000 nm. The term "percentage greater than" also written as"%>~ is 

defined as the percentage, by volume, .of a particle size distribution over a nominated size -

for example the%> 1000 nm. 
. . 

The particle size used to describe this invention should be taken to mean the particle size as 

measured at or shortly before the time of use. For example, the particle size is measured 2 

months after the material is subject to the milling method of this invention. In a preferred 

form, the particle size is measured at a time select~d from the group consisting of: 1 day 
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after milling, 2 days after milling, 5 days after milling, 1 month after milling, 2 months after 

milling, 3 months after milling, 4 months after milling, 5 months after milling, 6 months after . . . . 
milling, 1 yea~ after milling, 2 years after milling, 5 years after milling. 

For many of the materials subject to the methods of this invention the particle size can be 
. . . 

easily. measured. Where tlie a·ctive material has poor water solu~ility and the matrix it is 

milled in has good water solubility the powder can simply be dispersed in an aqueous 

s<;>lvent. In this scenario t~e matrix dissolves leaving the active material dispersed in the 

solvent. .This suspen.sion .can· then be measured by techniques such as PCS.· or laser 
. . 

diffraction. 
. . 

Suitable methods to measure an accurate particle. size where the active material has 

substantive aqueous solubility. or the matrix· has low solubility in a water based dispersant 

are outlined below. 

1. In the circumstance where insoluble matrix. such as microcrystalline cellulose 

· prevents the measure.ment of the active material separation technique~ such . as 

filtration or centrifugation could be used to separate the insolul:>le ma~rix frorry the 

active material particles. Other ancillary techniques would also be required to 

determine if any active material was removed by the separation technique so that this 

could be taken into account. 

2. In the case where the active material is too soluble in water other s9lvents could be 

evaluated for the measurement of particle size. Where a ~olvent could .be found that 

active .material is poorly soluble in but is a good solvent for the matrix a measurement 

would be relatively straight forward. If such a solvent is difficult to find another 

approach would be t:O measure the ensemble of matrix and active mat~rial in a 

solvent (such as iso-octane) which both are insoluble in. Then the powder would be 

measured in another solvent where the active material is soluble but the matrix is not. 

Thus with a measurement of the matrix particle size and a measurement of the size 

of the matrix and active material together an understanding of the active ma~erial 

particle size can be obtained. 

3. In some circumstances image analysis could be used to obtain information about the 

. particle size distribution of the active m~terial. Suitable image measureme~t · 
te~hniques might include transmission electron microscopy (TEM), scanning electron 

microscopy (SEM), optical mic~oscopy and confocal microscopy. In addition to these · 

standard . techniques some additional technique would be required . to be used in 

parallel to 'differentiate the activ~ material and matrix particles. Depending on the 

chemical makeu.P of the materials Involved possible techniques could be elemental 

analysis, raman spectroscopy, FTIR spectroscopy or fluorescence spectroscopy. 
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Other Definitions 

Throughout this specification, unless the context requires otherwise, the phrase "dry mill".or 

variations, such as "dry milling", should be understood to refer to milling in at least the 

substantial absence· of liquids. If liquids are present, they are present in such amounts that 

the contents of the mill retain the characteristics of a dry powder. 

"Flowable" means a powder having physical characteristics rendering . it suitaole for further 

processing using typical equipment used for the manufacture of pharmaceutical 

compositions and formulations. 

Other definitions for selected terms used herein may be found within the detailed description 

of the invention and apply throughout. Unless otherwise defined, all other scientific and 

technical terms used herein have the same meaning as commonly understood to one c:>f 

ordinary skill in the art to which the invention belongs. 

The term "millable" means that the grinding matrix is capable of being ·physically degraded 

under.the dry milling conditions of the method of the invention. In one embodim~nt of the· 

invention, the milled grinding matrix is of a comparable particle size to the biologically active 

material. In _another embodiment of the invention the particle size of the matrix· is 

substanti~lly reduced but not as small as the biologically active material 

Other definitions for.selected terms used h~rein may be found within the detailed description 

of the invention and apply throughout. U~less otherwise defined, all other scientific and 

technical terms used herein have the same meaning as commonly _understood to one of 

ordinary skill in the art to which the ~nvention belongs. 

Specific 

In one embodiment, the present ' invention is directed to a method for prodacing a 

composition, comprising the steps 'of: dry milling a solid biologically active material and a 

millable grinding matri~ in a mill comprising a plurality of milling bodies, for a time period 

sufficient to p·roduce particles of . th~ biologically active material dispersed in· an at least 

partially milled grinding material. 

The mixture of active material and matrix may then be separated from the milling bodies and 

removed from the·mill. 

In one aspect the mixture of active material and matrix is then further processed. In another 

aspect, the·.grinding matrix is separated from the particles of biologically active material. In a 

further aspect. at least a portion ~f the milled grinding matrix is ~eparated from the 

particulate biologically ac~ive material. 

I 

. I 
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The milling bodies are essentially resistant to fracture and erosion in the dry milling process. 

The quantity pf the grinding matrix relative to the. quantity of biologically active material in 

particulate form. and the extent of milling of the grinding matrix, is sufficient to inhibit re

agglomeration of the particles of the active material. · 

The present invention also relates to biologically active materials produced by said methods, 

to medicaments produced using said biologically active materials and to methods of 

treatment of an animal, including man, using a therapeutically effective amount of said 

biologically active materials administered by way of said medicaments. 

Commercial Scale 
1 

The present invention is directed to the unexpected finding that particles of a biologically 

active material can be produced by dry milling processes as described herein at commercial 

scale. In one surprising aspect the particle size produced by the process is equal· to or less 

than 2000nm. In an.other surprising aspect the particle size produced by the process is equal 

to or less than 1000nm. This can result in a more efficient and cost effective process. 

One of the key goals of reducing manufacturing costs is the encapsulation of the 

nanoparticles into materials that do not have to b~ removed. This enables a simple 

manufacturing process where conventional formulation technologies can be used to 

progress the matrix encap~ulated nanoparticles directly to a final product. In order to do this 

the materials used within the matrix must be ac~eptable to industry regulators. In some 

cases materials may be acceptable for use but only in limited quantities. Another aspect of 

.matrix choice is functionality. Some matrices that produce good encapsulated nanoparticles 
( 

·may be acceptable from a safety perspective but these materials may make manufacture of 

a .dosage form such as tablet limited. 

Improving the dissol~tion profile 

The process results in the biologically active material having an improved dissolution profile. 

An. improved dissolution profile· has significant advantages including the improvement of 

bioavailability of the biologically active material in vivo: Preferably, the improved dissolution 

profile is observed in vitro. Alternatively, ~he improved dissolution profile is observed if! vivo 

. by the observation of an i!'Tlproved bioavaitability profile: Standard methods for determining 

the dissolution p'rofile of a material in vitro are available in the art. A suitable method to 

determine an improved dissolution profile in vitro may include determining th!;! concentration 

of the sample material in a solution over a period of time and comparing the results from the 

sample material tQ a control sample. An observation that peak solution concentration for the 

sample ·material was achieved in less time than· the control sample would indicate (assuming 
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it is statistically significant), that the sample material has an improved dissolution profile. The 
' measurement sample is .herein defined as the mixture of biologically active · material with 

grinding matrix .and/or other additives that has been subject to the processes of the invention 

described here. Her~in a control sample is defined as a physical mixture (not subject to the 

processes described in this invention) of the components in the measurement sample with 
. . . .. 

the same relative proportions of active, matrix and/or additive as the measurement sample. 

For the purposes of the dissolution te.sting a prototype formulation . of the measurement 

sample·co.uld also be used. In this case the control sample would be formulated in the same 

way. Standard methods for determining the improved dissolution profile of a material in vivo 

are available in the art. A suitable method to determine an improved dissolution profile· iri a 

human may be after delivering the dose to mea·sure the rate of active material absorption by 
. . . . 

measuring the plasma concentration of the sample compound over a period of time and 
. . 

compa~ng the results .from the sample compound to a control. An observation that peak 

plasma concentration for the sample compound was achieved in less time tl)an the control 

would indicate (assuming it is statistically significant) that the sample compound has 

improved bioavailability and an improved dissolution profile. Preferably, the improved 

~issolution profile is observed at a relevant gastrointestirial pH, when it is obser:Ved in vitro. 

Preferably, the improved dissolution profile is observed at a . pH which is ·favourable at 

indicating improvements in dissolution when ~omparing the measurement sample to the 

control compound. Suitable methods for quantifying the· concentration of a compound in an . . . 

in vitro sample or an in vivo sample are widely available in the art. Suitable methods could 

include the use of spectroscopy or radioisotope· labeling. In one preferred embodiment the 

method of quantification of dissolution is determined in a solution with a pH selected from the 

group consistir:ig of: pH 1, pH 2, pH 3, pH 4, pH 5, pH 6, pH 7, pH 7.3, pH 7.4, pH 8, pH 9, 

pH 10, pH 11, pH 12, pH 13, pH 14 or a pH with 0.5 of a pH unit of any of this group. 

Crystallization Profile 

Methods for determining the crystalliriity profile of. the biologically active material are widely . . 
available in the art. Suitable methods may include x~ray diffraction, differential scanning 

calorimetry, raman or- IR spectrocopy. 

. Amorphiclty Profile 

Methods for determining the amorphous content of the biologically active material·are widely 

aVailable in the art. Suitable methods may include X-ray diffraction. differential scanning 

calorimetry, raman or IR spectroscopy. 
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Grinding Matrix 

As will be described subsequently, selection. of an appropriate grinding matrix affords 

particular advantageous applications of the method of the presen·t inventiol). 

A highly advantageous application of the method. of the invention is the use of a water-. . 
soluble grinding matrix in conjunction with a poorly water-soluble biologically active· material. 

This affords at lea~t two advantages. The first being when the powder containing the 

biologically active material is placed into water - such as the ingestion of the powder as part 

of an oral medication - the .matrix dissolves, releasing the particulate a~ive material such 

that there is maximum surface area exposed to solution, thereby allowing a rapid dissolution 

of _the active compound. The second key advantage Is the ability, if required, to remove or 

partially remove the matrix prior to further processing or formulation. 

Another advantageous application of the method of · the invention is the use of a water

insoluble grinding matrix, particularly in the area of agricultural use, wt:ien a biologically 

active material such as a · fungicide is commonly deliv~red as part of a dry powder or a 

suspension. The presence of a water insoluble matrix will afford benefits such as increased 

rain fastness. 

Without wishing to be bound by theory,· it is believed that the physical -degradation (including 

but not limited to particle size reduction} of the milla~le grinding matrix affords the advantage 

of the invention, by acting as a more effective diluent than grinding matrix of a larger particle 

size. . . 
Again, .as will be described subsequently, a highly advantageous aspect of the present 

invention is that certai~ grinding matrixes appropriate for use in the method of the invention 

are also appropria.te for use in a medicament. The present invention enc_ompasses methods 

.for the production of a medicament incorporating both the biologically active material and the . . 

grinding matrix or in some cases the biologically active material and a port.ion of the grinding 

matrix, medicaments so produced, and methods of. treatment of an animal, including man, 

using a therapeutically effective a·mount of said biologically active mat~rials by way of said 

medicaments. 

Analogously, as will be described. subsequently, a highly advantageous aspect of the 

present inv.ention is· that certain grinding matrixes appropriate for use in the method of the 

invention are also appropriate for use in a carrier for an agricultural chemical, such as a 

pesticide,. fungicide, or herbicide. The present invention encompasses m~thods ·for the 
. . 

p~oduction of an agricultural c~emical composition incorporating both the biologically active 

material in particulate form and the grinding matrix, or in some cases the· biologically active 

material, and a portion of the grinding matrix, and agricultural chem'ical compositions so 

produced. The medicament may include only the biologically active material together with · I· 
I 
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the milled grinding matrix or, · more preferably, the biologically active material and. milled 

grinding matrix may be combined with one or more pharmaceutically acceptable carriers, as 

well as any desired excipients or other like agents commonly used in the preparation of 

·medicaments. 

Analogol!sly, the agricultural-chemical composition may include only the biologically active 

material together with the milled grinding matrix or, mor~ preferably, the biologically active 

materials and milled grinding matrix may be combined wit~ one or more carriers, as well as 

any ·desired excipients or other like agents commonly used in the preparation of agricultural 

chemical compositions. 

In one particular form of the .invention, the .grinding matrix is both appropriate for .use in a 

medicament and readily separable from the biologically active material by methods not 

dependent on particle si~e . Such grinding matrixes are described in the following detailed . 

description of the invention. Such grinding matrixes are highly advantageous in that they 

afford si~nificant flexibility in the extent to which the grinding matrix may be incorporated with 

t~e biologically active material into a medicament. 

In a highly preferred form, the grinding matrix is hard~r than the biologically active material, 

and is thus capable of reducing the particle size of the active material under the dry milling 

conditions of the invention. Again withou·t wishing to be bound by the0ry, under these 

circumstances it is believed that the millable grinding matrix affords the advantage of the 

present invention through a second route, with the smaller part.icles of grinding matrix 

produced under the dry milling conditions enabling greater interaction with the biologically 

active f'!'laterial.. 

The quantity of the grinding matrix relative to the quantity of biologically active material, and ,.. 

the extent of physical degradation of the grinding matrix, is sufficient to inhibit re

agglomeration of the particles of the ·active material Preferably, the quantity of the grinding 

matrix relative to the quantity of biologically active material, and the extent of physical 

degradation of the grinding matrix, is sufficient to inhibit re-agglomeration of the particles· of_ 

the active material in nanoparticulate form. The grinding matrix is not generally selected to be 

chemically reactive with the biologically active material under the milling conditions of the 
: . . 

invention, excepting for example, where the matrix is deliberately chosen to undergo a 

mechanico-chemical reaction. Such a. reaction might be the conversion of a free base or acid 
' to a salt or vice versa. 

As stated above, the method of the present invention requires the grinding matrix. to be 

milled with the biologically active material; that Is, the grinding matrix will physically degrade 

under the dry milling conditions of the invention to facilitate the formation and retention of 

particulates of the biologically active material with reduced particle size.' The precise extent 

of · degradation required will depend on certain properties of the grinding matrix and the 
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biologically active· matenal, the ratio of biologically ac~ive material to gri~ding matrix, and the 

particle size distribution of the particles· comprising the biologicaliy active material: 

Th·e physical properties of the grinding matrix necessary t~ achieve the requisite degradation 

are dependent on the. precise milling conditions. For example, a harder grinding matrix may 

· d_egrade to a sufficient extent provided it is subjected to' more vigorous· dry milling conditions. · 

Physical properties of :the grinding matrix relevant to the extent that the agent will degrade 

under dry milling conditions include hardness, friability, as mea!?ured by indicia such as 

hardness, fracture toughness and brittleness index. 

A low hardness (typically a Mohs Hardness less th~n 7) of the biologically active material is . . .. . . ~ 

desirable to ensure .fract.ure of the particles durjng processing, so that composite 

microstructures develop during milling. Preferably, the hardness is less than 3 ~s determined 

using the Mohs Hardness scale. 

Preferably, the grinding matrix is of low abrasivity. Low abrasivity is desirable to minimise . 

contamination of the mixture of the biologieally active material in the grinding matrix by the 

milling bodies and/or th~ milling chamber of the media mill. An indirect indication of the 

abrasivity can be obtained by measuring the level of milling-based contaminants. 

Preferably, the grinding matrix has a low tendency to agglomerate during dry milling. While 

it is difficult to objectively quantify the. tendency to agglomerate during milling, it is possible to 

obtain a subjective measure by observing the level of "caking" of the grinding matrix .on the 

milling bodies and the milling chamber of the media mill as dry milling progresses. 

The grindin!iJ matrix may be an inorganic or organic substance. 

In one embodiment, the grinding matrix is selected from the following, either as a single 

substance or a combination of two or more substances: Polyols (sugar alcohols) for exampl~ 

(but no~ limited to) mannitol, sorbitol, isomalt, xylitol, maltitol, lactitol, erythritol, arabitol, 

ribitol, monosaccharides for example (but not limited to) glucose, fructose, mannose, 

galactose, disaccharides ·and trisaccharides . for example (but not lim.ited to) anhydrous . 

lactose, lactose monohy~rate, sucrose, maltose, trehalose, polysaccharides for example (but · 

not limited to) maltodextrins, dextrin, lnulin, dexfrates, polydextrose, other carbohyrates for 

. . example (but not limited to) st~rch, wheat flour, co~n flour, rice flour, rice starch, tapioca 

flour, tapioca starch, potato flour, .potato starch, other flours and starches, , soy flour, soy 
. . 

meal or other- soy products, cellulose, microaystalline cellulose, microcrystalline cellulose 

~ased co blended excipients, chemically modified excipients such as pregelatinized (or 

partially) starch, modified celluloses such as HPMC, CMC, HPC, · enteric polymer coatings 

such as hypromellose phthalate, cellulose acetate phthalate (Aquacoat®), polyvinyl acetate 

. phthalat~ (Sureteric®), hypromellose acetate s1.,1ccinate (AQOAT®), and polmethacrylates 
. . 

(Eudragit® and Acryl-EZE®). Mil~ products for example (but not limited to) milk powder, 

skim milk powders. other milk solids and dreviatives, other functional Excipients, organic 

.· 
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acids· for example (but not limited to) citric acid, tartaric acid, malic acid, maleic acid fumaric . 

acid , ascorbic acid, succinic acid, the conjugate salt of organic acids for example (but not 

limited to) sodium citrate, sodium tartrate, sodium malate, sodium ascorbate, potassium 

citrate, potassium tartrate, potassium .malate, potassium asco~bate, inorganics suctt as 

sodium carbonate, pot~ssium carbonate, magnesium carbonate; sodium .bicarbonate, 

potassium bicarbonate and calcium carbonate. dibasic calcium phosphate, tribasic calcium 

phosphate, sodium sulfate, sodium chloride, sodium :metabisulphite, sodium thiosulfate, 

ammonium chloride, Glauber's salt, ammonium carQ<>nate. sodium bisulfate, magnesium 

sulfate, potash alum, potassium chloride, sodium hydrogen sulfate, sodium hydroxide, 

crystalline hydroxides, hydrogen. carbonates, hydrogen carbonates of pharmaceutical 

acceptable alkali metals, such as but not limited by, sodium. potassium. lithium. calcium. and 

barium, ammonium salts (or salts of volatile amines), for .example (but ·not limited to) . . . 
_ammonium chloride, methylainine hydrochloride, ammonium bromide, oth~r in~rganics for 

example (but not limited to). thermal silica, chalk, mica, sili~. alumina, titanium dioxide, talc, . 

kaolin, bentonite, hectorite, magnesium trisilicate, other clay or clay derivatives or aluminium 

silica,es, ·a surfactant f~r example (but not limited to) sodium lauryl sulfate, sodium stearyl 

sulfate, sodium cetyl · sulfate. · sodium cetostearyl -sulfate, sodium · docusate, sodium 

deoxycholate, N-lauroylsarcosine sodium salt. glyceryl monostearate • glycerol distearate 

glyceryl palmitostearate, glyceryl behenate, glyceryl caprylate, glyceryl oleate, benzal~on ium 

chloride, · CTAB, CTAC, Cetrimide, cetylpyridinium chloride, .cetylpyridinium bromide, 

benzethonium chloride, PEG 40 stearate, PEG 100 stearate, poloxamer 188, , poloxamer 
. . 

