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Abstract

Anovel doughnut-shaped minitablet (DSMT) was developed and evaluated as a biodegradable intraocular drug delivery system for rate-modul
delivery of antiviral bioactives. The DSMT device was manufactured using a special set of punches fitted with a central-rod in a Manesty tableti
press. The DSMT device released the antiretrovirals foscarnet and ganciclovir at a first-order rate. The erosion kinetics was assesseddy gravin
analysis and scanning electron microscopy. The device gradually eroded when immersed in simulated vitreous humor (SVH) () @&y 37
released bioactives in a sustained manner. The novel geometric design and veracity of the DSMT device was retained even after 24 weel
erosion. When considering the duration of the bioactive released from the DSMT device, it was found that by the careful selection of the type ¢
concentration of polymer employed in formulating the DSMT device, it was possible to produce a device that could release drug for any period
to 12 months.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction less than 50 cells/mfrat approximately 20% per year. Patients
with CD4+ counts above 200 cells/mnhave rarely devel-
Disease due to cytomegalovirus (CMV) is among the mospped CMV-R. However, this could change in the future with
common opportunistic infections in patients with the acquiredwidespread use of highly active antiretroviral therapy that dra-
immune deficiency syndrome (AIDS). The virus can give rise tomatically changes absolute CD4+ countsn(et al., 2002;
multiple organ disease and may cause infections such as colitigjolbrook et al., 2008
esophagitis, encephalitis and pneumonitis, but retinitis accounts Both eyes can be infected at different times with more than
for 75-85% of CMV infections in patientslgbs et al., 2003  one focus of retinitis. Retina that is destroyed by the virus is irre-
CMV retinitis (CMV-R) causes severe visual loss and needsersibly lostand blindness occurs as soon as areas that are critical
medical treatment for an optimal clinical outcome. Itis a seriougor vision, including the macula, maculopapillary nerve fibre
sight-threatening infection that occurs in approximately 25%ayer bundle and optic nerve head, become infeckémllénd
of patients with AIDS. If left untreated the disease follows aet al., 1987, 1989 In the early stages of CMV-R, patients may
relentless course which inevitably results in blindn&sith et notice changes in vision, floating particles or loss of peripheral
al., 1992. vision. The disease is not associated with light sensitivity, pain,
Prospective epidemiological studies have estimated the risfr redness of the eye. Patients with AIDS should be screened reg-
of CMV-R in patients with CD4+ counts less than 100 cellsfm ylarly as early diagnosis and efficient management are essential
at approximately 10% per year, and in those with CD4+ countso preserve visual function, and preservation of visual function
is a major objective to assure good quality of liagukawa et
al., 2000.
* Corresponding author. Tel.: +27 11 7172052; fax: +27 11 6424355. Treatment of _CMV'R re_qu"es Chroni(‘f suppressive mainte-
E-mail address: danckwertsmp@therapy.wits.ac.za (M.P. Danckwerts). hance therapy with an anti-cytomegaloviral drug to prevent or
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delay relapse of the diseaskabs et al., 20Q03With eachrelapse, has been depleted. It is also extremely complicated to manu-
additional retinal destruction takes place, causing further loss dacture, as it requires a number of carefully controlled coat-
visual function. Delivery of antiviral drugs to the vitreous cav- ing processes. The complication of separation of the ganci-
ity has been attempted by various routes, which suffer frontlovir pellet from the flange (suture tab) during the removal
some weakness or the othéfumar et al., 200l There are of the Vitraser? implant has also been observed. Furthermore,
currently three different types of dosage forms available foremoval of the implant may produce vitreous traction that could
intravitreal CMV-R therapy. These are: the intravitreal injec-potentially increase the risk of retinal detachment and poor
tions of ganciclovir, foscarnet, cidofovir, or formivirseDi6z-  wound healing from multiple surgical procedures. This may
Llopis et al., 1994; Rosanne, 200iicrospheres/nanoparticles increase the risk of a wound leakinidrtin et al., 1997.

of ganciclovir Herroro-Vanrell and Ramirez, 2000; Merodio et Lastly, the cost of such a device is approximately US$ 5000,
al., 2003, and the ganciclovir implant (Vitrasé&tt which was  which is not an option for the average CMV-R patient with
licensed in March 19965anborn et al., 1992 HIV/AIDS.

