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(57) ABSTRACT 

Compositions useful for reconstitution of concentrated for 
mulations containing protein/peptide pharmaceuticals are 
provided. The composition generally includes one or more 
lipids, as Well as one or more alcohols that promote and 

stabilize the formation of (a) lipid molecular assemblies With 
greater protein encapsulation; (b) protein-lipid complexes 
and (c) protein and lipid solutions. The reconstitution 
medium improves the protein-lipid association that in turn 
alters the pharmaceutical properties. 
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RECONSTITUTION MEDIUM FOR PROTEIN AND 
PEPTIDE FORMULATIONS 

[0001] This application claims priority to US. provisional 
application No. 60/492,582, ?led on Aug. 5, 2003, the 
disclosure of Which is incorporated herein by reference. 

[0002] This Work Was funded by a grant no. ROl 
HL70227-01 from the National Institutes of Health. The 
Government has certain rights in the invention. 

FIELD OF THE INVENTION 

[0003] This invention relates to compositions for recon 
stitution of freeZe-dried formulations and more particularly 
provides a composition and method for reconstitution of 
freeZe-dried formulations comprising proteins and lipids. 

BACKGROUND OF THE INVENTION 

[0004] Advances in protein engineering and biotechnol 
ogy, have led to large scale production of proteins and 
peptides for pharmaceutical purposes such as replacement 
therapies and vaccines. HoWever, due to their complex 
structure and folding dynamics, proteins undergo physical 
and chemical instability. These instabilities present unique 
dif?culties in the production, formulation, storage and 
administration of protein pharmaceuticals (1,2). Chemical 
instability is related to covalent modi?cation of the protein 
that leads to loss of activity. One strategy to overcome this 
dif?culty and to prolong the shelf life, is to freeZe dry protein 
products and reconstitute them prior to the administration. 
The reconstitution buffer is generally provided by the manu 
facturer. HoWever, unique handling procedures need to be 
folloWed to avoid physical instability, as the reconstitution 
involves agitation, formation of foam and froth and the 
exposure of proteins to air-aqueous interface. Physical insta 
bility is related to protein folding at the molecular level, and 
denaturation, surface adsorption, aggregation, and precipi 
tation are frequent manifestations of physical instability 
(1-3). Such instabilities complicate the safety of protein 
products as the presence of aggregates evokes undesired 
immune response The loss of protein due to surface 
adsorption and binding to vial and syringes complicates the 
therapy. In order to avoid surface adsorption, it is a general 
practice to include large quantities of albumin but inclusion 
of such excipients presents other pharmaceutical problems 
including the safety related to the source of albumin. 

SUMMARY OF THE INVENTION 

[0005] In order to prevent physical instability, a strategy 
has been proposed to add lipidic particles to stabiliZe the 
intermediate structures. With this invention, We report the 
composition of a reconstitution medium Which promotes the 
association of protein and lipid, in solution, to form stabi 
liZed lipidic molecular assemblies (cochleate, laminar, or 
other tertiary structures), protein-lipid bilayer complexes 
and protein-lipid solutions (in Which lipids associate With 
hydrophobic protein domains Without forming larger struc 
tures) by promoting protein-lipid interactions. Compositions 
and buffer conditions for preparing the reconstitution solu 
tion are disclosed. An example is loW concentration of 
ethanol (less than about 60%, preferably 5-10% vol/vol) in 
various buffer systems. Another example is a solution com 
prising 0.5 to 10 mM CaCl2. The reconstitution of the 
protein in such medium promotes the interaction of protein 
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With lipidic structures, improving pharmaceutical properties 
such as stability, pharmacokinetic/pharmacodynamic char 
acteristics and immune response. Such stabiliZed solutions 
have many biotechnology applications including replace 
ment therapies and vaccines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1 displays the interaction of reconstitution 
medium With protein. The melting pro?le of lysoZyme in the 
presence and absence of 20% ethanol in Phosphate buffered 
saline. 

[0007] FIG. 2 displays the interaction of reconstitution 
medium With lipid. The Differential Scanning Calorimetry 
(DSC) pro?le of Dimyristoyl Phosphatidylcholine (DMPC) 
vesicle in the presence and in the absence of 10% ethanol in 
phosphate buffered saline. 

[0008] FIG. 3 displays the effect of reconstitution medium 
on both lipid and protein. The circular dichroism (CD) 
melting pro?le of Factor VIII (5 mM CaCl2 and 100 mM 
NaCl) in the presence and in the absence of lipid, Phos 
phatidylserine. The CD spectra Were acquired With a heating 
rate of 15° C./hr. 

[0009] FIGS. 4a-4c displays the effect of reconstitution 
medium (5 mM CaCl2 and NaCl) on lipidic structures. The 
LAURDAN pro?les of phosphatidylserine containing lip 
idic particles are shoWn in the absence of calcium (4a), 
presence of calcium (4b) and presence of calcium and EDTA 
(4c). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0010] The present invention is directed to compositions 
for media useful in the reconstitution of dried protein 
formulations, and the method of use of such compositions. 
The compositions can be used With dry protein preparations, 
such as freeZe-dried preparations containing protein to form 
structurally stabiliZed protein solutions. Furthermore, When 
lipids are included, the compositions promote the interaction 
betWeen the protein hydrophobic domains and the lipid, 
forming solutions of structurally stabiliZed, non-aggregat 
ing, non-adhering protein/lipid solutions. 

