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Abstract. The purpose of this study was to develop a physicomechanically customizable oral metal chelatory
in situ hot melt dispersion mini-pellet entity which could be utilized within a binary drug delivery system.
Avicel® RC/CL type R-591 was included within the in situ hot melt dispersion mini-pellet formulations to
determine the physicomechanical effect this compound would have on the mini-pellet formulations. The
physicomechanical properties of the hot melt in situ mini-pellet formulations were mathematically fitting to
regression curves. Physicomechanical adjustment of the in situ hot melt dispersion mini-pellet formulations
could be mathematically predicted with the derived regression curve equations. The addition of Avicel® RC/
CL type R-591 increased the physicomechanical properties such as matrix hardness and increased total
disintegration of the in situ hot melt dispersion mini-pellet formulations. The utilization of a
physicomechanically customizable oral metal chelatory in situ hot melt dispersion mini-pellet entity within a
binary drug delivery systemwould to achieve a synergistically enhance the activity of a drug-carrying entity or
a permeation enhancing entity within a single drug delivery unit. The experimental results indicated that
weights of the pellets that achieved optimal hardness ranged between 35 and 45 mg. The melt–dispersion
formulations disintegratedwithin shorter time periods andmaintained higher ethylenediaminetetraacetic acid
(EDTA) concentrations whereas melt–dispersion formulations which included Avicel® had superior
physicomechanical properties. Disintegration times ranged between 1,000 s for melt–dispersions containing
EDTA and methyloxy polyethylene glycol 2000 (mPEG) only, to >6,000 s for melt–dispersions comprising
EDTA, mPEG, and Avicel®.

KEY WORDS: chelation therapy; disintegration studies; mini-pellets; oral drug delivery; polymer melts;
solid dosage forms; textual analysis.

INTRODUCTION

A binary drug delivery system is a single dosage form that
contains two distinct entities and is administered as a single
unit. Each distinct entity performs a unique function that will
synergistically enhance the in vivo bioavailability of a thera-
peutic compound. Each entity within the drug delivery system
has to be optimized in order to obtain a maximal synergistic
effect. The development of an oral binary drug delivery sys-
tem for drug compounds that will allow patients to avoid the
parenteral route of administration will result in increased
patient compliance (1–4). An example of this is the inclusion
of a metal chelator containing entity and a permeation en-
hancer entity within a single dosage form for the oral delivery
of peptide therapeutics. The metal chelator entity would exist

to facilitate the accelerated libration of the metal chelator
from the dosage form, before the release of the peptide ther-
apeutic within a localized small intestine lumen environment.
This study evaluates the physicomechanical properties of the
in situ melt dispersion of ethylenediaminetetraacetic acid
(EDTA) and the effect of including Avicel® RC/CL type R-
591 (Avicel®) has on these in situ melt dispersions to facilitate
the development of a predictably customizable metal
chelatory containing entity.

Hot melt dispersion is a process whereby a drug entity
is homogenously incorporated within a polymeric matrix
without the use of solvents. This methodology requires
two elements, a polymeric material that can undergo stable
melting and a drug entity that is thermostable at the melt-
ing point of the polymeric material. A hot melt dispersion
procedure has advantages which pertain specifically within
an industrial setting. These advantages primarily rest in that
a hot melt dispersion is a single-step process (polymeric
material is melted at required temperature and drug mass
is added to the molten polymeric material under constant
aggregation) and no solvents are required which is an
economical and environmental advantage (5).

A metal chelator such as EDTA has been utilized for oral
delivery of peptide therapeutics because it has been indicated
that EDTA decreases the localized ionic concentration load
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thereby reducing mucus viscosity and transiently reducing
optimal peptidase enzyme (i.e., N-aminopeptidase) activity
(6–9). Additionally, EDTA has been suggested to enhance per-
meation of peptide therapeutics through the small intestine (7).
An example of this can be reviewed in the permeation of
hexarelin through the rat distal intestine that achieved an appar-
ent permeation of 2.5 (significantly greater than sodium caprate
and palmitoyl carnitine) and allowed for 91% of the peptide drug
to be recovered from the rat ileum after 60 min in comparison to
55% of the peptide drug without EDTA present (10). The FDA
has approved calcium disodium ethylenediaminetetraacetic acid
(CaNa2EDTA) for the treatment of lead poisoning (11).
Methyloxy polyethylene glycol 2000 (mPEG) is known as a waxy
polymer with a low melting temperature. mPEG assisted in the
compactability of EDTA and enhanced the compressibility of the
EDTA. Avicel® functions as a water-dispersible organic
hydrocolloid that is primarily used for suspensions and
emulsions. Avicel® provides an emulsion or suspension with two
primary attributes, namely a structured dispersion element and a
protective element (12,13). Avicel® was incorporated to
determine the effect of an additional expedient to facilitate drug
release. Avicel® is a spray-dried mixture of carboxymethylcellose
and microcrystalline cellulose (12,13).

The EDTA–mPEG in situ hot melt dispersion mini-pellet
formulations and Avicel®–EDTA–mPEG in situ hot melt dis-
persion mini-pellet formulations were characterized to deter-
mine the physicomechanical properties of these formulations.
The physicomechanical properties of each formulation was
statistically analyzed using regression curve fitting to correlate the
change of a physicomechanical property with that of changing
excipient weight concentration in a predictable manner. A
specific physicomechanical property degree within a specific
formulation can be utilized to calculate, from fitted regression
curves, the degree of other measured physicomechanical
properties such as matrix hardness, matrix resilience, primary
disintegration rate, secondary disintegration rate, or total
disintegration time. This allows for predictable physicomechanical
customization of in situ hot melt dispersion formulations for
synergistic enhancement of oral binary drug delivery systems.

MATERIALS AND METHODS

Materials

EDTA was purchased from Sigma-Aldrich, mPEG 2000
was purchased from Fluka® Analytical, Avicel® RC/CL type
RC-591 (co-dried blend of microcrystalline cellulose and
sodium carboxymethylcellulose) was purchased from FMC,
hydrochloric acid from CJ Chem, monobasic potassium
phosphate, and sodium hydroxide was purchased from
Merck Chemicals.