338, poloxamer 407 polyoxyl 2 stearyl ether, polyoxyl 100 stearyl ether, polyoxyl 20 stearyl 

ether, polyoxyl 10 stearyl ether, polyoxyl 20 cetyt ether,· polysorbate 20, polysorbate 40, 

polysorbate 60, polysorbate · 61, polysorbate 65, polysorbate 80, polyoxyl 35 castor oil. 

polyoxyt 40 castor oil, polyoxyl 60 castor oil, polyoxyl 100 castor oil. polyoxyl 200 castor oil, 

polyoxyl 40 hydrogenated castor _oil, polyoxyl 60 hydrogenated castor oil, polyoxyl 100 

hydrogenated c~stor oil, polyoxyl 200 hydrogenated castor oil, cetostearyl alcohol, macrogel 
- . 

15 hydroxystearate, sorbitan monopalmitate, sorbitan monostearate~ sorbitan trioleate, 
. -

Sucrose Palmitate, Sucrose Stear'ate, Sucrose Distearate, Sucrose laurate, Glycocholic 

acid, sodium Glycholate, Cholic Acid, Soidum Chelate, Sodium Deoxychotate, Deoxycholic · 

acid, Sodium t~urocholate, taurocholic acid, Sodium "tauro~eoxycholate, taur~deoxycholic 

acid, soy lecithin, phosphatidylcholine, phosphatidylethanolamine. phosphatidylserine, 

phosphatidylin?sitol, PEG4000, PEG6000, · PEG8000, PEG10000, PEG20000, alkyl 

naphthalene sulfonate condensate/Ugnosulfonate blend.Calcium Dodecylbenzene 
. - . 

~ulfonate, Sodium Dodecylbenzene Sulfonate,Diisopropyt naphthaenesulphon~te, erythritol 

distearate, N~phthalene Sulfonate Formaldehyde Conden.sate, nonylphenol ethoxylate (poe-

30). Tristyrylphenol Ethoxytate, Pcilyoxyethylene· (15) tallowalkylamin'es, sodium alkyl 

. I 
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naphthalene sulfonate. sodium alkyl naphthalene · sulfonate condensate. sodium 

alkylbenzene sulfqnate, sodium isopropyl naphthalene sulfonate, Sodium Methyl 

Naphtha.lane Formaldehyde Sulfonate, sodium n-butyl naphthalene sulfonate, tridecyl 

alcohol ethoxylate. (poe-18}, Triethanolamine isodecanol phosphate ester, Triethanolamiile 
. ' . . 

·tristyrylphosphate ester, Tristyrylphenol Ethoxylate Sulfate, Bis(2-

hydroxyethyl)tallowalkylamines. 

In a preferred embodiment, the grinding matrix is a matrix that is considered GRAS 

(generally r~garded.as safe) by persons skilled in the pharmaceutical arts. 

In another preferred aspect a combination of two or more suitable matrices, such as those 

listed above, can be used as the grinding matrix to provide improved properties such as the 

reduction of caking, and greatt:r improvement of the dissolution profile. Combination 

matrices may also be advantageous when the matrices have different" solubility's allowing 

the removal or partial removal of one matrix, while leaving the other or part of the other to 

p~ovide encapsulation or partial encapsulation of the biologically active material. · . . 

Another highly preferred aspect of the method is the inclusion of a suitable ~illing aid in ·the 
. . . 

matrix_ to improve milling performance. Improvements to milling performance would ~e things 

such as, but no.t limited to, a reduction in caking or higher recovery of powder from the mill. 

Examples of suitable milling aids.include surfactants, polymers and inorganics_ such as silica 

(including colloidal silica), aluminium silicates and clays. 

There are a wide range of surfactants that will make suitable milling aids. The highly 

preferred form is where the surfactant is a solid, or can be manufactured into a solid. 

Preferably, the surfactant _is selected from the group consisting of: polyoxyethylene alkyl 

ethers; p.olyoxyethylene stearates, polyethylene glycols (PEG), poloxamers~ poloxamines, 

sarcosine based surfactants, polysorbates, aliphatic alcohols, alkyl and· aryl sulfates, alkyl 

and aryl polyether sulfonates and other sulfate surfactants, trimethyl ammonium based 

surfactants, lecithin and other phospholipids, bile salts, polyoxyethylene castor oil 

· derivatives, polyoxyethylene sorbitan fatty acid esters, Sorbitan fatty acid esters, Sucrose 

fatty acid esters, alkyl glucopyranosides, alkyl maltopyranosides; glycerol fatty acid esters, 

Alkyl Benzene Sulphonic Acids, Alkyl Ether Carboxylic Acids, Alkyl and aryl · Phosphate 

esters, ·Alkyl arid aryl Sulphate esters, Alkyl and aryl Sulphonic acids, Alkyl Phenol 

Phosphates esters, Alkyl Phenol Sulphates esters, Alkyl and Aryl Phosphates, Alkyl 

Polysaccharides, Alkylamine Ethoxylates, Alkyl-Naphthalene Sulphonates formaldehyde . . 
condensates, Sulfosuccinates, lignosulfonates." Ceto-Oleyt Alcohol Ethoxylates, Condensed · 

Naphthalene Sulphonates, Dfalkyl and Alkyl Naphthalene Sulphonates,Di-alkyl 

Sulphosuccinates, Ethoxylated . nonylphenols, Ethylene Glycol Esters:Fatty Alcohol 

Alkoxylates, Hydrogenated tallowalkylamines, Mono-alkyl Sulphosuccinamates, Nonyl 
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Phenol Ethoxylates, Sodium Oleyl. N-methyl Taurate, Tallowalkylamines, linear and 

branched.do.decylbenzene sulfonic acids 

Preferably, the surfactant is selected from the group consisting of: sodium lauryl sulfate, 

sodium stearyl sulfate, sodium cetyl sulfate. sodium cetostearyl st.ilf~te, sodium docusate, 

sodium deoxycholate, N-lauroytsarcosine sodium salt, glyceryl monostearate , glycerol 

distearate glyceryl palmitostearate, glyceryl behenate, glyeeryl caprylate, glyceryl oleate, 

benzalkonium chloride, CTAB, CTAC, Cetrimide; cetylpyridinium chloride, cetylpyridinium . . -
bromide, benzethonium chlorid~. PEG 40 stearate, PEG 100 steara.te, poloxamer 188, , 

poloxamer .338, poloxamer 407 polyoxyt 2 stearyl ether, polyo~yl 100. stearyl ether, polyoxyl 

20 stearyl ether, polyoxyl 10 stearyl ether, polyoxyl 20· ~tyl ether, polysorbate 20, 

polysorbate 40, polysorbate 60, polysorbate 61, polysorbate 65, polysorbate 80, polyoxyl 35 

castor oil, polyoxyl 40 castor oil, polyoxyl 60 castor oil, polyoxyl 100 castor oil, polyoxyl 200 

castor oil: polyoxyl 40 hydrogenated eastor oil, polyoxYt 6~ hydrogenated castor oil, ~olyoxyl 

100 hydrogenated castor oil, polyoxyl 200 hydrogenated castor oil, cetostearyl alcohol, 

m~crogel 15 hydroxystearate, sorbitari monopalmitate, sorbitan monostearate, sorbitan 

trioleate, Sucrose Palmitat4!', Sucrc;>se Stearate, Sucrose Distearate, Sucrose laurate, 

Glycocholic acid, sodium Glycholate, Cholic Acid, Soidum Chelate, Sodium· Deoxycholate, 

Oeoxycholic acid, Sodium taurocholate, taurocholic acid, : Sodium taurodeoxycholate, 

taurodeoxycholic acid, soy lecithin, phosphatidylcholine, phosphatidylethanolamine, 

phosphati~ylserine, phosphatidylinositol, PE(34000, PEG6000, PEG8000, PEG10000, 

PEG20000, alkyl naphthalene . sulfonate condensate/Ugnosulfonate blend;Calcium 

Dodecylbenzene Sulfonate; Sodium Oodecylbenzene · Sulfonate,Diisopropyl 

naphthaenesulphonate, . erythritol distearate, Naphthalene Sulfonate Formaldehyde 

Condensate, nonylphenol ethoxylate (poe-30), Tristyrylphenol Ethoxylate, Polyoxyethylene 

(15) tallowalkylamines, sodium . alkyl naphthalene sulfonate, sodium. alky.I naphthalene 

sulfonate condensate, sodiul'(l alk~lbenzene sulfonate, sodium isopropyl naphthalene 

sulfonate, . Sodium Methyl Naphthalene Formaldehyde Sulfonate, sodium n-butyl 
. . . 

naphthalene sulfon~te, tridecyl alcohol ethoxylate (poe-18), Triethanolamine isodecanol 

phosphate ester, Triethanolamine tristyrylphosphate ester, Tristyrylphenol Ethoxylate 
' 

Sulfate, Bis(2-hydroxyethyl)tallowalkylamlnes. 

Preferably the polymer is selected from the list of: 'polyvlnylpyrrolidones (PVP)", 

po,lyvlnylalcohol, Acrylic acid based polymers and copolymers of acrylic acid 

Preferably, the milling aid has ·a concentration ·selected from 'the group consisting of: 0.1 -10 

% w/w, 0.1 -5 % w/w, 0.1 -2.5 % w/w, of 0.1 - 2% w/w, 0.1 :1 %, 0.5 -5% w/w, 0.5 -3% w/w, . . 
0.5 -2% w/w, 0.5-1.5%, 0.5-1 % w/w, of 0.75-1.25 % w/w, 0.75 -1% and 1% w/w. . . . 
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Milling bOdles 

In the method of the present invention, the milling bodies are preferably chemically inert and 

rigid. The term "chemie:ally-lnert", as used herein, mean!) that the milling bodies do not react . . ' 

chemically with the biologically active mate.rial or the,grinding matrix. 

As described above, the milling bodies are essentially resistant to fracture and erosion in the 

milling process. 

The milling bodies are desirably provided in the form of bodies which .. may have any of a 

variety of smooth, regular shapes, flat or curved surfaces, and lacking sharp or raised edges. 

For example, suitable milling bodies can be in the form .of bodies having ellipsoidal, ovoid, . . . . 
spherical or right cylindrical shapes. Preferably, the milling bodies are provided in the .form 

of one or more of beads, balls, spheres, rods, right cylinders, drums or radius-end right 

cylinders (i.e., right cylinders having h.emispherical bases with the same radius as the 

cylinder). 

Depending on the nature of the biologically active material· and the grinding matrix, the 

milling media bodies desirably have an effective mean particle diameter (i.e. "particle size") 

between about 0.1 and 30 mm, more preferably between about 1 and about 15 mm, still 

more preferably between about 3 and 10 mm. 

The milling bodies may comprise various substances· such as ceramic, glass, metal or 
. . 

polymeric compositions, In a particulate form. Suitable metal milling bodies are typicallx 

· spherical and generally have · good hardness (i.e. RHC 60-70), roundness, high wear 

resistance, and narrow size distribution and ·can include, ·ror example, balls fabricated from 

type 52100 chrome steel, type 316 or 440C stainless steel or type 1065 high carbon steel. 

Preferred ceramics, for exampie, can be selected from a wide array of ceramics desirably 

having sufficient hardness and resistance to fracture to enable them to avoid being chipped 

or crushed during milling and also having sufficiently high density. Suitable densities .for 

milling media can range from about 1 to ·15 g/cm3
·, preferably from about 1 to 8 g/cm3

. 

Preferred ceramics can be selected from steatite, aluminum oxide, zirconium oxide, zirconia

silica, yttria-stabilized zirconium oxide, magnesia-stabilized zirconium oxide, silicon nitride, 

silicon carbi~e. cobalt-stabilized tungsten carbide, and the like, as well as mixtures thereof. 

Preferred glass milling media are spherical (e.g. beads). have a narrow size distribution, are 

durable, and include, for example, lead-free soda lime glass and borosilicate glass. 

Polymeri~ milling media are preferably substantially spherical and can be selected from a 

wide array of polymeric ·resins having sufficient hardness and friability to enable them to 

avoid being chipped or crushed during milling, abrasion-resistance to minimize attrition 

resultil')g in contamination of the prodlJct. and freedom from impurities such as metals, 

.solvents, and residual monomers. · 

. I 

I 
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Preferred polymeric resins, for example, can be selected from crosslinked polystyrenes, . . 
such as polystyrene crosslinked with divinylbenzene, styrene copolyme~s. polyacrylates 

such as polymethylmethacrylate, polycarbonates. polyacetals, vinyl chloride polymers and 

copqlymers, polyurethanes, polyamides, high density polyethylenes, polypropylenes, and the 

like. The use of polymeric milling media to grind materials down to a very small particle size 

(as opposed to mechanochemical ·synthesis) is disclosed_, for example, in U.S.- patents 

5,478,705 and 5,500,331 . Polymeric resins typically can have densities ranging from about 

0.8 to 3.0 g/cm3
. Higher density polymeric resi~s are preferred. Alternatively, the milling 

media can be composite particles comprising dense <X>re particles having a polymeric resin 

adhered thereon. Core particles can be selected from substances known to be useful · as 

milling media. for example, glass. alumina, zirconia silica, zirconium oxide, stainless steel: 

arid the like. Preferred core substances have densities greater than about 2.5 g/cm3
. 

In one embodiment of the invention, the milling media are. formed from a ferromagnetic 

substance, thereby facilitating removal of contaminants arising from wear of the milling 

media by the use of magnetic separation techniques. . . 
Each type of milling body has _its own adva~tages. For example, metals have the highest 

specific gravities, which increase grinding efficiency due to. increased impact energy. Metal 

·costs range from low to · high, but metal contamination of final product can be an issue.· . . .. 
Glasses are advantageous from the standpoint of low cost and the availability of small bead 

sizes as low as 0.004 mm. Howeve~. the specific gravity of glasses is lower than other 

media and significantly more milling time is required. Finally, ceramics are advantageous 

from the.standpoint of low wear and contamination, ease of cleaning, and high hardness. 

Dry Milling 

In the dry milling process of the present invention, the biologically active material and 

grinding matrix, in the form of' crystals, powders, or the like, are combined in suitable 

proportions with the plurality of milling bodies In a milling cham~er that is mechanically 

agitate~ (i.e. with or without stimng} for a predetermined period of time. at a predetermined 

intensity of agitation. Typically, a milling apparatus is used to impart motion to the milling 

bodies by the external application of agitation, whereby various translational, rotational or 

inversion motions or combinati~ns thereof are applied to the milling chamber and its 

content~. or by the internal application of agitation through a rotating shaft terminating in a 

blade, propeller, impeller or paddle or by a combination of both actions. 
. . 

During milling, motion· imparted to the milling bodies can result in application of shearing 

forces as well as multiple. impacts or collisions having significant intensity between milling . . 
bodies and particles of the· biologically active material and grinding matrix. The nature and 
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·intensity of the forces a~plied by the milling .bodies to the biologically active material and the 

grinding matrix is influenced by a ~de variety of processing parameters including: the type 

of milling apparatus; the intensity of the forces. generat.ed, the kinematic aspects of . the 
. . . . . 

process; the size, density, shape, and composition of the milling bodies; the weight ratio of 

the biologically active material and grinding matrix mixture to the milling bodies; .the duration 

9f milling; the physical properties of both the biologically active material and the grinding 

matrix; the atmosphere present during ac~ivation; and others. . 

Advantageously, the med!a mill is capable of repeateqly or continuously applying mechanical 

compressive forces and shear stress to the biologically active. material and the g·rinding . . . 
matrix. Suitable media mills include but are not limited ·to the following: high..energy ball, 

sand, bead or pearl mills, basket mill, planetary mill. vibrafory action ball mm: multi-axial 

shaker/mi.xer, stirred ball mill, horizontal small media mill, niulti-ring pulverizing mill, and the 

like, including small 1:11illing media. The milling apparatus also can contain one .or more 

rotating shafts. 

In a preferred form of the invention, the dry milling is performed. In a ball mill. Throughout the 

remainder of the specificatfon reference will be made to dry milling being carried out by way 

of a ball mill. Examples · of this type of mill are attritor mills, nutating mills, tower mills, 

pl<:!netary mills, vibratory mills and gravity-dependent-type· ball mills. _It will be appreciated 

that dry milling in accordan6e with the method of the invention may also be achieved .bY any 

suitable means other than ball milling. Fo~ example, dry milling may also be achieved using 

jet mi!ls, rod mills, roller mills or crusher mills. 

Biological!Y active material 

The biologically ·active material includes active compounds, including compounds for 

veterinary and human use ~uch as· but not limited to, pharmaceutical actives and the like. 

The biologi~lly active material is ordinarily a material fc;>r 'ft'.hich one of skill in the art desires 

improved dissol~tion properties. The biologically active material may be a conventional 

active agent or drug, although the process of the invention may be employed on formulations 

or agents that already have reduced particle size compared to their conventional form. 

Biologlcally active materials suitable for use In the invention include diclofenac. 

As discussed in the context of the background to the invention, biologi~lly active'°materials 

that are poorly water soluble at gastrointestinal pH will particularly benefit from being 

prepared, and the method of the present invention is particularly advantageously applied to 

materials that are pporly water soluble at gastrointestinal pH. 

Conveniently, the biologi~lly active material is capable of withstanding temperatures that 

are typical in uncooled dry milling, which may exceed 80 °Q. Therefore, materials with a 
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melting point about 80 °C or greater are highly suitable. For biologically active materials with 

lower m·elting points. the media mill .may be cooled, thereby allowing materials with 

· significantly lower melting temperatures to be processed according to the method of the 
. . 

invention. For instance, a simple water-cooled mill will keep temperatures below 50 °C, or 

chilled water could be used to further lower the milling ter_Tiperature. Those skilled in the art 

will understand that a high energy ball mill could be designed to run at any temperature . . . . 
between say -30 to 200 °C. For some biologically active materials it may be advantageous .to 

control the milling temper~ture to temperatures ~ignificantly below t.he melting points of the 

biologically active materials. 

