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(57) ABSTRACT 
The invention relates to a process for loading a polymer With 
one or more bioactive agents, using a Wet spinning tech 
nique. The invention further relates to a polymer loaded With 
one or more bioactive agents, obtainable by said process and 
to the use thereof as a carrier for controlled drug release or 
as scaffold for tissue engineering. 
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Figure 2A 
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POLYMERS WITH BIOACTIVE AGENTS 

[0001] The invention relates to a ?brous polymer loaded 
With one or more bioactive agents and to a process for 
preparing the ?brous polymer loaded With the bioactive 
agent or agents. The invention further relates to the use of 
the polymer loaded With the bioactive agent or agents as a 
scaffold for tissue engineering. 

[0002] The development of biological substitutes, that can 
restore or improve tissue function, is a rapidly evolving 
interdisciplinary ?eld in science. NeW tissues can be engi 
neered from living cells and three dimensional scaffolds. 
The function of the scaffold is to provide structural integrity 
and space for groWing tissue, and to guide tissue formation. 
For this purpose, scaffolds are needed With a high porosity 
and a high surface area. Ideally, the scaffold delivers bio 
active factors Which modulate cellular behavior such as 
proliferation, migration and adhesion. For eXample, it has 
been shoWn that release of bone morphogenetic protein 
(rhBMP-2) from biodegradable porous scaffolds stimulated 
groWth of bone into the scaffolds in vivo (see K. Whang et 
al., J. Biomed. Mater. Res. 42 (1998) 491-499). 

[0003] Macroporous scaffolds for tissue engineering have 
been fabricated by various techniques, including ?ber bond 
ing (see A. G. Mikos et al., J. Biomed. Mater. Res. 27 (1993) 
183-189), solvent casting/salt-leaching (see A. G. Mikos et 
al., Biomaterials 14 (1993) 323-330), phase separation (see 
H. Lo et al., J. Biomed. Mater. Res. 30 (1996) 475-484) and 
emulsion freeZe-drying (see K. Whang et al., Polymer 36 
(1995) 837-842). Often, the methods used to prepare 
macroporous structures are not suitable for incorporation of 
labile proteins and other bioactive compounds, due to the 
high temperatures used, eXposure to organic solvents, or the 
need for removal of the porogens. 

[0004] Recently, Whang et al. (see J. Biomed. Mater. Res. 
42 (1998) 491-499) developed an emulsion freeZe-drying 
process to overcome these draWbacks in the incorporation of 
proteins into porous matrices. This method consists of 
creating an emulsion from a poly(lactide-co-glycolide) 
(PLG) solution in methylene chloride and an aqueous pro 
tein solution. Subsequently, the emulsion is quenched in 
liquid nitrogen, and methylene chloride and Water are 
removed by freeZe-drying. The large pores in the resulting 
matrices are formed by the dispersed Water phase and since 
the proteins are also dissolved in the Water phase, this 
implies that the proteins are located Within the large inter 
connected pores. This might limit the possibilities to obtain 
sloW release of proteins. Furthermore, it appeared that the 
type of protein in?uenced the ultimate structure of the pores. 
In case of bovine serum albumin (BSA) loaded scaffolds, the 
median pore siZe Was 65 pm, While incorporation of 
rhBMP-2 resulted in a median pore siZe of only 9 pm, Which 
is probably too small for optimal bone-ingroWth. 

[0005] The present invention aims to provide a method for 
preparing a ?brous polymer loaded With one or more bio 
active agents. Further, in particular in vieW of the application 
of polymers as scaffold for tissue engineering, it is often 
desired to be able to incorporate (bioactive) additives in a 
solid body that constitutes the scaffold. For instance, the 
presence of groWth factors may be very much desired in 
order to enhance cell groWth or differentiation. As many of 
these bioactive additives are very sensitive compounds, the 
need for Working under mild conditions becomes even more 
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important. It is particularly desired that the method can be 
performed under such mild conditions that the biologic 
activity of the bioactive agent is essentially not deteriorated 
during the carrying out of the method. Further, it is desired 
that the bioactive agent can be homogeneously distributed 
throughout the polymer. 

[0006] Surprisingly, it has noW been found that a Wet 
spinning technique is highly suitable for achieving the above 
goals. Accordingly, the invention speci?cally relates to a 
process for preparing a polymer loaded With one or more 
bioactive agents comprising the steps of: 

[0007] a) providing a solution of the polymer in a 
suitable ?rst solvent; 

[0008] b) adding an aqueous solution of the bioactive 
agent or agents to the polymer solution to obtain a 
Water-in-oil emulsion; 

[0009] c) immersing the Water-in-oil emulsion in a 
suitable second solvent by injecting the emulsion 
through a noZZle into the second solvent; 

[0010] d) alloWing the ?rst solvent to migrate into the 
second solvent to obtain a solid, ?brous polymer 
loaded With the bioactive agent or agents. 

[0011] The present process is carried out under mild 
conditions; no high temperatures or extreme pH is required. 
As a result, the stability and activity of the bioactive agent 
or agents is essentially maintained during the process. Fur 
thermore, it has been found possible in a process according 
to the invention to obtain a polymeric substrate in Which the 
bioactive agent is homogeneously distributed. Another 
advantage is that the present process yields a ?brous prod 
uct, Which is believed to be a highly suitable form for 
scaffolds in tissue engineering, enabling diffusion of nutri 
ents and Waste materials to and from cells seeded on the 
scaffold and mimicking natural ?brous tissues, such as 
muscle tissue. Furthermore the present product may ?nd 
advantageous application in the ?eld of surgical devices and 
aids, for instance as device for controlled release of bioac 
tive agents in vivo. Speci?c eXamples of such devices are 
spacers that may be used to release an antibiotic, such as 
gentamycin, in case of an infection, for eXample When a 
revision hip implant is to be inserted in a patient, or devices 
for the release of anti-conception agents. 