Methods

Synthesis of EDTA–mPEG In Situ Hot Melt Dispersion
Powder Formulations

The in situ hot melt dispersion powder formulations of
EDTA–mPEG were synthesized at the weight concentration
ratios represented in Table I. Avicel® was added to

formulations 6–10 at a constant weight concentration of
33% w/w. The mPEG was first melted to 60°C by a
calibrated hot plate magnetic stirrer. Once the solid mass
of mPEG was melted to a liquid phase, EDTA was added
to the molten mPEG. The EDTA was homogenously
distributed within the molten mPEG. Once a uniform
distribution was obtained, the EDTA–mPEG hot melt
dispersion was removed from the hot plate magnetic
stirrer and allowed to cool under constant stirring. Once
the EDTA–mPEG hot melt dispersion had become a cool
solid, the solid mass was place through a metal sieve with
an aperture of 850 μm to form a fine powder.

Attenuated Total Reflectance-Fourier Transform Infrared
Quantification of EDTA and Avicel®

Attenuated total reflectance-Fourier transform infrared
(ATR-FTIR) quantification was performed on EDTA and
Avicel® utilizing a Perkin Elmer Spectrum 2000 FTIR
spectrometer with a single-reflection diamond MIRTGS
detector (PerkinElmer Spectrum 100, Llantrisant, Wales,
UK). Samples were prepared and placed on a diamond
crystal and processed by universal ATR polarization
accessory for the FTIR spectrum series at a resolution of
4 cm−1. The samples were subject to a pressure of 130 psi
between the scanning range of 4,000–600 cm−1 and were
scanned to obtain a signal to noise ratio of 10. Beer’s Law
(Eq. 1) was utilized in order to generate a quantitative analysis
of the concentrations of EDTA and Avicel® which had been
serial diluted within potassium bromide.

A ¼ εlc ð1Þ

Where A is absorbance, ε is absorptivity, l is path length,
and c is concentration.

A serial dilution of EDTA and Avicel® was prepared by
utilization of potassium bromide as the diluent compound.
The accurately weighed EDTA and Avicel® samples were
ground with potassium bromide to produce uniform white
powder samples of increasing weight concentration of each
respective compound. Unique wavenumber peaks for EDTA
and Avicel® was determined from the obtained ATR-FTIR
spectra. A corresponding absorbance at the respective unique
wavenumber peak, for each serial dilution, was determined
for EDTA and Avicel®. The absorbencies of unique
wavenumber peaks (n=3) were plotted on a scatter plot and
a linear regression curve was fitted to these scatter points.
The linear regression curve gradient was utilized for the
determination of the absorptivity and path length variable
(Eq. 2) as a single variable. The single variable (m) and
the absorbance at the unique wavenumber peak can be
used within Eq. 3 to determine the concentrations of
EDTA or Avicel® form a sample that contains these
compounds.

m ¼ εl ð2Þ

Where m is gradient of calibration curve, ε absorptivity,
and l is path length.
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Cunknown ¼ Aunknown

m
ð3Þ

Where Cunknown is the unknown concentration, Aunknown

is the absorbance of unknown sample at specific peak, and m
gradient calibration curve.

Determination of EDTA Loading Using Physical Separation
within Deionized Water

The weight of entrapped EDTA through physical sep-
aration was determined and compared to the loaded
EDTA weight within each in situ melt dispersion powder
formulation. The in situ hot melt dispersion powder for-
mulations were accurately weighed out into three allot-
ments of 500(±0.5) mg and dissolved within deionised
water for a time period of 1 h (to ensure complete re-
moval of mPEG from the solid phase). The solution of
each allotment was then separated through filtration uti-
lizing glass filters (0.22 μm pore size) and the glass filters
were placed in an oven at 40°C overnight. The amount of
entrapped EDTA within each respective allotment of the
in situ hot melt dispersion powder formulations was de-
termined according to Eq. 4. This was used to determine
the relationship between effective EDTA entrapment and
the loaded EDTA concentration within each in situ hot
melt dispersion powder formulation.

WEDTA ¼ WEDTA filter−W filter ð4Þ

Where WEDTA is the weight of EDTA dry mass, WEDTA

filter is the weight of the dry filter after EDTA has been
retained in the filter, and Wfilter is the weight of the dry filter
before EDTA was retained within the filter.

Zetasizer Analysis of EDTA In Situ Hot Melt Dispersion

Three EDTA samples were placed in deionised water,
to obtain a concentration of 5% w/v, and were shaken at

100 rpm to ensure a uniform distribution. A volume of
10 mL 5% w/v EDTA solution from each EDTA sample
was withdrawn and analyzed within the zetasizer. A vol-
ume of 10 mL 5% w/v EDTA solution from each sample
was withdrawn, placed through a 0.22 μm pore filter and
analyzed in the zetasizer. Three 50 mg samples of the
EDTA–mPEG melt dispersion (50% w/w) was placed in
deionised water (to maintain comparative EDTA concen-
trations) and the EDTA–mPEG in situ melt dispersion
powder formulation samples were allowed to dissolve,
liberating EDTA particles as a precipitate. The EDTA–
mPEG solutions from the melt dispersion samples were
shaken at 100 rpm within deionzed water and analyzed in
the zetasizer. This was used to determine the size of the
EDTA particles within each respective sample solution.

Differential Scanning Calorimetry of EDTA–mPEG Hot Melt
Dispersion/EDTA–mPEG–Avicel® Formulations

EDTA–mPEG in situ hot melt dispersion powder for-
mulations and Avicel®–EDTA–mPEG in situ hot melt
dispersion powder formulation samples (n=3) were
subjected to differential scanning calorimetry (DSC)
analysis in a similar manner as previously reported (14).
Accurately weighed samples (10±0.4 mg) were placed in a
40 μL aluminum crucible pan. An open crucible system
was produced by inducing a 0.2-mm hole in the lid of the
aluminum crucible pan, which was then hermetically
sealed. The thermal profile of each component which
makes up the mini-pellets were compared with the
formulation powders to determine any change in thermal
properties. DSC protocols where run with a ram-
ping temperature of 2, 5, and 10°C/min between the
temperature range of 25–110°C (first run), respectively.
Each sample was analyzed again at the same respective
heating rate but the temperature range was extended from
25 to 270°C (second run). The heat of fusion, onset of
melting, melting peak temperatures, and crystallization
peak temperatures were determined for each EDTA–
mPEG in situ hot melt dispersion powder formulations
and Avicel®–EDTA–mPEG in situ hot melt dispersion
powder formulations.

