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HIGH VISCOSITY LIQUID CONTROLLED 
DELIVERY SYSTEM AND MEDICAL OR 

SURGICAL DEVICE 

[0001] This application claims bene?t of the ?ling date of 
US. Ser. No. 09/699,002, ?led Oct. 26, 2000, Which is a 
divisional of US. Ser. No. 09/385,107, ?led Aug. 27, 1999, 
noW US. Pat. No. 6,413,536, Which claims bene?t of the 
?ling date of US. Ser. No. 08/944,022, ?led Sep. 15, 1997, 
noW US. Pat. No. 5,968,542, Which is a continuation-in-part 
ofUS. Ser. No. 478,450, ?led Jun. 7, 1995, noW abandoned, 
and Which is a continuation-in-part of US. Ser. No. 08/474, 
337, ?led Jun. 7, 1995, noW US. Pat. No. 5,747,058, the 
entire contents of each of Which are hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to novel nonpolymeric 
compounds and compositions that form liquid, high viscosity 
materials suitable for the delivery of biologically active sub 
stances in a controlled fashion, and for use as medical or 
surgical devices. The materials can optionally be diluted With 
a solvent to form a material of loWer viscosity, rendering the 
material easy to administer. This solvent may be Water 
insoluble or Water soluble, Where the Water soluble solvent 
rapidly diffuses or migrates aWay from the material in vivo, 
leaving a higher viscosity liquid material. 
[0004] 2. Description of RelatedArt 
[0005] There has been extensive research in the area of 
biodegradable controlled release systems for bioactive com 
pounds. Biodegradable matrices for drug delivery are useful 
because they obviate the need to remove the drug-depleted 
device. 
[0006] The most common matrix materials for drug deliv 
ery are polymers. The ?eld of biodegradable polymers has 
developed rapidly since the synthesis and biodegradability of 
polylactic acid Was reported by Kulkarni et al., in 1966 
(“Polylactic acid for surgical implants,” Arch. Surg, 93:839). 
Examples of other polymers Which have been reported as 
useful as a matrix material for delivery devices include poly 
anhydrides, polyesters such as polyglycolides and polylac 
tide-co-glycolides, polyamino acids such as polylysine, poly 
mers and copolymers of polyethylene oxide, acrylic 
terminated polyethylene oxide, polyamides, polyurethanes, 
polyorthoesters, polyacrylbnitriles, and polyphosphaZenes. 
See, for example, US. Pat. Nos. 4,891,225 and 4,906,474 to 
Langer (polyanhydrides), 4,767,628 to Hutchinson (polylac 
tide, polylactide-co-glycolide acid), 4,530,840 to Tice, et al. 
(polylactide, polyglycolide, and copolymers), and 5,234,520 
(Dunn et al., biodegradable polymers for controlled delivery 
in treating periodontal disease). 
[0007] Degradable materials of biological origin are Well 
knoWn including, for example, crosslinked gelatin. Hyalu 
ronic acid has been crosslinked and used as a degradable 
sWelling polymer for biomedical applications (US. Pat. No. 
4,957,744 to Della Valle et al.; (1991) “Surface modi?cation 
of polymeric biomaterials for reduced thrombogenicity,” 
Polym. Mater. Sci. Eng, 62: 731-735]). 
[0008] Biodegradable hydrogels have also been developed 
for use in controlled drug delivery as carriers of biologically 
active materials such as hormones, enZymes, antibiotics, anti 
neoplastic agents, and cell suspensions. Temporary preserva 
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tion of functional properties of a carried species, as Well as the 
controlled release of the species into local tissues or systemic 
circulation, have been achieved. See for example, US. Pat. 
No. 5,149,543 to Cohen. Proper choice of hydrogel mac 
romers can produce membranes With a range of permeability, 
pore siZes and degradation rates suitable for a variety of 
applications in surgery, medical diagnosis and treatment. 
[0009] Many dispersion systems are currently in use as, or 
being explored for use as, carriers of substances, particularly 
biologically active compounds. Dispersion systems used for 
pharmaceutical and cosmetic formulations can be catego 
riZed as either suspensions or emulsions. Suspensions are 
de?ned as solid particles ranging in siZe from a feW nanom 
eters up to hundreds of microns, dispersed in a liquid medium 
using suspending agents. Solid particles include micro 
spheres, microcapsules, and nanospheres. Emulsions are 
de?ned as dispersions of one liquid in another, stabiliZed by 
an interfacial ?lm of emulsi?ers such as surfactants and lip 
ids. Emulsion formulations include Water in oil and oil in 
Water emulsions, multiple emulsions, micro emulsions, 
microdroplets, and liposomes. Microdroplets are unilamellar 
phospholipid vesicles that consist of a spherical lipid layer 
With an oil phase inside, as de?ned in US. Pat. Nos. 4,622, 
219 and 4,725,442 issued to Haynes. Liposomes are phos 
pholipid vesicles prepared by mixing Water-insoluble polar 
lipids With an aqueous solution. The unfavorable entropy 
caused by mixing the insoluble lipid in the Water produces a 
highly ordered assembly of concentric closed membranes of 
phospholipid With entrapped aqueous solution. 
[0010] US. Pat. No. 4,938,763 to Dunn, et al., discloses a 
method for forming an implant in situ by dissolving a non 
reactive, Water insoluble thermoplastic polymer in a biocom 
patible, Water soluble solvent to form a liquid, placing the 
liquid Within the body, and alloWing the solvent to dissipate to 
produce a solid implant. The polymer solution can be placed 
in the body via syringe. The implant can assume the shape of 
its surrounding cavity. In an alternative embodiment, the 
implant is formed from reactive, liquid oligomeric polymers 
Which contain no solvent and Which cure in place to form 
solids, usually With the addition of a curing catalyst. 
[001 1] While a number of materials have been evaluated for 
use in the controlled delivery of substances, there remains a 
need to provide more simple systems With loW toxicity for the 
controlled delivery of substances. The delivery systems 
described above, for example, require the preparation of poly 
mers and loaded polymeric matrices, or hydrogels, or other 
complex or fragile compositions. In particular, there is a need 
to provide a liquid-based delivery system that is easily for 
mulated With a substance to be delivered and easily adminis 
tered. 
[0012] Therefore, it is an object of the invention to provide 
a simple system for the delivery of substances. 
[0013] It is another object of the invention to provide a 
liquid-based delivery system that is easily formulated With a 
substance to be delivered and easily administered. 
[0014] It is another object of the present invention to pro 
vide a method for the controlled delivery of substances in a 
simple liquid-based system. 

SUMMARY OF THE INVENTION 

[0015] The invention relates to compounds, and to compo 
sitions containing them, as Well as to methods of using these 
compounds and compositions as delivery vehicles, for 
example as controlled delivery vehicles, for substances, such 
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as bioactive substances. The invention also relates to these 
compounds, compositions, and methods of using them as 
medical or surgical devices, such as medical or surgical 
implants, ?lms, or graft compositions. The compositions are 
generally in liquid form, and contain at least one non-Water 
soluble, high viscosity, liquid carrier material. 
[0016] In one aspect, the invention relates to a liquid com 
position for the delivery of biologically active substances 
having (a) a non-polymeric, non-Water soluble high viscosity 
liquid carrier material having a viscosity of at least 5,000 cP 
at 37° C. that does not crystallize neat under ambient or 
physiological conditions, and is present in an amount from 
about 99.5 percent to about 1 percent by Weight, more par 
ticularly from about 95 percent to about 10 percent by Weight, 
relative to the total Weight of the composition; and (b) a 
biologically active substance. 
[0017] In another aspect, the invention relates to a liquid 
composition for the delivery of biologically active substances 
having (a) a non-polymeric, non-Water soluble high viscosity 
liquid carrier material having a viscosity of at least 5,000 cP 
at 37° C. that does not crystallize neat under ambient or 
physiological conditions; (b) a biologically active substance; 
and (c) a solvent in Which the non-polymeric non-Water 
soluble liquid carrier material is soluble. 
[0018] In another aspect, the invention relates to a liquid 
composition for the delivery of biologically active substances 
having (a) a non-polymeric, non-Water soluble high viscosity 
liquid carrier material having a viscosity of at least 5,000 cP 
at 37° C. that does not crystallize neat under ambient or 
physiological conditions; (b) a biologically active substance; 
and (c) an additive. 

[0019] In another aspect, the invention relates to a liquid 
composition for the delivery of biologically active substances 
having (a) a non-polymeric, non-Water soluble high viscosity 
liquid carrier material having a viscosity of at least 5,000 cP 
at 37° C. that does not crystallize neat under ambient or 
physiological conditions; (b) a biologically active substance; 
and (c) a solvent in Which the non-polymeric non-Water 
soluble liquid carrier is soluble, and (d) an additive. 
[0020] In another aspect, the invention relates to a liquid 
composition for the delivery of biologically active substances 
and suitable for topical, systemic, parenteral, rectal, vaginal, 
nasal, pericardial, or oral administration, or a combination 
thereof, having (a) a non-polymeric, non-Water soluble high 
viscosity liquid carrier material having a viscosity of at least 
5,000 cP at 37° C. that does not crystallize neat under ambient 
or physiological conditions; and (b) a biologically active sub 
stance. 

[0021] In another aspect, the invention relates to a liquid 
composition for the delivery of biologically active substances 
having (a) a non-polymeric, non-Water soluble high viscosity 
liquid carrier material having a viscosity of at least 5,000 cP 
at 37° C. that does not crystallize neat under ambient or 
physiological conditions; (b) a biologically active substance; 
and (c) a loWer viscosity liquid carrier material. 
[0022] In another aspect, the invention relates to a liquid 
composition for the delivery of biologically active substances 
having (a) a non-polymeric, non-Water soluble high viscosity 
liquid carrier material having a viscosity of at least 5,000 cP 
at 37° C. that does not crystallize neat under ambient or 
physiological conditions; and (b) a biologically active sub 
stance useful for agricultural, human therapy, veterinary, or 
pesticidal purposes, or a combination thereof. 
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[0023] The carrier material may comprise a nonpolymeric 
ester or mixed ester of one or more carboxylic acids. In 

particular, the carrier material can have a viscosity of at least 
5,000 cP at 37° C. In addition, the carrier material may pos 
sess the property that it does not crystallize neat under ambi 
ent or physiological conditions. 

