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Front cover image, “A Nuvec® mesoporous silica nanoparticle” courtesy
N4 Pharma (see this issue, Page 3). Reproduced with kind permission.
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ARE ORAL FORMULATIONS OF

OLIGONUCLEOTIDE THERAPEUTICS
WITHIN REACH?

Here, Nigel Theobald, Chief Executive Officer at N4 Pharma, discusses key issues
and strategies for formulation scientists aiming to unlock the potential of oral
delivery for small interfering ribonucleic acid drugs targeted against gastrointestinal

diseases and cancers.

Oral delivery has long been
the preferred route for
administering medication.
It is the most common and
convenient dosage form for
the majority of the world’s
population — it can be
easily self-administered and
is non-invasive, resulting
in increased treatment

"For siRNA therapeutics in particular,
there is a high level of consensus

that they hold significant promise as
improved therapeutic options for
certain conditions, and offer a new tool
against hard-to-treat diseases.”

compliance and greater
population coverage.
Oral delivery has always been considered
most suitable for small molecule drugs;
in fact, 60% of small molecules, which
make up to 90% of the total commercial
drug products, are administered orally.!

Naturally, as various classes of biologic
therapeutics have emerged in recent years,
oral delivery has been investigated for
administering these drugs too. For small
interfering ribonucleic acid (siRNA)
therapeutics in particular, there is a high
level of consensus that they hold significant
promise as improved therapeutic options
for certain conditions, and offer a new
tool against hard-to-treat diseases, due to
their ability to selectively downregulate
or silence disease-causing genes.

However, siRNA therapeutics require
novel delivery systems to achieve their
clinical effectiveness, as they are susceptible
to rapid elimination by gastrointestinal
(GI) processes if administered without
protection and are poorly absorbed
into systemic circulation. So far, the six
siRNA drugs approved by regulators
are injectables and there are, as of yet,
no large-scale clinical trials for any other
dosage forms.?

TARGETING THE GI TRACT

In recent years, significant advancements
have been made in understanding the
genetic roots of many diseases and how

Copyright © 2024 Frederick Furness Publishing Ltd

undesirable gene expression can be
downregulated, augmented or corrected
with therapeutic success.

In particular, the specific advantages of
siRNA therapeutics over alternative small
molecule and monoclonal antibody (mAb)
drugs that have been demonstrated are:3

e Simplicity: siRNA executes its function
by complete Watson—Crick base pairing
with messenger RNA (mRNA), whereas
small molecule and mAb drugs need
to recognise the complicated spatial
conformation of proteins.

e Specificity: siRNA has a more distinct,
specific mechanism of action with
reduced side effects.

e Broad application: Theoretically, any
gene of interest can be targeted by siRNA
— only the correct nucleotide sequence is
needed to match the targeted mRNA.

e Rapid development: High-throughput
screening methods can identify effective
siRNA sequences against disease targets,
accelerating the drug development
process, which means that siRNA is
potentially faster to market over a wider
therapeutic area.

In addition, the complexities of
delivering drugs via the GI tract have
been extensively studied. From the
mouth to the lower intestines and colon,
it is clear that each segment presents

www.ondrugdelivery.com
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“"Well-known factors, such as pH, enzymatic activity and
the surface area and structure of the intestine wall, dictate
the extent and rate of drug absorption, making it essential

for drug developers to tailor formulations accordingly

formidable barriers and various absorption
mechanisms  that  influence  drug
bioavailability. Well-known factors, such
as pH, enzymatic activity and the surface
area and structure of the intestine wall,
dictate the extent and rate of drug
absorption, making it essential for
drug developers to tailor formulations
accordingly, driving the development of
novel strategies to enhance efficacy.

In parallel, dissatisfaction with
current therapies for immune-mediated
GI inflammatory diseases, such as
inflammatory bowel disease (IBD) and
Crohn’s disease, have stimulated research
into siRNA. It holds promise as a targeted,
precise therapy that could be used to treat
intestinal diseases associated with the
upregulation of specific proteins found in,
for example, gut epithelial cells.

Common current treatments for IBD
include amino salicylates, corticosteroids
and immunosuppressives — interventions
that often cause side effects such as
hypertension, osteoporosis, depression
and increased susceptibility to infections.
These side effects are due, in large part,
to the non-specificity of drug action and
could be mitigated by the use of siRNA
therapeutics, whether as a stand-alone or
concurrent therapy. GI cancers, such as
colorectal cancer, are also being targeted

for new treatment approaches using siRNA.

UNDERSTANDING
THE CHALLENGES

Looking to the current literature for
guidance, it is striking to note that,
in all reports on oral siRNA, there is
a strong consensus around the common
challenges over and above those faced for
small molecules. Furthermore, there is
a wide range of innovative formulation
strategies being explored in an effort
to overcome these key issues. These
include controlled release formulations,
enteric-coated lipid-based nanoparticles
(LNPs) and polymeric carriers.*

A recent review article’ highlights the
preclinical data for IBD and colorectal

"

cancer, presenting a clear assessment
of some of the barriers to oral delivery.
Another group hypothesises that oral
facilitates  the
delivery of siRNA to lesions within the small

administration direct
intestines and colon, making it the ideal
approach for treating patients with IBD.®
In addition, scientists from the University
of Texas® and, separately, a team from
a consortium of European researchers,’
completed comprehensive reviews that
summarise the formulation challenges
and delivery strategies for oral delivery of
siRNA, reporting on recent advancements
from basic research towards the preclinical
stage of drug development.

In summary, their findings indicate that,
in order to translate oral formulations of
siRNA from research in animal models
to human clinical trials for specific
diseases, drug developers must overcome a
threefold challenge:

e Protect the siRNA as it travels through
the GI tract
e Develop a
the siRNA to the targeted part of
the GI tract and the correct cell type

formulation to deliver

(e.g. macrophage)
e Selectively release the siRNA at the site
of action.

NOVEL ORAL sIRNA
DELIVERY SYSTEMS

A comprehensive exploration of all available
options is beyond the scope of this article;
however, the following is a sample of
example strategies for oral siRNA delivery
that are currently in preclinical research.

Lipid Nanoparticles

Given the well-established use of liposomes
and LNPs in both small molecule and
gene therapy applications, the first
siRNA drugs have been
intravenous (IV) formulations using LNPs.

approved

As such, a number of researchers have used
LNPs as a starting point for oral siRNA
delivery studies. However, LNPs are not
without significant challenges; the literature

www.ondrugdelivery.com

describes a wide range of critical factors
for successful development, namely:

e Particle size and formulation options
e Compatibility and safety

e Protection and targeting

e Uptake and efficacy

e Metabolism and clearance

e Cost and scale-up potential.

One study, conducted by a group
experienced with LNP formulation,”
concentrated on efficacy and metabolism,
using a combination of iz vitro and mouse
models to better understand the fate of
LNPs in the GI tract. They studied LNP
delivery under deconstructed stomach and
intestinal conditions to assess stability over
the expected pH range found in the GI tract,
as well as looking at biodistribution and
potency in mouse studies.

In summary, the authors noted that
the LNP formulation was stable under
varying pH levels and that LNPs entered
the cells of the small intestine and colon and
remained in the gut for up to eight hours
following administration. They also
saw, however, that enzyme degradation
significantly reduced LNP efficacy and
prevented gene-silencing activity in vivo.
They suggest that orally delivered LNPs
need to be protected in the stomach and
upper intestine in order to achieve siRNA
delivery to intestinal epithelial cells.

Milk-Derived Exosomes
In recent work, a group from the Korea
Institute of Science and Technology (KIST)
in Seoul investigated oral tumour necrosis
factor alpha (TNF-a) siRNA delivery
via milk-derived exosomes (M-Exos) for
effective treatment of IBD.® The study
highlighted that M-Exos offer superior
structural stability compared with other
LNPs and that, in the group’s experiments,
they were an efficient siRNA carrier.
M-Exos were loaded with TNF-a
siRNA and efficacy in treating colitis was
assessed in a dextran sulphate sodium
(DSS)-induced  inflammatory
disease model. The
demonstrate that M-Exos loaded with
TNF-a siRNA effectively inhibited the
expression of TNF-a-related inflammatory

bowel

murine results

cytokines. Moreover, given that M-Exos
are composed of unique lipids with high
bioavailability, orally administered M-Exo/
siRNA effectively reached colonic tissues,
leading to decreased TNF-a expression and
successful alleviation of colitis symptoms.

Copyright © 2024 Frederick Furness Publishing Ltd
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Figure 1: Visualisation of a Nuvec particle.

Engineered Silica Nanoparticles
Mesoporous  silica nanoparticles (MSNs)
have been identified as a suitable route
for drug delivery due to their size,
relatively inert nature and
extremely large specific surfaces that can be
functionalised by therapeutic and targeting
entities. A series of preclinical studies
using Nuvec®, a novel silica nanoparticle
(Figure 1), have shown that the surface
structure provides the siRNA with protection
from enzyme attack as the siRNA cargo is
held within the spikes on the particles.
With regard to oral delivery, further
processing can provide a lyophilised,
powdered form that allows loading of the
siRNA/Nuvec intermediate into enteric-
protected capsules (and potentially to
be compressed into tablets) for targeting
particular GI locations. At the site of action,
the particle enters the target cell where the
siRNAs detect and degrade a homologous
mRNA sequence in the cell, resulting
in reduction of the relevant protein and
consequent inhibition of cell growth. This
mode of action allows for precise targeting
and the inhibition of identified signalling
pathways with reduced toxicity, immune
system response and potential side effects.
Experiments have confirmed the
successful in vivo oral administration of
Nuvec® loaded with a deoxyribonucleic
acid (DNA) plasmid for ovalbumin. The
therapeutic was administered by enteric-
coated capsule and the contents, having
been released in the intestinal lumen,
were taken up by intestinal cells, with
successful transfection and release of the
newly synthesised ovalbumin. In a study
conducted earlier this year, an enterically

Copyright © 2024 Frederick Furness Publishing Ltd

coated capsule containing Nuvec
loaded with a DNA plasmid for
ovalbumin was administered to
mice and both protein/antigen
and immunoglobulin G (IgG)
antibody  expression  was
observed. This research is

ongoing.
LOOKING AHEAD

Moving through 2024, the
increased  research  activity
siRNA looks set to
deliver on the long-heralded potential

around

for targeted gene therapy. Importantly,
oral drug delivery remains the preferred
avenue for siRNA administration, offering
convenience and patient compliance,
especially for long-term conditions such
as IBD and Crohn’s disease. This places
the work of formulation scientists at the
leading edge of drug development and,
whilst challenges persist, ongoing research
efforts and technological innovations are
driving the field forward, opening new
possibilities for improved drug efficacy and
patient outcomes.

By harnessing the power of innovative
formulation strategies and advanced drug
delivery technologies, many believe the
potential of oral oligonucleotide drug
delivery can be unlocked. This is arguably
the most cost-effective route for drug
developers due to lower sterility constraints,
more flexibility in design of dosage form
and ease of production, compared with
current IV formulations.

ABOUT THE COMPANY

N4 Pharma is a specialist pharmaceutical
company developing novel delivery systems
for oncology, gene therapy and vaccines.
N4 Pharma’s business model is to partner
with companies developing novel antigens
in these fields to use its novel Nuvec

technology as the delivery vehicle and to
develop its own product for post glaucoma
surgery. As these products progress through
preclinical and clinical programmes,
N4 Pharma will seek to receive upfront
payments and, ultimately, royalty payments

once products reach the market.
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@ Qualicaps

NAVIGATING THE TRANSITION:

EXPLORING ALTERNATIVES TO

TO, IN PHARMACEUTICAL FORMULATIONS

In this article, Lucia Gurruchaga, Scientific Business Development Leader & Pharma Rx

Business Leader at Qualicaps, discusses the push to develop an alternative opacifier

and white colourant to titanium dioxide in the wake of the European Commission's

announcement that the additive may be banned in medicinal products, presenting

data from recent testing on Qualicaps’ own novel alternative.