Mini-Pellet Manufacture of EDTA–mPEG In Situ Hot Melt
Dispersion Powder Formulations and Avicel®–EDTA–mPEG
Powder Formulations

The EDTA–mPEG in situ hot melt dispersion powder
formulations and Avicel®–EDTA–mPEG hot in situ melt
dispersion powder formulations were accurately weighed into
predetermined weight allotments. A modified punch and die
tool was utilized to produce cylindrical mini-pellets with a
diameter of 4 mm under a hydraulic pressure of 3.45 MPa
from each accurately weighed allotment. The length of
the cylindrical mini-pellets varied depending on the
amount of powders used and the compressibility of the
formulation. Each mini-pellet was weighed after manufacture
and any mini-pellet which had a weight difference of
greater than ±0.5 mg of the original allotment weight was
discarded.

Table I. Component Concentrations (In Percent w/w) Comprising
Each Formulation

Formulation
Number

EDTA
(% w/w)

mPEG
(% w/w)

Avicel® RC/CL
R-591 (% w/w)

1 10 90 0
2 20 80 0
3 30 70 0
4 40 60 0
5 50 50 0
6 6.7 60.3 33
7 13.4 53.6 33
8 20.1 46.9 33
9 26.8 40.2 33
10 33.5 33.5 33
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Physicomechanical Properties of EDTA–mPEG In Situ Hot
Melt Dispersion Mini-Pellet Formulations and the Avicel®–
EDTA–mPEG In Situ Hot Melt Dispersion Mini-Pellet
Formulations

The Matrix Hardness, Matrix Resilience and Deformation
Energies Studies of the In Situ Hot Melt Dispersion Mini-Pellet
Formulations

The EDTA–mPEG in situ hot melt dispersion mini-pellet
formulations and the Avicel®–EDTA–mPEG in situ hot melt
mini-pellet formulations were evaluated with respect to matrix
resilience (MR), matrix hardness (MH), and deformation
energy (DE). A calibrated textual analyzer (TA.XT plus,
Stable Microsystems, Surrey, UK) fitted with a cylindrical
steel probe (50 mm diameter; for MR) and a flat tip steel
probe (2 mm diameter; for MH and DE) was utilized. The
parameters utilized for the analysis is outlined in Table II. All
studies (n=3) were conducted at standard operating procedures
(25°C, 1 atm pressure).

MR (in percentage) was calculated by the percentage of
the ratio between the area under the curve (AUC) of the peak
to baseline (after the force is removed; AUC2–3) and the
baseline to peak (before the force is removed; AUC1–2) from
a force–time profile (15). MH (in Newton per millimeter), and
DE (in Joules) were both determined based on force–distance
profiles. In particular, MH was elucidated from the gradient
between the initial force and the maximum force attained, and
the DE from the AUC (15). The matrix hardness, matrix
resilience, and deformation energy for each EDTA–mPEG
in situ melt dispersion mini-pellet formulations and Avicel®–
EDTA–mPEG in situ melt dispersion mini-pellet formulations
was determined in triplicate. The obtained measurements for
each in situ hot melt mini-pellet formulations were plotted as
scatter plots and a regression curve was fitted to each set of
formulations with respect to increasing mini-pellet weight.

Disintegration Studies Determined from EDTA–mPEG In Situ
Hot Melt Dispersion Mini-Pellet Formulations and Avicel®–
EDTA–mPEG In Situ Hot Melt Dispersion Mini-Pellet
Formulations

The disintegration studies of the EDTA–mPEG in situ
hot melt dispersion mini-pellet formulations and Avicel®–
EDTA–mPEG in situ hot melt dispersion mini-pellet
formulations were evaluated on a textual analyzer (TA.XT
plus, Stable Microsystems). A specialty probe was attached
to the textual analyzer which facilitates the capture of a
disintegration profile. Water soluble glue was used to attach
the mini-pellet to a probe head which magnetically attaches to
the probe shaft. A reservoir of USP 26 simulated intestinal
buffer (pH 6.8) is placed under the probe. The mini-pellet is
lowered into the reservoir and as the mini-pellet comes in
contact with a magnetic gridded base plate, the distance
from the magnetic gridded base plate to the surface of the
probe head is captured. As the in situ hot melt dispersion mini-
pellet formulation disintegrates within the simulated intestinal
buffer, the probe is lowered and the distance moved over time
is capture as a disintegration profile.

The disintegration parameters (primary rate of disintegra-
tion, secondary rate of disintegration, and total disintegration

time) for each EDTA–mPEG in situmelt dispersion mini-pellet
formulation and Avicel®–EDTA–mPEG in situ hot melt
dispersion mini-pellet formulation was evaluated in triplicate.
The obtained data points (including standard deviations) were
placedwithin a scatter plot and a regression curve was applied to
these scatter points for each formulation with respect to
increasing mini-pellet weights. The parameters utilized for
textual disintegration analysis is outlined in Table III.

Scanning Electron Microscopy Imaging of EDTA–mPEG
In Situ Hot Melt Dispersion Mini-Pellet Formulations
and Avicel®–EDTA–mPEG In Situ Hot Melt Dispersion
Mini-Pellet Formulations

Scanning electron microscopy (SEM) imaging studies
were performed (n=3) for each in situ hot melt dispersion
mini-pellet formulation that had a total weight of 40 mg. The
surface structures at two locations were obtained per in situ
hot melt mini-pellet formulation for comparative purposes.
Each in situ hot melt dispersion mini-pellet formulation was
mounted on a stub with silicon tape and sputtered coated with
gold for 210 s. Each mini-pellet was then placed in a FEI
Phenom™ Desktop Scanning Electron Microscopy (The
Netherlands, Eindhoven) so that SEM images could be ac-
quired. The first image obtained was the edge of the in situ
mini-pellet formulation and the second image was obtained in
the inner central surface of the in situ mini-pellet formulation.

Statistical Analysis of Obtained Data Measurements
and Regression Curves

The standard deviation of each obtained data measure-
ment (n=3) was determined using Microsoft® Office Excel®

2007 (Build 12.0.4518.1014, Microsoft Corporation, USA).
The obtained data measurements and the standard deviations
were plotted within scatter plots using SigmaPlot V11.0 (Build
11.0.0.77, Systat Software Inc., Germany). Regression curves
were fitted to the scatter plots and R2 values for each
regression curve were determined using SigmaPlot V11.0. A
Shapiro–Wilk test was utilized during the calculation of each
regression curve to determine if obtained data measurements
were normally distributed populations at an alpha level of 0.05
using SigmaPlot V11.0. In addition, a constant variance test
(P=0.05) for each regression curve was determined to indicate
if the dependent variable remains constant despite a
dynamically changing value of the independent variable using
SigmaPlot V11.0. The 95% confidence interval and 95%
predicted confidence interval was determined for the linear
regression curves in quantitative ATR-FTIR analysis and
physical separation of EDTA from in situ melt dispersion
powder formulations was obtained using SigmaPlot V11.0.

