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Abstract: Injectable biomaterials that have the ability to form semi-solid implants in situ are of keen interest for 
therapeutic applications. The materials may be used to fill in pathological vascular spaces or be designed to pos-
sess functional properties such as being radiopaque for an improved visibility during image-guided minimally inva-
sive interventions, or induce a localized biological activity. Among the variety of solidification principles that may be 
used to produce implants in situ, the precipitation of water-insoluble polymers driven by solubility changes shows 
some particular features that may be valuable for specific therapeutic applications. This paper reviews some of the 
applications of these implant-forming biomaterials in interventional radiology, urology, and oncology.

Keywords: Embolization · Injectable biomaterials · Interventional procedures · Oncology · Polymeric implants · 
Urology

biomaterials compatible with fluoroscopy, 
computerized X-ray tomography or mag-
netic resonance imaging.

We may distinguish different physi-
cochemical principles to achieve the re-
quired in situ phase transition following 
injection: (i) cross-linking or polymeriza-
tion of monomers or oligomers, (ii) phase 
change driven by pH or ionic concentration 
changes, and (iii) precipitation following 
solvent exchange. Formulations of the two 
former categories have been thoroughly re-
viewed elsewhere [1–3]. This paper focuses 
on injectable biomaterials developed in our 
labs for application in interventional radiol-
ogy, oncology and urology, with a special 
interest for precipitating implants. 

The injectable precipitating formula-
tions are based on water-insoluble pre-
formed polymers dissolved in water-mis-
cible organic vehicles. Once injected into 
an aqueous environment, the solubility 
changes driven by the solvent exchange 
induces the precipitation of the polymer. A 
cast that conforms to the contours of irregu-
larly shaped vascular defects or body cavi-
ties is thus formed. In contrast to in situ poly-
merizable materials (i), no initiator, mono-
mers or free radicals are released, avoiding 
potential acute toxicity or carcinogenicity. 
Due to the rapid solvent exchange, a skin 
is first formed at the interface between the 
forming implant and the surrounding aque-
ous environment. This skin advantageously 
prevents leakage of the polymer into the 
circulating blood or surrounding tissues, 
a specific feature of precipitating formula-
tions that allow for a more precise control 

of the polymer distribution into the body 
cavity to be filled.

The expected therapeutic effect may re-
sult from the implant itself, as for instance 
in the filling of an aneurysm space that ex-
cludes it from blood circulation and con-
sequently reduces the risk of hemorrhage. 
In contrast to these inert materials, bioac-
tive implants can contribute to tissue re-
modeling or induce a therapeutic effect by 
presenting or releasing active substances, 
as for instance with drug-loaded delivery 
systems.

2. Space-filling Implants

2.1. Embolization Materials
Endovascular approaches have become 

widely accepted alternative treatments for 
the occlusion (embolization) of intracra-
nial aneurysms and arteriovenous malfor-
mations (AVMs). Despite the unquestion-
able benefits of metallic coil embolization, 
some limitations arose such as the difficulty 
to achieve a complete aneurysm occlusion, 
or the reformation of blood channels in 
embolized arteriovenous malformations. 
Alternative liquid embolics were proposed 
for their ability to fill in completely these 
vascular defects. Among the various liquid 
formulations evaluated for embolization, a 
precipitating cellulose acetate polymer so-
lution in dimethyl sulfoxide (DMSO) was 
first proposed [4] that allowed for the ef-
fective embolization of aneurysms [5] and 
AVMs [6] in clinics. Mild inflammatory 
reaction and absence of chronic granuloma 
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1. Introduction

