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ABSTRACT 

A microparticle for drug delivery comprises an active agent 
and an excipient, the excipient comprising a metal ion-lipid 
complex. The metal ion is chosen from the group consisting 
of lanthanide metals, actinide metals, group IIa and IIIb met 
als, transition metals or mixtures thereof. The lipid comprises 
a phospholipid. The complex results in a glass transition 
temperature increase of the microparticle. 
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STABLE METALION-LPD POWDERED 
PHARMACEUTICAL COMPOSITIONS FOR 

DRUG DELIVERY 

FIELD OF THE INVENTION 

0001. This invention relates to powdered pharmaceutical 
compositions for drug delivery that exhibit improved stability 
and dispersability over the shelflife of the composition. More 
particularly, this invention relates to a highly stable metal 
ion-lipid microparticle for drug delivery. 

BACKGROUND OF THE INVENTION 

0002 Powderformulations are the mainstay of drug deliv 
ery. Pharmaceutical powders are normally formulated as Sus 
pensions, dry powders, tablets, powders for reconstitution 
and capsules. Pharmaceutical powders are used to facilitate 
drug delivery because of their ease of use and increase in 
stability of the active ingredient. However, in the last few 
years, strict control measures by the FDA and other agencies 
as to dose uniformity, stability and the prohibition of use of 
commonly used excipients have threatened certain powder 
products that are currently on the market. Consequently, this 
has resulted in greater difficulties in compounding Successful 
powder formulations. 
0003 Optimization and control of flow and dispersion 
characteristics of a powder formulation are of critical impor 
tance in the development of powder products and, in particu 
lar, powder inhalation products. These characteristics are a 
function of the principal adhesive forces between particles 
Such as van der waals forces, electrostatic forces and the 
respective surface tensions of absorbed liquid layers. These 
forces are influenced by several fundamental physicochemi 
cal properties including particle density and size distribution, 
particle morphology (shape, habit, Surface roughness) and 
Surface composition (including absorbed moisture). Interpar 
ticle forces that influence flow and dispersion properties are 
particularly dominant in the micronized or microcrystalline 
powders that are required for inhalation. Attempts to over 
come these forces such as blending a drug with a carrier and 
adding excipients have been made but have met with limited 
Success. For example, blending a drug with a carrier provides 
Some advantages such as increasing the bulk of the formula 
tion which allows for easier metering of Small quantities of 
potent drugs either at the manufacturing stage or within a 
delivery device such as a reservoir type device. However, 
significant disadvantages are evident such as drug/excipient 
segregation, which severely impacts the dosing and the shelf 
life of the composition. 
0004 Another approach in drug delivery that has been 
investigated widely is the incorporation of a drug with excipi 
ents by freeze-drying or spray drying. Spray drying is com 
monly used in the pharmaceutical industry for various Sub 
stances such as antibiotics, vitamins, vaccines, enzymes, 
plasma and other excipients as well as for preparation of 
microcapsules and slow release formulations. Spray drying 
has gained interest due to the technique's simplicity, low cost, 
Versatility and overall effectiveness. Spray drying is some 
times regarded as a harsh method when compared to freeze 
drying due to the high temperature of the drying gas which 
can be detrimental to sensitive biological materials. However, 
when considering the spray drying process in greater detail, it 
is evident that the spray droplets and the dried powder par 
ticles maintain a temperature well below the inlet temperature 
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of the drying gas throughout the entire process. As long as 
water is evaporated from the droplets, a cooling effect is 
achieved thereby preventing exposure of the product to high 
temperatures. 

0005 Millqvist-Fureby (Int. J. Pharm., 1999, 188,243 
253) has shown the advantages of spray drying trypsin Versus 
freeze-drying where it was demonstrated that the activity loss 
of trypsin was reduced when it was spray dried instead of 
freeze-dried. This was explained by the “vitrification' 
hypothesis which states that it is essential to maintain an 
excipient in an amorphous or "glassy state to prevent the 
protein from changing its shape due to the rigidity of the 
matrix (Franks, 1991, Biopharma 4, 38-55). These findings, 
particularly regarding the effect of carbohydrates (most of 
which tend to crystallize when frozen) and the fact that sur 
face active components experience physical changes in the 
drying process, which in the case of certain compounds (pro 
teins) are detrimental to functionality of that compound (I.e. 
activity loss of the protein), show the advantages of spray 
drying. 

0006 Those skilled in the art know that powders have a 
tendency to be amorphous by nature and that amorphous 
structures are not stable. Amorphous forms of many drugs 
and excipients can be produced during processing and revert 
to the thermodynamically stable crystalline form on storage. 
The amorphous form will have different physical properties 
and as such will interact with other phases (i.e. other formu 
lation components, whether these are powders or liquids) in a 
different manner than that of the crystalline form. An addi 
tional complication in Systems that contain amorphous mate 
rial is that the amorphous structure can change under varying 
conditions and may collapse when exposed to humid air. It 
has also been known for many years that amorphous materials 
can collapse when above their glass transition temperature 
due to the inability of the rubbery material to support its own 
weight under gravity. For example, lactose is a commonly 
used excipient which in its amorphous state (micronization, 
spray drying, freeze-drying, etc.) exhibits varying degrees of 
structural collapse when held at 50% relative humidity 
(“RH”). Buckton (1995 Int. J. Pharm. 123, 265-271) noted 
that water was rapidly absorbed and desorbed by a structure 
prior to collapse but water sorption to and from the collapsed 
structure was slow and controlled by diffusion in the solid, 
rather than just by external relative humidity. 
0007. The presence of water in amorphous materials is of 
importance for two principal reasons. The first reason is 
called the amplification process (Ahlneck, 1990 Int. J. 
Pharm., 62, 87-95) which states that a sample containing 
0.5% amorphous material and 0.5% associated water will in 
reality have most of the water absorbed in the amorphous 
region. If this amorphous excipient material is responsible for 
maintaining the integrity and the structure of the particle, the 
physical and chemical stability of the product will be in 
jeopardy. The second reason water is important is the reten 
tion of water in amorphous regions of the sample. Water that 
is absorbed in a non-collapsed amorphous structure will des 
orb rapidly and be easily dried; however, if the water is in a 
collapsed region, this will not hold true and the water will 
only be able to be removed slowly by diffusion through that 
region. Once the structure has collapsed, even if the powder is 
dried, the powder has gone through irreversible transforma 
tions that will compromise the integrity of the powder. Thus, 
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water is recognized to be the enemy in the performance and in 
the physical and chemical stability of most drug formulations 
including dry powders. 
0008 Another important consideration as to the presence 
of water is the characterization of the effects of sorbed water 
with glassy drug formulation on the glass transition tempera 
ture (“T”). The relationship between water content and T. 
has been explored in a number of publications in the pharma 
ceutical literature (e.g., Hancock, 1994 Pharm. Res. 11, 471 
477). The presence of water is known to lower the T of 
amorphous systems and it has been well established that the 
presence of water will plasticize the host material leading to 
a high probability of physical and chemical instability. 
Andoris (1998 Pharm. Res. 15,835-842) and Hancock (1997, 
J. Pharm. Sci. 86, 1-12) have addressed the issue of the 
relationship between storage temperature and the crystalliza 
tion of amorphous material. These authors have Suggested 
that as long as amorphous materials are stored at approxi 
mately 50° C. below theirT the amorphous materials should 
be both physically and chemically stable since molecular 
mobility will be reduced. 
I0009. The extent of the depression of T can be related to 
the weight fraction of sorbed water. The relationship between 
moisture uptake and T may be described in terms of the 
Gordon-Taylor relationship (Gordon, 1952, J. Appl. Chem. 2. 
493-500). Assuming perfect volume additivity with no spe 
cific interaction between the components, the glass transition 
of the mixture, T is given by the following formula: 3 mix 

TPT 1+(p2T2 

0010 where p is the volume fraction and the subscripts 
represent the two components. Re-defining the equation in 
terms of weight fractions, the formula is: 

where w and w are the weight fractions of water and drug 
respectively and K can be considered to be the ratio of the free 
volumes of the two components. The T of water has been 
published to be 135° K (Sugisaki 1968, Bull. Chem. Soc.Jpn. 
41, 2591-2599) with a K value of 0.198. 
0011 Even relatively small amounts of water might be 
detrimental to the stability of amorphous materials which 
leads to the question of how much water is necessary to lower 
the T to below the storage temperature, thereby considerably 
increasing the risk of product failure. The amount of water 
necessary to lower the T to below the storage temperature 
can be estimated by considering the Simha-Boyer rule: 

where p and p2 are the densities of materials one and two 
respectively and T and T are the glass transition tempera 
tures of materials one and two respectively (Simha, J. Chem. 
Phys. 1962, 37, 1003-1007). 
0012 Royall (Int. J. Pharm. 1999, 192,39-46) derived an 
equation that estimates the critical moisture content (W) 
which would result in the value of T falling to a value 50°K 
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above the storage temperature, thereby providing a much 
greater margin of safety with regard to the possibility of 
collapsed structures: 

= 1 + - - - - - - * - IST - T - so 

where Tsz is the storage temperature and T is the transition 
temperature of the dry mixture and p and pare the densities 
of materials one and two respectively. 
0013 The use of lipids (e.g., free fatty acids and their salts 
as well as phospholipids) in powder formulations is well 
accepted in the pharmaceutical industry due to lipids’ biotol 
erability and their physical and chemical characteristics. 
Polar head groups and Surface area of lipids play a functional 
role at different molecular levels in the context of metal 
ion-lipid binding. The Surface area per lipid molecule 
together with its electrical charge determines the membrane 
surface potential up. The electrical charge of the lipid mol 
ecule regulates the attraction or repulsion of cations at the 
lipid-water interface. 
0014. The tendency of metal ions to form several coordi 
nation bonds with phospholipid head groups can reduce the 
distance between head groups, thus stretching the hydrocar 
bon chains into an all-trans conformation. A hydrocarbon 
chain in the all-trans conformation has a cross-section of 
approximately 24 A, thus yielding a minimum area of about 
48 A for a crystalline phospholipid with two hydrocarbon 
chains. The “crystallization’ phenomenon induced by the 
cation will reduce molecular mobility which is the cause of is 
instability for certain formulations. In the absence of organi 
Zation by metal cations, the hydrocarbon chains are disor 
dered, with a direct consequence of lateral expansion of the 
lipid membrane. In the liquid-crystalline state, the average 
cross-sectional area for this lipid increases to about 60 g 
(Buldt, 1979, J. Mol. Biol., 134, 673). 
0015 The increase in the chain-melting transition (“crys 
tallization') temperature may exceed 50° C. if the interfa 
cially bound ions have displaced most of the water from the 
interface. Essentially, anhydrous lipid-ion complexes in 
excess Solution are no exception. One example of this are 
multivalent metal-ion complexes of diacylphosphatidylserine 
bilayers (Hauser, 1981, Biochemistry, 23, 34-41). These 
bilayers form highly ordered, essentially water free bilayers 
with extremely high transition temperatures in the range 
between 151-155° C. However, the highest chain-melting 
phase transition temperatures for diacylphospholipid mem 
branes with monovalent ions or protons bound to the head 
group do not exceed 100° C. due to the lack of strong inter 
molecular ionic coupling. 
0016 Ion-induced phase transition shifts can move in 
either direction. When a membrane-ion complex binds water 
more strongly than the membrane Surface without bound 
ions, the ion-induced shift of the bilayer main transition tem 
perature is downwards. This is the case with phosphatidyl 
choline in the presence of anions or with phosphatidylserine 
with bound organic counter ions. The chain-melting phase 
transition temperature for Such systems therefore decreases 
with the increasing bulk electrolyte concentration. 
0017 Phospholipid affinity for cations generally follows 
the sequence: 
0018. Lanthanides>transition metals.>alkaline earth 
metalsalkali metals 
0019. It is an object of the present invention to provide 
powdered pharmaceutical compositions for drug delivery that 
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exhibit improved stability and dispersability over the shelf 
life of the compositions. It is a further object of the invention 
to avoid the usage of excipients that will reduce the shelf-life 
of the compositions. It is a further object of the invention to 
incorporate the drug or active ingredient with the particle 
avoiding active compound segregation. It is a further object of 
the invention to provide a novel drug delivery system that is 
capable of maintaining a high level of dispersability over 
time. 

