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ABSTRACT: Mathematical models are an important tool in phegeutical formulations
development, to evaluata vitro andin vivo drug release processes and to optimize the design
new systems. Dome Matrix technology allows the doatiion of modules with different types of
drugs, doses, and releases kinetics. This workdatmelesign drug release systems based on Dome
Matrix technology, with different swelling and erms properties, to obtain complex drug release
profiles and analyze them with simple mathematicatlels. Most of the release profiles followed a
sigmoid curve, with an inflection point correspamglito a change in the release rate behavior. The
experimental data were fitted with a simple modalently developed, named the Dual Release
model, which consists in the combination of a miedif Korsmayer-Peppas model from the
beginning to the inflection point and the Lumpeddaiofrom there until the end. This approach
allowed determining relevant pharmaceutical paramsesuch as the maximum release rate and the
dissolution efficiency, among others. The use &f flual Release model and the pharmaceutical
parameters that characterize the different Domeaikatodules allows optimizing the choice of the

composition and the configuration during the depalent of a drug delivery system.

Keywords: release rate; mathematical models; dual releaselymdig delivery.



INTRODUCTION

In 2006, Colombo and collaborators developed anvative modular technology platform suitable
for assemblage into drug delivery systems. Eachubeodonsists of a cylindrically shaped tablet,
with one of the bases concave and the other cofiv®ince the axial section of the modules
appears as a cupola, such modular technology ptatfieas named Dome Matrix. The individual
modules are designed to allow the convex base ®huoodule to be inserted into the concave base
of another. This modular technology platform allawsdifying the kinetics of drug release through
the assembly of the modules containing the drug@)stituting a single system for controlled drug

release for oral administration (Figuré3)

/lIinsert Fig. 1//

A single Dome Matrix module has a comparable serfa®a to that of a flat-based conventional
tablet. The shape of the modules facilitates the assemibtwo or more units by stacking, thus
obtaining multiple module systems. When the confaoe of one module is stacked into the
concave face of the adjacent one, the piled cordigun is obtained; while the void configuration
consists of a peculiar assembly formed by stackimg modules through their concave bases
(Figure 1). This latter configuration is characted by an inner space, providing the assembly with
the potential to work as a floating drug deliveggtem and thus providing, after administration,
gastroretention and site-specific drug releaseyrams drug absorption in the upper part of the
gastrointestinal (Gl) tract. On the other hand, #Hwsembly of two modules formulated as
hydrophilic matrices, in a piled configuration reds the available surface area for drug release
more than the void configuration if compared to sheface area of the two separated modules
This implies that the piled configuration is pofatly useful as a sustained-release drug vehicle,
whereas the void configuration can be applied bsayant gastro-retentive dosage form. The void
space in the assembly generates buoyancy forcesahakeep the matrix afloat for as long as 8
hours; then, erosion or disintegration processrseges the floating behavidr

Dome Matrixtechnology shows definite advantages as a drugetglisystem when compared to
traditional controlled-release tablets. It is swiclersatile system that allows the combination of
modules loaded with different types of incompatidieigs, different doses, and even providing
multiple release kinetics in a single unit. Thenpled therapeutic regimen and the drug release
kinetics can be adapted according to the diseasessand the convenience of healthcare/patient



management simply by changing the number and typmanlules constituting the personalized
system”.

Mathematical models are an important tool to euelulug release processes bithitro andin

vivo and, in general, to optimize the design of newrplageutical drug delivery systefnghey
also allow determining some important parametdetaé to the physicochemical phenomena (for
example, drug diffusion coefficiedtand of pharmaceutical relevance (such as the Idigso
efficiency). It is very important to know how toaushese equations to understand the different
factors that affect the dissolution rate and hossdiution behaviors can vary and influence the
efficiency or therapeutic regimen of patients.