Titanium dioxide (TiO,), also known as
E-171, is an inert, naturally occurring
material that is produced in two main
different forms. The primary form, which
represents over 98% of total production,
is the pigment grade. The pigmentary form
is used in applications that require white
opacity and brightness, which TiO, is ideal
for due to its excellent light scattering
properties. Some of these applications
are paints, coatings, plastics, inks, foods,
medicines and toothpastes. The other
form is an ultrafine nanomaterial product.
This form is selected when different
properties, such as transparency and
maximum UV light absorption, are required
— for example, in cosmetic sunscreens.!
TiO, stops light transmission through a
film by acting as an opacifier. This property
has been widely used in the pharmaceutical
and consumer healthcare industries as a
white pigment and opacifier for oral solid
dosage forms, such as tablets and hard
and soft capsules. Approximately 91,000
human medicinal products and 800
veterinary medicinal products contain
TiO, in the EU, according to EU trade

associations.> However, in recent years,
the use of this excipient has been questioned
due to safety concerns.

REGULATORY BACKGROUND
AND CURRENT STATUS

In 2015, the European Commission (EC)
requested that the European Food Safety
Authority (EFSA) evaluate the safety of
E-171 as a food additive. In 2016, the EFSA
concluded that no real concerns existed
about the continued safe use of E-171 but
recommended that more tests be performed
to complete the toxicological studies.
In June 2018, the French National Assembly
enacted a temporary suspension of the use
of E-171 as a food additive. No other EC
members supported this position, deciding
rather to wait for all ongoing studies to be
completed before taking further action.

In May 2021, the EFSA published a
safety assessment of E-171 as a food additive
based on scientific evidence considered by
the panel to be reliable, including data
obtained with TiO, nanoparticles and
data from an extended one-generation

"TO, stops light transmission through a film by acting as
an opacifier. This property has been widely used in the
pharmaceutical and consumer healthcare industries

as a white pigment and opacifier for oral solid dosage
forms, such as tablets and hard and soft capsules.”
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reproductive toxicity study. Genotoxicity
studies showed that TiO, particles have
the potential to induce DNA strand breaks
and cause chromosomal damage, but not
gene mutations. No clear correlation was
observed between the physicochemical
properties of TiO, particles and the outcome
of either in vitro or in vivo genotoxicity
assays. Therefore, based on all the available
evidence, a concern for genotoxicity could
not be excluded and, given the many
uncertainties, the panel concluded that
E-171 can no longer be considered safe
when used as a food additive.> The EFSA
neither identified nor recommended any
new studies to clarify the genotoxicity
concern and other remaining uncertainties.
2021, the EMA,
in response to a request from the EC,

In September

provided a scientific analysis on the technical
purpose of the use of TiO, in medicinal
products, the feasibility of replacement and
possible timeframes for alternatives. In its
conclusions, the EMA stressed that, from a
technical point of view, it should bepossible
to find alternatives to replace TiO, both as
a colourant and for other uses. The EMA
highlighted the need to carefully assess
alternatives to ensure their compatibility
with the various components of individual
pharmaceutical products. Furthermore,
the EMA concluded that it was difficult
to recommend a precise transition period
timeframe for the replacement of TiO, in
medicinal products, considering the time
needed to reformulate each individual
product.?

Based on the EMA scientific analysis,
and in order to avoid shortages of medicinal
products that could have impacts on public
health, Commission Regulation (EU)
2022/63 stated that TiO, should remain
provisionally on the list of authorised
additives to allow its use in medicinal
products as a colourant, pending the
development of adequate alternatives
to replace it, while ensuring the quality,
safety and efficacy of the medicinal
products concerned. However, the EC also
encouraged the pharmaceutical industry to
accelerate the research and development of
alternatives to be used as a replacement for
TiO, in medicinal products, and to submit
the necessary variation to the terms of the
marketing authorisations concerned.*

Finally, the EC has committed to
review the necessity to maintain TiO, -
or otherwise delete it from the list of food
additives for exclusive use as a colourant
in medicinal products — within three years

Copyright © 2024 Frederick Furness Publishing Ltd

"“The EC has committed to
review the necessity

to maintain TiO, —

or otherwise delete it from
the list of food additives for
exclusive use as a colourant
in Mmedicinal products —
within three years from the
date that the regulation
entered into force.”

from the date that the regulation entered
into force. This review was set to be based
on an updated assessment of the EMA,
expected to be published in April/May
2024. It should account for the progress
made during this period in developing
alternatives for TiO, in medicinal products
both for new and existing products. Possible
impacts on quality, safety and efficacy have
to be assessed and avoided. As of writing,
there has not been any update either from
the EMA or from the EC on this regard.

In May 2023, the US FDA submitted
a Citizen Petition from the Environmental
Defense Fund entitled “Request To Revoke
Color Additive Listing for Use of Titanium
Dioxide in Food”, which is still open.
In November 2024, the Joint Expert
Committee on Food Additives (JEFCA),
formed by the WHO and the Food and
Agriculture Organization (FAQO), issued an
assessment of the health impacts of TiO,
as a food additive. After reviewing the
available scientific literature, the JEFCA
determined that more research was needed
to address the current uncertainty about the
distribution of TiO, particle sizes.’

At present, there is still not enough
data to issue a final conclusion on TiO,.
Countries such as China, the US and Brazil
continue to carry out their evaluations.

MARKET SITUATION

During this period, the pharmaceutical
industry has faced several challenges in
the transition from TiO, to alternative
opacifiers. As mentioned prior, TiO,
has been a widely used excipient in the
pharmaceutical industry for more than
50 years. It is present in the majority of
pharmaceuticals, in the coating of tablet
films for capsule shells, as well as packaging

www.ondrugdelivery.com

materials. Its extensive use is due to its
critical functions, which result from the
following properties:

e Inert substance: TiO, is of particular
benefit because it does not impact the
properties of APIs or excipients. Being
an unreactive ingredient, it is a common
substance for medicines because it is
well tolerated.

e Consistent homogeneous colouring:

TiO, enables a

scheme and plays an important role as

consistent colour

an opacifier. Consistent colouring of
medicines plays a significant role in the
recognition of a medicine to allow for
differentiation for the patient, who needs
to be able to readily distinguish between
multiple medicine types, which can have
a direct impact on therapeutic adherence
and patient safety. In addition, colour
variations may give false indication to
the user that the product has degraded
or is not efficacious.

Overall, TiO, contributes to developing
a robust dosage form, protecting APIs,
ensuring shelf-life stability and, therefore,
securing the safety and efficacy of
pharmaceuticals for longer periods.®

As pointed out by the “Use of titanium
dioxide as excipient in human medicines.
Industry feedback to QWP Experts/EMA
Questions” survey, investigations into
alternatives should identify an excipient with
comparable properties regarding opacity,
transmittance, water solubility and particle
size, leading to the same uniform film
quality as TiO,. The alternative excipient
must be safe for the patient in all aspects
and compatible with the medicinal products
in question.

The replacement of TiO, presents an
important multifactorial challenge. Besides
demonstrating that the replacement will
have the same or sufficient similar
performance, a seamless supply in line
with the required quality standards for
pharmaceuticals has to be ensured.

One of the alternatives to TiO, that
has been identified during this period is
calcium carbonate (CaCO,). However, it
can’t provide the same degree of opacity
and whiteness as TiO,. Additionally, as
excipients, carbonates need to be included at
a higher concentration than TiO,, which can
have a negative impact on the film coatings by
reducing film strength or increasing capsule
brittleness. For light-sensitive drugs, it may
also cause a higher rate of degradation.
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Size Classes (Lm)

= [Frequency] - [40] Capsule Quali-V* Op. white Lot: NA - $2

= [Undersize] - [40] Capsule Quali-V® Op. white Lot: NA - $2
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Dv (10) 0.655 um | Dv (50) 4.93 um | Dv (90) 13.3 um

Figure 1: PSD result for Quali-V® TiO,-free capsule (A) and Quali-G™ TiO,-free (B) measured by laser diffraction in a Mastersizer
3000 (Malvern Panalytical, Malvern, UK) apparatus.

‘Qualicaps has successfully
validated a new alternative
formulation with a new
opacifying and whitening
agent for TiO,-free

HPMC and gelatin hard
capsules, which is now
commercially available

as Quali-V® TiO,-free and
Quali-G™ TO -free”

70

QUALICAPS SOLUTION

Qualicaps Europe has played a pioneer
role in recent years in developing a new
TiO,-free formulation that can overcome
these challenges. The company’s research
and development work has been focused
on developing a new alternative that
complies with safety, quality and regulatory
standards. As a result, Qualicaps has
successfully validated a new alternative
formulation with a new opacifying
TiO,-free
hydroxypropyl methylcellulose (HPMC)

and whitening agent for

and gelatin hard capsules, which is now

commercially available as Quali-V®

TiO,-free and Quali-G™  TiO,-free.
Some of the scientific data derived from
the development work, compiled in the
corresponding capsule product technical
dossiers, are presented below.

Safety-Related Results

Particle Size Distribution

Figure 1 shows the results obtained from
the particle size distribution (PSD) analysis
performed with Quali-V® TiO,-free and
Quali-G™ TiO,-free capsules. These results
demonstrate the absence of nanomaterials
in both formulations containing the
new opacifier.
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Figure 2: Opacity results of Quali-V® and Quali-G™ formulated with different opacifying agents, measured with a Lab Scan® XE
(HunterLab, VA, US).
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Figure 3: Transmittance results of Quali-V® and Quali-G™ formulated with different opacifying agents, analysed using a Cary
60 UV-Vis spectrophotometer (Agilent, CA, US).

Quality-Related Results

Opacity
For Quali-V® capsules, the opacity
was analysed by comparing different

formulations containing different types
of opacifiers and concentrations. The
results show that the highest opacity is
obtained with the capsules formulated with
TiO,. Quali-V®
with the new opacifying agent show the

capsules formulated
second highest opacity. The lowest opacity
is obtained with the Quali-V® capsules
formulated with CaCO, (Figure 2).

pH1.2

For the Quali-G™ two
formulations were compared — Quali-G™
containing 2% of TiO, and Quali-G™
formulated with the
(Figure 2).

capsules,

new opacifier

Transmittance

Figure 3 shows the results obtained from
the transmittance test performed with
Quali-Ve, opacifying
agents. The results show that there is a big

using  different

difference in transmittance between the
Quali-V® formulated with CaCO, and
the other formulations. For Quali-G™,

transmittance is when

slightly  higher
formulated with the new opacifier, but in

line with the results obtained with HPMC.

Disintegration and Dissolution

Figure 4 shows a comparison between
the dissolution profiles for Quali-V®
TiO,-free capsules and Quali-V® with TiO,
at pH 1.2 and pH 6.8. All capsules tested
complied with the specifications described
(EP) Ed
“Dissolution

in European Pharmacopoeia
11.0,
Testing for oral dosage forms”, and
Chapter 5.17.1, “Recommendations on

pH 6.8

monograph 2.9.3,
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g g
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Figure 4: Dissolution profiles of four different batches of Quali-V® formulated with the new opacifier (Quali-V® TiO,-free)
compared with Quali-V® formulated with TiO, (Quali-V® TiO,) at pH 1.2 and 6.8 (capsule fill formulation: acetaminophen 20%,
lactose 80%; dissolution test method: paddle at 50 rpm).
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Figure 5: Dissolution profiles of four different batches of Quali-G™ formulated with the new opacifier (Quali-G™ TiO,-free)
compared with Quali-G™ formulated with TiO, (Quali-G™ TiO,) at pH 1.2 and 6.8 (capsule fill formulation: acetaminophen 20%,
lactose 80%; dissolution test method: paddle at 50 rpm).

