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ABSTRACT: Gliclazide belongs to a class of drugs known as sulfonylureas, which are used to treat
type 2 diabetes mellitus. Due to its low water solubility and slow dissolution, however, it may also be
poorly absorbed in the small intestine and may also be responsible for pharmacokinetic variability.
This review assesses solid dispersion techniques used for the improvement of gliclazide dissolution
and bioavailability by considering the selection of carrier, amorphization, the methods of manufacture,
the characterization of the products and the in vivo—in vitro relationship. Structured literature search
was done on PubMed, Scopus, Web of Science and Google Scholar up to October 2024. After
screening and eligibility, 66 references comprising of experimental studies and technical sources were
included. The evidence reviewed suggests that the dissolution of gliclazide can be improved to a
greater or less extent by conventional and advanced solid dispersion systems. Various hydrophilic
polymers (PVP K30, copovidone and Soluplus) and surfactant-based carriers (Poloxamer 188 and
Gelucire 50/13) have been studied for increasing wettability and decreasing drug crystallinity. Animal
studies, mostly in rodents, show increases in relative oral exposure and decreases in Tmax, with some
formulations and comparators showing greater and others less effects. Recrystallization, moisture
instabilities, added tablet mass and possible change during compaction are all challenges. Solid
dispersions have the potential to enhance the dissolution of gliclazide and the pharmacological activity
in animals but have not been proven to be beneficial in humans. Additional studies to characterize
formulation stability, manufacturing scale-up and human pharmacokinetic and clinical effects are
required to validate for clinical relevance.

Keywords: Gliclazide, Solid Dispersions, Amorphous Systems, Dissolution Enhancement, BCS Class
11, Hot-Melt Extrusion

I. INTRODUCTION

Tmax reported depends on the formulation and research
conditions [9].

Type 2 diabetes mellitus (T2DM) is a significant healthcare
problem worldwide. In 2021, the IDF estimated that 537
million adults had diabetes, and this number is expected to
reach 783 million by 2045 [1]. The characteristics of T2DM
include insulin resistance, progressive beta-cell dysfunction
and chronic hyperglycemia, which lead to wvascular
complications [2, 3]. Achievement of glycemic control, as
measured by HbAlc, continues to be important in preventing
complications [4].

Gliclazide is a second generation sulfonylurea, with a different
clinical profile [5]. The GUIDE study and the ADVANCE trial
have reported glycemic efficacy, and have analyzed safety and
renal outcomes in appropriate populations [6,7]. Interpretation
of clinical benefits should be based on the populations studied
and the treatment regiments. The poor aqueous solubility and
dissolution rate of conventional immediate-release gliclazide
is pH dependent. It is generally considered to be BCS Class I,
high permeability and dissolution limited absorption [8]. The

Control of glucose after a meal is a therapeutic goal, however,
the glucose response to gliclazide is dependent on the
formulation and patient physiology and the relationship
between dissolution and insulin secretion is rapid meal related
glucose control [10]. Theoretically, increased dissolution will
increase the likelihood of a better temporal alignment between
the intestinal absorption of glucose and drug, however the
potential for alleviating hypoglycemia risk or superior clinical
performance must not be assumed based solely on this
increased dissolution without dedicated human
pharmacokinetic/ pharmacodynamic studies.

2. Literature Search and Review Methodology

The present structured narrative review includes references to
literature available until October 2024. PRISMA 2020 is not
meant as evidence of registration or formal systematic-review
status, rather it is as a guidance for reporting [11].
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2.1 Search Strategy and Database Retrieval

The databases PubMed/MEDLINE, Scopus, Web of Science
Core Collection, and Google Scholar were searched for
various combinations of the keywords “gliclazide” and “solid

dispersion,” “amorphous solid dispersion,” “co-amorphous,”
“eutectic,”  “inclusion  complex,”  “nanosuspension,”
“dissolution,”  “solubility,”  “bioavailability,”  “hot-melt

extrusion,” and “spray drying.” Foundational papers of
formulation and relevant reviews were also screened.

