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Abstract

Recombinant human growth hormone (rhGH), used mainly for the treatment of growth hormone deficiency in children, requires daily sub-
cutaneous injections. The use of controlled release formulations with appropriate rhGH release kinetics reduces the frequency of medicatiol
improving patient compliance and quality of life. Biodegradable implants are a valid alternative, offering the feasibility of a regular release rat
after administering a single dose, though it exists the slight disadvantage of a very minor surgical operation. Three laminar implant formulations
(F1, F> andF3) were produced by different manufacture procedures using solvent-casting techniques with the sameicdgatig] glycolic acid
(PLGA) polymer (Mw =48 kDa). A correlation in vitro between polymer matrix degradation and drug release rate from these formulations was
found and a mathematical model was developed to interpret this. This model was applied to each formulation. The obtained results where explaine
in terms of manufacture parameters with the aim of elucidate whether drug release only occurs by diffusion or erosion, or by a combination of
both mechanisms. Controlling the manufacture method and the resultant changes in polymer structure facilitates a suitable rhGH release profi
for different rhGH deficiency treatments.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction polymer variables, such as monomers ratio, molecular weight
(Mw) and preparation method, on the release rate. Takada et
Recombinant human growth hormone (rhGH) is used taal. prepared biodegradable microcapsules of rhGH, resulting in
treat short stature in children due to growth hormone defia controllable sustained release profile by selecting the proper
ciency (GHD), humanimmunodeficiency virus-associated wasteopoly(p,L-lactic)glycolic acid (PLGA) Takada et al., 2003b
ing, Turner's syndrome and growth failure due to chronic renalAfter this study, the same authors achieved a pharmacological
insufficiency; and it has also been approved for treatment o&ction equivalent to daily rhGH injections using the correct ratio
adults with GHD. In addition, because of its anabolic effectsoflactic/glycolic (L/G) and Mw of the polymer (PLGA) to obtain
there is clinical evidence that rhGH may be useful in treatingmicrocapsules with 2-week or 1-month sustained-release pro-
trauma, clinical malnutrition, and osteoporosis and in woundiles (Takada et al., 2003aA different rhGH release profile was
healing Takada et al., 2003aCurrently, rhGH requires daily observed from PLA (semi-crystalline) and PLGA (amorphous)
injections over a period of several years, causing the patient disnicrospheres with different pore wall morphology. Release from
comfort with risk of dosing errors and noncompliance. ReducedPLA microspheres was complete after approximately 20% of
frequency of medication would greatly improve patient com-initial burst but PLGA microspheres showed a similar burst level
pliance and increase patient convenience in terms of quality dbllowed by much slower, incomplete release after the same one
life. Controlled-release systems based on biodegradable polyaonth period Kim and Park, 2004 A laminar implant formu-
mers have been studied so as to reveal the influence of differefation provided a sustained release of rhGH for at least 2 weeks
and a greater efficacy than the frequent administration of the con-
ventional injectable@arda et al., 200p The main advantage
* Corresponding author. Tel.: +34 922 318451; fax: +34 922 318506. of this formulation is the versatility of its design which permits
E-mail address: ansanto@ull.es (A. Santdia). adjusting the formulation variables to optimise the release rate
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although, as a minor drawback, its administration requires a verwas obtained in our laboratory by ring-opening polymerization

small surgical operation. of its dimers. All other reagents were those of analytical grade.
Laminar implants can be classified into two main types;

monolithic and reservoir devices. In the first type, the drug i2.1. PLGA synthesis

dispersed in a polymer matrix. In the second type, the ther-

apeutic agent forms a core surrounded by a polymer barrier. The biodegradable PLGA was synthesised by ring-opening

Combinations of both devices can also be prepared. Drugs apolymerisation of initial monomersp,L-lactide (Aldrich)

released from these systems by diffusion through the polymeand glycolide (Boehringer, Ingelheim) following the method

barrier, by its erosion, or by a combination of both mechanismslescribed bysilding and Reed (19795ilding and Reed, 1979

(Jain et al., 1998 On the other hand, drug release profiles fromp,L-Lactide (LA) was recrystallized in ethyl acetate (Merck) at

bulk-eroding PLGA matrices are complex because the polyroom temperature until the racemic mixture melting point was

mer phase properties change continuously during degradatioattained (124—128C), and the glycolide (GA) was used directly

resulting in drastic changes in drug diffusivity and permeability(m.p. 88—90 C). Stannous octoate (0.1%, w/w) and lauryl alco-