[0012] The polymer Which is loaded according to the 
present invention may be any kind of polymer. Preferably, 
the polymer is a biocompatible polymer, thus enabling the 
use of the polymer, loaded With the bioactive agent, for 
pharmaceutical and/or biological purposes. In the conteXt of 
the present invention, the term biocompatible is intended to 
refer to materials Which may be incorporated into a human 
or animal body substantially Without unacceptable responses 
of the human or animal. It is further preferred that the 
polymer is a biodegradable polymer, Which makes the 
polymer loaded With bioactive agent(s) highly suitable for 
use as a scaffold in tissue engineering. The term biodegrad 
able refers to materials Which, after a certain period of time, 
are broken doWn in a biological environment. Preferably, the 
rate of breakdoWn is chosen similar or identical to the rate 
at Which the body generates autogenous tissue to replace an 
implant manufactured of the biodegradable material. 

[0013] Suitable eXamples of polymers to be loaded With 
one or more bioactive agents in accordance With the inven 
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tion are amphiphilic block copolymers, comprising hydro 
philic and hydrophobic blocks. The hydrophilic component 
is preferably a polyalkylene glycol, such as polyethylene 
glycol. The hydrophobic blocks may be chosen from a 
variety of possibilities, including poly(lactide-co-glycolide), 
poly(caprolactone), polybutylene terephtalate, poly(propy 
lene fumarate), and poly(anhydrides). Such block copoly 
mers may be diblock, triblock, multiblock or star-shaped 
block copolymers. It has been found that the use of these 
polymers lead to very stable emulsions, Which bene?cially 
affects the formation of the polymer ?bers. 

[0014] A preferred class of polymers according to the 
invention, is a copolymer of a polyalkylene glycol tereph 
talate and an aromatic polyester. Preferably, the copolymer 
comprises 20-90 Wt. %, more preferably 40-70 Wt. % of the 
polyalkylene glycol terephtalate, and 80-10 Wt. %, more 
preferably 60-30 Wt. % of the aromatic polyester. A pre 
ferred type of copolymers according to the invention is 
formed by the group of block copolymers. 

[0015] The polyalkylene glycol terephtalate may have a 
Weight average molecular Weight of about 150 to about 
4000. Preferably, the polyalkylene glycol terephtalate has a 
Weight average molecular Weight of 200 to 1500. The 
aromatic polyester preferably has a Weight average molecu 
lar Weight of from 200 to 5000, more preferably from 250 
to 4000. The Weight average molecular Weight of the 
copolymer preferably lies betWeen 10,000 and 300,000, 
more preferably betWeen 40,000 and 120,000. 

[0016] The Weight average molecular Weight may suitably 
be determined by gel permeation chromatography (GPC). 
This technique, Which is knoWn per se, may for instance be 
performed using chloroform as a solvent and polystyrene as 
external standard. Alternatively, a measure for the Weight 
average molecular Weight may be obtained by using vis 
cometry (see NEN-EN-ISO 1628-1). This technique may for 
instance be performed at 25° C. using chloroform as a 
solvent. Preferably, the intrinsic viscosity of the copolymer 
lies betWeen 0.2289 and 1.3282 dL/g, Which corresponds to 
a Weight average molecular Weight betWeen 10,000 and 
200,000. Likewise, the more preferred ranges for the Weight 
average molecular Weight measured by GPC mentioned 
above can also be expressed in terms of the intrinsic vis 
cosity. 

[0017] In a preferred embodiment, the polyalkylene glycol 
terephtalate component has units of the formula —OLO— 
CO-Q-CO—, Wherein O represents oxygen, C represents 
carbon, L is a divalent organic radical remaining after 
removal of terminal hydroxyl groups from a poly(oxyalky 
lene)glycol, and Q is a divalent organic radical. 

[0018] Preferred polyalkylene glycol terephtalates are 
chosen from the group of polyethylene glycol terephtalate, 
polypropylene glycol terephtalate, and polybutylene glycol 
terephtalate and copolymers thereof, such as poloxamers. A 
highly preferred polyalkylene glycol terephtalate is polyeth 
ylene glycol terephtalate. 

[0019] The terms alkylene and polyalkylene generally 
refer to any isomeric structure, ie propylene comprises both 
1,2-propylene and 1,3-propylene, butylene comprises 1,2 
butylene, 1,3-butylene, 2,3-butylene, 1,2-isobutylene, 1,3 
isobutylene and 1,4-isobutylene (tetramethylene) and simi 
larly for higher alkylene homologues. The polyalkylene 
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glycol terephtalate component is preferably terminated With 
a dicarboxylic acid residue —CO-Q-CO—, if necessary to 
provide a coupling to the polyester component. Group Q 
may be an aromatic group having the same de?nition as R, 
or may be an aliphatic group such as ethylene, propylene, 
butylene and the like. 

[0020] The polyester component preferably has units —O 
E-O—CO—R—CO—, Wherein O represents oxygen, C 
represents carbon, E is a substituted or unsubstituted alky 
lene or oxydialkylene radical having from 2 to 8 carbon 
atoms, and R is a substituted or unsubstituted divalent 
aromatic radical. 

[0021] In a preferred embodiment, the polyester is chosen 
from the group of polyethylene terephthalate, polypropylene 
terephthalate, and polybutylene terephthalate. A highly pre 
ferred polyester is polybutylene terephthalate. 

[0022] The preparation of the copolymer Will noW be 
explained by Way of example for a polyethylene glycol 
terephtalate/polybutylene terephthalate copolymer. Based 
on this description, the skilled person Will be able to prepare 
any desired copolymer Within the above described class. An 
alternative manner for preparing polyalkylene glycol tereph 
talate/polyester copolymers is disclosed in Us. Pat. No. 
3,908,201. 