2.2 Screening Funnel and Selection Criteria

A total of 284 records (PubMed 82, Scopus 94, Web of
Science 61, Google Scholar 47) were identified. 188 records
were screened for title/abstract after 96 were eliminated as
duplicates. Of these, 104 were excluded due to irrelevant
delivery routes, lack of data on isolated gliclazide formulation
or lack of experimental characterization in solid state. 84 full
texts were evaluated. 18 full texts were rejected for lack of
quantitative dissolution data, lack of solid state confirmation
(e.g., PXRD or DSC), or lack of an accessible English
translation. The final set included 66 references, experimental
studies and background/technical sources. Arithmetic checks
of counts are done; the search log and eligibility decisions are
kept to ensure the reproducibility. The accompanying literature
includes information on pharmacology and solid-state
properties,  dissolution  theory, carrier  formulations,
manufacturing/ characterization, and biorelevant testing,
preclinical pharmacokinetics, stability, and quality by design.

3. Physicochemical  Bottlenecks and  Solid-State
Characteristics of Gliclazide
3.1 Molecular Structure, lonization Behavior, and Aqueous

Solubility

Gliclazide (Cy5H,:N305S; molecular weight, 323.41 g/mol)
has a tolyl ring, a sulfonylurea bridge, and a bicyclic ring that
is related to its pharmacological activity [12]. It contains a
sulfonylurea group which is responsible for weaker acid
ionization and intermolecular hydrogen bonding within the
crystal. Reported pKa values are in the range 5.80-5.98. The
majority of the molecule is ionized in acidic media (pH ~ 1.2),
and the aqueous solubility is often less than 0.03 mg/mL. The
solubility increases with the ionization of the drug and the
increasing pH, but is limited for a poorly soluble oral dose
(Fig. 1) [13,14].

Dubey et al.

At pH 6.8-7.4, reported equilibrium solubility is about 0.05-
0.08 mg/mL [15]. They are study dependent estimates but are
indicative of the small amount of solubility in water for this
drug [16].

3.2 Crystallography, Polymorphism, and Thermodynamic
Parameters

Polymorphism is known to affect the dissolution rate and
stability of gliclazide. In general, commercial material is
referred to as the stable form I, which is monoclinic in lattice
type and involves sulfonylurea and carbonyl/sulfonyl
hydrogen-bond networks [17,18].

The enthalpy of fusion is reported to be around 130-138 J/g, or
~42.0-44.6 kJ/mol when multiplied by the molecular weight
(323.41 g/mol). Specific enthalpy (J/g) should not be confused
with molar enthalpy (kJ/mol). Before publishing these
numerical ranges should be verified with the original thermal
studies [19-21].

Another, less stable Form Il has also been found, which melts
at a lower temperature and enthalpy than Form I [22]. It could
be more quickly dissolved under certain circumstances, but
metastable forms can change to the stable form when in
aqueous suspension. The amount and speed of conversion will
vary with experimental conditions and cannot be extrapolated
[23].

3.3 Biopharmaceutics Classification
Bottlenecks

System  (BCS)

Gliclazide is typically categorised as BCS Class II, which have
limited aqueous solubility and permeability in the gut [24]. It
is reported to have a log P of about 2.1-2.6. Therefore, the rate
and extent of dissolution may affect absorption, but absorption
is also dependent on factors other than the rate and extent of
dissolution such as dosage form, gastrointestinal conditions,
and patient factors [25].

Non-compression immediate release products have been
linked to a lag time to peak and inter- and intra-individual
variability. Food can change the speed and structure of
stomach emptying and the contents of the stomach. The intent
of solid dispersions is to enhance wetting, apparent solubility
and dissolution rate, however their clinical significance will
need to be defined by suitable in vivo studies [26].
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Figure 1: Physicochemical Limitations of Gliclazide and Dissolution Enhancement by Solid Dispersions
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4. Theoretical Principles and Release Kinetics of Solid
Dispersions
4.1 Classification and Evolution of Solid Dispersion Systems

Dispersions, which are solid dispersions, are used to increase
the dissolution by dispersing a drug at molecular or
amorphous or microcrystalline level in a carrier. It was
developed early in the study of eutectic systems, and has been
extended to polymeric matrices and to modern manufacturing
processes [27].

e First generation are systems that are based on
crystalline carriers, like PEG 4000/6000, or urea. They
can enhance the wetting and can also create a eutectic
or a microcrystalline system, however, the enhancement
can be restricted by the crystallinity of the carrier itself
[28].

e Insecond generation systems, amorphous polymers like
PVP, copovidone, Soluplus or HPMC are added to
avoid crystallization and to maintain supersaturation
[29].

e Third generation systems involve the inclusion of
surfactants or lipidic carriers (e.g. poloxamers,
Gelucires) to enhance wetting and solubilisation; a
ternary polymer—surfactant system may contain both of
these properties combined [30].

e Other sophisticated techniques are co-amorphous
systems and loading of drugs in mesoporous silica.
Drug-specific interactions, pore properties, loading and
evidence of solid-state stabilization are all important to
their performance; claims are directly primary evidence
for gliclazide-specific claims [31].