Polymeric biomaterials can be designed 
to form a semi-solid implant in situ once 
injected in the body. This implant may al-
low for a localized therapy with reduced 
patient immobilization and health costs 
when compared with surgical approaches. 
In situ forming implants have been used 
for the treatment of pathological blood ves-
sels, tumors, tissue bulking or to release 
drugs. The delivery of the implant can be 
achieved either by direct needle puncture 
or by using endovascular catheterization. 
As for the latter case, advances in the field 
of image-guided minimally invasive deliv-
ery techniques have spurred the search for 
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were reported; the implant induced a local 
thrombosis and could ultimately develop an 
endothelial layer over the aneurysm. A non-
adhesive ethylene-vinyl alcohol copolymer 
diluted in DMSO could also embolize AVMs 
[7–9] and aneurysms [9–11]. A formulation 
based on the same material (Embolyx™ 
or Onyx™) was shown to embolize effi-
ciently patient AVMs [12][13], intracranial 
aneurysms [14] and liver tumors [15]. This 
product received the CE mark for peripher-
al vascular applications and brain tumors. A 
reported drawback of this polymer solution 
is its slow or poor solidification that can 
lead to the migration of the embolic agent 
into the parent artery [16]. Poor radiopacity 
and radiopacifier sedimentation were also 
mentioned. Although these results demon-
strated the ability of liquid embolics to fill 
aneurysmal defects in a more efficient way 
than coils, their clinical use is still ham-
pered by the difficulty to confine the im-
plant to the targeted aneurysm, and by the 
established angiotoxicity of DMSO. 

A key issue for precipitating liquid em-
bolics is the choice of the organic solvent 
used as a vehicle for the polymer. While sol-
vent systemic toxicity is still a controversial 
issue for embolization implants that have a 
typical volume smaller than a few cm3, local 
toxicity can be a major drawback. As for in-
tra-arterial infusion, DMSO angiotoxicity oc-
curs under the form of vasospasms, damage 
to aneurysm wall and angionecrosis that lead 
to a poor embolization outcome [17]. These 
effects can however be reduced to a clinically 
tolerable level using a very slow rate of in-
fusion [18]. Another potential drawback of 
DMSO for intravascular use is its hemolytic 
activity. Solvent hemolytic activity has been 
measured in vitro on red blood cells [19] and 
the hemodynamic activity measured as the 
intra-arterial pressure change following in-
travenous solvent infusion. Pharmaceutical 
excipients showing a reduced hemolytic and 
hemodynamic activity (Table) have thus been 
proposed as a DMSO replacement, such as 
Glycofurol 75, N-methyl pyrrolidone (NMP), 
Solketal or isosorbide dimethyl ether (DMI), 
which has the lowest potential for hemolysis. 
Injectable biomaterials based on these alter-
native vehicles [20] could thus offer a safer 
embolization and an improved control of im-
plant delivery.

2.2. Aqueous-based Embolization 
Materials

In addition to polymerizable and pre-
cipitating systems, phase transitions driven 
by ionic concentration or pH change are at-
tractive due to the absence of solvent and 
potentially toxic polymerization by-prod-
ucts. In the field of embolization, ionically 
crosslinkable polysaccharides such as al-
ginate could embolize swine AVMs [21]. 
Enzymatically crosslinkable fibrin glue, 
a FDA-approved hemostatic agent, could 

efficiently embolize hemangiomas [22] 
and meningioma [23]. Thermally respon-
sive polymers, such as poloxamers [24] 
or poly(n-isopropylacrylamide) [25], were 
also proposed for embolization. Although 
effective on the short term and generally 
displaying a good biocompatibility, these 
hydrogels have not proved yet superior to 
poly(ethylene-co-vinyl alcohol) precipitat-
ing formulations due to their rapid degra-
dation or poor handling. Further develop-
ments towards increased in vivo durability 
and formulation stability are still required.

2.3. Tissue Bulking
Besides endovascular applications, en-

doscopy allows the delivery of space-filling 
implants for tissue bulking, i.e. increasing 

tissue volume through the injection of a 
semi-solid biomaterial. An example is given 
by stress urinary incontinence, a common 
problem that can be treated by endoscopic 
injection of a urethral bulking agent (UBA) 
under urethroscopic guidance. The injected 
UBA improves mucosal coaptation, which 
in turn increases urethral closure pressure 
and hence continence. Although collagen 
has proven efficient for the treatment of 
urinary incontinence, its effects are limited 
in time, thus requiring repeated injections. 
In order to avoid premature degradation, 
various suspensions of non-degradable mi-
crospheres [26] have been proposed that, 
despite their efficient bulking effect, tend 
to migrate to distant organs [27][28]. Alter-
natively, experimental precipitating bulking 

Table. Acute toxicity, hemolytic and hemodynamic activities of selected organic vehicles for endova-
scular precipitating implants

Intravenous LD 
50, rata [g/kg]