(Kunou et al., 200p Shah et al. produced solvent-cast films in hol (0.01%, w/w) (both Sigma) were used as catalyst and chain

which the onset and rate of their more rapid drug release correlateansfer agent, respectively. This mixture (45 g) of 75 mol% LA

directly with the kinetics of polymer Mw loss. In this case, the and 25 mol% GA was loaded into three 30 mm inner diameter

erosion occurs by a bulk rather than a surface process, deperglass ampoules. These ampoules were then immersed in an oil-

ing on the rate of hydrolytic scission of the polyester chainbath maintained at 14@ for 1 h to obtain the solid copolymer,

and the time required to reduce the initial polymer Mw to anwhich was extracted in chloroform (Merck) followed by precip-

oligomeric range$hah et al., 1992 The formulation variables itation with methanol (Merck). The polymerization yield was

to be taken into account in the laminar implants manufacture®8%.

by solvent-casting methods are: polymer and solvent charac-

teristics, solvent evaporation methadilberman et al., 2001  2.2. Characterization of copolymers

mould material and, finally, the different implant preparation

procedures. The PLGA polymers form easy-to-handle transpar- The weight-average molecular weight (Mw) and number-

ent laminar implants. Dichloromethane (DCM) used as solventaverage molecular weight (Mn) of the raw polymer and implants

after slow reduced-pressure evaporation'& Joroduces homo- were determined by gel permeation chromatography (GPC) rela-

geneous films without holes or trapped air. Whereas teflortjve to polystyrene standards (Tokyo Soda Ltd.) with molecular

aluminium and polyvinyl chloride (PVC) are the best materialsweights 2800-700,000 Da, using Waters equipment (Milford,

to optimize separation between the film and the mould, withouMA, USA). Tetrahydrofuran (THF) was used as the mobile

tearing Dorta et al., 2002; Santofia et al., 2004; Santofiia  phase, at a flow rate of 0.9 ml/min.

et al., in prespg Implant preparation varies from the simplest The copolymer composition was determined by nuclear

method of drug and polymer dispersioBdta et al., 2002; magnetic resonance of prototH NMR) with a Bruker

Santov@a et al., 2004 a mixture of drug solution and poly- AMX-400 spectrometer using deutered chloroform (Cg)CI

meric dispersiongodmeier and Chen, 1989; Shah et al., 1992;(Aldrich) as a solvent. The relative proportions of lactic—glycolic

Gould et al., 199%to a combined method of solvent-casting and(LA—GA) and glycolic—glycolic (GA-GA) acid bonds were

compression techniqueldgshizoe et al., 1994ising combined assessed by nuclear magnetic resonance of carbor3C3 (

multilayer discs with a central drug monolithic layer, or multi- NMR) at 100.61 MHz using dimethyl-sulphoxide-d6 (DMSO-

layer discs with a central lyophilized drug reserv@aftovéa  dg) (Sigma) as a solvenDrta et al., 1998

etal., in press Wang et al. manufactured two polymeric devices  The Mn, Mw and polydispersivity of PLGA were found to be

with a central hole, one passing through the polymer matrix an@2,000, 40,000 Da and 1.81, respectively. The ratio of LA/IGA

the other on only one side, which permit simple drug diffu-was 66:34 and of LA-GA/GA-GA was 1:2.

sion by first order and zero order kinetics, respectivéiifg et

al., 1996. Release from polymeric implants can be delayed by2.3. Preparation of rhGH-PLGA laminar implants

immersion in a polymer solution or by contact with an organic

solvent that dissolves the polymer but not the drabgh et al., Three different formulations of PLGA laminar implanis;

1992; Bodmeier and Chen, 1939 F> andF3) containing freeze-dried rhGH were prepared using a
Ouraiminthe present study was to compare the rhGH releasmolvent-casting techniqu&éntovéa et al., in pregs

profiles from different types of laminar implants and their rela-

tionships with the changes in polymer Mw in the formulation, 2.3.1. Formulation F;

employing a mathematical model that relates hormone release An aqueous solution of Norditropth containing 0.078%

rate with the polymer matrix degradation. (w/v) rhGH was poured into 40 mm diameter teflon moulds and
freeze-dried in a Labconco Lyphlock 6 by a freezing step of
2. Materials and methods 30 min at—45°C, a primary drying step of 24 h at10°C; and