[0024] The compositions can be dissolved in a physiologi 
cally acceptable solvent to loWer their viscosity, rendering 
them easier to administer. After administration of composi 
tions containing Water-soluble solvents, hoWever, the solvent 
diffuses or otherWise dissipates aWay from the material, 
Which thus increases signi?cantly in viscosity, and thereby 
forms a controlled release matrix for a bioactive substance, or 
a medical or surgical implant, ?lm, or graft. Non-Water 
soluble solvents may also be used, but Will diffuse aWay from 
the nonpolymeric ester or mixed ester much more sloWly. 

[0025] Dissolution in solvent is particularly useful With 
nonpolymeric esters or mixed esters having very high viscosi 
ties, e.g., on the order ofl00,000 cP at 37° C. Some nonpoly 
meric esters or mixed esters suitable for use in the invention, 
While having viscosities above 5,000 cP at 37° C., are not as 
viscous, and may be administered neat, i.e., Without the addi 
tion of a solvent. 

[0026] In another aspect, the invention relates to a method 
of administering a biologically active substance to a plant or 
an animal (including humans) by administering to the plant or 
animal a composition containing a non-Water soluble, high 
viscosity, liquid carrier material comprising a nonpolymeric 
ester or mixed ester of one or more carboxylic acids, having a 
viscosity of at least 5,000 cP at 37° C., that does not crystallize 
neat under ambient or physiological conditions and a biologi 
cally active substance. The particular method of administra 
tion may vary, and may include topical, oral (e.g., as a solu 
tion, emulsion, or in a gelatin capsule), nasal, pulmonary, 
rectal, vaginal, or inj ectable routes for animals, and topical or 
injectable routes for plants. 
[0027] In another aspect, the invention relates to a medical 
or surgical implant, ?lm, or graft composition containing a 
non-Water soluble, high viscosity, liquid carrier material 
comprising a nonpolymeric ester or mixed ester of one or 
more carboxylic acids, having a viscosity of at least 5,000 cP 
at 37° C., that does not crystallize neat under ambient or 
physiological conditions. 
[0028] In yet another aspect, the invention relates to a 
method for the in vivo formation of an implant, ?lm, or graft 
in a patient in need thereof, including: 
[0029] (l) contacting With the tissue of the patient a mixture 
containing: 

[0030] (a) a non-Water soluble, high viscosity, liquid car 
rier material comprising a nonpolymeric ester or mixed 
ester of one or more carboxylic acids, having a viscosity 
of at least 5,000 cP at 37° C., that does not crystallize 
neat under ambient or physiological conditions; and 

[0031] (b) a solvent in Which the non-polymeric, non 
Water soluble liquid carrier material is soluble; 

Wherein the mixture has a viscosity of less than the viscosity 
of the high viscosity liquid carrier material; and 
[0032] (2) alloWing the solvent to dissipate or diffuse into 
the tissue of the patient, thereby forming an implant, ?lm, or 
graft of the non-polymeric, non-Water soluble, high viscosity 
liquid carrier material. In an even more particular aspect of 
the invention, the mixture has a viscosity of less than approxi 
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mately 6,000 cP, more particularly less than approximately 
4,000 cP, even more particularly, less than approximately 
1,000 cP, at 37° C. 
[0033] In yet another aspect, the invention relates to novel 
compounds having a structure selected from the group con 
sisting of: 

Wherein R1, R2, and R3 are independently selected from the 
group consisting of hydrogen, alkanoyl having 2 to 6 carbons, 
hydroXy-substituted alkanoyl having 2 to 6 carbons, and acy 
loXy-substituted alkanoyl having 2 to 6 carbons, Wherein n is 
between 1 and 20, and Wherein at least one of R1, R2, and R3 
is other than hydrogen; 

Rlwi(CH2)nA)iR2 111 

wherein n is an integer betWeen 4 and 8, and R1 and R2 are 
independently selected from the group consisting of hydro 
gen, alkanoyl having 2 to 6 carbons, hydroXy-substituted 
alkanoyl having 2 to 6 carbons, and acyloXy-substituted 
alkanoyl having 2 to 6 carbons, and Wherein at least one of R1 
and R2 is other than hydrogen; 

Wherein R1, R2, R3, R4, and R5 are independently selected 
from the group consisting of hydrogen, alkanoyl having 2 to 
6 carbons, hydroXy-substituted alkanoyl having 2 to 6 car 
bons, and acyloXy-substituted alkanoyl having 2 to 6 carbons, 
and Wherein at least one of R1, R2, R3 , R4, and R5 is other than 
hydrogen; 

Jun. 26, 2008 

Wherein R1, R2, R3, R4, R5, and R6 are independently selected 
from the group consisting of hydrogen, alkanoyl having 2 to 
6 carbons, hydroXy-substituted alkanoyl having 2 to 6 car 
bons, and acyloxy-substituted alkanoyl having 2 to 6 carbons, 
and Wherein at least one of R1, R2, R3, R4, R5 , and R6 is other 
than hydrogen; 

VIII 

CH2—OR2 

Wherein R1, R2, R3 , and R4 are independently selected from 
the group consisting of hydrogen, alkanoyl having 2 to 6 
carbons, hydroXy-substituted alkanoyl having 2 to 6 carbons, 
and acyloxy-substituted alkanoyl having 2 to 6 carbons, and 
Wherein at least one of R1, R2, R3, and R4 is other than 
hydrogen. 
[0034] In a more particular aspect, the novel compound has 
the structure: 

Wherein R1, R2, R3, and R4 are independently selected from 
the group consisting of hydrogen, alkanoyl having 2 to 6 
carbons, hydroXy-substituted alkanoyl having 2 to 6 carbons, 
and acyloxy-substituted alkanoyl having 2 to 6 carbons, and 
Wherein at least one of R1, R2, R3, and R4 is other than 
hydrogen. 
[0035] The liquid compositions of the invention can be 
used in any of the utilities or applications disclosed for 
HVLCM or LVLCM in Us. Pat. Nos. 5,968,542 and 5,747, 
058, the entire contents of each of Which are hereby incorpo 
rated by reference. 

BRIEF DESCRIPTION OF DRAWINGS 

[0036] The invention can be better understood by reference 
to the folloWing illustrative draWings, Which are intended to 
illustrate and not to limit the scope thereof. 
[0037] FIG. 1 is a graph shoWing the cumulative release 
pro?les for bupivacaine from decaglycerol tetraoleate and 
from a 1,6-hexanediol lactate e-hydroxycaproic acid accord 
ing to the invention. 
[0038] FIG. 2 is a graph shoWing the cumulative release 
pro?le for estradiol from a glycerol lactate glycolate accord 
ing to the invention. 
[0039] FIG. 3 is a graph shoWing the cumulative release 
pro?le for progesterone from a l,6-hexanediol lactate glyco 
late according to the invention. 
[0040] FIG. 4 is a graph shoWing the cumulative release 
pro?le for lysoZyme from hexaglycerol dioleate and a glyc 
erol lactate glycolate according to the invention. 
[0041] FIG. 5 is a graph shoWing the cumulative release of 
cromolyn sodium from poly(carpolactone) particles sus 
pended in an SAIB/benZyl benZoate formulation according to 
the invention. 



US 2008/0152708 A1 

[0042] FIG. 6 is a graph showing the cumulative release of 
cromolyn sodium from a formulation of SAIB/benZyl ben 
Zoate containing polymer additive according to the invention. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

Non-Water-Soluble, High Viscosity, Liquid Carrier Material 
[0043] The high viscosity liquid carrier material should be 
selected that is non-polymeric, non-Water soluble, and has a 
viscosity of at least 5,000 cP, (and optionally at least 10,000, 
15,000; 20,000; 25,000 or even 50,000 cP) at 37° C. that does 
not crystallize neat under ambient or physiological condi 
tions. The term “non-Water soluble” refers to a material that is 
soluble in Water to a degree of less than one percent by Weight 
under ambient conditions. The term “non-polymeric” refers 
to esters or mixed esters having essentially no repeating units 
in the acid moiety of the ester, as Well as esters or mixed esters 
having acid moieties Wherein functional units in the acid 
moiety are repeated a small number of times (i.e., oligomers). 
Generally, materials having more than ?ve identical and adja 
cent repeating units or mers in the acid moiety of the ester are 
excluded by the term “nonpolymeric” as used herein, but 
materials containing dimers, trimers, tetramers, or pentamers 
are included Within the scope of this term. When the ester is 
formed from hydroxy-containing carboxylic acid moieties 
that can further esterify, such as lactic acid or glycolic acid, 
the number of repeat units is calculated based upon the num 
ber of lactide or glycolide moieties, rather than upon the 
number of lactic acid or glycolic acid moieties, Where a 
lactide repeat unit contains tWo lactic acid moieties esteri?ed 
by their respective hydroxy and carboxy moieties, and Where 
a glycolide repeat unit contains tWo glycolic acid moieties 
esteri?ed by their respective hydroxy and carboxy moieties. 
Esters having 1 to about 20 etheri?ed polyols in the alcohol 
moiety thereof, or 1 to about 10 glycerol moieties in the 
alcohol moiety thereof, are considered nonpolymeric as that 
term is used herein. 