RESULTS

Determination of Entrapped EDTA from EDTA–mPEG
In Situ Hot Melt Dispersion Powder Formulations

Quantitative ATR-FTIR was utilized to determine the
concentrations of EDTA or Avicel® that had been serial
diluted within potassium bromide (Fig. 1). The absorbencies
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(n=3) of EDTA and Avicel® increased as the concentration of
these compounds increased within potassium bromide.

The unique wavenumber peak of EDTA and Avicel®

was determined at 1,212 and 892 cm−1, respectively. The
determined absorbencies (n=3) at this wavenumber were
plotted within a scatter plot and the R2-adjusted value was
determined to be 0.98 for each fitted linear regression curve.
The determined absorbencies values remained within the 95%
confidence interval and the 95% predicted confidence
interval. The fitted linear regression curve passed the
normality test Shapiro–Wilk at an alpha level of 0.05 and the
constant variance test (P=0.05). The serial dilution of EDTA
and Avicel® within potassium bromide produced highly
predictable absorbances. The quantitative ATR-FTIR could
not accurately predict the concentration of entrapped EDTA
within the in situ melt dispersion powder formulations.

The entrapped weight of EDTAwithin the in situ hot melt
dispersion powder formulations were determined by physical-
ly separating the EDTA from the in situ hot melt dispersion
powder formulations (Fig. 2). The determined entrapped
EDTA weights were plotted against the loaded weight con-
centrations of EDTA within each in situ hot melt dispersion
powder formulation in a highly accurate predictable manner
(R2 adjusted: 0.99). In addition, the fitted linear regression
curve passed the Shapiro–Wilk test at an alpha level of 0.05
and the constant variance test (P=0.05). Similarly to the
quantitative ATR-FTIR, the scatter plot fitted within the
95% predicted confidence interval and the 95% confidence
interval. The determined entrapped weight of EDTA through

physical separation was determined to correspond accurately
with the loaded weight of EDTA within each in situ hot melt
dispersion powder.

Zetasizer Analysis of EDTA in Hot Melt Dispersion

The Polydispersion Index (PDI) of the unfiltered EDTA,
0.22 μm injection-filtered EDTA, and Formulation 5 of the in
situ melt dispersion powder was determined in triplicate. The
PDI of unfiltered EDTA, 0.22 μm injection filtered EDTA,
and Formulation 5 of the in situ hot melt dispersion powder
was determined to be 0.351 (SD, 0.012), 0.212 (SD, 0.037), and
0.4 (SD, 0.023), respectively.

Differential Scanning Calorimetry of EDTA–mPEG Hot Melt
Dispersion/EDTA–mPEG–Avicel® Formulations

The heating rate of 2°C/min generally obtained the highest
heat of fusion and the slower heating rate causes the sample to
undergo the process of protracted melting. Interestingly, For-
mulation 1 which contains EDTA–mPEG (10:90) required
65.34% less heat of fusion energy that Formulation 5 which
contains EDTA–mPEG (50:50). The heat of fusion energy re-
quired to induce melting in Formulation 6, EDTA–mPEG–
Avicel® (6.7:60.3:33), was determined to be 66.46% less than
Formulation 10, EDTA–mPEG–Avicel® (33.5:33.5:33).
Formulations 1 and 5 also demonstrated similar different heat
of fusion energy required to induce melting but was at a lesser
degree than formulations that contained Avicel®. The onset of
melting or crystallization temperature for all the formulations
remained relatively constant and for the EDTA and mPEG
components. Additionally, the onset of melting or crystallization
temperature did not change significantly when Avicel® was
included within formulations 6–10. Similarly, the peak melting
or crystallization temperature remained relatively unchanged
even with the addition of Avicel®. The heat of fusion, the onset
of melting, or crystallization temperature and the peakmelting or
crystallization temperature for Formulations 5 and 10 can be
reviewed in Fig. 3. The heat of fusion, onset of melting, or
crystallization temperature and peak melting or crystallization
temperature can be reviewed in the Electronic Supplementary
Material for Formulations 1 and 6.

Table II. Textural Profiling Parameters Employed for Physicochemical Characterization of the EDTA–mPEG In Situ Hot Melt Dispersion
Mini-Pellet Formulations and Avicel®–EDTA–mPEG In Situ Hot Melt Dispersion Mini-Pellet Formulations

Parameters MR (%) MH (N/mm) DE (J)

Pre-test speed 1 mm/s 1 mm/s 1 mm/s
Test speed 0.5 mm/s 0.5 mm/s 0.5 mm/s
Post-test speed 10 mm/s 10 mm/s 10 mm/s
Trigger type Auto Auto Auto
Trigger force 0.05 N 0.05 N 0.05 N
Load cell 5 Kg 5 Kg 5 Kg
Compression strain Variable N/A N/A
Target mode Strain (40%) Distance Distance

MR matrix resilience, MH matrix hardness, DE deformation energy

Table III. Textual Parameters Settings Employed for Disintegration
Characterization of the EDTA–mPEG In Situ Hot Melt Dispersion
Mini-Pellet Formulations and Avicel®–EDTA–mPEG In Situ Hot

Melt Dispersion Mini-Pellet Formulations

Mode Measure Force In Compression

Option Hold until reset
Pre-test speed 2.0 mm/s
Test speed 3.0 mm/s
Post-test speed 10.0 mm/s
Force 10 g
Trigger type Auto-3 g
Load cell 5 Kg
Tare mode Auto
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Physiochemical Properties of EDTA–mPEG Hot Melt
Dispersion/Avicel® RC/CL Type R-591 Pellets

Matrix Hardness, Matrix Resilience, and Deformation Energies
Studies

The matrix hardness, matrix resilience, and deformation
energy measurement (n=3) for each in situ hot melt dispersion
mini-pellet formulation was plotted within scatter plots. A
regression curve was fitted to each scatter plot that achieved
the highest R2 value (between 0.94 and 1.00). The results of

the EDTA–mPEG in situ melt dispersion mini-pellets which
achieved the lowest and highest matrix hardness (Fig. 4) is
represented in graphs A and B, respectively. The Avicel®–
EDTA–mPEG in situ mini-pellets which also achieved the
lowest and highest matrix hardness (Fig. 4) is represented in
graphs C and D, respectively. Interestingly, the formulations
which achieved the lowest matrix hardness had the least
concentration of entrapped EDTA, whereas the formulations
which had the highest EDTA concentration had the greatest
matrix hardness. The fitted regression curve equations are
represented in Fig. 5 which correlates with Fig. 4. The