The Vitraser® implant (Chiron Vision Inc., Irvine, Califor- Therefore, the objective of this study was to develop a small
nia) which was developed and approved by the US Food aniinplantable doughnut-shaped minitablet (DSMT) and explore
Drug Administration (FDA) has been used with some succesthe physicochemical characteristics of this novel drug delivery
in practice for the treatment of CMV-RH@tton et al., 1998; system using poly(lactice-glycolic) acid polymer combina-
Dauvis et al., 1999; Perkins et al., 2Q0Lt is a sustained-release tions in order to solve the problem of the implant not being
intraocular implant consisting of semi-permeable polymers conbiodegradable. The small DSMT can be neatly sutured to the
taining a 6 mg ganciclovir pellet. scleral flap with a biodegradable suture where it could release

The intravitreal route of administration is more preferable tobioactive antivirals over a number of months. Since it will be a
the IV route when treating patients with CMV-R¢chereau- bioerodible system, there will be no need to remove the device
Massin et al., 1991 Intravitreal ganciclovir and foscarnetinjec- once it has released its entire drug load. The device will be easy
tions provide higher intraocular drug concentrations than systo manufacture, and is reproducible as it is produced on a tablet-
temic exposure to drug. Although the intravitreal route is suitabléng press.
for the treatment of CMV-R, it still remains a highly invasive It is critical that the DSMT device remains intact during its
and difficult route for administration. Among the most promis- period of implantation, as well as retain the ability to be easily
ing developments are intraocular implants/devices designed tmanufactured using a conventional tableting press, therefore this
deliver drugs with precision directly to the vitreous humor,work also focused on pharmaceutical preformulation studies.
retina, and choroidAshton et al., 1992 Local delivery of drugs  The micromeritic properties, flowability and compressibility of
to the eye via intravitreal implants offers several advantages oveéhe materials were investigated and evaluated for their suitability
systemic and intravitreal injection therapy. in fabricating the DSMT device. The degradation mechanism of

Firstly, it bypasses the blood—ocular barriers, allowing highethe DSMT device which will ultimately lead to complete erosion
intraocular drug levels than could normally be achieved by sysef the device when implanted in the posterior segment of the eye
temic administration. Secondly, it avoids many of the side effectsvas also explored.
associated with systemic and intravitreal injection therapy and A schematic illustration of the envisaged implantation of
provides relatively constant drug levels in the eye. Finally, muctthe DSMT device in the human eye is depictedrig. 1 To
less drug is needed for this local drug delivery, which is espeascertain the ability of the DSMT device to release antiviral
ciallyimportant for newer therapeutic agents that may be in shotvioactives from its matrix structure in vitro release studies were
supply or are extremely expensivdisch et al., 199y performed in 4 ml of simulated vitreous humor (SVH) (i.e. phos-

The polymers employed in manufacturing the Vitra8ert phate buffered saline (PBS) containing 0.03% hyaluronic acid,
device are not biodegradable and this requires the implamgH 7.4, 37°C) utilizing a modified USP XXV dissolution testing
to be removed from the vitreous humour once its drug loadapparatus.

Fig. 1. Envisaged implantation of the DSMT device in the human eye with a VitPadextice for comparison.
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2. Materials and methods Table 2

Textural settings employed for BHN value calculations

Resome? grades RG502, RG503, RG504, and RG756 conTest Parameters Settings

sisting of poly(lactidezo-glycolide) (P_LGA) with a 5_0% lactide  Pre-test speed (mm/s) 1000
content, were purchased from Boehringer Ingelheim (Ingelheimyes; speed (mm/s) 0.500
Germany). These polymers are all biodegradable and have inhefost-test speed (mm/s) 1.000
ent viscosities ranging from 0.16 to 8.2 dl/g. All polymers were Compressive distance (mm) 0.250
ground in a mortar and the fraction passing through a sievérigger force (N) 0.050

with an aperture size of 1326m (Endcotts Test Sieves Ltd.,
London, United Kingdom) was used. Phosphonoformic acid

