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Solventless photocurable film coating was used to obtain modified release coatings. Different pore-
forming agents were used to achieve immediate and sustained release of a blue dye contained in the
coated pellets (non-pareil beads). A super-disintegrant, sodium starch glycolate, was used to obtain
immediate release. When incorporated in the coating, this pore-former swelled and yielded large pores
that demonstrated quick release of the marker dye while leaving behind the scaffold provided by the pho-
tocured polymer. Simple pore-formers (lactose and sodium chloride) dissolved away without swelling

Ic(z\;\i/g;ds: and provided a more sustained release profile. Release can be modified with the choice of material,
Pellets number of layers and thickness of the coating. When release of sodium chloride and release of marker
Percolation dye were simultaneously monitored, it was observed that at least 40-50% of the sodium chloride that
Simulation was incorporated in the coating released before the dye was released through the coating showing that

Controlled release
Photostability

pore-formation preceded the release of the marker dye. The coupling factor between dye release and
pore-formation was found to be dependent on the ratio of amount of solid pore-forming agent and vol-
ume of liquid monomer (S/L) of the coating. Also, studies demonstrate that the coating is photostable

and can withstand handling stress.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Film coating is generally accomplished by spraying polymers
dissolved in solvents onto a cascading bed of tablets. The disad-
vantages associated with the use of solvents (both aqueous and
organic) can be overcome by the use of solventless coating tech-
nologies (Bose and Bogner, 2007a). Photocurable coating can be
formed at room temperature or below (Yang, 1993a,b) by a poly-
merization reaction involving a free radical, cationic or anionic
mechanism depending on the functional groups of the liquid pre-
polymers or monomers and initiators or catalyst to form a solid film
(Kutal et al., 1991). Photocuring systems generally include of three
major components: light source, specially functionalized liquid
prepolymers or monomers and an initiator (Pappas, 1985). Oxygen
acts a scavenger molecule if present in the system, thereby slowing
down and/or reducing the extent of curing in some acrylate-
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functionalized silicone systems by quenching excited states and
scavenging free radicals from the initiator and the growing poly-
mer network (Decker et al., 1980). Thus, photocurable systems are
usually purged with nitrogen to reduce this complication.
Photocuring has wide commercial application in dental and
medical fields (Kurze, 1994). Composite dental fillings (Lovell et al.,
2001; Tanoue et al., 1998), preventive treatment for caries (Wilder
etal.,, 1999, 1983), assembly of medical devices (Burger, 2000), and
wound dressing (Lee et al., 1992; Szycher et al., 1985, 1986a,b;
Trotter, 2002) are a few examples of its use. Photocuring for film
coating of pharmaceuticals is still in the early investigational phase.
A UV-curable film coating system consisting of derivatized silicone
prepolymers along with a photoinitiator, benzoin methyl ether, was
used to coat pellets (non-pareil beads) (Wang and Bogner, 1995).
Free-radical polymerization of the functionalized liquid prepoly-
mers resulted in transition from a liquid prepolymer film to solid
coating with sufficient integrity. However, these coatings were
impermeable to drug release. Later, pharmaceutically functional
photocurable coatings were prepared by incorporating different
powdered pore-forming agents to a photocurable silicone-coating
matrix. That process involved UV light in order to cure the acrylate-
terminated siloxanes (Bose and Bogner, 2006, 2007b). Evaluation
of the coating efficiency, uniformity, photostability, mechanical
strength, and release characteristics demonstrated the method to
be feasible. However, the use of UV light and lack of toxicity data
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on the photocurable siloxane prepolymers may slow implemen-
tation in the pharmaceutical industry. Thus an alternative system
was found using visible light and photocurable monomers cur-
rently used in dental practice, tetraethyleneglycol dimethacrylate
(TEGDMA) and bisphenol A-glycidyl methacrylate (Bis-GMA) (Bose
and Bogner, 2010). Similar to the photocurable siloxane system, the
ratio of pore-formers in the coating to photocurable liquid, type and
particle size of the pore-formers, intensity and exposure time of
light and concentration of initiator were found to be critical for the
processability (Bose and Bogner, 2006, 2010). The UV-curable coat-
ing was strong and photostable. It was feasible to obtain immediate
as well as sustained release by changing the pore-forming agent in
the coating as well as with choice of material, number of layers
and thickness of the coating (Bose and Bogner, 2007b). The current
work investigates whether similar properties can be obtained from
the visible light-curable system.