. The ·biologically active material is obtained in a conventional form commercially and/or 

prepared by techniques known in the art. 

It is preferred, but not essential, that the particle size of the biologically active material be 

less t~an about 1000 µm, as determined by siev~ analysis. If the coarse particle size of the 

biologically active material· is ·gr~ater than about 1000 µm, then it is preferred that the 

particles of the biologically ~ctive material substrate be reduced in size to less than 1000 µm 

usii:ig another standard milling method. 

Processed biologically active material 

Preferably, the biologically active materials, which have been subject to the methods of the 

invention, comprises particles. of biologically active material of an average particle si~e. 

determined on a ·particle number basis, is equal to or less than a size ·selected from the 

group 2000 nm, 1900 nm, 1800nm, 1700nm, 160Qnm, 1500nm, 1400nm, 1300nm, 1200 nm, .. · 

1100nm, 10oqnm, 900nm, 800nm, 7~0nm, 600nm, 500nm, 400 nm, 300nm, 200nm and 100 

nm. 

Preferably, the biologi.cally active materials, which have been subject to the methods of the 

invention, comprises particles of biologically .active material of a median particle size, 

determined ~n a particle volume basis, equal or l~ss than a size selected from the group 

WOO nm, 1900 ·nm, 1800nm. 1700nm, 160.0nm, 1500nm, 1400nm, 13.00nm, 1200 nm, 

1100nm, 1000nm, 900nm, 800nm, 700nm, 600nm,·500nm, 400 nm, 300nm, 200nm and 100 

nm. 

These sizes refer to particles either fully dispersed or partially agglo.merated. 

Agglomerates of biologically active material after processing 

Agglomerates comprising particles of biologically active material, said particles having a 

particle size within the ranges specified above, should be understood to fall within the scope 
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of the present invention, regardless of whether the agglomerates exceed the ranges 

specified above. = 

Agglomerates c?mprising particles of biqlogically active m~terial, said agglomera~es hav!ng 

a total agglomerate size within the ranges specified above, should be understood to fall 

within the scope of the present invention. 

Agglomerates comprising particles of biologically active material should be understood to fall 

within the scope of the present invention. if at the time of use, or further processing •. the 

particle size of the agglomerate is within the ranges specified above: 

Agglomerates comprising particles of biologically active material, sa.id particles having a 
. . 

particle size within the ranges ~peci~ed . above, at the time of use, or furt~er processing, 

should be understood to fall within the scope of the present invention, regardless of whether 

. the agglomerates exceed the ranges specified above. 

Processing Time 

Preferably, the biologically active material and the grinding matrix are dry milled for the 

shortest time necessary to form the· mixture of the biologically active material in the grinding 

matrix such that the active material has improved dissolution to minimise any possible 

contamination from the media mill .and/or the plurality of milling bodies. This _time varies · 

greatly, depending on the biologically active material and the grinding matrix, and may range 
. . 

from as short as 1 minute to several hours. Dry milling times in excess of 2 hours may .lead 

to degradation of t~e biologically active material arid an increased level of undesirable · 

contaminants. 

Suitable rates of agitation and total.milling times are.adjusted for the type and size of milling 

apparatus as well as the milling fTledia, the weight ratio of the biologically active material and 

grinding matrix mixture to the plurality of milling bodies, the chemical and physical ·properties 

of the biologically active material and grinding matrix, and other parameters that may be 

optim_ized empirically. 

Inclusion of the grinding matrix with the biologically active material and separation of 

the grinding matrix from the biologically active material 

lri a preferred_ aspect.- the grinding matrix is not se.parated from the biologically active 

material but is maintained with the. biologically active material in the final product. Preferably 

the grindin~ matrix is considered to be . Generally Regarded as Safe (GRAS) . for 

pharmaceutical· products. 

I· 
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In an alternative aspect, the grinding.matrix is separated from the biologically active material. 

In one a~pect, where the grinding matrix is not fully milled, th~ unmille~ grinding matrix is 

separated from the biologically active material. ·1n a further aspect, at l~ast a portion of th~ 

.milled grinding matrix is separated from the biologically active material. . . 

Any portion of the grinding matrix m~y be removed, including but not limited to 10%, 25%, 

50%, 75%, or substantially all ofthe grinding matrix. 
. . 

In some embodiments of the invention, a significant portion of the milled grinding matrix may 

comprise particles of a size similar to and/or smaller than. the particles comprising ·the 

biologically active material. Where the portion of the milled grinding matrix to be separated 

from the particles comprising the biologically_ active material comprises particles of a size 

similar to and/or smaller than the particles comprising the .biologically active material, 

separation techniques based on size distribution are inapplicable. 

In these circumstances, the method of the present inyention may inv~lve separa~ion of at 

least a portion of the. milled grinding matrix from the biologically active material by 

iechniques including but not limited to electrostatic separati<:>n. magnetic ·separation, 

. centrifugation (density separation), hydrodynamic separation, froth flotation. · 

Advantageoµsly, the step of removing at least a portion of the milled grinding matrix from the 

biologically active material may be performed through means such as selective dissolution, 

washing, or sublimation. 

An advantageous a.spect of the invention would be the use of grinding matrix that has two or· 

more . components where at least one componen~ Is water soluble and at least one 

component has low solubility in water. In this case washing can be used to remove the 

matrix component solubl.e in w~ter leaving the biologically acti.ve material encapsulated in 

the remaining matrix components. In a highly advantageous aspect of the invention the 

matrix with low solubility is a functional excipient. 

A highly advantageous aspect of the· present invention is that certain grinding matrixes 

appropriate for use in the method of the invention (in that they physically degrade to the 

desired extent under. dry milling condi~ions) are also pharmaceutically acceptable and thus 

appropriate for use in a medicament. Where the method of the present invention does not 

involve complete separation of the grinding matrix from the biologically ac.tive material, the . . 
present Invention encompasses methods for the production of a medicament incorporating 

both the biologically active material and at least a portion of the milled grinding matrix, 

medicaments so produced and methods of treatment of an animal. including man, using a 

ttterapeutically effective amount of said · biologically active materials by way of said 

medicaments. 

The medicament may'include only the biologically active material and the grinding matrix or, 

more preferably, the biologically active materials and grinding matrix may be combined with 
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~ne ·or fT!Ore pharmaceutically acceptable carriers, as well as any desired excipients or other 

like agents commonly used in·the preparation of medicaments. 

Analogously, a highly advantageous aspect of the present ·.invention is that certain grinding 

matrix~s appropriate for use in the method of the invention (in that they physically degrade to 

a desirable extent under dry milling conditions) are also appropriate for .use in an agricultural 

chemical composition. Where the method of the present i.nvention does not involve 

complete separation of the grinding matrix from the biologically active. material, the present 

inventic;>n encompasses methods for the production of a agricultural chemical composition 

incorporating both the biologically active material and at least a portion of the milled grinding 

matrix, agricultural chemical composition so produ~d and methods of use of sue~ 

compositions. 

The agricultural chemical composition may include only the biologically active material and 

the grinding matrix or, more preferably, the biologically active materials and grinding matrix 

may be combined with one or more acceptable carriers, as :-veil as any desired excipients or 

other like agents commonly used in the preparation of agricultural chemical compositions. . . 

In one particular form of the invention, the grinding· matrix is '?<>th appropriate for use in a 

medicament and readily separable from the biologically active material by ·methods not 
. . 

dependent on particle size. Such grinding matrixes are ·described in the following detailed 

descriP..tion of the invention . . Such grinding matrixes are highly advant~geous in that they 

afford significant flexibility in the extent to which the grinding matrix may be incorporated with 

the t;>iologically active material into a medicament; 

The mixture of biologically active material and grinding matrix may then be separated. from 

the milling. bodies and removed from the mill. 

In one embodiment; the grinding matrix is separated from the mixture of biologically active 

material and grinding matrix. Where the grinding matrix is not fully milled. the unmilled 

grinding matrix is· separated from the biologically active material. In a further aspect, at least 

a portion of the milled grinding matrix Is separated from the biologically active material. 

.The milling· bodies are essentially resistant to fracture and erosion in the dry milling process. 

The quantity of the grinding matrix relative to the quantity of biologically active material, and 

the extent of milling of the grinding matrix, is sufficient to provide reduced particle size of the 

biologica.lly active material. 

The· grinding matrix is· neither chemical~y nor mechanically reactive ·with the pharmaceutical 

material under the dry milling conditions of the method. of the invention except, for example, 

where the matrix is deliberately chosen to undergo a mechanico-che~ical reaction. Such a 

reaction might be the conversion of a free base or acid to a salt or vice versa. 

Preferably, the medicament is a solid dosage form, however, other dosage forms may be 

prepare·d by those ofordinary .skill in the art. 
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In one form, after the step .of s.eparating said m'xture of biologically active material and 

grinding matrix from th.e plurality of milling bodies, and before the step of using said mixture 

~f biologically active ~at~rial and grinding matrix in the manufactur~ of a medicament, the 

method may comprise the step. of: 

removing a portion of the grinding matrix fr~m 'said mixture of biologically active material and 

grinding matrix to provide a mixture en~ched in the biologically active material; 

and the step of using said mixture of ~iologically a~tive m~t~rial an.d grinding matrix in the 

manufacture of a medicament, more particularly comprises the step of using the mixture of . . . . . 
biologically active material and gr,nding matrix enriched in the biologically active material 

form in the manufacture of a medicament. 

The present invention includes m~dicaments manufactured by said met~ods , and methods 

for the treatment of an animal, including man, by the administration of a therapeutically 

effective amount of the biologically active materials ~Y way of said medicaments. 

In another embodiment of the invention, a facilitating agent or a combination of facilitating 

agents is also comprised in the mixture to be milled. Such facilitating agents appropriate for 

use in the invention include diluents, surfactants, polymers, binding agents, filling agents. 

lubricating agents. sweeteners, flavouring agents. preservatives, buffers, wetting agents, 

disintegrants, effervescent agents and agents that may' form part of a medicament, includinQ 

a solid dosage form, or other excipients required for other specific drug delivery, such as th.a 

agents and media listed below under · the heading Medicinal and Pharmaceutical 

Compositions, or any combination thereof. 

Biologically active materials and compositions 

The present invention encompasses pharmaceutically acceptable ·materials produced . 

·according to the methods of the present invention. compositions including such materials. 

including compositions'c:omprising such materials together with the.grinding matrix with or 

without milling aids, facilitating agents. with at least a portion of the grinding matrix or 

separated from the grinding matrix. 

The pharmaceutically acceptable materials within the compositions of the invention are 

.present at a concentration of between about 0.1% and about 99.0% by weight. Preferably, 

· the concentration of pharmaceutically acceptable materials within the compositions will be 

about 5% to about 80% by weight .• while concentrations of 10% to about 50% by weight are 

. highly preferred. Desirably, the concentration will be in the range of about 10 to 15% by . . 
weight, 15 to 20% by weight, 20 to 25% by weight, 25 to 30% by weight, 30 to 35~/o by 

weight, 35 to 40% by weight, 40 t~ 45% by weight, 45 to 50% by weight, 50 to 55% by 

. weight, 55 to 60% by weight, 60 to . 65% by weight, 65 to 70% by weight, 70 to 75% by 

• ,' 
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weight. or 75 to 80% by weight for the composition prior to any ·later removal (if desired) of 

any portion of the grinding· matri~. Where part or all of the grinding matrix has been 

removed, the relative concentration of pharmaceu~ically accepta~le materials in the 

composition may be considerably higher depending on the amount or the grinding matrix that . . 
is removed. For example, if all of the grinding matrix is removed the concentration of . . . 
particles in the preparation may approach 100% by weight (subject to the presence of 

facilitating agents). 

Compositions produ.ced according to the present invention are not limited to the i~clusion of 

a single · species of pharma90utically acceptable materials. More than one ~species of 

pharmaceutically acceptable materials may therefore be present in the composition. Where 

more than one species of phar~aceutically acceptable materials is present. the composition 

so formed may eith~r be prepared in a dry milling step, or the pharmaceutically acc~ptable 

materials m.ay be prepared separately and then combined to form a single composition. 

Medicaments 

The medicaments of the present invention may include the . pharmaceuti~lly acceptable 

material, optionally together· with the grinding matrix or at least a portion of the grinding 

matrix, with or without milling aids, facilitating agents, combined with one or more 

pharmaceutically acceptable. carriers, ·as well as other agents commonly used in the 

preparation of pharmaceutically acceptable compositions. 

As · used ·herein · "pharmaceutically acceptable carrier" includes any and all solvents. 

dispersion medi.a, coatings. antibacterial and antifungal agents, isotonic and absorption 

delaying agents. ·and the like that are physiologically ·compatible. Preferably. the carrier is . . 

suitable for parenteral administration, int:-ivenous, intraperitoneal. intramuscular, sublingual. 

pulmonary. transdermal or oral administration. Pharmaceutically acceptabl~ carriers include 

sterile aqueous solutions . or dispersions and sterile powders for the extemporaneous 
. . . . 

preparation of sterile injectable solutions or dispersion. The use of such media and agents 

for the m~nufacture of medicaments is well known in the art. Except· insofar as any 

conventional media or agent is incompatible with the pharmaceutically acceptable material. 

use thereof in the manufacture of a ~harmaooutical composition according to the invention is 

contemplated. 

Pharmaceutical acceptable carriers according to the invention may include one or more of 

the following examples: , 

(1) . surfactants and polymers including,. b~t not limited to polyethylene glycol (PEG), 

polyvinylpyrrolidone (PVP), · polyvinylalcohol, crospovidone, polyvinylpyrrolidone

polyvinylacrylate copolymer. cellulose derivatives. hydroxypropylmethyl cellulose . . 
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hydroxypropyl cellulose, carboxymeth~le_!hyl . cellulose, hydroxyp,ropyllmethyl 

cellulose phthalate; polyacrylates and polymethacrylates, urea, sugars, polyols, and · 

their polymers, emulsifiers, sugar gum, starch, organic acids and their salts, vinY.I 

. · pyrrolidone and vinyl acetate · .. 

(2) binding agents such as various cellul~ses and cross-linked polyvinylpyrrolldone, 

microcrystalline cellulose; and.or 

(3) filling agents such as lactose monohydrate, lactose anhydrous, microcrystallin~ 

cellulose and various.starches: and or 

(4) lubricating agents such as ag·ents that act on the. flow~bility of the powder to be 

compressed, including colloidal silicon. dioxide, talc, stearic acid, magnesium 

stearate, calcium stearate, silica gel; and or 

(5) sweeteners such as any natural or artificial sw~etener ir:icluding sucro~e. ><ylitol. 

sodium saccharin, cyclamate, aspartam~, aryd accsulfam~ K; and or 

(6) flavouring agents; and or 

(7) preservatives such. as 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 chemicals such as phenol_, or 

quartemary compounds such as benzalkonium chloride; and or 

(8) buffers; and or 

(9) Diluents such as pharmaceutically acceptable inert fillers, such as microcrystalline 

cellulose, ·lactose, dlbasic calcium phosphate, saccharides, and/or mixtures of any 

of the foregoing; and or 

{10) wetting agents such as com starch, potato st;:1rch, maize starch. and modified 

starches, croscarmellose sodium, cr:osspovidone, ·sodium starch glycolate, and 

mixtures thereof; and or 

( 11) disintegrants; and or 

(12) effervescent agents such as effervescent couples ·such as an organic acid {e.g., · 

citric, tartaric, malic, fumaric, adipic,. s~ccinic, and alginic acids and anhydrides and 

·acid salts)., or a carbonate (e.g. sodium carbonate, · potassium carbonate, 

magnesium carbon.ate, sodium glycine carbonate, ~-lysine carbonate, and arginine 

carbonate) or bicarbonate {e.g. sodium bicarbonate or potassium bicarbonate); and 

or 

{ 13) other pharmaceutically acceptable excipients. 

Medica~ents of the invention suitable for use in animals and in particular in man typically . . 

must be stable under the conditions of manufacture and storage. The medicaments of th~ 
. . . 

invention comprising the biologically active material can be formulated as a.solid, a solution, I . 
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a microemulsion, a liposome, or other.ordered structures suitable to high drug coni::entrat.ion. 

Actual dosage levels of the biologically active material in the medicament of the invention . 

·may be. varied in accordance with the nature of the biologieally active material. as well as the . 

potential increased efficacy due to the adv~ntages of providing and administering the 

biologically .active material (e_.g., increased solubility .. more rapid dissolution, increased 

surface .area of the biologically active material, etc.). Thus as used herein "therape.utically 

effective amount" will refer to an amount of biologically active material required to effect a 

therapeutic respon~e in an animal. Amounts effective for such a use will depend on: the 

desired therapeutic effect; .the route' of administration; the pote~cy of ~he biologicaliy active 

. material; the desired duration of treatment; the stag~ and severity of the disease being 

treated; the weight and general state of health of the patient; and the judgment of the 

prescribing physician. 

In another embodiment, the biologically ·active material, optionally together with the grinding 

matrix or at least a portion of the grinding matrix, ~f the invention may· be combined into a 

medicament with another biologically active material, or even the same blologlcally active 

material. In the latter embodiment, a medicame~t m·ay be achieved which provides for 

different release characteristics - early release from the biologically active material, and later 

release from a larger average size biologically active material. 

Pharmacokinetlc Properties of Diclofenac ComposiUons 

Suitable animal models to determine pharmacokinetic parameters are described in the prior 
. . 

art, such as the beagle dog model described in United States Patent No. 7, 101.576 . 

. Fast Onset of Activity 

The diclofenac compositions of the invention exhibit faster therapeutic effects. 
. . 

In o,ne example, following administration the diclofenac . compositions of . the invention 

con:iprising diclQfenac have a T max of less than about 5 hours, less than about 4.5 hours, less 

than about 4 hours, less than about 3.5 hours, less than about 3 hours, less than about 2.75 

hours, less than about 2.5 hours, less than about 2.25 hours, less than about 2 hours, less 

than about 1.75 hours, less than about 1.5 hours, less than about 1 .. 25 hours, less than 

about 1.0 hours, less than about 50 minutes .. less than about 40 minutes, less than about 30 

minutes, less ·than about 25 minutes, less than about 20 minutes, ' less than about 15 

minutes, less than about 10 minutes, less than about 5 minutes, or less than about 1 minute. 