[0044] In a particular embodiment, the high viscosity liquid 
carrier material (HVLCM) decreases in viscosity, in some 
cases signi?cantly, When mixed With a solvent to form a loW 
viscosity liquid carrier material (LVLCM) that can be admin 
istered as a medical or surgical implant, graft, or ?lm, or 
mixed With a biologically active substance for controlled 
delivery, or a combination thereof. The LVLCM/biologically 
active substance composition is typically easier to place in the 
body than a HVLCM/biologically active substance composi 
tion, because it ?oWs more easily into and out of syringes or 
other implantation means. It also can easily be formulated as 
an emulsion. The LVLCM can have any desired viscosity, but 
its viscosity is generally loWer than the corresponding 
HVLCM. As an example, viscosity ranges for the LVLCM of 
less than approximately 6,000 cP, more particularly, less than 
approximately 4,000 cP, even more particularly, less than 
approximately 1,000 cP, and yet even more particularly less 
than 200 cP, are typically useful for in vivo applications. 
[0045] The particular HVLCM used in the invention can be 
one or more of a variety of materials. Suitable materials 
include nonpolymeric esters or mixed esters of one or more 

carboxylic acids. In a particular embodiment, the ester is 
formed from carboxylic acids that are esteri?ed With a polyol 
having from about 2 to about 20 hydroxy moieties, and Which 
may include 1 to about 20 etheri?ed polyols. Particularly 
suitable carboxylic acids for forming the acid moiety of the 
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ester of the HVLCM include carboxylic acids having one or 
more hydroxy groups, e.g., those obtained by ring opening 
alcoholysis of lactones, or cyclic carbonates or by the alco 
holysis of carboxylic acid anhydrides. Amino acids are also 
suitable for forming esters With the polyol. In a particular 
embodiment, the ester or mixed ester contains an alcohol 
moiety having one or more terminal hydroxy moieties that 
have been esteri?ed With one or more carboxylic acids 
obtained by alcoholysis of a carboxylic acid anhydride, such 
as a cyclic anhydride. 
[0046] Nonlimiting examples of suitable carboxylic acids 
that can be esteri?ed to form the HVLCM of the invention 
include glycolic acid, lactic acid, e-hydroxycaproic acid, 
serine, and any corresponding lactones or lactams, trimeth 
ylene carbonate, and dioxanone. The hydroxy-containing 
acids may themselves be further esteri?ed through the reac 
tion of their hydroxy moieties With additional carboxylic 
acid, Which may be the same as or different from other car 
boxylic acid moieties in the material. Suitable lactones 
include, but are not limited to, glycolide, lactide, e-caprolac 
tone, butyrolactone, and valerolactone. Suitable carbonates 
include but are not limited to trimethylene carbonate and 
propylene carbonate. 
[0047] The alcohol moiety of the ester or mixed ester may 
be derived from a polyhydroxy alcohol having from about 2 to 
about 20 hydroxy groups, and as indicated above, may be 
formed by etherifying 1 to 20 polyol molecules. Suitable 
alcohol moieties include those derived by removing one or 
more hydrogen atoms from: monofunctional Cl-C2O alco 
hols, difunctional Cl-C2O alcohols, trifunctional alcohols, 
hydroxy-containing carboxylic acids, hydroxy-containing 
amino acids, phosphate-containing alcohols, tetrafunctional 
alcohols, sugar alcohols, monosaccharides, and disaccha 
rides, sugar acids, and polyether polyols. More speci?cally, 
the alcohol moieties may include one or more of: dodecanol, 
hexanediol, more particularly, 1,6-hexanediol, glycerol, gly 
colic acid, lactic acid, hydroxybutyric acid, hydroxyvaleric 
acid, hydroxycaproic acid, serine, ATP, pentaerythritol, man 
nitol, sorbitol, glucose, fructose, sucrose, glucuronic acid, 
polyglycerol ethers containing from 1 to about 10 glycerol 
units, polyethylene glycols containing 1 to about 20 ethylene 
glycol units. 
[0048] In particular embodiments of the invention, at least 
one of the carboxylic acid moieties of the esters or mixed 
esters of the invention comprise at least one oxy moiety In an 
even more particular embodiment, each of the carboxylic acid 
moieties comprise at least one oxy moiety. 
[0049] In another particular embodiment, at least one of the 
carboxylic acid moieties of the esters or mixed esters of the 
invention contains 2 to 4 carbon atoms. In an even more 

particular embodiment, each of the carboxylic acid moieties 
of the esters or mixed esters of the invention contain 2 to 4 
carbon atoms. 

[0050] In another more particular embodiment of the inven 
tion, at least one of the carboxylic acid moieties of the ester or 
mixed ester of the invention has 2 to 4 carbon atoms and 
contains at least one oxy moiety. In another more particular 
embodiment of the invention, each of the carboxylic acid 
moieties of the ester or mixed ester of the invention has 2 to 4 
carbon atoms and contains at least one oxy moiety. 

[0051] In a particular embodiment, the HVLCM may be 
sucrose acetate isobutyrate (SAIB) or some other ester of a 
sugar alcohol moiety With one or more alkanoic acid moi 
eties. 
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[0052] In a particular embodiment, the invention includes 
compounds, compositions, and methods of use as described 
above, Wherein the HVLCM has a structure selected from the 
group consisting of: 

[0053] Wherein R1, R2, R3, R4, R5, R6, R7, and R8 are 
independently selected from the group consisting of hydro 
gen, alkanoyl, hydroxy-substituted alkanoyl, and acyloxy 
substituted alkanoyl; 
[0054] Wherein at least three of R1, R2, R3, R4, R5, R6, R7, 
and R8 are other than hydrogen; and 
[0055] Wherein When R1, R2, R3, R4, R5, R6, R7, and R8 are 
selected from the group consisting of acetyl and isobutyryl, at 
least three of R1, R2, R3, R4, R5, R6, R7, and R8 are acetyl; 

[0056] Wherein R1, R2, and R3 are independently selected 
from the group consisting of hydrogen, alkanoyl, hydroxy 
substituted alkanoyl, and acyloxy-substituted alkanoyl and 
Wherein n is between 1 and 20; 

wherein n is an integer betWeen 4 and 8, and R1 and R2 are 
independently selected from the group consisting of hydro 
gen, alkanoyl, hydroxy-substituted alkanoyl, and acyloxy 
substituted alkanoyl; 

Wherein in formulae IV and V, R1, R2, R3, R4, and R5 are 
independently selected from the group consisting of hydro 
gen, alkanoyl, hydroxy-substituted alkanoyl, and acyloxy 
substituted alkanoyl; 
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Wherein in formulae VI andVII, R1, R2, R3, R4, R5, and R6 are 
independently selected from the group consisting of hydro 
gen, alkanoyl, hydroxy-substituted alkanoyl, and acyloxy 
substituted alkanoyl; 

VIII 

CH2—OR2 

Wherein R1, R2, R3, and R4 are independently selected from 
the group consisting of hydrogen, alkanoyl, hydroxy-substi 
tuted alkanoyl, and acyloxy-substituted alkanoyl. 
[0057] In each of formulae I through VIII, one or more of 
the alkanoyl, hydroxy-sub stituted alkanoyl, and acyloxy- sub 
stituted alkanoyl groups may comprise alkanoyl moieties 
having 2 to 6 carbon atoms, including the carbonyl carbon. 
Moreover, in another more particular embodiment of the 
invention, each of formulae I through VIII comprise at least 
one hydroxy-substituted or acyloxy-substituted alkanoyl 
moiety. In an even more particular embodiment, at least one 
of these hydroxy-substituted or acyloxy-substituted alkanoyl 
moieties comprise alkanoyl moieties having 2 to 6 carbon 
atoms, including the carbonyl carbon. 
[0058] The acyl groups forming the acyloxy substituents of 
the invention may be any moiety derived from a carboxylic 
acid in accordance With the commonly accepted de?nition of 
the term “acyl.” More particularly, the acyl groups of the 
compositions of the invention may be of the form RgCOi, 
Where R9 is optionally oxy-substituted alkyl of 2-6 carbon 
atoms. This oxy-substitution may take the form of hydroxy 
substitution, or substitution With additional acyl moieties. For 
example R9 may be an oligomer of oxy-substituted carboxy 
lic acids, linked by ester bonding betWeen the hydroxy of one 
acid and the carboxy of another acid. In a more particular 
example, R9 may comprise l to 5 lactide or glycolide units, 
Where a lactide unit contains tWo lactic acid moieties esteri 
?ed together and a glycolide unit contains tWo glycolic acid 
moieties esteri?ed together. Alternatively, R9 may contain 
mixed lactide and glycolide units, or may contain mixed 
lactic acid and glycolic acid, Without the presence of lactide 
or glycolide units. 

[0059] Particular HVLCM materials include components 
according to formulae II or III, Wherein R1, R2, and R3 are 
independently lactoyl, polylactoyl, e-caproyl, hydroxyacetyl, 
or polyhydroxyacetyl, in particular, polylactoyl and e-ca 
proyl, or polylactoyl and polyhydroxyacetyl. 
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[0060] The use of relatively small chain (2 to 6 carbon 
atoms), oxy-substituted carboxylic acid moieties in the ester 
or mixed ester of the invention is advantageous. When these 
acid moieties are present in the form of oligomeric esters (i.e., 
a subsequent acid moiety joined to the previous acid moiety 
through esteri?cation of the subsequent carboxy With the 
previous oxy), hydrolysis of the material is considerably 
easier than for oligomers made With more than 6 carbon 
atoms because the material is more hydrophilic. In general, 
for drug delivery it is desired that the HVLCM be Water 
insoluble, but it may be someWhat hydrophilic. In general, 
HVLCMs synthesized With more hydrophilic units (as deter 
mined by a higher O:C ratio) Will be expected to absorb Water 
more rapidly and degrade more quickly. For example, a 
HVLCM made by covalently linking 4 moles of glycolide to 
one mole of glycerol Will be expected to absorb Water more 
rapidly and degrade more quickly than a HVLCM made by 
covalently linking 2 moles of glycolide and 2 moles of lactide 
to one mole of glycerol. Similar increases can be expected for 
more ?exible molecules and for more branched, spherical 
molecules based on free volume arguments. Use of ?exible 
and branched molecules may also have the bene?t of loWer 
ing the viscosity of the LVLCM. Using carboxylic acids 
and/ or polyols of different chain length and using carboxylic 
acids having oxy-substitution alloWs a precise control of the 
degree of hydrophilicity and of the solubility of the resulting 
ester. These materials are su?iciently resistant to dissolution 
in vivo that they are able to provide a controlled release of 
bioactive substances into the body accompanied or folloWed 
by oxy bonds hydrolyZing in vivo. 
[0061] In an even more particular embodiment, the inven 
tion excludes the acetate and isobutyrate ester of sucrose 
having a ratio of acetate to isobutyrate acid moieties of 2:6. 
HoWever, sucrose acetate isobutyrate ester having a ratio of 
acetate to isobutyrate moieties of 2:6 is included Within the 
scope of the invention for use in aerosol formulations, as Well 
as for the delivery of lysoZyme, paclitaxel, 5-?uorouracil, and 
antiretroviral drugs like AZT and ddC, as described and 
exempli?ed beloW. This material can be made according to 
the procedures described in US. Pat. No. 2,931,802. 
[0062] In general, the HVLCM esters of the invention can 
be made by reacting one or more alcohols, in particular one or 
more polyols, Which Will form the alcohol moiety of the 
resulting esters With one or more carboxylic acids, lactones, 
lactams, carbonates, or anhydrides of the carboxylic acids 
Which Will form the acid moieties of the resulting esters. The 
esteri?cation reaction can be conducted simply by heating, 
although in some instances addition of a strong acid or strong 
base esteri?cation catalyst may be used. Alternatively, an 
esteri?cation catalyst such as stannous 2-ethylhexanoate can 
be used. The heated reaction mixture, With or Without cata 
lyst, is heated With stirring, then dried, e. g., under vacuum, to 
remove any unreacted starting materials, to produce a liquid 
product. Sucrose acetate isobutyrates can be made by folloW 
ing the procedures described in US. Pat. No. 2,931,802. 
[0063] In this regard, the polyol can be vieWed as an oligo 
meriZation initiator, in the sense that it provides a substrate for 
esteri?cation of carboxylic acids, in particular, of oligomers 
of lactide, glycolide, or other esteri?ed hydroxy-substituted 
carboxylic acids. 