Hemolytic activityb Hemodynamic activityc

Dimethyl sulfoxide 5.4 +++ +++

N-methyl pyrrolidone 2.3 ++ +++

Glycofurol 3.8 ++ +

Isosorbide dimethyl ether >5 + +

Solketal 6.7 ++ ++

Ethyl lactate – +++ +++

Ethanol 1.4 ++ ++

aAcute toxicity from the Registry of Toxic Effects (RTECS); bHemolytic ativity in vitro at 1%, 5% 
and 10% solvent concentration in water: +++ strong hemolysis at 1%, ++  strong hemolysis at 
5%, + weak hemolysis at 1%; cHemodymanic activity on sheep: +++ strong hemodynamic activity 
corresponding to an average relative arterial pressure increase of >10% following solvent injection, 
++ >5%, + <5% 

Fig. 1. Histological 
section of a urethra after 
submucosal injection of 
a bulking agent based 
on a medical-grade 
polyurethane solution 
in NMP. The implant 
preserved the mucosal 
and subepithelial layers.
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agents have been developed in our group 
(Fig. 1) [29], that may not undergo migra-
tion and could possibly provide a durable 
recovery of continence.

3. Functional and Bioactive 
Implants

3.1. Radiopaque Polymers
A key function of the biomaterials de-

signed for endovascular delivery is their vis-
ibility under common imaging techniques 
to allow for a safe delivery. Visibility under 
X-ray imaging such as fluoroscopy or com-
puterized tomography requires radiopaque 
formulations. Most of the above-mentioned 
liquid embolics are made radiopaque by the 
adjunction of a solid contrast agent such as 
tantalum, tungsten or bismuth trioxide. En-
trapment of the radiopaque agent into the 
polymer is however not ensured, so that 
phase separation and/or leaching of those 
particles could hinder the clinical follow-
up and lead to toxic effects. In addition, 
sedimentation of the insoluble agents can 
impede a precise visualization under CT. 
Polymers with bound radiopaque elements 
may be an answer to these concerns. The 
first approach consists in grafting a radi-
opaque element (generally iodine) onto 
a monomer before polymerization. This 
approach led to radiopaque polymers that 
demonstrated biocompatibility [30–32]. 
However, radiopaque liquid embolics re-
quire high molecular weight polymers to 
precipitate into a cohesive polymer mass, 
and high iodine content to ensure a good 
visibility. A biodegradable polyurethane-
based radiopaque solution meeting these 
requirements demonstrated an efficient 

embolization of pig liver [33]. The second 
approach consists in grafting radiopaque 
elements onto high molecular weight pre-
formed polymers. Cellulose, known for its 
biocompatibility, was grafted with iodin-
ated groups to produce highly radiopaque 
polymers that are soluble in DMSO and 
other organic solvents. Appropriate embo-
lization was demonstrated in sheep [34]. 
Similarly, poly(vinyl alcohol) was iodin-
ated [35] and used to embolize surgically 
created aneurysms (Fig. 2) with a mean 
aneurysm occlusion degree of 96%, com-
parable to Onyx™, a commercial product 
radiopacified with tantalum [36]. Although 
these studies have demonstrated the value 
of radiopaque embolics, further character-
ization of polymer stability and biocompat-
ibility are still required for a clinically ap-
plicable radiopaque embolic agent.

3.2. Sclerosing Embolics
Bioactive liquid embolics that induce a 

local sclerosis leading to blood vessel oc-
clusion may also be advantageous to treat 
AVMs. Sclerosis can be obtained through 
the use of a solvent such as ethanol, or a sur-
factant. Aqueous solutions containing up to 
40% ethanol have been used to confine the 
sclerosis to intimal vessel layers [37] and 
preserve surrounding tissues. Poly(vinyl 
acetate) (PVAc), when partially hydro-
lyzed, may be dissolved in such ethanol 
concentrations. The efficiency of hydro-
lyzed PVAc was demonstrated for renal em-
bolization in pigs [38] and in clinics [39]. 
A commercially available protein solution 
containing ethanol, Ethibloc™, has been 
used for AVM and tumor [40] emboliza-
tion. Although some of these ethanol-based 
solutions may be relevant in clinics, the risk 

of injury to adjacent normal tissues is still 
a concern; some authors recommend limit-
ing the use of ethanol to small organs such 
as kidneys. 