(Foscarnet) was obtained from Sigma-Aldrich Co. (AldnCh’device. These concentrations were selected on the basis of the

Germany). Ganciclovir was purchased from Roche Product . . L i
. - . : ose required for each bioactive in treating CMV-R over a sus-
(Pty) Ltd. (Isando, South Africa). The antiviral bioactives were_ . . .
tained period of time.

also passed through a sieve with an aperture size gf.r?prior The various formulations were individually pre-weighed and

to use. blended for 10 min and then manually fed into the die cavity.
‘ . The press was set to compress DSMT devices to a thickness of
2.1. Preparation of the DSMT device 2mm. The variation in compression forces were accomplished

] ) ] by firstly adjusting the upper punch to its lowest position in order
A specially designed punch set was provided by P.A. Cuthyy ensure a maximum stable compression force exerted from

bert& Co. (Pty) Ltd. (London, United Kingdom) and engineeredgpqye, while adjusting the lower punch accordingly by elevat-
by Holland Tableting Science (London, United Kingdom). Thejng the punch for higher compression forces, or alternatively
punch set consisted of a lower and upper punch, die, and centrgsyering it for lower compression forces. The adjustments on
rod, as shown inthe schematig. 2). Both the upper andlower - the jower punch were executed using inherent calibration marks
punches contalned a longitudinal central hole for the '”Sert'orﬂ)ositioned on the adjustment bearing of the tableting press. The
of the rod, which enabled a doughnut-shaped tablet to be coniyyheel of the tablet press was then twisted backward as far
pressed around it. The specifications of the punch set are list possible (to the limit where the lower punch started to rise
in Table 1 again).

All blending of drug and polymer was performed using " Thijs was done to ensure that the tablet press would have
an Erweka AR 400 Cube Blender at S0rpm (Erweka, Gergnoygh time to speed up to a relatively constant velocity dur-
many), and a Manesty F3 eccentric (single punch) tableting presgy compression. The powder blends were then compressed at

(Manesty Machines, United Kingdom) was used for directlyyoom temperatureFig. 3illustrates a schematic diagram of the
compressing the powder blends into the DSMT device. Aproduction sequence.

model TR 104 mass balance supplied by the Denver Instru-

ment Company (Denver, USA) was used for all gravimetrical2 2. Textural analysis
analysis. -

. The directly compressed formulz_;\t!ons (_:O”S'_Sted of two prin- Textural analysis was employed to characterize the compress-
cipal components, namely, the antiviral bioactives and the var;

) biod dabl I With th te choi ibility of the polymers used in fabricating the DSMT device,
lous biodegradable polymers. Wi € appropriate choice o mploying theTA. XTplus Texture Analyzer (Stable Micro Sys-
polymer, compression of the mixture led to the formation of a

: . . X ems, England) fitted with a probe having a spherical indenter
matrix tablet. To study the influence of different variables on '[heOf 3.125 mm in diameter and a 5 kg load cell. The indentation

_release rate of t_he DSMT dev_|ce, formL_JIatlons containing vary ardnesswas represented by a conversionto the Brinell Hardness
ious concentrations of bioactive material were produced, an

) X umber (BHN) (Eq(1)). The textural settings used to calculate
at the same time, the polymer grades were varied to productvﬁe BHN values are depicted Fiable 2
different implants.

! - Fig. 4illustrates typical force—displacement profiles gener-
DSMT devices were produced consisting of 30, 40, 50, 60ated for the calculation of the BHN value.

and 70% (w/w) foscarnetand 10, 15, and 20% (w/w) ganciclovir,
in each of the three Resonfegrades chosen in fabricating the BHN — 2F Q)

7D(D? — dz)l/2

whereF is the force generated from indentati@nthe diameter
of spherical probe indenter (3.175 mm), afithe indentation
depth (0.25 mm).