Fig. 1. ATR-FTIR spectra of different standard EDTA concentrations (a): 10% w/w (red), 20% w/w (blue),
30% w/w (pink), 40% w/w (green), and 50% w/w (orange) used to generate the standard curve. ATR-FTIR
spectra of different standard Avicel® RC/CL type R-591 concentrations (b): 10% w/w (light purple), 20% w/w
(gray), 30% w/w (green), 40% w/w (dark purple), and 50% w/w (blue) used to generate the standard
curve. Each profile was obtained from 100 scans (SNR: 10) between a range of 4,000–600 cm−1 at a constant
pressure of 130 psi

Fig. 2. Scatter plot of ethylenediaminetetraacetic acid (red circles) (a) and Avicel® RC/CL type R-591 (blue squares) (b)
concentration (in percent w/w) against absorbance units at 1,212 and 892 cm−1, respectively. Scatter plot of EDTA weight
recovery (c) within increasing EDTA concentration (in percent w/w) formulations. A linear regression curve was fitted to
each scatter plot and a linear regression curve fitted. Each fitted regression curve has an R2 value, 95% confidence interval
(blue line), 95% predicted confidence interval (red line) determined
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Fig. 3. Differential scanning calorimetry of Formulation 5 (EDTA–mPEG (50:50)) in situ hot melt dispersion powder and
Formulation 10 (Avicel®–EDTA–mPEG (33:33.5:33.5)) in situ hot melt dispersion powder. DSC measurements determined
at heating rate of 2°C are represented as A for components EDTA and mPEG. DSC measurements determined at heating
rates of 5° and 10°C are represented as B and C, respectively

941Physicomechanical Characterization of Melt Pellets



Shapiro–Wilk test was passed at an alpha level of 0.05 for each
scatter plot and the variance constant test was passed
(P=0.05) for each regression curve.

Formulation 1, which had a very low concentration of
EDTA, demonstrated the least satisfactory performance in
the matrix hardness evaluation. Formulation 5 which had a
very high concentration of EDTA, achieved high matrix hard-
ness. High weight concentrations of EDTA resulted in high
matrix hardness which was competitive with formulations that
included Avicel®.

Matrix resilience exponentially decreases as the weight of
the mini-pellet for each formulation increased. The exponen-
tial decrease in matrix resilience occurred in all formulations
that were assessed. The matrix resilience for formulations
which contained Avicel® (Formulations 6 and 10) was less
than the formulations which did not contain Avicel® (Formu-
lations 1 and 5). Additionally, formulations which had a higher
concentration of EDTA also had reduced matrix resilience.
Deformation energy was determined to be constant throughout
all the in situ melt dispersion formulations that were tested
at ∼0 J. The in situ hot melt dispersion mini-pellets were highly
resistant to plastic deformation even at high-strain degrees.

EDTA–mPEG In Situ Hot Melt Dispersion Mini-Pellet
and Avicel®–EDTA–mPEG In Situ Hot Melt Dispersion Mini-
Pellets

The time–distance profile was analyzed and the total time
of disintegration, the primary rate of disintegration, the sec-
ondary rate of disintegration, and the pellet thickness was
determined by the shape of the graph (16). The measured
disintegration parameters for each formulation were placed
within a scatter plot. A fitted regression curve was applied to
each scatter plot (Fig. 6). The determined equations of the
fitted regression curve which correlates with each parameter
in the respective graph can be reviewed in Fig. 7. The Sha-
piro–Wilk test was passed at an alpha level of 0.05 for each
scatter plot and the variance constant test was passed
(P=0.05) for each regression curve.

The total disintegration time increased with the in-
creasing concentrations of EDTA within EDTA–mPEG in
situ hot melt dispersion mini-pellets. Additionally, total
disintegration time increased significantly with the addi-
tion of Avicel®. Interestingly, the primary rate of disinte-
gration many of the in situ melt dispersion mini-pellet
formulations plateaued or decreased with increasing
mini-pellet weight. Formulation 1 pellets had the fastest
disintegration time but the weakest matrix hardness
whereas Formulation 10 pellets had the longest disintegra-
tion time.

Scanning Electron Microscopy Imagining of EDTA–mPEG
In Situ Hot Melt Dispersion Mini-Pellet Formulation
and Avicel®–EDTA–mPEG In Situ Hot Melt Dispersion
Mini-Pellet Formulations

The surface structure of the in situ mini-pellet formu-
lations were viewed from the edge of the in situ hot melt
mini-pellet and the center of the in situ hot melt mini-
pellet using SEM imaging, as seen in Fig. 8. Formulation
1, which had the highest concentration of mPEG, had the

most uniform surface structure whereas Formulation 2
that had the highest concentration of EDTA has a rela-
tively heterogeneous surface structure. Formulations 6 and
10 which contained Avicel® had microcracks in the surface
structure which was not similar to those of Formulations 1
and 10.

DISCUSSION

Determination of Entrapped EDTA from EDTA–mPEG
In Situ Hot Melt Dispersion Powder Formulations

The quantitative ATR-FTIR analysis of EDTA and
Avicel® was conducted by serial dilution within potassium
bromide which generated a linear standard regression curve
(17). The quantitative ATR-FTIR analysis was initially
utilized as a nondestructive means to determine the
entrapped EDTA weight concentration within each in situ
melt dispersion powder formulation (17). The concentration
of EDTA could not be determined accurately because the
mPEG had effectively coated EDTA. The ability of ATR-
FTIR to detect EDTA within the mPEG melt was
restricted because very little surface boundary of the
EDTA molecule was exposed. An example of this is the
entrapment of a drug substance within the core of
cyclodextrin (18). The ability of ATR-FTIR to detect a
drug substance within the cyclodextrin core is effectively
reduced as the absorption and reflection of infrared light
is a surface boundary phenomenon. The infrared light
cannot penetrate into the cyclodextrin core or through
the mPEG coating of EDTA that allows for the accurate
determination of “internalized” compound concentrations.
The concentration of Avicel® was difficult to determine
within the in situ melt dispersion powder formulations
because this compound is made of methyl cellulose
which does not absorb strongly, relatively to EDTA and
mPEG.