[0023] A polyethylene glycol terephtalate/polybutylene 
terephthalate copolymer may be synthesiZed from a mixture 
of dimethyl terephthalate, butanediol (in excess), polyeth 
ylene glycol, an antioxidant and a catalyst. The mixture is 
placed in a reaction vessel and heated to about 180° C., and 
methanol is distilled as transesteri?cation proceeds. During 
the transesteri?cation, the ester bond With methyl is replaced 
With an ester bond With butylene and/or the polyethyene 
glycol. After transesteri?cation, the temperature is raised 
sloWly to about 245° C., and a vacuum (?nally less than 0.1 
mbar) is achieved. The excess butanediol is distilled off and 
a prepolymer of butanediol terephthalate condenses With the 
polyethylene glycol to form a polyethylene/polybutylene 
terephthalate copolymer. A terephthalate moiety connects 
the polyethylene glycol units to the polybutylene terephtha 
late units of the copolymer and thus such a copolymer also 
is sometimes referred to as a polyethylene glycol terephtha 
late/polybutylene terephthalate copolymer (PEGT/PBT 
copolymer). 
[0024] The bioactive agent Which is to be loaded into the 
polymer may be chosen from various groups of compounds. 
The term “biologically active agent” or bioactive agent, as 
used herein, includes an agent Which provides a therapeutic 
or prophylactic effect, a compound that affects or partici 
pates in tissue groWth, cell groWth, cell differentiation, a 
compound that may be able to invoke a biological action 
such as an immune response, or could play any other role in 
one or more biological processes. Such agents include, but 
are not limited to, antimicrobial agents (including antibac 
terial and anti-fungal agents), anti-viral agents, anti-tumor 
agents, hormones, immunogenic agents, groWth factors, 
lipids, lipopolysaccharides, and peptides, polypeptides and 
proteins in general. 

[0025] An important group of compounds that can be used 
for loading a polymer according to the invention is formed 
by peptides and proteins, of Which in principle any kind may 
be incorporated according to the present invention. Both 
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peptides and proteins are compounds that are built up out of 
amino acids, linked to one another via an amide bond (or 
peptide bond). This bond is the product of the joining of an 
amino group of one amino acid With a carboxylic acid group 
of the other. Relatively small peptides may be referred to by 
the number of amino acids (eg di-, tri-, tetrapeptides). A 
peptide With a relatively small number of amide bonds may 
also be called an oligopeptide, Whereas a peptide With a 
relatively high number may be called a polypeptide or 
protein. In addition to being a polymer of amino acid 
residues, certain proteins may further be characteriZed by the 
so called quaternary structure, a conglomerate of a number 
of polypeptides that are not necessarily chemically linked by 
amide bonds but are bonded by forces generally knoWn to 
the skilled professional, such as electrostatic forces and 
vanderWaals forces. The term peptides, proteins or mixtures 
thereof as used herein is to include all above mentioned 
possibilities. 
[0026] Usually, the protein and/or peptide Will be selected 
on the basis of its biological activity. Depending on the type 
of polymer chosen, the product obtainable by the present 
process is highly suitable for controlled release of proteins 
and peptides. In a preferred embodiment, the protein or 
peptide is a groWth factor. A groWth factor is de?ned as a 
protein or peptide that has a bene?cial effect on the groWth, 
proliferation and/or differentiation of living cells. According 
to this embodiment, the process of the invention provides a 
material that can advantageously be used as a scaffold for 
tissue engineering, Wherein the groWth factor is released 
from the polymer in a delayed manner, thus providing a 
bene?cial environment for tissue to groW and/or differenti 
ate. 

[0027] Examples of preferred groWth factors are Bone 
Morphogenetic Proteins (BMP), epidermal groWth factors, 
eg Epidermal GroWth Factor (EGF), ?broblast groWth 
factors, eg basic Fibroblast GroWth Factor (bFGF), Nerve 
GroWth Factor (NGF), Bone Derived GroWth Factor 
(BDGF), transforming groWth factors, eg Transforming 
GroWth Factor-[31 (TGF-[31), and human GroWth Hormone 
(hGH). 
[0028] Further examples of peptides or proteins or entities 
comprising peptides or proteins Which may advantageously 
be contained in the loaded polymer include, but are not 
limited to, immunogenic peptides or immunogenic proteins, 
Which include, but are not limited to, the folloWing: 

[0029] 1. Toxins: diphtheria toxin, tetanus toxin 

[0030] 2. Viral surface antigens or parts of viruses: 
adenoviruses, Epstein-Barr Virus, Hepatitis A Virus, 
Hepatitis B Virus, Herpes viruses, HIV-1, HIV-2, 
HTLV-III, In?uenZa viruses, Japanese encephalitis 
virus, Measles virus, Papilloma viruses, Paramyx 
oviruses, Polio Virus, Rabies, Virus, Rubella Virus, 
Vaccinia (Smallpox) viruses, YelloW Fever Virus 

[0031] 3. Bacterial surface antigens or parts of bac 
teria: Bordetella pertussis, Helicobacter pylori, 
Clostridium tetani, Corynebacterium diphtheria, 
Escherichia coli, Haemophilus in?uenza, Klebsiella 
species, Legionella pneumophila, Mycobacterium 
bovis, Mycobacterium leprae, Mycrobacterium 
tuberculosis, Neisseria gonorrhoeae, Neisseria men 
ingitidis, Proteus species, Pseudomonas aeruginosa, 
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Salmonella species, Shigella species, Staphylococ 
cus aureus, Streptococcus pyogenes, Vibrio cholera, 
Yersinia pestis 

[0032] 4. Surface antigens of parasites causing dis 
ease or portions of parasites: Plasmodium vivax— 
malaria, Plasmoa'ium falciparum—malaria, Plasmo 
dium ovale—malaria, Plasmodium malariae— 
malaria, Leishmania tropica—leishmaniasis, 
Leishmania donovani, leishmaniasis, Leishmania 
branziliensis—leishmaniasis, Trypanosoma rhoa'e 
scense—sleeping sickness, Trypanosoma gambi 
ense—sleeping sickness, T rypanosoma cruzi—Cha 
gas’ disease, Schistosoma mansoni— 
schistosomiasis, Schistosomoma haematobium— 
schistomiasis, Schistosoma japonicum— 
shichtomiasis, Trichinella spiralis—trichinosis, 
Stronglyloia'es duodenale—hookWorm, Ancyclos 
toma duodenale—hookWorm, Necator america 
nus—hookWorm, Wucheria bancrofti—?lariasis, 
Brugia malaya—?lariasis, Loa loa—?lariasis, Dipe 
talonema perstaris—?lariasis, Dracuncula medin 
ensis—?lariasis, Onchocerca volvulus—?lariasis 

[0033] 5. Immunoglobulins: IgG, IgA, IgM, Antira 
bies immunoglobulin, Antivaccinia immunoglobulin 

[0034] 6. Anititoxins: Botulinum antitoxin, diphthe 
ria antitoxin, gas gangrene antitoxin, tetanus anti 
toxin. 