[0011] Alcohols are frequently added as excipients in the 
formulation of small, conventional organic drug molecules 
to improve stability and solubility. Intravenous preparations 
containing up to 50% ethyl alcohol are available for human 
use (5-7). HoWever, to our knowledge, alcohols are not used 
in parenteral preparations Which include proteins. 

[0012] The present invention demonstrates that alcohols 
such as ethyl alcohol can be used as excipients for protein 
formulations and processing containing lipids. It has been 
discovered that concentrations of alcohol Which are beloW a 
critical concentration, roughly 60 percent by volume in the 
case of some common alcohols, such as ethanol, for 
example, have the effect of structurally stabiliZing proteins 
Without greatly impeding their function. HoWever, above the 
critical concentration, the alcohol induces signi?cant 
changes in secondary and tertiary structure as demonstrated 
by the circular dichroism data in Examples 1 and 2, respec 
tively. Such structural changes can be expected to affect the 
protein’s function. Thus, in one embodiment, the present 
invention provides a stabiliZed protein solution Which is 
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buffered to a physiological pH and Which comprises an 
alcohol at a concentration Which is less than 60% by volume 
and one or more proteins. 

[0013] Stabilization can be determined by methods Which 
probe secondary and tertiary structure such as the disruption 
of circular dichroism spectra. If circular dichroism bands 
due to secondary structure are undisrupted, and all of the 
circular dichroism spectral bands due to tertiary structure are 
present, it can be inferred that little or no secondary and 
tertiary structure degeneration has taken place. 

[0014] Furthermore, When a lipid component is included 
in the formation of solutions Which contain alcohol, the 
alcohol component promotes the interaction betWeen the 
protein and the lipid. Protein and lipid can associate in 
numerous Ways to form complexes as simple as the com 
bination of one or a feW lipid molecules With hydrophobic 
protein sites or as complex as phopholipid bilayer, cochleate 
and other higher order structures. Without desiring to be 
bound by theory, it is thought that alcohols, such as, for 
example, ethanol, promote the exposure of hydrophobic 
domains, thereby loWering the free energy of the lipid/ 
hydrophobic association. Moreover, protein/lipid complexes 
are stabiliZed because packing defects are induced and 
stabiliZed by alcohol molecules (Example 4), thus decreas 
ing the free energy of the protein embedded in lipid com 
plex. This effect can promote the interaction of protein 
(exposed hydrophobic domains) With lipid bilayer (packing 
defects) increasing the encapsulation efficiency of proteins 
in lipid complexes. Thus, in another embodiment the present 
invention provides a stabiliZed protein solution Which is 
buffered to a physiological pH and Which comprises one or 
more lipids, an alcohol at a concentration Which is less than 
60% by volume, and one or more proteins. 

[0015] In addition to hydrophobic force mediated protein 
association With lipid molecular assemblies, the association 
of proteins With a speci?c lipid can be a result of electro 
static-interaction This electrostatic component makes some 
protein/lipid associations particularly stable. For example, 
FVIII and phosphatidyl serine can associate by electrostatic 
interaction, and their pairing is thus particularly preferred. 
The complex may be further stabiliZed by hydrophobic 
forces promoted by the formulations of the present invention 
Which lead to the formation of lipid molecular assemblies 
such as micelles, liposomes and cochleates. 

[0016] Other advantages of using alcohol as an excipient 
are apparent in contexts in Which a protein could become 
denatured and aggregate in solution, posing an immunologi 
cal haZard to a person to Whom the protein solution is to be 
parenterally administered. Additionally, some proteins, 
denatured proteins in particular, have a propensity to adhere 
to glass and other surfaces With Which they may come into 
contact. 

[0017] It has been found that the presence of alcohol can 
prevent the aggregation of protein in solution and adhesion 
of the protein to surfaces. The effect can be observed 
regardless of Whether or not the protein is denatured. For 
example, during the processing and storage of freeZe dried 
protein Which results in denaturation of the protein, a 
reconstitution medium containing loW alcohol concentra 
tions may prevent the surface adsorption and aggregation of 
the protein. Further, denaturation during reconstitution due 
to agitation, shaking, formation of foam and froth and the 
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contact of the protein With air-aqueous interfaces may be 
minimiZed by alcohol exposure. The anti-aggregant, anti 
adherent effect of the formulations of the present invention 
is illustrated in Example 3. 

[0018] The reconstitution of the dry protein preparation 
may be accomplished in several Ways. If it is desired, the dry 
protein preparation can be combined With a lipid component 
(0.3 mM to about 4 mM) by combining both protein and 
lipid, either or both in dry or solvated form before the 
introduction of alcohol. 

[0019] Thus in another embodiment, the present invention 
provides a method for reconstituting a dry protein or dry 
protein preparation to produce a stabiliZed protein solution 
Which comprises addition of lipidic particles to said protein 
preparation to form a solution comprised of protein and 
lipid, and combining said solution With a reconstitution 
medium, said reconstitution medium comprising alcohol and 
being buffered to a physiological pH, such that less than 
about 30% of the dissolved protein aggregates. 

[0020] It may also be convenient to directly reconstitute a 
dry protein preparation Which is comprised of protein and 
lipid Which are associated to form protein/lipid complexes, 
such as the product formed by freeZe-drying a solution 
comprised of such complexes. In a further embodiment, the 
present invention provides a method for the reconstitution of 
a dry protein/lipid preparation to produce a stabiliZed protein 
solution comprising combining a dry protein preparation in 
Which protein and lipid Which are associated to form protein/ 
lipid complexes With a reconstitution medium, said recon 
stitution medium comprising alcohol and being buffered to 
a physiological pH, such that less than about 30% of the 
dissolved protein forms aggregates. 