4.2 Mathematical Dissolution Kinetics: Modified Noyes-
Whitney Principles

dM /dt=(D - A/h) - (Cs - Ct)
dC/dt=(1/V) - (dM/dt)=(D-A/(V - h)) - (Cs - Ct)

e High energy amorphous drug production may result in
increased apparent saturation concentration, but it is
only transient and system dependent [32].

e Effective surface area can be enhanced by dispersion of
the drugs and better deaggregation [33].

e The diffusion boundary layer can be affected by rapid
polymer hydration which can enhance wetting and local
mixing [34].

e Limited agglomeration can be achieved by the use of
hydrophilic carriers and surfactants, which reduce the
interfacial tension [35].

4.3 Thermodynamic Driving Force: The 'Spring and
Parachute' Paradigm

Amorphous dispersions can be supersaturated as the
amorphous state is more free energy than the stable crystal
state [36]. The solution obtained will be metastable and
precipitate or crystallize.

Dubey et al.

This process can be explained using the 'spring and parachute'
model: the 'spring' is the high initial concentration of the drug
in solution, and the 'parachute’ is a suitable polymer which
slows nucleation, crystal growth, and/or precipitation [37].
This supersaturation time needs to be determined for each
formulation and should not be taken for granted (Fig. 2).
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Figure 2: Mechanisms of Dissolution Enhancement by Solid Dispersions
of Gliclazide

5. Polymer and Carrier Matrix Selection: Mechanisms and
Performance

The initial dissolution and supersaturation along with the
potential for recrystallization in storage are influenced by the
carrier selected [38]. There is no universal polymer that works
best for all drug loadings and processes.

5.1 First-Generation Crystalline Carriers: Polyethylene
Glycol and Urea

Early gliclazide dispersions were composed of PEG
4000/6000 and urea. Chowdary and Rao showed that PEG and
urea based systems exhibited enhanced dissolution than pure
drug [39]. The surface activity of PEG can enhance wetting
and decrease agglomeration, however the semi-crystalline
nature and low melting range can allow for phase separation
and/or recrystallization. The results are dependent on the
carrier ratio and the preparation method [40].

5.2  Second-Generation  Polymeric  Matrices: PVP,
Copovidone, and Soluplus

To enhance dissolution and crystal inhibition, polymeric
amorphous matrices like PVP K30, copovidone and Soluplus
are employed [41]. The interaction with PVP is not directly
referenced from the Biswal et al. paper, which refers to
gliclazide-PEG 6000.The Biswal et al. paper refers to
gliclazide-PEG 6000, not PVP, and should not be cited as
direct evidence of PVP interactions. Dissolution percentages
and stability information should be checked against each of
the primary papers [42] for exactness.

5.3 Third-Generation Surfactant and Lipid Carriers:
Poloxamers and Gelucires

In third generation systems surface active carriers like
poloxamers are used to enhance wetting and solubilization.
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The author of this work, Cirri et al., examined gliclazide—
poloxamer dispersions [43] and the release results should only
be quoted with the method and medium used in the original
work.

Gelucires are a mixture of glycerides and PEG esters, and can
affect wetting and dispersion behaviour. The reported
dissolution results of gliclazide also differ depending on the
grade, ratio, and the way the preparation is prepared [44].

Polymer-surfactant dispersions can be a mixture of polymer-
mediated inhibition of crystallization and enhanced wetting.
Mishra and Singh examined the influence of PVP K30 and
sodium lauryl sulfate on gliclazide [45].

5.4 Advanced Architectures: Co-Amorphous Systems and
Mesoporous Silicas

A co-amorphous system involves mixing a low-molecular-
weight co-former with the drug to stabilise the drug:co-former
amorphous mixture, and the mesoporous silica can be used to
trap drug molecules in the pores, and to reduce crystal growth.
Ambrogi et al. investigated the loading of gliclazide in ordered
mesoporous silicas as SBA-15 and MCM-41 and reported
improved dissolution [46]. The level of amorphization and the
proposed stabilization mechanism should be based on the data
of the solid-state samples and not the size of the pore.

