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ARTICLE INFORMATION ABSTRACT

Received: 02 July, 2024 Background: Melt granulation (MG) is a simple operation involving a uniform mixture of active
Revised: 09 August, 2024 ingredients with a melted polymeric carrier. However, this process can also enhance a drug’s
Accepted: 20 September, 2024 biopharmaceutical properties by augmenting its dissolution rate and, thus, its absorption.

Published Online: 20 November, 2024 Purpose: By applying MG technology, current research focuses on developing co-processed
Keywords: ketoconazole with a higher aqueous dissolution rate than its pure form.
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Methods: A measure of how the type and proportion of polymeric carriers affect the crystallinity
and dissolution rate of co-processed ketoconazole materials was performed. MG prepared materials
in a high-shear mixer using co-povidone (Kollidon®) VA 64, HPMCAS HF as polymeric carriers,
PEG 1450 (Kollisolv®) and triethyl citrate as plasticizers.

Results: The co-processed ketoconazole materials exhibited miscibility in the polymeric systems,
as indicated by the reduction in the enthalpy of fusion. Drug crystallinity was significantly
reduced in the HPMCAS HF polymeric system, confirmed by XRPD and ATR-FTIR studies.
The dissolution rate was enhanced by using a higher drug concentration in a co-povidone VA
64 environment; contrarily, for HPMCAS HF, a higher drug dilution was observed to favor the
dissolution rate.

Conclusions: MG is a handy, low-cost technology that develops dissolution-enhanced co-
processed active pharmaceutical ingredients, spotting specific carrier-drug interactions. MG
yields scalable, proven processes, raising interest in its applications in optimizing drug therapeutic
efficacy. Ultimately, this technology for dissolution enhancement could bring lower-cost, high-
efficiency drugs to improve patients’ quality of life.

DOL 10.15415/jprtm.2024.122001 =]

1. Introduction Recently, a third variant of granulation, known as
melting granulation (MG), emerged. This method has been
successfully used to modify active pharmaceutical ingredients
(API), improving their bioavailability, which is possible by
increasing drug absorption by enhancing the dissolution
rate. MG’s development of pharmaceutical products may
involve manufacturing higher-dose drugs in lesser volumes,

Most solid oral active pharmaceutical molecules going
under developmental phases have low aqueous solubility,
impairing drug absorption, thus leading to low plasma
concentrations that compromise the therapeutic effect.
There are several technologies available to address the low

solubility of drugs. Powder granulation is a technique that resulting in single-step manufacturing. This allows low-cost

: ; processes and reduces energy consumption (Steffens ez al.,
to enhance the compression and .ﬂow properties of drugs 2020; Jadav & Paradkar, 2020). MG increases the size of
when manufacturing hard-gelatin capsules and tablets primary particles when using a melting carrier that binds up
API particles when heat is generated. The process temperature
must be below the drug’s melting temperature (Tm) but
above the Tm or glass transition temperature (Tg) of the
polymeric carrier (Sarpal e al., 2020). Melt granulation is
usually performed in high-shear mixers (HSM). The process

has been used for decades in the pharmaceutical industry

and presents two classic alternatives: the wet route (using
a solvent to activate the binder) (Singh ez 4/., 2022) and
the dry route (applying a mechanical force to bind the
particles together) (Jaspers er al., 2022). Solid dispersion
technologies have also been widely studied (Jadav &
Paradkar, 2020).
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begins by physically mixing the drug and polymer with the
continuous motion of the impeller at a speed under 1500
rpm. This results in an even distribution of the drug within
the polymeric carrier, yielding a homogeneously dispersed
solid mixture after cooling down the materials. The melting
process is carried out with two sources of energy: the
temperature rise generated by the high-shear motion and a
heating jacket that reaches temperatures between 50-90 °C.
The mixing system comprises a chopper to prevent excessive
agglomeration of the product under 3000 rpm speeds. Both
mechanisms of the mixing system, impeller, and chopper,
induce particle collisions and can generate enough kinetic
energy to break down the crystalline structure of the drug,
thus increasing molecular interactions (Steffens ez 4., 2020).

The melt granulation mechanism occurs in three steps.
First, the polymeric carrier reaches a vitreous or melting
state, starting a granular nucleation phase in which small
clusters of solid particles form within the polymeric carrier.
As solid nuclei build up, smaller particles fuse in to give birth
to larger granules through the coalescence of adjacent nuclei.
Eventually, the attractive forces among the particles exceed
the repulsive forces, generating denser and more resistant
granules and moving to a consolidation phase. Following
coalescence and consolidation, granules may grow further
as more individual particles join in the existing structure
or through the agglomeration of smaller granules to form
larger ones. Finally, shear forces break off granules, leading
to the fragmentation or disintegration of larger granules into
smaller ones (Bouffard ez al., 2012); this phase renders size
uniformity to the granules.