2. Materials and methods
2.1. Materials

Two photocurable monomers, tetraethyleneglycol dimethacry-
late (TEGDMA) and bisphenol A-glycidyl methacrylate (Bis-GMA),
were available from Rohm America (Piscataway, NJ) and ESS Tech
(Essington, PA), respectively. Camphorquinone (CQ), a photosen-
sitizer, and 2-(dimethylamino) ethyl methacrylate (DMAEMA), a
photoinitiator, were obtained from Aldrich (St. Louis, MO). Non-
pareil beads (14-18 mesh) containing FD&C #1 as a marker
dye were available from Ozone Confectioners (Elmwood Park,
NJ). Explotab® (sodium starch glycolate) was available from Pen-
west Pharmaceutical Co. (Patterson, NY) and used in the particle
size range of 45-63 pm. Lactose (spray-dried, grade #315) was
obtained from Foremost (Baraboo, WI) and used in the particle
size range of 75-106 wm. Sodium chloride was available from
Fisher Scientific (Fairlawn, NJ) and used in the particle size range
of 75-106 pm. Ac-Di-Sol® (croscarmellose sodium) was obtained
from FMC Biopolymer (Newark, DE) and used in the particle size
range of 45-63 wm. All materials were stored as advised by the
providers.

2.2. Methods

2.2.1. Coating process
Five grams of non-pareil beads (coated with the FD&C #1 dye)

were placed in a mini-coating pan consisting of the bottom 9 cm of
a 500 ml Erlenmeyer flask in a drum rotating at 18-19 rpm driven
by an all-purpose motor (Erweka, Milford, CT). The 7 cm opening
of this mini-coating vessel faced out of the open portion of the
drum which was tilted 30° from horizontal. This system is very
similar to a traditional pan-coating system. A custom built cham-
ber was fitted over the coating pan and continually purged with
nitrogen at a rate of 0.51/min to reduce the presence of oxygen.
Through a small port in the chamber, the monomer liquid consists
of 70:30 TEGDMA:Bis-GMA (90% (w/w) and 1:4 CQ:DMAEMA (10%
(w/w) was pipetted onto the bed of beads and allowed to distribute
for 1 min. These ratios were previously determined to be optimal
(Bose and Bogner, 2010). A powdered pore-forming agent (lactose,

Table 1

sodium chloride, Explotab® or Ac-di-sol®) was dusted onto the bed
of monomer coated beads within 10-15 s and allowed to distribute
for 1 min. Then the system was purged with nitrogen for 3 min to
reduce the presence of oxygen. The volumes of monomer liquid (L)
and amounts of powdered pore-forming solids (S) used to prepare
batches with various S/L ratios found to produce good coating uni-
formity are listed in Table 1. Coating uniformity was measured by
digital image analysis as previously described in detail (Bose and
Bogner, 2006).

After incorporating the pore-former and closing the front port,
the chamber was purged with nitrogen for an additional 3 min. The
beads were exposed to 82500 lux of visible light (Right Touch, Work
light, Model # RT-83992, Fountain Valley, CA) through the front
quartz panel of the nitrogen-filled chamber for 15 min. The coating
procedure was repeated to produce 3-6 layers. All batches were
prepared in triplicate.

2.2.2. Release performance

Release of the marker dye FD&C Blue #1, from within the core of
the coated beads was determined by placing the weight equivalent
to 3 g of uncoated beads in a USP Type Il apparatus (Vanderkamp
600, Vankel Industries, Inc., Chatham, NJ) with 250 ml of doubly
distilled water at 37 °C stirred at 50 rpm. The release of dye from the
coated non-pareils was measured over a 1h period for immediate
release coatings and up to 24 h period for sustained release coatings.
Absorbance of the released FD&C #1 was measured at 628 nm in
a UV spectrophotometer (Model # 8450A, Hewlett Packard, Palo
Alto, CA). The release profiles were assessed by similarity factor (f,)
analysis (Food and Drug Administration, 1997b), where f, values
greater than 50 (range 50-100) indicated similarity in results (Food
and Drug Administration, 1997b).

The pore structure of the coating was evaluated by monitoring
the release of sodium chloride (one of the pore-formers) from the
coating itself by conductance (Model 34, YSI, Yellow Springs, Ohio)
at the same time points (0-12 h) as dye release was measured.