Increased Bioavai/abi/ity 
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The diclofenac compositions of the invention ·preferably exhibit increased bioavailability 

(AUC} and require smaller doses ·as compared to prior · conventional compositions · 

adminis~ered at the .same dose. Any drug composition can have adverse side effects. Thus, 

lower doses of drugs which can achleve the same or better therapeutic effects as tho~e 

observed with larger doses of conventional 'compositions are desired. Such lower doses can 

be real iz~ with the compositions of . the invention because the greater bioavailability 

observed with the compositions as compared to conventi~nal drug f9rmulations means that 

smaller doses of drug are required to obtain the desired therape!Jtic effect: 

The Pharmacokinetic Profiles of the Compositions of the· Invention are not Substantially 

Affected by the Fed or Fasted State of the Subject Ingesting the _Compositions 

. . 

The invention encompasses diciofenac compositions wherein the pharmacokinetic profile of 

. the composition is not substantially affected by the fed or fasted state of a subject ingesting 

the composition. This means that there is no substantial difference in the quantity of 

composition or the -rate of composition absorption . when the compositions are administered 

in the fed versus the fasted state. Thus, the compqsitions of the invention ·substantially 

eliminate the effe~t <?f food on the pharma~okinetics of the composition. 

The difference in absorption ·of the diclofenac composition of the inverition, when 

admini~tere.d in th~ fed versus the fasted state, is less than about 35%, less than about 3.0%, 

less than about 25%, less than about 20%, less than about 15%, less than about 10%, less 

than about 5%, or less than about 3%. This is an especially importan~ f~ature in treating 

patients with difficulty in maintaining_ a fed state. 

In· addition, preferably the difference in the rate of absorption (i.e., T max) of the d.iclofenac 

compositions of the invention, when administered in the fed versus the fasted state, is less 

than ·about 100%, less than about 90%, less than about 80%, less than about 70%, less than 

about 60%, less than about 50%, less th~n about 40%, less than about 30%, less than about 

20%, less than about 15%, iess than about 10%, less than about 5%, less than about 3%, or 

essentially no difference. Benefits of a dosage form which substantially eliminates the effect 

of food include an increas·e in subject convenience, the.reby increasing subject compliance, . ( 
as the subject does not need to ensure that they are taking a dose either with or without 

food. 

Preferably, the T max of an administered dose of a diclofenac composition of the invention is 

less than t~at of a conventional drug active composition, administered at the same dosage. 

. ' 
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A preferred diclofenac composition of the invention exhibits in comparative pharmacokinetic 

testing with a standard conventional drug active composition, in oral suspansion, capsule or 

tablet form, a T max which is less than about 100%, less than about 90%, less than about 

80%, less than about 70%, less than about 60%, less than- about 50%, less than about 40%, 

less than about 30%, less than about 25%, less than about 29%, less than about 15%, or 

less than about 10% of the T max exhibited by the standard conventional drug active 

composition. 

In addition, preferably the-Cmax of a diclofenac composition of th~ invention is greater than 

the Cmax of a conventional arug active composition, administered at the same· dosage. A 

preferred diclofenac ·composition of the invention exhibits in comparative pharm~cokirietic 

testing with a standard conventional drug active composition, in oral suspension, capsule or 

tablet form, a .Cmax which is greater than about 5%, greater than about 10%, greater than 

abput 15%, greater than about 20%, greater than about 30%, greater than about 40%, 

greater than about 50%, greater than about 60%, greater than about 70%, greater than' 

about 80%, greater than about 90%; greater than about 100%, greater than about 110%, 

greater than about 120%, greater than about 130%, greater than about 140%, or greater 

than about ·150% than . the Cmax exhibited ·by the standard conventional drug active 

composition. 

In addition, preferably the diclofenac composition has ~n AUC gre~ter than that of the 

equivalent conventi~nal composition administered ·at the same dosage. A preferred 

diclofenac composition of the invention exhibits in comparative ·pharmacokinetic testing with 

a standard conventional drug active composition, in oral.suspension, capsule or tablet form, 

a AUC which is greater than about 5%, greater than about 10%, greater than about 15%, 

greater than about 20%, greater than about 30%, greater. than about 40%, greater than 

about 50%, greater than about 60%, greater than about 70%, greater than about 60%, 

greater than about 90%, gre~ter than about 100%, greater .than about 110%, greater than 

about 120%, greater than about 130%, grea_ter than about 140%, or greater than about 

150% than the AUC exhibited by the standard conventional drug active composition. 

Any standard pharmacokinetic protocol can be used to ·determine blood plasma 

concentration profile in humans following administration of a composition, an~ thereby 

establish whether that composition meets the pharmacokinetic criteria set out herein. For 

. ~xample; a ranaomized single-dose crossover study can be performed using a group of 

healthy adult human subjects. The number of subjects should be sufficient to provide 

ade_quate control of variation in a st~tistical ·analysis, and is typically about 10 or greater, 

although for certain purposes a smaller group· can suffice. Each subject receives by oral 

administration at time zero a single dose (e.g., 300 mg) of a test formulation of composition, . . . 
normally at around 6 am following· an overnight fast: The subjects continue to fast and 
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remain in an upright position for about 4 hours after ~dministration of the composition. Blood 

sample:> are coilected from each subject prior to administration (e.g., 15 minutes) arid at 

· several intervals after administration. For the present purpose !t is preferred to take several 

samples within the first hour, and to sample less frequently thereafter. Illustratively, blood 

samples could be collected at 15, 30, 45, 60, and 90 minut~s after administration, then every 

hour from 2 to 10 hours after administration. Additional ~lood samples may also be taken 

later, for example at 12 and 24 hours after administration. If the same subjects are to be 

used for study of a second test formulatio.n, a period of at least 7 ·days should ela.Pse before 

administration of the secon.d formulation. Plasma. is separated from the blood samples by 

centrifugation and the ~parated plasma is_ analyzed for composition by a_ validated high 

performance ·liquid chromatography (HPLC)or. liquid chr.omatography mass spectrometry 

(LCMS) procedure . . Plasma concentratioris of composition referenced herein are intended 

to meaD total concentrations including both free and bound composition . . 

Any formulation giving the desired pharmacokinetic profile is suitable for administration 

according to the present methods. Exemplary types of formulations giving ~uch profiles are 

liquid dispersions and solid dose forms of composition. _If the liquid dispersion medium is one 

in which the composition has very low solubility, t~ particles are present as suspended · . . •. 

particles. The smaller the particles the higher the probability that the formulation will exhibit 

the desi'red pharmacokinetic profile. 

M~es of administration of medicaments comprising. biologically active materials 

Medicaments of the invention can be administered to animals, including man, in any 

pharmaceutically acceptable manner, such as orally, rectally, pulmonary, intravaginally, 

locally (powders, ointments or drops), transdermal, parenteral administration, intravenous, 

intraperitoneal, intramuscular, sublingual or as a buccal or nasal spray 

Solid dosage forms for oral administration include ·capsules, tablets, pills, powders, pellets, 

·and granules. Further, incorporating any of the ~ormally e~ployed excipients, such as those 

previously .listed, and g~nerally 5-95% ·of the biologically active agent, and more preferably 

. at a concentration of 10%-75% will fqrm a pharmaceutically acceptable non-toxic oral 

·composition. 

Medicaments of the invention may be parenterally administered as a solution of the 

biologically active agent !?Uspended in an acceptable carrier. preferably an aqueous carrier. 

A variety of aqueous carriers may be used, e.g. water, buffered water, 0.4% saline, 0.;3% 

glycine, hy~luronic acid and the like. These compositions may be sterilized by conventional, 

well known sterilization techniques, or may be sterile filtered. The resulting aqueous 

Page 52



. I 

51 

. . 
solutions may be packaged ' for use as is, or lyopliilized, the lyophilized preparation being · 

combined with a sterile solution ·prior to administration. 

For aerosol administration, medicaments of the invention are preferably supplied along with 

a surfactant ~r polymer and propellant. The surfactant or polymer must, of course, be non

toxic, and preferably soluble in the propellant. Repre_sentative of such agents are the esters 

or partial. esters of fatty acids containing from 6 to 22 carbon atoms, such as caproic, 

octanoic, lauric, palmitic, stearic, linoleic, linolenic, olesteric and oleic acids with an aliP.hatic 

polyhydric alcohol or its cyclic anhydride. Mixed ester~. such as mixed or natural glycerides 

may be employed. The surfactant or polymer m~y constitute 0.1%-20% by weight of.the 

. composition, preferably 0.25-5%. The b.alance of the composition is ordinarily propellant. A 

carrier can also be included, as desired, as with, e.g. ; lecithin for intranasal delivery. 

Medicaments of the invention may also be administered via liposomes, which serve to target 

the active agent to a particular tissue, such as lymphoid tissue, or targeted. selectively to 

~ells . liposomes include emulsions, foams. micelles. insoluble monolayers, liquid crystals, 

phospholipid dispersions, lamellar layers and the like. In these preparations the composite 

microstructure composition is incorporated as pa_rt of a liposome, ·alone or in conjunction with 

a molecule that binds to or with other therapeutic or immunog~nic compositions. 

As described above, the biologically active material can be formulated into a solid dosage 

form (e.~ .• f<?r oral or suppository administration), together with the grinding matrix or a~ least- . 

a ."portion of it. In this case there may be little or no_ need· to add stabilizing agents since the 

grinding matrix may effectively act as ~ solid-state stabilizer. 

However, if the biologically active material is to be utilized in a liquid suspension, the 

particles comprising the biologically active material may require further stabilization once the 

solid carrier has been substantially removed to ensure the elimination, or at least 
I 

rTJinimisation of-particle agglomeration. 

Therapeutic uses ( 

Therapeutic uses. of the medieaments of the ir:ivention include pai~ relief, anti-inflammatory, 

migraine, asthma, and other disorders that require the active agent to be administered with a 

high bioavallability. 

One of the main areas when rapid bioavailability of a biologically active material is required 

is in the relief of pain. The ~inor analgesics, such as cyclooxgenase inhibitors (aspirin 

related drugs) may be prepared as medicaments according to the present invention. 

Medicaments of the invei:ttio~ may also be used for t~eaiment of eye disorders. That is, the 

biologically active material may be formulated for administration on the eye as an aqueous 

suspension in physiological saline, or a · gel. In addition, the biologically active material may 

"I 

Page 53



00 
~ 
t'---
~ 

0 

°" °" 0 
0 
N 

52 

be prepared in a powder form for administration via the nose for rapid central nervous 

system penetration. . 

Treatment of cardiqvascular disease may also benefit from. biologically active mate.rials 

according fo the Invention, such as treatment of angina pectoris and, in particular, 

molsidomine may benefit from better bioavailability. 

Other therapeutic ~ses of the medicaments of tfle present invention include· treatment of hair . . 

loss, sexual dysfunction, or dermal treatment of psoriasis. 

The present invention will now be described with reference to ~he following non-limiting 

Examples·. The description of the Examples· is in no way limlting on the preceding ·' . . . 

paragraphs of ·this specification, but is provided for exemplification of the methods . and 

compositions of the invention. 

_Examples 

. . . 
It will be apparent to persons skilled in the milling and pharmaceutical a~s that numerous 

enhancements and modifications can be made 'to the above describ~d processes without 

departing from the basic inventive concepts. For example, in some applications the 

biologically active material may be pretreate.d and supplied to the process in the pretreated 

form. All such modifications and 'enhancements are considered to be within the scope of the 
. . 

present invention, the nature of which is to be determined from th.a foregoing description and 

the appended claims. Furthermore, the ·following Examples ·are provided for illustrative 

purpos~s only, and are not intended to limit the sc6pe of the processes or compositions of 

the invention. 

The following materials .were used in the examples 

The following materials were used in · the examples: Anhydrous Lactose (OMV

Fonterra)lndomethacin (Esteve, Spain), Diclofenac (Unique, India), Naproxen acid (Dayang, 

China), Meloxicam (Dayang, China), Halosulfuron-Methyl (Dayang, China), Metsulfuron

Methyl (Dayang, China), Tribenuron-Methyl (Dayang, China), Sulfur (UWA. laboratory); 

Mancozeb (Dayang, China). Calcium Carbonate (APS Chemicals, ~ustralia), Lactose 

monohydrate ((Capsulac 60), Meggie, Germany), D,L-Malic acid (Sigma-Aldrich, ·us), 
Mannitol (Roquette, France}, .Polyvinyl pyrrolidone (Kolloidon 30, BASF, ·Germany), Sodium 

Laury! Sulfate (SLS) (Sigma-Aldrich, US), 'sodium octadecyl sulfate (Sigma-Aldrich, US), 

sodium pentane sulfate (Sigma-Aldrich, US), lecithin (Broadway Fair Health Foods), 
. . . . . 

docusate sodium (Sigma-Aldrich, US), Tarta~c Acid (BDH, UK), Trisodium Citrate Oitwdrate 

· (Univar, Ajax Finechem, Australia), Polyoxyl-40-stearate(Sigma-Aldrich, . US), Xylitol 

(Sweetlife, Australia), Polyoxyl 10 stearyl ether (Brij76) (~igma-Aldrich, US), Polyoxyl 100 

I 
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0\ stearyl ether (Brij700) (Sigma-Aldrich, US), Aerosil R972 (Degussa), ·sulfur (UWA 
0 o laboratory). 
N 
i.-. 

-~ The following mills were used for:the grinding experiments 

"""" N Spex-type Mill: 

~ 

O · 
0\ 
0\ 
0 
0 
N 

Small scale milling experiments were conducted using a vibratory Spex 80000 r:nixer/mill. 

Twelve 9.5 mm stainless steet balls were used as the grinding ~edia._ The" powder charge 

and grinding media was loaded into a hardened steel vial with ·an . internal volume of 

approximately 75 ml. Following milling, the !llilled material was discharged from the vial and 

sieved to remove grinding .media. 

Attritor-tvpe Mill: 

Small scale attritor milling experiments were performed using a 1 HD Union Process attritor 

mill with a 110 ml grinding chamber. The grinding media consisted of 330g of 5/1.6" 

stainless steel balls. The mill was loaded through the loading port, with_ dry materials added 

initially, followed by the grinding media. lhe milling process was conducted with the jacket 

cooled at 10-20°C with the shaft rotating at 500 rpm. Upon completion of milling, the milled 

material was discharged from the mill and sieved to remove the grinding media. 

Medium scale attritor milllng experiments \Vere performed using a 1HD Union Process 

attritor mill·with a 1 L grinding chamber or a .15 U.nion Proc~ss attritor mill with a 750 ml 

grinding chamber. The grinding media consi~ted of 3 kg of 5/16" stainless steel balls or 1.5 

kg of 3/8." stainless steel balls for the 15 attritor. T~e mill ·was loaded through the loading 

port, with dry materials added initially, followed by-the grinding media in the 1HD attritor mill, 

wh.ile the ginding media was a·dded initially, followed by the dry materials in the 1 S attritor . . . 
. mill. The milling process was conducted with the jacket cooled at 10-20°C with the shaft 

rotating .at 300 rpm in ·the 1HD attritor or 550 rpm in the 15 attritor. Upon completion of 

milling, th~ milled material was discharged from the mill and sieved to remove the grinding' 

media. 

Medium to large scale attritor milling experiments were performed using a 15 Unio~ Process 

attritor mill with a Yz gallon grinding chamber. The grinding media consisted of 7 kg of 3/8" 

stainless steel balls. The mill was loaded through· the loading port, with the grinding media 

added initially, followed by the dry powders. The milling process was conducted with the 

jacket cooled at 18°C and the shaft rotating at 400 rpm. l,Jpon completion . of milling, the 

milled powder was discharged from the mill through the bottom discharge .Port. 

Page 55



54 

Large scale· attritor milling experiments were performed using a 1 S Union Process attritor 

· mill with a 1% gallon grinding chamber. ·The grinding media consisted of 20 kg of 3/8" 

stainless steel· balls. The mill was loaded through the-loading port. ·with the grinding media 

· added initially, and followed by the dry powders. The milling process· was conducted with the . . 
jacket cooled with ambient _temperature water and the shaft rotating at 300 rpm. Upon 

completion of milling, the milled powder was discharged from the mill through the bottom 

discharge port. 

Sietechnik Mill 

· Medium ·scale milling experiments were also performed in a Sietechnik GSM06 (Sietechnik 

,GmbH, Germany) with two 1 L milling chambers. Each chamber was filled with 2.7 kg 

stainless steel media with a ~iameter of 318"_. The media and powder. were loaded with the lid 

off. The mill wa_s operated at ambient temperature. The vibration speed was the standard 

mill .settings. Upon completion ·of the '!lilling the media was separated from the powder. by 

sieving. 

Simoloyer Mill 

Medium to large scale milling experiments were alsc» performed in a Simoloyer CM01 (ZOZ 

GmbH, Germany) with _a 2 L mllllng chamber. The grinding· media CC?nsisted of 2.5 kg 

stainless steel media with a diameter of 5 mm. the media was loaded though the loading port 

followed by the dry material~. The milling vessel was cooled using water at a temperature of 

about 18°C. The mill speed was operated in cycle mode: at 1300 rpm for two minutes and at 

· 500 rpm for 0.5 min and so forth. Upon completion of the milling the media was discharged 

from the mill us\ng a grated valve to retain the grinding media. 

Particles size measurement: 

The particle .size distribut.ion (PSD) was determined using a Malvern Mastersizer 2000 fitted 

with a Malvern Hydro 2000$ pump unit. The dispersant in the measurement cell was for all 

samples other then Metaxalone 0.01 M HCI (RI: 1.33), while deionized water (RI: 1.33) was 

used for Metaxalone. Measurement ~ettings used: Measurement Time: 12 seconds, 

Measurement cycles: 3. Result gerierated by averaging the 3 measurements. lndomethaci11 

specific conditions: Refractive · iridex (RI): 1. 73, absorption: 0.01. Diclofenac specific . . 

conditions: RI: 1.69, absorption: 0.01. Naproxen specific condition: 1:59, absorption: .Q.01. 
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Metaxalone specific conditions: Refractive index (RI): 1.62, absorption: 0.01 . Samples were 

-prepared by adding 200mg of milled material to 5.0ml of 1 % PVP in 0.01 M hydro~hloric aci~ 

(HCI), vortexing for 1 min ·and then sonicating. Samples of Metax~lone were prepared 

differently by adding 200mg of milled material to 8.0ml of a 0.2% Pluronic L81 solution in 

deionized water, vortexing for 1 min and th~n sonicating for 1 min. Samp~s of Metaxalone 

containing sodiumbicarbonate were acidified using 1 M HCI. From this suspension enough 

. was added into the dispersant to attain a desired 'obscuration l~vel . If necessary an extra 1-2 

minutes of sonication was applied using the internal sonication probe in the measurement 

cell. 