An advantage of HSM is that this equipment is
available in a fair sum of generic drug plants and pilot-
scale laboratories. This may pose an opportunity to develop
new applications out of well-known technology, avoiding
significant investments (Garcia et a/., 2023). A disadvantage
of MG in HSM is that the equipment operates at low
temperatures, limiting the variety of available polymeric
carriers. To overcome this weakness, ternary systems
have emerged involving the addition of plasticizers and
surfactants (Sarpal ez al., 2020). Plasticizers conveniently
reduce the polymer carrier’s glass transition temperature
(Tg), consequently reducing the melting temperatures
required.

On the other hand, surfactants help reduce the particle
size, thus increasing their relative surface area, yielding
higher drug solubility rates. MG’s immediate-release drug
delivery systems use hydrophilic binders to enhance poorly
soluble drugs’ solubility and dissolution rate. In contrast,
lipophilic binders are preferred to develop controlled-release
systems (Steffens ez al., 2020).

Several studies have concentrated on enhancing the
dissolution rate of different drugs, but the number narrows

down if HSM is used in the process. The following studies
have yielded favorable outcomes when attempting to
augment the dissolution rate through melt granulation
techniques in HSM. Crowley ¢# a/. (2000) achieved a 90%
dissolution of propranolol in just 2 min (compared to the
25 min required by the pure drug). Perissutti ez a/. (2003)
modified the rheological properties of carbamazepine by
adding crospovidone, speeding the dissolution rate up to 3.7
times for the pure molecule. Ye ez al. (2007) also enhanced
the dissolution rate of itraconazole by manufacturing pellets
from solid dispersions; these dissolved more than 70% of the
drug within 45 min (whereas pure itraconazole dissolved less
than 1%). These studies have consistently demonstrated that
solid dispersions can significantly enhance the dissolution
of different drugs, an essential aspect of their therapeutic
efficacy (Garcia er al., 2023). We hypothesize that co-
processed ketoconazole manufactured by an MG process can
enhance the drug’s vitro dissolution rate.

Ketoconazole (KTZ) was the first synthetic lipophilic
azole antifungal oral drug showing a broad-spectrum
approved by the Food and Drug Administration (FDA) in
1981 (De Almeida et /., 2019). It is used in the treatment of
superficial or systemic fungal infections, in type 2 diabetes,
cushing’s syndrome, and hirsutism, and as a second-line
indication for the treatment of advanced prostate cancer
(de Almeida er al, 2019; European Medicines Agency
(EMA), 2014). This active pharmaceutical ingredient (API)
has a melting point of 148 - 152 °C and is a weak base
with values pKal = 6.51 (imidazole ring); pKa2 = 2.94
(piperazine ring) (Figure 1) (Sarpal e al., 2020), resulting
in pH-dependent solubility (indeed, it is just soluble under
highly acidic conditions). The solubility in water is 17 pg/
ml, impacting the drug absorption when administered
orally. The low solubility of this drug is attributed to its
crystalline hydrophobic structure; however, the molecule
has a high permeability in the gastrointestinal tract (de
Almeida e al., 2019). KTZ belongs to Class II of the
Biopharmaceutical Classification System of Drugs (BCS).

This study aims to develop co-processed ketoconazole
with a higher aqueous dissolution rate than pure
ketoconazole by a melt granulation method carried
out in a high-shear mixer and to describe the effect of
the type and proportion of polymeric carriers on the
degree of crystallinity and drug dissolution rate. The
quality of the co-processed was determined through the
following output parameters: for the characterization of
the solid state of the KTZ co-processes were carried out
to differential scanning calorimetry (DSC) tests, percent
crystallinity, X-ray diffraction (XRD) and microscopy
with computerized image analysis. Molecular identity and
evaluation of intermolecular interactions of ketoconazole
co-processes were verified by infrared spectroscopy (IR).
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The physicochemical analysis of drug release quantification
concerning time was performed by in vitro dissolution in
an aqueous medium. Co-povidone VA 64 (Kollidon®) and
HPMCAS HF were selected as polymeric carriers. Both
are amorphous and hydrophilic, described in the scientific
literature as enhancers for dissolution rate in formulations
manufactured by the hot melt extrusion (HME) technique
(Vaka er al., 2014). However, these polymers have not
been studied in MG processes. These carriers have also not

been studied in combination with polyethylene glycol and
triethyl citrate plasticizers to know their effect on reducing
the processing temperature.