SUMMARY OF THE INVENTION 

0020. The present invention is directed to stable, dry metal 
ion-lipid microparticle compositions for drug delivery and 
processes and methods of making the same. The technology 
is based on the formation of a lipid-metalion complex matrix 
that incorporates the drug or active agent to be delivered. The 
stabilized-particulates or microparticles of the present inven 
tion have a lipid concentration of 25-90% w/w, a drug or 
active agent from 0-80% w/w and a metal concentration from 
0-25% w/w. The present invention is also directed to stable 
powdered metal ion-lipid pharmaceutical compositions 
wherein the compositions have a T of at least 20° C. above 
the recommended storage temperature ("Ts) for drugs and 
exhibit improved stability and dispersability over the shelf 
life of the composition. The present invention is also directed 
to methods of treating certain diseases or conditions by the 
therapeutic administration of the microparticle compositions 
of the present invention. 
0021. The present invention is based on the principle that 
by complexing lipids with metal cations it is possible to 
Substantially change the structure of the lipid by increasing its 
ordering and by dehydration of the lipid headgroups. This 
results in a significantly more stable compound which is less 
Susceptible to humidity upon storage than typical spray dried 
lipid and drug combinations. The physical and chemical sta 
bility of the microparticle of the present invention is increased 
by reducing the disorder in the lipid which consequently 
reduces the molecular mobility that is the main cause of 
physical and chemical instability. It is known that amorphous 
materials (produced by spray drying, micronization, freeze 
drying) are unstable and have a tendency to absorb water in 
order to form much more stable structures (i.e. crystals). 
Unfortunately, water acts as a plasticizing agent, thereby 
reducing the glass transition temperature of the powder, 
increasing the molecular mobility and increasing kinetic pro 
cesses such as nucleation and crystallization. The resulting 
low viscosity environments prompt chemical reactions that 
facilitate chemical degradation. 
0022. The increase in stability of the microparticle of the 
present invention is due to the strong affinity that some metal 
ions have for lipids. A lipid-metal ion complex will result 
when the lipids interact with the metalion. This interaction is 
known to reduce the distance between the lipid headgroups 
and, as a consequence, reduce water uptake that is the main 
cause of dry powder instability. The microparticles of the 
present invention have shown Surprisingly high stability 
against water sorption when compared to other spray dried 
formulations. 

0023 The process and composition of the present inven 
tion involve the formation of an aqueous lipid-cation complex 
(in the form of a liposome Suspension or an emulsion) and a 
drug or therapeutically or biologically active agent or com 
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pound incorporated in the metal ion-lipid complex. By 
“incorporated, it is intended to mean a combination of the 
metalion lipid complex with the drug or active agent to form 
one unit. The drug or active agent can be engulfed within the 
metal ion-lipid complex or can predominantly occur on the 
Surface of the composition. Further, incorporation can mean 
that the drug or active agent can be present as a solution, 
suspension or solubilized by the lipid. The incorporation pro 
cess can be achieved by freeze-drying, flash evaporation and 
most preferably by spray drying. The invention also includes 
the use of lipids that are generally regarded as safe Such as 
phospholipids and free fatty acid salts. It is also important to 
understand that the drug or active agent can be a lipid in some 
instances. 

0024. Those skilled in the art will appreciate the increase 
in stability of the microparticle compositions which is 
achieved in part by forming the entire particle structure with 
only one material, which is the lipid-metalion complex. This 
material exhibits improved physical and chemical properties 
in contrast to the commonly used Small molecules (e.g. lac 
tose, Sucrose, etc.) that when amorphous, are Susceptible to 
moisture and consequently, instability. The microparticles of 
the present invention have shown Surprisingly high dispersion 
stability in perfluorooctyl bromide (PFOB) and in the non 
CFC hydrofluoroalkane propellant HFA 134a that has been 
approve for medical use. The lyophilic nature (characterized 
by strong attraction between the colloid medium and the 
dispersion medium of a colloid system) of the particle com 
ponents is responsible for the dispersion stability in such 
non-aqueous media, in addition to the reduced adsorbed 
water on the particles Surface, due in part to the non-hygro 
scopic nature of the metal ion-lipid complex. 
0025 Various metal ions may be used in the metal ion 
lipid complex of the present invention Such as calcium, mag 
nesium, aluminum, Zinc and iron in combination with a salt 
ing ion. The metal ion used in the formation of the metal 
ion-lipid complex includes any metal chosen from lan 
thanides, transition metals, alkaline earth metals and further 
including lithium and non-toxic metalions or any metalion at 
non-toxic levels from groups IIa, IIIb and mixtures thereof 
and all metals from atomic numbers 21-30; 39-48, 57-80 and 
89-106. It is also within the scope of the present invention to 
use a metal containing ion such as VO". It is also possible to 
use an organic cation that form dehydrating complexes with 
phospholipids. 
0026. Also included within the scope of the invention are 
the use of radioisotopes in combination with salting ions such 
as chloride, nitrates and others. The condition is that the metal 
ion salt must be able to dissolve in water, which depends on 
the salt. 

0027. The metal ion-lipid combination of the present 
invention may be comprised of a single lipid or can be mixed 
with other surfactants to obtain the desired characteristics. 
Some of the surfactants that can be used are ethoxylated 
Sorbitan esters, Sorbitan esters, fatty acid salts, Sugar esters, 
phospholipids, pluronics, tetronics, ethylene oxides, butylene 
oxides, propylene oxides, cationic Surfactants, polyoxyalky 
lene block copolymers of the to formulaY(A)-E-H, where 
A is a polyoxyalkylene moiety, X is at least 2 and Y is derived 
from water or an organic compound containing X reactive 
hydrogenatoms, E is a polyoxyethylene moiety, and n can be 
from 5 to 500. Other classes of surfactants which may be used 
with the present invention include phosphatidylcholines, egg 
phosphatides, soy phosphatides, phosphatidylethanolamines, 
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phosphatidylserines, phosphatidylinositols cardiolipin, poly 
merixable phospholipids, lyso-phosphatidylcholines, lyso 
phosphatides, D-erythro-sphingosines, sphingomyelins, 
ceramides, cerebrosides, platelet-activation factor (PAF) 
Ether ester analogs of phosphatidylcholines, acyl PAF ana 
logs, hydrogenated phospholipids, krill phosphatides, phos 
phatidic acids, phosphatidylglycerols, phospholipids with 
multifarious head groups (phosphatidyl methanol, phosphati 
dylethanol, phosphatidylpropanol, phosphatidylbutanol, 
etc.), dibromo phosphatidylcholines, mono and diphytanoyl 
phosphatides, mono and diacetylenic phosphatides, PEG 
phosphatides, amphipathic antigens phosphatides, mono and 
diacylglycerols, mono and diacyl ethylene glycols, mono and 
diacyl Sorbitols, mono and diacyl glycerol Succinates, alkyl 
acyl phosphatides, free fatty acids and salts, fatty alcohols, 
fatty amines and their salts, fatty ethers, fatty esters, fatty 
amides, fatty carbonates, cholesterol, cholesterol esters, cho 
lesterol amides and cholesterol ethers. 

0028. Other surfactants which may be used are shown in 
the tables below: 

Anionic or Cationic Surfactants Listed in Different Pharmacopoeia 
or Extra Pharmacopoeia 

Pharmacopoeia extra 
Surfactants Class pharmacopoeia 

Aluminium monostearate Anionic USPNF Martindale 
Ammonium lauryl Sulfate Anionic Martindale 
Calcium Stearate Anionic USPNF Eur. Ph. BP Martindale 
Dioctyl calcium Anionic Martindale 
SulfoSuccinate 
Dioctyl potassium Anionic Martindale 
SulfoSuccinate 
Dioctylsodium Anionic USPNF BP Martindale 
SulfoSuccinate 
Emulsifying wax Anionic Eur. Ph. BP Martindale 
Magnesium lauryl Sulfate Anionic Martindale 
Magnesium stearate Anionic USPNF Eur. Ph. BP Martindale 
Mono-, di-, triethanolamine Anionic Martindale 
laurylsulfate 
Potassium oleate Anionic Martindale 
Sodium castor oil Anionic Martindale 
Sodium cetostearyl Sulfate Anionic Eur. Ph. BP Martindale 
Sodium lauryl ether sulfate Anionic Martindale 
Sodium laurylsulfate Anionic USPNF Eur. Ph. Martindale 
Sodium lauryl Sulfoacetate Anionic Martindale 
Sodium oleate Anionic Martindale 
Sodium stearate Anionic USPNF Martindale 
Sodium stearyl fumarate Anionic USPNF Martindale 
Sodium tetradecyl sulfate Anionic BP Martindale 
Zinc oleate Anionic Martindale 
Zinc stearate Anionic USPNF Eur. Ph. Martindale 
Benzalconium chloride Cationic USPNF Eur. Ph. Martindale 
Cetrimide Cationic Eur. Ph. BP Martindale 
Cetrimonium bromide Cationic BP Martindale 
Cetylpyridinium chloride Cationic USPNF Eur. Ph. BP Martindale 

Nonionic Surfactants Listed in Different Pharmacopoeia or Extra 
Pharmacopoeia 

Surfactants Pharmacopoeia extra pharmacopoeia 

Polyols esters 

Glyceryl monostearate USPNF Eur. Ph. BP Martindale 
Monodiglyceride USPNF Eur. Ph. Martindale 
Glyceryl monooleate Martindale 
Glyceryl behenate USPNF Martindale 
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-continued 

Nonionic Surfactants Listed in Different Pharmacopoeia or Extra 
Pharmacopoeia 

Surfactants Pharmacopoeia extra pharmacopoeia 

Sorbitan monolaurate USPNF Eur. Ph. BP Martindale 
Sorbitan monopalmitate USPNF Eur. Ph. Martindale 
Sorbitan monooleate USPNF Eur. Ph. BP Martindale 
Sorbitan monostearate USPNF Eur. Ph. BP Martindale 
Sorbitan Sesquioleate USPNF Martindale 
Sorbitan trioleate USPNF Eur. Ph Martindale 
Sorbitan tristearate Martindale 
Polysorbate-20 USPNF Eur. Ph. BP Martindale 
Polysorbate-40 USPNF Martindale 
Polysorbate-60 USPNF Eur. Ph. BP Martindale 
Polysorbate-65 Martindale 
Polysorbate-80 USPNF Eur. Ph. BP Martindale 
Polysorbate-85 Martindale 
Diethylene glycol monostearate Martindale 
Ethylene glycol monostearate Eur. Ph. Martindale 
Propylene glycol monostearate USPNF Eur. Ph. Martindale 
Self-emulsifying glyceryl Stearate BP 
Emulsifying wax NF USPNF 
Polyoxyethylene esters and ethers 

PEG-40 Stearate USPNF: Eur, Ph. Martindale 
PEG-50 Stearate USPNF: Eur, Ph. Martindale 
PEG-8 Stearate USPNF: Eur, Ph. Martindale 
Polyoxyl-35 castor oil USPNF: Eur, Ph. Martindale 
Polyoxyl-40 hydrogenated castor USPNF Martindale 
oil 
Laureth-2 Eur. Ph. Martindale 
Laureth-4 Eur. Ph. Martindale 
Laureth-9 Eur, Ph. Martindale 
Ceteareth-20 Eur. Ph. Martindale 
Steareth-20 Eur. Ph. Martindale 
Oleth-10 USPNF: Eur, Ph. Martindale 
Poloxamers 

Poloxamer-188 USPNF BP Martindale 
Poloxamer-407 USPNF Martindale 
Other nonionic Surfactants 

Nonoxinols-9 USPNF Martindale 
Nonoxinols-10 USPNF: Martindale 
Nonoxinols-11 Martindale 
Propylene glycol diacetate USPNF: Martindale 
Polyvinyl alcohol USPNF Martindale 

USPNF: present in USP 23/NF 18 but not in USP 24/NF 19. 