. Dissolution Method 

Dissolution· behaviour of ~illed Metaxalone, unmilled Metaxalone and commercial Ske!axin® 

(King Pharmaceuticals®, Inc. US) tablets were determined using an automated Varian 7025 

dissolution unit fitted with a Cary 50 Tablet UV visible spectromet~r. Dissolution settings 
. . . . 

used were according to USP 2 with stirrer speed at 100 rp-m. Metaxalone specific conditions: 

wavelength A=271nm, 750 ml Dissolution Media, Media: pH 2 (10mM HCL), with inline 1 µm 

filters. Each dissolution result was obtained by averaging re~ults from 3 tablets: Tablets 

contained 60 mg Metaxalone, for example, a tablet required 150 mg of following 

composition: 99% granules (41% Metaxalone) and 1 % lubricant (magne_sium stearate). 

Granules were prepared using a dry granulation process. A typical granulation mixture 

consisted of 0.85 g of milling mixture (eg. containing 50% Metaxalone), 10% filler (tartaric 

acid), 5% superdisintegrant (Primojel) and 3% bi.nder (Collidon 30). Compression was done · 

at a pressure of 1.5 bar applied.for-30 seconds using a KBr press, following the compression 

the obtained disk was ground using a grinder, and the obtained granules were sieved with a 

1 mm mesh. 

Tablets were prepared using such a mixture and in a 3/16" stainless steel die set by applying 

a pressure of about 1.5 bar in KBR press for 40 'seconds. 

Un-milled control samples were prepared using identical mixtures and procedures as 

detailed above, only replacing the milling step with a mixing step. The ·commercial tablets of 

Skelaxin® were qut into peaces to obtain single fragments with. a mass corresponding to 

about 60 mg Metaxatone. 

Abbreviations: 

HCI: Hydrochloric acid 
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Nap: Naproxen acid 

PSD: Particles size distribution 

PVP: PolyYinyl' pyrrolidone 

RI: Refractive index · · 

Rpm: Revolutions per minute 

· SLS: Sodium lauryl sulphate 

SSB: Stainless Steel Balls 

XRD: X-Ray Diffractjon 
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Example 1: Milling of lndomethacin in lactose monohydrate with various length alkyl sulphate 

surfactants 

Example 1 a: Spex Milling 

Powders were prepared by Spex milling for 30 minutes. The compositions used were (A) 

1.20g {12 w/w %) of indomethacin and 8.80g of lactose monohydrate; (B) 1.20g (12 wlw %) 

of indomethacin, 8.709 of lactose monohydrate, and 0.109 (1.0 w/w %) of sodium pentatie 

sulfate; (C) 1.20g (12 wlw %) of indomethacin, 8.70g of_lactose monohydrate, and 0.10g (1 .0 

w/w %) of sodium lauryl sulfate; and (D) 1.20g (12 w/w %) of indomethacin, 8.70g of lactose 

monohydrate, and 0.10g (1.0 wlw %) of sodium octadecyl sulfate. Particle size distributions 

for each composition are shown in Figure 1 and summarised .in Table 1. The data shows that 

the particle size is ·smaller when 1 % of surf~ctant is used in the milling .. 

Exar:nple 0(0.5) % :< %< %< %< %< 

µm 0.20 µm · 0.30 µm O.Sµm 1.0 µm · 2.0µm 

A 0.223 45 61 71 77 89 

B . 0.215 47 64 84 83 93 

c 0.189 53 73 88 95 99 

D 0.203 49 §9 84 92 97 

Table 1 

Example 1 b:Small scale attritor milling 

Powders were prepared by· attritor milling for 30 minutes using a 110 ml tank. The 

compositions used were (A) 1.209 ( 12 w/w % ) of indomethacin and 8.80g of lactose 

j. 
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monohydrate; and (B) 1.20g (12 w/w %) of indomethacin, 0.10g (1 .0 w/w %) of sodium lauryl 

sulfate, and 8. 70g of lactose monohydrate. Particle size distribut~ons for each composition 

are shown in Figure 2 and summarised in Table 2. The data shows that the particle size is 

smaller when 1 % of SLS is used in the milling. 

Example 0(0.5) %< %< %< %< %< 

µm 0.20 µm 0.30 µm 0.5 ~m 1.0 µm 2.0µm 

A 0.753. 25 34 .. 44 55 70 

B 0.677 ·14 26 41 65 91 -

Table 2 

Example 2: Milling of lndomethacin in lactose monohydrate with polyoxyethylene alkyl ether 

surfactants. 

Example 2a: Spex. Milling 

Powders were prepared by Spe>,< milling for 30 minutes. The compositions used were (A) 

1.20g (12 w/w %) of indometha.cin and 8.80g of lactose monohydrate; (B) 1.209 (12 w/w %) 

of indomethacin, 8:70g of 1.actose monohydrate, and 0.10g (1 .0 w/w %) of Brij700; and (C) 

1.20g (12 w/w %) of indomethacin, 8;70g of lactose monohydrate, and 0.10g (1 .0 w/w %) of 

Brij76. Particle size distributions for each composition are shown in ~igure 3 and 

summarised in Table 3. The data shows that the particle size is smaller when 1% of Brij 700 

or Brij 76 is used in the r:nilling. 

Example 0(0.5) %< %< %< %< %< 

µm 0.20 µm 0.30 µm 0.5 µm 1.0 µm 2.0µm 

A 0.223 45 . . 61 71 77 '89 

B 0.167 60 80 93 97 99 

c 0.192 52 72 89 96 99 

Table 3 

Exam_ple .2b: Small s~le attritor milling 
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Powder mixtures consisting of (A) 1.20g (12 w/w %) of indomethacin and 8.80g of lactose 

monohydrate; and (8) f.209 (12 w/w %) of indomethacin~ . 0.10g (1 .0 w/w %) of Brij700, and 

8.70g of lactose .monohydrate were attritor milled for 30 .minutes in a 110 ml tank. Particle 

size distributions for each composition are shown. in Figure 4 and summarised in Table 4. 

: The data shows that the particle size is smaller when 1% of ~rij 700 is used in.the milling. 

Example D(0.5) · % < %< %< %< %< 

µm . 0.20 µm 0.30 µm o.5 µm 1.0 µm 2.0µm 

A 0.753 25 34 44 55 70 

B 0.621 13 25 43 68 91 

Table 4 

Example 3: Milling of lndomethacin in lactose monohydrate with other surfactants 

Example 3a: Spex milli~g at 12 w/w % 

Powders were prepared by Spex milling for 30 minutes. The compositions used were (A) 

1.20g (12 w/w %) of indomethacin and 8.80g of lactose monohydrate, (B) 1.20g (12 w/w %) 

of indomethacin, 8. 70g of lactose monohydr~te, and 0.10g (1 . wlw %) of sodium 

deoxycholate, (C) 1.20g (12 w/w %) of indomethacin, 8.70g of lactose monohydrate, and· · 

0.109 (1 w/w %) of sodium n-lauroyl sarco·sine, and (D) 1.20g (12 w/w %) of indomethacin, 

8. 709 of lactose mono hydrate, and 0.1 Og of lecithin. ·Particle size distributions for each 

~mposition are shown in Figure 5 and summarised in Table 5. The data shows that the 

particle size is smaller when 1 % of these surfactants are used in the milling. · 

Example 0(0.5) % < %< o/o < %< %« 

µm 0.20µm 0.30 µm O.Sµm 1.0 µm 2.0µm 
. 

A 0.223 46 61 71 . 77 " 69 

B . 0.191 52 67 77 83 93 

c 0.225 44 63 79 86 96. 

D 0.23 44 61 75 . 85 95 

Table 5 
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Example 3b: Spex milling at 10 w/w % 

Powders were prepared by Spex m.illing for 20. minu.tes. The comppsitions used were (A) 

0.5g (10 w/w o/o) of indomethacin and 4.5g of lactose monohydrate, (B) 0.5g (10 w/w %) or' 

·lndomethacin, 4.45g of lactose monohydrate, and 0.05g (1 w/w %) of polyoxyl-40-stearate, 

(C)) 0.5g (10 w/w %) of. indomethacin, 4.45g of lactos~ monohydrat~. and 0.05g (1 w/w %) 

'of docusate sodium, and (0) ) 0.5g 00 wlw %) of indomethacin, 4,.45g of lactose 

monohydrate, and 0.059 (1 w/w %) of Aerosil R972 fumed silica. Particl~ size distributiOf"lS 

for each composition are shown in Figure 6 and summarised in T~ble 6. The data show~ that 

the particle size is smaller when 1 % of these surfactants or additives are used in the milling. 

Example 0(0.5) %< %< . %< %< %< . 

µm 0.20 µm 0.30 µm 0.5 µm 1.0 µm 2.0 µm 

A 
0.237 44 57 65 . 73 85 

B 
0.169 58 72 80 89 97 

c · . . 0.249 42 56 68 84 98 
D 0.190 52 67 76 84 92 

· Table 6 

Example 4: Milling of lndomethacin in lactose monohydrate with SLS compared with· milling 

in the individual components 

Powders were prepared by Spex milling for 30 minutes. The compositions used were (A) 

1.00g (20 w/w %) of ind.omethacin,·3.95g (79 w/w %) of lactose monohydrate, and 0.05g (1 

w/w %) of sodium lai.Jryl sulfate; (B) 1.00g (20 w/w %) of indomethacin and 4.00g (80 w/w %) 

of sodium lauryl sulfate; (C) 4.95g (99 w/w %) of indomethacin ~nd 0.05g (1 w/w %) of 

sodium lauryl sulfate; ·and (D) 1.00g (20 w/w %) of indomethacin an~ 4.,00g (60 w/w %) of 

lactose .monohydrate. Particle size distributions for each ~mposition are· shown in ·Fig.ure 7 

and summarised in Table 7. The data shows that the combination of lactose. monohydrate 

.grinding matrix together with 1 % SLS (A) has produced nanoparticles. 

Example 0(0.5) %< %< %< %< o/o< 
. µm . 0.20 µm o.3o µm 0.5 µm 1.0 µm 2.0µm 

A 0.435 24 38 53 67 83 ' 

B 2.612 0 0 ' 0 6 34 
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Example 5: Milling of Oi~lofenac in lactose m~nohydrate ~ith SLS compared with milling in 

the individual components 

Powders were prepared by Spex .milling for 30 minutes. The compositions used were (A) 

1.00g (20 w/w %) of diclofenac, 3.95g (79 w/w %) of lactose monohydrate, and·0.05g (1'w/w 

%) of sodium lauryl sulfate; (B) 1.00g (20 w/w.%) of diclofenac and 4.00g (80 w/w %) of 

sodium lauryl sulfate; (C) 4.95g (99 w/w %).of diclofenac and 0.05g (1 w/w %) of sodium 

lauryl sulfate; and (0) 1.00g (20 w/w %) of diclofenac and 4.00g (80 w/w %) of lactose 

monohydrate. Particle size distributions for each. composition are shown in Figure 8 and 

summarised in Table 8. The data shows that the "combination of lactose monohydrate 

grinding matrix together with 1 % SLS (A) has produced smaller particles that milling with 

only the monohydrate lactose (0). This is consistent with the data from previous examples 

that shows the presence of a small" amount of surfactant produces smaller particles. 

Example 0(0.5) %< %< %« • %< %< 

µm 0.20 µm 0.30 µm 0.5µm 1.0 µm 2.0µm 

A 0.153 "66 84 95 98 99 

B 3.173 . 0 0 0 3 24 

c 117 .o 0 0 1 4 

D 0.178 56 74 . 86 92 97 

Table 8 

Example 6: Milling .o~ Diclofenac with Mannitol in the Spex mill scaled up · to mill in the 

Siebtechnik mill 

Exampl~ 6a: Spex milling 
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Powders were prepared by Spex·milling for 30 minutes. The campositions used were (A) 

2.00g (20 w/w %) diclofenac and 8.00g of mannitol, (B) 2.00g (20 w/w %) of diclofenac. 

0.10g (1 w/w %) of sodium lauryl sulfate, and 7.90g of mannitol, and (C) 2.00g (20 w/w %) of 

dictofenac, 0.10g (1 w/w %) of sodium octadecyl sulfate, and 7.90g of mannitol. Particle size 
. \ 

distributions for each. composition are shown in Figure 9 and summari~ed in Table 9. The 

data shows that at this solids loading nanoparticles can be made . using all three 

formulations. The_ data also shows that the size distributions are the same. 

Example 0(0.5) %< %< %< %< .%< 

µm 0.20 µm . 0.30 µm 0.5µm 1.0 µm 2.0µm 

A 0.200 50 69 . 84 91 97 

B 0.201 50 69 63 91 97 

c 0.195 51 .71 65 92 97 

Table 9 

Example 6b: Siebtechnik Milling 

A compositions of 2.5 (10 w/w %) diclofenac and 22.59 of mannitol was milled in the 

Siebtechnik mill for 15 minutes. After this time the powder was completely caked onto. the 

walls of the mill and the media. No powder" could be removed to measure the particle size. At 

this poirit 0.25 g (1 w/w%) SLS was added to mill cham.ber and milling was ther:' undertaken 

for a further 15 minut~s . !'fter the second period of milling in the presence of SLS powder 

was no longer caked onto the media and some free powder was also present. · The particle 

size distribution of this ·powder was measured and is shown in Figure 10 and summarised in 

Table 10. The ob.servations made before and after the addition of the SLS demonstrate that 

the addition of the surfactant lessens th~ problem of caking. With the addition of ·surfactant 

the caked mat~riat could be recovered to become free powder again with small part~cle size. 

Example 0(0.5) %< %< %< %< %< 

µm 0.20 µm 0.30 µm 0.5 µm 1.0 µm 2.0 µm 

0.237 40 63 63 93 ' 97 

Table 10 

Example 7: Millinq ·of Naproxen in lactose monohydrate with surfactants 
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Example 7a: Milling. of 35 w/wo/o in the Spex mill 

Powders were prepared by spex milling for 20 minutes. Mixture _A was compose~ of 1.75g 

(35 w/wo/o) ·of naproxen acid in 3.2 g lactose monohydrate. Mixture B was composed of ; 

1:75g (35 w/w%) ~f naproxen acid, 3.25 g lactose monohydrate and 0.05 g (1 w/'w%) 

· . polyoxyl-40-stearate. Mixture C was composed of 1. 759 (35 w/w%) of naproxen acid, 3.25g 
. . 

lactose monohydrate and 0,05g (1w/w%) sodium lauryl sulfate. Particle size distributions for . . . . . . 

each composition are shown in Figure 11 and summarised in Table 11. The data show that 
• I 

the particle size is smaller when the surfactant polyoxyl-40-stearate or sodium lauryl sulfate 

is used In the milling. 

Example 0(0.5) %< %< %< %< %< 

µm . 0.20 µm 0.30 µm 0.5µm 1.0 µm 2.0 µm 

A 2.9 18 23 25 26 38 

B 0.373 33 45 56 70 87 

c 0.293 38 ' 50 60 65 75 

Table 11 

Example 7b: Milling of 35 w/w% Naproxen in lactose monohydrate at larger scale 

Composition A arid B consisted of 70g (35 w/w· %) of naproxen . add, 128 g lactose 

. monohydrate and 2 g (1w/w %) SLS. Mixture A was milled for 60 minutes using a 1-S attritor· . 

(1/2 gallon scale). Mixture B was milled for 60 min using a simoloyer mill. 

Particle size distributions for · ~ach composition are shown in Figure 12 and summarised in 

Table 12. This composition milled ·at larger scale gives approximately the same particle size 

distribution as that observed for the small scale milling ·of this composition in example 7a(C). . . 
The si_moloyer mill gave a finer parti~le size compared to the ·attritor mill. This data shows 

that this mixture, having 1 % SLS presence can be successfully scaled up from small scale · 

to larger scale. 

Example 0(0.5) %~ %< %« %< %< 

µm 0.20 µm 0.30 µm ·o.5 µm 1.0µm 2.0µm 

·A 0.345 35 47 56 61 73 
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Table 12 

Example 7c: Milling of 40 w/w% Naproxen in lactose monohydrate 

. . 
Two mixtures, ·both containing 40 · w/w% naproxen ac;:id in lactose monohydrate, wi_th and 

without a surfactant, were milled in a Spex mill for 120 min. Mixture A was composed of 4g 

(40 w/w%) of naproxen ~cid in 5.9g lactose monohydrate and 0". 1g (1 w/w%) polyoxyl-40-

stearate. Mixture B was composed of 4g (40 w/w%) of naproxen acid and 6g lactose 

monohydrate. PSDs of the milled products were measured (Figure 13) and ~esults 

summarised in Table 13. The data shows that at this high volume fraction nanoparticles can 

be produced with the addition of 1 w/w % surfactant to the mixture. 

Example 0(0.5) %< %< %< %< %< 

µm 0.20 µm 0.30µm 0.5µm ~ .o µm 2.0µm 

A 0.285 37 . 52 66 75 82 

B 6.1 0 0 0 0 8 

Table 13 

Example 6: Milling of Naproxen in mannitol with surfactants 

Example Sa: Milling of 35 w/w% Naproxen acid in mannitol in the Spex mill. 

MixtUre A ·was composed of 1.40g (35 w/w%) of naproxen·acid in 2.6 g mannitol. Mixture B 

was composed 'ot 1.409 (35 w/wo/o) of naproxen acid', 2.52 g mannitol and 0.08g (2 w/w%) of 

the surfactant SLS. The samples were milled in a ·Spex mlll for 20 minutes. PSDs of the 

milled products were measured (Figure. 14) and results are summarised in Table :14. The 

dat~ show t~at the addition of a surfactant led to lower particle size. 

Exa~ple 0(0.5) . %< %< %<· %< %< 

µm 0.20 µm 0.30 µm 0.5µm 1.0 µm ~.Oµm 

A 0.171 58 73 82 86 88 

B 0.131 76 90 95 96 98 

I . 
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Table 14 

Example Sb: Milling of 35 w/w% Naproxen acid in Mannitol at larger scale 

Mixture A and B consisted of 70g (35 w/w %) naproxen acid, 1289 (64 w/w %) mannitol, and 

2g (1 w/w %) SLS. Mixture A was milled for 50 minutes using a 1-S attritor (1/2 gallon) using 

·4 kg of grinding media. Mixture B was milled for 60 min usirig a simoloyer mill. The PSO of 

the milled product was me~sured (Figure 15) a(ld the results summarised in Table 15. This 

mixture containing surfactant has successfully produced small particles at this high volume 

fraction at larger scale. The material milled in the sirnoloyer mill had an especially fine 

particle size with 90 % of particles less than 1000 nm. 