6. Manufacturing Technologies for Gliclazide Solid
Dispersions

6.1 Hot-Melt
Thermoplasticity

Extrusion (HME) and  Polymer

Hot-melt extrusion (HME) is a continuous process, where the
drug and carrier are mixed and fed into a heated barrel and

Dubey et al.

screw system [46-48]. It can be used for scale-up, but
suitability will depend on polymer thermoplasticity, drug
stability, residence time and process design.

The HME is typically solvent-free, minimizing the use of
organic solvents, but various parameters such as thermal
degradation, process safety and product quality controls must
be assessed.

6.2 Spray Drying and Solvent Evaporation

Spray drying is a method that generates dispersions by
atomizing a drug-carrying dispersion solution and quickly
removing the solvent, which may result in the drug being
trapped in an amorphous dispersion matrix. The residual
solvent content, particle properties and physical stability are
affected by the solvent used, feed composition, inlet/outlet
temperatures, and drying conditions [48].

6.3  Supercritical  Fluid

Electrospinning

(SCF)  Processing and

Precipitation using pressurized CO2 as antisolvent is called
supercritical-fluid methods and these methods have been
employed for the precipitation of drug—carrier particles. While
depressurization can be used to remove CO., it is sometimes
necessary to use other organic co-solvents, and levels of
residual solvent must be measured [49].

Electrospinning is a technique to produce small drug—polymer
fibers from their solution via a high-voltage field. The high
surface area can lead to fast dissolution, but problems
associated with throughput, solvent handling, and conversion
of low density fibres to conventional dosage forms are scale-
up challenges (Table 1) [50].

Table 1: Comparative Evaluation of Pharmaceutical Manufacturing Technologies for Solid Dispersions

Manufacturing Working Key Processing Industrial Technical Limitations & Scalability &
Technology Principle Conditions Advantages Critical Risks Regulatory Status
Hot-Melt Continuous thermal Barrel temp: 130-150 Generally solvent-free; Risk of thermal degradation High industrial
Extrusion (HME) melting, °C; Residence time: 1~ continuous processing; for heat-sensitive drugs; scalability (PAT-
[51] distributive/dispersive 3 min; High shear potential for good high torque with enabled); established
screw mixing, and twin-screw profile. content uniformity and unplasticized polymers regulatory status for
mechanical extrusion high throughput when (e.g., native HPMC). commercial ASD
through a shaping die. appropriately controlled. products.
Spray Drying Atomization of drug- Inlet temp: 70-120 °C;  Applicable to thermally Requires organic solvents; High industrial

[52] carrier solution into heated
gas stream; millisecond
solvent evaporation and

kinetic vitrification.

Co-dissolution in organic

solvent followed by rotary Temp: 40-50 °C;

vacuum evaporation, Extended drying: 12—
ambient casting, or tray 48 h.
drying.
Atomization of drug

Outlet temp: 45-65
°C; Nitrogen
inertization;

Atomization: 1-3 bar.
Solvent Vacuum: 0.1-0.5 bar;
Evaporation

(Lab-Scale) [53]

Supercritical Pressure: 80150 bar;

Fluid (SCF/ solution into supercritical Temp: 35-45 °C;
SAS) [54] CO2 antisolvent; rapid scCO; flow rate: 10—
extraction drives 50 g/min.

instantaneous precipitation.
Electrospinning High-voltage electrostatic
[55] field draws polymer-drug
jet into ultrafine whipping
nanofilament; rapid
desolvation.

\Woltage: 10-25 kV;
Flow rate: 0.5-3.0
mL/h; Tip-to-collector
distance: 10-20 cm.

labile compounds;
produces spherical, free-
flowing microparticles;
tunable size.

Low equipment cost;
highly accessible for
initial academic
screening and small-
scale prototyping.
Mild thermal conditions;
tunable particle
morphology; low
viscosity; recyclable
fluid medium.
Ultra-high surface-area-
to-volume ratio; flexible
nanofibrous mats; rapid
dissolution Kinetics.

explosion hazard; requires
secondary drying and ICH
Q3C residual solvent
testing.
Batch-to-batch variability;
irregular cake formation
requiring milling; variable
residual solvent; poor
scalability.
High capital equipment
cost; high-pressure vessel
qualification; organic co-

solvents still require testing.