By developing a co-processed ketoconazole with a
higher aqueous dissolution rate than pure ketoconazole by a
melt granulation method carried out in a high-shear mixer,
we can prove that low-cost readily available technologies
can be very helpful in developing improved raw materials,
including active pharmaceutical ingredients.
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Figure 1: Physicochemical properties of the raw materials used in this research work.

Source: Own elaboration with information from Garcia et /. (2024)
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2. Methods
2.1. Description of Materials

Ketoconazole  (Piramal  Enterprises  Ltd.,  batch:
KET/M-23117) was used as a model drug, copovidone VA
64 (Kollidon®, BASF Pharma Co., batch: 56741056P0) y
polyethylene glycol (PEG) 1450 (Kollisolv®, BASF Pharma
Co., batch: GNF00421B); HPMCAS HF (AQOAT AS-
HF®, Shin Etsu Chemical Co. batch: 65G-810002) donated
by Ashland; and triethyl citrate (TEC) donated by Sigma-
Aldrich (Batch: W308302-1KG-K).

2.2. Methodological Approach
2.2.1. Differential Scanning Calorimetry (DSC)

The calorimetric analysis by DSC was conducted using an
instrument uploaded with STARe software (Mettler Toledo,
DSC-3). An analytical balance (Ohaus, Pioneer PA214)
weighed the samples. Each sample, weighing 12-15 mg, was
placed in a 40 pl aluminum crucible with pierced lids and
hermetically sealed using a press. The heating rate was at 3°K/
min within a temperature range of 25-200 °C in a nitrogen
atmosphere with a 10 ml/min flow rate. The temperature
values for glass transition (Tg), melting (Tm), and enthalpy
of fusion were recorded. Additionally, the percentage of
crystallinity was calculated using Equation 1 to relate the
result with the miscibility among carrier polymers (Chan e#
al., 2015), plasticizers, and pure drugs.

AH , physical mixture
AH Pure KTZ

x100 (1)

% crystallinity =

Where (AHf): Fusion Enthalpy

This quotient indicates the reduction between the
interactions in the KTZ crystal lattice, normalizing the
values concerning the pure drug as a percentage relative to
the initial crystallinity. The measurements were repeated
twice.

2.2.2. Melt Granulation in a High-Shear Mixer

Twelve batches of ternary mixtures (Polymer + plasticizer:
Drug) were manufactured with each polymer: copovidone
VA 64 and HPMCAS HE adding plasticizers PEG 1450
and TEC, respectively (Table 1) in a 2 L HSM (Sainty
Co, SMG2-6) equipped with a chopper, a three-blade
stainless steel impeller, comprising a ceramic and stainless-
steel electric heating resistance and a thermocouple
for temperature control. The batch size was 100 g. The
kneading time was adjusted for each batch according to
each polymers Tg (previously obtained by calorimetric
analysis) and defined as the time required to exceed 20
°C the Tg of each polymeric carrier (Vaka er al., 2014).
Temperatures were recorded in each test. The granules
were poured into a stainless-steel container, cooled to
room temperature for 30 min, and stored in plastic
bottles with lids for subsequent analysis. Preliminary
microscale tests (not shown here) optimized the amount
of plasticizer used, the appropriate amount of polymeric
carrier, and the melting temperature at which the process
was undertaken (Garcia et al., 2024), so it was decided to
divide it into three individualized steps for each polymer
in the manufacturing process (Table 2). Physical mixtures
were tested as a negative control to correlate the results
with the granulation process, not the simple mixing of
components.

Table 1: Composition of the Different Formulations of Co-Processed Ketoconazole

Formulation Polymeri;:I?l::ii:iZers:Drug Polymer (g) Plasticizers (g) Drug (g)
PM-K 50 % Kollidon® VA 64+10%PEG: 50 % KTZ 45 5 50
F1 33 % Kollidon® VA 64+10%PEG: 67 % KTZ 29.7 3.3 67
F2 25 % Kollidon® VA 64+10%PEG: 75 % KTZ 22.5 2.5 75
PM-H 50 % HPMCAS HF+20%TEC: 50 % KTZ 40 10 50
F3 33 % HPMCAS HF+20%TEC: 67 % KTZ 26.4 6.6 67
F4 60 % HPMCAS HF+20%TEC: 40 % KTZ 48 12 40
PM: Physical mixtures
F: Formula

Table 2: Steps in the Manufacturing of Co-Processed Ketoconazole

Procedure

Polymer Step 1: Premixed

Step 2: Melt Granulation

Step 3: Cooling
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Kollidon® The three components were placed in While stirring, the electrical resistance
VA 64 the HSM, Polymer + 10% Plasticizer: was turned on. When a temperature
KTZ; the airflow' was turned on, and of 70 °C was reached, the chopper was
the impeller was at 1000 rpm for 5 min. | turned on at 1000 rpm for 3 minutes.
While stirring, the electrical resistance
The polymer was placed in the HSM; wasoturncd on. When a temperature of
lasticizer was added usine the 40 °C was reached, the impeller speed
HPMCAS efistaltic ump at 1 rom atga | bar was decreased to 50 rpm, and KTZ
HF b pump P was added. The impeller speed was

pressure; airflow' was turned on; the

impeller was on for 5 min, at 1000 rpm.

again increased to 1000 rpm, and as the
temperature reached 70 °C, the chopper
was turned on for 3 min at 1000 rpm?”.