Dissolution Testing for immediate release
dosage forms”, in which the acceptance
criteria is stated as no less than 80% of
the API dissolves in less than 45 minutes.
Quali-V® TiO,-free and Quali-V® with
TiO, dissolution profiles are comparable at
both pH levels.

Disintegration tests of empty Quali-V®
TiO,-free  capsules
following the analytical method described in
the chapter 2.9.1 “Disintegration of tablet
and capsule” of the EP 11th Edition. All the
batches analysed met the specification of no

were  performed

more than 15 minutes.

For the gelatin capsules, a dissolution
profile comparison was performed between
Quali-G™ TiO,-free and Quali-G™ with
TiO, at pH 1.2 and pH 6.8 (Figure 5). All
dissolution profiles are comparable and
comply with the specification of immediate
release dosage forms described above,
since more than 80% of the API is dissolved
in less than 45 minutes.

The the
disintegration test of empty Quali-G™

results obtained from
TiO,-free capsules showed a disintegration
time of no more than 15 minutes, complying
with the acceptance criteria. The analytical
method applied was the same as described

above for the HPMC disintegration tests.

Stability Studies

Stability studies were performed according
to ICH Topic Q1A (R2), “Stability testing
of new Drug Substances and Products”,
and ICH QI1E, “Evaluation of Stability
Data”, for both Quali-V® TiO,-free and
Quali-G™ TiO,-free. Stability-indicating
parameters, such us brittleness, dimensions,
weight and loss on drying, were tested at
every time point for long-term, intermediate
and accelerated stability. All the results
obtained to date have been satisfactory
and compliant with the acceptance criteria.
The current shelf life for both Quali-V®
TiO,-free and Quali-G™  TiO,-free
products is 24 months. The ongoing long-
term stability study will continue up to
60 months.

CONCLUSION

The pharmaceutical industry is facing a big
challenge due to the EC’s announcement of
a potential ban on using TiO, as an excipient
in medicinal products. As encouraged by
the EC, hard capsule manufacturers have
been working for the last few years to
offer an alternative solution to this widely
used opacifier and white colourant. As of
writing, the EMA has not announced any

official decision derived from the assessment
expected by April/May 2024, on which the
EC will base its final decision on regulating
TiO, for medications.

Qualicaps has developed and launched
a new alternative solution that complies
with safety and quality standards, providing
excellent appearance and performance,
for both HPMC and gelatin capsules.

ABOUT THE COMPANY
a global player in the

Qualicaps is

manufacturing and commercialisation

of hard capsules and pharmaceutical
processing equipment for the oral dosage
market. With over 125 years of capsule
the

introduction of several capsule innovations

manufacturing experience and
to the pharmaceutical market, Qualicaps
is uniquely positioned to provide an
integral service to its customers through its
global team of commercial, scientific and
technical experts. Since October 2023,
Qualicaps has been part of Roquette, a
global leader in plant-based ingredients
for the health and nutrition markets that
operates in more than 100 countries, across
more than 30 manufacturing sites, and
employs around 10,000 people worldwide.
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TARGETING NITROSAMINE PRECURSORS
WITH NOVEL ACTIVE MATERIAL SCIENCE

SCAVENGER TECHNOLOGIES

In this piece, Ivy Comer, Scientist III, Amanda Murph, Scientist II, and Jason Pratt,
Director, Material Science, all at Aptar CSP Technologies, discuss the challenges in
combatting N-nitrosamine formation in oral solid dosage forms, and present the
company's 3-Phase Activ-Polymer technology as a novel packaging-based solution.

N-nitrosamine or nitrosamine drug
substance-related impurities (NDSRIs)
are a class of potentially carcinogenic
compounds that have been wreaking havoc
on the pharmaceutical industry, leading to
product recalls and heightened regulatory
scrutiny of both commercialised and
in-development  drugs.  Nitrosamines
are found as impurities in various drug
products, and studies show that, over time,
nitrosamine formation levels can grow
beyond the US FDA’s daily thresholds,
potentially putting patients at risk.
Nitrosamines are substances that can
form under certain conditions through a
process known as nitrosation, especially
in the presence of nitrosating agents such
as nitrite salts, alkyl nitrites, nitrogen
oxides (NO_), nitrosyl halides, nitrosonium
salts and nitro compounds, along with
amines or amides. Nitrosating agents can
arise from the use of recycled solvents or
reusing catalysts across different processes

‘Controlling the presence
of nitrosating agents
and thelr interaction

with precursors 1s
cructal in mitigating
nitrosamine formation.”

or manufacturing lines with inadequate
control and inappropriate monitoring.
They can also be generated from impure
starting materials or intermediates in the
upstream step or from the carry-over of
other manufacturing processes along the
same production line.

Another key variable in nitrosamine
formation is the nitrite levels in many
of the most commonly used excipients
— for example, magnesium stearate and
microcrystalline cellulose (MCC) can
average 2,000-3,000 ppb levels of nitrites,
aiding in nitrosamine-forming reactions.

Controlling the presence of nitrosating
agents and their interaction with precursors
is crucial in mitigating nitrosamine
formation. Aptar CSP Technologies has
conducted a series of studies' that explores
the possibility of leveraging innovative
active material science technologies to
develop a novel nitrosamine-mitigating
solution for oral solid dosage forms.
The branch of the study presented here
focuses on the role that nitrites in excipients
play in nitrosamine formation (Box 1).
It also investigates how Aptar CSP
Technologies’ proprietary Activ-Polymer™
platform technology can mitigate the risk
associated with MCC. The data presented
explore whether nitrite impurity levels
contained in a sample lot of placebo MCC
tablets can be meaningfully reduced when
placed together with Aptar CSP’s Activ-
Film™ material in a sealed environment.
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BOX 1. THE IDEA IN BRIEF

The Problem

Pharma companies are facing increasing regulatory scrutiny and higher risk of product

recalls due to N-nitrosamines and NDSRIs in drug products. The mechanism of reaction

and root cause of nitrosamine formation is not always understood, which makes

mitigating this risk difficult.

The Challenge

The current mitigation strategies employed by pharma developers, such as making

changes to their formulation or manufacturing processes, can be costly. Additionally,

it is difficult to control the variables associated with N-nitrosamine formation with any

certainty. Additional or alternative mitigation strategies may need to be considered to

fully address the risk.

The Solution

New innovations in active material science technologies can offer an active packaging-

based solution that can react with NO_ gases in the packaging headspace to inhibit

nitrosamine formation. Not only can these technologies stop nitrosamine formation,

but they can serve as an additional “insurance policy” by adsorbing or scavenging

N-nitrosamines post-formation, providing a holistic risk mitigation solution.

MITIGATING NITROSAMINE RISKS
ASSOCIATED WITH EXCIPIENTS

Oral drug formulations typically involve
a blend or granulation of their APIs with
various excipients, many of which have
been shown to include nitrite impurities
at trace levels. According to Boetzel et al,
the excipients, such as fillers and diluents,
have the greatest influence over the nitrite
concentration.? MCC is an extremely
common diluent in oral solid dosage forms,
particularly tablets and capsules, and has the
highest number of results in Lhasa Limited’s
(Leeds, UK) “Nitrite in Excipients” database
at 0.04-2.4 ppm. These nitrites can form
nitrosating species, such as nitrous acid and
various volatile NO_ compounds, especially
under moderately acidic conditions.
For APIs at risk of nitrosamine formation,
the presence of nitrosating species in the
excipients used in the formulation has
been shown to directly increase the rate of
formation of nitrosamines.

As pharmaceutical developers
seek to assess and mitigate the risk of
N-nitrosamine formation in their current
drug products and in-development APIs,
they have employed strategies such as using
nitrocellulose-free packaging or choosing
alternate or supplemental excipients,
reagents or catalysts. However, these
solutions are not infallible, as companies
may not always be able to source low- or
no-nitrite excipients, and these strategies
can result in overformulation, which could

potentially lead to new problems.

Copyright © 2024 Frederick Furness Publishing Ltd

“The mechanism of
reaction and root cause of
nitrosamine formation 1s
not always fully understood,
complicating the process

of finding an adequate
risk-mitigation strategy.”

Additionally, the mechanism of reaction
and root cause of nitrosamine formation is
not always fully understood, complicating
the process of finding an adequate risk-
mitigation strategy. Aptar CSP’s challenge
as an active material science company is
to provide pharma companies with an
active packaging-based solution to prevent

Base /

Polymer

Active
Component

nitrosamine formation and/or remove

nitrosamine impurities post-formation
at the point of packaging, reducing
the need for changes to formulation or
manufacturing processes. The technology
could be used as a primary solution or
as an additional measure of protection to
complement other strategies used to prevent

N-nitrosamine formation.

INNOVATIONS IN ACTIVE MATERIAL
SCIENCE TECHNOLOGIES

Nitrites are known to form volatile, gaseous
through
protonation under mildly acidic conditions.?

NO, components, especially
In the absence of any additional reactions,
such gases will come to an equilibrium in
the environment. However, by removing
the NO_ from the environment, the
equilibrium reaction will drive the formation
of additional NO_ gases that, if removed,
will continue until the trace levels of nitrite
are consumed.

New innovations in active material
science technologies can offer an active
packaging-based  solution that can
react with NO_ gases in the packaging
inhibit
formation. Leveraging over 20 years of

headspace  to nitrosamine
material science expertise, Aptar CSP
Technologies’ 3-Phase Activ-Polymer™
platform technology is delivered in a unique
formulation comprised of a base majority
polymer that provides the structure,
a channelling agent and active particles
(Figure 1). The channelling agent coats
and distributes active particles throughout
the polymer matrix and allows targeted
molecules to enter through the hydrophilic
channels. Those molecules migrate to
the active particles, where they are
adsorbed and permanently removed from

the headspace.

Channelling
Agent

Figure 1: 3-Phase Activ-Polymer™ technology matrix.
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For the purposes of this study, the
technology, deployed as an Activ-Film™
material sealed together with MCC tablets,
was engineered to quickly and efficiently
capture and/or react away the volatile
NO,_ species, thus preventing the formation
of nitrosamines by removing the nitrosating
agent (Figure 2). This technology is called
N-Sorb (Figure 3).

N-SORB STUDIES

In one study, four versions of N-Sorb
mitigation films were exposed to MCC
tablets in sealed foil bags during a six-day
ageing period. The methodology® used for
the experiment was based on a chemical
derivative method that reacts with all
available nitrites directly into a measurable
compound. The compound was detected
and quantified using a gas chromatography-
mass spectroscopy headspace, with a
detection ranging from 5 to 100 ppm.
The instrumentation specifications for the
experiment were:

e Agilent GC 8890, Model Number
G3542A

e Agilent MSD 5977, Model Number
G7077C

e Agilent Headspace 8697, Model Number
G4511A.

All four versions of the N-Sorb
mitigation film significantly reduced the
average levels of nitrite present in the
samples compared with the controls. None
of the mitigant’s range of concentration
overlapped or extended into the control
concentration, indicating that nitrite levels
were significantly reduced after ageing.
After six days of ageing at 60°C in an oven,
the samples containing the MCC and either
N-Sorb 20 or N-Sorb 23 mitigation film
had the lowest level of nitrite concentration
remaining in the headspace (Figure 4).

"After six days of ageing

at 60°C in an oven, the
samples containing the

MCC and either N-Sorb 20
or N-Sorb 23 mitigation

film had the lowest level

of nitrite concentration
remaining in the headspace.”
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Figure 2: How N-Sorb can prevent nitrosamine formation.*
N-SORB
ACTIV-POLYMER™
FILM

Figure 3: Example deployment of N-Sorb Activ-Polymer™ film sealed in an
Activ-Blister™ configuration with tablets.

Boxplot of Mitigation Films
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Figure 4: Nitrite concentration (ppm) versus N-Sorb mitigation films sealed with
MCC tablets.
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Figure 5: Percentage reduction of nitrites in MCC tablets sealed with N-Sorb
mitigation films when compared with control sample.