Low mass throughput per
spinneret; safety hazards
with high-voltage solvent
vapors; difficult tablet
processing.

scalability; widespread
commercial utilization;
requires solvent
recovery plant.
Low scalability;
restricted to preclinical
formulation screening
and early-phase
laboratory research.
Moderate scalability;
niche commercial
implementation for
specialty high-value
therapeutics.

Low to emerging
scalability; multi-needle
/ needleless pilot
platforms under active
development.
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7. Solid-State Analytical Characterization Techniques
7.1 Powder X-Ray Diffraction (PXRD)

The PXRD characterises long range crystalline order. The
crystalline reflections may be reduced or even become
invisible after the amorphization process, and they are
replaced by a diffuse halo [56]. There is a limit of sensitivity
to low levels of residual crystals and very small domains using
PXRD. The presence of an amorphous halo does not rule out
the molecular level homogeneity [57].

7.2 Thermal Analysis: DSC, mDSC, and Gordon-Taylor
Miscibility

DSC quantifies the temperature changes or transitions in the
material. The absence of the gliclazide melting endotherm may
be indicative of reduced crystallinity, but it is dependent on the
level of drug loading, the scan conditions and the possibility
that the crystals may dissolve into the polymer during heating
[58].

Miscibility can be achieved in a single composition-dependent
glass transition; it cannot be precluded by nanoscale phase
separation. The Gordon—Taylor relationship is often used to
model the glass transition of a binary mixture [59].

Tgmix=(wl-Tgl+K - -w2-Tg2)/(wl+K-w2)

The Gordon — Taylor equation with component weight
fractions wl and w2, glass transition temperature of each

Dubey et al.

component, Tgl and Tg2, and empirical parameter K, which is
dependent on the component properties [60].

7.3 Spectroscopic Probing: FTIR and Raman Spectroscopy

FTIR and Raman spectroscopy can give information about the
vibrations and possible drug-carrier interactions. The
broadening and/or shift can be due to hydrogen bonding or
other effects in the environment [61]. In the study by Biswal et
al. [62] the drug—PEG interaction was not clearly defined. This
citation should not be cited as direct evidence for the hydrogen
bonding between PVP and copolyvidone. The appropriate
primary formulation study [63] is required for specific
assignments.

7.4 Advanced High-Resolution Techniques: Solid-State NMR
and Nanoscale Thermal Analysis

Solid-state NMR can be used to complement PXRD and DSC
and to provide local chemical-environment information.
Chemical-shift changes and line broadening may be
supportive of altered molecular environments but may be
subject to conclusions based on acquisition and analysis [64].
Using proton rotating-frame relaxation measurements,
information can be obtained about mixing at nanoscale domain
lengths, with some method-specific assumptions. Local
thermal methods such as AFM-nanoTA can potentially give
more spatial information; these methods are specialized and
should be used depending on the question and available
evidence (Fig. 3, Table 2)) [65].
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Figure 3: Manufacturing and Characterization of Gliclazide Solid Dispersions
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Table 2: Multi-Technique Analytical Matrix for Solid-State Characterization of Gliclazide Solid Dispersions

Analytical Primary Property Diagnostic Gliclazide Signal / Spatial Domain Detection Operational Limitations &
Technique Probed Endpoint Resolution Limit (LOD) Potential Artifacts
Powder X-Ray Long-range crystalline Disappearance of Form | sharp >5-10 nm (crystal ~1-5% wiw Cannot detect sub-5 nm
Diffraction (PXRD) lattice periodicity and Bragg peaks (10.6°, 14.9°, coherency length)  crystalline drug nanocrystals; preferred
[66] phase identification. 18.2°, 22.1° 20); emergence of in polymer orientation artifacts; X-ray beam
diffuse amorphous halo. heating may alter metastable
states.
Differential Thermodynamic phase Disappearance of sharp Form | 10-30 nm ~1-2% wiw Single Tg does not guarantee sub-

Scanning transitions (Tg, Tc, Tm,
Calorimetry (DSC / AHfus).
mDSC) [67]
Fourier-Transform Vibrational

Infrared (FTIR) [68] stretching/bending;

specific intermolecular

H-bonding.
Raman Polarizability vibrations;
Spectroscopy & chemical mapping of
Chemical Imaging surface domains.
[69]

Solid-State NMR
(13C CP/MAS &
T1pH) [70]

Isotropic chemical shifts;
local electronic
environment; proton
relaxation miscibility.

melting endotherm (168-172
°C, AHfus = 130-138 J/g);
detection of single
composition-dependent Tg.
Bathochromic shift of
sulfonylurea -NH- stretch from
3270 cm™ to 3225-3230 cm'Y;
broadening of carbonyl peak
(1708 cm™).