0029. The microparticles of the present invention have 
numerous therapeutic applications in drug delivery. For 
example, lung Surfactant deficient neonates are also known to 
be calcium deficient and calcium is required for the formation 
of the “myelin' structures that are required for normal breath 
ing. The administration of a specific metal ion-lipid combi 
nation Such as Ca-dipalmitoyl phosphatidylcholine 
(“DPPC) to a neonate using any of the available techniques 
(nebulization, insufflation, dry powder inhalation, instilla 
tion, etc.) will deliver the lipid in the “right' structure and at 
the same time function as a Supply of calcium. Other thera 
peutic uses for the metalion-lipid microparticle of the present 
invention would include use with tobramycin for treating 
pneumonia, use with ethambutol as a tuberculostatic agent, 
use in combination with compounds from the Sulfonamide 
family for inhibiting cell metabolism, use for delivery of 
therapeutic gases, use in combination with antibiotics from 
the penicillin and cephalosporin family for inhibition of bac 
terial cell wall synthesis, use in combination with antibiotics 
of the polymixin and tyrothricin family for interacting with 
plasma membranes, use with rifamycins, aminoglycosides, 
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tetracyclines and chlorapenicols for disruption of protein Syn 
thesis and use in combination with the nalidixic and profla 
vine antibiotic families for inhibition of nucleic acid tran 
Scription and replication. The metalion-lipid combination of 
the present invention can also be used in combination with 
drugs acting on DNA such as actinomycin D. chloroquine and 
quinine for intercalating cytostatic agents, used in combina 
tion with drugs from the mustard family and cis-platin and 
used in combination with bleomycin for use as a DNA chain 
Cutter. 

0030. Other drug or active agents that may be used with 
the present invention are shown in the table below: 

Some Typical Applications of Pharmaceutical Suspensions 

Typical 
concentration 

Therapeutic effect Active compound (mg/mL) 

Antifungal Ketoconazole 2O 
Antihelminthic Pirantel pamoate 50 

Tiabenzole 60 
Anxiolytic Diazepam O.S 
Calcium antagonist Nicardipine 2O 
Antacid Almagate 130 

Aluminum hydroxide 70 
Magnesium hydroxide 2OO 

Antianemic Folic acid 10 
Ferrous gluceptate 30 

Antibacterial Nalidixic acid 125 
Amoxicillin 50 
Ampicillin 50 
Cefalexin 50 
Cefradoxyl 50 
Chloramphenicol palmitate 25 
Nitrofurantoin 10 

Antiepileptic Diphenylhydantoin 25 
Cough relief Codeine 6 

Dextromethorfane O.S 
Anti-inflammatory Ibuprofen 2O 
Antiviral Acyclovir 8O 
Nasal congestion relief Phenylpropanolamine 3 
Immunological estimulation Palmidrole 1OO 
Intestine motility Cinitapride 1 
estimulation 
Intestine motility inhibition Albumin tannate 50 

0031 Delivery within the body of certain non-radioactive 
metals with therapeutic value. Such as iron, copper, lithium 
and certain oligoelements may be accomplished by use of the 
microparticles of the present invention. The following radio 
isotopes may also be used in conjunction with the lipid or the 
lipid-metal ion complex for the medical purposes indicated 
below: 

Radio-isotope Symbol Half-life Use 

Thallium-201 T-2O1 3 days Diagnostics 
Gallium-67 Ga-67 3.26 days Diagnostics 
Indium-111 In-111 2.8 days Diagnostics 
Iodine-123 I-123 13 hours Diagnostics 
Palladium-103 P-103 17 days Diagnostics & 

Therapeutics 
Molybdenum-99 Mo-99 2.7 days Diagnostics 
Xenon-133 Xe-133 5.3 hours Diagnostics & 

Therapeutics 
Iodine-131 I-131 8 days Diagnostics & 

Therapeutics 
Iodine-125 I-125 59.4 days Therapeutics 
Fluorine-18 F-18 110 Minutes Diagnostics 
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Radioisotope Symbol Use 

Germanium-68 Ge-68 Antibody labelling 
Cobalt-57 Co-57 Instrument calibration 
Zine-65 Zn-65 Biochemistry 
Strontium-85 Sr-85 Bone tracer 
Phosphorus-32 P-32 Bone cancer therapy 
Sulfur-35 S-35 DNA labeling 
Yttrium-90 Y-90 Radioimmunotherapy 
Samarium-153 Sm-153 Bone cancer therapy 
Gadolinium-153 Gid-153 Osteoporosis. Diagnostic 
Ytterbium-169 Yb-169 Radiography 
Chromium-51 Cr-S1 Blood volume 
Maganese-54 Mn-54 Liver diagnostics 
Selenium-75 Se-75 Biochemistry 
Tin-113 Sn-113 Colon cancer therapy 

0032. The powdered formulations described in the present 
invention can be applied to inhalation therapies, powders for 
reconstitution, dry powders and Suspensions due to their 
unique powder stability. By inhalation therapies, we include 
but are not limited to techniques such as nebulization, insuf 
flation, dry powder inhalation and aerosol inhalation includ 
ing metered dose inhalers. Administration can include but is 
not limited to respiratory, pulmonary, otic, anal, optic, vagi 
nal, intramuscular, intravenous, intratracheal, intraculticular, 
intraperitoneal, nasal, pharyngeal, Sinal, Subcutaneous, extra 
dural, intracisternal, intrapleural and intrathecal delivery. 
0033. The characteristics of the present invention can be 
modified by using well known compounds described in the 
literature to modify release kinetics, act as stabilizers or to 
provide certain Surface properties that may be required for 
specific applications. Examples of Such compounds include: 
polysaccharides; polyvinylpyrrolidone; polyvinyl alcohol; 
polyethylene glycol, poloxamer block polymers; poloxam 
ines; tetronics; cellulose esters; cellulose ethers; carboxym 
ethylcellulose; hydroxymethylcellulose; carbopol; poly 
acrylic acids (and salts); crosslinked polyacrylic acids; 
polylactides; polyglycolides; starches; methylated Starches; 
ethylated Starches; crosslinked starches; inulin; dextrins; dex 
trans; dextran Sulfates; cyclodextrins; peptides; polylysine; 
polyarginine; polyalaninine; polyglycine; and proteins e.g., 
albumins (bovine, milk, human, egg). Particle morphology 
can also be manipulated by spray drying conditions, as well as 
by the ingredients used in the manufacturing of these pow 
dered formulations. 
0034. It is well known that in order for a powdered formu 
lation to exhibit good Suspension characteristics in a hydro 
phobic medium (e.g., air, CFC, HFC., PFC), the powder's 
surface has to be lyophilic (which means that the surface of 
the particle is able to interact with the suspension media). The 
stability results from the fact that the lyophilic surface inter 
acts with the Suspension media and is thermodynamically 
stable. Surfactants are known to interact with chlorofluoro 
carbons, hydrochlorofluorocarbons, hydrofluoroalkanes and 
to a lesser degree with perfluorocarbons. This interaction is 
somewhat dictated by the polarizability differences of the 
Suspension media and the components on the Surface of the 
particle. Since Surface active compounds tend to reside on the 
Surface of the particles (some drugs or actives also display 
Surface activity that could destabilize the Suspension by mak 
ing the surface lyophobic), the stability of the suspension will 
be governed by the components on the surface. The use of 
surfactants in the form of the metal ion-lipid complex as the 
main building block (in contrast to Small molecules that are 
lyophobic, like lactose) improves the Suspension quality of 
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the composition and decreases the Susceptibility of the com 
positions to “melt' when exposed to relatively high moisture 
environments. 
0035. The other contributing factor that affects suspension 
stability is described by Stokes Law, an equation relating the 
terminal settling velocity of a sphere in a viscous fluid of 
known density and viscosity to the diameter of the sphere 
when subjected to a known force field: 

2 (d - d.2) 
9pu 

where V-velocity of fall (cms), g acceleration of gravity 
(cm sec'), r="equivalent” radius of particle (cm), d-density 
of particle (g mL), d density of medium (g mL), and 
u viscosity of medium (g cm's'). By using metalion-lipid 
complexes with densities (measured by He displacement) 
ranging from 0.5 to 2.0 g cm, suspension stabilization by 
density matching will occur in most of the commonly used 
non-aqueous Suspension media. This reduces the speed of 
sedimentation or creaming of the Suspended powder. 
0036. The particle inertia of the powdered compositions 
described in the present invention is low since the density of 
the lipids used for the building block of the particle is small in 
comparison to salts. Low inertia means less force to “move” 
the particles, which will have an impact on their aerodynamic 
properties. 
0037. These particles have shown little particle-particle 
interaction (in part attributed to the low tendency of the metal 
ion-lipid to adsorb water), resulting in greater deaggregation 
when suspending in air or a meter dose inhaler (“MDI) 
propellant and improved flowability of the powder during 
processing and in dosing devices. 
0038 Advantages of the metal ion-lipid microparticles of 
the present invention over other spray dried formulations 
include: 
0039 a) Ease of manufacturing the microparticles of the 
present invention are produced by a combination of phospho 
lipid dispersions, metal ion solutions and drug preparation 
followed by spray drying which is a well established pharma 
ceutical process which is known for its simplicity and versa 
tility; 
0040 b) The microparticles of the present invention are 
produced without the need of the formation of an emulsion or 
the use of an oil as a blowing agent. This is a significant 
improvement as to the cost of the final product. Any residual 
blowing agent in a microparticle could be a source of prob 
lems curtailing the release and approval of the product; 
0041 c) The microparticles of the present invention are 
produced without the need of wall-forming agents in contrast 
to other types of microparticles. Typical spray dried wall 
forming agents (e.g., lactose, Sucrose, mannitol etc.) are very 
hygroscopic which promotes physical and chemical changes 
which can render the product useless; 
0042 d) The metalion-lipid complex in the microparticles 
of the present invention act as a wall forming agent and are 
non-hygroscopic, making them ideal for inhalable formula 
tions. Since these complexes act as a wall forming agent and 
are non-hygroscopic, they protect the product against the 
adverse effects of water; 
0043 e) All preferred materials used in the manufacturing 
of the microparticles of the present invention are generally 
regarded as safe (GRAS); 
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0044 f) Due to the versatility in the process and powder 
characteristics, a large number of drugs and other material 
can be incorporated, including heat sensitive proteins and 
other agents; and, 
004.5 g) No heating is required to eliminate residual sol 
vents or blowing agents which is a step required in other spray 
dried formulations that use blowing agents. Heating the final 
product can cause irreversible damage to the active ingredi 
ents and to the powdered formulation itself. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0046 FIG. 1 is an electron microscopy image of one of the 
metal ion-phospholipid microparticles of the present inven 
tion; 
0047 FIG. 2 shows the relationship between the storage 
temperature and the water content for a sample having a T of 
80° C. and a sample having a T of 120° C. and shows that a 
content of 10% water will reduce the T from 80 to 20° C. and 
120 to 50° C.; 
0048 FIG. 3 shows the effects of high stress conditions 
(40°C./75% RH) on pMDIs where sample 6 has the negative 
effects of the counter-ions that will compete with the metal 
lipid complex; 
0049 FIG. 4 shows the theoretical relationship between 
the critical water content (%) calculated from FIG. 4 at which 
T is lowered to the storage temperature as a function of “dry” 
T. at a storage temperature of 40° C. for the two different 
formulations. 
0050 FIGS. 5A-5B illustrate Scanning Electron Micros 
copy images of Sample 8 discussed in Example 10 and shows 
the high Surface area and the cavities on the particles Surface; 
and 
0051 FIGS. 6A-6B illustrate Scanning Electron Micros 
copy images of Sample 9 discussed in Example 10 which 
show the differences in surface areas of Samples 8 and 9 and 
the absence of large cavities in Sample 9. 