finally, a secondary drying step of 10h atG. A 20% (w/v)
Lyophilized rhGH was provided by Novo Nordisk as PLGA solution in dichloromethane (DCM) was then poured
Norditropir vials. Polyp,L-lactic-co-glycolic acid) copolymer onto the lyophilized cake and the DCM allowed to evaporate
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slowly at 4°C for 48 h. The resulting rhGH polymer-film was 2.5. Drug content determination

then vacuum-dried in a desiccator at room temperature for 12 h

so as to remove any residual solvent, then cutinto 6 mm diameter The rhGH content in the laminar implants was determined
discs and 426- 29 um (n = 10) thick (Mitutoyo digital microm- by dissolving each disc in THF. Once the polymer was dis-

eter). Theoretical declared rhGH content wau.85 solved, the dispersion was centrifuged at 4000 rpm for 10 min
(Econospin Sorvall Instruments) the supernatant removed and
2.3.2. Formulation F» residue vacuum-dried. This precipitate was dissolved in phos-

The Norditropif® solution (thGH: 0.078%, wiv) was dis- phate buffer and the hormone quantified measured by SEC-

persed into the PLGA solution (20%, w/v) and mixed (Vortex) HPLC.

prior to casting in teflon moulds at°€ for 48 h. The resulting ) ]
rhGH polymer-film was then vacuum-dried for 12 h in a desic-2-0- 1 vitro release studies
cator at room temperature to remove the residual DCM, then cut

into 6 mm discs. The thickness of these films was 35D pm To determine the release kinetics, the pre-weighed loaded
(n=10), the theoretical declared rhGH content being equal t&liscs were maintained in individual vials containing 2 ml of iso-
the Fy f(;rmulation. tonic phosphate buffer (8ensen) pH 7.4 in a water bath (Stuart

Scientific) at 37 C for 15 days. The release medium was period-
ically removed and replaced by equal volumes of fresh buffer,
' ) taken into account in the calculations of the cumulative drug

~ A combined method of both solvent-casting and compres;ejease analysed by SEC-HPLC as described above. The drug
sion techniques was used to prepare formulali@rFirstly, tWo  oontant in each implant in each in vitro release study was mea-

drug-free PLGA-films were prepared by casting 3 ml of poly-g,req py dissolving each disc in THF and assaying in triplicate
mer solution on two teflon moulds, then we let the DCM 10 ¢ qascribed above for drug content.

be evaporated slowly at°€ for long enough to remove any
residual solvent. Afterwards, 2.5ml of an aqueous solution of, p; 54 degradation
Norditropir® (rhGH: 0.078%, w/v), was cast over each PLGA-

film. These polymer-films containing hormone solution were  1pq average molecular weights were determined by GPC as
freeze-dried (Labconco Lyphlock 6) by the same cycle usedy,q e and the advance of the in vivo degradation process was
for F1, then placed as a sandwich, i.e. a drug-core Completeléxpressed by the degradation index (DBlynn et al., 197§

encased by polymer. This system was compressed at 3 mettjyich represents the number of cleavages and bonds initially
tons for 1 min at room temperature using a hydraulic manuabresent Dorta et al., 1998 using the calculation:
press (Perkin-Elmer) and then cut into smaller discs, 5mm in ’

diameter and thickness 18011 pm (n=10). Each disc was _ M
again encased individually by two drug-free PLGA-films, each~ ~ Mn?
7mm in diameter. The resulting double-cast discs were comg,0 is the initial Mn, and MAthat at timer.
pressed at 1 metric ton for 4 min to obtain a final thickness

of 266+ 9pm (»=10). Finally, a central hole was made right 3 R esults and discussion

through them using a 0.5 mm diameter punch. The theoretical
declared rhGH content in this formulation was &g

2.3.3. Formulation F3

The rhGH maintained its integrity during the contact time
(24 h) with the organic solvents (DCM and THF). However, there
2.4. Stability studies was a significant reduction (20%) in the hormone concentration

after 48 h in both mobile phase and phosphate buffer. For this

The stability of rhGH in DCM and THF was tested. A known reason, the release medium was changed every 24 h, and the
amount of hormone was suspended in a known volume of sokample removal and analysis were not delayed more than 24 h.
vent and the rhGH concentration determined by size exclusion The tested formulations conformed to the uniformity require-
chromatography (SEC-HPLC) at predetermined intervals foments for the dosage units in accordance with USP XXIlII ed.,
24 h. The SEC-HPLC system was used with a Shodex columthe coefficients of variation (CV) of formulatiog, F» andF3
and Waters system. Samples were eluted at 1.0 ml/min, witbeing4.34+4.63,3.1A43.29and 1.% 2.11% ¢ = 10), respec-