Example 0(0.5) %< %< %< . Ofo< %< 

µm Q.20 µm 0.30 µm 0.5µm 1.0 µm 2.0µm 

A 0.730 31 41 46 51 58 

B 0.177 57 74 86 90 93 

Table 15 

Example Be: Milling of 30 w/w% naproxen acid in Mannitol in the Spex mill 

Powders of 30 w/w% naproxen acid with and without surfactant were Spex milled for 20 

minutes. Mixture A (;9nsisted of 1.~ g (30 w/w %) napro~en acid and 2.8 g mannitol. Mixture . . 
B consisted of 1.2 g (30 w/w %) naproxen acid, 2.76 g mannitol, and 0.04 g (1w/w%) SLS. 

The PSD of the milled product (Figure 16) was measured and the results summarised in . . 
Table 16. The data show that the addition of a surfactant led to smaller particle size. 

E.xample D(0.5) o/o <: %< %< %< %< 

µm 0.20 µm 0.30 µm 0.5µm 1.0 µm 2.0µm 

A 0.208 48 64 75 79 84 .· 
B 0.173 58 75 86 91 96 

Table 16 

Exarflple 8d: Milling of 30 w/w % naproxen acid in Mannitol at larger scale 
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Mixture (A) consisted of 60 g (30 w/w o/of naproxen acid,· 138 g mannitol and 2 g SLS. 

Mixture (B) consisted of 60 g (30 w/w %) naproxen acid and 138 g mannitQI. Each mixture 

was milled for 50 minute~ using a 1-S Attritor ( 1/2 gallon) using 4 kg of grindi[lg media. The 

PSD of the miileq prOduct (Figure 17) was measured and the results summarised in Table . . 

17. The amount of material recovered (yield) form the mill is also recorded in Table 17. The 

m'!lterial milled with the surfactant (A) still has a very·fine particle size·which is basically the 

same as that at small scale (example Be (B)). The most significant effect of the presence of 

the surfactant in the mixture· at large scale is 'the yield of powder from the mill. The addition 

of the surfactant. gave a very good yield. of 92% compared ~ith only 27 % without th~ 

surfactant. 

Example 0(0.5) %< %< %< %< %< 

µm 0.20 µm 0.30 µm 0.5 µm 1.0 µm ·2.0µm 

A 0.181 55 73 86 92 96 

B 0.319 35 48 . 59 64 75 

Table 17 

. 
Example 9: Milling of Meloxicam with Lactose 

Powders wer~ prepared by attritor milling using the 1 litre tank with a speed of 350 rpm. The 

compositions used were (A) 20.0g (2~ w/w %) of meloxicam, 3.0g (3.0 w/w %) of -sodi!.!m 

lauryl sulfate and 7!-0g of lactose monohydrate, (B) 20.0g (20 w/w %) of metoxicam, and 

80.0g of lactose monohydrate. Particle size distributions for each composition are shown in 

Figure 18 and summarised inTable18. The yield of powder recovered from the mill is· also 

shmvn in Table 18. 

Examples 0(0.5) %< %< %< %< %< Yield 

µm 0.20 µm 0.30 µm 0.5µm 1.0 µm 2.0µm (%) 
A 0.240 39 54' 87 97. 100 89.5 
B 0.166 59 . 74 82 87 90 0.7 

Tabte·18 · 

Example 10: Milling of Meloxicam with Mannltol 
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Powd.ers were prepared by attritor milling using the 11 Oml tank. The comp(>sitions used were 

(A) 1.2g (20 w/W % ) of meloxicam, 0.1 Sg (3.0 w/vl%) of sodium laurylsulfate and 4.62 of 

mannitol, (B) 1.29 (20 w/w %) of meloxicam, ·and 4.Bg of mannitol. Particle size distributions 

for each composition are shown in Figure 19 and summarised in Table 19. r:tie yield of 

powder recovered from the mill is also shown· in Table 19. 

Examples 0(0.5) %< %<" . %< %< %< Yield 

µm o.~o µm 0.30 µm 0.5-µm 1·.0 µm . 2.0µm (%) 

A .. 0.277 37 53 66 74 86 63.3 

B 
2.493 10 12 12 15 39 

33.3 

Table 19 

Example 11: Milling of naproxen in lactose monohydrate with another matrix 

Example 11 a: Milling of 30 w/w % naproxen acid in a mixed grinding matrix . of trisodium 

c.itrate dihydrate and lactose monohydrate . 

. Mixture A was composed of 1.2 g (30 w/w %) of naproxen acid, 2.8 g Lactose·monohydrate. . . 

Mixture B was composed of 1.2 g (30 w/w %) naproxen acid, 0.8 g (20 w/w %) trisodium 

citrate di hydrate and 2 g lactose mono hydrate. Mixtu.re C was co.mposed of 1.2 g (~0 w/w % ) 

of naproxen acid and 2.8 g trisodium citrate dihydrate. The. samples were milled for 20 

minutes in a spex mill. PSDs were measured (Figure 20) and results summansed in Table 

· 20. The data show that a mixed co-grinding matrix of trisodium citrate ditiydrate and lactose 

monohydrate gave a smaller particle size. 

Example D(0.5) . %< %< %< %< o/o < 

µm 0.20 µm 0.30 µm . O.Sµm 1.0 µm 2.0µm 

A 0.396 -- . 33 44 . ·. 53 56 70 

B 0.186 48 64 75 81 92 

c 3.1 18 24 27 27 37 

Table 20 
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Example 1°1b: Milling of 30 w/w % naproxen acid in a mixed grinding matrix of calcil:Jm 

carbonate and lactose monohydrate. 

Mixture A was composed of .1.2 g (30 .w/'!'%) naproxen acid, 0.8 g (20 w/wo/o) calcium 

carbonate and 2 g lactose monohydrate. Mixture B was composed ~f 1.2 g (30 w/w%) of 

naproxen acid, 2 .~ g calcium carbonate. The samples were milled for 20 minutes in a Spex 

mill. PSDs of the milled products were measured (Figure 21) and results summarised in 

Table 21. The data for milling in lactose monohydrate is shown above in example 11a (A). , 
The. data shows that a mi~ed co-grinding matrix of calcium carbonate and lactose . 

monohydrate gave a smaller particle size. 

Example 0(0.5) %< %<. %< %< %< 

µm 0.20 µm 0.30 µm 0.5µm 1.0µm 2.0µm 

A 0.213 47 63 76 84 91 

B 28 3 4 5 6 10 

Table 21 

Example 12: Milling of naproxen acid in lactose anhydrous with another matrix 

. . 

Example 12a: Milling 9f naproxen in lactose anhydrous and xylitol 

Mixture A was composed of 1 g (25 w/wo/o) of naproxen acid in 3 g lactose anhydrous. 

Miicture B was composed of 1g (25 w/wo/o) of naproxen acid and 0.8 g.(20 w/.w %) xylitol in 

2.2 g lactose anhydrous. Mixture C was composed of 1g (25 w/w%) of naproxen acid in 3 g 

xylitol. The samples were milled for 20 minutes in .a Spex mill. The PSD was measured 

(F)gure 22) and the numerical results summarised .in Table 22: The data show that xytitol 

produces the smallest PSD ·while milling with just anhydrous lactose p~oduces the coarsest 

particles. When only 20 w/w % xylitol .was added to lactose anhydrous the PSD was 

significantly improved compared to only milling with lactose anhydrous. This indicates that 

the performance of lactose anhydrous as a grinding matrix can be improved with the addition 

of a small amount of another matrix. 

Example 0(0.5) . . %< ' . %< %< %< %< 
.. µm 0.20 µm 0.30 µm ·o.sµm 1.0 µm· 2.0µm 

A 1.07 31 . 41 46 49 67 
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0.20 50 65 75 79 89 

0.18 57 75 87 92 95 

Table 22 

Example 12b: Milling of Naproxen in lactose anhydrous and malic acid 

~ixture A ~as composed of 1g (25 w/w%) of naproxen acid and 0.8g (20 w/w %) malic acid 

in 2.2 g lactose anhydrous. Mixture B was cor:nposed·of 1g (25 w/w %) of naproxen acid in 

3g malic acid. The samples were milled for.20 minutes in a spex mill. PSD was measured 

(Figure 23) and numerical results summarised in Table 23. 

The data show that malic acid produces small particles. When 20 w/w % malic add ~s 

added to lactose anhydrous the PSD was significantly improved compared ~o only milling 

with lactose anhydrous (example 12a(A)). This indicates that the performance of lactose 

anhydrous as a grinding matrix can be improved with ~he addition of a small amount of 

another matrix. 

Example 0(0.5) %< %< %< %< %< 

µm 0.20 µm 0.30 µm 0.5 µm 1.0µm 2.0µm 

A 0.223 46 60 70 76 87 

B 0.153 66' 85 96 98 99 

Table 23 

Example 12c: Milling of naproxen in lactose anhydrous and trisodium citrate dihydrate 

Mixture A was composed of 1g (25 w/w%) of naproxen ·acid and 0.89 (20 w/w%) trisodium 

citrate dihydrate in 2.2g lactose anhydrous. Mixture B was composed of 1g (25 w/Y!'lo) of 

naproxen acid in 3g trisodium citrate· dihydrate. The samples were milled. for 20 minutes in a 

spex mill. PSDs .of the milled products were measured (Figure 24) and num.erical results 

summarised in Table 24. The data for milling in lactose anhydrous is· shown above in 

example 12a (A). The data shows that a mixed co-grinding matrix of trisodium citrate 

dihydrate and lactose anhydr.ous gave a smaller particle size. 

I Example j D(0.5) %< %< %< %< , . %< 

I. 
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µm 0.20 µm 0.30 µm 0.5 µm 1.oµm 2.0µm · 

A 0.215 47 62 70 73 83 

B 0.331 35 48 57 62 72 

Table 24 

. . 
Example 13: Milling of lndomethacin with SLS and tartaric acid in lactose monohydrate at 

larger scale . 

Example 13a: Milling in the 1 litre Attritor 

Powders were prepared by attritor milling using the 1 litre tank. The compositions used were 

· (A) 13:09 (13 w/w %) of indomethacin and 87.0g of lactose monohydrate, (B) 13.0g (13. w/w 

%) of indomethacin, 65.5g of lactose monohydrate. and 21.5g (21.5 w/w %) of tartaric acid, 
. . . 

·,. (C) 13.0g (13 w/w %} of indomethacin, 1.0g (1.0 w/w %) of sodium lauryl sulfate, and 86.0g 

~f lactose monohydrate, and (£?) .. 13.0g (13 w/w %) of indomethacin, 1.0g (1.0 w/w %) of 

~odium lauryl sulfate, 64.5g of lactose monohydrate, and 21.5g (21.5 w/w %) of tartaric acid . . 

Particle size distributions for each composition are shown in Figure 9 and summarised in 

Table 25. The yield of powder recovered ·from the mill is also shown in Table 25. In example 

1 lndomethacin was successfully milled in lactose monohydrate with no additives at small 

scale ( 1 O grams in the Spex mill). In example A lndomethacin milled in lactose monohydrate 

at 100gram scale did not produce any material below 500 nm and caked severely .. The low 

yield of 1.2 % is the free powder th.at could be recovered from the mill. The remaining 

material was .caked hard onto the bottom of the mill such that it had. to be chiseled out. The 

addition· of tartaric acid (example 8) to this base mixture has dramatically improved the 

particle size with 75%. of material now less than 500 nm. However severe caking was still 

present with a yield of less than 1%. Wh~n 1% SLS was adcfod to both mixtures and milled 

under the same conditions (example c ~nd D) the yields were very high: Significant yields 

were obtained with the mixture with both SLS and tartaric Acid added. The mixtures milled 

in examples C and D both also produced nanoparticle material. Example 0 with tartaric acid 

gave smaller particle size. 

Examples 0(0.5) %< %< %< %< %« Yield 

µm 0.20 µm 0.30µm 0~5 µm 1.0µm 2.0 µm '(%) 

A 3.255 0 0 0 4 27 1 
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B 0.272 34 .55 76 87 93 0 

c 0.836 . 22 31 39 56 83 76 

D 0.629 ,5 28 43 67 91 85 

Table 25 

Example 13b: Milling in the 1.5 gallon attritor 

Powder was prepared by attritor milling using the 1Y2 gallon tank . .The composition used ~as 
.. . 

1.30g (13 w/w %} of indomethacin, 10g (1 .0 w/w %} of sodiu~ lauryl sulfate, 652.5 g of 

lactose monohydrate, and 217.5g (21 .5 w/w %} of tartaric aci~. The Particle size distribution 

is shown in Figure 26 and summarised in Table 26. The yield of powder recovered from the 
. . 

mill is also. shown in Table 26. The yield of powder recovered from the mill is also shown in 

Tabl~ 26. For each exa~ple two yields are shown, the first (top) is the yield when the 

material is discharged from t~e mill at the lowest speed of 57 rpm within 5 minutes. This 

discharge removes all the loose powder from the mill. In addition a second discharge at the 

speed of milling was ~lso undertaken. This discharge removes any powder loosely caked 

onto the mill.- The second yield (the lower one in brackets) is the combination of both the first 

and second discharge. The PSD and yield data for this 1 kg scale milling demonstrate that 

this formulation approach delivers both small particles and beneficial yields at large scale. 

Example D(0.5) % ·< % < % < % < o/o < Yield 

µm 0.20 µm 0.30 µm O.Sµm 1.0µm 2.0µm (%} 

77.5 

A 0.16 64 63 62 94 96 (62} 

Table 26 

Example 14: Milling of Diclofenac with SLS and tartaric acid in lactose monohydrate at larger. 

scale. 

Powders were prepar~d by attritor milling using the Y2 gallon tank. The compositions used 

were (A} 52.5g (15 w/w %} of diclofenac, 3.5g (1 w/w %} of sodium lauryl sulfate, and 294.0g 
. . 

of lactose_monohydrate and (B) 52.5g (13 w/w %) of diclofenac, 3.5g (f w/w %) of sodium 

lauryl sulfate, 224.0g of lactose mono~ydrate, anq ·10.0g (20 w/w %) of tartaric acid. Particle 
. . . 
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size distributions for each composition are shown in Figure 27 and summarised in Table 27. . . 
The yield of powder recovered from the mill is also shown in Table 27. For each example 

. 1 

two yields are. shown, the first (top) is the yield when 'the material is discharged from the mill 

.at the lowest speed of 77 rpm. '!his discharge rem_ove~ all the loose pOYf'.der.fr<?m the mill. In 

addition a second discharge at the speed of milling was also undertaken. This discharge 
. . 

removes any ·p9wder loosely caked onto the mill. The second yield (the lower one in 

brackets) is the combination of both the first and second discharge. Note that the median. 

particle size of the second offload (shown in brackets under 0(0.5) in Table 27) is. marginally 

· smaller than the first offload indicating the material from the second discharge is the-same 
. . 

quality as the first. The particle size.of both example~ and .B (with 20% tartaric acid) are 

essentially the same with both mixtures giving a good particle siz~ distribution with over 95 

% less than 500 nm. The difference between tnese two examples is the much higher yield 

_for example B, the mixtur.e containing tartaric acid. For the initial discharge example B has a 

yield over 87% compared with 64% for example A. For the overall yield (both discharges) 

example B practically gives full recovery with a 98% yield compared with 80% for example A. 

0(0.5) %· < % < % < % < % < Yield 

µm 0.20 µm 0.30 µm ~.5 µm 1.0µm 2.0 µm {%) 

0.160 64 

A (0.151) 64 84 97 99 99 (80) 
~ 

0.160 87 

B {0.156) 63 83 95 98 99 (98) 

Table 27 

Example 15 - Spex milling of Halosulfuron -Methyi 

Powd.ers were prepared by Spex milling for 40 minutes. The compositions used were {A) 

·1.00g {10 w/w %) of halosulft,Jron and 9.00g of lactose monohydrate; and {B) 1.00g {10 w/w 

%) of halosulfuron, 8.90g of lactose monohydrate, and 0.10g (1.0 w/w %) of lecithin. Particle 

size distributions for each composition are shown in Figure 28 and summarised in Table 28. 

The data shows that the partiqle size is smaller when 1 % of surfactant is used in the milling. 

Example 0(0.5) µm % < o/o < o/o .< % < % < 

0.20 µm 0.30 µm 0.5µm 1.0µm 2.0 µm 

\ ' 
I 
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I 74 90 97 98 99 0.135 

Table 28 
.. . . . 

Example 16 - Spex milling of Metsulfuron-Meth~I 
. 

Powders were prepared by Spex milling for 40 minutes. The compositions us_ed were (A) 

1.00g (10 w/w %) of metsulfuron and·9.00g of lactose_ monohydrate; and (B) 1.00g (10 w/w 

%) of metsulfuron, 8.90g of lactose mor:ioh~drate, and 0.10g (1 .0 w/w %) of sodium lauryl 

· sulfate. Particle size distributions for each composition are shown in Figure 29 and 

sum_marised in Table 29. The data shows that the particle size is_ smaller when 1% of 

surfactant is used in the milling. 

Example 0(0.5) µm %· < % < % < % < % < 

0.20 µm 0.30 µm · 0.5 µm 1.0µm 2.0µm 

A : 4.727 0 0 0 0 4 

B 0.129 80 93 96 97 ·98 

Table 29 .. 

Example 17 - Spex milling of Tribenuran-Methy! 

Powders were prepared by Spex milling for 40 minutes. The compositions used were (A) 

1·.00g (10 w/w %) of tribenuran and 9.00g of lactose monohydrate: ~nd (B) 1:00g (10 wtw%) 

of tribenuran, 8.909 of lactose monohydrate. and 0. ~Og (1.0 w/w %) of Brij 700. Particle size 

di~tributions for each composition: are shown in Figure 30 and summarised in Table 30. The 

data shows that the particle size is smaller when 1% of ~urfactant is used in the milling 

. . 