i various mathematical models were proposed tddta from drug

Since the Higuchi mod€
release profil€d, such as the semiempirical equation, called theepéaw model, presented by
Peppas and Sahtih or other models developed for specific drug aelvsystem geometri&s”.
However, these models are usually useful to fiydhe data up to 60% of the drug released over
time. We recently developed a mathematical modehed the Lumped model, based on second-
order kinetics, that groups different transportpsténvolved in the drug release proce¥sés
Although the Lumped model fits propeliilly vitro experimental data across the entire drug release
profile, neither this nor the other models cardéita following sigmoid profiles, where the release
rate increases over time up to an inflection p@int decreases thereafter. In this regard, the
cumulative Weibull function mod®@?* was used to describe sigmoidal profiles of drugase over
time, among other types of observed complex phenamiowever, important differences were
observed in several studies between the experiindaita and the values estimated by the Weibull
function, mainly at the beginning (up to 10% of gimeleased) and at the end (after 70% of drug
released) of the release profile. Consideringlitiigation, we developed a new model, named Dual
Release model, able to fit experimental data fraigmsid profiles of the cumulative amount of
drug release versus time with very low standardrés=1%) and correlation coefficient higher than
0.99°%. Moreover, the Dual Release model can be usei feculiar cases, such as experimental
release data from profiles where the release nateases constantly with respect to time untill tota
drug release.

Dome Matrixmodules have been usually manufactured by tabletsigg cellulose derivatives or
polyethylene oxide polymets since they form a monolithic system when the dsudjspersed into
them and the powder tableted. Among cellulose dévies, hypromellose or
hydroxypropylmethylcellulose (HPMC) is used from%Qup to 80% w/w for controlled drug
release in solid dosage form, and as a coatintafilets and pellet$?®> When in contact with the
dissolution medium, HPMC matrix hydrates and swélisning a gel layer on the surface that



moves towards the cGf&®. Gel erosion takes place thereafter and may asicunltaneously with
the subsequent phases of hydration and swellinghef matrix®. The swelling and erosion
properties of a solid matrix made of HPMC haverargg influence on its drug release kinetics.

In this work, HPMC matrices were designed basedDamme Matrix technology containing
riboflavin as a hydrophilic model drudy varying the ratio of two HPMCs with different
molecular weights and viscosities, modules wittsididar swelling and erosion properties were
obtained. Also, the release behavior of matricesioflle configuration was compared with the
presented by matrices of piled and void configoreti prepared with two modules. In this way,
complex drug release profiles were achieved, whiglte analyzed with simple mathematical
models that allow to predict their behavior andlakxpthe phenomena involved in the release

process.

MATERIALSAND METHODS

Materials

Riboflavin (Rb) (Universdl, Roche, batch number: UQ11022019), Methdc@iPMC) CR
premium K100LV and K15M with molecular weights oppoximately 25 and 120 kB
respectively (Colorcon, Orpington, Eng, batch nurebéViM90041321K and NH16012N11),
Lactose Spray Dried (90 — 150 um, Chiesi, ParmjaHblyethylenglicol (PEG) 6000 (Hoechst AG.
Werk Gendorf, Ger.), KollidohK25 (BASF, Ger, batch number: 09-8760) and magmestearate
(Eigemann & Veronelli Spa., Mi, It., batch numb24762) were used for matrices preparation. All
other reactive and solvent used were p.a. qualithveater and ethanol distilled.

Manufacturing of Dome Matrix modules

Five types of modules were prepared by direct cesgion using different mixtures of HPMC
K15M and HPMC K100LV. Table 1 shows the percentegmposition of the five modules types.
Briefly, powders ground in a mortar and sieved tigtoa 125 um sieve were mixed in a Turbula
mixer (WAB, Basel, Switzerland) for 30 min witholubricant. Then magnesium stearate was
added and mixed for 5 min. The matrices were obthbyy automatic direct compression in a single
punch tableting machine (EKO Kosch, Berlin, Germampvided with a special set of cylindrical
punches of 7.4 mm diameter having the upper purmdnaex surface and a lower concave punch.
The compression force was between 20 and 30 kN @ases. The final weight of the modules was
110+5 mg containing 10 mg of riboflavin.

Dome Matrices in piled and void configurations werepared by assembling two modules. The
piled configuration was obtained by inserting tloevex base of one module into the concave base



of the adjacent one and welding by ultrasound. Btaio a floating system, the void configuration
was prepared by welding two modules with the coadsases facing each othdn both cases, the
welding of the assembled modules was performedyusiBranson ultrasound machine (Branson
Ultraschall, Dietzenbach, Germany) consisting obacave punch shaped titanium sonotrode probe
and a cylindrical die holding the matrices. The med were stacked on the die and the resulting
system was pressed with the sonotrode at 100-11GiNg the Time mode for 0.55 s (energy: 40-
70 J). Twenty soldered systems of each formulatieere tested for resistance using the
friabilometer operating at 25 rpm for 4 min, conipty with the pharmacopoeial specification

which accepts a maximum mean weight loss lower 1h@gs°.
//Insert Table 1//

In vitro drug release studies

The riboflavin release studies from the single nesland the two assembled configurations were
performed in a USP dissolution apparatus 2 (Erwgk&R, Heusenstamm, Germany) with paddle
rotation at 751 rpm, using 900 ml of degassed kited gastric fluid without pepsin (pH 1.2+0.5)
as dissolution medium, at 37.0+0.5°C. The releasethoflavin was quantified

spectrophotometrically at 267 nm, using the cowadjng calibration curve.