[0035] 7. Antigens Which elicit an immune response 
against: Foot and Mouth Disease, hormones and 
groWth factors such as follicle stimulating hormone, 
prolactin, angiogenin, epidermal groWth factor, cal 
citonin, erythropoietin, thyrotropic releasing hor 
mone, insulin, groWth hormones, insulin-like groWth 
factors 1 and 2, skeletal groWth factor, human chori 
onic gonadotropin, luteiniZing hormone, nerve 
groWth factor, adrenocorticotropic hormone 
(ACTH), luteiniZing hormone releasing hormone 
(LHRH), parathyroid hormone (PTH), thyrotropin 
releasing hormone (TRH), vasopressin, cholecysto 
kinin, and corticotropin releasing hormone; cytok 
ines, such as interferons, interleukins, colony stimu 
lating factors, and tumor necrosis factors: ?brinolytic 
enZymes, such as urokinase, kidney plasminogen 
activator; and clotting factors, such as Protein C, 
Factor VIII, Factor IX, Factor VII and Antithrombin 
III. 

[0036] 8. Examples of other proteins or peptides: 
albumin, atrial natriuretic factor, renin, superoxide 
dismutase, otl-antitrypsin, lung surfactant proteins, 
bacitracin, bestatin, cydosporine, delta sleep-induc 
ing peptide (DSIP), endorphins, glucagon, gramici 
din, melanocyte inhibiting factors, neurotensin, oxy 
tocin, somostatin, terprotide, serum thymide factor, 
thymosin, DDAVP, dermorphin, Met-enkephalin, 
peptidoglycan, satietin, thymopentin, ?brin degrada 
tion product, des-enkephalin-ot-endorphin, gonadot 
ropin releasing hormone, leuprolide, ot-MSH, and 
metkephamid. 

[0037] It is to be understood, hoWever, that the scope of 
the present invention is not limited to any speci?c peptides 
or proteins. 
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[0038] Although, in vieW of the delicacy of proteins and 
peptides, the present process is particularly useful for mak 
ing polyrners loaded With proteins and peptides, it is of 
course also possible to load a polymer With a substance other 
than a protein or peptide. Such biologically active agents 
Which may be incorporated include, but are not limited to, 
non-peptide, non-protein drugs. It is possible Within the 
scope of the present invention to incorporate drugs of a 
polymeric nature, but also to incorporate drugs of a rela 
tively srnall molecular weight of less than 1500, or even less 
than 500. 

[0039] Examples of non-peptide, non-protein drugs Which 
may be incorporated include, but are not limited to, the 
following: 

[0040] 1. Anti-turnor agents: altretarnin, ?uorouracil, 
arnsacrin, hydroXycarbarnide, asparaginase, ifosfa 
rnid, bleornycin, lornustin, busulfan, rnelphalan, 
chlorarnbucil, rnercaptopurin, chlorrnethin, rnethotr 
eXate, cisplatin, rnitornycin, cyclophospharnide, pro 
carbaZin, cytarabin, teniposid, dacarbaZin, thiotepa, 
dactinornycin, tioguanin, daunorubicin, treosulphan, 
doXorubicin, tiophospharnide, estrarnucin, vinblas 
tine, etoglucide, vincristine, etoposid, vindesin. 

[0041] 2. Anitirnicrobial agents 

[0042] 2.1 Antibiotics 

[0043] Penicillins: arnpicillin, nafcillin, arnoXicil 
lin, oXacillin, aZlocillin, penicillin G, carbenicil 
lin, penicillin V, dicloXacillin, phenethicillin, ?oX 
acillin, piperacillin, rnecillinarn, sulbenicillin, 
rnethicillin, ticarcillin, rneZlocillin 

[0044] Cephalosporins: cefaclor, cephalothin, 
cefadroXil, cephapirin, cefarnandole, cephradine, 
cefatriZine, cefsulodine, cefaZolin, ceftaZidirn, 
ceforanide, ceftriaXon, cefoXitin, cefuroXirne, 
cephacetrile, latarnoXef, cephaleXin 

[0045] Arninoglycosides: arnikacin, neornycin, 
dibekacyn, kanarnycin, gentarnycin, netilrnycin, 
kanarnycin, tobrarnycin 

[0046] Macrolides: arnphotericin B, novobiocin, 
bacitracin, nystatin, clindarnycin, polyrnyXins, 
colistin, rovarnycin, erythrornycin, spectinorny 
cin, lincornycin, vancornycin 

[0047] Tetracyclines: chlortetracycline, oXytetra 
cycline, derneclocycline, rolitetracycline, doXycy 
cline, tetracycline, rninocycline Other antibiotics: 
chlorarnphenicol, rifarnycin, rifarnpicin, thiarn 
phenicol 

[0048] 2.2 Chernotherapeutic agents 

[0049] Sulfonarnides: sulfadiaZine, sulfarnethiZol, 
sulfadirnethoXin, sulfarnethoXaZole, sulfadirnidin, 
sulfarnethoXypyridaZine, sulfafuraZole, sul 
faphenaZol, sulfalene, sul?sornidin, sulfarnera 
Zine, sul?soXaZole, trirnethoprirn With sul 
farnethoXaZole or sulfarnetrole 

[0050] Urinary tract antiseptics: rnethanarnine, 
quinolones(nor?oXacin, cinoXacin), nalidiXic 
acid, nitro-cornpounds (nitrofurantoine, nifurtoi 
nol), oXolinic acid 
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[0051] Anaerobic infections: rnetronidaZole 

[0052] 3. Drugs for tuberculosis: arninosalicyclic 
acid, isoniaZide, cycloserine, rifarnpicine, etharnbu 
tol, tiocarlide, ethionarnide, viornycin 

[0053] 4. Drugs for leprosy: arnithioZone, rifarnpi 
cine, clofaZirnine, sodiurn sulfoXone, diarninodiphe 
nylsulfone (DDS, dapsone) 

[0054] 5. Antifungal agents: arnphotericin B, keto 
conaZole, clotrirnaZole, rniconaZole, econaZole, nata 
rnycin, ?ucytosine, nystatine, griseofulvin 

[0055] 6. Antiviral agents: aciclovir, idoXuridine, 
arnantidine, rnethisaZone, cytarabine, vidarabine, 
ganciclovir 