Solvents 

[0064] As described above, in one embodiment of the 
invention, the HVLCM can be mixed With a viscosity loWer 
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ing solvent to form a loWer viscosity liquid carrier material 
(LVLCM), Which can then be mixed With the biologically 
active substance to be delivered, prior to administration. 
These solvents can be Water soluble, non-Water soluble, or 
Water miscible, and can include, acetone, benZyl alcohol, 
benZyl benZoate, N-(betahydroxyethyl) lactamidebutylene 
glycol, caprolactam, caprolactone, corn oil, decylmethylsul 
foxide, dimethyl ether, dimethyl sulfoxide, 1-dodecylaZacy 
cloheptan-2-one, ethanol, ethyl acetate, ethyl lactate, ethyl 
oleate, glycerol, glycofurol (tetraglycol), isopropyl 
myristate, methyl acetate, methyl ethyl ketone, N-methyl-2 
pyrrolidone, MIGLYOLs® (esters of caprylic and/or capric 
acids With glycerol or alkylene glycols, e.g., MIGLYOL® 
810 or 812 (caprylic/capric triglycerides), MIGLYOL® 818 
(caprylic/capric/linoleic triglyceride), MIGLYOL® 829 (ca 
prylic/capric/succinic triglyceride), MIGLYOL® 840 (pro 
pylene glycol dicaprylate/caprate)), oleic acid, peanut oil, 
polyethylene glycol, propylene carbonate, 2-pyrrolidone, 
sesame oil, SOLKETAL ([1] -2,2-dimethyl-1,3-dioxolane-4 
methanol), tetrahydrofuran, TRANSCUTOL® (diethylene 
glycol monoethyl ether, carbitol), triacetin, triethyl citrate, 
diphenyl phthalate, and combinations thereof. Additionally, 
if the composition is to be applied as an aerosol, eg for 
topical application, the solvent may be or may include one or 
more propellants, such as CFC propellants like trichloro?uo 
romethane and dichloro?uoromethane, non-CFC propellants 
like tetra?uoroethane (R-134a), 1,1,1,2,3,3,3-hepta?uoro 
propane (R-227), dimethyl ether, propane, and butane. 
[0065] Particularly suitable solvents and/or propellants 
include benZyl benZoate, benZyl alcohol, triacetin, triethyl 
citrate, dimethyl sulfoxide, ethanol, ethyl lactate, glycerol, 
glycofurol (tetraglycol), N-methyl-2-pyrrolidone, MIG 
LYOL® 810, polyethylene glycol, propylene carbonate, 
2-pyrrolidone, and tetra?uoroethane. 
[0066] Other possible solvents include per?uorodecalin, 
per?uorotributylamine, methoxy?urane, glycerolformal, tet 
rahydrofurfuryl alcohol, diglyme, and dimethyl isosorbide. 
[0067] When the composition is used as a LVLCM in con 
junction With administration of a biologically active sub 
stance, it should contain a solvent that the HVLCM is soluble 
in. In certain instances, the substance to be delivered is also 
soluble in the solvent. The solvent should be non-toxic and 
otherWise biocompatible. Solvents that are toxic should not 
be used for pharmaceutical or agricultural purposes. The sol 
vents used to inject the composition into animals should not 
cause signi?cant tissue irritation or necrosis at the site of 
implantation, unless irritation or necrosis is the desired effect. 
[0068] In one embodiment, the solvent should be at least 
Water soluble, so that it Will diffuse quickly into bodily ?uids 
or other aqueous environment, causing the composition to 
coagulate or solidify. In another embodiment, the solvent is 
not completely miscible With Water or bodily ?uids so that 
diffusion of the solvent from the composition, and the corre 
sponding increase in viscosity of the composition, are sloWed. 
Suitable solvents that have this property, at least to some 
extent, include benZyl benZoate, MIGLYOL® 810, benZyl 
alcohol, and triethylcitrate. BenZyl alcohol can be particu 
larly suitable, as it also provides an anesthetiZing effect, 
Which can relieve discomfort resulting from injection. 
[0069] When esters of 1,6-hexanediol or glycerol are used 
as the HVLCM, some possible solvents are ethanol, N-meth 
ylpyrrolidone, propylene carbonate, and PEG 400. 
[0070] The solvent is typically added to the compositions in 
an amount in the range from about 0.5 percent to about 99.7 
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percent, more particularly from about 1 percent to about 95 
percent by Weight, more particularly from about 5 to about 90 
Wt %, relative to the total Weight of the composition. Even 
more particularly, the solvent is present in the composition in 
an amount in the range from about 10 percent to about 55 
percent by Weight. Other particular ranges include from about 
10 percent to 50 percent by Weight, and from about 10 to 
about 30 percent by Weight. 
[0071] A further embodiment involves the use of solvents 
that are not solvents for the HVLCM such that When com 
bined With the HVLCM singularly or in combination With a 
solvent for the HVLCM, the resulting composition forms an 
emulsion. Such emulsions may contain the HVLCM in the 
dispersed phase such as in the case of SAIB/MIGLYOL® 
mixtures that are emulsi?ed in Water or glycerol, or they may 
contain the HVLCM as a component of the continuous phase 
such as in the case of an aqueous solution that is emulsi?ed in 
the HVLCM or a solution of the HVLCM in a Water immis 
cible solvent. 

Substance to be Delivered 

[0072] When the HVLCM or LVLCM is to be used as a 
vehicle for delivery or controlled release of a substance to an 
animal or plant, this substance may be any substance that 
exhibits a desired property. In a particular embodiment, the 
substance is a biologically active substance. 
[0073] The term “biologically active substance” as used 
herein refers to an inorganic or organic molecule including a 
drug, peptide, protein, carbohydrate (including monosaccha 
rides, oligosaccharides, and polysaccharides), nucleoprotein, 
mucoprotein, lipoprotein, synthetic polypeptide or protein, or 
a small molecule linked to a protein, glycoprotein, steroid, 
nucleic acid (any form of DNA, including cDNA, or RNA, or 
a fragment thereof), nucleotide, nucleoside, oligonucleotides 
(including antisense oligonucleotides), gene, lipid, hormone, 
vitamin, including vitamin C and vitamin E, or combination 
thereof, that causes a biological effect When administered in 
vivo to an animal, including but not limited to birds and 
mammals, including humans. 
[0074] Suitable proteins include, but are not limited to, 
human groWth hormone, ?broblast groWth factor (FGF), 
erythropoietin (EPO), platelet derived groWth factor (PDGF), 
granulocyte colony stimulating factor (g-CSF), bovine soma 
totropin (BST), tumor necrosis factor (TNF), transforming 
groWth factor-beta (TGF-Beta), interleukins, insulin, and 
interferons, such as ot-interferon, [3-interferon, and the like. 
[0075] The term drug, as used herein, refers to any sub 
stance used internally or externally as a medicine for the 
treatment, cure, or prevention of a disease or disorder, and 
includes but is not limited to immunosuppressants, antioxi 
dants, anesthetics, analgesics, chemotherapeutic agents, ste 
roids (including retinoids), hormones, antibiotics, antivirals, 
antifungals, antiproliferatives, antihistamines, anticoagu 
lants, antiphotoaging agents, melanotropic peptides, nonste 
roidal and steroidal anti-in?ammatory compounds, antipsy 
chotics, and radiation absorbers, including UV-absorbers. 
[0076] The term biologically active substance also includes 
agents such as insecticides, pesticides, fungicides, rodenti 
cides, and plant nutrients and groWth promoters. 
[0077] In one embodiment, the composition functions as a 
vaccine and the substance to be delivered is an antigen. The 
antigen can be derived from a cell, bacteria, or virus particle, 
or portion thereof. As de?ned herein, antigen may be a pro 
tein, peptide, polysaccharide, glycoprotein, glycolipid, 
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nucleic acid, or combination thereof, Which elicits an immu 
nogenic response in an animal, for example, a mammal, bird, 
or ?sh. As de?ned herein, the immunogenic response can be 
humoral or cell-mediated. In the event the material to Which 
the immunogenic response is to be directed is poorly anti 
genic, it may be conjugated to a carrier such as albumin or to 
a hapten, using standard covalent binding techniques, for 
example, With one of the several commercially available 
reagent kits. 
[0078] Examples of preferred antigens include viral pro 
teins such as in?uenza proteins, human immunode?ciency 
virus (HIV) proteins, and hepatitis A, B, or C proteins, and 
bacterial proteins, lipopolysaccharides such as gram negative 
bacterial cell Walls and Neisseria gonorrhea proteins, and 
parvovirus. The composition of the invention can also be used 
to elicit both mucosal and systemic immune responses by 
administration of the HVLCM of the invention, optionally 
With a solvent to decrease its viscosity as described above, in 
combination With an immunogenic material, in a vaccine that 
is administered to a mucosal surface, e. g., intranasally, intra 
vaginally, or intrarectally. The immunogenic material may be 
any immunogenic agent Whose delivery to mucosal tissue is 
desired. In an even more particular aspect of this embodi 
ment, the HVLCM or LVLCM is selected from formulae II 
throughVIII above. Vaccines of this type can be prepared and 
administered by delivering an immunogenic material to the 
mucosal tissues, particularly to the mucosally associated 
lymphoid tissues of animals, particularly mammals. Admin 
istering immunogenic materials, in particular, immunogenic 
material combined With a carrier containing the non-poly 
meric, non-Water-soluble, high viscosity liquid and a solvent 
therefore to the folliculi lymphatic aggregati Which are found 
in the mucosal tissues can be an effective delivery technique. 
The solvent rapidly dissipates, resulting in a highly viscous 
liquid formulation that holds the immunogenic material over 
the muscosal tissue and alloWs the immunogenic material to 
stimulate a mucosal immune response and/or a systemic 
immune response. Administration of the formulation may 
include aerosoliZing the formulation or a Water emulsion 
thereof and administering this formulation intranasally, intra 
vaginally (e.g., as a douching liquid, vaginal suppository, or 
bougie), or intrarectally (e.g., as an enema, suppository or 
bougie). In particular embodiments, the solvent can be, or the 
formulation can include, a penetration enhancer that facili 
tates the absorption of the immunogenic material into the 
lymphatic tissue. The non-polymeric, non-Water-soluble, 
high viscosity liquid material provides controlled release of 
the immunogenic material from a viscous liquid ?lm that 
forms over the lymphoid tissue. 