Mathematical modeling of drug release profiles

Riboflavin release profiles were analyzed by thealDRelease model, which allows fitting
experimental data following sigmoid cur¢edt consists of dividing the curve into two pasisthe
characteristic inflection point and applying a nfieai Korsmeyer-Peppas like model (Eqg. 1) in the
first part and a modified Lumped model (Eg. 2)he second one. This model will be retaken and

discussed in depth in the results and discussictiose
M%; =c+dxt" Q)
wherec (%), d (% min") andn, are the model parameters dr{chin) is the time.

0 _ ax(t—ty)
M:%; = 1+bx(t—tr) (2)

wherea (% min?) andb (min™) are the characteristic parameters of the mod#t,as the lag time,
which is the value of time obtained by extrapolatid the model foM%, = 0.



Using the mathematical equations proposed by thdeladt was possible to calculate different
parameters of pharmaceutical relevance, such asdkemum release rat&®R.), the time needed
to release the 80% of the drugy), the dissolution efficiencydE), and the mean dissolution time
(MDTxs,), Which are useful to compare the different redgaofiles’>2

Data analysis
Assays were performed by triplicate and data agegited as the mean * the standard deviajon (
Regression and statistical analysis of the datae wmmrformed using Polymath 6.0 software

(Polymath Software, Connecticut, USA).

RESULTSAND DISCUSSION

Mathematical modeling of drug release profiles

The riboflavin release profiles from the Dome Matmodules manufactured with different
compositions (C1-C5) based on different HPMC prtpos are shown in Figures 2a, 2b, and 2c,
for the single modules, piled and void configurasiorespectively. From the release profiles, it can
be observed that an increasing proportion of thMBK15M allows for a prolongation of the drug

release in all the cases.

llinsert Fig. 2//

Mathematical equations enable the quantitativerpnégation of the values obtained from a drug
release assay. They are important tools that alboexplain the behavior of drug formulations and
to evaluate and compare them through by determuififgyent pharmaceutical parameters.

The steps in the process of drug release fromrauiation based on a swellable polymer involve
first the fluid absorption and matrix swelling; thebsequent drug dissolution and diffusion through
the matrix, its erosion and finally the transferttoé drug from the drug dosage form surface of the
form to the surrounding solution. During the fisséps, the matrix absorbs the liquid solution and
swells, opening its structure and therefore inéngathe diffusivity as a function of time. The drug
release rate increases with time until swelling aigkolution rates are of the same order of
magnitude, after which the release rate beginetoeése. Therefore, the drug release profile will
be different, depending on the rate of each step.

The profiles of the percentage of riboflavin rebsdsersus time clearly showed an inflection point
(t) corresponding to a change in the release rateviah except maybe the ones belonging to the
C1 composition, for which thigcould be identified after the 95% of drug rele&iace most of the



presented drug release profiles from the Dome Massemblies follow a sigmoid curve, the
possibility of analyzing the data with cumulativeelbull function was studied. However, this
mathematical function did not present a good fittiar these curves, and even in some cases, the
calculated data were far from those determined raxeatally (the results obtained from the
application of the Weibull function to the ribofiav release profiles are shown in the
Supplementary Material).

Rothsteinet al. proposed a model that describes the drug releashanism of a water-soluble
agent from a spherical mattfxThe authors solved the differential equation gisire finite element
method. The solution of this complex mechanismaf@&:1 blend of 7.4 kDA PLGA and 60 kDA
PLA shows a sigmoid profile of cumulative releadeatction over time. However, it was not
possible to obtain a simple analytical equation.