Table 1
Specifications of the novel tooling used to compress the DSMT device

Tooling Diameter (mm) Inner hole (mm) Length (mm)

Upper punch 5.00 2.00 47.00 2.3. Erosion studies

Lower punch 5.00 2.00 52.00

Central rod 2.00 N/A 305.00 . - .
bie 40.00 6.00 20.00 Mass loss of the DSMT matrix was evaluated by gravimetri-

cal analysis. Individual DSMT devices were initially weighed,
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Fig. 2. The novel DSMT tooling: (a) lower punch; (b) upper punch; and (c) central-rod.

after which degradation was allowed to progress in 4 ml of SVHperformed in triplicate. The initial and final masses were used
(pH 7.4, 37°C) in an oscillating laboratory incubator (Lab&n  to calculate the percentage mass loss (ML%) usingEq.
FSIE-SPO 8-35, California, USA) set to oscillate at 50 rpm. At

predetermined intervals the DSMTs were removed from the vial (Wo — W)

incubated and gently rinsed with deionised water to remove an@’”‘% = 100 Wo (2)
superficial particles resulting from undissolved buffer salts. The

hydrated matrices were then vacuum-dried and weighed accordhere Wy is the initial mass of the device an#;, the residual

ingly to assess any gravimetric changes. All experiments wermass of the same dried and patrtially eroded device.
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Fig. 3. Schematic of a production sequence for the doughnut-shaped minitablet (DSMT) device.

2.4. Scanning electron microscopy using a Jeol JSM-840 scanning electron microscope (Tokyo,
Japan).

Samples were prepared for photomicrographs by applying a
thin layer of colloidal graphite on aluminum stubs and mount-2.5. In vitro drug release studies
ing the DSMT devices on the graphite to hold them in place
during microscopic examination. The devices were then coated A modified closed-compartment USP XXV dissolution test-
with a thin layer of gold—platinum using a sputter coater undetng apparatus was utilized in performing all the release studies.
an electrical potential of 15 kV. Several photomicrographs weret time zero, the DSMT devices were immersed in 4 ml of sim-
produced by scanning fields, selected at different magnificationglated vitreous humor (SVH) (i.e. PBS with 0.03% hyaluronic
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25 i:']'"'
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] i
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— d
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Fig. 4. Typical force—displacement profiles for PLGA compacts used in the determination of matrix indentation hardness.
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acid, pH 7.4, 37C) in closed vials and placed in an oscillat- pressibility profiles for each polymer investigated are shown
ing laboratory incubator (Labc8nFSIE-SPO 8-35, California, in Fig. 5a—d). The indentation hardness of the compacts indi-
USA) set to at 50rpm. At predetermined intervals, 2ml ofcated that the material formed moderately soft compacts, as
the release medium was sampled and 2 ml of fresh SVH wathe compression force increased. Notably, the BHN values for
replaced to the sampled vial to maintain sink conditions. the amorphous regions of the polymer in the DSMT showed
significant variability as seen from the compressibility profiles
obtained inFig. 5a—d). This behaviour was contrary to that
) ] expected. One observation was that the sudden upward trend
Analyses of foscarnet and ganciclovir were perfqrmeq ONYFig. 5(b and d)) of the compressibility profile at a compres-
a System Gold (Beckman, San Ramon, California) high-ion force of 7.50t could possibly be attributed to an increase
performance liquid chromatograph (HPLC) equipped with &p, crystallinity of the PLGA compacts as a result of amorphous
20ul loop, and array detector. The system was fitted with §egions being subjected to deformation earlier than the crys-
Discovery Gg (particle size um, 4.6mm i.d., 150mm) ana-  a|ine regions during application of compression force. Hence,
lytical column (Supelco, USA). Samples of gbwere injected s leads to an increase in crystallinity in the remaining polymer
using a microlitre syringe (705 NR 50, Hamilton Bonaduz 5,4 thus a higher BHN value.
AG, Switzerland). The HPLC method was validated by under-  Thg ghservation highlights the important differences in the
taking a precision and accuracy analysis of sample replicatefechanical properties of amorphous pharmaceutical material,
both inter- and intra-day. The coefficient of variation for bothyhich is temperature and pressure dependant in their response
precision and accuracy st_ud|es was within suitable limits namely, applied mechanical stress. Firstly, the copolymer PLGA is
1.25 and 1.79%, respectively. an amorphous type material. Amorphous materials do not have
The mobile phase for analysing foscarnet samples was coneting points but rather go through a glass transition temper-
posed of 0.005M sulphuric acid/methanol (95:5%, Vv/v) andq; re (). PLGA 50:50 has & value of 39.85C. Secondly,
approximately 0.09% (w/v) of tetrahexylammonium hydmgen'poly(lactide) (PLA) is thermally unstabl@fang et al., 1992
sulphate (THAHSQ) as an ion-pairing reagent. A solventflow = pence the presence of this monomer randomly distributed
rate of 1.5ml/min was maintained. In the case of gancicloviryithin the copolymer backbone structure tends to increase chain