3.3. Bioactive Implants
In order to induce a specific response of 

the tissue surrounding the implant, bioactive 
substances may be grafted onto or released 
by the polymer matrix. For instance, cell 
adherent polymers may increase tissue re-
modeling and accelerate aneurysm healing. 
With this assumption in mind, an ethylene 
vinyl alcohol copolymer was grafted with 
ProNectin-F, a polypeptide containing cop-
ies of the RGD cell attachment ligand [41]. 
The polymer was used to embolize surgi-
cally created aneurysms in rats. ProNectin-
F-bearing polymer could enhance fibroblast 
proliferation around the implant. Likewise, 
basic fibroblast growth factor could pro-
mote aneurysm healing [42], a strategy that 
may lead to a more complete and perma-
nent aneurysm occlusion, and potentially to 
an improved clinical outcome.

Incorporation of a drug into a precipitat-
ing polymer injected at a localized site of-
fers the advantages of a simple application 
and a localized drug delivery [43]. Such 
drug depots have been extensively studied, 
for instance for the local delivery of anti-
tumor agents [44], tumor necrosis soluble 
factor [43], bone morphogenetic proteins 
[45] or genes [46]. A mild inflammatory re-
sponse to subcutaneous and intramuscular 
injections of biodegradable polymers dis-
solved in N-methyl pyrrolidone or dimethyl 
sulfoxide in rhesus monkeys was reported, 
similar to that obtained with biodegradable 
polymers [47]. However, contradictory re-
ports of myotoxicity raised concerns about 
solvent local effects [48]. The burst release 
may also be difficult to avoid using this 
approach [3]. Nevertheless, a site-specific 
drug-delivery system based on a biode-
gradable poly(α-hydroxy acids) dissolved 
in NMP was approved by the FDA (Atri-
gel® Implant Drug Delivery Technology, 
Atrix Laboratories, Fort Collins, CO) and 
currently used to deliver leuprolide acetate 
for prostate cancer treatment. Alternative 
aqueous mixtures of solvents [49] or sol-
vents such as benzyl or ethyl benzoate [50] 
have also been proposed, in particular to 
improve implant biocompatibility. Still, the 
issues of protein stability in the formula-
tions and reduction of burst release deserve 
further investigations.

 

4. Conclusion

Developments in the design of precipi-
tating biomaterials that can form implants 
in situ lead to various novel applications, 
which in some cases have reached clini-
cal practice. Although the use of organic 

Fig .2. Angiographic 3D 
reconstruction showing 
the complete occlusion 
of surgically created 
porcine aneurysms 
embolized with a 
radiopaque polymer
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vehicles limits the implants to small vol-
umes and the intra-arterial injection to slow 
rates, new vehicles may broaden the range 
of use. The implant chemistry and formula-
tion depend critically on the envisioned ap-
plication, more specifically on the delivery 
route, tissue response to the implant, and 
the need for a biological implant activity. 
As for endovascular access, the skin-form-
ing ability of precipitating materials when 
in contact with blood remains a distinctive 
and attractive feature. The developments 
in radiopaque polymer synthesis may im-
prove implant visibility under common 
imaging techniques, thus contributing to 
safer delivery and follow-up. Although still 
experimental, bioactive materials that may 
help to control the response of the tissue 
surrounding the implant hold promises in 
various fields of minimally invasive treat-
ments.

Received: April 14, 2005

[1]  A. Gutowska, B. Jeong, M.U. Jasionowski, 
Anat. Rec. 2001, 263, 342.

[2]  A. Hatefi, B. Amsden, J. Control. Release 
2002, 80, 9.

[3]  C.B. Packhaeuser, J. Schnieders, C.G. Os-
ter, T. Kissel, Eur. J. Pharm. Biopharm. 
2004, 58, 445.

[4]  S. Mandai, K. Kinugasa, T. Ohmoto, J. 
Neurosurg. 1992, 77, 497.

[5]  K. Kinugasa, S. Mandai, Y. Terai, I. Ka-
mata, K. Sugiu, T. Ohmoto, A. Nishimoto, 
J. Neurosurg. 1992, 77, 501.

[6]  K. Tokunaga, K. Kinugasa, S. Kawada, H. 
Nakashima, T. Tamiya, N. Hirotsune, S. 
Mandai, T. Ohmoto, Neurosurgery 1999, 
44, 981.