[0021] In another embodiment, the reconstitution medium 
With and Without ethanol comprises one or more lipids and 
calcium ions. Suitable concentrations of calcium are 0.5 to 
10 mM and preferable concentration is about 5 mM. 

[0022] It is thought that buffer salts play a prominent role 
in the stabiliZing of protein/lipid interactions. In particular, 
calcium-containing buffers play a role in the stabiliZation of 
micellar structures, and are preferred in cases in Which 
micellar structures are preferred over 1) other types of 
complexes or 2) loWer order associations. Conversely, When 
associative structures other than micellar structures are 
preferred, such as When a solution is to be administered to 
a human or animal subject and large structures Would trigger 
an immune response, it is desirable to either loWer the 
calcium ion concentration, or use buffers Which contain little 
or no calcium. The anti-aggregant, anti-adherent effects of 
the compositions of the present invention Will be realiZed 
With other buffers as knoWn in the art. 

[0023] By “physiological pH,” it is meant that the pH 
should be in the range Which is conducive to the functioning 
of biological systems, such as, for example, in the range of 
from about 7.0 to about 7.4. A common physiological pH is 
about 7.2. 

[0024] Degree of aggregation can be determined by a 
number of methods. Light scattering methods and siZe 
exclusion chromatography are examples of methods Which 
can be used. Due to the range of error inherent in the siZe 
exclusion chromatography method, the percent aggregation 
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as determined by siZe exclusion chromatograph refers to the 
average value in the range of error. 

[0025] In general, the various Ways of combining elements 
to create a stabilized solution are not material to realiZing the 
bene?ts of the invention. The dried protein preparation may 
contain amounts of lipid, and may even be a preparation in 
Which the lipid component is already associated With the 
protein as individuals/small groups or as higher order struc 
tures such as phospholipid bilayer, lamellar or cochleate 
structures. The lipid component can also be introduced 
either as part of a reconstitution solution containing the 
alcohol component or after the dry preparation has been 
reconstituted With the alcohol-containing reconstitution 
medium. If desired, the alcohol may be added to the solution 
after 1) a reconstituted protein solution has been formed, and 
2) the lipid component has bee added. 

[0026] The dried protein preparation is most conveniently 
combined With the protein as a freeZe dried or lyophiliZed 
preparation. It should be noted, hoWever, that a stabiliZed 
solution can be formed from protein Which has not been 
subjected to a drying process. Thus the bene?ts of the 
inventive medium extend not only to reconstituted solutions 
Which have been prepared from dry protein, but also to 
solutions Which have been formed from proteins introduced 
as emulsions, suspensions, or other non-desiccated forms. 

[0027] The proteins Which can be used in the compositions 
and methods of the present invention need only have hydro 
phobic domains Which are accessible. By accessible, it is not 
meant that the hydrophobic domains must alWays be at the 
outer surface of the protein, but the protein must have 
hydrophobic domains such that When the protein is in the 
reconstitution medium, the domains can be positioned, 
through changes in protein conformation, such that they can 
contact lipids Which are part of the medium. The proteins 
Which can be used in the methods and compositions of this 
invention can range greatly in siZe, from peptides having 
feWer than ?fty amino acids and Weighing several kDa, to 
much larger proteins, such as a lysoZyme or FVIII, With 
molecular Weights in excess of 200 kilodaltons. 

[0028] The lipidic molecules Which can be used in the 
compositons and methods of the present invention can vary 
Widely. Phospholipids such as phosphatidyl serine and phos 
phatidyl choline give excellent results. HoWever, in addition 
to aliphatic lipids, lipids containing groups having other 
structures, such as multi-ringed structures including choles 
terol can be used for protection against aggregation. In 
general, the lipid groups need only be long enough to 
interact With hydrophobic domains and stabiliZe, through 
these interactions, protein conformations in Which the 
hydrophobic domains are exposed. 

[0029] The present invention provides compositions com 
prising alcohols. When the compositions are to be used to 
reconstitute formulations intended for administration to 
humans or animals, the alcohols should be such that they can 
be safely administered. Such alcohols include ethanol, glyc 
erol and polyethylene glycol (PEG). Other alcohols, such as 
sugar alcohols, Which can be used include sucrose, glucose, 
mannitol, and trehalose. Some alcohols, such as benZyl 
alcohol, have been shoWn to have some stabiliZing effect on 
lipid/protein solutions, but their toxicity to humans makes 
them of questionable value, except possibly at extremely 
loW concentrations. 
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[0030] The alcohol concentration is less than about 60% 
vol/vol, preferably less than about 20% vol/vol, and even 
more preferably betWeen about 5 and 10% vol/vol, Where 
vol/vol refers to the ratio of volume of alcohol to total 
solution volume (including alcohol) at standard temperature 
and pressure. 

[0031] The protein to lipid ratio can be in the range of 
from about 1:10 to about 1:1 million mol/mol. Preferred is 
a ratio in the range of from about 1:10 to about 1:100,000 
mol/mol. A ratio in the range of from about 1:30 to about 
1:10,000 mol/mol is most preferred. 

[0032] Buffers can be used in concentrations in the range 
of from about 0.5 to 600 mM, With a preferred range of from 
about 5 to about 600 mM for NaCl and from about 0.5 to 
about 10 mM for CaCl2. 