2.2.3. Thickness of the coatings

The average diameter of approximately 200 beads from each
batch of coated and uncoated beads were determined using a 5.1
pixel CCD camera and image analysis software (Image-pro®, Media
Cybernetics, Silver Spring, MD). The average thickness of the coat-
ing from each batch was estimated by subtracting the average
diameter of an uncoated batch from that of coated batches of beads
and dividing by 2. The mean and standard deviations of these
pairwise calculations were reported as average thicknesses of the
coating along with their standard deviations.

2.2.4. Mechanical strength of the coating

Six batches of pellets (non-pareil beads) were coated with
6 layers of liquid photocurable monomer consists of 70:30
TEGDMA:Bis-GMA (90% (w/w) and 1:4 CQ:DMAEMA (10% (w/w)
and lactose using an S/L ratio of 2.4. Samples from three batches of
coated beads, equivalent to 3 g of uncoated beads, were stressed ina
friabilator (TA, Erweka GmbH, Heusenstamm, Germany) at 25 rpm
for 16 min for the total of 400 revolutions. Unstressed beads from

Pore-forming agents and their optimum S/L ratios for optimum process efficiency and coating uniformity (Bose and Bogner, 2010).

Pore-forming agent (particle size range)

Optimum S/L ratio? (range studied)

Volume of liquid (1)® Amount of pore-formers (mg)

Lactose (75-106 pm) 2.4(1.8-3.0)
Sodium chloride (75-106 pwm) 3.6(3.0-4.2)
Explotab® (45-63 j.m) 3.0 (2.4-3.6)

500 1200
500 1800
500 1500

2 S/L ratio is defined as the ratio of amount of solid pore-forming agent to the volume of monomer. The operational range (in parenthesis) is the range where coating

efficiency and uniformity are independent of S/L ratio.

b Coating liquid consists of 70:30 TEGDMA:Bis-GMA (90% (w/w) and 1:4 CQ:DMAEMA (10% (w/w).
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the same batches as the stressed coated beads were uses as controls.
Stressed beads from the friabilator were assessed for any weight
loss and then placed in a USP Type II dissolution apparatus with
250 ml of water at 30°C stirred at 50 rpm and release profiles of
stressed and unstressed beads were compared by similarity fac-
tor analysis (Food and Drug Administration, 1997b). Samples were
withdrawn at intervals and monitored for dye release at 628 nm.

2.2.5. Photostability of the coating

Twenty-one batches of pellets (non-pareil beads) were coated
with 6 layers of monomer solution consists of 70:30 TEGDMA:Bis-
GMA (90% (w/w) and 1:4 CQ:DMAEMA (10% (w/w) with lactose
as pore-forming agent using an S/L ratio of 2.4. A portion of the
coated beads (equivalent to 3 g of uncoated beads) from each batch
was placed in a light cabinet (CPS+ Suntest, Atlas Materials Testing
Technology, Chicago, IL) according to ICH guidelines with one dose
of light equivalent to 1.2 million lux hours in 21.8 h with the irra-
diance of 250 W/m?2 (Food and Drug Administration, 1996, 1997a).
Three sets of samples (each set in triplicate) of coated beads were
exposed to one, two or three doses of light in closed glass bot-
tles placed on their sides for maximum light exposure (Qorpak®
clear glass bottles, 0.5 0z, AP#2101, Fisher Scientific, Springfield,
NJ). Control sets consisting of three sets of samples (each set in
triplicate) in closed glass bottles covered with aluminum foil were
placed in the light cabinet for the equivalent of one, two or three
doses oflight. One set of samples (n =3) of coated beads was directly
exposed to one dose of light in an open glass Petri dish (designated
“DE 1X”). The temperature in the light cabinet was maintained at
30°Cwith acooler attached to the instrument. Each exposed coated
batch and each control were separately placed in a USP Type Il
dissolution apparatus with 250 ml of water at 37°C and a paddle
speed of 50 rpm. Samples were withdrawn periodically and eval-
uated for dye release at 628 nm to determine any differences in
coating performance upon light exposure.