[0079] The immunogenic material may be any immuno 
genic agent Whose delivery to mucosal tissue, and in particu 
lar to mucosally associated lymphoid tissue (MALT), is 
desired. Even more particularly, the mucosal tissue may be 
nasally associated lymphoid tissue, Waldeyer’s ring, or analo 
gous tissue in non-human species. Examples of suitable 
immunogenic materials include, but are not limited to, anti 
gens to vaccinate against viral, bacterial, protoZoan, fungal 
diseases such as respiratory syncytial, parain?uenZa viruses, 
Hemophilus in?uenza, Bordelellaperlussis, Neisseria gonor 
rhoeae, Streptococcus pneumoniae, and Plasmodium falci 
parum or other diseases caused by pathogenic micro-organ 
isms, antigens to vaccinate against diseases caused by macro 
organisms such as helminthic pathogens, antigens to 
vaccinate against allergens. 
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[0080] In another embodiment, the composition functions 
as a controlled release composition for reproductive therapy, 
in humans or animals. For example, the HVLCM or LVLCM 
may be combined With gonadotropin releasing hormone or its 
analogs or agonists. In a particular aspect of this embodiment, 
the HVLCM or LVLCM is not SAIB having an acetate to 
butyrate ratio of 2:6. In an even more particular aspect of this 
embodiment, the HVLCM or LVLCM is selected from for 
mulae II through VIII above. These compositions can be 
prepared and administered by folloWing the procedures 
described for SAIB in Us. Pat. No. 6,051,558, the entire 
contents of Which are hereby incorporated by reference. 
[0081] Non-limiting examples of pharmacological materi 
als include anti-infectives such as nitrofuraZone, sodium pro 
pionate, antibiotics, including penicillin, tetracycline, oxytet 
racycline, chlorotetracycline, bacitracin, nystatin, 
streptomycin, neomycin, polymyxin, gramicidin, chloram 
phenicol, erythromycin, and aZithromycin; sulfonamides, 
including sulfacetamide, sulfamethiZole, sulfamethaZine, 
sulfadiaZine, sulfameraZine, and sul?soxaZole, and anti-vi 
rals including idoxuridine; antiallergenics such as antaZoline, 
methapyritene, chlorpheniramine, pyrilamine prophenpy 
ridamine, hydrocortisone, cortisone, hydrocortisone acetate, 
dexamethasone, dexamethasone 2 1 -pho sphate, ?uocinolone, 
triamcinolone, medrysone, prednisolone, prednisolone 
21 -sodium succinate, and prednisolone acetate; desensitiZing 
agents such as ragWeed pollen antigens, hay fever pollen 
antigens, dust antigen and milk antigen; vaccines such as 
smallpox, yelloW fever, distemper, hog cholera, chicken pox, 
antivenom, scarlet fever, diphtheria toxoid, tetanus toxoid, 
pigeon pox, Whooping cough, in?uenZae rabies, mumps, 
measles, poliomyelitic, and NeWcastle disease; deconges 
tants such as phenylephrine, naphaZoline, and tetrahydraZo 
line; miotics and anticholinesterases such as pilocarpine, 
esperine salicylate, carbachol, diisopropyl ?uorophosphate, 
phospholine iodide, and demecarium bromide; parasym 
patholytics such as atropine sulfate, cyclopentolate, homat 
ropine, scopolamine, tropicamide, eucatropine, and 
hydroxyamphetamine; sympathomimetics such as epineph 
rine; antipsychotics, such as olanZapine, risperidone; narcotic 
antagonists, such as naltrexone, naloxone, nalnothene; seda 
tives and hypnotics such as pentobarbital sodium, phenobar 
bital, secobarbital sodium, codeine, (a-bromoisovaleryl) 
urea, carbromal; psychic energiZers such as 3-(2-aminopro 
pyl) indole acetate and 3-(2-aminobutyl) indole acetate; tran 
quiliZers such as reserpine, chlorpromayline, and thiopro 
paZate; anesthetics, such as benZocaine, bupivacaine, 
etidocaine, lidocaine, mepivacaine, pramoxine, prilocalne, 
procaine, proparacaine, ropivacaine, tetracaine, levobupiv 
acaine, chloroprocaine, butacaine, propoxycaine, phen 
acaine, hexylcaine, isobucaine, cyclomethycaine, benoxi 
nate, diperodon, dibucaine, meprylcaine, dimethisoquin, 
pramoxine, butamben, dyclonine (With and Without augment 
ing agents such as dexamethasone or epinephrine); tricyclic 
antidepressants such as amitriptyline or nortryptyline; andro 
genic steroids such as methyl-testosterone and ?uorymester 
one; estrogens such as estrone, 17-?-estradiol, ethinyl estra 
diol, and diethyl stilbestrol; progestational agents such as 
progesterone, megestrol, melengestrol, chlormadinone, 
ethisterone, norethynodrel, 19-norprogesterone, norethin 
drone, medroxyprogesterone and 17-0-hydroxy-progester 
one; humoral agents such as the Prostaglandins, for example 
PGEI, PGE2 and PGF2; antipyretics such as aspirin, sodium 
salicylate, and salicylamide; antispasmodics such as atropine, 
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methantheline, papaverine, and methscopolamine bromide; 
antimalarials such as the 4-aminoquinolines, 8-aminoquino 
lines, chloroquine, and pyrimethamine, antihistamines such 
as diphenhydramine, dimenhydrinate, tripelennamine, per 
phenaZine, and chlorphenaZine; cardioactive agents such as 
dibenZhydro?ume thiaZide, ?umethiaZide, chlorothiaZide, 
and aminotrate; statins, such as atorvastatin, cerivastatin, ?u 
vastatin, lovastatin, pravastatin, simvastatin, and related com 
pounds; antiasthmatics, such as cromolyn; bone resorption 
prevention agents, such as bisphosphonates, including as 
nonlimiting examples alendronate, risendronate, Zolendr 
onate, pamidronate, and ibandronate; calcium regulating hor 
mones, such as calcitonin; nutritional agents such as vita 
mins, natural and synthetic bioactive peptides and proteins, 
including groWth factors, cell adhesion factors, cytokines, 
and biological response modi?ers. 
[0082] The active compound is included in the composition 
in an amount su?icient to deliver to the host animal orplant an 
effective amount to achieve a desired effect. The amount of 
drug or biologically active agent incorporated into the com 
position depends upon the desired release pro?le, the concen 
tration of drug required for a biological effect, and the desired 
period of release of the drug. 
[0083] The concentration of active compound in the com 
position Will also depend on absorption, inactivation, and 
excretion rates of the drug as Well as other factors knoWn to 
those of skill in the art. It is to be noted that dosage values Will 
also vary With the severity of the condition to be alleviated. It 
is to be further understood that for any particular subject, 
speci?c dosage regimens should be adjusted over time 
according to the individual need and the professional judg 
ment of the person administering or supervising the admin 
istration of the compositions, and that the concentration 
ranges set forth herein are exemplary only and are not 
intended to limit the scope or practice of the claimed compo 
sition. The composition may be administered in one dosage, 
or may be divided into a number of smaller doses to be 
administered at varying intervals of time. 
[0084] The biologically active substance is typically 
present in the composition in the range from about 0.1 percent 
to about 90 percent by Weight, more particularly from about 
0.5 percent to about 70 percent by Weight relative to the total 
Weight of the composition, and more typically, betWeen 
approximately 1 percent to about 50 percent by Weight. HoW 
ever, ranges having upper endpoints as loW as about 40%, 
30%, 20%, or 10% can be used, as can ranges having loWer 
limits as high as about 5%, 3%, or 2%. For very active agents, 
such as groWth factors, preferred ranges are less than 1% by 
Weight, and possibly less than 0.0001%. 
[0085] Both soluble and insoluble substances can be dis 
tributed in the HVLCM or LVLCM for controlled delivery. 
Moreover, the formulations containing biologically active 
substances and an HVLCM or LVLCM may be further for 
mulated With polymeric excipients to provide a drug delivery 
matrix With modi?ed properties, for example a faster or 
sloWer degradation rate. The resulting composition may be 
formed into microspheres, or into a macroscopic implant, or 
other geometries and siZes according to techniques knoWn in 
the art. Alternatively, a pre-formed microsphere, implant, or 
polymer/drug particle With a biologically active substance or 
substances incorporated therein can be combined With the 
HVLCM or LVLCM. 

[0086] Microspheres may be prepared by a number of 
methods knoWn in the art, as Well as methods described in 



US 2008/0152708 A1 

US. Pat. Nos. 6,291,013 and 6,440,493. The polymer/drug 
particle may be created by melt extrusion, granulation, sol 
vent mixing, or absorption, or the drug may be adsorbed onto 
a polymer matrix, such as an ion exchange resin. The result 
ing material, When combined With a biologically active agent 
and LVLCM, may be administered orally or parenterally. In 
other embodiments, the drug may be combined With a non 
polymeric material, such as calcium phosphate or sucrose, to 
provide layering/barrier properties that lengthen degradation. 
The HVLCM or LVLCM Will form an secondary barrier to 
provide enhanced drug delivery. The HVLCM or LVLCM 
phase may or may not contain other biologically active sub 
stances, according to the speci?c biological requirement. 
These other biologically active substances may be any of 
those described above, provided that the biologically active 
substance must be suitable for incorporation into micro 
spheres or implants according to techniques knoWn in the art. 