In 2009 Lacet al. presented an analytical expression for the fraatiodrug released as a function
of time, based on a three-step mechahisithe model equation is given by the sum of thetsmi

of each step. The authors found a good correlatamificient for the release of the hydrophobic
drug paclitaxel release from bulk-degrading PLGA433films, which exhibits a sigmoid profile.
However, the models based on multiple release nmésina are very complex, many parameters
need to be estimated beforehand and some programskils are necessary to fit the model
equation to experimental data. Furthermore, carst ipe taken in each particular case in the valid
range of parameter values.

Accounting for this situation, the Dual Release sipdecently developed by our research gféup
can fit experimental data from release profilesofeing sigmoid curvesg(in the order of 1% and
correlation coefficients better than 0.995). AlBos model can fit experimental data from concave
release profiles as shown by modules based on Gipasition. The sigmoid profiles have an
inflection point where the first derivative respeztime (release rate) is maximum, and therefore,
is important to determine the inflection point timéhich is possible with the proposed model.

If the fluid uptake and swelling of the matrix dest compared to the other steps, then the drug
release profile will be a continuous curve with aximum release rate at the initial time. The
swelling phenomenon will not have any influencetloa dissolution rate and the modified Lumped
model (Eq. 2) will fit the experimental data with= 0. On the other hand, if fluid absorption and
swelling play a major role in the process, the ifgofill have an inflection point where the
mechanism of the drug release process changese lfirst part, the drug release rate increases up

to the inflection point (Eq. 1) and then begingd&xrease following the modified Lumped model
(Eq. 2).



Therefore, the full range of experimental datadseted by the Dual Release model, which is the
combination of two equations given by Eq. 1 frora beginning of the drug release process to the
time of the inflection point and by Eq. 2 from tadpte. It should be noted that the percentage of
drug release dt achieved in this study is 95% or higher.

Table 2 shows the results obtained from the fitbfighe experimental data using the Dual Release
model proposed, and the theoretical release cafvik®e model can be observed in Figure 2 for the
three configurations (continuous lines interpolgtirelease profiles).

Table 2 shows the values of the model parametegs;drrelation coefficienRz), and the standard

deviation §) for each case, which is defined by Eq. 3:

_ [csp
s = D) 3)

whereSD is the sum of the squares of the differences batvtiee experimental value and the one

calculated by the model, amds the number of samples taken in an experimeuatal
The correlation coefficient values (from 0.99010t8999) and standard deviations (from 0.08 to

1.95) suggested a good fitting of the experimedath and supported the accuracy of the model.
/linsert Table 2//

The experimental data of the riboflavin releasdil@® following an inflection point were fitted by
the modified Korsmayer-Peppas mdaét>> described by Eq. (1), from the first experimemiint

up to the inflection point, with exponential pardaeren higher than one. The mathematical fitting
was made from the first experimental point takennfButes in all cases) since either the release
does not occur as soon as the matrix is contaciédtie fluid because a lag period is required
before the release process begins, or the contentris too low to be detected by analytical
methods. The exponent n is related to the releasmanisnt. While values of 0.5 indicate pure
Fickian diffusion, values between 0.5 and 1 aresiired anomalous transport. On the other hand,
exponent values greater than one indicate a Fickimase with a diffusion coefficient that changes
over time.

Besides, this model allows fitting the experimeniata obtained from profiles that comply with the
power law, in which a concave curve is followed rothe entire time range, such as that observed
for the Dome Matrix modules based on the compasittd which have only HPMC K100LV.
These modules presented a profile in which the diesivative respect to time increases until total



release. This behavior is probably because, innitial dissolution phase, the pores closest to the
matrix surfaces can be quickly filled with water.this way, rapid drug release can occur because
the process of swelling and gelation of the magixery slow. Continuous hydration of the matrix
is accompanied by dilution of the polymer chainghe gel layer, which leads to a continuous
increase in the drug release rate. The modifiedsieyer-Peppas model accounts for the
mechanism of swelling, diffusion, and erosion @ thatrix along with the entire range of the drug
release profile. Losit al. studied the swelling behavior of Dome Matrix ddejivery modules by
high-resolution X-ray computed tomographyFor this purpose, they prepared Dome Matrix table
by direct compression of particles of near 180 size at 200 MPa. The authors observed that the
expansion of the structure due to swelling caubeddetachment of particles from the matrix with
time, and therefore the release rate increasedtamths until finally, the module disintegrated
completely. This phenomenon is expected to occstefan matrices prepared with low viscosity
HPMC, such as the based on the C1 composition,agineles with their observed drug release
profile.