The electric resistance was turned
off once the temperature reached
75°C. The impeller speed was
reduced to 50 rpm and turned
off when the mass temperature

descended to 50 °C.

'Airflow unchanged throughout the process.
? Chopper speeds remained constant for all tests.

Rask et al. (2016) found that to achieve a cost-effective
formulation as an administration system, the drug load must
be more significant than 20%. This was why formulations of
co-processed having 40, 50, 67, and 75% of drug load were

considered in the current study.

2.2.3. Powder X-Ray Diffraction (PXRD)

A spectrometer (Bruker D8 Advance) with Bragg-Bretano
geometry was used for powder X-ray diffraction (PXRD)
measurements. Monochromatic radiation was generated
from a CuKal (A = 1.5405 A) source and Linxeye detector
under a current of 25 mA and a voltage of 30 kV. The
scanning speed was 0.03°/s, ranging from 5° to 80° (26).

2.2.4. Attenuated Total Reflectance — Fourier Transform
Infrared (ATR-FTIR) Spectroscopy

The Nicolet IS50 FTIR instrument, equipped with a
diamond ATR crystal, was used to acquire the ATR-IR
(Attenuated Total Reflectance) spectra. The solid-state
sample was placed onto the crystal. The sidebands, caused
by the different penetration depths of the infrared light

beam into the sample, were corrected using the standard
software that was equipped.

2.2.5. In Vitro Dissolution Tests

The dissolution test was duplicated using a dissolution
USP Apparatus I “baskets” (AT7-Sotax, Switzerland).
Each basket contained 30 mg of ketoconazole on filter
paper in 900 ml of 0.1 N hydrochloric acid (pH: 1.2) and
phosphate buffer (pH: 6.8) at 37 + 0.5 °C. Copovidone
VA 64 was evaluated in HCl pH 1.2 to simulate the
gastric environment, while HPMCAS HF co-processed
was evaluated in phosphate buffer pH 6.8 to simulate the
intestinal environment. The dissolution time and pH for
dissolution tests were selected based on the characteristics of
the polymers, simulating the conditions to which the drug
would be exposed in the gastrointestinal tract. Copovidone
VA 64 is reported to be hydrophilic; therefore, one hour
is sufficient for its dissolution. On the other hand, the
dissolution of HPMCAS HF is dependent on the amount
of polymer, having a diffusion-controlled effect, with an
optimal pH of 6.8 (Auch ez al., 2020; Freichel & Lippold,
2001; Nair ez al., 2020).
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Samples were taken in 5 ml aliquots at 5, 10, 15, 20,
30, 45, and 60 min for the HCI test. The phosphate buffer’s
time intervals were 5, 10, 20, 30, 40, 50, 60, 80, 100,
120, 150 and 180 min, replacing the dissolution medium.
The samples were analyzed using a UV-Vis spectrometer
(Thermo Scientific, Genesys 10S) at a wavelength of 223
nm (0.1 N HCI) and 208 nm (phosphate buffer, pH 6.8).
The drug concentration was obtained by interpolating the
absorbance data into the Equation straight from a standard
curve. The dissolution rate was calculated as the slope of the
line resulting from the plot of concentration versus time.

2.2.6. Statistical Analysis

One-way analysis of variance (ANOVA) was applied to
determineif there was a significant difference (p<0.05) existed
among the formulations. Tukey’s multiple comparison test
was then performed. A linear regression was conducted to
determine the dissolution rate.

The dissolution test results were presented as the mean =
standard error of the mean (SEM) for two replicates (n=3).
All other analyses were performed on two experimental

samples (n=2). Statistical analysis was done using Prism
8.0.1 software (Graphpad Software, Inc.).