Additives 

[0087] A variety of additives can optionally be added to the 
HVLCM or LVLCM to modify the properties of the material 
as desired, and in particular to modify the release properties 
of the composition With respect to biologically active sub 
stances contained therein. The additives can be present in any 
amount Which is su?icient to impart the desired properties to 
the composition. 
[0088] The amount of additive used Will in general be a 
function of the nature of the additive and the effect to be 
achieved, and can be easily determined by the routineer. Suit 
able additives are described in US. Pat. No. 5,747,058, the 
entire contents of Which are hereby incorporated by refer 
ence. More particularly, suitable additives include Water, bio 
degradable polymers, non-biodegradable polymers, natural 
oils, synthetic oils, carbohydrates or carbohydrate deriva 
tives, inorganic salts, BSA (bovine serum albumin), surfac 
tants, organic compounds, such as sugars, and organic salts, 
such as sodium citrate. Some of these classes of additives are 
described in more detail beloW. In general, the less Water 
soluble, i.e., the more lipophilic, the additive, the more it Will 
decrease the rate of release of the substrate, compared to the 
same composition Without the additive. In addition, it may be 
desirable to include additives that increase properties such as 
the strength or the porosity of the composition. 
[0089] The addition of additives can also be used to 
lengthen the delivery time for the active ingredient, making 
the composition suitable for treatment of disorders or condi 
tions responsive to longer term administration. Suitable addi 
tives in this regard include those disclosed in US. Pat. No. 
5,747,058. In particular, suitable additives for this purpose 
include polymeric additives, such as cellulosic polymers and 
biodegradable polymers. Suitable cellulosic polymers 
include cellulose acetates, cellulose ethers, and cellulose 
acetate butyrates. Suitable biodegradable polymers include 
polylactones, polyanhydrides, and polyorthoesters, in par 
ticular, polylactic acid, polyglycolic acid, polycaprolactone, 
and copolymers thereof. 
[0090] When present, the additive is typically present in the 
compositions in an amount in the range from about 0.01 
percent to about 20 percent by Weight, more particularly from 
about 0.1 percent to about 20 percent by Weight, relative to the 
total Weight of the composition, and more typically, is present 
in the composition in an amount in the range from about 1, 2, 
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or 5 percent to about 10 percent by Weight. Certain additives, 
such as buffers, are only present in small amounts in the 
composition. 
[0091] The folloWing categories are nonlimiting examples 
of classes of additives that can be employed in the composi 
tion. 
[0092] Given the disclosure herein and the objects to be 
achieved, one of skill in the art Will easily knoW hoW to select 
other additives to achieve a desired purpose. All of these 
embodiments are considered to fall Within the disclosed 
invention. 
[0093] A. Biodegradable Polymers 
[0094] One category of additives are biodegradable poly 
mers and oligomers. The polymers can be used to alter the 
release pro?le of the substance to be delivered, to add integ 
rity to the composition, or to otherWise modify the properties 
of the composition. Non-limiting examples of suitable bio 
degradable polymers and oligomers include: poly(lactide), 
poly(lactide-co-glycolide), poly(glycolide), poly(caprolac 
tone), polyamides, polyanhydrides, polyamino acids, poly 
orthoesters, polycyanoacrylates, poly(phosphaZines), poly 
(phosphoesters), polyesteramides, polydioxanones, 
polyacetals, polyketals, polycarbonates, polyorthocarbon 
ates, degradable polyurethanes, polyhydroxybutyrates, poly 
hydroxyvalerates, polyalkylene oxalates, polyalkylene succi 
nates, poly(malic acid), chitin, chitosan, and copolymers, 
terpolymers, oxidiZed cellulose, or combinations or mixtures 
of the above materials. 
[0095] Examples of poly(ot-hydroxy acid)s include poly 
(glycolic acid), poly(DL-lactic acid) and poly(L-lactic acid), 
and their copolymers. Examples of polylactones include poly 
(s-caprolactone), poly(o-valerolactone) and poly(y-butyro 
lactone). 
[0096] While not Wishing to be bound by any theory, it is 
believed that When the composition contains a biodegrade 
able polymer, a portion of the polymer may precipitate or 
coagulate at the surface of the composition as the solvent 
diffuses aWay from the material after administration to the 
patient. The polymer may have been added as a release modi 
fying agent to affect the release of a biologically active com 
pound, or may have been added as part of a composition 
containing preformed microspheres, implants, or ground 
polymer particles. The precipitation or coagulation of the 
polymer forms a skin at least partially surrounding the liquid 
core of the composition. This skin is porous, and alloWs the 
solvent to continue to diffuse through it into surrounding 
tissue. The rate of solvent release and the extent of formation 
of the skin, as Well as its porosity, can be controlled by the 
amount and type of solvent and polymer used in the compo 
sition. 
[0097] B. Non-biodegradable Polymers 
[0098] Another additive for use With the present composi 
tions are non-biodegradable polymers. Non-limiting 
examples of nonerodible polymers Which can be used as 
additives include: polyacrylates, ethylene-vinyl acetate poly 
mers, cellulose and cellulose derivatives, acyl substituted cel 
lulose acetates and derivatives thereof, non-erodible polyure 
thanes, polystyrenes, polyvinyl chloride, polyvinyl ?uoride, 
polyvinyl (imidaZole), chlorosulphonated polyole?ns, poly 
ethylene oxide, and polyethylene. 
[0099] Preferred non-biodegradable polymers include 
polyvinyl pyrrolidone, ethylene vinylacetate, polyethylene 
glycol, cellulose acetate butyrate (“CAB”) and cellulose 
acetate propionate (“CAP”). 
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[0100] C. Oils and Fats 
[0101] A further class of additives Which can be used in the 
present compositions are natural and synthetic oils and fats. 
Oils derived from animals or from plant seeds of nuts typi 
cally include glycerides of the fatty acids, chie?y oleic, palm 
itic, stearic, and linoleic. As a rule the more hydrogen the 
molecule contains the thicker the oil becomes. 
[0102] Non-limiting examples of suitable natural and syn 
thetic oils include vegetable oil, peanut oil, medium chain 
triglycerides, soybean oil, almond oil, olive oil, sesame oil, 
fennel oil, camellia oil, corn oil, castor oil, cotton seed oil, and 
soybean oil, either crude or re?ned, and medium chain fatty 
acid triglycerides. 
[0103] Fats are typically glyceryl esters of higher fatty 
acids such as stearic and palmitic. Such esters and their mix 
tures are solids at room temperatures and exhibit crystalline 
structure. Lard and talloW are examples. In general oils and 
fats increase the hydrophobicity of the HVLCM, sloWing 
degradation and Water uptake. 
[0104] D. Carbohydrates and Carbohydrate Derivatives 
Another class of additives Which can be used in the present 
compositions are carbohydrates and carbohydrate deriva 
tives. Non-limiting examples of these compounds include 
monosaccarides (simple sugars such as fructose and its iso 
mer glucose (dextrose); disaccharides such as sucrose, mal 
tose, cellobiose, and lactose; and polysaccharides. 
[0105] E. Multivalent Metals 
[0106] Another class of additives includes multivalent met 
als, such as Zinc, useful in ionic form as protein stabiliZers. 
The Zinc may be present in the formulation as Zinc carbonate, 
Zinc acetate, Zinc sulfate, Zinc chloride, or other Zinc salts as 
appropriate. Other non-limiting examples of compounds to 
provide metal cations in the formulation include magnesium 
carbonate, calcium carbonate, magnesium acetate, magne 
sium sulfate, magnesium chloride, magnesium oxide, mag 
nesium hydroxide, and the like. The amount of such agents 
used in the formulation Will depend upon the amount of 
protein in the formulation and the nature of the interaction 
betWeen the protein and the stabiliZer. 

Uses of the LVLCM and HVLCM Compositions 

[0107] The composition described herein can be adminis 
tered to the host through a variety of methods Which can vary 
depending on the result to be achieved. When the host is an 
animal, such as a human, the composition can be adminis 
tered, for example, topically, systematically (for example, 
mucosally (orally, rectally, vaginally, or nasally), parenterally 
(intravenously, subcutaneously, intramuscularly, or intraperi 
toneally), or through the pulmonary system, in an appropriate 
carrier, if desired. When the composition is used for admin 
istration to humans or animals, or used for agricultural pur 
poses, it can be applied via injection, pouring, spray dip, 
aerosol, or coating applicator. Aerosols or mists of the com 
position can be administeredusing an aerosol propellant, e.g., 
for topical administration, or using a suitable nebuliZer, e.g., 
for pulmonary, nasal, or oral mucosal administration. In addi 
tion, pericardial administration may be used When the com 
position is used to deliver compounds such as groWth factors 
(e. g., transforming groWth factors (TGF’s), ?broblast groWth 
factors (FGF’s), vascular endothelial groWth factor (V EGF)), 
antiarrhythmics (e.g., sotalol, propanolol), antianginals, and 
antihypertensives. 
[0108] Preferably, for pharmaceutical or veterinary pur 
poses, the present compositions are administered as liquids 
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via injection, or in an aerosol, paste or emulsion. When 
administered via injection as a LVLCM, if a Water-soluble 
solvent has been used in the composition, the solvent leaches 
into the aqueous ?uid of the host, forming a highly viscous 
depot for the controlled delivery of substances or a coating for 
tissue that can prevent or minimiZe adhesions. As explained 
above, the use of a Water soluble solvent in making the 
LVLCM signi?cantly decreases the leaching time. When 
used in an aerosol, the small amount of solvent in the solution 
evaporates upon application alloWing the LVLCM to set-up 
as an HVLCM. Alternatively, the aerosol or emulsion may be 
prepared Without a solvent. In this situation, the aerosol pro 
pellant can also function as a solvent. Formation of aerosols 
and emulsions can be accomplished using techniques knoWn 
to those skilled in the art. See, for example, Ansel, H. C. et al., 
Pharmaceutical Dosage Forms and Drug Delivery Systems, 
sixth ed., 1995. 
[0109] In addition to the uses described above, the HVLCM 
and LVLCM materials can be administered through osmotic 
pumps. In one embodiment, the device is designed to be 
implanted in the tissue of the patient, and designed to effect 
sustained release over time. In a different embodiment, the 
device is orally administrable, such as an OROS-type osmotic 
pump. An example of an implantable osmotic pump suitable 
for use With the compositions of the invention is the DUROS 
pump, described in Us. Pat. Nos. 5,985,305 and 5,728,396, 
and in WO 97/ 27840, the entire contents of each of Which are 
incorporated herein by reference. 
[0110] It is also possible to administer the compositions of 
the invention using a porous or nonporous tube, desirably 
made of extruded biodegradeable polymer. The tube may be 
prepared With varying degrees of porosity depending on the 
characteristics of the composition and the release character 
istics desired. The composition of the invention is inserted 
into the tube, and the ends of the tube may be left open, 
alloWing biologically active compound to diffuse out of the 
ends of the tube, or may be closed off With additional porous 
or nonporous polymer. Porous endcaps and porous tubes 
alloW active compound to diffuse through the pores over time. 
Nonporous endcaps, as Well as nonporous tubes, alloW bio 
logically active compounds that are soluble in the polymer to 
diffuse through it and into surrounding tissues. Nonporous 
materials that are not solvents for the biologically active 
compound, but that are biodegradable, Will release the active 
compounds When they degrade su?iciently. The composi 
tions of the invention may be prepared and stored as multi 
component systems until ready for administration. The num 
ber of different components Will depend, in part, on the 
characteristics of the composition. For example, one compo 
nent may contain the HVLCM or LVLCM, While other com 
ponents contain the active compound or compounds to be 
administered. Prior to administration, the components are 
combined and mixed, e.g., to achieve a homogeneous com 
position, Which can then be administered to the patient. Sol 
vents or additives may be added to one or all of the compo 
nents, or may form a separate component, Which is also mixed 
With the others prior to administration. Separation of the 
composition into a multicomponent mixture alloWs the stor 
age conditions for each component to be optimiZed, and 
minimiZes any detrimental interactions betWeen components 
over time. The result is increased storage stability. 