[0033] In a reconstitution solution, the lipid concentration 
should be in the range of from about 0.3 mM to about 40 
mM and preferably in the range 1 mM to 10 mM. 

[0034] The addition of an alcohol can have an anti 
aggregant, anti-adherent effect in solutions Which are quite 
high in protein concentration, even as high as about 5 mg/ml 
per liter. Atypical example of composition is ethanol (1-60% 
vol/vol), protein to lipid (1:30 to 1:10,000 mol/mol) and 
buffer salts containing 5 mM to 600 mM NaCl and/or 0.5 
mM to 10 mM CaCl2. 

[0035] The folloWing examples of composition are given 
for purposes of illustration only and not by Way of limitation 
on the scope of the invention. In the examples, LysoZyme 
Was used as a model protein to investigate the effect of ethyl 
alcohol for folloWing reasons: LysoZyme is a bacteri 
olytic protein is under investigation as a therapeutic agent 
for AIDS, and (ii) detailed structural information is available 
to investigate structure-stability relationships of lysoZyme. 

EXAMPLE 1 

[0036] We have carried out biophysical studies to deter 
mine the effect of ethanol on the secondary and tertiary 
structure of lysoZyme as a function of temperature. Far-UV 
and near-UV circular dichroism (CD) spectrophotometry 
Was used to investigate ethanol dependent changes in con 
formation. Differential Scanning Calorimetry (DSC) Was 
employed to determine the thermodynamic parameters asso 
ciated With the unfolding of the protein. ANS (1,8 anilinon 
aphthalene sulfonate), a ?uorescent probe that partitions into 
hydrophobic domains, Was used to detect the exposure of 
hydrophobic domains that leads to aggregation and precipi 
tation. 

[0037] The unfolding of the protein using thermal stress in 
the presence and in the absence of ethanol is carried out to 
investigate the thermal stability of the protein in ethanol 
buffer mixtures. The lyophiliZed lysoZyme (660 ug/ml) Was 
mixed With (20%) ethanol containing phosphate buffered 
saline (pH 7.4) and the protein Was subjected to thermal 
stress. The conformation and aggregation of the protein Was 
folloWed by CD and turbidity measurements. As a control 
experiment, the lysoZyme dissolved in phosphate buffered 
saline in the absence of ethanol Was also carried out (FIG. 
1). The data shoWs that the presence of ethanol prevents the 
formation of aggregates. 

[0038] In the absence of ethanol, the melting pro?le Was 
distorted especially at temperatures around 65° C. as indi 
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cated in the ?gure. The turbidity measurements and visual 
inspection of the sample indicated the presence of aggre 
gates and precipitates of the protein. In the presence of 
ethanol, the analysis of unfolding pro?le of the protein 
indicated that the melting of the protein folloWs a tWo state 
model and the visual inspection of the sample suggested 
absence of any signi?cant fraction of aggregates or precipi 
tates. 

[0039] In order to get further insight into the stabilization 
of protein in loW solvent concentrations, We eXamined the 
conformation of the protein in the presence of ethanol. In the 
absence of ethanol, the far UV CD spectrum of the protein 
displayed tWo negative bands, one around 220 nm and 
another more intense band around 208 nm. Qualitative 
analysis of the data indicates that the secondary structural 
content of lysoZyme is predominantly ot+[3 and is consistent 
With the 3D structure of the protein At loWer ethanol 
concentrations, (<50% v/v), a small decrease in intensity of 
the CD bands Was observed but the shape of the spectra 
remained unchanged. The data clearly indicates that the 
loWer concentration of ethanol did not induce substantial 
secondary structure of the protein. HoWever, at higher 
ethanol concentrations, (>60% vol/vol), a more pronounced 
increase in intensity of the bands Were observed and this 
intensity change Was accompanied by changes in the spec 
tral characteristics (data not shoWn). Overall, the ratio of the 
negative bands, 220 nm to 208 nm Was closer to unity in 
solutions containing higher ethanol concentration. This 
spectral characteristic clearly indicates that higher ethanol 
concentrations induced more helical structure in the protein. 
The data contribute to the conclusion that ethanol concen 
trations beloW about 60% v/v Would not have an appreciably 
negative effect upon protein function. 

EXAMPLE 2 

[0040] This eXample describes the effect of ethyl alcohol 
on tertiary structure. The near-UV CD spectrum is sensitive 
to the speci?c orientation of the aromatic groups and tertiary 
structure. In 100% aqueous, lysoZyme displayed three posi 
tive bands at 280, 287 and 291 nm; these have been assigned 
to the transitions of Trp residues. In the presence of loWer 
concentrations of ethanol (260% vol/vol), enhancement in 
the CD bands Was observed. In addition, it Was also 
observed that the ratio of the positive peaks at 280 and 287 
nm Was sensitive to the presence of ethanol. HoWever, 
further increase in ethanol concentrations resulted in the loss 
of the CD bands, indicating a lack of any appreciable tertiary 
structure (data not shoWn). 