"Aptar CSP Technologies' innovative Activ-Polymer™
platform with its N-Sorb technology offers
pharmaceutical developers a promising alternative
to current nitrosamine mitigation strategies.”

Nitrite was reduced by all N-Sorb
mitigation films tested with MCC tablet
samples during the ageing period compared
with the amount measured in the control
samples (Figure 5). All the mitigation films
exhibited a reduction of ~70% or more
compared with the amount measured in the
control sample. MCC tablet samples exposed
to the N-Sorb 23 mitigation film during the
test period resulted in the highest reduction
of nitrite concentration, along with the lowest
variation of the top two mitigation film
performers, as illustrated by Figures 4 and 5.

CONCLUSION

Aptar CSP  Technologies’
Activ-Polymer™

innovative
platform  with its
N-Sorb technology offers pharmaceutical
developers a promising alternative to
current nitrosamine mitigation strategies
by actively removing nitrosamines from
the headspace of sealed drug packaging.
The key findings study
demonstrate the potential of N-Sorb as a

from this
potent scavenger of nitrite precursors:

e Significant Nitrite Reduction: All tested
N-Sorb mitigation films significantly
reduced nitrite levels in the headspace
compared with controls, with reductions
exceeding 70% in some cases.

e Efficient Capture: N-Sorb 23 exhibited
the highest nitrite reduction and lowest
variation, demonstrating its efficacy
in capturing and/or reacting with the

Copyright © 2024 Frederick Furness Publishing Ltd

volatile NO_ species responsible for
nitrosamine formation.

e Post-Formation Mitigation Potential:
While the study focused on preventing
nitrosamine formation, the technology’s
ability to capture nitrite supports its
potential efficacy for reducing existing
NDSRIs in packaged drugs.

For drug formulation and analytical
scientists, N-Sorb presents a compelling
solution offering several advantages:

e Targeted Intervention: N-Sorb specifically
addresses the root cause of nitrosamine
formation — the presence of nitrosating
agents, such as NO_ gases — without
requiring extensive formulation changes.

e Simplicity and Ease of Integration:
N-Sorb can be seamlessly integrated
into existing packaging formats and
processes, minimising disruption to
manufacturing workflows.

e Flexibility and Potential for Broad
Applicability: The modular design of
Activ-Polymer™  technology allows

for customisation to suit specific drug

product requirements and target various

nitrosating agents beyond NO_ gases.

While further research is warranted to
fully validate the long-term effectiveness
and compatibility of N-Sorb with diverse
drug products, this study provides a strong
foundation for its potential as a game changer
in the fight against NDSRIs. By offering a

www.ondrugdelivery.com

targeted, efficient and easily implementable
N-Sorb can
developers to ensure the safety and quality
of their
compliance with regulatory requirements.

solution, empower drug

products while streamlining
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DIFFERENTIATING ORAL SUSPENSIONS

WITH VERSATILE EXCIPIENTS

In this article, Mariona Venceslao Molins, Marketing Manager for Europe and
Global Market Manager for Oral Treatment, and Liliana Miinea, PhD, Technology
Manager, both at Lubrizol, discuss how excipient-based approaches can facilitate
patient-centric formulations and transform oral suspensions.

In today’s crowded pharmaceutical
market, drug developers increasingly need
to consider how their products can align
with patients’ preferences and improve
compliance. Certain patient populations —
such as paediatric and geriatric, or those
with neurodegenerative conditions — often
struggle with taking oral solid dosages.
One possible cause of this is difficulties
with tablets
capsules (dysphagia). In a large population-

swallowing large and
based survey, one in six adults in the US
was found to struggle with dysphagia.!
Furthermore, approximately 1% of
children in the US experience swallowing
difficulties,> and dysphagia can also be a
common symptom of neurodegenerative
disorders.? This challenge will only be further
exacerbated by the global demographic
shift to an ageing population, with the
number of people aged 80 years or older
expected to triple to 426 million by 2050.*

When it comes to improving patient
with
suspensions are a useful option. They are

compliance medication, oral
much easier to swallow than solid dosage
forms, which is crucial for those who suffer
from dysphagia. Using the right excipients,
oral suspensions can also be developed in
palatable, no-spill and shake-free formats,
which are more convenient for patients
suffering from the tremors symptomatic
of conditions such as Parkinson’s disease
and multiple sclerosis.’ These factors can
be crucial for helping patients stick to
their vital medication regimens.

However, the pharmaceutical landscape
and, alongside

is complex patient

compliance, there are a host of other factors

"Using the right excipients,
oral suspensions can
also be developed in

palatable, no-spill and
shake-free formats.”

that drug developers need to consider.
First and foremost, formulators are looking
to create products that stand out in a
crowded and competitive market. At the
same time, pharmaceutical manufacturers
are increasingly looking to streamline their
processes to reduce complexity and cost.
Developers need to balance these competing
demands while delivering patient-friendly
products. This is where pharmaceutical
excipients shine.

GIVING DRUGS A
NEW LEASE OF LIFE

Over the years, the excipient market

landscape  has  transformed. Drug
developers are no longer looking for simple
binders and fillers to package their APIs,
but for functional excipients that can
help them to bring highly differentiated
products to market. This can be achieved
by formulating an entirely new drug
product with a novel API as part of an
NDA or through the reformulation of a
pre-existing API through the US FDA’s
505(b)(2) approval pathway.

The 505(b)(2)

the use of safety and efficacy data from

pathway allows for

previous studies to streamline approval.®
It is possible to capitalise on the 505(b)(2)
route by reformulating approved drugs
using versatile excipients that facilitate more
patient-centric dosage forms. Ultimately,
this allows for the creation of differentiated
products, including opportunities for
over-the-counter (OTC) drugs that are more
convenient and comfortable for patients,
which can give them a competitive edge.

EXCIPIENT-BASED APPROACHES
FOR TRANSFORMING
ORAL SUSPENSIONS

Whether developing a new drug product
or reformulating a pre-existing one, the
choice of excipient is crucial. With oral
suspensions, the key excipients are the
suspending agents. These are a class of
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"Whether developing a new drug product or reformulating
a pre-existing one, the choice of excipient is crucial.”

excipients added to dispersed systems to
ensure that solid particles in the formulation
are kept uniformly distributed within the
continuous phase, thereby maintaining the
physical stability of the product.

The importance of the suspending agent
cannot be understated. When dispersing
an API in the liquid phase, formulators
need to overcome an array of challenges,
including (but not limited to) creaming,
sedimentation, caking, particle growth and
adhesion to the container.” To counteract
these processes and formulate a shelf-
stable oral suspension, a high-quality
suspending agent is critical. Suspending
agents can bring other benefits too, such
as helping manufacturers to optimise
texture and mouthfeel, improving the
patient experience.

Suspending agents come in many forms,
and formulators must select the option
that is right for their drug development
project. One popular class of suspending
agents is natural polysaccharides and their
derivatives (such as starch, pectin and
xanthan gum), which work by increasing
the viscosity of the aqueous systems in
which they are dispersed. Cellulose-based
suspending agents are a subset of these
natural polysaccharides and include water-
soluble ethers, such as methylcellulose
Another
alternative used in the market is hydrated

and  hydroxyethyl-cellulose.

silicates, which are naturally occurring
siliceous clays that form colloids in water
(e.g. bentonite and hectorite).”

Carbomers — synthetic high molecular
weight cross-linked polyacrylic acid
polymers that swell in water to form
hydrogels — are another important class of
suspending agents that can confer significant

advantages to a formulation.

CARBOMERS IN ORAL
SUSPENSIONS

Of the vast array of suspending agents,
carbomers are emerging as a popular
choice for creating differentiated oral
thanks to their
chemistry. Carbomer particles swell when

suspensions, unique
they are hydrated and neutralised, forming
a colloidal dispersion. These swollen,
close-packed microgels can hold the solid
API particles permanently within the gel
structure, helping to provide excellent
suspending properties — even at very low
inclusion levels.

The suspending ability of carbomers is
due to their high yield value. This helps

‘Carbomers are unigue
in that they provide a
wide range of viscosity
profiles and have high
yield values, even at
low concentrations.”

to prevent sedimentation and maintain
uniformity. Carbomers also impart shear
thinning properties, which means that
they flow more easily when under stress,®
allowing for easier filling and dosing and
making them more amenable to cold
processing during manufacture.

Carbomers are unique in that they
provide a wide range of viscosity profiles
and have high yield values, even at low
concentrations. These combined features
make carbomers more efficient as a
suspending agent than cellulose-based
excipients or natural gums such as xanthan.

Using these polymers, formulators can
impart properties that make the final product
easier to use for the consumer, such as
improved pourability, ease-of-swallowing
and no-spill properties. Carbomers can
also impart mucoadhesive properties
to a formulation. This mucoadhesion
can improve the sensorial experience by
providing a soothing effect for a cold and
cough formulation, for example, while
simultaneously enhancing bioavailability and
tissue protection. Furthermore, due to their
long history of use within the pharmaceutical
industry, formulators can be confident that
carbomers are safe and effective.

BRINGING IT ALL TOGETHER:
A CASE STUDY OF
CARBOMERS IN ACTION

Paracetamol is one of the most well-known
and popular OTC analgesics in the world.”
Using a popular carbomer available on
the market,'” formulators were able to
take this common drug and reformulate
it into a differentiated oral suspension
with  improved patient-centric and

manufacturer-friendly properties.
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Firstly, the inclusion of the carbomer
polymer imparted no-spill properties to
the oral suspension compared with a
reference formulation, allowing for greater
ease-of-use for patients who suffer from
neurodegenerative disorders. Furthermore,
the polymer imparted mucoadhesion,
allowing for protective tissue coating
and greater bioavailability. Lastly, by
facilitating cold processing, the resulting
oral suspension allowed for superior
scalability and ease of manufacturing. This
effectively illustrates how incorporating
the right excipient can transform a drug
formulation and facilitate crucial patient-
centric properties while also addressing
manufacturing needs.

FACTORS TO CONSIDER WHEN
CHOOSING AN ORAL EXCIPIENT

Innovation in the excipient landscape
means that there is a wide range of variables
to consider when seeking out the right
excipient for a drug development project
beyond functional ability. Formulators
should seek out multifunctional excipients,
such as carbomers, that can simplify
formulations and streamline manufacturing,
as well as increase the potential for product
differentiation.

Another aspect to consider is that
natural thickeners and suspending agents
are often derived from plants and, in
recent years, crop shortages have led to
challenges in sourcing these ingredients.
These difficulties can hinder vital R&D

‘Incorporating the right
excipient can transform

a drug formulation

and facilitate crucial
patient-centric properties
while also addressing
manufacturing needs.”

work and disrupt commercial production,
so using synthetically derived excipients,
such as carbomers, from a provider that
has a strong supply chain is critical.
The chosen excipient supplier should also
be able to provide comprehensive expertise
and technical support, which will help
to facilitate the development of effective
and differentiated oral suspensions using
their excipients.

THE POWER OF EXCIPIENTS

In a crowded and competitive market
that needs to serve an increasingly
ageing population, and with a significant
proportion of patients struggling with
dysphagia and neurodegenerative disorders,
patient-centric oral suspensions will
continue to be in demand. Whether for
505(b)(2) reformulations or NDA projects,
excipient-based strategies are key to
helping drug developers to bring enhanced
oral suspension products to market.
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In particular, carbomer-based suspending
agents offer an array of advantages due
to their unique chemistry. Ultimately,
by incorporating effective excipients that
facilitate patient-centric  formulations
and streamline manufacturing, pharma
companies can bring differentiated products
to market while driving improved quality

of life for patients — a win for everyone.
ABOUT THE COMPANY

The Lubrizol Corporation, a Berkshire
Hathaway company, is a specialty chemical
company whose science delivers sustainable
solutions to advance mobility, improve
wellbeing and enhance modern life. Founded
in 1928, Lubrizol owns and operates more
than 100 manufacturing facilities, sales and
technical offices around the world and has
more than 8,000 employees.
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ADAPTING TO AN AGEING WORLD:
FORMULATION STRATEGIES TO
BOOST PATIENT COMPLIANCE

In this article, Jason Hunt, Global Strategic Marketing Manager, and Yeli Zhang,
PhD, Senior Application Development & Innovation Scientist, both at IFF Pharma
Solutions, discuss the key factors undermining patient compliance in older adults and
explore how the pharmaceutical industry can leverage excipients to enhance drug
formulations and improve medication compliance among this critical demographic.