3. Results and Analysis
3.1. Differential Scanning Calorimetry

Figure 2A illustrates the thermal event curves obtained
by DSC for different raw materials. The obtained glass
transition temperatures were 94.75 °C for co-povidone VA
64 and 123.75 °C for HPMCAS HE In the case of KTZ,
the endothermic peak was observed at 151.24 °C, while
the plasticizer PEG 1450 exhibited a signal at 49.54 °C,
corresponding to their respective Tm values. Figure 2B shows
the endothermic behavior of the co-processed, demonstrating
a decrease in the Tm of KTZ in the presence of each polymer
as a meltable carrier. Specifically, co-processed F1 and F2
exhibited Tm values of 147.32 °C and 150.08 °C, with AHf
of 55.55 J/g and 66.61 J/g, respectively (red box). Likewise,
F3 co-processes presented Tm of 146.65 °C and AHf of 72.41
J/g, while F4 showed a significant decrease in the enthalpy of
fusion (AHf: 15.79 J/g, Tm: 135.95 °C) (red box)

A
= K1z
T.:151.24°C
AH: 101.63 Jig
—— PEG1450
i . Tni4954°C
- aH: 22567
TEC
T,:94.75°C ——
T,:123.75°C
. HPMCAS HF
b’ "k i Vil ™ " 100 110 120 130 140 150 160 1770 180 190 200 4
B PEG 1450 xxz
M ey + CRrTr T LR
T, 43.12°C o 147,
aH: 0.35 Jig ar: 55.55 /g
F2 (25%Kollidon : 7S%KTZ)
T 42.36°C T, 150.08°C
s AH: 0.55 Jig AH: 66.61 Jig
-
F3 (33%HPMCAS HF : 67%KTZ)
T,.: 146.65°C
AH: 7241 Jig
R — _——— s F4 (B0O%HPMCAS HF : 40%KTZ)
aH: 15.79 /g

15¢ 160 170 180 190 200 210

Figure 2: DSC thermograms. (A: Thermal events of raw materials; B: Thermal events of KTZ co-processed with co-povidone VA 64 and

HPMCAS HF in different proportions)
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All co-processed samples demonstrated a shift in the
Tm of KTZ, indicating good miscibility in the drug-
polymer-plasticizer system and suggesting the formation
of a single-phase mixture. According to Medarevi¢ ez al.
(2019) an increased amount of polymeric carrier causes a
shift/depression of the fusion enthalpy and an amplitude
change in the fusion peak. These findings correspond to
the results obtained for the HPMCAS HF co-processed
systems, which indicate that a higher proportion of this
polymer leads to a decrease in the intensity peak and a
significant shift of the endothermic peak of KTZ. Thus,
confirming Medarevi¢ ez al. (2019) outcomes: a higher
amount of polymer enables the drug to be dispersed/
dissolved at a molecular level within the polymeric lattice
because this leads to a physical modification of the drug’s
crystalline structure, resulting in an increased dissolution
rate. If the drug and polymer are miscible, they can form
a homogeneous solid solution, probably leading to a
decrease in the drug melting temperature, depending on

the nature of the interactions among the molecules. The
formation of hydrogen bonds, dipole-dipole forces, or
other intermolecular interactions between the drug and
the polymer can influence the energy required to break
these interactions down during the melting process.

The percentage crystallinity calculations, as shown
in Figure 3, revealed a reduction in the crystalline nature
of the co-processed samples with co-povidone VA 64 and
HPMCAS HF carriers compared to pure KTZ (p<0.0001).
Significant differences were observed in the evaluated
proportions of each polymer, highlighting the decrease in
the degree of crystallinity in F1 compared to F2 (p=0.0176)
and F3 (p=0.0115). However, F4 co-processed exhibited
the lowest degree of crystallinity, approximately 86.25%
lower than pure KTZ. This difference was significant
when compared to all other manufactured co-processed
(p<0.0001). These results indicate a more significant
molecular-level interaction between the drug and carriers, as
evidenced by the reduction in crystallinity.
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Figure 3: Crystallinity Percentage of KTZ Co-Processing.

Results are presented as mean and SEM (n=2). One-way ANOVA followed by Tukey’s post hoc test. *p=0.0176, 0.0115; ****

$<0.0001.

3.2. Powder X-Ray Diffraction (PXRD)

The PXRD results reveal significant findings. Figure 4A
shows the characteristic diffraction pattern of the crystalline
state of KTZ and PEG 1450. The peaks show higher intensity
in the 20 range between 5 and 30 for both components.
In the case of co-processed co-povidone VA 64 in various

proportions, an incipient reduction in the intensity of KTZ
peaks is observed.