[7]  W. Taki, Y. Yonekawa, H. Iwata, A. Uno, 
K. Yamashita, H. Amemiya, AJNR Am. J. 
Neuroradiol. 1990, 11, 163.

[8]  K. Yamashita, W. Taki, H. Iwata, I. Naka-
hara, S. Nishi, A. Sadato, K. Matsumoto, 
H. Kikuchi, AJNR Am. J. Neuroradiol. 
1994, 15, 1103.

[9]  T. Terada, Y. Nakamura, K. Nakai, M. Tsu-
ura, T. Nishiguchi, S. Hayashi, T. Kido, W. 
Taki, H. Iwata, N. Komai, J. Neurosurg. 
1991, 75, 655.

[10]  W. Taki, S. Nishi, K. Yamashita, A. Sada-
toh, I. Nakahara, H. Kikuchi, H. Iwata, J. 
Neurosurg. 1992, 77, 37.

[11]  S. Nishi, W. Taki, I. Nakahara, K. Yama-
shita, A. Sadatoh, H. Kikuchi, H. Hondo, 
K. Matsumoto, H. Iwata, Y. Shimada, Acta 
Neurochir. 1996, 138, 294.

[12]  A.J. Molyneux, S.C. Coley, J. Neurosurg. 
2000, 93, 304.

[13]  R. Jahan, Y. Murayama, Y.P. Gobin, G.R. 
Duckwiler, H.V. Vinters, F. Vinuela, Neu-
rosurgery 2001, 48, 984.

[14]  A.J. Molyneux, S. Cekirge, I. Saatci, G. 
Gal, AJNR Am. J. Neuroradiol. 2004, 25, 
39.

[15]  A. Komemushi, N. Tanigawa, Y. Okuda, 
H. Kojima, H. Fujii, Y. Shomura, M. Sou-

gawa, S. Sawada, Acta Radiol. 2002, 43, 
186.

[16]  Y. Murayama, F. Vinuela, S. Tateshima, Y. 
Akiba, AJNR Am. J. Neuroradiol. 2000, 
21, 1726.

[17]  J.C. Chaloupka, F. Vinuela, H.V. Vinters, 
J. Robert, AJNR Am. J. Neuroradiol. 1994, 
15, 1107.

[18]  J.C. Chaloupka, D.C. Huddle, J. Alder-
man, S. Fink, R. Hammond, H.V. Vinters, 
AJNR Am. J. Neuroradiol. 1999, 20, 401.

[19]  F. Mottu, M.J. Stelling, D.A. Rufenacht, 
E. Doelker, PDA. J. Pharm. Sci. Technol. 
2001, 55 (2), 16.

[20]  F. Mottu, P. Gailloud, D. Massuelle, D.A. 
Rüfenacht, E. Doelker, Biomaterials 2000, 
21, 803.

[21]  T.A. Becker, D.R. Kipke, M.C. Preul, 
W.D. Bichard, C.G. McDougall, Neuro-
surgery 2002, 51, 453.

[22]  I.M. Kim, M.B. Yim, C.Y. Lee, E.I. Son, 
D.W. Kim, S.P. Kim, C.H. Sohn, J. Neuro-
surg. 2002, 97, 718.

[23]  E.N. Probst, U. Grzyska, M. Westphal, H. 
Zeumer, AJNR Am. J. Neuroradiol. 1999, 
20, 1695.

[24]  J. Raymond, A. Metcalfe, I. Salazkin, A. 
Schwarz, Biomaterials 2004, 25, 3983.

[25]  Y. Matsumaru, A. Hyodo, T. Nose, S. Ito, 
T. Hirano, S. Ohashi, J. Biomater. Sci. Po-
lym. Ed. 1996, 7, 795.

[26]  D. Lightner, C. Calvosa, R. Andersen, 
I. Klimberg, C.G. Brito, J. Snyder, D. 
Gleason, D. Killion, J. Macdonald, A.U. 
Khan, A. Diokno, L.T. Sirls, D. Saltzstein, 
Urology 2001, 58, 12.

[27]  J. Pannek, F.H. Brands, T. Senge, J. Urol. 
2001, 166, 1350.

[28]  A.A. Malizia, Jr., H.M. Reiman, R.P. My-
ers, J.R. Sande, S.S. Barham, R.C. Ben-
son, Jr., M.K. Dewanjee, W.J. Utz, JAMA 
1984, 251, 3277.