The ageing population is an undeniable
global trend, with a profound influence
on the world’s demographic landscape.
The number of people aged 65 years or
older worldwide is projected to more than
double by 2050, rising from 761 million
in 2021 to 1.6 billion.! This naturally
raises several challenges in healthcare; as we
age, the risk of developing chronic diseases
increases, meaning the number of people
with healthcare needs is on the rise. In the
US alone, an evidence-based model predicts
that the number of adults aged 50 years
and older with at least one chronic disease
will double from 71.5 million in 2020 to
142.7 million by 2050, underscoring the
difficulties posed by the ageing trajectory.?

This
escalating chronic disease burden are

rapid population ageing and

putting unprecedented pressure on the
pharmaceutical industry to address the
medical needs of the expanding senior
demographic more effectively. However,
to make any meaningful impact, drug
manufacturers must tackle a pivotal issue for
this age group — poor patient compliance.

IMPLICATIONS OF AN
AGEING POPULATION ON THE
PHARMACEUTICAL INDUSTRY

The healthcare challenges presented by the
world’s ageing population have significant
implications for the global economy and
healthcare systems. In the UK, for instance,
individuals over the age of 65 account for
more than 40% of hospital admissions
and occupy around 60% of inpatient
beds, as well as being the most frequent
users of health and social care services.?
Alarmingly, the cost associated with the
rising prevalence of ageing and chronic
diseases is estimated to reach a staggering
US$47 trillion (£37
by 2030.4

trillion) globally

For the pharmaceutical industry, this
translates to a surge in demand for certain
medications. This trend will primarily
that
prevalent chronic conditions affecting senior

impact drugs address the most

individuals. These include:®

e Cardiovascular disease
e Hypertension

e High cholesterol

o Arthritis

e Coronary heart disease
e Diabetes

e Chronic kidney disease
e Heart failure

e Depression

e Alzheimer’s disease

e Dementia

e Chronic obstructive pulmonary disease.

The
comorbidities in ageing populations -

increased  prevalence  of
when individuals are affected by multiple
conditions simultaneously — adds further
pressure to the need for age-related disease
medications. Notably, the prevalence of
comorbidities in US adults aged 50 and
older is projected to rise from 7.8 million
in 2020 to 15 million by 2050.2

Beyond providing the necessary
medications to seniors, healthcare providers
also face the major issue of poor compliance
among this demographic. But why is this

the case — and how can it be addressed?

TACKLING THE PERVASIVE
CHALLENGE OF POOR PATIENT
COMPLIANCE IN SENIORS

Several factors contribute to poor patient
compliance among older patients. For
example, those suffering from comorbidities
are more likely to have complicated
treatment regimens that are more difficult
to follow. The ageing process can also

www.ondrugdelivery.com
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“The implications of poor medication adherence are
profound, contributing to as much as 50% of
treatment failures in the US, as well as 125,000 deaths
and up to 25% of hospitalisations every year.”

impact cognition and memory, leading to
forgetfulness — meaning senior patients are
at an increased risk of missing or incorrectly
taking their medications.

Additionally, some older adults have
difficulty
a condition known as dysphagia, which

swallowing oral medicines,
can significantly compromise compliance.
Many of these individuals resort to
crushing tablets or opening capsules
to overcome this issue, which can alter
drug absorption and lead to serious
consequences, such as under- or overdosing,
or even fatality.®

The implications of poor medication
adherence are profound, contributing to
as much as 50% of treatment failures in
the US, as well as 125,000 deaths and up
to 25% of hospitalisations every year.”
Addressing this is therefore crucial for
improving health outcomes and quality
of life among the ageing population.
So, what formulation strategies can drug
developers implement to make their
medications more suitable and appealing to
senior adults?

Optimise Dosing With

Controlled-Release Formulations

The pharmaceutical industry experienced a
pivotal breakthrough over 50 years ago with
the development of oral and transdermal
controlled-release (CR) drug formulations.®
These innovative delivery systems allow for
the gradual release of an API in the body,
revolutionising medication administration
and offering several advantages over
conventional oral dosage forms. Among
the many advantages of CR formulations is
improved patient compliance.’

It is not just patients that benefit
from CR systems, but formulators too.
CR formulations enable drug manufacturers
to modulate the pharmacokinetic profile
of the API, leading to more predictable,
consistent and sustained drug levels in the
bloodstream.’ This means that patients may
not need to take as much medicine to
reap the benefits, which has the potential
to reduce pill burden, further improving
compliance. Moreover, these specialised

Copyright © 2024 Frederick Furness Publishing Ltd

delivery formats can help to minimise drug
level fluctuations, mitigating the risk of
adverse reactions.’

In addition, some CR technologies
can improve bioavailability. For example,
certain cyclodextrins complexed with
poorly water-soluble APIs can improve the
solubility, and possibly the permeability, of
the API, thereby enhancing the bioavailability
while also providing controlled release.'
Prodrugs are another method that can
potentially improve bioavailability and, if so
designed, can support controlled release.!!
CR matrices and barrier coatings may also
provide added benefits in protecting the
API within the formulation from enzymatic
or pH degradation. However, these
technologies do not protect APIs that have
already been released from the formulation.

CR formulations can also address
the unique needs of different patient
populations. Drug manufacturers can
customise CR delivery systems to achieve
profiles tailored to

specific release

individual therapeutic outcomes. For
example, CR transdermal patches have
recently been developed for administering
carvedilol, a beta-blocker drug used to treat
hypertension and heart failure — a common
disease among the elderly.”> The matrix
design of these innovative patches enables
the slow, sustained release of the drug
through the skin, reducing the frequency
of administration for patients who have
difficulty swallowing, are more forgetful or

who already take several other pills.'

Overcome Swallowing Challenges With ODT's
Solid oral dosage forms are the default
formulation for most drugs, due to their
convenient administration, accurate dosing,
manufacturing efficiency and widespread
acceptance. However, as mentioned prior,
pills and capsules can be difficult or
unappealing to swallow for some senior
patients.”® To address this, innovators can
consider strategies, such as smaller tablets
or capsules, easy-to-swallow film coatings
or novel oral delivery systems, including
liquid formats or orally disintegrating
tablets (ODTs).

www.ondrugdelivery.com

Designed to rapidly disintegrate in the
mouth without the need for water, ODTs
enable easy administration for patients
who struggle with conventional solid
dosage forms.'* One way to achieve this
simple method of administration is through
the incorporation of superdisintegrants,
which facilitate rapid tablet breakdown
upon contact with saliva. In some cases,
the intent is for the API to be absorbed
through the oral mucosa, bypassing first-
pass metabolism in the gastrointestinal
tract. ODTs can facilitate this, potentially
offering superior bioavailability compared
with traditional tablet and capsule
formulations.!*

The benefits of this patient-centric
delivery method have been demonstrated
in several clinical studies, including one
investigating the efficacy and tolerability
of mirtazapine ODTs in depressed elderly
nursing home residents with complex
medical and cognitive comorbidities.!
The results of this specific trial revealed
that the rapidly dissolving tablets provided
effective antidepressant action and were
also well-tolerated in these “difficult-to
treat” patients.

By overcoming swallowing difficulties
through innovative formulation strategies,
ODTs present a simple yet impactful solution
for improving medication adherence among
the elderly. However, not all APIs are well-
suited to this format, which is why palatability
is a focus for some manufacturers.

Enhance Palatability to Boost Adherence

While palatability might seem like an
obvious influencer of patient compliance,
it is often overlooked in the pharmaceutical
industry.'® Implementing strategic taste-
masking techniques to conceal the bitter or
unpleasant taste of drugs can significantly
improve medication acceptance for many

"By overcoming
swallowing difficulties
through innovative
formulation strategies,
ODTs present a simple
yet impactful solution

for improving medication
adherence among

the elderly.”
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APPROACHES TO IMPROVING PALATABILITY
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Figure 1: Taste-masking approaches typically fall into two major categories — organoleptic changes and physical alterations.

patients.  Taste-masking  approaches
typically fall into two major categories,
as shown in Figure 1. The first involves
modifying the perception of unpleasant
through the

palatable ingredients, such as flavouring

taste addition of more
agents, sweeteners or bitterness inhibitors.!”
This method is suitable for APIs with
low-to-moderate bitterness but can prove
challenging for highly bitter drugs.

The alternative strategy is to physically
or chemically alter the properties of the
unpalatable API to prevent direct contact
with the patient’s taste receptors.'” This
can be achieved through complexation,
encapsulation or other techniques that
bitter

For

between the
buds.

example, ethylcellulose can be used as a

create a barrier

compound and the taste

barrier membrane to prevent the tongue

from experiencing the taste of bitter APIs,

rupatadine fumarate and

1.18:19

such as

paracetamo Through taste-masking
strategies, pharmaceutical manufacturers
can develop drug products that are not only
efficacious, but also more readily accepted
by senior patients — a pivotal consideration

for long-term medication compliance.
THE CRUCIAL ROLE OF EXCIPIENTS

All the solutions and strategies discussed in
this article would not be possible without
excipients. While excipients may not possess
inherent therapeutic effects, they play an
essential rolein optimising drug formulations.
The following are some examples of how
these versatile pharmaceutical ingredients
can make a meaningful impact on patient
drug compliance.

“Through taste-masking strategies, pharmaceutical
manufacturers can develop drug products that

are not only efficacious, but also more readily
accepted by senior patients — a pivotal consideration
for long-term medication compliance.”

www.ondrugdelivery.com

Facilitating CR Delivery

Functional excipients are crucial to the
success of CR formulations, as their
unique properties help modulate the release
kinetics of APIs. Factors such as excipient
chemistry, particle size and molecular
weight can all influence CR performance.?%?!
For example, many innovative CR products
leverage high-molecular weight, water-
soluble cellulose ethers such as hypromellose
(HPMC) to
Further fine-tuning can be achieved by

attain CR  performance.

adjusting substitution levels
- for HPMC, varying the degree of

hydroxypropyl substitution may impact

excipient

hydrophilicity and, in turn, CR performance.

Enabling ODT Formulation

Excipients are necessary components of
ODTs, each serving a distinct purpose in the
formulation. For example, croscarmellose
acts as a superdisintegrant, promoting rapid
disintegration of ODTs upon contact with
saliva.?? On the other hand, excipients such
as mannitol provide excellent compactability
and act as a bulking material to produce
ODTs with robust physical properties.?
Excipients can also be incorporated into
ODTs to provide specific functions, such
as flowability, compressibility, palatability
and dissolution enhancement.

Copyright © 2024 Frederick Furness Publishing Ltd
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Masking Unpleasant Tastes

Excipients can be leveraged as physical
barriers or solubility modifiers to improve
the palatability of bitter or unpleasant-

7" For example,

tasting drug products.
polymer coating technologies can create a
protective layer that prevents direct API-
interactions. Depending

taste receptor

on the drug’s bitterness profile and
formulation properties, APIs can be coated
with excipient polymers that have either a
pH-dependent (e.g. hypromellose phthalate)
or pH-independent (e.g. ethylcellulose)
release profile. The coating level on the
API or dosage form can be optimised to

successfully achieve taste masking.
CONCLUSION

It is evident that
compliance among the ever-growing ageing

addressing patient

population is an urgent need for global
healthcare systems. By leveraging advanced
drug delivery technologies and specialised
excipients, pharmaceutical companies can
develop more patient-centric formulations
to improve outcomes for older patients.
From CR systems and dissolvable tablets
to effective taste-masking alternatives,
these innovations can increase the odds
that patients will take their medications
as prescribed and improve their quality
of life. This will, ultimately, have a ripple
effect beyond individual patients, offering
broader benefits for the global economy and
healthcare systems.