2.6. Analysis of the antiviral bioactives

the mobile phase was composed of 0.05 M ammonium acetaifyyipility and therefore, at elevated temperatures during the
(PH 6.5)/acetonitrile (96:4%, v/v), and a solvent flow rate of 4irect compression technique, it is inclined to contribute to the
1.0 ml/min was maintained. Prior to use, the column was equigpening of the polymer structure and widening in the copolymer
librated by passing 45ml of solvent through the system. Thengjecular weight distribution and a decrease in yield pressure.
eluantwas monitored at an analytical wavelength set at 254 g yield pressure indicates the point where forces involved in
The entire assay procedure was performed at room temperatugg,nsolidation have essentially been ‘broken’. The yield pressure

Ascorbic acid and acyclovir were used as the respective interngh, pL A is well below the lowest pressure used in the com-
standards for foscarnet and ganciclovir analysis.

3. Results and discussion

3.1. Compressibility of the PLGA polymers employing

textural analysis

pressibility of the DSMT’s and its value has been significantly
surpassed. In most cases the Manesty tableting press used cannot
exceed a compression force of 1200 pourids<2000 pounds)
when employing PLGA as a directly compressible excipient.
Compression of the PLGA powders generates significant heat
within the internal structure of the tablet. The excess heat is dis-

Table 3lists the force values\) generated from indentation sipated and escapes gradually through the surface of the tablet
of the PLGA compacts, as well as the BHN values. The commatrix. Since it would have required significant modification of

Table 3

BHN values obtained at the different compression forces

Polymer type

Compression Indentation force

force (t) (N)2, meant=S.D.

BHN (N/mn?)3,
meard- S.D.

the current testing equipment to permit data to be collected in
order to monitor these in situ elevated temperatures, this phe-
nomenon could not be explored in detail as part of the current
work.

At temperatures above thg; value, amorphous material
would show a transformation in its behaviour with an increase

ResomeP RG502  2.50 26.2280.216 150.338:1.240 | > k o

Resome? RG502  5.00 25.955% 0.302 148.773-1.731  in ductility. Subsequently what is occurring is that the mate-
Resome?P RG502  7.50 26.3820.375 151.22%2.148  rial is transitioning into a more rubbery state. It is well-known
Resomef RG503  2.50 25.8520.349 148.18%2.006  that above thdy value molecular motions are very rapid which
Resomef RG503  5.00 26.3550.120 151.066:0.689  may |ead to a decrease in the extent of polymer chain entangle-
ResomeP RG503  7.50 26.52%0.912 152.04% 0.523 . o .

ResomeP RG504  2.50 26.39 1062 151301 6089  ment and an increased mobility of the polymer chain segments,
Resome? RG504  5.00 24.426:1.184 140.00a-6.785  Whereas below th€j value these motions are restricted and are
Resomée? RG504  7.50 26.108 0.368 149.60%:2.107  regarded as almost ‘frozen’.