25 mM sodium phosphate, 300 mM sodium chloride, pH 7.0tively. Therefore, it can be concluded that the procedure used to
The absorbance at 214 nm was measured and the total protencorporate the hormone allows its homogeneous distribution in
in each sample determined using the ratio of peak areas arle film.

known standard concentrations. The chromatographic method The in vitro rhGH release fromiy, F2 andF3 formulations
was validated according to the International Conference omnd the DI values of the polymeric film immersed for two weeks
Harmonization (ICH) guidelinedrfternational Conference of in phosphate buffer at pH 7.4 are shownFig. 1A, B and C,
Harmonization, 1996 Likewise, the stability of a standard solu- respectively. As can be seen, the polymer degraded slowly from
tion was tested for several days in both mobile phase at roorthe first day of immersion up to 15 days, with a final DI of 2.5.
temperature and in release medium (isotonic phosphate buffém a previous studySantovéa et al., 200¥% we noted that when
(Sorensen) pH 7.4) at 3TC. this type of PLGA formulations was tested in the same medium
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rate (77% of rhGH dose released over the first 6 days) followed

50
EEEEEEE L by a much slower release phase between 7 and 15 days.
25 . @ Since the decrease in polymer Mw is a consequence of its
2o - ° s degradation, this process implies changes in the internal struc-
- P 13 3 ture of the PLGA matrix which apparently increase permeability
B s - ® 2 to the drug with time, modifying the relative contribution of
3o 4] . . .
u ® g Loy 2 diffusion-erosion to the release rateg]ler, 1980.
1,0 - ® g If we assume the release rateX(dt) depends on the per-
- | ° e |- centage of drug remaining inside the polymer mati, @nd
05 °o® g polymer degradation causes changes in the structure of the
o e ® X PLGA matrix, the next equation may be applied:
0 5 10 15 —dx
(A) t (days) — =kX (1)
dr
3.00 70 beingk a parameter related to the polymer Mw as follows:
.Illll‘m 1
2,50 - | )
g k=0bo+b1— 2
o8 ° 0+ b1 2
2,00 o " 3 . N . .
B u Y = wherebg is the relative initial release rate ahgprovides infor-
=150 | al ° T % mation about the contribution of polymer degradation to the
N 1 = release rate, showing the dependency of polymer permeabili
- ° 0 B I te, showing the dependency of polymer p bility
oo | m ° o = on its Mw. Then, after replacement Eg) in (1), we obtain this
o® T 2 equation:
0,50 - o ° ® 110 dx 1
o — = —(bo+b1(—])x (3)
0,00 I—. T T 0 dr Mw
0 : 0 s or the same,
(B) t (days)
—dLnX 1
——— =bo+b1—— 4
3.0 100 dr 0+ Mw @)
a5 | - [ | * Taking into account this last equatioBgntovéa et al., 200%
- guEE munE R there are eight possible cases of relative release rate evolution
50 - ] e oy (seeFig. 2andTable 1) depending on whetheég andb; values
m ® +60 = are positive or negative, or are equal or not to zero.
@
2154w o g 2
® + 40 E 2,00
107 .. T) B E C \ D
- ® 1 T 1,50 -
05 4 L 20
°® 1,00
° 004
0.0 ! ‘ T 0 A
0 5 10 15 = 0,50
(©) t (days) %
S 0,00 T T
Fig. 1. rhGH in vitro releasdl) and polymer implant DI values fdfy (A), F2 At 2 4 q
(B) andF3 formulation (C) @) during a 15 days period in phosphate buffer. -0.50 4
B . . - . . -1‘00—
and time period their weight dropped slightly but continuously G
whereas the consistency and rigidity increased. This is a con- -1,50 4
sequence of their low affinity with the agueous medium, due H F
to changes in conformation that minimize contact with solvent -2,00 .
w

molecules Katayama et al., 1984In vitro, the rhGH hormone
was gradually released from andF2 devices for 8 and 10 days,
respectively, followed by a plateahif. 1A and B), but after 15
days only~40% was released b¥; formulation and~60%
by F». However, the release from laminar impldmtshowed a

biphasic profile Fig. 1C), consisting of an initial high release H: by=—1.0ands;=—-1.7.