[29]  O. Jordan, E. Doelker, N. Defabiani, A. 
Caviezel, C. Iselin, J. Mater. Sci. Mater. 
Med. 2004, 15, 519.

[30]  D. Horak, M. Metalova, F. Rypacek, J. 
Biomed. Mater. Res. 1997, 34, 183.

[31]  A. Jayakrishnan, B.C. Thanoo, K. Rathi-
nam, M. Mohanty, J. Biomed. Mater. Res. 
1990, 24, 993.

[32]  M.A.B. Kruft, A. Benzina, F. Bär, F.H. van 
der Veen, C.W.M. Bastiaansen, R. Blezer, 
T. Lindhout, L.H. Koole, J. Biomed. Ma-
ter. Res. 1994, 28, 1259.

[33]  C.A. Maurer, P. Renzulli, H.U. Baer, D. 
Mettler, G. Uhlschmid, P. Neuenschwan-
der, U.W. Suter, J. Triller, A. Zimmer-
mann, J. Hepatol. 2000, 32, 261.

[34]  F. Mottu, D.A. Rüfenacht, A. Laurent, E. 
Doelker, Biomaterials 2002, 23, 121.

[35]  O. Jordan, J. Hilborn, P.H. Levrier, D.A. 
Rüfenacht, E. Doelker, Transactions of the 
7th World Biomaterials Congress, Sydney 
2004, 706.

[36]  O. Dudeck, O. Jordan, K.-T. Hofmann, 
K. Tesmer, T. Kreuzer-Nagy, P. Podrab-
sky, M. Heise, R. Meyer, A.F. Okuducu, 
A. Bruhn, J. Hilborn, D.A. Rufenacht, E. 

Doelker, R. Felix, J. Neurosurg. 2005, In 
press.

[37]  K. Sampei, N. Hashimoto, T. Tsukahara, 
K. Kazekawa, H. Iwata, S. Takaichi, Neu-
roradiology 1996, 38, 291.

[38]  S. Park, H.K. Yoon, N. Lee, S.J. Huh, G.H. 
Kang, I. Lee, K.B. Sung, H.Y. Song, J. 
Vasc. Interv. Radiol. 1999, 10, 339.

[39]  S.I. Park, D.Y. Lee, J.Y. Won, S. Park, 
Korean J. Radiol. 2000, 1, 121.

[40]  G. Richter, J. Rassweiler, G.W. Kauff-
mann, W. Wenz, D.B. Crawford, Invest. 
Radiol. 1984, 19, 36.

[41]  T. Ohyama, I.K. Ko, A. Miura, H. Iwata, 
W. Taki, Biomaterials 2004, 25, 3845.

[42]  T. Hatano, S. Miyamoto, O. Kawakami, K. 
Yamada, N. Hashimoto, Y. Tabata, Neuro-
surgery 2003, 53, 393.

[43]  R.E. Eliaz, D. Wallach, J. Kost, Pharm. 
Res. 2000, 17, 1546.

[44]  F.A. Chen, M.A. Kuriakose, M.X. Zhou, 
M.D. DeLacure, R.L. Dunn, Head Neck 
2003, 25, 554.

[45]  K.P. Andriano, B. Chandrashekar, K. Mc-
Enery, R.L. Dunn, K. Moyer, C.M. Bal- 
liu, K.M. Holland, S. Garrett, W.E. Huffer, 
J. Biomed. Mater. Res. 2000, 53, 36.

[46]  R.E. Eliaz, F.C. Szoka, Jr., Gene Ther. 
2002, 9, 1230.

[47]  M.A. Royals, S.M. Fujita, G.L. Yewey, J. 
Rodriguez, P.C. Schultheiss, R.L. Dunn, J. 
Biomed. Mater. Res. 1999, 45, 231.

[48]  H. Kranz, G.A. Brazeau, J. Napaporn, 
R.L. Martin, W. Millard, R. Bodmeier, Int. 
J. Pharm. 2001, 212, 11.

[49]  F.A. Ismail, J. Napaporn, J.A. Hughes, 
G.A. Brazeau, Pharm. Dev. Technol. 2000, 
5, 391.

[50]  P.D. Graham, K.J. Brodbeck, A.J. McHugh, 
J. Control. Release 1999, 58, 233.

 