Resomef L214 2.50 26.152:0.816 149.903-4.678 With regard to the DSMT device, the study commenced
Resomef L214  5.00 24.934:0.235 142.9231.346  amploying 1t of uniaxial compression force, which has
ResomeP L214  7.50 24.6020.411 141.018& 2.356

@ Force produced on indentation of compacts.

already exceeded the yield pressure (>1200 pounds), resulting in
increased heat generation and dissipation, that is well above the
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Fig. 5. (a—d) Compressibility profiles of the various polymers investigated.

statedl'y value. This excess heat induces structural changes at a
molecular level and causes a deformation of the matrix that leadsble 4

to stress relief at heterogeneous stress loci distributed within thigesidual masses and % mass loss at various time intervals
tablet matrix. Consequently, stress relaxation and surface digoiymer type and time

ruption occur on a micro-level.

This is consistent with the broader expectation that amor- At 8 weeks
phous type materials have a higher free energy. Essentially, theat 12 weeks
greater the compression force, more heat is generated whemt 24 weeks

above the yield value, which results in exceedingThealue.

The DSMT consequently turns into a more rubbery state and at 8 weeks

therefore the higher compression force produces a ‘softer’ At12 weeks

matrix.

3.2. Erodibility of the DSMT device

Table 4lists the residual masses obtained for the DSMT.

Residual masses (8@).D. %Mass loss
Resome? RG502
49.7%5.05 48.35
46.75%-8.18 51.47
44.965.98 53.39
Resomée? RG503
55.2%5.01 42.09
49.65-8.41 47.94
At 24 weeks 46.25-5.59 51.50
Resomé?P RG504
At 8 weeks 61.7:4.10 35.53
At 12 weeks 53.66-8.06 43.99
At 24 weeks 49.56-6.93 48.37

devices investigated. The effect of the various polymer grades® Calculated using Eq2).
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80 shown inFigs. 7 and 8The photomicrographs were taken of a
sample used for determining gravimetric changes as described
earlier.

Before storage in SVH at 3T, the surface of the DSMT
60 device appeared smooth without many cracks and pores visi-

ble within the matrix Figs. 7a and 8aAfter 8 weeks of storage
(Figs. 7b and 8pthe DSMT surface was still fairly smooth, but a
few superficial cracks emerged. These cracks were probably due
to the drying process during SEM sample preparation. Further-
more, it did not show any channel-like structures, not allowing
much diffusion of dissolution medium into the device matrix. At
12 weeks, Fig. 7c) surface pores and cracks were prominently
engulfing the matrix, resulting in channel-like structures that
permit easy diffusion of release medium into the drug delivery
system. At this stage the DSMT device began to evidently show
signs of size reduction.

0 5 10 15 20 25 This can be noticeably seen Fig. 7d by the outstanding

Time (weeks) porous surface with a vast amount of cracks and channel-like

Fig. 6. Mass loss profiles of DSMT devices using various grades of PLGA as &tructures appearing after 24 weeks of incubation. During obser-
function of erosion time. vation, the cracks vaguelyincreased, indicating alooser structure

. L ) of the matrix as the device continued to erode.
used in fabricating the DSMTs on mass loss profiles are shown

in Fig. 6. The shapes of the curves were found to be similar forj, 4 In vitro release studies
all the investigated polymers. As seen fréig. 6, the compo- ~

sition of the polymers employed in fabricating the DSMTs have

a significant effect on the mass loss profile, or otherwise th?ro
erosion characteristics.

% Mass Loss
B
(=)

[553
(=]

In general, the release profiles of both antiviral bioactives
m the biodegradable polymer matrices have a biphasic release
pattern: an initial burst and a second phase that is derived from
diffusional release before the onset of polymer erosion. The ini-
tial burst may have resulted from the rapid release of the drugs
The morphological characteristics of the DSMT devicesdeposited on the surface of the matrix. During the diffusion
undergoing erosion at various predetermined time intervals anghase, the bioactives were released slowly, and possibly was

3.3. Scanning electron microscopy

(¢) After 12 weeks of incubation (d) After 24 weeks of incubation

Fig. 7. Typical scanning electron microscope images of DSMT eroding in SVH over a 24 week period.
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(a) Time t, (b) After 8 weeks of incubation

Fi

g. 8. Typical scanning electron microscope images of the surface of a DSMT eroding in SVH over an 8 week period.
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Fig. 9. Effect of foscarnet and ganciclovir loading on the in vitro release from the Re8d®@504 DSMT device.