[0041] Based on the CD results, it is clear that the presence 
of ethanol at loWer concentration has no effect on the 
secondary structure but displayed a slight increase in the 
intensity of the near UV bands. Such increase in near UV 
CD bands may possibly be due to the stabiliZation of the 
native state by solvents. Preferential hydration is a thermo 
dynamic phenomenon that re?ects the inability of organic 
molecules to interact With the proteins and this leads to the 
exclusion of the organic solvents. It has also been shoWn that 
such stabiliZation increases the phase transition temperature. 
In order to determine the mechanism of solvent mediated 
stabiliZation of proteins against aggregation, thermal tran 
sition pro?les Were obtained (Table 1). In aqueous medium, 
the Tm of the protein Was observed around 74.3° C. and is 
consistent With CD studies and other reported results 
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Further analysis of the data revealed that the melting tem 
perature (Tm) and calorimetric enthalpy (AHcal) Were 
dependent on ethanol concentrations; as the ethanol concen 
tration Was increased from 0 to 20% vol/vol, both the Tm 
and AHcal decreased. The observed decrease in Tm may be 
due to the favorable interaction of the solvent molecule With 
the eXposed hydrophobic domains of the unfolded protein. 

EXAMPLE 3 

[0042] In order to determine the eXposure of hydrophobic 
domains associated With the unfolding of the protein, the 
binding of ?uorescence probes such as 1,8 anilinonaphtha 
lene sulfonate (ANS) Was investigated. In aqueous medium, 
the ?uorescence intensity of the probe increased as the 
protein unfolded indicating the eXposure of hydrophobic 
domains as the protein unfolded. The estimation of the Tm 
based on such pro?le Was around 74° C. and is consistent 
With thermal denaturation studies and previously published 
results. But in the presence of loW concentrations of ethanol, 
the Tm and eXposure of hydrophobic domains Was found to 
occur at loWer temperature. For eXample, at 50° C., the 
?uorescence intensity of the probe bound to protein in 
aqueous environment increased by 10% over that of the 
unfolded state, Whereas the presence of 20% ethanol the 
?uorescence intensity of the probe increased by 30%. In 
order to account for the contribution of solvent enhanced 
?uorescence, the initial ?uorescence intensity of the probe 
Was normaliZed and the temperature dependent effects Were 
calculated as percent change rather than absolute ?uores 
cence intensity. The decrease in Tm and eXposure of hydro 
phobic domains in solvent containing solutions is possibly 
because as the protein unfolds, hydrophobic residues come 
into contact With clusters of solvent molecules, thus ther 
modynamically favoring the eXposure of hydrophobic 
domains. But such eXposure of hydrophobic domains in 
aqueous environment may lead to aggregation of the protein. 

[0043] Since the eXposure of hydrophobic domains lead to 
the aggregation of the protein, clustering of solvent mol 
ecules around the hydrophobic residues prevent the aggre 
gation (FIG. 1. In case the processing and storage of freeZe 
dried protein results in denaturation of the protein, the 
reconstitution medium containing loW solvent concentra 
tions may prevent the surface adsorption and aggregation of 
the protein. Further, denaturation during reconstitution due 
to agitation, shaking, formation of foam and froth and the 
contact of the protein With air-aqueous interfaces may be 
minimiZed by solvent exposure. The combination of solvent 
and speci?c ions may also promote the refolding of the 
protein to the native conformation (data not shoWn) as the 
role of speci?c ions in the refolding process is Well docu 
mented. 

[0044] The data lend support to the conclusion that the 
presence of small quantities of the solvent minimiZe the 
denaturation and aggregation by clustering around the 
hydrophobic residues of the unfolded protein, and loW levels 
of alcohol can prevent aggregation of denatured protein. 

EXAMPLE 4 

[0045] This eXample describes the effect of reconstitution 
medium (solvent and buffer salts) on lipid structure. In order 
to determine the effect of ethanol containing buffer system 
on the structure and dynamics of liposomal structures, DSC 
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thermal pro?les in the presence and in the absence of ethanol 
Was carried out. In the absence of ethanol, the main transi 
tion temperature Was observed at 23° C. and is consistent 
With the previous studies reported by others. In the presence 
of ethanol, the transition peak Was broadened and a shift in 
the temperature Was observed. Such effects are consistent 
With ethanol inducing packing defects in the bilayer orga 
niZation, and thus lend support for the conclusion that 
ethanol induces such packing defects. The effect of ethanol 
on protein appears to be to expose the hydrophobic domains 
and it in?uences the packing defects in bilayer. This effect 
can promote the interaction of protein (exposed hydrophobic 
domains) With lipid bilayer (packing defects) increasing the 
encapsulation ef?ciency of proteins in liposomes. 

EXAMPLE 5 

[0046] The effect of ethanol on the bilayer structure and 
dynamics of Dimyristoyl Phosphatidylcholine Was carried 
out. 6.84 mg of DMPC dissolved in chloroform, Was evapo 
rated to form a thin dry ?lm on the Walls of a round bottom 
?ask or Kimax tubes. The dry ?lm Was rehydrated in 10% 
ethanol and phosphate buffered saline (FIG. 2). The addition 
of ethanol to DMPC vesicles resulted in the shift and 
broadening of the main transition temperature indicating that 
ethanol causes packing defects of the bilayer. 

EXAMPLE 6 

[0047] The physical stability and aggregation of 20 ug/ml 
of FVIII Was monitored in the presence of PS in 25 mM 
TRIS, CaCl2 and 100-300 mM NaCl. The conformation and 
aggregation of the protein Was folloWed by CD measure 
ments (FIG. 3). In the presence of lipid, the aggregation of 
Factor VIII Was reduced. 

EXAMPLE 7 

[0048] This example shoWs the effect of calcium on the 
formation of cochleate and bilayer structures. PS With 
shorter chain lipids (less that 12 carbon atoms) tends to form 
micelles While PS With longer chain lipids (12 or more 
carbons) tends to form cochleates. Further, in a mixture of 
PC and PS, if the proportion of PC is more, liposomes and 
bilayers are preferentially formed. 