Example ·0(0.5) µm % < % < % < o/o < % < 

0.20 µm 0.30 µm 0.5µm 1.0µm 2.0µm 

A 2.622 . 0 0 0 0 25 

B 0.128 82 96 98 98 99 

Table 30 

I . 
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Example 18: Milling of sulfur in lactose monohydrate 

Powders were prepared by Spex milling fo.r 40 minutes. !he compositions. used were (A) 

1.00g (10 w/w %) of s~lfur and 9.00g of lactose monohydrate and (B) 1.00g (10 w/w %) of 

sulfur and 8.90g of lactose monohydrate. and 0.10g (1.0 w/w. %). of sodium lauryl sulfate. 

Particle size distrib.utions for each composition are shown in· Figure 31 and ·summarised in 

Table 31. It can be seen that milling with sodium lauryl sulfate gave a.narrower particle size 

distribution with more material below 1 micron . 

-. 

Example 0(0.5) % < % < % < % < % < 

µm 0.20 µm 0.30 µm 0.5µm ~.o µm 2.0µm 

A 0.388 27 42 56 69 86 

B 0.455 6 26 55 78 96 

Table 31 

Example 19: Milling of'Mancoze.b in lactose monohydrate. 

Powders were prepared by Spex milling for 40 minutes. The compositions used were (A) 

1.00g (10 w/w %) of Mancozeb and 9.00g of lactose monohydrate, (B) 1.-00g (10 w/w %) of 

Mancozeb, 8.9g of lactose monohydrate and 0.10g O .0 ·% w/w) Brlj 700, (C) 1.00g (10 w/w 

%) of Mancozeb, 8.9g of lactose monohydrate and·0.10g (1.0 .
1

% w/w) SLS, (Or 1.00g (10 . 

w/w %) of Mancozeb, 8.9g of lact?se monohydrate and 0.10g (1.0 % w/w) lecithin, (E) 2.00g 

(20 w/w %) of Mancozeb, 7.9g of lactose monohydrate and 0.10g (1.0 % w/w) SLS, (F) 

3.00g (3.0 w/w %) of M~ncozeb, 6.9g of laetose monohydrate and 0.109 (1 .0 % w/w) SLS. 

The particle siz;e distribution of . A is shown in Figure 32 and the particle size of all 

compositions is summarised In Table 32. Compositions B-0 show that the particle size is· 

smaller· when 1% of surfactant is used in the milling. Composition E at 20% w/w with 1 % 

SLS gives a.lmost as good a particle size distribution as comp0sition A. 10% w/w with n9 

surfacta.nt Th.is demonstrates the benefit 1 % surfactant can make to achieving a small 

particle size. Composition F, at'30 w/w %·with 1% SLS is also very small with more than 

80% less than 500·nm. 

Example 0(0.5) % < % < % < % < % < 

µm 0.20.µ,m o.3o µm 0.5µm 1.0 µm 2.0µm 

A 0.198 50 71 . 88 97 97 

I 

. . 
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B 0.170 60 82 96 100 100 

c ' 0.17.1 60 82 97 100 100 

D 0.181 56 78 95 100 100 

E 0.212 47 68 86 ' 96 98 

F 0.258 . 36 58 81 94 97 

Table 32 

Example 20. Milling of Metaxalone in Lactose monohydrate: 

A mixture (A) of 1.5g (30w/w%) Metaxalone, 3.5g (69 w/w%) Lactose monohydrate and 0.05 

g (1w/w%) Pluronic-F-127 w.as milled for 60 minutes in a Spex mill. A second mixture (B) of 

1.5g Metaxalone (30w/w%), 3.5g Lactose monohydrate (70w/w%) without surfactant was 

milled for 60 minutes in a Spex mill. PSDs of the milled products and unmilled Metaxalone 

(C) are shown in Figure 33 and summarized in Table 33. The data shows that the particle 

size is smaller after milling and decreases further when 1% of Poloxamer 407 fs used in the 

milling. 

Example D(0.5) µm % < % < % < % < % < 

0.20 µm 0.30 µm 0.5µm 1.0µm 2.0 µm 

A 0.16 63 77 84 89 93 

B 0.28 40 52 59 59 71 

c 50 0 0 0 0 0 

Table 33 

Example 21 . Milling of Metaxalone in Lactose monohydrate or Mannitol with surfactants and 

a combination of different surfactants and sodium bicarbonate. 

Powders (A) and (B) were prepared by attritor milling using the 750 ml vessel with a stirring 

speed of 550 rpm. The compositions used were (A) 17.2g (43 w/w %) of metaxalone, 0.4g 

(1 .0 w/w %) of sodium lauryl sulfate and 229 of lactose monohydrate, (B) 20.09 (50 w/w %) 

of metaxalone, 8.0g (20 w/w %) of sodium bicarbonate, 0.89 (2 w/w %) of s~dium lauryl 

sulfate, 0.8g (2 w/w %) of Poloxamer 407 and 10.4g of lactose monohydrate. 

Further compositions use.d were: (C) 2.5g (50 w/w %) of metaxalone, 2.35g (47 w/w %) of 

lactose monohydrate, and 0.076g (1.5 w/w %) of sodium·lauryl sulfate, 0.0769 (1 .5 w/w %) 

of poloxamer 407 and was prepared by Spex milling for 60 minutes; (0) 17.29 (43 w/w °!o) of 
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~etaxalone, 22.4g (56 w/w %) of mannito.1, and 0.4g (1 w/w %) of ~odium lauryl sulfate 
. . 

milled with a 750 ml Attfitor for 60 minutes. Particle size distributions (or composition A and 

B ar~ shown in Figure 34 and summarised for each composition in Table 34. 

The data shows that mining of Metaxalone with a variety of matrices and su.rfactants 
. . 

produces small particles at 43 to 50 w/w% in the Spex mill and in the larger 750 ml Attritor. 

A combination of ·SLS and Poloxamer 407 in Lactose monohydrate produces the smallest . 

nanoparticles in the presence of sodium bicarbonate during milling at 50 w/w% Metaxalone. 

As can be seen in Figure 34 Metaxalone milled with a combination of SlS and Poloxamer 

407 (B) produces smaller particles as Metaxalone milled with sodium lauryl sulfate (A). 

The dissolution behaviour of the milled mix ·of (B) was tested after: formulation into a tablet 

and compared with unmill~d API of the same composition and ·a commercial Skelaxin®. 

tablet, The composition and formulation are described in the method section. Using USP 

apparatus 2 the dissolution buffer is 750 ml 0.01 M HCL and the amount of API is about 60 

mg for all samples, further de~ails can be found in the method section. 

Figure 35 shows that the tabief of milled powder (trace A) dissolves much more rapidly 

compared to the tablet of unmilled materials (trace B) and the commercial Skelaxin3 tablet 

(trace C). The tablet containing milled material has a much improved dissolution cpmpared 
. . 

with both the unmilleq . tablet of the same : composition and an even greater improved 

dissolution compared with the commercial Skelaxin® tablets. The particles size reduction due 

to fl'.lilling has improved the d.issolution behaviour compared. to the commerCial Skelaxin® 

tablet. 

Example 0(0.5) µm % < % ' < % ' < % .< % < 

0.20 µm 0.30 µm 0.5 µm 1.0 µm 2.0 µm 

A 0.142 70 83 ·as 91 94 

B 0.137 73 .. 89 95 100 100 

c 0.148 67 83 92 98 99 

D 0.254 42 55 64 ' 67 72 

Table 34 

.Example 22: Naproxen acid milling in mannitol using a combination of diff~rent surfactants 

. I 

I 
I 

· 1 
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Powder mixtures.consisting of (A) 17.5 g (35 w/w %) of Naproxen Acid, 0.5g (1.0 w/w %) of 

SLS and 32 g of Mannitol; and (B) 17.5 g (35 w/w %) of Naproxen Acid, 0.5g (1 .0 wfw·%) of 

SLS, 0.5g (1 .0 w/w %) of POE 40 sterate,and 31 .5 g of Mannitol and (C) 17.5 g (35 w/w %) 

of Naproxen Acid. 0.5g (1.0 w/w %) of SLS, 0.5g (1.0 w/w %) of-·PEG 3000,and.31.5 g of 
. . . 

Mannitol were attritor milled for 80 minutes in a 750 ml,. tank. Particle size distributions for 

each composition are ·shown in Figure 36 and summarised in Table 35. The data shows that 

the particle size is smaller when PEG 3000 is used in com~ination with SLS in th~ milling. 

Example 0(0.5} %< %< %< %< %< 

µm 0.20 µm 0:·30 µm 0.5µm 1.0 µm 2.0 µm 

A 
0.249 

42 56 . ' 64 67 74 

B 0.261 39 55 67 77 88 

c 0.188 53 70 81 88 95 

Table 35 

. . 
Example 23: lndomethacin milling in lactose mon<?hydrate using a combination of different 

surfactants 

. . 
Powder mixtures consisting of (A}'6.0 g (12 w/w %) of indomethacin, ·o.5g '(1.0 w/w %) of 

SLS and 43.5g of lactose monohydrate; (B) 6.0 g (12 w/w o/o) of indomettiacin; 0.5g (1.0 w/w 

%) of SLS, 0.5g (1.0 w/w %) of Pluronic F127 and 43.0 g of lactose monohydrate and (C} 

6.0 g (12 w/w %} of indomethacin, 0.5g ,(1.0 w/w %} of SLS, 0.5g (1.0 w/w %) of POE 40 

sterate and 43.0 g of lactose monohydrate and were attritor milled· for 40 minutes in a 750 

. ml tank. Particle size distributions for each oomposition are shown in Figure 37 and 

summarised in Table 36. The data shows that the particle size is smaller wh~n Pluronlc 

·F127 or POE 40 sterate is used in combination with SLS in the milling. 

Example 0(0.5) %< %< %< %< o/o < 

µm 0.20 µm 0.30 µm 0.5µm. .1.0 µm 2.0µm 

A 0.231 43· 61 78 91 97 . 

B 0.152 66 ·as . .. 95 97 . 98 

c 0.155 65 85 96 98 98 

Table 36 
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The Clai!'l' Defining the Invention Is as Follows: 

1. A method for producing a composition, comprising the steps of: 

dry milling a solid biologically active material and a millable grinding matrix in a min 

comprising a plurality of milling bodies, for a time period suffici_ent t~ produce 

~ particles of the biologically active material dispersed in an at least p~rtially milled 

. grinding material. 

2. The method of clafm-1, wherein the average particle size, determined on a particle 

number basis, is equal to or less than a size selected from the group 2000 nm, 1900 

nm, 1800nm, 1700nm, 1600nm, 1500nm, 1400nm, 1300nm, 1200 nm, 1100nm, 

1000nm, 900nm, 800nm, 700nm, 600nm, 500nm, 400 nm, 300nm, 200nm and 100 

nm. 

· 3. The method of claim-2, wherein the average particle size is equal to or greater than 

25nm. 

4. The method of claim 1, wherein the particles have a median particle size, determined 

on a particle volume basis, equal or less than a size selected from the group 2000 

nm, 1900 nm, 1800nm, 1700nm, 1600rim. 1500rim, 1400nm, 1300nm, 1~00 nm, 

1100nm, ~OOOnm, 900nm, 800nm, 700nm, _600nm, 500nm, 400 nm, 300nm, 200nm . 

and 100 nm. 

5. The .method of claim 4, wherein the median p.article size is equal to or greater than 

25nm. 

6. The method of claim 4 wherein the percentage of particles, on a particle v~lume 

basis, is selected from the group consisting of: less than 2000nm (% < 2000 nm) is 
\ . . . . 

selected from the group 50 %, 60%, 70%, 80%, 90%, 95% and 100 %; less than 

1000nm (% < 1000 nm) is selected from the group 50 %, 60%, 70%-, 80%, 90°/o, 95% 

and 100 %; less than 500nm (% < 500 nm) is selected from the group 0%, 10%, 

20o/~ . 30%, 40%, 50 %; 69%. 70%! 80%, 99%. 95%. and 1_00 °~o; less than 300nm (% 

< 300 nm) is s~lected from the group 0%, 10%, 20%, 30%, 40%, 50 %, 60%, 70%, 

.· 

.. . · -· ·· · . ... .. . ·----
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0\ 80%, 90%, 95% and 100 %; and less than 200nm (% < 200 nm) is selected from the 

g group 0%, 10%, 20%, 30%, 40%, 50 °1~ . 60%, 70%, 80%, 90%, 95% and 100 %. 
N 
~ 

<" 7. The ~ethod of any preceding claim, wherein the milling time period is a range 

~ selected frpm the group consisting of: between 1 O minutes and 2 hours, between 1 O 

minutes and 90 minutes. between 10 minutes·and 1 hour. between 10 minutes and 

45 minutes, between .10 minutes and 30 . minutes, between 5 minutes and 30 

minutes, between 5 minutes and 20 minutes, between 2 minutes and 10 minutes, 

between 2 minutes a(ld 5 minutes, between 1 minutes and 20 minutes, between 1 

minute and 10 minutes, and between 1 minute and 5 mi~utes . 

8. The method of any preceding claim, wherein the milling medium is selected from the 
. . 

group consisting of: ceramics, gla;;ses, polymers, ferromagnetics and metals. 

9. The method. of ·claim· 8, wherein the .m.illing medium is steel bails having a diameter 

selected from· the group consisting of: between 1 and 20 mm, between 2 arid 15 mm 

and between 3 and 1 O mm. 

10. The method of any· preceding claim, wherein the dry milling apparatus is a mill 

selected from the group consisting of: attritor mills (horiz~mtal or vertical), nutating 

mills, tower mills, pearl mills, planetary mills, vibratory mills, eccentric vibratory mills, 

gravity-dependent-type ball mills, rod mills, roller mills and crusher mills. 

11 . The me.thod of claim 10, wherein the milling medium within the milling apparatus is 

mechanically agitated by 1: 2 or 3 rotating shafts. 

12. The methOd of any preceding claim, wherein the method is config~red to produce the 

biologically active material in .. a continuous fashion .. 

13. The method of any preceding claim, wher:ein the total combined amount of 

biologically active material ~rid grinding matrix in the mill at any given time is equal to 

or greater than a ·mass selected from the group consisting of: 200 grams, 500 grams, . . 
1 kg, 2kg, 5 kg, 10 kg, 20 kg, 30 kg, 50 kg, 75 kg, 100kg, 150 kg, 200 kg. 

· . 
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14. The method of any prec~ding. claim, wherein the biolC?gically active material js 

diclofenac. 

15. The me.thod of a_ny preceding claim, wherein the grinding matrix is a single material 

or is a· mixture of two or more materials in any·proportion. . . 

- . 
16. The method of claim 15, wherein the single material or a mixture of two or more. 

materials is selected from the group consisting of: mannitol, sorbitol, lsomalt, xylitol, 
. . . 

maltitol, lactitol, erythritol, arabitol, ribitol, glucose, fructose, mannose, galactose, 

anhydrous .lactose, lactose monohydrate, sucrose, maltose, trehalose, maltodextrins, 

dextri~. lnulin, dextrates, polydextrose, starch, wheat flour, com flour, rice flour, rice 

starch. tapioca flour, tapioca starch. potato flour, potato starch, other flours and 

starches, milk powder, skim milk powders, other milk solids and dreviatives. soy flour, 

soy meal or other soy products, cellulose, microcystalline cellulose, microcystalline 

cellulose based co blended materials, pregelatinized (or partially) starch, HPMC, 

CMC, HPC, citric acid, tartaric acia, malic acid, maleic acid fumaric· acid , ·ascorbic 

acid, succinic acid, sodium citrate, . sodium tartrate, sodium malate, sodium 

ascorbate, potassium citrate, potassium tartrate, potassium malate, potassium 

ascorbate, sodium carbonate, potassium carbonate, magnesium carbonate, sodium 

bicarbonate, potassium bicarbonate and calcium carbonate., dibasic calcium 
I 

phosphate, tribasic calcium phosphate, sodium sulfate, sodium chloride. sodium 

metabisulphite, sodium thiosulfate, ammonium chloride, Gla~ber's salt, ammonium 

carbonate, sodium bisulfate; magnesium sulfate, potash alum, potassium chloride, 

sodium hydrogen sulfate, sodium hydroxide, ·crystalline hydroxi~es, hydrogen . 

carbonates, ammonium . chloride, r:iethylamine hydrochloride, ammonium bromide, 

silica, thermal silica, alumina, titanium dioxide, talc. chalk, mica, 'kaolin, bentonite, 

hectorite, magnesium trisilicate, clay based materials or aluminh,Jm silicates, sodium 

lauryl sulfa~e. sodium stearyl sulfate, sodium cetyl sulfate, scidium cetostearyl sulfate, 

sodi\Jm docusate, sodium deoxycholate. N-lau.roylsarcosine sodium salt. glyceryl 

monostearate •. glycerol distearate glyceryl palmitostearate, glyceryl behenate, 

glyceryl eaprylate, glyceryl ·oleate, benzalkonium chloride, CT AB, CT AC, Cetrimid~. 

cetylpyridinium chloride, cetylpyridinium bromide, benzethonium chloride, PEG 40 

stearate, PEG 100 stearate, poloxamer 188, , poloxamer 338, poloxamer 407 

polyoxyl 2 stearyl ether, polyoxyl 100 stearyl ether, polyoxyl 20 ste~ryl ether,·polyoxyl 

10 stearyl ether, polyoxyl 20 cetyl ether, polysorbate 20, polysorbate 40, polysorbate 

60, polysorbate 61 .• polysorbate 65, polysorbate 80, polyoxyl 35 .castor oil, polyoxyl 

I· 
I 
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40.castor oil, polyoxyl 60 castor oil, polyoxyl 100 castor oil, polyoxyl 200 castor oil, · 

potyoxyt 40 hydrogenated castor oil, polyoxyt 60 hydrogenated castor oil, polyoxyt 

100 hydrogenated castor oil, polyoxYI 20.0 hydrogenated castor oil, ~tostearyl 

alcohol, . macro9el 15 hydroxystearate, sorbitan monopalmitate, . sortiitan 

monostearate, sorbitan trioleate, Sucrose Palmitate, Sucro~e Stearate, Sucrose 

Distearate, Sue.rose . laurate, Glycochoiic acid, sodium . Glycholate, Cholic Acid, 
. . 