2.2.6. Simulation of percolation through the porous coating

A matrix of 110 x 110 x 6 was generated by setting each cell in
the matrix to either 1 (i.e., containing pore-former) or 100 (contain-
ing undissolvable scaffold polymer matrix) to reflect the volume
ratio of pore-former in a coating. This simulation assumes Cartesian
coordinates for the coating as a first approximation. The shortest
possible path (i.e., minimum number of connected (value = 1) cells)
was searched using an algorithm to connect particles between lay-
ers in the inner 100 x 100 x 6 matrix to avoid end effects. In one
simulation, the algorithm searched 21 possible connections to each
cell whereas in an enhanced algorithm, the search was increased
to 30 possible ways to connect to the next layer. The cells in the
first of 6 layers that were connected to a cell or cells in the 6th layer
were considered available pores. The porosity for the purposes of
evaluating diffusion through the film was calculated as the frac-
tion of available pores relative to the total number of cells (10,000)
in the first layer. For each of those available pores, the minimum
path through the 6 layers (generally, 6-12 cells) was calculated.
The average path length was divided by 6 to report as the tortuos-
ity of the coating. The variance of the tortuosity was also calculated.
It was seen that the enhanced algorithm (i.e., searching 30 vs. 22
connections per cell) resulted in higher porosities and lower tor-
tuosities; the differences were more prominent at lower volume
fractions of pore-former, but the results were qualitatively similar
in the curve shapes and inflection points.

3. Result and discussion
The ratio of powdered pore-forming solid (S) to photocurable

monomer liquid (L) in the coating (the S/L ratio) was found to be
a key parameter to obtaining good process efficiency and coating

uniformity (Bose and Bogner, 2006). Coating efficiency and process
efficiency are measures of how much of the polymer and pore-
forming agent were effectively incorporated during the process
(Bose and Bogner, 2010). The operating range of S/L ratios within
which coating efficiency and uniformity were independent of the
S/L ratio were previously determined (Table 1) (Bose and Bogner,
2010). At values of S/L ratios below the operating range, the coating
uniformity and efficiency declined dramatically. Above the oper-
ating range, coating efficiency declined, but less noticeably. For
example, using Explotab® as the pore-forming agent, the product
quality in terms of process efficiency and coating uniformity was
greatest at a solid-to-liquid ratio between 2.4 and 3.6 (with 500 .l
of monomer solution and 1200-1800 mg of Explotab® per layer)
when particle sizes of Explotab® between 45 and 63 um were used.
Thus, an S/Lratio of 3.0 (the midpoint of 2.4-3.6 range ) was selected
for the release study with Explotab® in order to ensure the lowest
coating variability during release studies. Similarly, the optimum
S/L ratio for each pore-former (Table 1) was used for present stud-
ies unless otherwise specified. Using these parameters, the release
of a marker dye through pores formed by dissolution or swelling of
pore-forming agents in the coating was investigated.

3.1. Release studies using simple pore-formers

Lactose was evaluated as a pore-former in coatings of 4, 5 and 6
layers at three S/L ratios. The three S/L ratios, 1.8, 2.4 and 3.0, were
within the operating range (Table 1) (Bose and Bogner, 2010). The
release profiles of the dye from the cores of each batch of coated
beads (equivalent to 3 g of uncoated beads) were assessed in USP
Type Il dissolution apparatus with 250 ml of doubly distilled water
at 37°C stirred at 50 rpm. At all S/L ratios the release of dye from
within the coated beads was significantly lower with each addi-
tional layer of coating (Fig. 1A-C). When the profiles were analyzed
by similarity factor analysis, the dye release from 6 layer coatings
with S/L ratios of 1.8 and 3.0 was greater than from the coatings
with S/L ratio 2.4. The 4 and 5 layer coatings showed a significant
increase in dye release with increasing S/Lratio (1.8 =2.4<3.0). The
difference in release from the coatings prepared with the two low
levels of lactose (S/L of 1.8 and 2.4) was primarily due to increasing
lag time (2 min for 4 layers to 4 min for 6 layers for S/L 1.8, 2 min for
4layers to 10 min for 6 layers for S/L 2.4) with an increasing number
of layers (Fig. 1A and B). At an S/L ratio of 3.0 (Fig. 1C), there was no
appreciable lag time. Rather, the differences in the release profiles
between 6 layers and 4 or 5 layers of coating were in release rates
(i.e., slopes of the profiles).