[0049] This example shoWs ?uorescence spectra acquired 
on an SLM 8000C or a PTI Quanta Master spectro?uorom 
eter for cochleate and other bilayer structures (FIG. 4). 
Emission spectra Were acquired over the range of 425 to 550 
nm, using a slit Width of 4 m on the excitation and emission 
paths. Correction for the inner ?lter effect Was performed by 
appropriate procedures Samples Were maintained at the 
desired temperature using a Water bath (Neslab RTE 110, 
NESLAB Instruments Inc, NeWington, Spectra Were 
corrected through the use of an internal reference and further 
processed using softWare provided by the manufacturer. The 
effect of Ca2+ PS interaction Was monitored by Laurdan 
?uorescence. The ?uorescence emission spectra of Laurdan 
Was sensitive to the formation of lamellar, cochleate phases 
(FIG. 4). The presence of Ca2+ ions promote the formation 
of lipid molecular assemblies such as cochleate phases. 

EXAMPLE 8 

[0050] Hen egg-White lysoZyme Was purchased from 
Sigma (St Louis Mo.) as a crystalliZed dialyZed and lyo 
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philiZed poWder (Batch No: 57M7045). Recombinant FVIII 
Was expressed in COS-7 cells and puri?ed by chromatog 
raphy. The lipids Were purchased from Avanti Polar lipids 
(Alabaster Ala.). Spectroscopy grade solvents Were pur 
chased from Pharmaco Inc (Brook?eld, Conn.) and used 
Without further puri?cation. ANS (1-anilino-8-naphthalene 
sulfonate) abd Laurdan (a probe of hydrophobic domains, 
Was purchased from Molecular Probes Inc. (Eugene Oreg.). 
The ethanol-aqueous mixtures Were prepared by mixing 
appropriate volumes of respective solvents and the total 
volume estimated as described in USP. 

EXAMPLE 9 

[0051] CD spectra Were acquired on a JASCO J715 spec 
tropolarimeter calibrated With d10 camphor sulfonic acid. 
Temperature scans Were acquired using a Peltier 300 RTS 
unit and the melting pro?les Were generated using softWare 
provided by the manufacturer. The spectra Were acquired at 
heating rates of 60° C./hr and 15° C./hr. The data presented 
in FIG. 1 is acquired using 60° C./hr heating rate and for 
FIG. 3, the heating rate Was 15° C./hr. For all the samples, 
a 10 mm cuvette Was used to acquire the data. Samples Were 
scanned in the range of 260 to 200 nm for secondary 
structural analysis, and the protein concentration used Was 
20 pig/ml (FIG. 3). For near UV CD studies, the spectra Were 
acquired in the range of 360 to 270 nm, and the protein 
concentration used Was 0.66 mg/ml (FIG. 1). CD spectra of 
the protein Were corrected by subtracting the spectrum of the 
solvent alone, and multiple scans Were acquired and aver 
aged to improve signal quality. The melting pro?les Were 
used to determine the stability of the protein. 

EXAMPLE 10 

[0052] A tWo-state unfolding model Was applied to ana 
lyZe the equilibrium unfolding data. Each unfolding curve 
Was normaliZed to the apparent fraction of the unfolded form 
(F ), using the relationship: 

F .pp=(YQbS-Ym.)/ (Yunf_ Y1...) 

[0053] Where YObs is the ellipticity (at 220 nm or 290 nm) 
at a given temperature, and Yunf and Ynat are the spectral 
values for unfolded and native structures, respectively. Yunf 
and Ynat are obtained by performing a linear regression 
analysis of the spectrum plateau region at high and loW 
temperatures, respectively. 

app 

EXAMPLE 11 

[0054] rFVIII clotting activity Was determined by one 
stage activated partial thromboplastin time (APTT) assay 
using microniZed silica as activator and FVIII de?cient 
plasma as the substrate. The APTT assay Was performed 
using a COAG-A-MATE coagulation analyZer (Organon 
Teknika Corporation, Durham, NC). Brie?y, rFVIII Was 
added to FVIII de?cient plasma and the clotting time Was 
monitored. The activity of the rFVIII Was then obtained 
from calibration curve constructed using the clotting times 
determined from various dilutions of a lyophiliZed reference 
concentrate of knoWn activity. The concentration of the 
protein Was determined independently using Bicinchoninic 
acid (BCA) assay and compared With activity. For example, 
all the 20-22 pig/ml of the protein corresponds to speci?c 
activity of 87-95 .6 IU. The stock solution used to prepare the 
samples had a speci?c activity of 2174 IU/0.5 mg/ml. The 
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data is shown in FIG. 3. The activity assay showed that the 
presence of lipidic particles did not alter the activity of 
Factor VIII. 

EXAMPLE 12 

[0055] ANS (1-anilino-8-naphthalene sulfonate) Was dis 
solved at 1 mg/ml containing 2% ethanol, and a small 
volume Was added to a solution of 10 pM of lysoZyme in 
Water, to give a ?nal probe concentration of 0.3 pM. The 
initial ?uorescence intensity of the probe Was normaliZed to 
account for the general solvent effects of ethanol on ?uo 
rescence measurements. The data indicated that the presence 
of ethanol results in the exposure of hydrophobic domains of 
the protein. 