The loaded concentration of EDTA within in situ hot
melt dispersion powder formulations was determined by
the physical separation of EDTA from the in situ hot melt
dispersion powder formulations. The physical separation
was conducted within deionised water because EDTA that
is not chelated to any metal ion species is highly insoluble
within deionised water whereas mPEG is highly soluble
within deionised water. The slight predictable deviation,
whereby the determined weight of EDTA was higher than
the original loaded mass of EDTA, is due to entrapment
of mPEG within the filter. The physical separation of
EDTA from the in situ hot melt dispersion powder for-
mulations allowed for accurate determination of loaded
EDTA.

Zetasizer Analysis of EDTA in the In Situ Hot Melt Dispersion
Powder Formulations

A particle size analysis was employed since a suggested
improvement of the dissolution behavior of poorly soluble
active pharmaceutical ingredient (API) is facilitated when an
API is placed within a solid dispersion which is partly attrib-
uted to a reduction in API particle size (19–21). This suggests
that filtration of EDTA particles, through an injection filter,
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forces the EDTA particles to aggregate. The EDTA–mPEG
(50:50) in situmelt dispersion powder formulation demonstrated
the smallest average particle size in comparison to filtered and
unfiltered EDTA samples. Andrews et al. (21) and Qi et al. (20)
may be correct that a solid dispersion of a poorly soluble API,
such as EDTA, may be enhanced by a reduction in particle size.
The PDI of the unfiltered EDTA was high, as expected, be-
cause there was no control over the size of particles which
underwent analysis whereas the PDI of the filtered EDTA
was half of that of the unfiltered EDTA. Interestingly, the
EDTA–mPEG (50:50) in situ hot melt dispersion powder
had the greatest PDI, which indicates that even though
EDTA particles from this formulation had the smallest
average size, there was high variability within that average
size. This could be due to aggregation of EDTA within
the hot melt dispersion, entropically favored, when mPEG
is in the molten state but as mPEG cools, EDTA particles
are effectively prevented for aggregating, hence the high
PDI value.

Differential Scanning Calorimetry of EDTA–mPEG In Situ
Hot Melt Dispersion Powder Formulations and Avicel®–
EDTA–mPEG In Situ Hot Melt Dispersion Powder
Formulations

The development of an oral pellet dosage form usually re-
quires the homogenous mixing of dry powder excipients and
drug or dissolving the powder excipients within a solvent,
homogenously mixing the powder excipient solutions/suspen-
sions with drug and then removal of the solvents takes place to
generate uniform mixtures (5,22,23). The issue with mixing dry
polymers within a homogenous mixture is variability that may
cause slight deviations in drug concentrations within the pow-
dered excipients but solvent mixing causes the issue with indus-
trial waste production and some drugs degrade when exposed to
solvents. Melt dispersions allow a reduction in drug loss, a more
homogenous distributionwith respect to drug, as well eliminating
the requirement of solvents. Themain issuewithmelt dispersions
is that since the bulk phase excipient undergoes melting at a

Fig. 4. The graphical representation of Formulation 1 pellets in a which achieved the lowest matrix hardness and the least
concentration of EDTA for the melt dispersion formulations. Formulation 5 pellets in b achieved the greatest matrix hardness
and the highest concentration of EDTA for the melt dispersion formulations. Formulation 6 pellets in c that achieved the
lowest matrix hardness and the least concentration of EDTA for the Avicel® RC/CL type R-591 inclusive formulations.
Formulation 10 pellets in d that achieved the greatest concentration of matrix hardness and the highest concentration of
EDTA for the Avicel® RC/CL type R-591inclusive formulations. The scatter plot for matrix hardness is represented with blue
square, the scatter plot for deformation energy is represented with pink diamond, the scatter plot for matrix resilience is
represented with red circle can be reviewed in a–d. The fitted regression curve for matrix hardness is represented with blue
solid line, the fitted regression curve for deformation energy is represented with pink broken line, the fitted regression curve
for the matrix resilience is represented with orange broken line can be reviewed in a–d
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relatively low temperature, the storage life span of the final
product is reduced. Additionally, if the final product experiences
thermal shock (sudden increase in temperature), the drug will
leach out of the melt dispersion and become unusable. The DSC
of the melt dispersion formulations indicate that EDTA and
mPEG formed a physical melt dispersion as the melting points
for both compounds did not significantly change (24). The melt-
ing point of mPEGwithin these formulations was∼50°Cwhich is
above average room temperature and distribution of EDTA did
not affect the heat capacity of the compound. This allows for
EDTA to be released from themelt dispersion in themost potent
form. In addition, Avicel®, did not alter the thermal heat capacity
of EDTA or mPEG.

Physicomechanical Properties of EDTA–mPEG In Situ Hot
Melt Dispersion Mini-Pellet Formulations and the Avicel®–
EDTA–mPEG In Situ Hot Melt Dispersion Mini-Pellet
Formulations

Matrix Hardness, Matrix Resilience, and Deformation Energies
Studies

The point of indentation stresses the local intermolecular
bond strength that exists between the powdered granules of the

pellet by measuring the amount of force per millimeter required
to indent the surface of the pellet. The greater the force required
to cause an indentation within the pellet surface, the greater the
bond strength between the powder granules (25). The greater the
hardness, the greater amount of energy is required to break these
bonds and revert a pellet back to a powder form that releases a
drug (25). The matrix hardness of Formulation 1 was the least
satisfactory because of the low weight concentration of EDTA
and the high weight concentration of mPEG. mPEG reduces the
ability of the in situ hot melt dispersion mini-pellet to resist
localized indentation because the intermolecular bond strength
the exists between mPEG polymer chains is cumulatively weak.
Whereas Formulation 5which had a high concentration of EDTA
was able to achieve high matrix hardness because the localized
intermolecular bonds that exist between mPEG and EDTA rein-
force themacrostructureof the in situhotmelt dispersionmini-pellet.
The inclusion of Avicel®, which is usually used within suspensions
and emulsions, increases the matrix hardness of the in situ melt
dispersion formulations because the compressibility of the
formulations was enhanced. The void spaces within the
macrostructure of the in situminipellet formulation were effectively
minimized (as seen in the disintegration studies) by the presence
of Avicel®. The reduced void space volume reinforces the in situ
mini-pellet formulation from undergoing localized indentation.