[0056] 7. Chemotherapy of arnebiasis: chloroquine, 
iodoquinol, clioquinol, rnetronidaZole, dehydro 
ernetine, parornornycin, diloXanide, furoatetinida 
Zole, ernetine 

[0057] 8. Anti-rnalarial agents: chloroquine, 
pyrirnetharnine, hydroXychloroquine, quinine, 
rne?oquine, sulfadoXine/pyrirnetharnine, pentarni 
dine, sodiurn surarnin, prirnaquine, trirnethoprirn, 
proguanil 

[0058] b 9. Anti-helrninthiasis agents: antirnony 
potassiurn tartrate, niridaZole, antirnony sodiurn 
dirnercaptosuccinate, oXarnniquine, bepheniurn, pip 
eraZine, dichlorophen, praZiquantel, diethylcarbarn 
aZine, pyrantel parrnoate, hycanthone, pyriviurn 
parnoate, levarnisole, stibophen, rnebendaZole, tetra 
rnisole, rnetrifonate, thiobendaZole, niclosarnide 

[0059] 10. Anti-in?ammatory agents: acetylsalicyclic 
acid, rnefenarnic acid, aclofenac, naproXen, aZopro 
panone, ni?urnic acid, benZydarnine, oXyphenbuta 
Zone, diclofenac, piroXicarn, fenoprofen, pirprofen, 
?urbiprofen, sodiurn salicyclate, ibuprofensulindac, 
indornethacin, tiaprofenic acid, ketoprofen, tolrnetin 

[0060] 11. Anti-gout agents: colchicine, allopurinol 

[0061] 12. Centrally acting (opoid) analgesics: alfen 
tanil, rnethadone, beZitrarnide, rnorphine, buprenor 
?ne, nicornorphine, butorfanol, pentaZocine, 
codeine, pethidine, deXtrornorarnide, piritranide, 
deXtropropoXyphene, sufentanil, fentanyl 

[0062] 13. Local anesthetics: articaine, rnepivacaine, 
bupivacaine, prilocaine, etidocaine, procaine, 
lidocaine, tetracaine 

[0063] 14. Drugs for Parkinson’s disease: arnanti 
dine, diphenhydrarnine, apornorphine, ethopro 
paZine, benZtropine rnesylate, lergotril, biperiden, 
levodopa, brornocriptine, lisuride, carbidopa, 
rnetiXen, chlorphenoXarnine, orphenadrine, 
cycrirnine, procyclidine, deXetirnide, triheX 
yphenidyl 

[0064] 15. Centrally active muscle relaxants: 
baclofen, carisoprodol, chlorrneZanone, chlorZoX 
aZone, cyclobenZaprine, dantrolene, diaZeparn, 
febarbarnate, rnefenoXalone, rnephenesin, rnetoXa 
lone, rnethocarbarnol, tolperisone 
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[0065] 16. Hormones and hormone antago7nistics 

[0066] 16.1 Corticosteroids 

[0067] 16.1.1 Mineralocorticosteroids: cortisol, des 
oxycorticosterone, ?urohydrocortisone 

[0068] 16.1.2 Glucocorticosteroids: beclomethasone, 
betamethasone, cortisone, dexamethasone, ?uocino 
lone, ?uocinonide, ?uocortolone, ?uorometholone, 
?uprednisolone, ?urandrenolide, halcinonide, 
hydrocortisone, medrysone, methylprednisolone, 
paramethasone, prednisolone, prednisone, triamci 
nolone (acetonide) 

[0069] 16.2 Androgents 

[0070] 16.2.1 Androgenic steroids used in therapy: 
danaZole, ?uoxymesterone, mesterolone, methyltes 
tosterone, testosterone and salts thereof 

[0071] 16.2.2 Anabolic steroids used in therapy: 
calusterone, nandrolone and salts thereof, dromo 
stanolone, oxandrolone, ethylestrenol, 
oxymetholone, methandriol, stanoZolol methandros 
tenolone, testolactone 

[0072] 16.2.3 Antiandrogens: cyproterone acetate 

[0073] 16.3 Estrogens 

[0074] 16.3.1 Estrogenic steroids used it therapy: 
diethylstilbestrol, estradiol, estriol, ethinylestradiol, 
mestranol, quinestrol 

[0075] 16.3.2 Anti-estrogens: chlorotrianisene, clo 
miphene, ethamoxytriphetol, nafoxidine, tamoxifen 

[0076] 16.4 Progestins: allylestrenol, desogestrel, 
dimethisterone, dydrogesterone, ethinylestrenol, 
ethisterone, ethynadiol diacetate, etynodiol, hydrox 
yprogesterone, levonorgestrel, lynestrenol, medrox 
yprogesterone, megestrol acetate, norethindrone, 
norethisterone, norethynodrel, norgestrel, progester 
one 

[0077] 17. Thyroid drugs 

[0078] 17.1 Thyroid drugs used in therapy: levothy 
ronine, liothyronine 

[0079] 17.2 Anti-thyroid drugs used in therapy: car 
bimaZole, methimaZole, methylthiouracil, propylth 
iouracil 

[0080] When a hydrophobic drug, such as, for example, a 
steroid hormone is incorporated, preferably at least one 
hydrophobic antioxidant is present. Hydrophobic antioxi 
dants Which may be employed include, but are not limited to, 
tocopherols, such as ot-tocopherol, [3-tocopherol, y-toco 
pherol, o-tocopherol, e-tocopherol, <gl-tocopherol, ‘Q2 -toco 
pherol, and n-tocopherol; and 1-ascorbic acid 6-palmitate. 
Such hydrophobic antioxidants retard the degradation of the 
copolymer and retard the release of the biologically active 
agent. Thus, the use of a hydrophobic or lipophilic antioxi 
dant is applicable particularly to the formation of loaded 
polymers Which include drugs Which tend to be released 
quickly, such as, for example, drug molecules having a 
molecular Weight less than 500. The hydrophobic antioxi 
dant(s) may be present in the loaded polymer in an amount 

May 6, 2004 

of from about 0.1 Wt. % to about 10 Wt. % of the total Weight 
of the polymer, preferably from about 0.5 Wt. % to about 2 
Wt. %. 