DETAILED DESCRIPTION OF THE INVENTION 

0.052 The stable dry pharmaceutical composition of the 
present invention is preferably a dry powder comprised of 
microparticles that will exhibit a T of at least 20° above the 
recommended Ts. The dry powder could be used for but not 
limited to the preparation of non-aqueous Suspensions, pow 
der for reconstitution, dry powders for inhalation, tableting, 
capsules, ointments, Suppositories, creams, and shampoos. 
0053. The stable powdered composition of the present 
invention is mainly made of a metalion-lipid complex, where 
the lipid component could be a single lipid or a mixture of 
several lipids. The preferred lipids are, but are not limited to, 
phospholipids. The metal can be substituted with a stable or 
unstable radioisotope, or the radioisotope added in addition to 
the metal ion-lipid complex, including Such radioisotopes as 
Tc-93, Tc-94, Tc-95, Thallium-201, Gallium-67, Ga-67, 
Indium-111, Iodine-123, Palladium-103, Molybdenum-99, 
Iodine-131, Iodine-125, Fluorine-18, Germanium-68, 
Cobalt-57, Zinc-65, Strontium-85, Phosphorus-32, Sulfur 
35,Yttrium-90, Samarium-153, Gadolinium-153,Ytterbium 
169, Chromium-51, Maganese-54, Selenium-75 and Tin 
113. The metalion or radioisotope can be chosen depending 
upon the application. 
0054 The stable dry pharmaceutical composition of the 
present invention can be manufactured by freeze-drying, flash 
evaporation, grinding and micronizing and most preferably 
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by spray drying. The process involves the formation of an 
aqueous lipid-cation complex (in the form of a liposome oran 
emulsion) and a drug or active compound incorporated with 
the lipid-cation matrix. The drug or active agent may be 
chosen from the group comprised of antiallergics, antifun 
gals, bronchodilators, pulmonary lung Surfactants, analge 
sics, antibiotics, leukotriene inhibitors orantagonists, antihis 
tamines, antiinflammatories, antineoplastics, 
anticholinergics, anesthetics, anti-tuberculars, imaging 
agents, cardiovascular agents, enzymes, steroids, genetic 
material, viral vectors, antisense agents, proteins, peptides, 
insulin, albumin, enzymes, genetic material (e.g., DNA, RNA 
and fragments thereof) pulmozyme, immunoglobulins and 
combinations thereof. Some specific drugs or active agents 
include albuterol, albuterol chloride, budesonide, fluticasone 
propionate, Salmeterol Xinafoate, formoterol fumarate, nico 
tine chloride, nicotine nitrate, triamcinolone acetonide, dex 
amethasone, beclomethasone dipropionate, gentamicin, gen 
tamicin chloride, gentamicin Sulfate, ciprofloxacin 
hydrochloride, Taxol, amphotericin, amikacin, amikacin 
chloride, Tobramycin, Tobramycin chloride, Tobramycin 
nitrate. 

0055 Although not required for the production of this 
invention, the use of conventional additives or other ingredi 
ents could improve the properties of the powdered formula 
tion is contemplated. Some of these properties are, but are not 
limited to: 

0056 1) Color, taste and appearance by use of colorants 
and flavorings; 
0057 2) Release kinetic modifiers of the particle by use of 
disintegrants, poloxamers, polysaccharides, polyvinylpyr 
rolidone, polyvinyl alcohol, polyethylene glycol, PLU 
RONIC block polymers, poloxamers, poloxamines, tetronics, 
cellulose esters, cellulose ethers, carboxymethylcellulose, 
hydroxymethylcellulose, carpools, polyacrylic acids (and 
salts), crosslinked polyacrylic acids, polylactides, polygly 
collides, starches, cyclodextrins, methylated Starches, ethy 
lated Starches, crosslinked Starches, inulin, dextrans, dextran 
sulfates, polyoxyalkylene block copolymers of the formula 
Y(A-E-HI where A is a polyoxyalkylene moiety, X is at 
least 2, Y is derived from water or an organic compound 
containing X reactive hydrogenatoms, E is a polyoxyethylene 
moiety and n can be from 5 to 500; 
0058 3) Peptides, polylysine, polyarginine, polyalanine, 
polyglycine and proteins such as albumins (e.g., bovine, milk, 
human, egg), and fatty acid metal salts; 
0059 4) Compounds affecting particle morphology and 
properties are plasticizers, wetting agents and vitrifiers; 
0060 5) Preservatives including antioxidants such as 
BHT THT, xanto?yls, and tocopherol; and, 
0061 6) Surface modifiers such as surfactants, including, 
but not limited to: polyoxyalkylene block copolymers of the 
formulaY(A-E-HI where A is a polyoxyalkylene moiety, X 
is at least 2, Y is derived from water or an organic compound 
containing X reactive hydrogenatoms; E is a polyoxyethylene 
moiety, n can be from 5 to 500; poloxamers; poloxamines: 
tetronics; polyvinylpyrrolidone; polyvinyl alcohol; polyeth 
ylene glycol; amino acids and bioactive compounds that will 
bind with a specific receptor in the body Such as immunoglo 
bulins, lectins and ligands. 
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Example 1 

Metal Ion-Lipid Microparticle without Drug or 
Active Agent 

0062. This Example comprises a typical metal ion-lipid 
microparticle that is produced using this technology but the 
microparticle is without the drug or active agent. The micro 
particle of this Example is shown in FIG. 1. Since the main 
component of the particle is the lipid, which tends to be more 
plastic in physical characteristics than most of the excipients 
normally used, the surface of the particle tends to be highly 
irregular. 
0063. The metal ion-lipid complex based microparticle 
composition of Example 1 was manufactured by a spray dry 
process. An aqueous preparation was prepared by mixing two 
preparations, A and B, immediately prior to spray drying. 
Preparation A was comprised of a liposome Suspension in 
which 1.1 g of Lipoid SPC-3 (hydrogenated phosphatidyl 
cholines from soy) was dispersed in 25g of deionized water 
(“DI water). Other organic solvents that can be used are 
DMSO, DMF, EtOH, MeOH, EtO and MeO. The liposome 
Suspension was prepared by first dispersing the phospholipid 
in hot DI water with a T-25 Ultraturrax at 9000 rpm for about 
5 min. The coarse Suspension was homogenized under high 
pressure (18,000 psi) for 5 discrete passes with an Avestin 
Emulsiflex C5. It is also possible to utilize non-hydrogenated 
and partially hydrogenated Soy and egg phosphatidylcholine 
as the lipid in these Examples. 
0064 Preparation B contained 0.143 g of CaCl2.H2O and 
0.21 g of lactose (the lactose was used to mimic a drug) 
dissolved in 10 g of hot DI water. The combined feed prepa 
ration was spray dried with a standard B-191 Mini spray drier 
under the following conditions: inlet temperature-85° C. 
outlet temperature=62° C., aspirator-90%, pump=2.2 
mL/min, and nitrogen flow=2400 L/h. In practicing the inven 
tion, inlet temperatures can vary within 
the range of approximately -10 to 200° C. and outlet tem 
peratures can vary within the range of approximately -20 to 
1500 C. 
0065. The mean volume aerodynamic particle size of the 
dry powder was approximately 2.48 um, measured using an 
Amherst Aerosizer (Aerosampler module) by dispersing the 
resulting dry powder with an active dry powder inhaler. Visu 
alization of particle size and morphology was achieved via 
electron microscopy. The microparticles were first treated 
with osmium tetraoxide vapor and then affixed on double 
Sticky graphite tape to an aluminum stub. The sample was 
sputter-coated with a 250 A layer of gold/palladium, and 
imaged on a stereoscan 360 SEM (Cambridge, UK Micro 
Scope) operated at an accelerating Voltage of 20 keV and a 
probe current of 250 pA. 
0.066 An example of the microparticle obtained by the 
method of Example 1 is shown in FIG. 1. In general, the 
microparticles of this Example had a weight ratio of Phos 
pholipid (“PL”) to lactose to calcium chloride (“CaCl. 
2HO) of about 75:15:10. 

Example 2 

Metal Ion-Lipid Microparticle without Drug or 
Active Agent 

0067 Example 2 shows that in order to fully stabilize the 
microparticle of the present invention, all of the phospholipid 
has to be forming a complex with the metalion. 
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0068. The metal ion-lipid complex based microparticle 
composition of this Example was manufactured by a spray 
dry process. An aqueous preparation was prepared by mixing 
two preparations, A and B, immediately prior to spray drying. 
Preparation A was comprised of a liposome Suspension in 
which 1.07 g of distearoyl phosphatidylcholine (“DSPC) 
was dispersed in 25 g of DI water. The liposome Suspension 
was prepared by first dispersing the phospholipid in hot DI 
water with a T-25 Ultraturrax at 9000 rpm for about 5 min and 
then homogenized as in Example 1. 
0069 Preparation B contained 0.143 g of CaCl2HO and 
0.21 g of lactose (the lactose was used to mimic a drug) 
dissolved in 10 g of hot DI water. While the preparations 
containing the lipid and metal are usually prepared separately, 
it is possible to combine the lipid and metal directly. 
0070 The combined feed preparation (preparations A and 
B) was spray dried with a standard B-191 Mini spray drier 
under the following conditions: inlet temperature=100° C. 
outlet temperature=67. C., aspirator=90%, pump=2.2 
mL/min, nitrogen flow=2400 L/h. The mean volume aerody 
namic particle size of the resulting dry powder was approxi 
mately 2.91 um, this was measured using an Amherst Aero 
sizer (Aerosampler module) by dispersing the dry powder 
with an active dry powder inhaler. The mean geometric par 
ticle size of the powder as measured by the Sympatec particle 
size analyzer was approximately 2.76 um. AMDI suspension 
was done with the powder (0.55% w/w) in HFA 134a. The 
Suspension had the appearance of loose 3D-flocculated mate 
rial after standing for more than one minute. The particle size 
was analyzed using the Aerosampler (Amherst) and the mean 
Volume aerodynamic diameter was approximately 3.48 um. 
0071. In general, the microparticles of this Example had a 
PL:lactose: CaCl2HO weight ratio of about 75:15:10. 

Example 3 

Metal Ion-Lipid Microparticle with a Release 
Kinetic Modifier 

0072 Example 3 shows the microparticle of the present 
invention in conjunction with the release kinetic modifier, 
polyvinyl pyrrolidone (“PVP). The use of release kinetic 
modifiers such as PVP will slow down the release of incor 
porated drugs. 
0073. The metal ion-lipid complex based microparticle 
composition of Example 3 was manufactured by a spray dry 
process. An aqueous preparation was prepared by mixing two 
preparations, A and B, immediately prior to spray drying. 
Preparation A was comprised of a liposome Suspension in 
which 0.93 g of DSPC was dispersed in 25g of DI water. The 
liposome was prepared by first dispersing the phospholipid in 
hot DI water with a T-25 Ultraturrax at 9000 rpm for about 5 
min and then homogenized as in Example 1. 
0074 Preparation B contained 0.214 g of CaCl2.H2O and 
0.21 g of lactose (the lactose was used to mimic a drug) and 
0.071 g of PVP 30K dissolved in 10 g of hot DI water. The 
combined feed preparation was spray dried with a standard 
B-191 Mini spray drier under the following conditions: inlet 
temperature=100° C., outlet temperature=67. C., aspira 
tor=90%, pump=2.2 mL/min and nitrogen flow=2400 L/h. 
The mean Volume aerodynamic particle size of the dry pow 
der was approximately 3.24 um which was measured using an 
Amherst Aerosizer (Aerosampler module) by dispersing the 
dry powder with an active dry powder inhaler. The mean 
geometric particle size of the powder as measured by the 
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Sympatec particle size analyzer was approximately 2.63 um. 
The microparticle of Example 3 had a PL:lactose: CaCl. 
2HO:PVP weight ratio of about 65:15:15:5. 