controlled by the degradation rate of the polymer and the drug The release kinetics during the second phase was fairly
loading. The rate of release in the diffusion phase tended to beonsistent at the various drug-loading concentrations. The
more prolonged in the DSMT'’s consisting of the polymer with devices have a biphasic pattern and in the higher viscos-
the higher inherent viscosities. An increase in the drug load oity polymer, the duration of drug release tends to be more
the device may also increase the release rate and an overloadprblonged Figs. 9 and 1) Ideally, an in vivo release
drug may result in the release of a large amount of drug as arate of 0.04ug/h will be targeted based on the Vitragert

initial burst. implant.
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Fig. 10. The effect of PLGA viscosity on the in vitro release from the DSMT device at a constant bioactive load.
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4. Conclusion Herroro-Vanrell, R., Ramirez, L., 2000. Biodegradable PLGA microspheres
loaded with ganciclovir for intraocular administration. Encapsulation tech-
PLGA can be regarded as suitably compressible for designing nique, in vitro release profiles, and sterilization process. Pharm. Res. 17,

. . . . 1323-1328.
implantable devices such as the DSMT using relatively low oMy, oo 37" 3abs, D.A., Weinberg, D.V., Lewis, R.A., Davis, M.D., Frei-

pression forces WhiCh. aid in tr_OUble'fr_ee manufacturing with  gperg, D., 2003. Visual loss in patients with cytomegalovirus retinitis
regard to wear on major tableting equipment such as punches and acquired immunodefiency syndrome before widespread availabil-
and dies. The veracity of the compact structure of the DSMT ity of highly active antiretroviral therapy. Arch. Ophthalmol. 121, 99—
device was retained even after 24 weeks of incubation during'ollw-

th . tudi indicati that the devi . itabl land, G.N., Sidikaro, Y., Krieger, A.E., Hardy, D., Sakamoto, M., Frenkel,
€ erosion studies, Indicating tha € device Is surable as a L., Winston, D., Gottlieb, M., Bryson, Y., Champlin, R., Ho, W., Winters,

biodegradable drug delivery system. . . R., Wolfe, P., Cherry, J., 1987. Treatment of cytomegalovirus retinopathy
The DSMT device generally has a biphasic release pattern: with ganciclovir. Ophthalmology 94, 815-822.

an initial burst and a diffusional phase. The inherent viscosityfolland, G.N., Buhles, W.C., Mastre, B., Kaplan, H.J., 1989. A controlled

of the polymers employed and the drug Ioading characteristics retrospective study of ganciclovir treatment for cytomegalovirus retinopa-
frects the d ti d rate of bi ti | Th fact thy: use of standardized system for the assessment of disease outcome,
alfects the duration and rate of bioactive release. ese lactors for the ULCA CMV retinopathy study group. Arch. Ophthalmol. 107,

are able to regulate the release profile from the DSMT device in  1759_1766.

order to achieve the desired release kinetics of the drug delivenabs, D.A., Martin, B., Forman, M.S., Hubbard, L., Dunn, J.P., Kempen,
system. The DSMT with a superior load of bioactive had alarger J.H., Davis, J.L., Weinberg, D.V., 2003. The cytomegalovirus retinitis and
quantity of bioactive released during the initial phase viral resistance study group, Cytomegalovirus resistance to ganciclovir

. . and clinical outcomes of patients with cytomegalovirus retinitis. Am. J.
The DSMT has proved to be a flexible and versatile Ophthalmol. 135, 26-34.

biodegradable intraocular drug delivery system that providegumar, M.T., Pandit, J.K., Balasubramaniam, J., 2001. Novel therapeu-

rate-modulated release of antiviral bioactives to the posterior tic approaches for uveitis and retinitis. J. Pharm. Pharmaceut. Sci. 4,

segment of the eye and may be suitable for the treatment of 248-254.

CMV-R. Lin, D.Y., Warren, J.F., Lazzeroni, L.C., Wolitz, R.A., Mansour, S.E., 2002.

Cytomegalovirus retinitis after initiation of highly active antiretroviral
therapy in HIV-infected patients. Retina 22, 268-277.
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