[0081] When the loaded polymer includes a hydrophilic 
drug, such as an aminoglycoside, the loaded polymer may 
also include, in addition to a hydrophobic antioxidant, a 
hydrophobic molecule such as cholesterol, ergosterol, litho 
cholic acid, cholic acid, dinosterol, betuline, or oleanolic 
acid, Which may be employed in order to retard the release 
rate of the agent from the copolymer. Such hydrophobic 
molecules prevent Water penetration into the loaded poly 
mer, but do not compromise the degradability of the polymer 
matrix. In addition, such molecules have melting points 
from 150° C. to 200° C. or decreases the polymer matrix 
diffusion coefficient for the biologically active agent, such as 
drug molecule, to be released. Thus, such hydrophobic 
molecules provide for a more sustained release of a biologi 
cally active agent from the polymer matrix. The at least one 
hydrophobic molecule may be present in the loaded polymer 
in an amount of from about 0.1 Wt. % to about 20 Wt. %, 
preferably from 1.0 Wt. % to 5.0 Wt. %. 

[0082] It is noted that, for the preparation of the Water-in 
oil emulsion according to the invention, it is necessary that 
a hydrophobic bioactive agent dissolves at least slightly in 
Water, preferably at least to such an extent that the resultant 
loaded polymer comprises an amount of the bioactive agent 
Which is suf?cient to achieve a desired effect in vivo. If 
necessary, a surfactant may be added to the aqueous solution 
of the bioactive agent in order to achieve that a minimal 
desired amount of the bioactive agent is incorporated into 
the polymer. Examples of such surfactants are Well knoWn 
to the skilled artisan and may be used in amounts Which can 
easily be optimiZed by the artisan based on his normal 
knowledge of the art. Speci?c examples of suitable surfac 
tants include, but are not limited to, poly(vinyl)alcohol, 
Span 80, TWeen and Pluronics. 

[0083] The invention further requires the use of tWo 
solvents Which are chosen to complement each other’s 
action in the present process. The ?rst solvent is to be chosen 
such that it is immiscible With Water. In addition, the 
polymer Which is to be loaded With bioactive agent(s) should 
be soluble in the ?rst solvent. The second solvent is to be 
chosen such that the polymer is not soluble in it. Also, the 
?rst solvent is to be Well miscible With the second solvent. 
Preferably, the ?rst solvent mixes better With the second 
solvent than that the polymer dissolves in the ?rst solvent. 
This ensures that, upon immersion of the Water-in-oil emul 
sion in the second solvent, the ?rst solvent Will substantially 
completely migrate into the second solvent. Further pre 
ferred is that both solvents are immiscible With Water. This 
makes it possible to prevent that the bioactive agent, Which 
is processed in an aqueous solution, comes into contact With 
an organic solvent, Which might be harmful to bioactive 
agent. Depending on the nature of the polymer to be loaded, 
the skilled person Will be able to select suitable solvents. By 
Way of example, good results have been obtained by using 
chloroform as the ?rst solvent, and hexane as the second 
solvent When the polymer is polyethylene glycol terephta 
late/polybutylene terephthalate copolymer. 

[0084] In a ?rst step of the present process, a solution is 
provided of the polymer in the ?rst solvent. The concentra 
tion of this solution is not critical. On the one hand, it is 
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important that all of the polymer dissolves. On the other 
hand, it is preferred that the amount of the ?rst solvent used 
is kept as small as possible in order to keep the process 
ef?cient. 

[0085] Of the polymer solution, a Water-in-oil emulsion is 
prepared by mixing it With an aqueous solution of the 
bioactive agent(s),. Under certain circumstances, it may be 
desired to add conventional stabilizers for enhancing the 
stability of the Water-in-oil emulsion. Typical examples of 
such stabiliZers include proteins such as albumin or casein, 
Pluronics and Span 80. It is, hoWever, preferred that such 
stabiliZers are not used. 

[0086] The amount of bioactive agent(s), in the aqueous 
solution Will be chosen such that a desired amount of these 
bioactive agents is eventually incorporated into the polymer. 
Depending on the type of polymer and the nature of the 
bioactive agent(s), the amount of incorporated agent may 
vary. For proteins and peptides, for example, it has been 
found that various proteins and peptides can be incorporated 
into the polymer in concentrations up to 10 Wt. %, based on 
the Weight of the loaded polymer. When using particularly 
hydrophilic bioactive agents, such as the protein leuprolide, 
it has even been found possible to incorporate the agent into 
the polymer in a concentration of up to 50 Wt. %, based on 
the Weight of the loaded polymer. The loWer limit of the 
amount of bioactive agent(s), is not critical and Will depend 
on the activity of the bioactive agent(s), and on the envis 
aged application of bioactive agent loaded polymer. In the 
case of proteins and peptides typically, at least 0.01 Wt. %, 
based on the Weight of the loaded polymer, of protein and/or 
peptide Will be incorporated. 
[0087] The amount of Water used for preparing the aque 
ous bioactive agent solution Will be at least so high as to 
enable an ef?cient dissolution of the bioactive agent Without 
employing unduly harsh conditions that might adversely 
affect the stability and/or biological activity of the bioactive 
agent. The upper limit of the amount of Water used Will 
depend on the rate at Which the bioactive agent is to be 
released from the polymer in a ?nal, envisaged application 
of the bioactive agent loaded polymer. It has been found that 
the use of larger amounts of Water, leads to higher release 
rates of the polymer. Typically, the aqueous solution of the 
bioactive agent(s) Will comprise betWeen 0.001 and 10 Wt. 
% of bioactive agent(s), based on the Weight of the solution. 
In practice, the amount of bioactive agents in the solution 
Will depend on the solubility of the bioactive agents and on 
the stability of the Water-in-oil emulsion. 

[0088] The obtained Water-in-oil emulsion is next 
immersed in the second solvent by injection through a 
noZZle. The diameter and shape of the noZZle can be varied 
to obtain ?bers of different thickness and shape. The injec 
tion itself Will usually be driven by a pressure by virtue of 
Which the emulsion is transported through the noZZle into 
the second solvent. The injection may for instance be 
accomplished by use of a syringe or an extruder. The amount 
of the second solvent is not critical. It should be at least 
sufficient for the emulsion to be completely immersed in it 
and to alloW a substantially complete migration of the ?rst 
solvent from the emulsion into the second solvent. The 
upper limit Will generally chosen on the basis of economic 
considerations. 