Example 4 

Comparison of Various Formulations of 
Microparticles 

0075. In Example 4, three spray dried powders were for 
mulated to compare the effect of formulation, composition 
and morphology. 
A) Sample 1 (Metal Ion Complex with Blowing Agent) 
0076. The metal ion-lipid complex based microparticle of 
this sample was manufactured by a spray dry process. An 
aqueous preparation was prepared by mixing two prepara 
tions, A and B, immediately prior to spray drying. Preparation 
A was comprised of a fluorocarbon-in-water emulsion in 
which 29 g of perfluorooctyl bromide, a blowing agent, was 
dispersed in 27 g of DI water with the aid of 1.32 g of 
dimyristoyl phosphatidylcholine (“DMPC) emulsifier. The 
emulsion was prepared by first dispersing the phospholipid in 
hot DI water with a T-25 Ultraturrax at 9000 rpm for about 5 
min. The fluorocarbon was then added dropwise under mix 
ing. The coarse emulsion was homogenized under high pres 
sure (18,000 psi) for 5 discrete passes with an Avestin Emul 
Siflex C5. 
(0077. Preparation B contained 0.164 g of CaCl2.H2O and 
0.164 g of lactose dissolved in 10 g of hot DI water. The 
combined feed preparation was spray dried with a standard 
B-191 Mini spray drier under the following conditions: inlet 
temperature=75° C., outlet temperature=55° C., aspira 
tor=90%, pump=2.2 mL/min, nitrogen flow–2500 L/h. 
0078. The microparticle of sample 1 had a weight ratio of 
PL:lactose: CaCl2HO of about 80:10:10. The mean vol 
ume aerodynamic particle size of the dry powder was 
approximately 2.3 Lim which was measured using an Amherst 
Aerosizer (Aerosampler module) by dispersing the dry pow 
der with an active dry powder inhaler. 
B) Sample 2 (Lipid Microparticle and Blowing Agent without 
Metal Ion) 
007.9 The lipid based microparticle composition of this 
sample was manufactured by a spray dry process. An aqueous 
preparation was prepared by mixing two preparations, A and 
B, immediately prior to spray drying. Preparation A was 
comprised of a fluorocarbon-in-water emulsion in which 29.g 
of perfluorooctyl bromide was dispersed in 27 g of DI water 
with the aid of 1.32 g of DMPC emulsifier. The emulsion was 
prepared by first dispersing the phospholipid in hot DI water 
with a T-25 Ultraturrax at 9000 rpm for about 5 min. The 
fluorocarbon was then added dropwise under mixing. The 
coarse emulsion was homogenized under high pressure (18, 
000 psi) for 5 discrete passes with an Avestin Emulsiflex C5. 
0080 Preparation B contained 0.164 g of lactose dissolved 
in 10g of hot DI water. The combined feed preparation was 
spray dried with a standard B-191 Mini spray drier under the 
following conditions: inlet temperature-75° C., outlet tem 
perature=55° C., aspirator=90%, pump-2.2 mL/min and 
nitrogen flow=2500 L/h. The mean volume aerodynamic par 
ticle size of the dry powder was approximately 3.0 um which 
was measured using an Amherst Aerosizer (Aerosampler 
module) by dispersing the dry powder with an active dry 
powder inhaler. 
I0081. The microparticle of sample 2 had a weight ratio of 
PL:lactose:CaCl2.H2O of about 90:10:0. 



US 2014/0377361 A1 

C) Sample 3 (Metal Ion Lipid Microparticles without Blow 
ing Agent) 
0082. The metal ion-lipid complex based microparticle 
composition of this sample was manufactured by a spray dry 
process. An aqueous preparation was prepared by mixing two 
preparations, A and B, immediately prior to spray drying. 
0083 Preparation A was comprised of a liposome suspen 
sion of 1.26 g of DMPC dispersed in 28 g of hot DI water with 
a T-25 Ultraturrax at 9000 rpm for about 5 min. The coarse 
liposomes were homogenized under high pressure (18,000 
psi) for 5 discrete passes with an Avestin Emulsiflex C5. 
0084 Preparation B contained 0.164 g of CaCl2.H2O and 
0.164 g of lactose dissolved in 10 g of hot DI water. The 
combined feed preparation was spray dried with a standard 
B-191 Mini spray drier under the following conditions: inlet 
temperature=75° C., outlet temperature=55° C., aspira 
tor=90%, pump=2.2 mL/min and nitrogen flow–2500 L/h. 
0085. The microparticles of sample 3 had a weight ratio of 
PL:lactose: CaC12H2O of about 80:10:10. The mean vol 
ume aerodynamic particle size of the dry powder was 
approximately 6.4 um, which was measured using an 
Amherst Aerosizer (Aerosampler module) by dispersing the 
dry powder with an active dry powder inhaler. 
I0086 Approximately 200 mg of each of the samples were 
transferred to 10 mL empty vials and were labeled as samples 
1, 2 and 3. Sample 1 and sample 2 had similar particle mor 
phology (both have very low particle density due to the use of 
blowing agents). Sample 2 (no calcium in formulation) did 
not present the formation of the metal ion-lipid complex. 
Sample 3 (i.e., metal ion-lipid complex formation) had the 
same formulation as Sample 1 but no blowing agent was used. 
All vials were introduced into a vacuum oven set at 65° C. and 
the samples were observed for any physical changes. At about 
3 minutes, Sample 2 started melting and within a few more 
minutes the entire sample had melted (fused into lumps). 
Samples 1 and 3 were heated for a total of 30 minutes and no 
observable physical changes were observed. Samples 1 and 2 
had the same particle morphology but sample 2 did not 
present the formation of the metal ion-lipid complex. Sample 
3 (i.e. metal ion-lipid complex formation) had the same for 
mulation as sample 1, but no blowing agent was used. The 
three formulations demonstrate that stability is dictated by the 
formation of the metal ion-lipid complex formation and not 
by the morphology of the particle. Morphology will only 
affect the density and the aerodynamic size of the particles. 
Table I summarizes the effect of morphology and metal ion 
lipid complexation, on particle size and stability. 

Mean Volume 
Aerodynamic 
Size (In 

Sample ID Dry Powder Heated (a) 65° C. for 30 min 

Sample 1'.' 2.3 2.0 
Sample 2 3.0 Sample fused >8 um 
Sample 3 6.4 5.9 

'Blowing agent used 
*Calcium-phospholipid complex 

Example 5 
Metal Ion-Lipid Formation not Affected by 

Lipophilic Drug 
0087. Example 5 shows how a lipophilic drug can be 
incorporated with the phospholipid, without affecting the 
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formation of the metalion-lipid complex. It also shows that in 
order to fully stabilize the particle, the lipid has to be forming 
a complex with the metal ion. 
0088 An aqueous preparation was prepared by mixing 
two preparations, A and B, immediately prior to spray-drying. 
Preparation A was comprised of a liposome preparation in 
which 0.57 g of Indomethacin (Sigma) was previously incor 
porated with 2.0 g of SPC-3 emulsifier (Hydrogenated soy 
phosphatidylcholine) by dissolving the Indomethacin and the 
SPC-3 in 5 mL of methanol followed by evaporation to dry 
ness. This mixture was dispersed in 57 g of DI water. The 
liposomes were prepared by first dispersing the phospholipid/ 
drug in hot DI water with a T-25 Ultraturrax at 9000 rpm for 
about 5 min. The liposomes were further homogenized under 
high pressure (18,000 psi) for 5 discrete passes with an Aves 
tin Emulsiflex C5. In practicing the present invention, the 
drug or active agent can also be added to the already formed 
microparticle by conventional means. 
I0089. Preparation B was comprised of 0.286 g of CaCl. 
2H2O in 5g of hot DI water. Preparation A and Preparation B 
were combined and the combined feed preparation was 
spray-dried with a standard B-191 Mini spray-drier under the 
following conditions: inlet temperature-85°C., outlet tem 
perature=59° C., aspirator=83%, pump=2.2 mL/min, nitro 
gen flow-2400 L/h. The resulting microparticle had a PL: In 
domethacin: CaCl2HO weight ratio of 70:20:10. The mean 
Volume aerodynamic particle size of the dry powder was of 
2.150 um. This was measured using an Amherst Aerosizer 
(Aerosampler module) by dispersing the dry powder with an 
active dry powder inhaler. 
0090 The spray dried powder (50mg) was then handfilled 
into aluminum canisters (Presspart Inc.) and dried in a 
vacuum oven at 40°C. (25 mmHg) for 24 hours. The pMDI 
valves (DF 30/50 Valois) were crimped-sealed onto the can 
isters (another set was crimped on glass vials) and the canis 
ters were filled with 10g of HFA-134a (DuPont) by overpres 
Sure through the valve stem. Initial particle size was measured 
using an eight stage Andersen cascade impactor in conform 
ance to USP protocol by measuring the drug concentration in 
each of the stages of the Andersen cascade impactor. Particle 
size analysis of the pMDI was of 3.84 um with a fine particle 
fraction of 61%. The fine particle fraction is defined as the 
percentage of drug which is deposited into respirable regions 
of the lung (i.e., stage 2 through filter FI), divided by the total 
amount of drug leaving the device (i.e., stages-1 thought F). 
The suspension was very stable even after settling for more 
than one minute, and resembling the aspect of milk. 
0091. One hundred mg of the dry powder was then trans 
ferred to a 5 mL glass vial and heated for 30 minutes at a 
temperature of 90° C. The sample was cooled down and 53 
mg of sample transferred into an aluminum canister (Press 
part Inc.) and dried in a vacuum oven at 40°C. (25 mmHg) for 
24 hr. The pMDI valves (DF 30/50 Valois) were crimped 
sealed onto the canisters (another set was crimped on glass 
vials) and the canisters were filled with 10 g of HFA-134a 
(DuPont) by overpressure through the valve stem. Particle 
size analysis of the pMDI was of 4.30 um with a fine particle 
fraction of 49%. 
0092. A similar experiment to the above experiment was 
performed but the microparticle had a PL:Indomethacin: 
CaCl2.2H2O weight ratio of 76:21:3. The particle size of the 
pMDI for this formulation was 3.93 um with a fine particle 
fraction of 56%. When the sample was heated at 90° C. for 30 
minutes the entire sample melted within 3 minutes. 
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Example 6 

Magnesium Chloride as the Metal 
0093 Example 6 shows that other metal ions can be used 

to stabilize the powders via the formation of the metal ion 
lipid complex. 
0094. An aqueous preparation was prepared by mixing 
two preparations, A and B, immediately prior to spray-drying. 
Preparation A was comprised of a liposome preparation in 
which 0.54 g of Indomethacin (Sigma) was previously incor 
porated with 1.92 g of SPC-3 emulsifier (Hydrogenated soy 
phosphatidylcholine) by dissolving the Indomethacin and the 
SPC-3 in 5 mL of methanol followed by evaporation to dry 
ness. This mixture was dispersed in 57 g of DI water. The 
liposomes were prepared by first dispersing the phospholipid/ 
drug in hot DI water with a T-25 Ultraturrax at 9000 rpm for 
about 5 min. The liposomes were further homogenized under 
high pressure (18,000 psi) for 5 discrete passes with an Aves 
tin Emulsiflex C5. 
0095 Preparation B was comprised of 0.395 g of 
MgCl6H2O in 5 g of hot DI water. The combined feed 
preparation was spray dried with a standard B-191 Mini spray 
drier under the following conditions: inlet temperature=85° 
C., outlet temperature=59° C., aspirator-83%, pump=2.2 
mL/min, nitrogen flow=2400 L/h. The resulting micropar 
ticle had a PL:Indomethacin:CaCl2.H2O weight ratio of 
70:20:10. The mean Volume aerodynamic particle size of the 
dry powder was of 2.390 um, this was measured using an 
Amherst Aerosizer (Aerosampler module) by dispersing the 
dry powder with an active dry powder inhaler. 
0096. The spray dried powder (50mg) was handfilled into 
aluminum canisters (Presspart Inc.) and dried in a vacuum 
oven at 40°C. (25 mmHg) for 24 hr. The pMDI valves (DF 
30/50Valois) were crimped-sealed onto the canisters (another 
set was crimped on glass vials) and the canisters were fill with 
10 g of HFA-134a (DuPont) by overpressure through the 
valve stem. The Suspension was very stable even after settling 
for more than one minute, and resembling the aspect of milk. 
Initial particle size was measured using an eight stage Ander 
sen cascade impactor, in conformance with USP protocol by 
measuring the drug concentration in each of the stages of the 
Andersen cascade impactor. Particle size analysis of the 
pMDI was of 3.93 um with a fine particle fraction of 56%. The 
fine particle fraction is defined as the percentage of drug 
which is deposited into respirable regions of the lung (i.e., 
stage 2 through filter FI), divided by the total amount of drug 
leaving the device (i.e., stages-1 thought F). 

Example 7 

Effect of the Metal Ion on Stability 
0097. Two dry pharmaceutical preparations of metal ion 
lipid complex based microparticles were manufactured by a 
spray dry process in order to illustrate the differences in 
thermal stability of two compositions, sample 4 and sample 5. 
Sample 4 did not have the required amount of calcium to form 
the metal ion-lipid complex while sample 5 was formed of a 
metal ion-lipid complex. 

Samples 4 and 5 
0098. Both samples 4 and 5 were prepared as follows. An 
aqueous preparation was prepared by mixing two prepara 
tions, A and B, immediately prior to spray drying. Preparation 
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A was comprised of 0.75 g of DSPC emulsifier in 25 g of DI 
water. The preparation was prepared by first dispersing the 
phospholipid in hot DI water with a T-25 Ultraturrax at 9000 
rpm for about 5 min. The coarse emulsion was homogenized 
under high pressure (18,000 psi) for 5 discrete passes with an 
Avestin Emulsiflex C5. 