Increasing coating thickness generally resulted in the expected
decrease inrelease of the marker dye at 180 min (Fig. 2A). However,
unexpectedly, the lower S/L ratio coatings were notably thicker
than the higher S/L ratio coatings, and yet resulted in an increase
in release rate for lactose-filled coatings. One might have expected
that a higher S/L ratio would produce a higher porosity in the coat-
ing allowing faster release. In the current work, the S/L ratio is
probably offset by the lower coating efficiency (a measure of pow-
der incorporation). The coating efficiency was 80% when the S/L
ratio was 1.8 whereas it was lower (68%) at an S/L ratio of 3.0.
Thus, all the powder that was introduced in the coating pan was
not incorporated into the coating, and did not increase the coat-
ing thickness as expected. In the previous siloxane-based coating
(Bose and Bogner, 2006), a similar explanation cannot be offered
since the coating efficiencies were remarkably independent of S/L
ratio (Bose and Bogner, 2007b). Therefore, the observation sug-
gests that within these relatively narrow range of S/L ratios, any
difference in porosity of the coating is not significant. The coating
efficiency, however, is strongly dependent on S/L ratio. The strong
dependence of processing on S/L ratio accompanied by the relative
independence of release rate on S/L ratio allows the formulator to
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Fig. 1. Dye release from non-pareil beads coated with 4, 5 or 6 layers of coat-
ing with liquid monomer consists of 70:30 TEGDMA:Bis-GMA (90% (w/w) and 1:4
CQ:DMAEMA (10% (w/w) and powdered lactose in an amount solid powdered pore-
forming agent to volume of liquid monomer ratio (S/L ratio) of (A) 1.8, (B) 2.4, and
(C)3.0.
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Fig. 2. Dye release at 180 min from non-pareil beads coated with liquid monomer
consists of 70:30 TEGDMA:Bis-GMA (90% (w/w) and 1:4 CQ:DMAEMA (10% (w/w)
with (A) powdered lactose and (B) powdered sodium chloride as a function of mea-
sured coating thickness. Coating thickness was measured using image analysis. S/L
ratios are noted next to each point.

independently change the process efficiency (by altering S/L ratio)
and release rate (by altering coating thickness).

Sodium chloride was also evaluated as a pore-forming agent for
this visible light-curable system. The range of S/L ratios in which
sodium chloride provided acceptable coating efficiency (77-84%)
along with acceptable uniformity of coating was 3.0-4.2 (Bose and
Bogner, 2006). The release of dye was measured from beads coated
with 5 layers of coating with S/L ratios of 2.4, 2.7, 3.0, 3.6, and 4.2
using sodium chloride as the pore-former and 7 layers with an
S/L ratio of 3.6. Note that the two lowest S/L ratios (2.4 and 2.7)
were outside of the optimal range in terms of coating efficiency.
There was a general trend toward slower dye release as the S/Lratio
increased and a clear decline in dye release with 7 versus 5 layers
atan S/Lratio of 3.6 (Fig. 3A). As was described above in the discus-
sion of Fig. 1A and B, the increase in the number of layers resulted
in longer time lags for release. The dependence of dye release on
thickness of sodium chloride-filled coatings (Fig. 2B) is less clear
than was seen for lactose-filled coatings (Fig. 2A). However, when
the data from the coatings with the two lowest S/L ratios (those that
were outside the optimal range in terms of coating efficiency) (Bose
and Bogner, 2006) are neglected, there is a negative correlation of
dye release with coating thickness as was seen for lactose-filled
coatings (Fig. 2A) and in the UV-curable siloxane-based coating
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Fig. 3. (A) Dye release (%) and (B) sodium chloride release (%) from the core of non-
pareil beads coated with 5 layers (or 7 layers in one case) of coating with liquid
monomer consists of 70:30 TEGDMA:Bis-GMA (90% (w/w) and 1:4 CQ:DMAEMA
(10% (w/w) and powdered sodium chloride with different S/L ratios.

system (Bose and Bogner, 2006). To understand the release of dye
through the coating, release of sodium chloride from the coating
itself was monitored. Fig. 3B shows that 25-40% of the incorpo-
rated sodium chloride was released immediately. The remainder
was released more slowly.