ABOUT THE COMPANY

IFF Pharma Solutions is a global leader
in food, beverage, health, biosciences and
sensorial experiences. For more than 130
years, the company has been focused on
finding the most innovative solutions to
help bring “better for you” products to
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IFF remains agile in its approach and puts
its customers’ needs at the forefront of
the company’s thinking. IFF’s product
portfolio includes the taste, texture, scent,
nutrition, enzyme, culture, soy protein and
probiotic categories.
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Early Insight

TACKLING IRON-DEFICIENCY ANAEMIA:
A LEAP FORWARD WITH A
REVOLUTIONARY BUCCAL PATCH

In this Early Insight, Buddhadev P Chaudhuri, PhD, Co-founder and Chief Executive
Officer, and Frederik Ceyssens, PhD, Co-founder and Chief Technology Officer,
both at Keylika, discuss the challenges of iron-deficiency anaemia and introduce the
company'’s new buccal patch for iron delivery.

There is currently a silent epidemic on a
massive scale among us, with hardly
anybody talking about it: iron-deficiency
anaemia (IDA), by far the most prevalent
nutritional disorder in the world. According
to the WHO, the estimated prevalence of
iron deficiency (ID) is 30% of the world’s
population.! Roughly 15%-25% of this can
be categorised as moderate-to-severe ID. This
condition, characterised by an insufficiency
of red blood cells or haemoglobin in the
blood, results in a diminished capacity to
carry oxygen throughout the body, impairing
both physical and cognitive performance.
Individual sufferers complain of lack of
energy, weakness and significant cognitive
impairment, with devastating consequences
in countries with limited healthcare capacity.
IDA is more prevalent among women of
childbearing age, with approximately half a
billion sufferers worldwide.?

High doses of iron supplements have
historically been the primary treatment
for IDA, but this therapy has many
disadvantages, for example, iron is
incredibly inefficiently absorbed and not
well tolerated most of the time, with
chronic gastrointestinal (GI) side effects
that few people manage to avoid. Iron
supplementation became proverbial as a
therapy in which the cure was often deemed
worse than the disease. Intravenous (IV)
iron infusion typically works better than
supplements. However, it can still cause
life-threatening hypersensitivity reactions
and introduces its own set of complications
— it is invasive and necessitates clinical
administration, thus significantly increasing
healthcare costs.

‘Innovation is imperative
to combat the IDA
epidemic effectively.”

Innovation is imperative to combat
the IDA epidemic effectively. Therefore,
biotechnology startup Keylika is developing
the world’s first resorbable buccal patch for
iron delivery. This wearable patch, along
with the drug design itself, has the potential
to redefine the paradigm of anaemia
management and IDA drug delivery.

ANAEMIA

There are multiple reasons why IDA can
develop, including nutritional deficiencies;
chronic blood loss from medical conditions,
such as GI ulcers or heavy menstrual
bleeding; a need for extra iron from
pregnancy or infancy; loss of iron from
the gut or malabsorption of oral iron due
to underlying medical conditions, such as
chronic kidney disease or inflammatory
bowel disorders; resection of parts of the
GI system; or long-term use of drugs that
block iron absorption.

IDA causes a reduction in haemoglobin,
which reduces the capacity of the blood to
transport oxygen. This impacts individuals
across multiple dimensions, compromising
their quality of life. In its early stages, the
condition can result in subtle but noticeable
symptoms, including fatigue, weakness and
pallor, and can be accompanied by more
dramatic symptoms, such as shortness of
breath, dizziness and unusual food cravings.
of the

one’s

Severe forms disease can

significantly  limit capacity to

accomplish  daily  activities, reduce
productivity at work and school, inhibit
physical development in children and,
lead to

impairment. In addition to the effects on

eventually, neurocognitive
wellbeing, IDA can amplify the adverse
effects of pre-existing illnesses, further
compounding the cumulative health burden.

Prompt diagnosis and treatment of the
condition are critical to lessen the negative
impact on the lives of those afflicted.
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Sadly, it is severely underdiagnosed, and
its symptoms are often dismissed as merely
psychological in cause.

THE CURRENT STANDARD OF CARE

The current treatment options for IDA
focus on replenishing the body’s iron stores
and addressing the underlying causes of
anaemia. Treatments can be administered
orally or intravenously, depending on the
severity of the condition and the individual’s
specific health profile.

Oral Iron Supplements

Initially, clinical providers will prescribe
an oral iron supplement for mild-to-
moderate IDA, which is the most common
treatment. These supplements are typically
available in the form of ferrous sulfate,
ferrous gluconate, ferrous fumarate, ferrous
bis-glycinate or haem iron. The latter
is a more efficient source but has been
associated with colorectal cancer.> The
oral route is preferred for its convenience,
cost-effectiveness and generally good
patient compliance at low doses. However,
higher doses (50-120 mg/day of elemental
iron) are typically accompanied by a range
of GI side effects, such as bloating, nausea,
constipation, upset stomach or diarrhoea,
sometimes necessitating adjustments in
dosage or the type of iron supplement.
Additionally, the absorption of oral iron can
be influenced by factors such as the presence
of certain types of food (e.g. phytates),
specific medications and the overall health
of the GI tract, necessitating mindful timing
and management of supplement intake for
optimal effectiveness.

IV Iron Therapy

In cases where oral iron supplements are
ineffective, poorly tolerated or in situations
of severe IDA, IV iron therapy may be
employed. IV iron is directly infused
into the bloodstream, bypassing the GI
tract and eliminating many of the side
effects of oral supplements. This method is
particularly beneficial for individuals with
conditions that impair oral iron absorption,
require rapid replenishment of iron stores
or have acutely severe anaemia needing
quick resolution.

Intravenous iron is also indicated in
certain situations, such as chronic kidney
disease or in the pre-operative setting,
where it has been shown to improve
outcomes. While IV iron therapy is highly
effective, there is a risk of serious adverse

Copyright © 2024 Frederick Furness Publishing Ltd

"Recent scientific advancements in the treatment of
anaemia, particularly IDA, have led to the development of
more sophisticated and targeted treatment options.”

effects due to the high payload of iron
administered at once. These include the rare,
but potentially fatal, risk of anaphylactic
shock. Therefore, the treatment requires
medical supervision in a hospital setting,
making it less accessible and more
financially burdensome to the patient and
the healthcare system. Depending on the
type of insurance coverage, clinic and
prescribed iron drug, out-of-pocket patient
costs can range from US$1,000 to US$5,000
(£800-£4,000) per infusion. Additionally,
IV iron can only be prescribed by a
specialist (not the primary care physician)
and may involve long wait times at the
infusion clinic.

INCREMENTAL ADVANCEMENTS IN
IV AND ORAL IRON SUPPLEMENTS

Recent scientific advancements in the
treatment of anaemia, particularly IDA,
have led to the development of more
sophisticated and targeted treatment
options, aiming to improve efficacy, reduce
side effects and enhance patient compliance.

Newer oral iron  supplements,
such as iron amino acid chelates and
polysaccharide-iron  complexes, have
been designed to enhance iron absorption
and reduce the GI side effects associated
with traditional iron supplements. Their
increased bioavailability means that lower
doses of iron can be effective, potentially
minimising the unpleasant side effects that
deter patient compliance.

Significant developments have been
made in the composition and administration
of products on the frontier of IV iron
treatments. Newer-generation IV iron
formulations, such as ferric carboxymaltose,
iron sucrose and iron isomaltoside,
offer the advantage of allowing larger doses
of iron to be administered in a single
visit without the need for a test dose due
to their lower risk of allergic reactions.
This advancement significantly reduces the
treatment burden on patients, improving
adherence and outcomes, particularly in
chronic conditions requiring ongoing ID
management. Still, this method remains
within the limited boundaries of the current
standard of care.

www.ondrugdelivery.com

Nevertheless, much work remains to
optimise efficacy and minimise side effects
in managing anaemia. At this point, oral
supplements and IV remain the two prevailing
treatment classes despite their disadvantages.

NEW TECHNOLOGY ON THE HORIZON

Keylika is challenging this status quo and
developing the world’s first resorbable
buccal patch (Rx) for treating IDA.
This patch combines the efficacy of
parenterals such as IV with the ease of orals,
without the drawbacks of either, while
still delivering iron systemically, bypassing
the gut and the first-pass metabolism.
The buccal route is promising, as the buccal
mucosal membrane is four to 4,000 times
more permeable than the stratum corneum
of the skin,* which is a more commonly
used transdermal delivery route.

Keylika’s iron ligand complex KYLKO1,
combined with a resorbable transmucosal
patch, has the potential to transform the
standard of care for ID. The molecule has
been optimised in size (<500 Da), solubility
(water), ligand selection (antioxidant),
stability across a wide pH range and
oxidative state (ferric). This new chemical
entity (NCE) is a mixed ligand iron complex
tailored for a transdermal route of delivery.

The data from Keylika’s latest in vivo
pharmacokinetic (PK) study in iron-deficient
hamsters demonstrates efficacious and safe
systemic iron absorption with the resorbable
buccal patch. The patch adheres to the inner
cheek of the mouth and dissolves fully in
under an hour, releasing the iron drug.

Keylika’s technology aims to provide
a highly productive, safe and economical
solution for ID.

"Keylika's iron ligand
complex KYLKO1, combined
with a resorbable
transmucosal patch, has
the potential to transform
the standard of care for ID.
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The Iron Complex
KYLKO1
embodies several differentiators to previous

The metallodrug complex
and existing iron drugs and delivery
mechanisms:

1. The ligands are selected to enhance iron
absorption and serve as an antioxidant
specifically.

2. The complex is small (<500 Da),
increasing the ease of skin permeation.

3. Tts high solubility dramatically increases
drug payload for a therapeutically
relevant dosage.

4. The ferric ion (Fe*) form of iron aids
in a seamless uptake by the iron protein
transporter (transferrin) in blood plasma.

5. The iron transport occurs by passive
diffusion driven by a concentration
gradient with the resorption of the patch in
an oral salivary environment, without the
need for additional complex technology
aids (such as microneedles, iontophoresis,
etc) to permeabilise the skin.

6. The new drug complex does not
contain a large-molecule carbohydrate
moiety, minimising the chances of
hypersensitivity reactions. Instead, it
is composed of generally recognised
as safe natural compounds that follow
well-known metabolic pathways.

The result is an effective, safe and
highly bioavailable iron form.

Figure 1: The buccal patch
with iron ligand complex KYLKO1.

Patch Formulation

Keylika’s patch (Figure 1) formulation is a
proprietary microemulsion-based solution
that combines water-soluble polymers
(USP-grade), terpenes-based permeation
enhancers, dissolution rate-determining
components and the water-soluble iron
compound KYLKO1. This formulation
was first synthesised in a solution form,
which was used for the In Vitro Permeation
Test in a Franz Diffusion Cell (IVPT FDC)
study on porcine buccal skin. The solution
was then poured into moulds and baked
under a vacuum to produce resorbable
patches encapsulated with iron. KYLKO1’s
high water solubility allows for a maximum
elemental iron payload of around 50 mg
in the patches.

In vitro dissolution studies in diluted
saliva have demonstrated the full release of
the iron payload (tested patches containing
30 mg Fe) in under an hour, as confirmed
by inductively coupled plasma atomic
emission spectroscopy.