Fig. 2. Possible cases of relative release rate evolution versus the inverse of
polymer Mw according to Eq2). Thebg (days 1) andb; (Da) values used to
generate the plots are; caseb=0.5 andh; =0.0; case Bbgp =0.8 anch; =0.8;

case Chp=-1.1 andb; =0.7; case Dbgp=11.6 andh; =—2; case Ebp=0.0

andb1 =0.8; case Fbg=0.0 andh; = —0.8; case Ghg=—1.4 andh1 =0.0; case
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Table 1 0,14
Possible cases of relative release-rate evolution in the model
Case bo by Release rate evolution 0,12 -
A >0 =0 Lumped releaseédussler, 198
B >0 >0 Continuous release rate controlled by 0.10 1
polymer degradation after an initial -
release rate S 0,08 4
C <0 >0 Rele_ase rate initially controlled by a 5
certain polymer DI valueSantovéa 3 006 J
etal., 2004
D >0 <0 Higher initial rate decreasing with 004
time ?
E =0 >0 Increasing release rate without initial
rate - - 0,02 4 P
F =0 <0 _D_e_creasmg release rate without 9 10 11121314 s
initial rate 0,00 : . = .
G <0 =0 Negative lumped release 0 5 4 6 8 10
H <0 <0 Negative initial rate f_oIIowgd by a (A) L/Mw*10A5
release rate decreasing with time
0,12
Fig. 3shows the relationship between the time-derivative of o1 4 L
the logarithm of the amount of peptide releasedinX/dr and 5
the inverse of polymer Mw: MMw from formulationsF1, F> and 008 4 _.._.4__3.7_
F3. As can be seen iRig. 3A, a linear relationship is achieved = ! :
(—dLnX/dt = —0.049+ 0.03 x (1/Mw)) with a correlation 2 o P
coefficient ¢) equal to 0.829 for the first 7 days of release from = ‘
formulation F. Up to a particular value of polymer D0.2) " 004 |
is reached, the hormone starts being released from the implant B
at a rate that rose as polymer Mw fell, as in case C of the model 00 A
where the initial release rate is controlled by a certain polymer DI o’
value Shah etal., 1992; Vogelhuber et al., 2D0Nhen the Mw 0 : ‘ PR
decreased after 8 days, the release rate dropped dramatically, 0 2 4 6 8 10
with no association with polymer Mw degradation. For lami- ‘¥ 1/Mw*1045

nar implantF,, Fig. 3B, there was a lumped releagéussler,

1984 (—dLnX/dr=0.082 days?!; r=0.075) like in case A of 10
the model, for 7 days of incubation where the release rate stayed 09
the same, independently of the inverse Mw valbiegng and
Brazel, 200}, followed by an increase when a particular value
(~1.0) of polymer DI was reached, to immediately decrease
on the 9th day. Another relationship between the parameters
of the model was found for this formulation between days
8 and 11, {dLnX/dr = 0.46 — 0.07 x (1/Mw); r=0.966), a

first order release like case D of the model. This consists of a
higher initial rate decreasing with the drop in polymer Mw value
(Huang and Brazel, 20Q1For formulationFz (Fig. 3C), alinear 02 1
relationship ¢dLrnX/dr = 1.7 — 0.39 x (1/Mw); r=0.991) is 01 A
seen between the time-derivative of the logarithm of the remain- 00
ing amount of rhGH and the inverse of polymer Mw, but with 0 2
b1 <0 as in case D of the model, due to the lower release rate (C) 1/Mw#10A5
in the first 6 days of immersion in phosphate buffer. After this,

no relationship between the parameters of the model was fourfdg. 3. Relationship between the time-derivative of the logarithm of the rhGH
until day 15 of release amount released and the inverse of polymer Mw, in formulatian@), F» (B)

: . andFs3 (C). The numbers correspond to release days.
The different rhGH release from these types of laminar

implants occurs as a consequence of their diverse manufacture

procedures and matrix degradation. Because the lyophilizethe laminar implant degradatiob¢rta et al., 2002; Santofia
rhGH cake is inside the polymer film used to prepare formulatioret al., 2004 until the eighth day, in which the high degree of ero-
F1, the hormone release rate from this device depends on polgion allows the hormone to flow independently through the film
mer Mw variations since its diffusion from the core depends omatrix. In contrast, in thé’, formulation, the hormone was dis-