A comparison between the release of sodium chloride from the
coating and dye from the bead is shown in Fig. 4A in terms of the
fraction of dye and sodium chloride released at the same time point.
On average 40-50% of the sodium chloride that was incorporated
in the coating released before the dye released through the coating.
This is not surprising as pore-formation is a necessary process prior
to the release of the marker dye. Eventually, all sodium chloride and
dye were released over 24 h. It is observed that there was a remark-
ably linear portion of Fig. 4A that can be interpreted as a coupling
between dye release and pore-formation through sodium chloride
release. The slope of that linear portion indicates the degree of cou-
pling between the two profiles. The portion that appeared linear by
eye minus the first and last points was used to determine the slope.
The R? value of each such trend line was greater than 0.99 except
for S/L ratio 4.2 (where R?=0.97). Fig. 4B shows that the coupling
between dye release and pore-formation is dependent on the S/L
ratio of the coating. The variance in the tortuosity provides a pos-

(A) 100
— 80
s
[<+]
8 60
@
Q
o
2 40 —a—s/L27
o —0—S/L 3.0
- —+—SIL36
= N =5/ 42

= & =S/L3.67Ilayers

T T 1

30 40 50 60 70 80 20 100
NaCl Release (%)

Release Coupling to Pore
Formation

NP

1-4 T T T T 1
2 25 3 35 4 4.5
S/L Ratio

Fig. 4. (A) Dye release from the core of non-pareil beads coated with 5 layers (or 7
layers in one case) of coating with liquid monomer consists of 70:30 TEGDMA:Bis-
GMA (90% (w/w) and 1:4 CQ:DMAEMA (10% (w/w) and powdered sodium chloride
with different S/L ratios was measured as a function of sodium chloride release from
the coating at the same time points. (B) The slope of the linear portion, the release
coupling co-efficient, was plotted against S/L ratio.

sible explanation for the shape of Fig. 4B. A computer model for
the porosity of the coating was generated. The variance in tortuos-
ity was calculated from the tortuosity values of 50 or more pores. A
lower variance in tortuosity means that the paths through the pores
are similar, such that the difference in the times to form the first
path and the last path upon dissolution of sodium chloride is small.
On the other hand, a larger variance in tortuosity would mean that
the first path is formed well in advance of the last much more tortu-
ous path, leading to alower slope in Fig. 4B. The data generated from
the computer model (Table 2) show the tortuosity, porosity, and
variance in porosity for various coatings as a function of S/L ratio.
The porosity increases and the tortuosity decreases as the S/L ratio
increases. The apparent diffusion coefficient, which is a function
of both porosity, €, and tortuosity, t, (i.e., De/t), increases with S/L
ratio, because of both the increase in porosity and the decrease in
tortuosity. The doubling of the apparent diffusion coefficient with
increasing S/L ratio is too small to account for the differences in the
release profiles. However, in the range of S/L ratio from 1.8-4.2, the
variance in tortuosity is significant and can account for the change
in release coupling seen in Fig. 4B.

In summary, lactose and sodium chloride are useful simple pore-
formers. In dissolution media, the powdered pore-forming agents
slowly dissolve away and produce pores without swelling. When
these pores are connected with each other, they produce chan-
nels in the coating through which the dye can be released. Simple
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Table 2

Simulated data of tortuosity, porosity, and variance in tortuosity for various coatings as a function of S/L ratio of lactose and sodium chloride.

Solid fraction Corresponding lactose S/L ratio Corresponding sodium chloride S/L ratio Porosity Tortuosity Tortuosity variance
0.30 0.7 0.9 0.07 1.56 2.85
0.35 0.8 1.2 0.17 1.52 2.71
0.40 1.0 14 0.27 1.48 2.44
0.45 13 1.8 0.38 143 2.07
0.50 1.5 22 0.46 1.36 1.63
0.55 1.9 2.6 0.53 1.31 1.25
0.60 2.3 32 0.59 1.25 0.95
0.65 2.9 4.0 0.65 1.21 0.72
0.70 3.6 5.1 0.69 1.17 0.58
0.75 4.6 6.5 0.75 1.14 0.46
0.80 6.2 8.7 0.80 1.11 0.37

pore-formers provide a sustained profile of release of dye from the
core.