Shifts in sulfonyl (-SO,-)
symmetric stretch (1160-1180
cm™) and tolyl ring breathing
modes (1600 cm™).

3C resonance broadening;
identical single proton rotating-
frame relaxation time (T1pH)
for drug and polymer
resonances.

crystalline drug 10 nm molecular homogeneity;
high heating rates can induce in

situ drug-polymer dissolution.

Sub-nanometer ~3-5% wiw Overlapping polymer absorption

(bond-level) crystalline bands can obscure minor drug

phase signals; moisture absorption
interferes with -OH/-NH- regions.
0.5-1.0 ym ~1-3% wiw Fluorescence interference from

(confocal laser crystalline aromatic excipients or thermal

spot) phase degradation products; localized
laser-induced thermal
degradation.

2-5 nm (sub- <1% wiw High instrument capital cost;
nanometer crystalline prolonged acquisition times
molecular phase (hours to days); requires expert
miscibility) spectral deconvolution.

8. In Vitro Dissolution and Biorelevant Profiling

8.1 Biorelevant Media and In

Methodologies

Vitro

Dissolution

Compendial dissolution tests are suitable for comparison and
quality control purposes, can be performed with acidic or
phosphate-buffer dissolution media, and can be using paddle
apparatus or basket apparatus, but cannot entirely predict in
vivo gastrointestinal performance.

e The gastric environment of the FaSSGF is an acidic
fasted gastric environment; the composition and pH of
the FaSSGF should be based on the selected published
recipe [71].

e FaSSIF: fasted intestinal conditions (bile salt and
phospholipid components) [72].

e FeSSIF mimics fed intestinal conditions, which have a
distinct pH and increased amounts of solubilising
components [73].

8.2 Mathematical
Power Law Kinetics

Release Modeling: Korsmeyer-Peppas

Release-model fitting may be useful to explain the
contribution from diffusion, polymer relaxation or erosion in
release, but the choice of the appropriate model should be
correlated with the geometry of the dosage form and the range
of data analysed [74].

Mt/ Moo =k - tn (valid for Mt / Mo < 0.60)

The Korsmeyer—Peppas model is of the form Mt/Mo = ketn,
where Mt/Mw is the fractional release at time t, k is a rate
constant, and n is the release exponent. The interpretation
which is commonly used applies to the early part of release
(usually Mt/Moo < 0.60) and the dosage-form geometry [75].

9. In Vivo Pharmacokinetics and Preclinical Evaluation
9.1 Preclinical Pharmacokinetic Outcomes in Animal
Models

Various preclinical pharmacokinetic studies were performed in
rodents with formulations of gliclazide, but the study designs,
carriers, doses, comparators and analytical methods varied.
Estimates from results should not be pooled but should be
treated as evidence from the formulation. An improvement of
dissolution and relative oral exposure of a gliclazide solid
dispersion was reported in a rodent model by Patel et al. [76].
Cmax, AUC and relative-bioavailability should be compared
to the original paper prior to repeat use as definitive values.

In an animal model, a self-emulsifying formulation of
gliclazide was reported to be more exposed [77]. This is an
"evidence about this" type of formulation evidence to be
distinguished from "evidence that this yields this".

9.2 Translational Disconnect: Rodent vs. Human

Gastrointestinal Physiology

Although rodent studies are proof-of-concept, they do not
predict human exposure because gastrointestinal volume, bile
salts, pH, transit and metabolism are different between species
[59,60].

9.3  Pharmacodynamic  Correlation and  Clinical
Qualification of Hypoglycemia Risk

Dissolution of gliclazide has been suggested to be improved to
better time the drug exposure with the postprandial glucose
absorption [78]. This is yet another speculation and not a
proven clinical advantage. All assertions of decreased
hypoglycemia or improved postprandial control should be
backed up by human pharmacokinetic/pharmacodynamic
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studies, such as measures of drug exposure, glucose profiles,
and safety outcomes. Animal experiments can help in
continued research but cannot prove clinical superiority,
optimum dosing or a decreased risk of hypoglycemia in
patients [79].