In Vivo PK Study

ID was induced in hamsters by feeding
them an iron-deficient diet over an 8-week
period. Baseline serum iron levels were
measured, followed by the application
of a resorbable patch in the buccal pouch
of the animals. Hamsters were divided
into two groups of four animals each:
commercial ferric citrate (control) and

www.ondrugdelivery.com

“The oral cavity minus
the buccal pouch
was also evident,

demonstrating that the
buccal patch remained
in place, dissolved in the
cheek pouch and was
absorbed systemically
via the transmucosal
route only.”

test (KYLKO1). Animals were under light
isoflurane anaesthesia during this study.

The control group was administered a
commercially available iron supplement,
ferric citrate, while the test group received
KYLKO1, both in resorbable patches.
Blood was sampled at intervals of 30
minutes and analysed for serum iron.
Serum iron levels increased significantly
over time in the test group. In contrast,
the control group showed almost no iron
uptake, indicating that KYLKO1 has a
much better systemic absorption profile
than iron (III) citrate (Figure 2). Each patch
was loaded with 6 mg elemental Fe.

To investigate the chances of oral
ingestion of the buccal patch, a necropsy
was performed with a pathological
examination of the entire GI tract.
No evidence of the coloured patch
or remnants was found throughout the
whole tract, including the oesophagus,
stomach and intestines. The oral cavity
minus the buccal pouch was also evident,
demonstrating that the buccal patch
remained in place, dissolved in the cheek
pouch and was absorbed systemically via
the transmucosal route only. No signs
of buccal irritation or systemic toxicity
were observed.

The significantly superior PK profile
with KYLKO1 buccal patches is preliminary
proof that:

1. KYLKOT1 is systemically absorbed via the
transmucosal route

2. The
successfully dissolves in saliva, releasing

resorbable patch formulation
the iron for buccal uptake

3 KYLKO1’s rational molecular design,
tailored for a buccal delivery, is
successful, as opposed to using iron (III)
citrate.
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PK study of buccal patch in hamsters, n=4
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Figure 2: PK study of buccal patch in hamsters.

CONCLUSION

ID is a hugely underserved problem
supported by a sub-par standard of care.
The limitations of current treatments
and the transformative potential of this
innovation make it evident that Keylika is
not merely introducing a new treatment
option but instead changing the paradigm
of IDA treatment with the first-ever
buccal delivery of iron. The transport
of this novel iron complex through the
highly vascularised oral mucosa into
systemic circulation circumvents the GI
tract and associated adverse side effects.
As a convenient point-of-care solution,
the patch could potentially eliminate the

compliance-limiting side effects of oral
supplements while erasing the cost, stress,
risk and time requirement of IV iron
infusions, heralding a new era of
convenience, efficacy and safety in ID
treatment. The success of early animal
studies boosts Keylika’s confidence that
it can also employ the buccal route for a
multitude of hard-to-deliver drugs, from
small to large molecules.

ABOUT THE COMPANY

Keylika is developing the world’s first
resorbable buccal patch (Rx) for iron
administration to treat IDA, especially
in women of childbearing age suffering
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CANNABIDIOL DELIVERY THAT IS
ON THE "TIP OF THE TONGUE"

In this article, Zdravka Misic, PhD, Innovation Project Manager at dsm-firmenich,
explores how formulation expertise can be applied to overcome the low bioavailability
of cannabinoids and how innovation in orally disintegrating tablets is driving

progress for cannabidiol-based therapeutics.

Cannabinoid-based early drug development
(CBD)

category — is gaining increasing attention

— particularly the cannabidiol

and investment due to its undeniable
innovation potential. However, the low
bioavailability of cannabinoids makes
formulation challenging, especially when
developing solid oral dosage forms, which
are still preferred by patients. Consequently,
to date, innovation in drug delivery in the
CBD space has been limited, with most
cannabinoid therapies reliant on oil-based
oral solutions for administration.

This has
“How can patient-centric

prompted the question,
CBD-based
therapies with improved efficacy, compliance
and patient acceptability be achieved?”
The answer may be presented by orally
disintegrating tablets (ODTs) — a promising
dosage form for the delivery of a wide range
of APIs — which hold significant potential
for delivery of CBD-based therapies.

UNDERSTANDING CBD
FORMULATION TO DATE

Cannabinoids have sparked intense interest
among the scientific community thanks
to their potential to offer wide-ranging
therapeutic benefits for human health.
Among these compounds, CBD stands
out for its therapeutic benefits owing to
its non-intoxicating nature. Progress in
CBD research has revealed its capacity
multiple medical

to potentially treat

conditions, with emerging evidence related

‘Cannabinoids have
sparked intense interest
among the scientific
community thanks to

thelr potential to offer
wide-ranging therapeutic
benefits for human health.”

to neurological disorders, such as central
(CNS) diseases, mood
disorders, cancers and even sleep disorders

nervous system
(e.g. insomnia). In view of this, CBD holds
significant promise in addressing unmet
patient needs.

Despite  pioneering advancements,
CBD-based drug development is still in
its early stages and comes with some
challenges. Enhancing the bioavailability of
CBD and unlocking its complete therapeutic
potential for patients is one noteworthy
opportunity. The low bioavailability of the
molecule — as little as 6% in humans!
— may sometimes necessitate doses above
300-400 mg per day to achieve a substantial
therapeutic effect.? Consequently, patients
are required to administer large quantities
of cannabinoid-based medications, typically
in the form of oil-based oral solutions,
to attain beneficial outcomes. However,
this approach can be unpleasant and
introduce potential complications, such as
unwanted adverse effects like diarrhoea.

Enhancing the bioavailability of CBD
would help to mitigate these challenges
and, while progress is being made, much
of the research in this field is still focused
on oil-based oral solutions. This is fuelling
the exploration of more patient-centric and
convenient dosage forms for CBD-based
therapies in clinical trials — one of those
being ODTs.

ODTs: A POTENTIAL GAME CHANGER
FOR CBD-BASED THERAPIES

ODTs represent an innovative dosage form
for drug delivery, offering benefits that
cater to varying patient needs and
preferences due to their user-friendly and
convenient form. Designed to dissolve
quickly in the mouth without water, they
are easy to administer on-the-go and,
better

compliance. This makes ODTs an appealing

therefore, facilitate patient
drug delivery system for patients who
have difficulty swallowing pills or tablets,

such as older adults, or those seeking more
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‘ODTs are absorbed in the mouth,

thereby bypassing the gastrointestinal tract
and avoiding first-pass metabolism —

the breakdown of the API in the gut or liver.”

treatment flexibility. The swift dissolution and absorption of the
API into the bloodstream makes ODTs particularly beneficial for
health conditions requiring immediate effect, such as insomnia and
other sleep disorders.

ODTs are absorbed in the mouth, thereby bypassing the
gastrointestinal tract and avoiding first-pass metabolism - the
breakdown of the API in the gut or liver. This allows for faster
absorption of the API into the bloodstream and rapid onset of
action. For this reason, they are an attractive option for drugs
that do not absorb easily in the stomach and those with limited
bioavailability due to first-pass metabolism, such as CBD.
Cannabinoids, like CBD, can be affected by incomplete absorption
in the gut and undergo extensive first-pass metabolism in the liver
(up to 75% for CBD).!

The versatility and effectiveness of ODTs has led to their use
across multiple therapeutic settings, from alleviating pain via
analgesic medications to providing relief from allergies through
antihistamines and facilitating fast-acting treatment during
acute episodes in patients with psychiatric disorders. Given the
persistent challenge of CBD bioavailability and delivery for drug
developers, ODTs are emerging as an extremely promising avenue for
cutting-edge CBD formulation.

ADVANCEMENTS IN CBD-BASED ODTs
One field where CBD-based ODTs hold promise is for the treatment
of insomnia. Sleep disorders are a prevalent worldwide concern that

can profoundly impact an individual’s quality of life and overall

Copyright © 2024 Frederick Furness Publishing Ltd
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wellbeing. Studies have indicated that insomnia affects somewhere
between 10% and 30% of the global population, with some
estimates reaching as high as 60%.3 Despite its frequent occurrence
and ease of diagnosis, the condition remains extremely challenging
to treat. Many prescriptions and over-the-counter (OTC) medications
for insomnia exhibit limited efficacy and are often accompanied
by undesirable side effects and the potential for dependency
or tolerance issues.

To tackle this prevalent yet largely unaddressed problem, CBD
has garnered attention as a possible solution due to its promising
therapeutic effects in conditions associated with insomnia, such as
anxiety and pain. Subsequently, CBD has become a focal point of
several sleep disorder trials and, although the science is still emerging,
preliminary research is favourable (Figure 1).*

To help advance research further in this field, dsm-firmenich has
teamed up with Oz Medicann Group Pharma (Sydney, Australia),
an innovator in cannabinoid medicines, to investigate the possibilities
of a CBD-based ODT for insomnia. In the next phase of clinical
trials, the efficacy and dosage level of a Schedule 3 OTC ODT
is to be explored. However, it is not just insomnia where these
CBD-based ODTs have the potential to transform patient care.

A BRIGHT OUTLOOK AHEAD

There is a myriad of opportunities for groundbreaking CBD
developments, presenting a chance to broaden treatment options for
patients globally. Currently, over 220 clinical trials are underway
to explore the therapeutic capacity of CBD, especially in the
realms of CNS diseases, mood disorders and pain management.
Despite affecting tens of millions of people worldwide annually,
these conditions lack cannabinoid-based therapies for their treatment.

CBD science is particularly robust and established in CNS
disorders, which encompass a broad category of neurological
conditions, including epilepsy and Parkinson’s disease. The molecule’s
favourable safety profile, along with its anti-convulsant effects and
neuroprotective properties, have propelled research in this area,
leading to the introduction of CBD-based treatments on the market.
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Further research currently being initiated includes trials exploring
the role of CBD as an immunomodulatory agent. The API’s
immunomodulatory and anti-inflammatory properties make it a
compelling therapeutic compound for diseases characterised by
excessive inflammation, such as chronic diseases or inflammatory
conditions. Moreover, cannabinoid research does not stop at CBD.
Investigations related to minor cannabinoids, such as those found
in lower concentrations in the cannabis sativa plant, including
cannabinol and cannabigerol, are also underway and anticipated to
become a growing focus for innovation.

THE KEY TAKEAWAY

ODTs represent a patient-friendly dosage form that prioritises
convenience, efficacy and ease-of-use, ultimately enhancing the
overall treatment experience for patients across various healthcare
settings. With this in mind, ODTs could revolutionise CBD
delivery in a way that places patient centricity and elevated care at
the forefront.
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fragrances for the world’s growing population to thrive. With its
comprehensive range of solutions, including natural and renewable
ingredients and renowned science and technology capabilities,
dsm-firmenich works to create what is essential for life, desirable
for consumers and more sustainable for the planet. As a purpose-led
partner in the pharmaceutical industry, dsm-firmenich remains at
the forefront of leading-edge cannabinoid research; driving forward
the next frontier of medicine and helping drug developers realise the
full therapeutic potential of these unique compounds. dsm-firmenich
is a Swiss-Dutch company, listed on the Euronext Amsterdam,
with operations in almost 60 countries and revenues of more than
€12 billion (£10.3 billion) annually. With a diverse worldwide team
of nearly 30,000 employees, the company brings progress to life for
billions of people every day, everywhere.

REFERENCES

1. Perucca E, Bialer M, “Critical Aspects Affecting
Cannabidiol Oral Bioavailability and Metabolic
Elimination, and Related Clinical Implications”.

CNS Drugs, 2020, Vol 34(8), pp 795-800.

2. Arnold JC et al, “The safety and efficacy of low oral
doses of cannabidiol: An evaluation of the evidence”.
Clin Transl Sci, 2023, Vol 16(1), pp 10-30.

3. Bbhaskar S, Hemavathy D, Prasad S, “Prevalence of
chronic insomnia in adult patients and its correlation
with medical comorbidities”. | Family Med Prim Care,
2016, Vol 5(4), pp 780-784.

4. Ranum MR et al, “Use of Cannabidiol in the Management
of Insomnia: A Systematic Review”. Cannabis Cannabinoid
Res, 2023, Vol 8(2), pp 213-229.