3.2. Release studies using super-disintegrants to form swollen
pores

The dissolution profiles of coatings containing Explotab® as the
pore-former were evaluated over 1h. It was observed that when
coatings containing Explotab® came in contact with the dissolution
media, no marker dye was released within the first 4 min. Then, the
time for 80% release of the dye from the non-pareil was 15 min and
100% of the dye was released in only 20 min (Fig. 5A). The lag time of
4 min was in sharp contrast to the siloxane-based coatings where
there was no measurable time lag when Explotab® was used as
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Fig. 5. Dye release from non-pareil beads coated with liquid monomer consists
of 70:30 TEGDMA:Bis-GMA (90% (w/w) and 1:4 CQ:DMAEMA (10% (w/w) and (A)
powdered Explotab® (4 layers) and for comparison, (B) a combination of 85% beads
coated with powdered lactose (6 layers of coating, S/L ratio 2.4) and 15% beads are
coated with Explotab® (5 layers of coating, S/L ratio 3.0).

a pore-former (Bose and Bogner, 2007b). It was observed that the
Explotab®-containing coating swelled and broke apart; the result of
overcoming the yield point of the strong non-elastic methacrylate
material that formed the scaffold containing the pore-former. In
the siloxane-based coating system, coating ghosts were collected
intact due to the elastic nature of the siloxanes that accommodated
the swelling of the Explotab®. Similar to the siloxane-based coating,
the immediate release from coatings containing super-disintegrant
is in sharp contrast to the slower release of coatings containing the
simple pore-formers, lactose and sodium chloride.
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Fig. 6. Non-pareil beads were coated with 6 layers of coating with coating liquid
consists of 70:30 TEGDMA:Bis-GMA (90% (w/w) and 1:4 CQ:DMAEMA (10% (w/w)
and powdered lactose with S/L ratio of 2.4. (A) One part of the coated beads was
stressed with friability test. (B) Coated beads were exposed to 1, 2 or 3 doses of light
in a bottle or open glass Petri dish (DE 1X). Release of the blue dye was measured
by spectrophotometer for the stressed or exposed and control sets and their release
profiles were compared.
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In both coating systems, release can be modified with the choice
of material, number of layers and thickness of the coating. Release
can be further modified as required by mixing fast-releasing and
slow-releasing beads. For example, a mixture of 5% beads coated
using Explotab® (5 layers of coating) and 95% beads coated using
lactose (6 layers of coating) provided a more sustained release pro-
file with no significant time lag (Fig. 5B).

3.3. Mechanical strength and photostability

Friability testing is often used to evaluate the mechanical
strength of dosage forms. This handling stress test may cause some
defects that are not visually identifiable, but may affect the func-
tioning of the coating. So, release profiles were evaluated before
and after the friability test. The pore-forming agent, lactose, pro-
duced a sustained release profile with a lag time (Fig. 1C). Thus, if
there were significant numbers of defects in the coating due to the
stress, a change in the release profile would be expected.

The release profiles from the stressed and the unstressed sets of
coated beads showed no significant difference based on similarity
factor analysis and t-test (o =0.05) for all time points (Fig. 6A). This
result suggests that the coating is strong and can withstand the
usual handling stress during manufacturing and shipping.

In the photostability studies, one dose of light is defined as a total
of 1.2 million lux hours in 21.8 h with an irradiance of 250 W/m?
(Food and Drug Administration, 1996, 1997a). This is equivalent to
1year of exposure to sunlight in Arizona. The release profiles of
(1) coated beads exposed to one dose of light in closed glass bot-
tles, (2) coated beads directly exposed to one dose of light in an
open glass Petri dish (DE 1X), and (3) their control (coated beads in
closed glass bottle and covered with aluminum foil facing all similar
conditions but the light exposure) were compared. The release pro-
files were compared using similarity factor analysis (Food and Drug
Administration, 1997b). All samples (fully exposed, exposed in a
clear bottle, and unexposed controls) had similar release profiles
(Fig. 6B). This result demonstrates that the coating is photostable
according to ICH and FDA guidelines.

4. Conclusion

A prototype visible light-curable solventless coating was
developed using a monomer and photosensitizer-photoinitiator
combination that is safely used in dental practice. It is possible to
obtain functional release from this novel solventless photocurable
coating technique by including pore-formers in the coating. Lactose
and sodium chloride were found to provide more sustained release
performance, where Explotab® was an immediate release pore-
forming agent. Moreover, this technique provides the flexibility to
modify the release by changing the pore-forming material, amount
of solid pore-forming agents to the volume of liquid monomer ratio,
number of layers of coatings as well as by mixing different coatings
made by different pore-forming agents. Finally, studies demon-
strate that the coating is photostable (according to ICH guideline)
and can withstand handling stress.
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