08 -
0,7
0,6 -

0,5 A

-dLnX/dt

04

03 A

10
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persed into the PLGA solution to prepare the film, and it shouldsould, L., Trope, G., Cheng, Y.-L., Heathcote, J.G., Sheardown, H., Rootman,
be consequently distributed as much over the surface as inside D-, Liu, G.S., Menon, A., 1994. Fifty poly(v glycolic acid-lactic acid)
the laminar matrixZiIberman et al., 2001: Huang and Brazel, copolymer as a drug delivery system for 5-Fluorouracil: a histopatholog-

200 the h fl t lier f th f ical valuation. Can. J. Ophthalmol. 29, 168-171.
])’ S0 the hormone Tlows out earlier from the suriace Ccm'Hashizoe, M., Ogura, Y., Kimura, H., Moritera, T., Honda, Y., Kyo, M., lon,

stantly for 7 days, independently of polymer degradation. The s_H. ikada, Y., 1994. Scleral plug of biodegradable polymers for con-
rhGH inside the polymeric structure is therefore released at an trolled drug release in the vitreous. Arch. Ophthalmol. 112, 1380-1384.
independent matrix degradation rate until the seventh day whergller, J., 1980. Controlled release of biologically active compounds from
the drug starts to flow out at a higher rate due to a combination Pioerodible polymers. Biomaterials 1, 51-57. _

. . . . Huang, X., Brazel, C.S., 2001. On the importance and mechanisms of burst
of erosion of the PI_‘GA_mat“X and diffusion of the drug throth release in matrix-controlled drug delivery systems. J. Control. Release
the degraded laminar implant structure. For formulatiana 73, 121-136.
linear relationship with a negative slope is found. This probablyinternational Conference of Harmonization (ICH) of Technical Requirements
happens because in the first day in phosphate buffer, the hor- for the Registration of Pharmaceuticals for Human Use, Validation of

mone flows out at a higher rate from its lyophilized cake inside_ Analytical Procedures: Methodology (ICH-Q2B), 1996.
Jain, R., Shah, N.H., Malick, A.W., Rhodes, C.T., 1998. Controlled

t_he |mplant throth the central hole. On the contrz_iry, durlng the drug delivery by biodegradable poly(ester) devices: different preparative

final d_ays (Ngng gt al., 199)6th9 rel_ease mec.hanlsm was .not approaches. Drug Dev. Ind. Pharm. 24, 703-727.

only simple diffusion but a combination of erosion and diffusion.Katayama, S., Hirokawa, Y., Tanaka, T., 1984. Reentrant phase transi-
These different drug release profiles from different laminar tion in acrylamide-derivative copolymer gels. Macromolecules 17, 2641—

polymer implants provide information about how therapeutic 2643 , _

t release kinetics can be affected by implant manufactur}%m’ H.K., Park, T.G., 2004. Comparative study on sustained release of
agen . . y Imp " . human growth hormone form semi-crystalline peNdctic acid) and
methOdS- Upto now, this had been obtained by the incorporation amorphous polyf,i-lactic-co-glycolic acid) microspheres: morphological
of different excipients to delay or accelerate the drug release effect on protein release. J. Control. Release 98, 115-125.
beyond the normal dissolution characteristics of the solid drugfou, J.H., 2000. Transport in polymer systems. In: Amidon, G.L., Lee, P..,
particles in the dosage fornﬁ:ardinal, 2000; Kou, ZOQOThe Topp, E.M. (Eds.), Transport Processes in Pharmaceutical Systems. Mar-
d | t of thi th tical del for th fact cel Dekker Inc, New York, pp. 445-471.

th_e opment o I_S m_a ematical moael tor e_manu actur unou, N., Ogura, Y., Yasukawa, T., Kimura, H., Miyamoto, H., Honda,
of biodegradable film |mplants_al!ows us to p_redlc_t the shape vy, ikada, Y., 2000. Long-term sustained release of ganciclovir from
of the drug release curve, to eliminate extensive trial and error biodegradable scleral implant for the treatment of cytomegalovirus retini-
experimentation, and to optimize laminar implant preparation tis. J. Control. Release 68, 263-271.

conditions (_emaire etal. 2003: AItinkaya et al 20p4 Lemaire, V., B’elair, J., Hildgen, P., 2003. Structural modelling of drug
v ’ v release from biodegradable porous matrices based on a combined dif-

fusion/erosion process. Int. J. Pharm. 258, 95-107.
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