A similar trend is observed in formulation F3 (made
with the carrier HPMCAS), indicating a slight decrease
in the crystallinity degree of KTZ (Figure 4B). For F4, a
significant reduction in peak intensity is observed, and some
characteristic signs of the crystalline nature of KTZ even
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disappear (Figure 4A). This suggests that in F4 (with a KTZ
content of 40%), the drug partially adopts an amorphous
form, and the remaining KTZ crystals are smaller. The degree
of crystallinity was measured using two distinct techniques:
DSC and PXRD. The resulting data from both methods

were consistent, supporting the percentage crystallinity

A

analysis conducted via DSC, as illustrated in Figure 3. Based
on these results, it can be inferred that a solid dispersion
of glass suspension was obtained. This indicates that the
drug could be “pre-dissolved” or at least finely dispersed as
crystalline particles in the polymeric carrier, theoretically
enhancing the dissolution rate (Yazdani ez a/., 2020).
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Figure 4: Powder X-ray diffraction (PXRD) diffractogram. (A: Diffraction pattern of raw materials and co-processed based on co-povidone
VA 64; B: Diffraction pattern of raw materials and co-processed based on HPMCAS HF)
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3.3. ATR-FTIR Spectroscopy

The infra-red IR spectrum (ATR-FTIR) obtained from
KTZ (Figure 5) displays bands that are characteristic of
aromatic components (around 3119 c¢cm™) and aliphatic
hydrocarbons (2881.80 cm™). Also, at 1644 cm™!, a carbonyl
of the acetamido group appears. At 1510 cm’, the stretching

C=C of the aromatic rings is shown. A signal attributable
to a tertiary amide towards 1243 cm™ was detected, as
well as that produced by C-Cl bonds at 813 cm™, which is
complemented by others appearing towards 719 cm™. On
the other hand, polyethylene glycol, which likely contains
traces of water, shows signals characteristic of C-O bonds
and hydrocarbon signals.

e =
IF3 (33%HPMCAS HF = 67%65F7
999F2 (25%Kollidon : T5%KTZ)
IF1 (33%Kollidon : 67%KTZ)

lKollidon VA® 64 i

Transmittance (%)
©

4000 3500 3000

500 2000
Wavenumber (cm-1)

1500 1000 500

Figure 5: ATR-FTIR Spectra of Raw Materials and Co-Processed KTZ Based on Kollidon VA 64 and HPMCAS HF

The ATR-FTIR of the polymer formed by the
polyvinylpyrrolidone/vinyl acetate carrier shows signals
characteristic of carbonyl groups. For vinyl acetate,
a signal of medium intensity develops at 1730 cm’,
confirming the stretching of the carbonyl of the acetyl
group, and at 1665 cm’, another signal shows for the
pyrrolidone carbonyl. At 1232 c¢m’!, the stretching C-O
appears, and around 3445 cm™, such does one for the O-H
stretching, possibly caused by moisture in the analyzed
sample, the polymer skeleton, and the substituents. The
HPMCAS-HF carrier presents a strong signal at 1051
cm’!, suggesting the C-O stretching. The hydroxyl groups
are responsible for the observable signals at 3470 cm™,
while the carbonyl groups of a succinic acid derivative
and acetic acid generate the slightly broad signal as shown
at 1737 cm™.

The co-processed samples exhibit absorption bands
characteristic of both drug and polymers, albeit with
some changes. As seen in the spectrum labeled F1
(33% co-povidone VA 64 and 67% KTZ), the signal of
the amide carbonyl group (1644 cm) signal remains
unchanged. However, there is a substantial decrease in
the intensity of the carbonyl signals of the polymeric

carrier. This is accentuated in the spectrum labeled F2
(25% co-povidone VA 64 and 75% KTZ). The decrease
in the signals goes beyond just a change in the proportion
of the mixture’s components. According to Coksu ez
al. (2023), a significant decrease in the intensity of the
dominant signals, along with the predominance of drug
signals, indicates that the carrier is encapsulated in the
drug.

Due to co-povidones’ nature, carbonyl groups can
be associated with protic solvents through hydrogen
bonding. Indeed, this carrier’s manufacturer highlights
these co-povidones™ ability to dissolve in alcohol and
water. ‘These carbonyl groups can also participate
as acceptors of unshared electron pairs through the
nO— n*C=O0 interaction. Both types of interaction are
recognized as the strongest weak interactions known.
Conversely, ketoconazole is a low-solubility compound
lacking hydroxyl groups but possessing acceptors of these.
Therefore, a poor association between the heteroatoms
of the imidazole and co-povidone can be expected. This
contact becomes relevant when atoms donating unshared
electron pairs (N, Cl, O) interact with co-povidone’s
carbonyl groups. Consequently, the involvement of
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carbonyl groups in the two most relevant weak interactions
will cause elongation of the C=O bond, thus resulting
in a decrease in bond strength, thereby modifying the
vibration frequency. In a well-studied case of interaction,
the carbonyl signal subject to interaction can shift from
1703 cm™ in the free-state to 1693 cm™ in the associated
state (Tamez-Ferndndez et al., 2021).