Fig. 5. The fitted regression curve equations for matrix hardness, deformation energy and matrix resilience
which corresponds with a Formulation 1 pellets, b Formulation 5 pellets, c Formulation 6 pellets, and d
Formulation 10 pellets
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The matrix resilience is the ability of a substance to
deform elastically but regain form when the compressing load
is removed. Within a pellet, the granules form cold wielded
interfacing surfaces that have voids within the matrix of the
pellet structure during the compression process within the
tablet press (26). The greater the void volume within a pellet,
the greater the ability of the pellet to regain form after com-
pression until a maximal point where the strength of the
intermolecular forces between the interfacing surfaces has
become too weak to maintain the structure of the pellet and
elastic deformation is replaced with plasticity deformation
(the deformation changes the shape of the pellet permanent-
ly). Upon compression of a load onto a pellet, the
intermolecular bonds are stretched. The greater the ability of
the intermolecular bonds to stretch under a compressing load
within a pellet, the greater the resilience of the pellet. If the
compressing load becomes too great, the intermolecular bond
could be broken, allowing the powder particles that comprise
the pellet to form new cold-wielded interfacing surfaces, thus a
permanent change in the pellet structure is forged. A hard
material may have a great number of interfacing particle
surfaces (physical interaction) or high strength of interfacing
particle surfaces (chemical interaction) that that is so strong

that a compressing load may not be enough to induce elastic
deformation.

The matrix resilience in these in situ hot melt dispersion
mini-pellet formulations decreased exponentially since the sur-
face area of void space decreases exponentially. The in situ hot
melt dispersion mini-pellet formulations may have high degrees
of matrix hardness but a low degree of matrix resilience because
the cumulative strength of the interfacing surfaces may be weak
(27). This is evident in Formulation 1 which has low matrix
hardness but relatively high matrix resilience, as oppose to
Formulation 10 were the visa versa relationship exists.

The matrix resilience was significantly higher for formu-
lations which had an increased amount of EDTA because
greater void spaces are maintained by stronger localized
bonds. The presence of Avicel® reduced matrix resilience of
the in situ hot melt dispersion mini-pellets because the void
space within the macrostructure of the mini-pellet was reduced
and further compression resulted in higher Avicel® filling these
void spaces to a higher degree. The physical increase in matrix
hardness and reduction inmatrix resilience is due to the reduced
ability of the intermolecular bonds to stretch elastically into void
space when a compression load is applied and assume the
original bond orientation because physical matter prevents this

Fig. 6. The graphical representation of Formulation 1 pellets in a which achieved the quickest disintegration time and the least
concentration of EDTA for the melt dispersion formulations. Formulation 5 pellets in b had the slowest disintegration time and
the highest concentration of EDTA for the melt dispersion formulations. Formulation 6 pellets in c quickest disintegration time
and the least concentration of EDTA for the Avicel® RC/CL type R-591 inclusive formulations. Formulation 10 pellets in d had
the slowest disintegration time and the highest concentration of EDTA for the Avicel® RC/CL type R-591inclusive formulations.
The scatter plot for total disintegration time is represented with black circle, the scatter plot for primary disintegration rate is
represented with red box, the scatter plot for secondary disintegration rate represented with pink diamond, the scatter plot for
pellet thickness (blue circle) can be reviewed in a–d. The fitted regression curve for total disintegration time is represented with
black solid line, the fitted regression curve for primary disintegration rate is represented with orange broken line, the fitted
regression curve for the secondary disintegration rate is represented with pink broken line, the fitted regression curve for pellet
thickness is represented with blue broken line can be reviewed in a–d
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freedom of movement (28). The pellet structure internalizes the
deformation energy by effectively distributing the absorbed
energy throughout the structure and then dissipates the energy
out of the pellet structure over time.

EDTA–mPEG In Situ Hot Melt Dispersion Mini-Pellet
and Avicel®–EDTA–mPEG In Situ Hot Melt Dispersion
Mini-Pellets Disintegration Studies

The total disintegration time is the required time for the
pellet to loss bulk structure and the powder components which
make up the pellet to become solvated within a fluid. In order
for a pellet to dissolve, a solvent is needed to eliminate the
strength of interfacing bonds progressively at a localized level
through a mechanism of a migrating pellet surface border which
moves towards the central point of the pellet. This may seem
like a purely physical process whereby reduced void volume
automatically increases the time required at the localized level
to dissolve a pellet but this process is also highly dependent on

the chemical nature of the intermolecular bond strength
that forms at interfacing powder particles. If the electro-
static energy which maintains the intermolecular bonds is
weak during the solvent attack on these bonds, even
though there are a great number of these bonds present,
the pellet would dissolve rapidly. This is due to more ineffec-
tive void elimination within the pellet structure and the
increase in surface area of the pellet.

The effect that bond strength has on the total disin-
tegration time can be observed when comparing Formula-
tions 5 to 1. The weight concentration of EDTA within
Formulation 5 was five times greater than in Formulation
5 but the total disintegration time was only 10 min longer.
The intermolecular bond strength between EDTA and
mPEG was strong but when the solvent had circumvented
the intermolecular bond, the physical structure of the in
situ mini-pellet disintegrated rapidly.

The primary disintegration rate is the breakdown of the
in situ hot melt dispersion mini-pellet into granules per

Fig. 7. The fitted regression curve equations for total disintegration time, primary rate of disintegration,
secondary rate of disintegration, and pellet thickness which corresponds with a Formulation 1 pellets, b
Formulation 5 pellets, c Formulation 6 pellets, and d Formulation 10 pellets
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Fig. 8. Scanning electron images of the EDTA–mPEG in situ hot melt dispersion mini-pellet
formulations and Avicel®–EDTA–mPEG in situ hot melt dispersion mini-pellet formulations.
Images of the edge of the pellet can reviewed on the left hand side and the center the pellets can
be reviewed on the right hand side. Formulation 1 pellet is a and b, Formulation 6 pellet is c and
d, Formulation 5 pellet is e and f, Formulation 10 pellet is g and h
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minute. The primary disintegration rate was determined to be
the fastest in Formulation 5 pellets even though the bulk
volume was the greatest whereas the primary disintegration
rate was the slowest in Formulation 10. This could be due to a
combination of two factors: increased surface area allows for
greater localized attack of the solvent on the intermolecular
bonds between particle surfaces that was formed during the
cold wielding process of pellet manufacture. The presence of
EDTA within mPEG induces faster primary disintegration
because once the strong intermolecular bond is broken, the
macrostructure of the in situ hot melt dispersion mini-pellet
breaks down to granules very rapidly. Whereas Avicel®

reduces the primary rate of disintegration because the
compound effectively eliminated void spaces that resulted in
reduced surface area which solvent attack may occur at cold
weld spots within the macrostructure of the in situ hot melt
dispersion mini-pellet. In combination, these compounds
could be used to customize the disintegration rate of in situ
hot melt dispersion formulations in a predictable manner.