EXAMPLE 13 

[0056] Differential Scanning Calorimetric studies Were 
carried out on a Perkin-Elmer DSC-7 instrument With 
samples sealed in aluminum pans. The instrument Was 
calibrated With standard samples covering a Wide range of 
temperatures. Thermograms Were recorded using a heating 
rate of 5° K./min (FIG. 2). For each thermogram, 14 pL of 
a 40 mM liposome solution Was used. Samples Were kept at 
the initial load temperature (15° C.) for 5 minutes before 
each experiment. The peak area and thermodynamic param 
eters Were calculated using softWare options provided by the 
manufacturer. Ethanol induces changes in the structure and 
dynamics of bilayer structures. 

EXAMPLE 14 

[0057] The activity of lysoZyme Was determined by mea 
suring the catalytic activity of the protein as described 
earlier (10,11). The protein Was diluted 20 times into an 
assay mixture containing a pre?ltered cell suspension of 
0.16 mg/ml of M. lysodeikticus and the change in absorbance 
at 450 nm Was monitored for the bacteriolytic activity of the 
protein. Control experiments Were performed for the rel 
evant ethanol concentrations and the data indicated that the 
presence of ethanol did not interfere With the activity of the 
protein. 

EXAMPLE 15 

[0058] The particle siZe of the aggregated protein Was 
determined using NICOMP 315 particle siZer and the tur 
bidity Was measured using VARIAN spectrometer. The 
particle siZe distribution Was analyZed using both Gaussian 
and NICOMP analysis for unimodal and bimodal distribu 
tion. The siZe of the standard latex beads Were measured 
prior to each measurement. For turbidity measurements, the 
OD at 350 nm Was folloWed as function of temperature. 

EXAMPLE 16 

[0059] The relative fraction of aggregated protein Was 
determined using siZe exclusion chromatography (SEC). 
High Performance SiZe Exclusion Chromatography (HP 
SEC) Was performed using Biosep SEC S4000 (4.6 
mm><300 The analytical column Was maintained at 20° 
C. using a ShimadZu CTO-10AC column oven. Chromato 
graph comprised of a Waters 510 HPLC Pump, Rheodyne 
injector With a 50 pl PEEK sample loop and Hitachi F1050 
?uorescence detector. Elution of protein Was monitored 
using the intrinsic ?uorescence of rFVIII. Excitation and 
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emission Were set at 285 nm and 335 nm respectively to 
monitor the elution of the protein. Gel ?ltration Was carried 
out under isocratic conditions at a ?oW rate of 0.4 ml/min 
using an aqueous buffer consisting of 25 mM Tris, 5 mM 
CaCl2 and 300 mM NaCl, pH=7.0. The exclusion volume for 
the column used eluted out at 5.1 minutes as determined 
using aggregated protein standard. 

EXAMPLE 17 

[0060] This example describes the formation of lipid 
molecular assemblies such as micelle formation in the 
absence of protein after reconstitution using Ca2+ ions in the 
reconstitution medium Which does not contain alcohol. The 
formation of lipid molecular assemblies such as micelle 
formation Were monitored using diphenyl-1-3-5-hexatriene 
(DPH) ?uoresecnce. DPH ?uorescence Was measured using 
a PTI-Quantamaster ?uorescence spectrophotometer (Pho 
ton Technology International, LaWrenceville, N] at kexcita 
tion of 360 nm and kemission of 430 nm. Excitation and 
emission slit Widths Were set at 2 nm. Avariable path length 
cuvette Was used to minimiZe the inner ?lter effect. Samples 
Were also monitored using a Submicron Particle SiZer, 
Nicomp-380 (Particle SiZing Systems, Santa Barbara, Calif.) 
to determine the particle siZe and detect presence of micelles 
at loW concentrations of lipid not detectable by DPH ?uo 
rescence. Data Analysis: DPH ?uorescence intensity Was 
plotted against the concentration of lipid. Individual linear 
regressions Were performed for the tWo linear portions of the 
plots (before and after CMC) and linear equations Were 
obtained. The point of intersection of these tWo lines is the 
CMC for the lipid. The CMC Was obtained using the 
folloWing expression: 

CMC: 

[0061] Where, C1, C2 are intercepts and m1, m2 are the 
slopes obtained from each individual regression performed 
on the data. 

[0062] The aqueous buffer Was comprised of 25 mM tris, 
300 mM NaCl and 5 mM CaCl2 (Tris buffer). Calcium 
chloride Was excluded from the buffer for experiments 
conducted With no Ca2+ ions. Aqueous solutions of dried 
DCPS (1 ml) containing various concentrations of lipid (1.0, 
2.0, 2.5, 3.0, 3.5, and 4.0 mM) Were prepared and mixed 
With 1 pl of 0.005 M diphenyl-1-3-5-hexatriene (DPH) 
solution. Use of DPH as a probe to measure CMC depends 
upon its property to preferentially partition into lipidic 
structures (vesicles, micelles etc.) With a simultaneous 
increase in the ?uorescence intensity. For lipids having a 
tendency to form micelles, at lipid concentrations beloW the 
CMC the DPH exhibits loW ?uorescence intensity Which is 
almost independent of lipid concentration. Beyond the 
CMC, DPH ?uorescence intensity increases and shoWs a 
strong dependence on lipid concentration (data not shoWn). 
The CMC of DCPS as determined using DPH in presence 
and absence of Ca2+ Was 2.30 mM and 2.96 mM respec 
tively. Presence of calcium leads to the loWering of DCPS 
CMC. Also observed in presence of calcium beyond the 
CMC of DCPS Was the formation of a White ?occular 
precipitate Which could be very large aggregates of DCPS 
micelles. 
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EXAMPLE 18 