[0111] The compositions can be used to form protective 
tissue coatings, and in particular, can be used to prevent the 
formation of surgical adhesions. The HVLCM can adhere to 
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the surrounding tissue or bone, and can thus be injected 
subdermally like collagen to build up tissue or to ?ll in 
defects. It can also be injected into Wounds including burn 
Wounds to prevent the formation of deep scars. The degrada 
tion time of the HVLCM can be modulated, for example, by 
using a polymer as an additive to the HVLCM. Then the 
implant formed by the HVLCM Will sloWly biodegrade 
Within the body and alloW natural tissue to groW and replace 
the implant as it disappears. These compositions may option 
ally contain biologically active substances including but not 
limited to, anesthetics, analgesics, antibiotics, and antin?am 
matories. 

[0112] As indicated above, the HVLCM and LVLCM 
materials of the invention can be used not only for the con 
trolled release and delivery of substances, such as bioactive 
substances, to plants or animals, but also as medical or sur 
gical devices, as described in US. Pat. No. 5,968,542, the 
entire contents of Which are incorporated by reference. 

[0113] Device utilities for the compositions of the inven 
tion include, but are not limited to blocking surgical adhe 
sions, void ?lling, guided tissue regeneration, inducing 
hemostasis, tissue adhesive, scaffolding, and Wound dressing. 
Each of these applications can optionally include release of a 
biologically active substance, or drug delivery. For example, 
the nonpolymeric ester or mixed ester composition as a 
Wound dressing readily accommodates various groWth fac 
tors to accelerate healing of the Wound. In general, for these 
utilities a composition can be used having the non-polymeric 
non-Water-soluble liquid carrier material present in an 
amount from about 99.5 percent to about 25 percent by 
Weight, relative to the total Weight of the composition. These 
compositions can be diluted With a solvent, including but not 
limited to one or more of ethanol, dimethylsulfoxide, ethyl 
lactate, ethyl acetate, benZyl alcohol, triacetin, 2-pyrrolidone, 
N-methylpyrrolidone, propylene carbonate, glycofurol, 
capric/caprylic triglycerides, benZyl benZoate, ethyl oleate, 
isopropyl myristate, triethyl citrate, and any aerosol propel 
lant, to a concentration of the non-polymeric non-Water 
soluble liquid carrier material of about 10 to about 90% by 
Weight, calculated based on the total Weight of the composi 
tion, to obtain an implantable or sprayable composition. 

[0114] For blocking surgical adhesions, a sprayed-on or 
painted-on ?lm to block adhesion of similar or dissimilar 
organs is suitable. The nonpolymeric ester or mixed ester 
composition is formulated in any of a variety of solvents, 
including ethanol, ethyl lactate, N-methyl-2-pyrrolidone, or 
any common aerosol propellant, dimethyl ether, or any pro 
pellant, With or Without an additive, and can be applied as an 
aerosol spray. The resulting ?lm may effect adhesion, cohe 
sion, degradation or porosity, or a combination thereto. 

[0115] For void ?lling, the nonpolymeric ester or mixed 
ester composition is typically suitable like collagen for cos 
metic repair. In related applications, the nonpolymeric ester 
or mixed ester composition is useful for holding bone chips 
together in a fracture, and may optionally include an anes 
thetic, antibiotic, or groWth factor for local delivery. 
[0116] Guided tissue regeneration is another application, 
such as periodontal repair to block epithelial migration. 
Advantageously, the compositions of the present invention 
are applied from solution. Typical drugs incorporated into 
these compositions for guided tissue regeneration include but 
are not limited to a variety of groWth factors and cell reattach 
ment factors. 
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[0117] Hemostasis or stopping blood How is another utility, 
typically in a surgical setting. The compositions of the present 
invention are biodegradable. Suitable additives include, but 
are not limited to polyvinyl alcohol, polyethylene glycol or 
carboxymethyl cellulose. Suitable solvents include ethyl lac 
tate and propylene carbonate. 
[0118] A spray-on or paint-on formulation of the nonpoly 
meric ester or mixed ester composition is suitable as a tissue 
adhesive for Wound closure, either as a primary sealant or in 
conjunction With sutures or staples. Suitable additives include 
but are not limited to carboxymethylcellulose or polyvi 
nylpyrrolidone. Suitable solvents include but are not limited 
to propylene carbonate, ethyl lactate, glycofural, dimethyl 
sulfoxide, 2-pyrrolidone, N-methyl-2-pyrrolidone, and etha 
nol. Biologically active substances incorporated into these 
compositions for tissue adhesion include but are not limited to 
antibiotics, anti-in?ammatory compounds, analgesics, anes 
thetics and groWth factors. 
[0119] Scaffolding is another device utility for the compo 
sitions of the present invention, and is particularly adaptive to 
heW tissue groWth. A typical formulation includes polyvi 
nylpyrrolidone and tricalcium phosphate. The scaffolding 
provides a matrix suitable for the attachment and groWth of 
bone or nerve cells. Biologically active substances incorpo 
rated into these compositions for scaffolding include but are 
not limited to groWth factors. 
[0120] Another application of the compositions of the 
present invention is a Wound dressing, With or Without appro 
priate drugs incorporated therein. The Wound dressing func 
tions to protect the Wound and accelerate the healing process. 
In one typical application, the nonpolymeric ester or mixed 
ester composition is applied as an aerosol spray. Biologically 
active substances incorporated into these compositions in 
Wound dressing include but are not limited to antibiotics, such 
as amikacin, anti-in?ammatory compounds, analgesics, 
anesthetics, or groWth factors such as ?broblast groWth fac 
tors. Alternatively, the nonpolymeric ester or mixed ester 
composition With the biologically active substance is applied 
to a gauZe or other matrix material Which is then applied to the 
Wound. 

[0121] Whether the compositions of the invention are used 
as for controlled release delivery of biologically active sub 
stances, or as devices or implants, the compositions can have 
very high viscosities. As described above, the HVLCM mate 
rials have a viscosity at 37° C. of at least 5,000 cP. In a more 
particular embodiment, the HVLCM materials have viscosi 
ties above 10,000 cP, more particularly above 15,000 cP, even 
more particularly above 20,000, 25,000, or 50,000 cP at 37° 
C 

[0122] As apparent from the discussion above, the amount 
of HVLCM present in the composition may vary consider 
ably, depending upon such factors as the number and amount 
of other components included in the composition, the use to 
Which the composition Will be put, and the method of admin 
istration of the composition. In general the HVLCM can be 
present in amounts as high as 99.5 Wt % to much loWer 
amounts, provided that the HVLCM continues to perform its 
function as a carrier material. LoWer limits of 45 Wt %, 25 Wt 
%, 10 Wt %, or even 1 Wt % or lessare contemplated, depend 
ing upon the factors mentioned above. For example, an emul 
sion may use 0.03 Wt %. Examples of applications Where 
loWer concentrations of HVLCM may be useful include: oil 
in Water emulsion, Where the active compound is dissolved or 
suspended in the HVLCM, Which is then suspended in a 
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continuous phase (e.g., an aqueous phase) as an emulsion; 
formulations Where the HVLCM functions to enhance the 

solubility of the active compound in the formulations; and 
formulations Where only a slight increase in delayed release is 
desired. 

Example 1 

High Viscosity Liquids of DL-Lactide/e-Caprolac 
tone 75/25 Initial Mole Concentration, Reacted With 

1,6-Hexanediol 

[0123] A clean, one liter glass reaction ?ask Was ?tted With 
a stainless steel mechanical stirrer rinsed With acetone, and 
dried for 3 hours under 0.5 mm Hg vacuum, While immersed 
in a 150° C. oil bath. The reaction vessel Was removed from 

the bath, alloWed to cool, then charged With 197.5 grams 
(1.37 mol) ofDL-Lactide, 52.5 grams (0.46 mol) ofe-Capro 
lactone, and 40 grams (0.34 mol) of 1,6-Hexanediol. FolloW 
ing addition, the reaction ?ask Was purged 5 times With nitro 
gen, and immersed in the oil bath at 1500 C. The mixture Was 
stirred sloWly after a majority appeared to have been melted to 
facilitate phase change. After all contents had melted, 1.28 
mL (210 mol) of a 0.164M stannous 2-ethylhexanoate solu 
tion in toluene Was added. Stirring continued to disperse the 
catalyst for a period of approximately 1 hour. The solution 
Was maintained, Without stirring, for 18 hrs. at 1500 C. The 
resulting compound Was then dried under vacuum (<05 mm 
Hg) at 1500 C. for a period of 4-5 hours to remove any 

unreacted starting materials, With sloW stir speed applied. The 
resulting product had an inherent viscosity of 0.049 dL/g in 
CHCl3 at 300 C. 

Example 2 

High Viscosity Liquid of DL-Lactide/Glycolide at 
75/25 Initial Mole Concentration, Reacted With 1,6 

Hexanediol 

[0124] The procedure detailed in Example 1 Was used to 
prepare a material using 247.13 g (1.71 mol) DL-Lactide, 
62.87 g (0.54 mol) Glycolide, and 49.6 g (0.42 mol) 1,6 
Hexanediol. FolloWing initial melting, 1 .84 mL (260 umol) of 
a 0.141M stannous 2-ethylhexanoate solution in toluene Was 

added. The resulting product had an inherent viscosity of 
0.058 dL/g in CHCl3 at 300 C. The material Was a liquid at 
room temperature. 