On the other hand, when the amount of HPMC K15Meases in the composition of the Dome
Matrix modules, visual observations of the modutesed on C2, C3, C4, and C5 composition
evidenced a noticeably thick and viscous gel layidr a slow erosion and a diffusion front near the
swelling front. Although the more hydrated the gbk less resistant it is to drug diffusion, this
would also lead to an increase in the diffusiontagise of the drug through the gel with a
consequent deceleration in the drug release proaftes an increase in the drug release rate
before the inflection pointt is known that a rapid hydration rate is neaeggollowed by rapid
gelation and a polymer/polymer coalescence soahate-controlling polymer forms a protective
gelatinous layer around the matrix. This prevems tablet from disintegrating immediately,

resulting in the premature release of the drug.

Releaserate

Useful information to evaluate the behavior of @iéint systems in general, and of the Dome Matrix
modules in this case in particular, is providedhsy release ratdRR) and the maximum release rate
(RRwex). Considering the release profiles following ansigd curve, the release rate initially
increases continuously until reaching the time egponding to the inflection point where it is
maximum. Since the Dual Release model fits veryl wath the experimental data from these
profiles, it is possible to evaluate the rates @it maximum values in each case.

From the beginning of the drug release until tHedion point, the data are fitted by Eq. 1, and
then, theRR is given by Eq. 4:



RR=dxnxt®D (4)
From the inflection point untik, Eq. 2 is valid and thBR can be calculated from Eq. 5:

a
RR = (1+bx(t—t1))? ()

Taking into account Eq. 5, tiRR is found for the time corresponding to the infleatpoint (Eq.
6):

a

RRmax = Gopxrty? ©)

The values 0RR calculated for the different Dome Matrix configtioms and compositions are
shown in Table 3. In the case of the profiles gpomding to the Dome Matrix modules based on
the C1 composition, which do not present an infbecpoint and the whole range of experimental
data is fitted by Eq. 1, since tiRR increases continuously, tf&R.. was determined for the time
corresponding to a 95% of drug released.

As it can be observed in Table 3, when the propomif HPMC K15M is increased in the module's
composition, theRR decreases for all the configurations studied, abbb because its higher
viscosity makes the structure more rigid. On theeothand, the Dome Matrix configuration
influence theRR ., being almost double for the single configurattmmpared to the void one, and
even lower when the modules are assembled in thel mionfiguration, regardless of the
composition. This behavior may be explained byftw that the single module has almost twice
the transfer surface area per unit volume tharother two assembled modules. The initial surface-
exposed area per unit volume of the modules deedlapthis study were 17.40 and 10.95"dior

the single unit and the piled configuration, resivety, while it was 10.90 cih for the void
configuration, excluding the volume inside the adsed modules. The difference &R«
between the two assembled configurations is expthirecause the void configuration has an empty
volume inside the two units while the piled onegdsmed by a compact body of the two units.
Furthermore, the single module and the piled coméiion have one convex and one concave
surface exposed, while the void configuration has tonvex surfaces exposed. Caccaval.
showed that the erosion rate of convex surfacefigistly higher than the concave surfaces because

the first one is more accessible by the agitatediume®.



/lInsert Table 3//

Parameters of pharmaceutical relevance

Taking into account the good fitting of the modsyeral useful parameters that characterize the
profiles of drug release platforms were estimaldtbkse parameters allow a comparison between
the formulations of a drug and to evaluate theuirilce of different variables on the release pmfile
One of the most used and simple parameters isrttgerequired to release a certain percentage of
the drug txs), which is usually determined for 80% of the dratpasedtfo).

Another characteristic parameter of a pharmacéaitin is its dissolution efficiencyOE), which is
defined by the Food and Drug Administration (FDAYahe European Medicines Agency (EMA)
as the ratio between the area under the releafile up to a certain final timetd), and the area of
the rectangle described by 100% release at the &gi6g. 7).

t
JoF Mgy, dt
IOOXtF

DE = x 100 @)

For profiles presenting an inflection point andréfore, a lag time)E is given by Eq. 8:

ffli Mc%; % dt + [{F M%; x dt
1

DE = (8)

tp

Here,t; is the time corresponding to the first experimessanple taken during the release study (5
min in all cases).
Replacing Eqg. 1and 2 in EqQ. 8 and solving the irisgtheDE can be calculated from Eq. 9:

(n+1)_

1+bx(tp—ty)
i

d n+1 a
ex(ti— t1)+mx(t ")+ b—zx[b*(tp—ti)— In

DE =

1+bX(t;—t1)
- (©)

In the case of the C1 modules based on HPMC K108Inée the Eqg. 1 fits the whole profile of the
drug release, thBE is calculated from Eq. 10, which is obtained freop 8 canceling the term of
the integral oM %,.



d (n+1) (n+1)
cX(tp—ty)+ x(tp -t
DE = (n+1) ( )

- - (10)

Finally, another interesting parameter that alloamsparing release profiles is the mean dissolution

time (MDTxy). According to the independent statistical metfidbe following expression can be
used to calculate thdD Ty, (EQ. 11):

27-1:1 tim>x AM%
MD Ty, = gt (11)

wheret, = (¢ + t.1)/2, is the midpoint time between two samples aibo is the additional

amount of drug release betwegmandt.,;. However, as we pointed out previously since th&lD

Release model fits very well the experimental valubeMDTyy, can be calculated from Eq. 12,
which becomes Eq. 13 for the profiles that pregeandt,.

fM%j t X dM%;
MDTyxy, = g (12)
Jy T dm%;
JLEexdMe%s + [1X% txdMe%,
MDTyq, = YRTYC (13)
whereM%0(txy) is the percentage of drug released at time
Solving Eq. 13 by taking into account Eqg. 1 antMBTys, can be calculated from Eq. 14:
d (n+1) _  (n+1) [14bx(txg,=t)] (axt 1 1
MDTo — (n:’;)x(tiwr1 - )ﬂ%l [1+bx(}t(i/—tL§] _(ab : _b%)x[u(tx%—q) B 1+(ti—tL)] (14)
X% MO%(t x05)
In the case of Dome Matrix based on C1 compositioelMDTys, is given by Eq. 15:
dsn ><(t(n+1) _ t(n+1))
_ (n+)"\"X% 1
MDTyy, = & M%) (15)

The values of these parameters of pharmaceutitevarece are shown in Table 4. It can be
observed that as the proportion of HPMC K15M polyniecreased in the Dome Matrix

composition, the release of the drug became mostaisied over time, regardless of module



configuration (single, void, or piled). Values tgfy, of 154 min were found for modules based on
pure HPMC K100LV with a single configuration andrdagh as 1190 min for pure HPMC K15M
and piled configuration. The highest valuestgf, were obtained for the piled configuration,
followed by the void configuration and were lower the single one, regardless of the composition.
On the other hand, thgy, value increases when the HPMC K15M is in a higiteportion in the
composition of the module. As expected, Bte decreased and thD Ty, increased continuously
as the amount of HPMC K100LV in the Dome Matrix gmsition was smaller, following the same

behavior.

/lInsert Table 4//

CONCLUSIONS

A general Dual Release model that fits the expertaledata of the release profiles of riboflavin
from delivery systems based on the Dome Matrixrietdgy was presented. This model is valid for
a wide range of variables, such as different caméiions of Dome Matrix modules and proportions
of HPMC of different viscosity and swelling proges. This model is based on the combination of
the modified Korsmeyer-Peppas like the model frampgrocess beginning to the inflection point of
the drug release profile, and the modified Lumpemtieh from the inflection point time up to the
final process time, reaching values of percentdgiug release higher than 95%. The entire Dual
Release model fit very well the experimental dabanfdrug release profiles that followed sigmoid
shaped curves with standard error near 1% and dgbeegsion coefficient higher than 0.995.
Besides, it can also fit the drug release concawéilep of modules prepared with low viscosity
HPMC. The model proposed describes better the selgaofile than the cumulative Weibull
function, which is analyzed in the Supplementarytévials. The Dual Release model allows
obtaining a simple analytical equation of the reteeate and can be used to analyze the effeceof th
different Dome Matrix configurations.

The use of the Dual Release model and the pharniealeparameters that characterize the different
Dome Matrix modules allows adapting the choicehaf tomposition and the configuration to meet
the requirements in the release performance ofug delivery system. Therefore, mathematical
evaluation of drug release kinetics adds valueurms the optimal design of pharmaceutical

formulations as well as understanding release nmésimg through experimental verification.
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Figure Legends:

Fig 1. Dome Matrix modules of riboflavin prepareddirect compression: single modules (a), piled
(b) and void (c) configurations of two modules.