0099 Preparation B contained 0.079 g of CaCl2HO for 
sample #4 and 0.165 g of CaCl2.H2O for sample #5 and 0.74 
g of lactose dissolved in 10 g of hot DI water. The combined 
feed preparation was spray dried with a standard B-191 Mini 
spray drier under the following conditions: inlet tempera 
ture=100° C., outlet temperature=70° C., aspirator=90%, 
pump=2.2 mL/min, nitrogen flow–2500 L/h. The micropar 
ticles of sample 4 had a weight ratio of PL: lactose: CaCl. 
2H2O of about 48:47:5. The microparticles of sample 5 had a 
weight ratio of PL: lactose: CaCl2.H2O of about 45:45:10. 
0100. Approximately 200 mg of each of the dry powders 
were transferred to 10 mL empty vials and were labeled as 
samples 4 and 5. Sample 4 had the lowest amount of calcium 
chloride while sample 5 had the highest. Both vials were 
introduced into a vacuum oven that was set at 100° C. and the 
samples were observed for any physical changes. At about 20 
minutes, sample 4 started melting and within a few more 
minutes the entire sample had melted (fused together into 
lumps). Sample 5 was heated for a total of 60 minutes and no 
observable physical change was observed. The mean volume 
aerodynamic particle size of the dry powder (sample 5) was 
approximately 2.2 um before and after heating. This was 
measured using an Amherst Aerosizer (Aerosampler module) 
by dispersing the dry powder with an active dry powder 
inhaler. 

0101 This Example shows the importance of fully stabi 
lizing the lipid by the formation of the metal ion-lipid com 
plex. Small amounts of calcium act as desiccants and will not 
modify the packaging of the phospholipid to reduce the harm 
ful effects of water sorption. The amplification process (Ahl 
neck 1990, Int. J. Pharm., 62, 87-95) is a second reason to 
fully stabilize the lipid by the formation of the metalion-lipid 
complex. 

Example 8 

Effect of Moisture on Stability of Microparticles 

0102 This Example showed that if the samples exempli 
fied in Example 7 are exposed to water and absorb water 
vapor, the plasticizing effect of water decreases its T. 
approximately following the Gordon-Taylor equation: 

0103 Referring to FIG. 2, the graph demonstrates the 
relationship between the storage temperature and water con 
tent and exemplifies what would be the effect of the decrease 
in T. by the amount of water that has been absorbed. If 10% 
water is absorbed by both powders, sample 4 would decrease 
its T from 80° C. to 20° C. Consequently, the resulting 
particle would be likely to be very unstable if the powder is 
stored at 40°C. In contrast, sample 5 would decrease its T. 
from 120° C. to about 50° C. and would be much more stable 
even if Stored at 40° C. 
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Example 9 

Effect of a Counter Ion on Thermal Stability 
0104. In Example 9, two dry pharmaceutical preparations 
microparticles are manufactured by a spray dry process in 
order to illustrate the differences in thermal stability of both 
compositions (one having the negative effect of the counter 
ions that will compete with the metal-lipid complex sample 
6, while the other sample sample 7 does not). 
Sample 6 (Metal Ion-Lipid Microparticle with Counter Ion 
that Impedes the Complex Formation) 
0105. An aqueous preparation was prepared by mixing 
three preparations (preparations A, B and C) immediately 
prior to spray drying. Preparation A was comprised a fluoro 
carbon-in-water emulsion in which 191 g of perfluorooctyl 
bromide was dispersed in 198g of DI water with the aid of 
4.75 g of DSPC emulsifier. The emulsion was prepared by 
first dispersing the phospholipid in hot DI water with a T-25 
Ultraturrax at 9000 rpm for about 5 min. The fluorocarbon 
was then added dropwise under mixing. The coarse emulsion 
was homogenized under high pressure (18,000 psi) for 5 
discrete passes with an Avestin Emulsiflex C5. 
0106 Preparation B contained 0.413 g of CaCl2.H2O 
dissolved in 5g of DI water. Preparation C contained 5.17 g of 
albuterol sulfate USP ("Al") (bronchodilator) dissolved in 46 
g of hot DI water. The combined feed preparation was spray 
dried with a standard B-191 Mini spray drier under the fol 
lowing conditions: inlet temperature=85°C., outlet tempera 
ture=61° C., aspirator=82%, pump=2.2 mL/min, nitrogen 
flow–2500 L/h. The resulting microparticle of sample 6 had a 
PL:Al: CaCl2.H2O weight ratio of about 46:50:4. Sample 6 
is the same formulation as described in Dellamary, 2000, 17 
Pharm. Res., 2, 168-174. 
0107 This sample shows that calcium addition to a for 
mulation will not always result in the formation of a metal 
ion-lipid complex. If the counter ion competes with the for 
mation of the metal ion-lipid complex, the final product will 
not show an improvement in the T that is responsible for the 
stability of the powder against the harmful effects of water 
Sorption. Calcium, in the form of calcium Sulfate in the 
sample, is simply acting as a desiccant and does not modify 
the packaging of the phospholipid to reduce the harmful 
effects of water sorption. 
B) Sample 7 (Metal Ion-Lipid Microparticle without Counter 
Ion) 
0108. An aqueous preparation is prepared by mixing 
preparations A and B immediately prior to spray drying. 
Preparation A comprises a liposome Suspension in which 
5.714 g of distearoylphosphatidylcholine (DSPC) is dis 
persed in 190 g of DI. The liposome is prepared by first 
dispersing the phospholipid in hot DI water with a T-25 
Ultraturrax at 9000 rpm for about 5 min. The coarse liposome 
Suspension is homogenized under high pressure (18,000 psi) 
for 5 discrete passes with an Avestin Emulsiflex C5. 
0109 Preparation B contains 0.95g of CaCl2.H2O, and 
2.86 g of micronized albuterol free base dissolved/suspended 
in 16 g of hot DI water. The combined feed preparation is 
spray dried with a standard B-191 Mini spray drier under the 
following conditions: inlet temperature-85°C., outlet tem 
perature=61° C., aspirator=85%, pump=2.2 mL/min, nitro 
gen flow=2400 L/h. The resulting microparticle of sample 7 
has a PL: Albuterol: CaCl2.H2O weight ratio of about 60:30: 
10. 
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0110 Both samples are dried in an oven at 60° C. for one 
hour prior to any experiment. Approximately 200 mg of each 
of the dry powders are transferred to 10 mL empty vials and 
were labeled as samples 6 and 7. Sample 6 had the albuterol 
sulfate that competes with the effective binding of the calcium 
to the phospholipid while sample 7 has no compound to 
compete with the calcium-phospholipid complex. Sample 6 
was introduced into a vacuum oven that was set at 100° C. and 
the sample was observed for any physical changes. At about 
25 minutes, sample 6 started melting and within a few more 
minutes, the entire sample had melted. Sample 7 is expected 
to have a glass transition temperature above 100° C., since 
there is not counter ions that will impede the formation of the 
metal-ion lipid complex. A differential scanning calorimeter 
assay (Mettler Toledo Star) was performed on samples 6 
showing a transition temperature at 58°C. (corresponding to 
the gel-liquid crystalline transition of DSPC) for sample 6. 
0111. The spray dried powder of sample 6 was then hand 
filled into aluminum canisters (Presspart Inc.) and dried in a 
vacuum oven at 40°C. (25 mmHg) for 3-4 hr. The pMDI 
valves (BKRB700 Bespak Inc.) was crimped-sealed onto the 
canisters and a Pamasol (Pfaffikon) model 2005 was used to 
fill the canisters with HFA-134a (DuPont) by overpressure 
through the valve stem. Initial particle size was measured 
using an eight stage Andersen cascade impactor, in conform 
ance to USP protocol by measuring the drug concentration in 
each of the stages of the Andersen cascade impactor. The cans 
were stored in an incubator and held at 40°C. and 75% RH in 
accordance to the USP for accelerated stability. Samples were 
taken at time points of 1, 3 and 6 months. Particle size was 
measured using the Andersen cascade impactor. Mass median 
aerodynamic diameters (MMAD) and geometric standard 
deviations (GSD) were evaluated by fitting the experimental 
cumulative function to a log-normal distribution with two 
parameter fitting routine (Scientist, MicroMath): 

1n D. - 1nMMAD 
1 + e (iii.) Mass = s GSD 

0112 where the dependent variable is the mass of drug 
deposited on a given stage and the independent variable, D. 
is the aerodynamic diameter value for a given stage according 
to manufacture. 

0113 FIG. 3 shows the effects of high stress conditions 
(40°C./75% RH) on pMDIs where sample 6 has the negative 
effects of the counter-ions that will compete with the metal 
lipid complex. Sample 6 had a T of about 58°. Increasing the 
T to about 90° C. or above by the promoting the formation of 
the metal ion-phospholipid complex, it will be possible to 
prevent the loss informulation performance after storage that 
is seen with formulation 6. FIG. 4 shows the theoretical 
relationship between the critical water content (%) calculated 
from FIG. 4 at which T is lowered to the storage temperature 
as a function of “dry” Tata storage temperature of 40°C. for 
the two different formulations. The albuterol sulfate formu 
lation that impedes the formation of the calcium-phospho 
lipid complex can only absorb up to 3% water before the 
structure collapses at a temperature of 40° C., while the 
albuterol free base formulation that does not impede the cal 
cium-phospholipid complex can withstand (theoretically 
based on the Gordon-Taylor equation) up to 11% by weight 
water at 40° C. 
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0114. It is contemplated that using larger amounts of 
highly soluble metalions will overcome the negative effect of 
the counter ion. By manufacturing the preparation with 
albuterol free base (Sample 7) instead of the albuterol sulfate 
(sample 6), it is expected that the negative action of the Sulfate 
ions on the calcium can be eliminated. 

Example 10 

Metal Ion-Lipid Microparticle with Budesonide with 
and without Blowing Agent 

0115 Example 10 shows the suspension stability and dis 
persability of budesonide formulated in calcium-phospho 
lipid complex with and without blowing agent. 
Sample 8 (Metal Ion-Lipid Microparticle with Blowing 
Agent) 
0116. An aqueous preparation was prepared by mixing 
two preparations, A and B, immediately prior to spray drying. 
Preparation A was comprised of a fluorocarbon-in-water 
emulsion in which 26 g of perfluorooctyl bromide was dis 
persed in 33 g of DI water with the aid of 1.30 g of SPC-3 
emulsifier (hydrogenated Soy phosphatidylcholine). The 
emulsion was prepared by first dispersing the phospholipid in 
hot DI water with a T-25 Ultraturrax at 9000 rpm for about 5 
min. The fluorocarbon was then added dropwise under mix 
ing. The coarse emulsion was homogenized under high pres 
sure (18,000 psi) for 5 discrete passes with an Avestin Emul 
Siflex C5. 
0117 Preparation B contained 0.162g of CaCl2.H2O and 
0.162 g of budesonide dissolved/suspended in 4 g of hot DI 
water. The combined feed preparation was spray dried with a 
standard B-191 Mini spray drier under the following condi 
tions: inlet temperature-85°C., outlet temperature=62°C., 
aspirator=100%, pump=2.2 mL/min, nitrogen flow-2400 
L/h. The resulting microparticle of sample 8 had a PL:budes 
onide: CaCl2HO weight ratio of about 80:10:10. The mean 
Volume aerodynamic particle size of the dry powder was 
approximately 4.1 um, this was measured using an Amherst 
Aerosizer (Aerosampler module) by dispersing the dry pow 
der with an active dry powder inhaler. 
B) Sample 9 (Metal Ion-Lipid Microparticle without Blowing 
Agent) 
0118. An aqueous preparation was prepared by mixing 
two preparations, A and B, immediately prior to spray drying. 
Preparation A was comprised of a liposome Suspension in 
which 1.90 g of SPC-3 emulsifier (hydrogenated soy phos 
phatidylcholine) was dispersed in 47 g of DI water. The 
liposomes were prepared by first dispersing the phospholipid 
in hot DI water with a T-25 Ultraturrax at 9000 rpm for about 
5 min. The coarse liposomes were homogenized under high 
pressure (18,000 psi) for 5 discrete passes with an Avestin 
Emulsiflex C5. 
0119 Preparation B contained 0.238g of CaCl2HO and 
0.238 g of budesonide dissolved/suspended in 4 g of hot DI 
water. The combined feed preparation was spray dried with a 
standard B-191 Mini spray drier under the following condi 
tions: inlet temperature-85°C., outlet temperature=62°C., 
aspirator=100%, pump=2.2 mL/min, nitrogen flow=24001/ 
hr. The mean volume aerodynamic particle size of the dry 
powder was approximately 4.2 um, this was measured using 
an Amherst Aerosizer (Aerosampler module) by dispersing 
the dry powder with an active dry powder inhaler. The result 
ing microparticle of sample 9 had a PL:budesonide: CaCl. 
2HO weight ratio of about 80:10:10. 
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0.120. The spray dried powders (50 mg) were then hand 
filled into aluminum canisters (Presspart Inc.) and dried in a 
vacuum oven at 40° C. (25 mmHg) for 24 hr. The pMDI 
valves (DF 30/50 Valois) were crimped-sealed onto the can 
isters (another set was crimped on glass vials) and the canis 
ters were filled with approximately 10 mg of HFA-134a (Du 
Pont) by overpressure through the valve stem. Initial particle 
size was measured using an eight stage Andersen cascade 
impactor, in conformance to USP protocol, by measuring the 
drug concentration in each of the stages of the Andersen 
cascade impactor. 
I0121 The fine particle fraction is defined as the percent 
age of drug which is deposited into respirable regions of the 
lung (i.e., stage 2 through filter (F)), divided by the total 
amount 

of drug leaving the device (i.e., stages-1 through F). Table II 
Summarizes the particle sizing of budesonide formulated in 
the metal ion-phospholipid complex in pMDIs using HFA 
134a. 