Example 3 

High Viscosity Liquid of DL-Lactide/e-Caprolactone 
at 75/ 25 Initial Mole Concentration, Reacted With 

Glycerol 

[0125] The procedure described in Example 1 Was used to 
prepare a material using 198.14 g (1.37 mol) DL-Lactide, 
54.8 g (0.47 mol) e-caprolactone, and 40 g (0.43 mol) Glyc 
erol. Following initial melting, 1.36 mL (210 umol) of a 
0.154M stannous 2-ethylhexanoate solution in toluene Was 
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added. The resulting product had an inherent viscosity of 
0.038 dL/g in CHCl3 at 300 C. The product Was a liquid at 
room temperature. 

Example 4 

High Viscosity Liquid of DL-Lactide/Glycolide at 
75/25 Initial Mole Concentration, reacted With Glyc 

erol 

[0126] The procedure described in Example 1 Was used to 
prepare a compound using 247.33 g (1.72 mol) DL-Lactide, 
62.87 g (0.54 mol) Glycolide, and 50.0 g (0.54 mol) Glycerol. 
FolloWing initial melting, 1.46 mL (260 umol) of a 0.179M 
stannous 2-ethylhexanoate solution in toluene Was added. 
The resulting product had an inherent viscosity of 0.028 dL/ g 
in CHCl3 at 300 C. The material Was a liquid at room tem 
perature. 

Example 5 

High Viscosity Liquid of Glycolide Reacted With 
Glycerol 

[0127] A clean, one liter glass reaction ?ask Was ?tted With 
a stainless steel mechanical stirrer rinsed With acetone, and 
dried for 3 hours under 0.5 mm Hg vacuum, While immersed 
in a 1500 C. oil bath. The reaction vessel Was removed from 
the bath, alloWed to cool, then charged With 174 grams (1.5 
mol) of glycolide and 92 grams (1.0 mol) of glycerol. Fol 
loWing addition, the reaction ?ask Was purged 5 times With 
nitrogen, and immersed in the oil bath at 1500 C. The mixture 
Was stirred sloWly to facilitate phase change after a majority 
of the mixture appeared to have been melted. After all con 
tents had melted, 1.28 mL (210 umol) of a 0.164M stannous 
2-ethylhexanoate solution in toluene Was added. Stirring Was 
continued to disperse the catalyst for a period of approxi 
mately 1 hour. The solution Was maintained, Without stirring, 
for 18 hrs. at 1500 C. The resulting compound Was then dried 
under vacuum (<05 mm Hg) at 1500 C. for a period of 4-5 
hours With sloW stir speed applied to remove any unreacted 
starting materials. 

Example 6 

[0128] High Viscosity Liquid of e-Caprolactone Reacted 
With l-Dodecanol. 
[0129] The procedure described in Example 5 Was used to 
prepare a material using 513 gms (4.5 mol) e-caprolactone 
and 93 g (0.5 mol) 1-dodecanol. FolloWing addition of 
reagents, 1.36 mL (210 umol) ofa 0.154M stannous 2-ethyl 
hexanoate solution in toluene Was added. The reaction pro 
ceeded as described in Example 5 and Was puri?ed as 
described therein. 
[0130] Methods of using the compositions of the invention 
are exempli?ed beloW. 

Example A 

[0131] CAPROL 10G4O (decaglycerol tetraoleate) Was 
dissolved in benZyl benZoate at a Weight ratio of 50:50. Bupi 
vacaine Was dissolved in this mixture at a concentration of 
8.75 Wt %. Drops Weighing approximately 100 mg Were 
precipitated into a test tube containing 40 mL of buffer. 
Samples of the buffer Were removed at speci?ed time points 
and replaced With fresh buffer. The samples Were analyZed by 
UV-vis spectrophotometry at 265 nm to determine the con 
centration of bupivacaine in each buffer sample. At 4 hours, 
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less than 7.5 Wt % of the bupivacaine in the drop had been 
released to the buffer. At 48 hours, around 24.0 Wt % of the 
bupivacaine had been released. The cumulative release pro?le 
is shoWn in FIG. 1. 

Example B 

[0132] The 1,6-hexanediol lactate e-hydroxycaproic acid 
produced in Example 1 Was dissolved in N-methylpyrroli 
done at a Weight ratio of 70:30. 10 Wt % bupivacaine base Was 
then added to this mixture and dissolved. Drops Weighing 
approximately 100 mg Were precipitated into 40 mL buffer. 
Samples of buffer Were removed at speci?ed times and 
replaced With fresh buffer. Buffer samples Were analyZed by 
UV-vis spectrophotometry at 265 nm to determine the con 
centration of bupivacaine in each buffer sample. At 4 hours, 
around 4.1 Wt % of the bupivacaine contained in the precipi 
tated drop had been released. At 24 hours, around 8.6 Wt % of 
the bupivacaine had been released. The cumulative release 
pro?le is shoWn in FIG. 1. 

Example C 

[0133] The glycerol lactate glycolate prepared according to 
Example 4 Was dissolved in ethanol at a Weight ratio of 70:30. 
10 Wt % estradiol Was then added to this mixture as a suspen 
sion. The formulation Was homogenized prior to testing to 
ensure adequate mixing. Drops of this formulation Were 
injected into a test tube containing buffer. The glycerol lactate 
glycolate precipitated, forming a depot from Which the estra 
diol Was sloWly released. Samples of the buffer Were removed 
at speci?ed times and replaced With fresh buffer. The buffer 
samples removed from each test tube Were analyZed by UV 
vis spectrophotometry at 280 nm to determine the estradiol 
concentration in each sample. The assayed concentration Was 
used to calculate the percent of estradiol released from the 
drop. FIG. 2 shoWs a cumulative release pro?le for estradiol. 

Example D 

[0134] The 1,6-hexanediol lactate glycolate prepared 
according to Example 2 Was dissolved in propylene carbonate 
at a Weight ratio of 80:20. 10 Wt % of progesterone Was 
incorporated as a suspension into this mixture. The formula 
tion Was homogenized prior to testing to ensure adequate 
mixing. The resulting formulation Was analyZed to determine 
its in vitro dissolution pro?le. Drops of the formulation Were 
injected into a test tube containing buffer. The 1,6-hexanediol 
lactate glycolate precipitated, forming a depot from Which the 
progesterone Was sloWly released. Samples of the buffer Were 
removed at speci?ed times and replaced With fresh buffer. The 
buffer samples Were analyZed by UV-vis spectrophotometry 
at 244 nm to determine drug concentration in each sample. 
The assayed concentration Was used to calculate the percent 
age of pro gesterone that had been released from the drop. The 
cumulative release pro?le is shoWn in FIG. 3. 

Example E 

[0135] The glycerol lactate Ee-hydroxycaproic acid pre 
pared according to Example 3 Was dissolved in polyethylene 
glycol (PEG) 400 at a Weight ratio of 36:64. LysoZyme Was 
ground With a mortar and pestle and the resulting poWder Was 
incorporated into the mixture as a suspension at a concentra 
tion of 10 Wt %. The formulation Was mixed thoroughly With 
a spatula. Samples of the formulation, approximately 500 pL 
in volume, Were injected into three test tubes each containing 
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10 mL of buffer. Aliquots of buffer (8 mL) Were removed at 
speci?ed times and replaced With fresh buffer. Each sample of 
buffer containing lysoZyme Was analyZed With a micro BCA 
protein assay reagent kit to determine protein content in the 
dissolution sample. The assayed lysoZyme concentration Was 
used to calculate the percent of lysoZyme that had been 
released from the drop. The cumulative release pro?le is 
shoWn in FIG. 4. 

Example F 

[0136] CAPROL 6G2O (hexaglycerol dioleate) Was dis 
solved in benZyl benZoate at a Weight ratio of 25:75. 
LysoZyme Was ground With a mortar and pestle and the result 
ing poWder Was incorporated into the mixture as a suspension 
at a concentration of 10 Wt %. The formulation Was mixed 
thoroughly With a spatula. Samples of the formulation, 
approximately 500 pL in volume, Were injected into three test 
tubes each containing 10 mL of buffer. Aliquots of buffer (8 
mL) Were removed at speci?ed times and replaced With fresh 
buffer. Each sample of buffer containing lysoZyme Was ana 
lyZed With a micro BCA protein assay reagent kit to deter 
mine protein content in the dissolution sample. The assayed 
lysoZyme concentration Was used to calculate the percent of 
lysoZyme that had been released from the drop. The cumula 
tive release pro?le is shoWn in FIG. 4. 

Example G 

[0137] TWo solutions Were prepared in Which 1,6-hex 
anediol lactate e-hydroxycaproic acid (prepared according to 
Example 1) and 1,6-hexanediol lactate glycolate (prepared 
according to Example 2) Were dissolved in polyethylene gly 
col (PEG) 400 at Weight ratios of 34:66 and 33:67, respec 
tively. A drop of each formulation Was injected into a test tube 
containing deioniZed Water, and the 1,6-hexanediol lactate 
e-hydroxycaproic acid and 1,6-hexanediol lactate glycolate 
Were precipitated at the bottom of the test tubes. The drops 
retained their shapes for longer than one Week. 

Example H 

[0138] The formulations listed in the Table beloW Were 
prepared using the esters prepared in Examples 1 through 4. 
In each case, the mixture resulted in a homogeneous solution. 

Ester:Solvent 
Ester Solvent Wt Ratio 

1,6-hexanediol lactate Ethanol 80:20 
glycolate 
1,6-hexanediol lactate Ethanol 80:20 
e-hydroxycaproic acid 
glycerol lactate e- Ethanol 80:20 
hydroxycaproic acid 
glycerol lactate glycolate Ethanol 80:20 
1,6-hexanediol lactate Propylene carbonate 80:20 
glycolate 
1,6-hexanediol lactate Propylene carbonate 80:20 
e-hydroxycaproic acid 
glycerol lactate e- Propylene carbonate 80:20 
hydroxycaproic acid 
glycerol lactate glycolate Propylene carbonate 80:20 
1,6-hexanediol lactate Polyethylene glycol 36:64 
glycolate (PEG) 400 
1,6-hexanediol lactate Polyethylene glycol 34:66 
e-hydroxycaproic acid (PEG) 400 