Of course, the hydrocarbon chain supporting acetate and
pyrrolidone can also engage in CH/x type interactions, which,
although less stabilizing, can occur in a greater quantity. Given
their additivity, they can result in an energetically significant
contribution. The aromatic rings (phenyl and imidazole) can
enhance molecular stability (Ramirez-Gualito ez al., 2009).
Another relevant interaction in supramolecular stabilization
is the H-H interaction, which, contrary to a widespread
idea, has proven to stabilize in a specific range of distances
or is certainly repulsive only at very close distances. Due to
the low interaction energy, characterizing and measuring it
is highly complicated due to the low interaction energy, but
it is undoubtedly an additional interaction that must be
considered (Duarte Alaniz et al., 2015).

In the case of the second carrie, HPMCAS HE
the spectrum labeled F3 (33% HPMCAS HF) can be
interpreted with the same principle as before, except in this
case, it is KTZ that is encapsulated within the carrier, as
expected. However, this encapsulation is not observed in the
spectrum F4 (60% HPMCAS HF). This is likely attributed
to the KTZ groups’ capability to accept hydrogen bonds
that are present in the second carrier and absent in the first,
thus hindering the generation of constructive and stabilizing
supramolecular interactions.

3.4. In Vitro Dissolution Tests

All co-processed systems of co-povidone VA 64 demonstrate
that two conditions must be met to enhance the dissolution
rate: a higher concentration of the active ingredient and a
high-shear manufacturing process (high kinetic energy) at
elevated temperatures.

However, its mentioned that the conventional
DSC heating process induces the disintegration of drug
molecules, and this test could generate a misconception
of the solid state of the drug in the polymeric carrier
(Medarevi¢ et al., 2019). In this regard, in the case of co-
povidone VA 64-based co-processed materials, a reduction
in the fusion enthalpy was observed, and therefore, from
a logical point of view, we would have expected to have
an increase in the dissolution rate of KTZ; however, this
was not the case as there was no enhance in dissolution
in the F1 co-processed system (33% co-povidone VA
64), indicating that the co-processed system has a release
profile similar to pure KTZ and the physical mixture (PM-

01) in a 50:50 proportion (figure 6A). These results are
consistent with those of PXRD analysis (which showed no
modification in the solid state of KTZ) and ATR-FTIR
spectroscopy study (which showed no significant changes
in absorption bands), indicating a low level of drug-
polymer interaction in both drug concentrations (thus
preserving the crystalline structure of KTZ). However,
the dissolution rate was not negatively affected for the
co-processed formula F2 (25% co-povidone VA 64). One
possible explanation is that the high hydrophilic nature
of the polymer in aqueous media promotes the release
of molecules/particles into the solvent. In the F2 co-
processed system (25% co-povidone VA 64), the release of
KTZ experienced a remarkable 20% increase in the first
5 minutes compared to the pure drug, as shown in Figure
6A. After 60 minutes, the average release reached almost
87%, which is significantly higher than the 74% of the
pure drug during the same period. The graph in Figure 6B
shows that at t=30 minutes, the co-processed formula F2
(25% co-povidone VA 64) shows significant differences
compared to pure KTZ (p=0.0007), the physical mixture
(p<0.0001) and the co-processed system F1 (p=0.0003).
However, at 60 minutes, no significant differences were
found between pure KTZ and the co-processed systems,
although an increasing trend was observed for the co-
processed F2 (25% co-povidone VA 64) when compared
to pure KTZ (p=0.5402). Significant differences are
shown between the co-processed F2 (25 % co-povidone
VA 64) and F1 (33 % co-povidone VA 64) (p=0.0142)
and the physical mixture (p=0.0102).

The results of the HPMCAS HF co-processed systems
indicate thatahigher dilution of the active ingredient is most
conducive to enhancing dissolution rate (indeed, an excess
of carrier promotes drug dispersion and amorphization);
with this polymer, phenomena of drug recrystallization/
precipitation may occur due to the low solubility of KTZ
in alkaline dissolution media. Since KTZ is insoluble at
pH > 3, the dissolution rate expectedly slowed down in
phosphate buffer media. These considerations suggest
that the improvement in the dissolution rate is achieved
through the convergence of two factors: formulation and
process.