VMAD (Im) MMAD? (lim) GSD (Im) FPF (%) 

Sample 8 2.44 3.99 1.81 59 

Sample 9 3.87 4.57 1.94 48 

Volume mean aerodynamic diameter (Amherst Aerosizer) 

'Mean mass aerodynamic diameter (Andersen Cascade) 

Geometric standard deviation (Andersen Cascade) 

“Fine particle fraction (Andersen Cascade) 

0.122 Scanning Electron Microscopy Images of sample 8 
(with blowing agent) are shown in FIGS.5A and 5B. Note the 
high Surface area and the cavities on the particles Surface. The 
cavities are approximately half spheres. 
I0123. The powders were then tested in a dry powder 
inhaler (Flow Caps, Hovione Lisbon, Portugal). A modifica 
tion of the USP protocol was employed to minimize particle 
bouncing and entrainment. Plates 2 through 7 were inverted, 
loaded with a Gelman #60010 NE glass fiber filter and 4 mL 
DI water was dispensed onto them. The powders were actu 
ated from the Hovione FlowCaps DPI device for 5 seconds 
into a 28.3 L/min vacuum source. The Andersen impactor was 
then disassembled and extracted with 100% methanol. The 
extract was centrifuged at 14,000 rpm for 30 minutes in order 
to separate any glass fiber that could interfere with the assay. 
Budesonide quantitation was performed by UV spectropho 
tometry at a wavelength of 242 nm against a blank. Table II 
Summarizes the particle sizing of budesonide formulated in 
the metalion-phospholipid complex using a passive dry pow 
der inhaler (FlowCaps, Hovione). 
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MMAD (im) GSD? (Im) FPF (%) Emitted Dose % 
Sample 8 4.81 2.09 57 92 
Sample 9 4.57 1.94 48 88 

'Mean mass aerodynamic diameter (Andersen Cascade) 
*Geometric standard deviation (Andersen Cascade) 
Fine particle fraction (Andersen Cascade) 

0.124 Scanning Electron Microscopy Images of sample 9 
(no blowing agent) are shown in FIGS. 6A and 6B. Note the 
Surface area and the absence of large cavities on sample 9 in 
FIGS. 6A and 6B in comparison to sample 8 which is shown 
on FIGS 5A and 5B. 
0.125. The only difference between samples 8 and 9 is that 
sample 8 was manufactured with a blowing agent to reduce 
particle density. Bulk density measurements of sample 8 and 
sample 9 were 0.03 and 0.1 g/ml, respectively. Both samples 
8 and 9 showed good performance when evaluated as pMDIs 
and dry powder inhalers. The main difference observed 
between both particles was their bulk density, which can be 
attributed to the extensive cavitation seen on sample 8 (FIGS. 
5A and 5B). The surface of the microparticles in sample 9 as 
shown in FIGS. 6A and 6B is wrinkled without a large num 
ber of open pores due to the plastic nature of the metal ion 
lipid complex. Both suspensions in propellant HFA 134a 
resembled a milky appearance even after the samples were 
settled for more than one minute. 

Example 11 

Metal Ion-Lipid Microparticle with Hemocyanin 
0126 Example 11 shows the feasibility of producing 
metalion-lipid complex microparticles containing large pro 
teins, while maintaining the activity of the protein. 
0127. The metal ion-lipid complex based microparticle 
composition of this Example were manufactured by a spray 
dry process. An aqueous preparation was prepared by mixing 
three preparations A, B and C immediately prior to spray 
drying. Preparation A was comprised of 0.75 g of Lipoid 
EPC3 (hydrogenated egg-phosphatidylcholine) emulsifier in 
40 g of DI water. The liposome was prepared by first dispers 
ing the phospholipid in hot DI water with a T-25 Ultraturrax 
at 9000 rpm for about 5 min. The coarse liposome was 
homogenized under high pressure (18,000 psi) for 5 discrete 
passes with an Avestin Emulsiflex C5. 
I0128 Preparation B contained 0.107 g of CaCl2.H2O and 
0.107 g of lactose dissolved in 10 g of hot DI water. Prepara 
tion C contained 10 mg of hemocyanin, keyhole limpet from 
megathura crenulata (MW 3x10°-7.5x10), that was dis 
solved in 2 mL of Dulbecco's PBS buffer. Preparations A and 
B were combined and an aliquot (6.5 g) of this preparation 
was mixed with the protein preparation C. The combined feed 
preparation was spray dried with a standard B-191 Mini spray 
drier under the following conditions: inlet temperature=85° 
C., outlet temperature=62° C., aspirator-90%, pump=2.2 
mL/min, nitrogen flow–2500 L/h. The resulting micropar 
ticle had a PL:Hemocyanin: CaCl2.H2O weight ratio of 
about 80:10:10. Activity of the protein was confirmed by an 
ELISPOT bioassay technique, where the T cells ability to 
produce cytokines was measured in the presence and in the 
absence of microparticles. The results were compared to 
freshly prepared hemocyanin, the activity of the hemocyanin 
incorporated in the microparticles was of the same magnitude 
as the standard hemocyanin preparation. 
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Example 12 

Metal Ion-Lipid Microparticle with Insulin 

I0129. Example 12 shows the incorporation of insulin with 
the phospholipid-metalion of the present invention for treat 
ment of diabetes and where the phospholipid-metalion serves 
as a penetrater enhancer for the pulmonary delivery of insulin. 
Since the insulin is already incorporated into a lung Surfactant 
type of media, the insulin absorption into the lung tissue 
should be enhanced by this situation. 
0.130. The stable dry pharmaceutical preparation metal 
ion-lipid based microparticle of this Example was manufac 
tured by a spray dry process. An aqueous preparation was 
prepared by mixing two preparations, A and B, immediately 
prior to spray drying. Preparation A was comprised of a 
liposome dispersion in which 1.71 g of hydrogenated Soy 
phosphatidylcholine was dispersed in 50 g of DI water. The 
liposome dispersion was prepared by first dispersing the 
phospholipid in hot DI water with a T-25 Ultraturrax at 9000 
rpm for about 5 min. Preparation B contained 0.286 g of 
CaCl2.2H2O and 0.86 g of insulin Zinc salt (Sigma) in 10g of 
DI water. The insulin zinc salt was dissolved by acidifying 
with 1 MHC1. The combined feed solution was spray dried 
with a standard B-191 mini spray drier under the following 
conditions: inlet temperature=85°C.; outlet temperature=63° 
C.; aspirator=85%; pump=2.2 ml/min: nitrogen flow-2400 
L/hr. The resulting microparticle had a PL:CaCl2.H2O: In 
sulin weight ratio of 60:10:30. 

Example 13 

Single Preparation Feedstock 

I0131 The particles of Example 10, sample 9 are prepared 
by dispensing the phospholipid (SPC-3) in a single aqueous 
preparation containing all of the solutes (CaCl2.2H2O) and 
budesonide) in the combined 51 g of hot DI water and homog 
enizing and spray drying as in Example 10, sample 9. Par 
ticles similar to sample 9 of Example 10 were obtained. 

Example 14 

Increased Density and Refractive Index 
Polarizability Particles 

0.132. The method of Example 10, sample 9 is employed to 
produce particles with four times higher CaCl2.H2O concen 
tration, with a PL:budesonide: CaCl2.H2O weight ratio of 
about 61:30:9 by substituting 0.952 g of CaCl.HO for the 
0.238 g of budesonide employed in the previous experiment. 
The excess calcium chloride, in addition to forming metal 
ion-lipid complexes, increases the density of the final par 
ticles to more closely match that of MDI propellants and 
reduces the creaming rate to yield more accurate dosing. A 
second effect is to increase the refractive index and therefore 
the polarizability of the particles to more closely match the 
polarizability of the MDI propellants and reduce the tendency 
of the particles toward aggregation. It is expected that a simi 
lar effect would be obtained by adding 0.714 g of sodium 
chloride to the formula of sample 9 in Example 10. These 
formulas would be most advantageous where consistent MDI 
dosing is most important. 
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Example 15 

Slow Dissolving Particle Employing the Formation 
of Calcium Carbonate 

0133. The particles of Example 11 are prepared as in 
Example 11 with the exception that four times the CaCl2.H2O 
is employed and thus 0.428g of CaCl2.H2O is substituted for 
the 0.107 g of CaCl2.H2O utilized in Example 11. The par 
ticles thus formed are then exposed to carbon dioxide either in 
the spray dryer gas stream while forming the particles or in a 
gas/vacuum chamber after the particles are formed. Slowly 
dissolving calcium carbonate is formed on the Surfaces of the 
particles by the reaction of carbon dioxide with excess cal 
cium ion present in the particles. This calcium carbonate 
slows the dissolution of the particles and the release of 
hemocyanin from the particles in vivo. An alternative method 
of forming calcium carbonate on the particles would be to 
express them to the vapors of a Volatile carbonate Such as 
ammonium carbonate during spray drying or in a vacuum 
chamber. This would have the advantage of not greatly shift 
ing the pH of the particles as the ammonium carbonate would 
react with calcium chloride to make calcium carbonate and 
Volatile ammonium chloride. 

Example 16 

Slow Dissolving Fatty Acid Salt Particles 
0134. The excess calcium chloride formula of Example 8 
can be further modified by the addition of sodium stearate to 
the phospholipid, by substituting 10% of the weight of phos 
pholipid with an equal weight of sodium Stearate before dis 
persing and homogenization. Upon spray drying, some of the 
excess calcium ion will form water insoluble calcium Stearate 
within the particle which will slow its dissolution and release 
the active agent contained within the particle. Other fatty 
acids or fatty acid salts that form water insoluble calcium salts 
are also contemplated. 

Example 17 
Avoiding Precipitation and Competing Ion Effects 

0135) It is contemplated that acceptable particles can be 
formed from the formula of Example 9, sample 6 if the 
calcium chloride content of the particles in moles is raised to 
more than the total number of moles of phospholipid plus 
twice the number of moles of albuterol sulfate and a modified 
spray drier atomizer nozzle is employed to mix the calcium 
ion containing Solution B with a premixed preparation com 
prised of the combined mixtures of solutions A and C (phos 
pholipid, albuterol Sulfate containing Solutions) immediately 
before atomization in the spray drier. The stable particles thus 
formed contain an excess of calcium ion to overcome the 
competing effects of the sulfate ion and thus still form the 
metal ion-lipid complexes described above. Mixing the sul 
fate containing solution with the calcium ion containing Solu 
tion immediately before spray drying, this avoids the negative 
effects of calcium sulfate precipitation on the atomization 
process and thus the particle size distribution. 