[0089] Upon immersion of the emulsion into the second 
solvent, due to the speci?c selection of the ?rst and second 
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solvents, the ?rst solvent Will migrate from the emulsion into 
the second solvent. In practice, it may often be observed that 
?rst exchange of the ?rst and second solvents takes place, 
before the ?rst solvent Will migrate into the second solvent. 
This may have the effect that the polymer ?bers are provided 
With a porosity. This phenomenon and hoW it may be 
controlled to obtain a desired porosity has been described by 
P. van de Witte, “Polylactide membranes. Correlation 
betWeen phase transitions and morphology”, PhD thesis, 
University of TWente, Enschede, 1994. 

[0090] As a result, the polymer, Which does not dissolve in 
the second solvent, Will solidify thereby incorporating the 
bioactive agent(s). Finally, the solid loaded polymer may be 
removed from the mixture of ?rst and second solvents in any 
conventional manner and may eventually be dried. 

[0091] In a preferred embodiment, the obtained ?bers may 
be formed into a ?brous mesh by collecting the ?bers in a 
mold, and bonding them together by use of a suitable solvent 
mixture. This mixture should comprise at least one solvent 
in Which the polymer dissolves and at least one solvent in 
Which the polymer does not dissolve. Preferably, a mixture 
is used of the above described ?rst and second solvents. The 
second solvent Will generally be present in an amount 
exceeding that of the ?rst solvent, in order to avoid the risk 
of any of the polymer dissolving in the solvent mixture. 
Preferably, the volumetric ratio of the ?rst solvent to the 
second solvent lies betWeen 1:1 and 1:3. 

[0092] It Will be understood that the invention also encom 
passes a bioactive agent loaded polymer obtainable by the 
process as set forth herein above. Said polymer loaded With 
one or more bioactive agents may be used in biological, 
pharmaceutical and surgical applications, Wherein a (con 
trolled) release of a bioactive agent(s) from a polymeric 
substrate is desired. Examples of such applications include, 
but are not limited to, carriers for controlled drug release and 
scaffolds for tissue engineering. 

[0093] The invention Will noW be elucidated by the fol 
loWing, non-restrictive examples. 

EXAMPLES 

Materials and Methods 

Materials 

[0094] Poly(ethylene glycol)terephthalate/poly(butylene 
terephthalate) multiblock copolymers (PEG/PBT) Were 
obtained from IsoTis BV, Bilthoven, The Netherlands. The 
copolymers contained 30 Wt % PBT and the PEG segment 
length Was 1000 g/mole (1000PEG70PBT30). Phosphate 
buffered saline (PBS), pH 7.4 Was purchased from NPBI 
(Emmercompascuum, The Netherlands). Bovine serum 
albumin (BSA, heat shock fractionate, fraction V poWder 
minimum 98%) Was purchased from Sigma Chem. Corp. 
(St. Louis, USA). All solvents used Were of analytical grade. 

Preparation of Bioactiue Agent Loaded PEG/PBT 
Fiber Meshes 

[0095] The bioactive agent in this example Was a protein. 
Protein loaded PEG/PBT ?bers Were prepared from Water 
in-oil emulsions. To produce such emulsions, 3 or 3.5 ml of 
a protein solution in PBS (containing 25 mg/ml BSA) Was 
emulsi?ed in a solution of 2 g PEG/PBT in 14 ml CHCl3 
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using ultra-turrax-mixing (30 s at 20.5 krpm, Ika Labortech 
nik T25). Subsequently, the emulsion Was poured into a 20 
ml glass syringe (Becton Dickinson Multi?t) equipped With 
a 0.4 mm needle (Neolus Terumo 12G><1.5“). The emulsion 
Was pushed through the needle into a beaker containing 2 l 
hexane at a speed of 0.5 ml/min. by means of a perfusion 
pump (Secura E, B. Braun). The hexane bath Was stirred at 
300 rpm. to prevent premature sticking of the ?bers. After 
?ber formation Was completed, the ?bers Were collected and 
transferred to a glass mold of the desired shape (cylindrical, 
5 cm diameter and 1.7 cm height). To bond the ?bers, a 
mixture of hexane and CHCl3 (7:3, 3:2, or 1:1, v/v) Was 
introduced into the mold. After drying overnight under 
atmospheric conditions, the ?ber structures Were freeZe 
dried for 3 days, and stored at —40° C. 

Scanning Electron Microscopy (SEM) 
[0096] A Hitachi S-800 ?eld emission SEM Was used to 
evaluate the surface characteristics and internal structure of 
?brous scaffolds. The devices Were cut in liquid nitrogen and 
mounted on a substrate holder. Samples Were sputter-coated 
With a thin gold layer. 

In vitro Release of Bioactive Agent 

[0097] Protein loaded ?ber meshes (approximately 40 mg) 
Were incubated in 5 ml PBS (pH 7.4). Vials Were continu 
ously shaken at 37° C. and samples Were taken at various 
time points. Protein content Was determined using a standard 
Coomassie Blue assay (Pierce). Buffer Was refreshed after 
sampling. 

Results and Discussion 

Matrix Characterization 

[0098] Bonded ?ber meshes, containing BSA, Were pre 
pared in a three-step procedure. First, a Water-in-oil emul 
sion Was formed from an aqueous protein solution and a 
polymer solution in CHCl3. The second step involves Wet 
spinning of the W/o emulsion into a hexane bath. Hexane is 
miscible With CHCl3, but is a non-solvent for the PEG/PBT 
copolymers. Consequently, extrusion of the ?bers into hex 
ane results in solidi?cation of the ?bers, due to exchange of 
solvent and non-solvent. Since hexane is not miscible With 
Water, contact betWeen the incorporated proteins and hexane 
is prevented as much as possible. 

[0099] FIG. 1 shoWs scanning electron micrographs of a 
cross-section of the obtained protein loaded PEG/PBT ?bers 
(magni?cation is 500x (A) or 2000>< The ?ber cross 
section Was not circular (FIG. 1a). This is probably caused 
by the shape of the needle. The surface of the ?bers Was 
porous, Whereas the interior of the ?bers seemed to be dense. 
This is in contrast With the morphology of protein loaded 
PEG/PBT matrices, prepared by immersion precipitation of 
W/o emulsion droplets in hexane. These structures shoWed a 
porous internal morphology (data not shoWn). Probably, the 
morphology of the ?bers Was changed during the ?ber 
bonding step in the solvent/non-solvent mixture. Further 
more, it cannot be excluded that the internal structure of the 
?bers as shoWn in FIG. 1 Was affected by the cutting 
procedure, used to obtain cross-sections for scanning elec 
tron microscopy. 