Both polymeric proportions resulted in a higher KTZ
release rate than the pure drug, as shown in Figure 6C. The
release rate was significantly enhanced with a higher fraction
of the polymeric carrier in the F4 co-processed system (60
% HPMCAS HF). Under these conditions, the dissolved
KTZ fraction remained above 10 % for three hours. An
oscillatory release behavior was observed during the first 60
minutes, possibly caused by a recrystallization/precipitation
phenomenon of KTZ due to its low solubility at pH >
3. The graph (Figure 6D) illustrates that at a 60-minute
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measurement, co-processing with 60 % HPMCAS HF
resulted in the highest percentage of drug dissolution
compared to pure KTZ (p<0.0001), physical mixture
(p=0.0004), and the co-processed system having 33% of
HPMCAS HF (p=0.0021). There was also a significant
difference between pure KTZ and co-processed formula

having 33% HPMCAS HF (p = 0.0033), also being the

case for the physical mixture (p=0.0224). Similar results
were observed at 180 minutes, when 60% of HPMCAS
HF co-processed systems showed significant differences
compared to the rest, with the highest percentage dissolved
(p<0.0001). For this carrier, even the physical mixture
showed a significant difference compared to pure KTZ
(p=0.0457).
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Figure 6: The dissolution rate of KTZ co-processed systems(A: Co-povidone (Kollidon™) VA 64 co-processed KTZ (25 and
33 % w/w) in 0.1 N HCI; B: Graph showing the dissolved fraction (%) at 30 and 60 minutes of the co-povidone VA 64 co-
processed KTZ (25 and 33 % w/w); C: HPMCAS HF co-processed KTZ (33 and 60 % w/w) in phosphate buffer pH: 6.8; D:
Graph showing the dissolved fraction (%) at 60 and 180 minutes of the HPMCAS HF co-processed KTZ (33 and 60 % w/w).

ISSN No.: 2321-2217(Print) ISSN No.: 2321-2225(Online); Registration No. : CHAENG/2013/50088



Abigail Garcia-Radilla, Mariana Ortiz-Reynoso et al., J. Pharm. Tech. Res. Management Vol. 12, No. 2 (2024) p.12

The results are presented as the mean and SEM (n=3).
Linear regression, one-way ANOVA, and Tukey’s multiple
comparison tests were performed. *»=0.0102, 0.0142,
0.0224 y 0.0457, **p=0.0033 y 0.0021, ***p=0.0003,
0.0004 0.0007, ****p<0.0001.

The PVP/VA-based co-povidone was more effective
the more concentrated the drug was, while the HPMCAS
carrier required a higher dilution of KTZ to enhance
dissolution. The outcomes associated with HPMCAS
are crucial for devising strategies to facilitate the direct
release of drugs into the intestine. HPMCAS in HSM is a
suitable strategy for designing KTZ-based formulations to
be released at the intestinal site due to the drug-polymer
interaction capability and the favorable pH level at which
the polymer dissolves. It is expected that at a low-pH
level, HPMCAS-based formulations will not release the
drug during the stomach stage of the digestive process,
but it will do so once the product reaches the intestine.
With pH values close to 6.8, this polymeric system is
activated, delivering KTZ directly at the absorption
site. However, the maximum dissolved fraction of KTZ
verified at pH 6.8 after 20 minutes was 19%. Through
in vivo studies, it can be verified whether this result is
preferable or whether co-povidone VA 64 co-processed
is more suitable. Although it releases about 80% of the
drug, it does so at a specific stomach pH where absorption
is not verified. Therefore, it is necessary to consider the
amount of drug released into the stomach medium that
manages to reach the intestine while dissolved in the
solubility equilibrium.

Melt granulation proves to be a valuable technique for
enhancing the dissolution rate of one water-insoluble model
drug. Our findings suggest that selecting the appropriate
polymer is crucial in augmenting the dissolution rate and
apparent solubility of poorly aqueous soluble drugs (Lee
et al., 2021).

4. Conclusion

Enhancing the poor solubility of effective drugs is currently
a challenge for formulation scientists, so it is essential to
study effective technologies that modify biopharmaceutical
properties.

In this study, the co-processed F2 (25% co-povidone VA
64) significantly enhanced the dissolution rate compared to
pure KTZ. Co-processing KTZ with HPMCAS (plasticized
with 20% TEC) in both proportions demonstrated an
increased drug dissolution rate, attributable to the reduction
in the crystallinity percentage of KTZ and the ability of
the system to stabilize through hydrogen bonding. These
results demonstrate that MG in HSM provides a promising
opportunity to develop new immediate or controlled-release

co-processed materials to be patented. If critical process
parameters in HSM are controlled, efforts can be made to
ensure the processes are scalable, reproducible, robust, and
commercially successful.

An important objective in developing co-processed
products is to optimize the amount of drug available in
the body to achieve therapeutic efficacy while minimizing
adverse effects. Among other advantages, this can result in
the development of tablets with lower doses and smaller
volumes, reducing the dosing frequency, which translates
into an improvement in the quality of life for patients,
but also opens an opportunity to increase the business
competitiveness for the pharmaceutical industrial sector.
Lower doses can drop manufacturing costs and aid in
reducing the water & carbon prints in pharma-chemical
plants that need high amounts of organic solvents.
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