Example 18 

Treatment of Diabetes with Insulin Containing Metal 
Ion-Lipid Microparticle 

0.136 Example 18 shows how the present invention can be 
used to treat Type I or Type II diabetes in human or animal 
Subjects. 
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0.137 In this Example, treatment of patients suffering 
from Type I or Type II diabetes is demonstrated using the 
insulin containing microparticle of Example 12. After forma 
tion, the insulin containing microparticle composition of 
Example 12 is introduced into a holding chamber of a DPI, 
pMDI, nebulizer, insufflator or liquid dose inhaler and is 
aerosolized by any conventional means. The insulin contain 
ing microparticle is then introduced into the lungs of a subject 
by the patient inhaling on the mouthpiece of the DPI orpMDI 
by taking long, deep breaths to draw the aerosolized disper 
sion into the lungs. 
0.138. This method of introducing aerosolized insulin con 
taining microparticles into the lungs of a patient to treat 
diabetes has many advantages over Subcutaneous injections 
of insulin Such as ease of use, rapid insulin absorption and 
rapid glucose response. The efficiency of systematic insulin 
delivery by this method is thought to be in the range of about 
40%-60%. Individual dosages of insulin, per inhalation, 
depend on the weight ratio of insulin in the particular micro 
particle, but is generally within the range of 0.25 mg to 5 mg 
per inhalation. Generally, the total dosage of insulin desired 
during a single respiratory administration will be in the range 
from about 0.5 mg to about 20 mg of insulin. 
0.139 Dosages of insulin, which are always expressed in 
USP units, must be based on the results of blood and urine 
glucose determinations and must be carefully individualized 
to attain optimum therapeutic effect. General guidelines on 
the dosage of insulin containing microparticles of the present 
invention administered intrapulmonary for treatment of juve 
nile diabetes in pediatric patients per single respiratory 
administration is approximately 1-1.5:1 by weight of insulin 
administered by the metal ion lipid particle of the present 
0140 invention to the weight of insulin introduced by 
Subcutaneous injections. For adult patients, the ratio is 
approximately 2:1. 

Example 19 

Administration of Human Growth Hormone 

01.41 Example 19 shows how the present invention can be 
used to administer human growth hormone in human and 
animal Subjects. 
0142. In this Example, administration of sermorelin 
acetate (which is the acetate salt of an amidated synthetic 29 
amino acid peptide, GRF 1-29-NH) is demonstrated for 
treatment of idiopathic growth hormone deficiency in chil 
dren with growth failure. A metal ion-lipid microparticle is 
formed according to the teachings of Example 12 (without the 
step of acidifying with HCl) by substituting sermorelin 
acetate for insulin. The sermorelin acetate containing micro 
particle composition is then introduced into a holding cham 
ber of a DPI, pMDI, nebulizer, insufflator or liquid dose 
inhaler and is aerosolized by any conventional means. The 
sermorelin acetate containing microparticle is then intro 
duced into the lungs of a Subject by the patient inhaling on the 
mouthpiece of the DPI or pMDI by taking long, deep breaths 
to draw the aerosolized dispersion into the lungs. 
0.143 Dosages of sermorelin acetate containing micropar 
ticle is generally in the range of 0.02-0.04 mg/kg of body 
weight once a day before bedtime. Treatment should be dis 
continued when the epiphyses are fused. Height should be 
monitored monthly and care should be taken to ensure that the 
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child grows at a rate consistent with the child’s age. Patients 
who fail to respond should be evaluated to determine cause of 
unresponsiveness. 

Example 20 

Administration of Tobramycin 
0144. Example 20 shows how the metal ion-lipid based 
microparticles of the present invention can be used for the 
administration of various antibiotics. 
0145 When a patient on mechanical ventilation has devel 
oped a nosocomial pneumonia and high pulmonary concen 
trations of antibiotics without systemic levels are desired, 
pulmonary delivery of antibiotics through a DPI, pMDI, 
insufflator, liquid dose inhaler or nebulizer may be desirable. 
Pulmonary delivery of antibiotics could also be useful when 
usage of broad spectrum antibiotics present toxicity prob 
lems. Antibiotics such as aminoglycosides (e.g., tobramycin), 
ansamycins (e.g., rifamycin), penicillins, chloramphenicol 
group antibiotics, peptides (e.g., Vancomycin), linosamides 
(e.g., lyncomycin), macrollides (e.g., erythromycin) and tet 
racyclines (e.g., tetracycline) may be combined with the 
metal ion-lipid microparticle of the present invention for pull 
monary administration. It is believed that formulations can be 
made that permit or disallow systemic absorption, depending 
on the clinical need. 
0146 In this Example, administration of tobramycin is 
demonstrated for the treatment of bacterial pneumonia. A 
metal ion-lipid microparticle is formed according to the 
teachings of Example 7, sample 5 where commercially avail 
able tobramycin free base is substituted for lactose. The 
resulting tobramycin metal ion-phospholipid complex is 
introduced into a holding chamber of a DPI, pMDI, nebulizer, 
insufflator or liquid dose inhaler and is aerosolized by any 
conventional means. The tobramycin metalion phospholipid 
complex is then introduced into the lungs of a Subject by the 
patient inhaling on the mouthpiece of the DPI or pMDI by 
taking long, deep breaths to draw the aerosolized dispersion 
into the lungs. 
0147 Depending on the stage and seriousness of pneumo 
nia and assuming normal renal function, dosages in adults can 
range from 0.5-1 mg/kg of tobramycin per administration 
every eight hours not to exceed 2.5 mg/kg/day. 

Example 21 

Administration of Ethambutol 

0148 Example 21 shows the metal ion-lipid based micro 
particles of the present invention used with ethambutol as a 
tuberculostatic agent. 
0149. In a patient with pulmonary tuberculosis, it may be 
desirable to introduce a tuberculostatic agent directly into the 
site of infection. Systemic administration of ethambutol can 
be detrimental resulting in depigmentation of the tapetum 
lucidum of the eye and clinical visual loss. The administration 
of the drug directly to the pulmonary focus of infection would 
be expected to reduce the amount of drug systemically admin 
istered. In this Example, administration of ethambutol is 
demonstrated for treatment of pulmonary tuberculosis. A 
metal ion-lipid microparticle is formed according to the 
teachings of Example 7, sample 5 where commercially avail 
able ethambutol hydrochloride is substituted for lactose. The 
resulting ethambutol metal ion-phospholipid complex is 
introduced into the holding chamber of a DPI, pMDI, nebu 
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lizer, insufflator or liquid dose inhaler and is aerosolized by 
any conventional means. The ethambutol metalion-phospho 
lipid complex is then introduced into the lungs of a Subject by 
the patient inhaling on the mouthpiece of the DPI orpMDI by 
taking long, deep breaths to draw the aerosolized dispersion 
into the lungs. 
0150. Depending on the stage of tuberculosis, dosages for 
adults can range from 15 mg/kg per 24 hour period of etham 
butol hydrochloride for patients who have not received pre 
vious antitubercular therapy and 25 mg/kg per 24 hour period 
of ethambutol hydrochloride for adult patients who have had 
previous tuberculosis therapy. Administration should only be 
once a day. Ethambutol hydrochloride should not be used in 
children under thirteen years of age. 

Example 22 

Administration of Ibuprofen 
0151. This Example shows the metal ion-lipid based 
microparticles of the present invention used with ibuprofen. 
0152. Due to the rapid bioavailability of intrapulmonary 
delivered drugs, it may be desirable to deliver an analgesic 
directly into the lungs. It may also be desirable to deliver an 
analgesic directly into the lungs to avoid GI complications 
which sometimes occur due to oral delivery of analgesics. In 
this Example, ibuprofen, a nonsteroidal anti-inflammatory 
and analgesic agent, is combined with the microparticle of the 
present invention according to the teachings of Example 7. 
sample 5. In combining ibuprofen with the metal ion-lipid 
microparticle of the present invention, commercially avail 
able ibuprofen may be used. The resulting ibuprofen metal 
ion phospholipid complex is introduced into a holding cham 
ber of the DPI, pMDI, liquid dose inhaler, nebulizer or insuf 
flator and is aerosolized by any conventional means. The 
ibuprofen containing microparticle composition is then intro 
duced into the lungs of a Subject by the patient inhaling on the 
mouthpiece of the DPI or pMDI by taking long, deep breaths 
to draw the aerosolized dispersion into the lungs. 
0153. Adult dosages can range from 100-150 mg of ibu 
profen per inhalation for an adult subject, not to exceed 400 
600 mg in a single respiratory administration for inflamma 
tory conditions such as rheumatoid and osteoarthritis. Total 
dosage should not exceed 3 g daily. Dosages for juvenile 
arthritis should not exceed 400 mg daily for children weigh 
ing less than 20 kg, 600 mg for children weighing less than 
20-30 kg and 800 mg daily for children weighing 30-40 kg. 
For relief of mild to moderate pain, the usual adult dosage is 
about 200 mg every 4-6 hours and may be increased if pain 
persists. For antipyresis in children from 6 months to 12 years 
of age, dosage should not exceed 7.5 mg/kg. 
0154) Other analgesics such as acetaminophen and aspirin 
may also be combined with the metal ion-lipid microparticle 
of the present invention according to the teachings of 
Example 7 and Example 22. 
What is claimed is: 
1. A microparticle for drug delivery wherein the micropar 

ticle comprises an active agent and an excipient, wherein the 
active agent comprises an antibiotic, wherein the excipient 
comprises a metalion-lipid complex, wherein the metalion is 
chosen from the group consisting of lanthanide metals, 
actinide metals, group IIa and IIIb metals, transition metals or 
mixtures thereof, wherein the lipid comprises a phospholipid, 
and wherein the complex results in a glass transition tempera 
ture increase of the microparticle. 
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2. The microparticle of claim 1 wherein the microparticle 
has a glass transition temperature of at least 20° C. above a 
storage temperature for the active agent. 

3. The microparticle of claim 1 wherein the phospholipid is 
chosen from the group consisting of DPPC, DSPC, DMPC, 
dioctylphosphatidycholine, soy phosphatidylcholine, egg 
phosphatidylcholine and partially hydrogenated phosphati 
des and polymerizable phospholipids. 

4. The microparticle of claim 1 wherein the presence of the 
metalion raises the glass transition temperature of the micro 
particle at least 2° C. above that of the same microparticle 
without the metalion. 

5. The microparticle of claim 1 wherein the metal ion is 
chosen from the group consisting of calcium, zinc, aluminum, 
iron and magnesium in the form of water soluble salts and 
mixtures thereof. 

6. The microparticle of claim 1 wherein the lipid compo 
nent is comprised of a mixture of at least two lipids. 

7. The microparticle of claim 1 wherein the microparticle 
has a mean Volume aerodynamic particle size of about 0.5um 
to 7 um. 

8. The microparticle of claim 1 wherein the active agent 
comprises a plurality of active agents. 

9. The microparticle of claim 1 wherein the complex results 
in a glass transition temperature increase sufficient to stabili 
tize against water Sorption. 

10. The microparticle of claim 1 wherein the antibiotic 
comprises tobramycin or salt thereof. 

11. The microparticle of claim 1 wherein the antibiotic 
comprises ciprofloxacin or salt thereof. 

12. A composition comprising a plurality of microparticles 
of claim 1. 
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13. A microparticle composition for drug delivery wherein 
the microparticle is comprised of a metal ion-lipid complex 
and an active agent in addition to the metalion-lipid complex, 
the composition formed by the following process: dispersing 
a phospholipid in water to create a first preparation; Suspend 
ing a metal compound or salt in water to create a second 
preparation; adding an active agent comprises an antibiotic; 
combining the first and second preparations; and spray drying 
the combined preparations to create a metal ion-lipid micro 
particle composition. 

14. The microparticle composition of claim 13 wherein the 
phospholipid is selected from the group consisting of Soy 
phosphatidylcholine, egg phosphatidylcholine, DPPC, 
DSPC, DMPC, dioctylphosphatidylcholine, and partially and 
fully hydrogenated phosphatides. 

15. The microparticle composition of claim 13 wherein the 
metalion is added in the form of calcium salt. 

16. The microparticle composition of claim 13 wherein the 
antibiotic comprises tobramycin or salt thereof. 

17. The microparticle composition of claim 13 wherein the 
antibiotic comprises ciprofloxacin or salt thereof. 

18. A microparticle for drug delivery wherein the micro 
particle comprises tobramycin or salt thereof and a calcium 
phospholipid complex, wherein the complex results in a glass 
transition temperature increase of the microparticle. 

19. The microparticle of claim 18 wherein the phospho 
lipid is chosen from the group consisting of DPPC, DSPC, 
DMPC, dioctylphosphatidycholine, soy phosphatidylcho 
line, egg phosphatidylcholine and partially hydrogenated 
phosphatides and polymerizable phospholipids. 
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