10. Physical Stability, Recrystallization Thermodynamics,
and Storage

10.1 Thermodynamic Driving Forces and Excess Gibbs Free
Energy

Amorphous dispersions are not as thermodynamically stable
as crystalline drug, and can recrystallize during storage.
Molecular mobility, temperature, moisture, and interactions
between the drug and the polymer are important factors for
stability [80].

10.2 Kinetic Anti-Plasticization and Molecular Mobility
Constraints

High Tg polymers can minimize molecular mobility when the
storage temperature is kept low enough. This is a good design
factor, but it is not a guarantee for the shelf-life stability [81].

10.3 Moisture Plasticization, the Fox Equation, and
Packaging Strategies

The absorbed water may plasticize the matrix and reduce the
Tg, which is a significant problem for hygroscopic amorphous
systems.

The Fox equation can be used as an approximate model for the
depression of Tg for a drug—polymer—water mixture. It's
assumptions may not necessarily represent non-ideal
interactions or phase separation [82].

1/Tg,mix=(wl/Tgl) + (w2 /Tg2)

Tg, mix, Tgl, Tg2 are the glass transition temperatures in
Kelvin of mixture and components, respectively, while wl/w2
are weight fractions.

11. Industrial Manufacturability, Scalability, and Future
Perspectives

11.1 Downstream Tableting Challenges: Compaction-
Induced Recrystallization

For dosage-form manufacture downstream, it is necessary to
control flow, compressibility, uniformity of content and
physical stability. High polymer loads can lead to an increase
in the mass of the tablet and influence disintegration, hardness
and tolerability. The choice of excipients and the amount of
drug loading need to be carefully balanced for dissolution and
manufacturability [83].

11.2 Quality by Design (QbD) Framework and In-Line
Process Analytical Technology (PAT)

Quality by Design (QbD) is a method of relating critical
quality attributes (CQASs) to critical material attributes and

Dubey et al.

process parameters. Residual solvent, assay/content
uniformity, dissolution, crystallinity, moisture and stability are
some of the CQAs that may be considered for gliclazide
dispersions [46-50,66].

Parameters of relevance for HME are screw design, barrel
temperature, feed rate, screw speed, residence time and torque.
Spray drying involves controlling feed concentration, solvent
constituents, atomization, drying temperature and residue of
solvent. Methods should be validated for the product with
respect to monitoring and process analytical technology may
be used to help.

11.3 Prospective Research Horizons

Future studies should focus on studies of gliclazide only and
also be reproducible in the presence of biorelevant dissolution
and appropriate pharmacokinetic evaluation. Reports should
include details of the form of the drug, the carrier grade and
ratio, preparation conditions, residual solvent, moisture and
complete dissolution profiles. In supersaturation studies, the
molecularly dissolved amount of the drug should be separate
from the apparent total amount of drug and should be
determined at a series of times.

e Co-amorphous systems: Run experiments for test
candidate co-formers specific to gliclazide to confirm
phase behavior, stability and dissolution.

e  Make sure to establish long-term stability, loading, pore
occupancy and solid state, not just inferring
amorphization based on pore size alone.

e Extruded and printed dosage forms can be used to
create dose flexibility and enhance dosage form
performance without compromising dosage form
stability or release control; assess if additive
manufacturing can enhance dose flexibility and
performance [85].

CONCLUSION

Enhancement of the aqueous solubility is a sensible
formulation goal to achieve for Gliclazide. The wetting
property and solid state, apparent solubility and precipitation
inhibition can be enhanced by solid dispersion, depending on
carrier and process. The use of polymeric and surfactant
systems is well studied, and there are other systems with
various balances of scale-up potential, solvent/thermal burden
and stability, such as HME, spray drying, and mesoporous
architectures. Any technology without formulation-specific
evidence should not be preferred. There are some animal
studies selected, which have demonstrated better exposure for
certain formulations, but there are some differences in the
design and comparator. Better dissolution does not necessarily
lead to proportional bioavailability, glycemic control or
decreased hypoglycemia in humans. The primary source data
and long-term stability testing, compaction effect control,
biorelevant dissolution and QbD-based scale-up are all
essential for translation. Acceptable limits of dissolution,
residual solvents, physical stability, content uniformity and
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mechanical performance should be specified as product
development parameters. Application of stability-indicating
methods should be made after storage and compaction. Drug
exposure, glucose profiles and hypoglycemia-related outcomes
should be evaluated in human PK/PD studies to determine if
increased exposure is associated with clinical benefit.
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