The secondary disintegration rate is the dissolution of in
situ hot melt dispersion mini-pellet granules. The secondary
disintegration rate was determined to be the fastest when
EDTAweight concentrations within in situ hot melt dispersion
mini-pellets were at the lowest respective concentrations. This
may be a benefit to the in situ hot melt dispersion mini-pellet
formulations. For example, EDTA in these in situ hot melt
dispersion mini-pellet formulations would benefit from a slow
secondary disintegration rate as this allows the granules of
these formulations to penetrate deeper into the mucosal layer
and chelate divalent cations deeper within the mucosal layer
(29).

The successful industrial manufacture of a solid dosage
form, such as the in situ hot melt dispersion mini-pellets, is
dependent on the degree of compressibility a formulation may
achieve (29). The higher compressibility degree of a solid
dosage formulation, the easier industrial manufacture of the
solid dosage form can be achieved and the comfort of the
patient can be increased (29). The pellet thickness directly
indicates of the compressibility of the in situ hot melt disper-
sion mini-pellet formulations. For example, Formulation 10
had the greatest compressibility, but the entrapped EDTA
weight concentration was not the highest of the tested formu-
lations. Whereas Formulation 5 has the highest entrapped
EDTA weight concentration but had a reduced degree of
compressibility. The clinical and industrial perspective would
favor Formulation 10 as opposed to Formulation 5 because
Formulation 10 enhances patient comfort and will be more

structurally uniform, respectively. An additional advantage of
the higher compressibility of Formulation 10 is that the for-
mulation weight could be adjusted to compensate for the
reduced EDTA concentration with respect to Formulation 5
but maintain an almost equal volume. Therefore, Formulation
10 could achieve all the benefits of including Avicel® but
maintains a relatively higher or similar EDTA payload to
that of Formulation 5.

The Customization of EDTA–mPEG In Situ Hot Melt
Dispersion Mini-Pellet Formulations and Avicel®–EDTA–
mPEG In Situ Hot Melt Dispersion Mini-Pellet Formulations

The focus of this paper was determining the
physicomechanical effect of Avicel® inclusion on EDTA–mPEG
is situ hot melt dispersion mini-pellet formulations. Additionally,
the predictability of physicomechanical properties effects could be
accurately predicted from regression curve fitting. This allows for a
customizable system to be developedwhere the physicomechanical
properties of the formulation is predictable. An example of this is
represented in Table IV. The optimal hardness with respect to in
situ hotmelt dispersionmini-pellet weight was determined from the
secondderivative of the fitted regression curve equation. The in situ
hot melt dispersionmini-pellet matrix hardness, total disintegration
time, primary rate of disintegration, second rate of disintegration,
mini-pellet thickness and amount of loaded EDTA can be
predicted from the fitted regression curves. The prediction of the
physicomechanical properties of a formulation is not limited to
optimal hardness but can be determined for any desired
physicomechanical property.

Scanning Electron Microscopy Imagining of EDTA–mPEG
In Situ Hot Melt Dispersion Mini-Pellet Formulation and
Avicel®–EDTA–mPEG In Situ Hot Melt Dispersion Mini-
Pellet Formulations

The surface structure of the formulation indirectly indi-
cate the physicomechanical effect of including Avicel® and
EDTA had on the macrostructure of the in situ hot melt
dispersion mini-pellets. The SEM images of the melt dispersion
formulations clearly indicate that the surface topography of
EDTA–mPEG in situ hot melt dispersion mini-pellets is
significantly more uniform than those formulations which
contain Avicel®. The mPEG may have compressed at the
surface level to fill large void spaces but the ability of the
mPEG to fill the void space decreases within the core
macrostructure of the mini-pellet.

Table IV. The Calculated Total Disintegration Time, Primary Rate of Disintegration, Secondary Rate of Disintegration and Pellet Thickness of
Formulation 1 Pellets, Formulation 5 Pellets, Formulation 6 Pellets and Formulation 10 Pellets at the Optimal Hardness Weight of each Pellet

Formulation. The optimal Pellet Weight, Optimal Pellet Hardness, and EDTAWeight Within for Formulations 1, 5, 6, and 10

Parameter Formulation 1 pellets Formulation 5 pellets Formulation 6 pellets Formulation 10 pellets

Weight of optimal hardness (mg) 36.284 38.8175 45.0556 36.2778
Matrix hardness (N/mm) 67.28 72.29 75.32 75.53
Total disintegration time (s) 967.717 1587.518 2062.359 4965.965
Primary rate of disintegration (mm/s) −0.00283 −0.00629 −0.00486 −0.0013
Secondary rate of disintegration (mm/s) −0.00287 −0.00262 −0.00206 −0.001
Pellet thickness (mm) 2.051 3.079 2.396 1.592
EDTAweight (mg) 3.63 19.41 3.02 12.15
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CONCLUSIONS

The incorporation of Avicel® RC/CL type R-591 en-
hanced the physicomechanical properties of the in situ hot
melt dispersion mini-pellet formulations of chelatory agent
EDTA. The enhanced physicomechanical properties reduced
the size of the mini-pellet macrostructure. In addition, the
incorporation of Avicel® RC/CL type R-591 within the in
situ hot melt dispersion formulation allowed for extended
disintegration to occur. The physicomechanical properties,
such as matrix hardness or total disintegration time, of these
formulations were described using mathematical regression
curve fitting. A desired physicomechanical property degree,
within a specific in situ hot melt dispersion formulation,
can mathematically predict the degree of other physicomechanical
properties to create a customizable formulation for a specific
application. This would be extremely useful within a
binary drug delivery system where the properties of the drug-
carrying entity or permeation-enhancing entity can be synergisti-
cally enhanced using a predictable customizable EDTA
containing in situ hot melt dispersion mini-pellet formulation.
The selection of the best in situ hot melt dispersion mini-pellet
formulation could be simply selected from desired
physicomechanical properties using mathematically determined
regression curves to meet the needs of the binary drug delivery
system.
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