[0100] In order to be used for tissue engineering applica 
tions, ?ber meshes must often be con?gured in a certain 
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shape and immobiliZed. This can be achieved by collecting 
the ?bers in a mold, folloWed by bonding in a solvent-non 
solvent mixture. The efficiency of this ?ber bonding process 
Was dependent on the solvent to non-solvent ratio of the 
CHCl3/hexane mixture. Immersion of the ?ber meshes in 
mixtures With a CHCl3 to hexane ratio of 3:7 (v/v) did not 
result in stable structures. Improved bonding Was obtained 
for devices immersed in a solvent/non-solvent mixture With 
a composition of 2:3. Such bonded ?ber structures Were 
stable for several days in PBS buffer at 37° C. in a shaking 
bath. A bonded ?ber mesh, prepared by immersion in 
CHCl3/hexane 1:1, remained intact for over 50 days of 
continuously shaking at 37° C. Solvent/non-solvent mix 
tures containing over 50% (v/v) CHCl3 could not be used, 
since the ?bers dissolved in such mixtures. 

[0101] FIG. 2 shoWs scanning electron micrographs of the 
structure of the obtained protein loaded PEG/PBT ?ber 
meshes (cross-section (A, C) and surface morphology (B, D) 
of ?bers, bonded in a mixture of CHCl3 and hexane With a 
volume ratio 3:7 (A, B) or 1:1 (C, 

[0102] As shoWn in FIG. 2D, con?uency Was observed for 
the structures bonded in CHCl3/hexane 1:1 (v/v), Whereas 
such connections Were scarcely found for meshes immersed 
in solvent/non-solvent mixtures With a composition of 3:7 or 

2:3 (FIG. 2B). 

Bioactiue Agent Release from Bonded Fiber 
Meshes 

[0103] TWo different ?ber meshes Were selected to study 
bioactive agent release in phosphate buffered saline (PBS). 
The ?brous structures Were bonded in a mixture of hexane 
and CHCl3 of volume ratio 1:1. In order to modulate the 
bioactive agent release rate, the composition of the W/o 
emulsion Which Was used to produce the loaded ?bers, Was 
varied. Previous experiments have shoWn that the Water 
content in the W/o emulsion is a poWerful tool to manipulate 
the release rate of high molecular Weight proteins. In the 
present, devices Were prepared from emulsions Which con 
tained a protein as the bioactive agent, in a concentration of 
1.5 or 1.75 ml of a protein solution per g of polymer, 
respectively. 
[0104] The total protein release from the bonded ?ber 
meshes is presented in FIG. 3 (protein release from PEG/ 
PBT ?ber meshes, bonded in a mixture of hexane and CHCl3 
(1:1, v/v): the devices Were prepared from emulsions Which 
contained 1.5 (open symbols) or 1.75 ml (closed symbols) 
protein solution per g of polymer (n=3; :s.d.).). For both 
devices, a relatively large amount of protein Was released 
during the ?rst hours of incubation in the buffer. Thereafter, 
a sloW release Was observed, for a period longer than 10 
days. A higher protein release rate Was found for the device 
prepared from the emulsion Which contained the highest 
Water content. 

What is claimed is: 
1. A process for preparing a polymer loaded With one or 

more bioactive agents comprising the steps of: 

a) providing a solution of the polymer in a suitable ?rst 
solvent; 

b) adding an aqueous solution of the bioactive agent to the 
polymer solution to obtain a Water-in-oil emulsion; 
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c) immersing the Water-in-oil emulsion in a suitable 
second solvent by injecting the emulsion through a 
noZZle into the second solvent; 

d) alloWing the ?rst solvent to migrate into the second 
solvent to obtain a solid, ?brous polymer loaded With 
the bioactive agent. 

2. Aprocess according to claim 1, Wherein the polymer is 
biocompatible and biodegradable. 

3. Aprocess according to claim 2, Wherein the polymer is 
an amphiphilic block copolymer, comprising hydrophilic 
blocks and hydrophobic blocks. 

4. Aprocess according to claim 3, Wherein the polymer is 
a copolymer of a polyalkylene glycol and an aromatic ester. 

5. A process according to claim 1, Wherein the bioactive 
agent is chosen from the group of antimicrobial agents, such 
as antibacterial and anti-fungal agents, anti-viral agents, 
anti-tumor agents, immunogenic agents, lipids, lipopolysac 
charides, hormones and groWth factors. 

6. A process according to claim 1, Wherein the bioactive 
agent is chosen from the group of peptides, oligopeptides, 
polypeptides and proteins. 

7. Aprocess according to claim 1, Wherein the ?rst solvent 
is immiscible With Water and miscible With the second 
solvent, and Wherein the polymer is essentially insoluble in 
the second solvent. 
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8. Aprocess according to claim 7, Wherein the ?rst solvent 
has a greater solubility in the second solvent When the 
polymer is dissolved in the ?rst solvent. 

9. Aprocess according to claim 1, Wherein the Water-in-oil 
emulsion is immersed into the second solvent by injecting 
through a syringe or an eXtruder. 

10. A bioactive agent loaded polymer obtainable by the 
method of claim 1. 

11. A bioactive agent loaded polymer obtainable by a 
process according to claim 9. 

12. Abioactive agent loaded polymer according to claim 
10 Wherein said bioactive agent is a peptide, oligopeptide, 
polypeptide or protein. 

13. A process for bonding ?bers according to claim 1 to 
form a ?brous mesh, Wherein the ?bers are collected and are 
bonded together by use of a suitable solvent mixture. 

14. A ?brous mesh obtainable by a process according to 
claim 13. 

15. The use of a bioactive agent loaded polymer, accord 
ing to claim 10, as a carrier for controlled drug release or as 
a scaffold for tissue engineering. 

16. The use of a ?brous mesh according to claim 14 as a 
carrier for controlled drug release or as a scaffold for tissue 
engineering. 