Fig 2. Release profiles of riboflavin in simulatgaistric fluid from Dome Matrix modules based on
different HPMC proportions for single module (ajle@ (b), and void (c) configurations. Symbols
are the mean value of the experimental data aed liepresent the theoretical release predictions,

corresponding the dotted line to Eq.1 and the oantis line to Eq. 2.



Table 1. Formul ations composition (mg)

Components C1 Cc2 C3 C4 C5
Riboflavin 10.0 10.0 10.0 10.0 10.0
HPMC K15M 0 10.0 20.0 30.0 40.0
HPMC K100LV 40.0 30.0 20.0 10.0 0

Lactose 49.8 49.8 49.8 49.8 49.8
PEG 6000 5.0 5.0 5.0 5.0 5.0
PVP K25 5.0 5.0 5.0 5.0 5.0
Mg Stearate 0.2 0.2 0.2 0.2 0.2




Table 2. Dual Release model parameters, inflection point (t;), lag time (t.), correlation coefficients

compositions studied

(R?) and standard deviation (s) for each Dome Matrix module configuration and the different

Modified Korsmeyer-Peppas model Lumped model
c d n R s a b t; t R? s
%)  (%/min") (%/min)  (Umin) (min) (min)
Single configuration
Cl -0.672 0.25974 11375 0.9996 0.43 - -- -- -- -- -
C2 22827 0.03057 1.4877 09982 0.54 ] 1.24734 0.00876 120 75 0.9936 1.95
C3 10524 0.07848 1.1856 0.9999 0.08 | 0.50186 0.00306 120 65 0.9994 0.61
C4 13972 0.02816 1.3502 0.9997 0.17 | 0.36761 0.00239 180 72 0.9971 1.18
C5 33304 0.03672 1.2643 0.9994 0.14 ] 0.24068 0.00126 140 37 0.9982 1.07
Void configuration
Cl -2620 0.13082 11421 0.9985 1.19 - -- -- -- -- -
C2 15773 0.03926 1.2476 0.9992 0.67 | 259601 0.02248 420 336 09901 1.04
C3 05711 0.03320 1.2610 0.9995 0.22 ] 0.19968 0.00065 233 50 0.9940 1.82
C4 -0228 0.04573 1.1696 0.9993 0.26 | 0.15168 0.00043 267 42 0.9985 0.85
C5 17399 0.02366 1.2305 0.9989 0.13 ] 0.11354 0.00029 180 42 0.9973 1.47
Piled configuration

Cl1 -1.907 0.25817 1.0356 0.9994 0.71 - -- -- -- -- -
C2 09904 0.04198 1.2073 0.9971 0.87 | 0.57202 0.00461 360 200 09983 0.57
C3 0.1708 0.03552 1.2254 0.9977 0.48 ] 0.17296 0.00068 241 47 0.9972 1.16
C4 08731 0.01926 1.2738 0.9996 0.16 | 0.12462 0.00039 295 50 0.9994 0.52
C5 29303 0.04036 1.0999 0.9996 0.12 ] 0.08550 0.00023 271 O 0.9999 0.22




Table 3. Maximum release rate (RR) for the different configurations and compositions of Dome

Matrix modules
RR
Dome Matrix m_ax
o (%/min)

composition : _ _

Single Void Piled
ci 0.604° 0.340° 0.328°
Cc2 0.642 0.311 0.190
C3 0.368 0.159 0.135
Cc4 0.232 0.126 0.104
C5 0.189 0.105 0.076

% For 95% of drug released



Table 4. Characteristic pharmaceutical parameters for the different configurations and compositions

of the Dome Matrix modules

Dome Single Void Piled

Matrix tao%e DE* MDTegws | tsow DE? MDTago% ts00s DE* MDTg
composition  (min) (%) (min) (min) (%) (min) (min) (%) (min)
C1 154 438 814 285 205 157.8 260 255 134.9
Cc2 222 579 114.9 437 276 239.3 593 28.0 282.3
C3 377 394 178.3 592 237 289.5 724 20.6 340.0
Cc4 530 307 238.7 725  19.6 352.5 905 155 4335
C5 608  27.9 266.3 928 15.6 448.5 1190 148 545.3

&For C2, C3, C4, and C5 DE were calculated for t = 350 min, while for C1, it was calculated for t =
180 min.
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