· Soidum· Chelate, Sodium Deoxycholate, qeoxycholic acid, Sodium tauroc_holate, 

taurocholic acid, Sodium taurodeoxycholate, taurod.eoxycholic acid, soy lecithin, 

phosphatidylcholine, phosp~atidylethanolamine, ·phosphatidylserine, 

phosphatidylinositol, PEG4ooo. PEG6000, PEG8000, PEG10000, PEG20000, alkyl 

naphthalene sulfo.nate condensate/Lignosulfonate blehd,Calciurn Dodecylbenzene 

Sulfonate, Sodium Oodecylbenzene Sulfonate,Oiisopropyl naphthaenesulphonate, 

eryt~ritol distearate, Naphthalene Sulfonate Formaldehyde Condensate, nonylphenol 

ethpxylate (poe-30}, Tristyrylphenol Ethoxytate, · Polyoxyethylene (15) 

tallowalkylamines. sodium alkyl naphthalene sultanate, sodium alkyl naphthalene 

sulfonate condensate, sodium alkylbenzene sulfonate, sodium isopropyl naphthalene 

sulfonate, Sodium Methyl Naphthalene Formaldehyde Sulfonate, sodium n-butyl 

naphthalene sulf_onate, tridecyl . alcohol et~oxylate (poe-18}, Triethanolamine 

isodeqanol phosphate ester, J"riethanolamine tristyrylphosphate ester, Tristyrylphenol 

Ethoxylate Sulfate, Bis(2-hydroxyethyl)tallowalkylamines 

17. The method of claim 15 or 16, wherein the concentration of .the single material or a 

mixture of two or more materials is selected from the group consisting of: 5 - 99 o/o 
. . 

w/w, 10 - 95 o/o w/w, 15 - 85 ?lo w/w, of 20- 80% w/w, 25 - 75 % w/w, 30 - 60% w/w, 

40 -50% w/w. 

18. The method of claim 15 or 16, wherein the concentration of the second or 

subsequent material is selected from the group ~ns!stin.g of: 5 - 50 % w/w, 5 - 40 % 

w/w, 5 ~. 30 % w/w, of 5 - 20% w/w, 10 - 40 % w/w, 10-30% w/w, 10 -20% w/w, 20-
. . 

40% w/w, or 20 - 30% w/w or if the second or subsequent material is a surfactant or 
. . . . . . 

water soluble polymer the concentration is selected from 0.1 -10 % w/w, 0.1 -5 % 

w/w, 0.1 -2.5 % w/w, of 0.1 - 2% w/w, 0.1. -1 %, 0.5 -5% w/w, 0.5 -3% wlw, 0.5 -2% . . . 

w/w; 0.5-1.5%, 0.5 -1 % w/w, of 0.75-1.2~ % w/w, 0.75-1% and 1% wlw. 
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19. The method of any preceding claim, wherein the grinding matrix is select~d from the 

group consisting ~f: : 

(i~ lactose monohydrate or la?t?se monohydrate combined with a. material selected 

from the group consisting of: sodi.um pentane ~ulfate; sodium_ octadecyl sulfate; 

Brij700; BriV6: sodium n-lauroyt sacrosine; lecithin; docusate sodium; polyoxyl-

40-stearate; Aerosil R972 fumed silica; sodium lauryl sulfate or other alkyl ~ulfate 

surfactants. with a chain length between C5 to C1.8; calcium carbonate; malic 

acid; tartaric acid; trisodium citrate de.hydrate; D,L-Malic acid; Xylitol; Polyvinyl 

pyrrolidone; lactose anhydrous; maAnitol; and microcrystalline cellulose; 

(j) lactose anhydrous or lactose anhydrous combined with a mate.rial select~d from 

the group consisting of: sodium pentane sulfate; sodium octadecyl sulfate; 

Brij700; Brij76; sodium n-lauroyl sacrosine; lecithin; doc~sate sodium; polyoxyl-. 

40-stearate; Aerosil R972 fumed·silica; sodium lauryl sulfate or other alkyl sulfate 

surfactants with a chain length between C5 to C1~; calcium carbonate; malic 

acid; tartaric acid; trisodium citrate ·dehydrate; D,L-Malic acid; Xylitol; Polyvinyl ' · -, 

pyrrolldone; lactose monohydrate; mannitol; and micro.crystalline cellulose; 

(k) mannitol or marinitol combined with 'a material selected from the group consisting 

of: sodium pentane sulfate:. sodium octadecyl sulfate; Brij700; Brij!6; sodium n-

lauroyl sacrosine; lecith.in; docusate sodium; polyoxyl-40-stearate; Aerosil R972 ... ·· 

fumed silica; sodium lauryl sulfate or other alkyl sulfate surf~_ctants with ".' chain 

length between CS to C18; calcium carbonate; malic acid; tartaric acid; trisodium ·, · 

citrate dehydrate; D,L-Malic acid; Xylitol; Polyvinyl pyrrolidone; lacto·se 

monohydrate; microcrystatline cellulose; and lactose anhydrous; 

(I) tartaric acid or tartaric acid combined· with a material selected _ from the. group 

consisting of: sodium pentane sulfate; sodium octadecyl sulfate; · Brij700; Brij76; 

sodium n-lauroyl sacrosine; lecithin; docusate sodium; polyoxyl-40-stearate; 

Aerosil R972 fumed silica; sodium lauryl sulphate or other alkyl sulfate 

surfactants with a chain length between CS to C1B; calcium carbonate; malic 

acid; trisodium citrate dehydrate; D,l.-Malic aci'd; Xytitol; Polyvinyl pyrrolidone; 

lactose monohydrate; microcrystalline 'cellulose; lactose anhyd.rous; and mannitol; 

(m)xylitol or xylitol combined with a material selected from the group consisting of: 

sodium ·pentane sulfate; sodium octadecyl sulfate; Brij700; Brij76; sodium n

lauroyl sacrosine; lecithin; docusate sodium; polyoxyl-40-stearate; Aerosil R972 

fumed silica; sodium lauryl sulphate or other alkyl sulfate surfactants with a chain 

length between C5 to C18; calcium· carbonate; malic acid; tartaric acid; trisodium 

citrate dehydrate; D,L-Malic acid; Polyvinyl pyrrolidone; lactose monohydrate; 

.microcrystalline cellulose; lactose anhydrous; and mannitol; and 
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(n) microcrystalline cellulose.or microcrystalline cellulose combined with a materia.1 

selected from the group consisting of: sodium pentane sulfate; sodium octaoecyl 

sulfate; Brij700; Brij76; sodium n"lauroyl sacrosine; lecithin; docusate sodium; 

polyoxyl-40-stearate: Aerosil R97.2 fumed silica; sodium lauryl sulphate or other 

alkyl sulfat~ sur:factants with , a chain length between CS to C18; calcium 

carbon~te;. malic acid; tartaric acid; trisodiu!l' citrate dehydrate; D,L-Malic acid; 

polyvinyl pyrrolidone; lactose monohydrate; xylitol; · lactose anhydr?us and . 

mannitol. 

2Q. The method of any preceding claim, wherein the 'grinding matrix is selected from the 

group consisting o(: a material considered to be Generally Regarded as Safe (GRAS) 

for pharmaceutical products; and a material considered acceptable for use in a 

veterinary formulation. 

. . ·. ) 

21. The·method of any preceding claim, wherein a milling aid or combination of milling 

aids is used. 

22. The method of any preoedinQ claim, wherein the milling aid is selected fr~m the 

group · .consisting of: colloidal silica, a surfactant, a polymer, a stearic acid and 

derivatives· thereof. 

23. The method of claim 22, wherein the surfactant is in a solid form or can be 

manufactured into a solid form. 

24. The method of claims 22 or 23, wherein the surfactant is ·selected from the group 

consisting of: potyoxyethylene alkyf ethers. polyoxyethylene stearates. poloxamers, 

sarcosine based · surfactants, polysorbates, . alkyl sulfates and other sulfate 

surfactants, trimethyl ammonium based surfactants, lecithin and other phospholipids 

and bile salts. 

25. The method of any one·of cla i~s 22 to 24, wherein the surfactant is selected from the 

group consisting of: sodiuni lauryl sulfate, sodium docusate, ,sodium deoxycholate, N

lauroylsarcosine . sodium - salt, b,enzalkonium chloride, cetylpyridinium chloride, 

cetylpyridinium bromjde, ben~ethonium chloride, PEG 40 stearate, ~EG 100 

stearate, poloxamer 188, Brji 72, Brji 700, Brji 78, Brji 76 and polysorbate 61 . 
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26. The method of any ·on~ of claims 22 to 25, whereifl the . mil~ing ~i~ has a 

concentration selected from the group consisting of: 0.1 -10 % w/w, 0.1 -5 % w/w, 0.1· 

-2.5 % w/w, of 0.1 - 2% w/w, 0.1 -1 %, 0.5 -5% w/w, 0.5 -3% w/w, 0.5 -2% w/w, 0.5-

1.5%, 0.5-1 % w/w, of 0.75·-1.25 % w/w, 0.75-1% ~nd 1%w/w. 

27. The method of any preceding claim, wherein a facilitating agent is used or 

combination of facilitating agents is used. 

28. Th~ method of claim 27, wherein the_ facilitating agerit is selected from the group 
. . 

consisting of: surfactants, polymers, binding agen!s, filling agents, lubricating agents, 

sweeteners, flavouring agents, preservatives, buffers: wetting_ agents, disintegrants, 
\ 

effervescent agents, agents that may form part of a medicament, including a solid 

dosage form. 

29. The method of claims 27 or. 28, wherein the facilitating agent is· added during dry 

milling. 

30. The method of claim· 27, wherein .the racilitating agent is added to the dry milling at a 

time selected from the group consisting of: with 1-5 % of'the total milling time 

remaining, with 1-10 % of the total milling time remaining, with 1-20 % of the total 

milling time remaining, with 1-30 % of the total milling time remaining, with 2-5% of 

the total milling time remaining, with 2-10% of the total milling time remaining, with 5-

20% of the total millir)g time remaining and with 5-20% of the total milling time 

remaining. 

31 . The method of ~ny one.of claims 28 to 30, wherei~ ·a disir:iteg(ant is selected from the 

group consisting_ of: crosslinke~ PVP, cross linked carmellose and sodium starch 

glycolate. 

32. A composition comprising a biologically active material produced by the· method of · 

any one of claims 1-31. 

33. A . composition of claim 32, wherein the average particle size, determined on a . . 
particle number basis, is equal to or less than a size selected from the group 2000 

I • 

.I 
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nm, 1900' nm, 1800nm, 1700nm, ~600nm, 1500nm •.. 140Qnm, .13~0nm, 1200 nm, 

1100nm, 1000nm, 900nm, 800nm, 700nm, 6oonm, 500nm, 400 nm,.:300nm, 200nm 

and 100 nm. 

34. A composition of claim 33, wherein the average particle size is equal to or greater 

. than 25nm. 

35. A composition of claim 32 wherein the particles have a median particle size, 

determined Ofl a particle volume basis, equal or less than a size selected from the 

group 2000 nm, 1900 nm, 1800nm, 1700nm. 1600nm. 1500nm. 1400nm, 1300nm. 

1200 nm, 1100nm, 1000nm, 900nm, BOOnm. 700nm, 600nm, 500nm. 400 nm. 

300nm, 200nm and 100 nm. 

36. A composition of clai'"!l 35. wherein the median particle size is equal to or greater · 

than 25nm. 

. . 
37.A cof!1position of claim 35, whe_rein the percentage of particles, on a particle volume 

basis, is selected from the group consisting of: less than 2000nm (% < 2000 nm) is 

selected from the group 50 %, 60%, 70%, 80%, 90%, 95% and 100 %; less than 

1000nm (% < 1000 nm) is selected from the group 50 %, 60%, 70%, 80%, 90%, 95% 
. . 

and 100 %; less than 500nm (% < 500 nm) is selected from the group 0%, 10%, 

20%. 30%, 40%; 50'%, 60%, 70%, 80%, 90%, 95% and 100 %; less than 300nm (% 

< 300. nm) is selected from the group 0%, 10%·, 20%, 30%,.40%, 50 %; 60%, 70o/o, 

80%, 90% .. 95% ·and 100 %; and less than 200nm (% < 200 nm) is selected from t~e 

group 0%, 10°/~. 20%, .30%, 40%,·50 %, 60%, 70%, 80%, 90%, 95% and 100 %. 

38. A composition of claims 32 to 37, wherein the biologically active material is 

dicl~fenac. · 

. . 
39.A pharmaceutical composition comprising a biologically active material produced by 

the method.of an·y one of claim's 1-31. 

:· . 

.... . 
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40.A ph.amiaceutical composition of claim 39, wherein the average particle .size, 

determined on a particle nur,nber basis, is equal to ?r less than a size selected from 

the ~roup 2000 nm .• 1900 nm, 1800nm, 17bOnm. 1600nm, 1500nm, 1400nm, 

1300nm, 1200 nm, 1100nm, 1000nm, 900nm, 800nm, 700nm, 600nm, 500nm, 400 

nm, 300nm, 200nm and 100 nm. 

41. A pharmaceutical composition of claim 40, wherein the average particle size is equal 

to or gr~ater than 25nm .. 

42. A pharmaceutical composition of claim 41, wherein the particles have a median . . 
particle size, determined on a particl.e volume basis, size equal or less t.han a size 

selected from the group 2000 nm, 1900 nm, 1800nm, 1700nm, 1600nm, 1500nm, 

1400nm, 1300nm, 1200 nm, 1100nm, 1000nm, 900nm; 800nm, 700nm, 600nm, 

·soonm, 400 nm, 300nm, 200nm and 100 nm. 

43. A pharmac~utical composition of claim 42, wherein the median particle ~ize is equal 

to or greater than 25nm. 

44. A pharmaceutical composition of claim 43, wherein the percentage of particles, on· a 

p~rticle volume basis, is selected.from the group eonsisting of:.Jes5 than.2000nm (% 

< 2000 nm) is selected from the group 50 %, GO%, 70%, 80%, 90%, 95% and 100 %; 

less than 1000nm (% < 1000 nm) is selected from the group 50 %;.60%, 70%, 80%, 

90%, 95% and 100 %; less than 500nm (% < ·soo nm) is selected from the group . 

0%, 10%, 20%, 30%, 40%. 50 °1~. 60%, 70%, 80%, 90%, 95% and .100 %; less than 

300nr:n (% < 300 nm) is selected from the group 'o%, 10%, 20%, 30%, 40%, 50 %, 

60%, 70%, 80%, 90cyo,· 95% and 100 %; and less than 200nm (% < 200 nm) is 

selected from the group 0%, 10%, 20%, 30%, 40%, 50 %, 60%, 70%, 80%, 90%, 

95% and 100 %. ·. 

45.A pharmaceutical composition of claims 39 to 44, wherein the biologically . active . . 
material is diclofenac. 
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46.A pharmaceutical composition of claims 45, wherein th~ diclofenac compositi_on has 

a T max less than that 9f the equivalent conventional composition ·administered at the 

same dosage. 

47.A pharmaceutical composition of claims 45 to 46, wherein the diclofenac composition . 

of the invention exhibits in comparative pharmcfcokinetic te~ting with a standard 

conventional drug active composition, ·1n oral suspen.sion, . cap~ule or. tablet form, a 

T max which is selected from the group consisting of: less than about 100%, less than 
. . 

about 90%,. less than about 80%, less than about 70%, less than about 60%, less 

than about 50%, less than about 40%, less than about 30%, less' than about 25%, 

less than about 20%, less -th~n at:iout 1 S%, or less than about 10%, of the T mlllC • 

exhibited by the standard conventional drug active_ composition. 

48.A pharmaceutical composition of claims 45 to 47, wherein the diclofenac composition 

has a Cmu gr~ater. than that of the equivalent ~onventional composition administered 

at the same dosage. 

49.A pharmaceutical composition of claims 45 to 48, wherein the diclofenac composition 

of the invention. exhibits .in comparative pharmacokinetic testing with a standard 

conventional drug active composition, in oral suspension. capsule or tab.let form, a 
. . 

Cmax which is selected from the groupd consisting of: greate·r than about 5%, greater 
. . . 

than about 10%, greater than about 15%, greater than about 20%, greater than about 
. . 

30%, greater than about 40%, greater than about 50%, greater than about 60%, 

greater than about 70%, greater. than about 80%, greater than about 90%, greater · 

than about 100%, greater_ tha~ about 110%, ·greater than about 120%, greater than 

about 130%, g~eater than about 140%, or greater than ab.out 150%. ,than the C"* 

exhibited by the standard conventional drug active composition. 

50. A pharmaceutical composition of. claims 45. to 49, wherein the diclofeo~c composition 

. has a AUC greater than that of the equivalent. conventional composition administered 
·.. . 

at the same dosage. 

. . . . 
51.A pharmaceutical composition of claims 45 tq 50, wherein the diclofenac composition 

. . 
of the invention exhibits in C<?mparative pharmacokinetic testing with a standard 

. . 
conventional drug active composition, in oral suspension, capsule or tablet form, a . . ·• . 

... . 

! . 

. I· 
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AUC which is selected from the group consisting of; greater than about 5%, greater 

than apout 10%, great~r than about 1°5%, greater than about 20%, greater than ~bout 

~0%, greater than about '10%, greater than about 50°(0, greater than about 60.%, 

greater than about 70%; greater than about 800/o, greater than about 90%, greater 

. than about 1.00%, ·greater than about 110%, greater than about 120%, greater than 

about 130%, greater than .about .140%, or greater 'than about 150%, than the.AUC 

exhibited by ~he stand.ard conventional drug active.~mposition: 

52.A method .. of treating a human i.n need of such treatment comprising the step of 

administering to the human an effective amount of a pharmaceutical composition of 

any one of claims 39 to 51. 

53. Use of a pharmaceutical compo.sition of any one of claims 39 to 51 in the 

manufacture of a medicament for the treatment of a human in need of such 

treatment. 

54. A method for: manufacturing a pharmaceutical composition of any one of claims 39 to . -

51 comprising th~ step of combinin~ a therapeutically effective amount of a 

biologically active material prepared by a· method according to any one of the claims 

1 to 31 together with a pharmaceutically .acceptable carrier to produce a 

pharmaceutically acceptable dosage form. 

55. A method for manufacturing a veterinary product comprising the step of combining a 
. I • 

therapeutically effective amount of the biologically active material prepared by a 

m·ethod of any one·of the claims of 1-31 together with a~ accep~able exc!pient to 

produce a dosage form acceptable for veterinary use. 

56.A method for determining the particle size of a biologically . active material as 

descri~ed with reference to the a,bove description. 

. . 
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107 

Abstract 

The present· invention relates to methods for producing particl~s of diclofenac using dry 

milling processes as .weli as compositions comprising diclofenac, medicaments produced 

using diclofenac in particulate form and/or composit_ions, and to methods of treatment of an 

animal, including man. using a therapeutically effective amount of diclofenac administered by 

way of said medicaments. 
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