[0063] This example describes the effect of inclusion of 
protein in the composition of Example 17 on the formation 
of micelles after reconstitution using Ca2+ ions rFVIII (10 
pig/ml) Was reconstituted With tris buffer containing appro 
priate concentrations much beloW CMC, 50, 100 and 800 
uM of DCPS. SEC pro?le of rFVIII shoWs a single broad 
peak at 7 minutes. Further, rFVIII can interact With DCPS 
(both molecular and micellar forms) oWing to its interaction 
With phosphoserine head group of DCPS. Interaction of 
rFVIII With the molecular form of DCPS causes no signi? 
cant changes in the molecular volume of the protein. The 
interaction of rFVIII With micellar forms of DCPS Would 
hoWever result in a signi?cant increase in the molecular 
volume of the protein, Which Would result in the elution of 
rFVIII With the exclusion volume in SEC. As determined 
using particle siZe analyZer DCPS appears to form micelles 
above 1 mM concentrations. Hence, at concentrations of 50, 
100 and 800 uM DCPS very little change in the SEC pro?le 
of rFVIII may be expected. HoWever the SEC pro?les of 
rFVIII in presence of 800 and 100 uM DCPS shoWed that 
signi?cant amounts of rFVIII Were detected in the exclusion 
volume. The results from the above studies indicate that 
interaction of Ca2+ and rFVIII With DCPS can reduce the 
CMC of DCPS. This and the previous example indicate that 
in the presence of protein loWer concentrations of lipid are 
required to form micelles. 

[0064] While this invention has been described by using 
speci?c embodiments, routine modi?cations to the methods 
and compositions described herein Will be apparent to those 
skilled in the art and intended to be Within the scope of the 
present invention. 
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What is claimed is: 
1) A reconstitution medium for the reconstitution of dried 

protein comprising one or more alcohols, one or more lipids, 
and a buffer With a physiological pH, Wherein the lipid 
content is in the range of from about 0.3 mM to about 40 
mM, the buffer concentration is in the range of from about 
0.5 mM to about 600 mM and the ethanol content is less than 
about 60% vol/vol. 

2) Areconstitution medium as in claim 1 Wherein said one 
or more alcohols has a concentration Which is less than about 
20% vol/vol. 

3) Areconstitution medium as in claim 1 Wherein said one 
or more alcohols has a concentration Which is in the range 
of from about 5% vol/vol to about 10% vol/vol. 

4) Areconstitution medium as in claim 1 Wherein said one 
or more alcohols includes ethanol, polyethylene glycol, or 
glycerol. 

5) Areconstitution medium as in claim 1 Wherein said one 
or more lipids includes phosphatidyl serine or phosphatidyl 
choline. 

6) A reconstitution medium as in claim 1 Wherein said 
reconstitution medium includes ethanol. 

7) A reconstitution medium as in claim 5 Wherein said 
reconstitution medium includes ethanol. 

8) A reconstitution medium as in claim 7 containing 
phosphatidyl serine or phosphatidyl choline. 

9) A method for forming a protein solution Which com 
prises combining a medium comprising one or more alco 
hols, one or more lipids, and a buffer With a physiological 
pH, Wherein the lipid content is in the range of from about 
0.3 mM to about 40 mM, the buffer concentration is in the 
range of from about 0.5 mM to about 600 mM and the 
ethanol content is less than about 60% vol/vol. With a 
preparation comprised of a protein, Wherein all of the 
circular dichroism spectral bands characteristic of the ter 
tiary structure of the protein are present. 

10) A method of claim 9 Wherein the alcohol content is 
less than about 20 vol/vol %, Wherein all of the circular 
dichroism spectral bands due to tertiary structure of the 
protein are present. 

11) Amethod of claim 9 Wherein the alcohol content is in 
the range of from about 5 vol/vol % to about 10 vol/vol %, 
Wherein all of the circular dichroism spectral bands due to 
tertiary structure of the protein are present. 

12) A method for the reconstitution of a protein prepara 
tion to produce a stabiliZed protein solution, said method 
comprising: 
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combining 
a) said protein preparation, and 

b) a reconstitution medium, 

to form a reconstituted protein solution, said reconstitu 
tion medium comprising an alcohol and being buffered 
to a physiological pH, such that feWer than 30% of the 
dissolved protein forms aggregates as determined by 
siZe-eXclusion chromatograph. 

13) A method as in claim 12 Wherein the protein prepa 
ration contains one or more lipids. 

14) A method as in claim 12 Wherein said reconstitution 
medium contains one or more lipids. 

15) A method as in claim 12 Which further comprises 
adding one or more lipids to said reconstituted protein 
solution. 
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16) A method as in claim 12 Wherein said stabiliZed 
protein solution contains one or more lipids. 

17) A method as in claim 16 Wherein said alcohol is 
ethanol, polyethylene glycol or glycerol. 

18) A method as in claim 17 Wherein at least one of said 
lipids is phosphatidyl serine or phosphatidyl choline. 

19) A method as in claim 12 Wherein said protein prepa 
ration is a dry protein preparation. 

20) A method as in claim 19 Wherein said dry protein 
preparation contains one or more lipids Which are associated 

With the protein as lipidic molecular assemblies or other 

protein-lipid complexes. 