ABOUT THE AUTHOR

Zdravka Misic, Innovation Project Manager at dsm-firmenich,
holds a PhD in Pharmaceutical Sciences from the University
of Basel (Switzerland). She started her career as a formulation
scientist at Teva in 2004. In 2009, she moved to Switzerland
to ETH Ziirich as an ESKAS (Swiss Government Excellence
Scholarships for Foreign Scholars) scholarship holder. Dr Misic
joined dsm-firmenich in 2014 and, since then, has worked as a
Principal Pharmaceutical Scientist on developing new delivery
systems for dsm-firmenich’s products and collaborated closely
with marketing in presenting them to customers. She also leads
external collaborations with academic partners (including the
International University of Applied Sciences and ETH Ziirich)
and established CDMOs within the pharmaceutical industry.
Since January 2024, Dr Misic has switched to the position of an
Innovation Project Manager, dedicated to pharma innovation
projects in the specific development of new oral solid CBD
formulations with enhanced bioavailability.

(@ drugDELIVERY

SUSTAINABLY

PRINTED"
& SHIPPED**

\ RECYCLED

Paper made from
recycled material

wascwg FSC® C022819

GOGREEN

PLUS

* using Forest Stewardship Council®
certified recycled paper, vegetable-
based inks, biodegradable laminates
and carbon balanced materials
offset via the World Land Trust™
following ISO140001 processes.

** by DHL using GoGreen Plus carbon
insetting of at least 30% through the
use of Sustainable Aviation Fuel (SAF),
a biofuel substitute for traditional jet
fuel, produced from renewable sources.
Mailed to individual readers outside
the UK by DHL using GoGreen,
which offsets 100% of CO, emissions.

www.ondrugdelivery.com

Copyright © 2024 Frederick Furness Publishing Ltd


https://www.ondrugdelivery.com

STRATEGIES TO MITIGATE
GELATIN CROSS-LINKING
IN ORAL SOLID DRUG DELIVERY

Here, Jnanadeva Bhat, PhD, Vice-President R6D (Pharma & Nutra), and Manali Dalvi,
Lead — White Papers & Publications, both at ACG Capsules, discuss the factors
contributing to gelatin cross-linking in oral solid dose delivery — and strategies to

tackle the resulting challenges.

The oral solid drug delivery system is a
prominent mode of drug administration.
It is recognised for being non-invasive,
patient compliant and convenient;
steadfastly catering to the multifaceted
demands of the market through its
pioneering methodologies.

Despite the emergence of cutting-edge
techniques such as biologics, molecular
delivery and parenteral administration,
the prevalence of solid delivery systems
continues to undergo ongoing innovation.
From traditional pills and capsules to novel
variations, such as gummies, soft chews,
granules, lozenges and pastilles, the oral
delivery mechanism has revolutionised
pharmaceutical formulations, capturing the
attention of both healthcare professionals
and consumers. Its adaptability, accessibility
and effectiveness have propelled it to the
forefront, surpassing even the established
parenteral and intravenous routes.

Irrespective of the product type, the
fundamental goal of processing oral solid
dosage (OSD) forms remains unwavering:
to create formulations that guarantee
consistent dosing, reliable distribution of
ingredients, and uniform dissolution and
bioavailability. However, achieving this
objective is contingent upon the dosage
forms, actives and excipients employed.

Gelatin often serves as a crucial excipient
in OSD formulations. Whether encapsulating
active ingredients within hard or soft shells
or serving as a coating agent for tablets or
a gelling agent in any other formulations,
gelatin emerges as a fundamental ingredient
across various oral delivery formats.
Its versatility finds applications in a wide
range of dosage formats.

However, despite its extensive use, OSD
manufacturers grapple with a persistent
challenge: gelatin cross-linking within
formulations, initially observed in 1974 for
hard capsules containing chloramphenicol.
This phenomenon poses a threat to the
dissolution of pharmaceutical products,
underscoring the need for strategies to
mitigate such barriers. As we navigate the
complexities of drug formulations, addressing
issues such as gelatin cross-linking becomes
paramount in advancing the efficacy and
reliability of oral drug delivery systems.

CROSS-LINKING IN THE GELATIN

Following the ingestion of gelatin capsules
or gelatin-coated tablets, the primary
objective of the formulation lies in releasing
the inner content into the biological media.
However, it is often observed that gelatin-
based formulations tend to experience
dissolution failures upon ageing, which
is primarily attributed to cross-linking
in stressed gelatin-containing products.
It causes the formation of a swollen, thin,
tough, rubbery, water-insoluble membrane,
known as a pellicle (Figure 1).

This may act as a barrier to the drug
release from the formulation, resulting in
the slower release of the filled formulation,
which consequently leads to a decrease in
dissolution values or no release at all in in
vitro studies. The degree of cross-linking
can vary within and between capsules,
making it difficult to predict the extent
of the issue. Once formed, these pellicles
are irreversible, rendering the gelatin
insoluble. As a consequence, dissolution
results will have higher variability when

‘Despite its extensive use, OSD manufacturers grapple with a
persistent challenge: gelatin cross-linking within formulations.”
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Expert View

Figure 1: Cross-linked capsule.
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Figure 2: Gelatin structure.

gelatin capsule/coated tablets are cross-
linked. This phenomenon — during the early
stages of drug insertion into the market —
often results in failure to meet regulatory
guidelines for in wvitro studies, prompting
regulatory authorities to recall the product.

MECHANISM OF

GELATIN CROSS-LINKING
Gelatin, derived from collagen via
hydrolysis, is a soluble protein mixture
primarily composed of amino acids
(Figure 2). These amino acids, linked by
amide bonds, form a linear polymer with
molecular weights ranging from 15,000
to 250,000. Cross-linking in gelatin can
arise from chemical interactions between
its peptide chains or individual amino
acids. These interactions can be triggered
by small amounts of aldehydes, which are
present in excipients or APIs. They may also
occur from the breakdown of formulation

Hydroxyproline Glycine Proline

1
1
1
1
N~
1
1
1
1
1
NH;*
Lysine

“There are two main types
of cross-linking reactions
observed in gelatin:
internal and external.”

components or packaging materials — or
exposure to harsh conditions such as high
temperatures and humidity.

There are two main types of cross-
linking reactions observed in gelatin:
internal and external. Internal cross-linking
takes place when gelatin capsules are
exposed to high temperatures and humidity,
primarily affecting their inner surfaces.
In contrast, external cross-linking occurs
when gelatin-based formulations, such as
hard or soft capsules and gelatin-coated
tablets, interact with substances such as
aldehydes, peroxides or sulfonic acids.

www.ondrugdelivery.com

These substances cause chemical changes
in the gelatin molecules, transforming them
from a random coil configuration to a
collagen triple helix structure.

The mechanism of gelatin cross-linking
involves three distinct pathways, each
driven by specific molecular interactions
and catalytic factors.

1. Intrastrand and Interstrand Cross-
Linking: Gelatin’s reactivity stems from
interactions among amino acids within
the same gelatin molecule (intrastrand)
or between neighbouring molecules
(interstrand). Key amino acids involved
in this process (most notably lysine)
exhibit
Lysine residues in close proximity

trifunctional  properties.

undergo  oxidative  deamination,
yielding terminal aldehyde groups.
These aldehyde groups can then react
with neighbouring &-amino groups of
lysine, forming imine intermediates.
Subsequent aldol condensation reactions
lead to the formation of cross-linked
products containing pyridinium rings.
This cascade of reactions is catalysed
by external factors such as heat and
relative humidity or the presence of a
chemical agent.

2. Reaction
Another

interaction between lysyl e-amino groups

with Carbonyl Groups:

mechanism involves the
and aldehydic impurities present as
contaminants. This reaction generates
hydroxymethylamino derivatives, which
undergo dehydration to form imines.
These imines then engage in further
reactions with hydroxymethyl lysine
residues, forming dimethyl ether bridges.
Ultimately, rearrangement reactions
result in methylene linkages between
lysyl e-amino groups, facilitating cross-
link formation. Similar reactions can
occur with aldose sugars commonly
found in pharmaceutical formulations,
wherein imine intermediates react with
free amino groups to yield ketose sugars.
Subsequent reactions between imines
and sugars lead to cross-linking via
carbonyl functionalities.

3. Formation of Aminals: Additionally,
gelatin cross-linking can occur through
the formation of aminals, which are
amine derivatives of acetals. This
process is influenced by the pH of the
environment. Aminals formed between
gelatin chains contribute to cross-linking,
further enhancing the structural integrity
of the gelatin network.
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Expert View

Drug Dosage USP Speed Medium Volume Sziflorl?;neﬁﬁgs Date
Name Form |Apparatus (RPMs) (mL) ping Updated
(minutes)
Lopinavir/  Capsulte I 50 Tier 1: 900 10,15, 30 06/18/2007
Ritonavir (Soft- (Paddle) 0.5 M Polyoxyethylene and 45
Gelatin) 10 Lauryl Ether with
10 mM Sodium Phosphate
monobasic (pH 6.8)
Tier II:
same as above with
NMT 1750 USP units/L
of Pancreatin
Celecoxib Capsule I 50, 100 Tier I Medium: Tier I: 1,000 mL 10, 20, 30, 07/01/2010
(Paddle)  and 200 mg:  0.04 M tribasic sodium T s 45 and 60
50 rpm; phosphate (pH 12) 750 mL (initial)
400 mg: with 1% SLS. 1,000 mL (final)
75tpm - Tier II Initial Medium:

750 mL of simulated gastric
fluid, USP (includes pepsin);
At 20 minutes, while stirring,
add 180 mL of appropriate
concentrations of SLS solution
(for a final concentration of
1% SLS). Add about 70 mL
of 1.2 N NaOH to adjust

the pH to 12.

Table 1: Representative two-tier dissolution method.

FACTORS CONTRIBUTING TO
GELATIN CROSS-LINKING

Cross-linking in gelatin formulations can
stem from various environmental and
chemical factors, significantly impacting
their stability and performance (Table 1).

Environmental Factors
Elevated humidity,
intense light exposure can trigger cross-

temperatures and

linking reactions within gelatin-based

formulations, resulting in prolonged
in vitro dissolution times. The presence of
high humidity facilitates direct catalysis of
imine formation, a crucial step in cross-
linking reactions.

Additionally, certain excipients may
produce byproducts in moist environments,
further

For example, corn starch may contain

promoting cross-linking.

hexamethyl tetramine, which decomposes

‘Several chemical
factors can exacerbate
gelatin cross-linking
N pharmaceutical
formulations.”
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in humidity, generating ammonia and
formaldehyde, thus facilitating cross-
linking in gelatin. Moreover, high
humidity conditions can induce arginine-
arginine cross-linking in gelatin. Elevated
temperatures accelerate the rate of cross-
linking reactions, hastening the formation
of insoluble gelatin networks.

Light or (UV)-visible

radiation exposure can influence dissolution

ultraviolet

properties. Intense light exposure correlates
with reduced in vitro dissolution rates,
adding complexity to the matter of gelatin
cross-linking in pharmaceutical products.

Chemical Factors
Several chemical factors can exacerbate
gelatin  cross-linking in pharmaceutical
formulations (Table 2).
One  prominent  contributor  is
formaldehyde, which can be released
from various sources commonly found
in formulation excipients. These sources
include plasticisers, preservatives and
polyethylenated compounds, such as
polyethylene glycol (PEG). Interestingly,
ethers of PEG, aliphatic alcohols or phenols,
polyethylenated glycerides and non-ionic
surfactants can all contribute to formaldehyde
release, thus promoting the cross-linking
of gelatin. PEGs, frequently employed as
solvents in pharmaceutical formulations,

www.ondrugdelivery.com

can release low-molecular-weight aldehydes
when exposed to aerobic conditions, thereby
further enhancing gelatin cross-linking.
Additionally, aldehydes such as furfural,
commonly found in bottles containing
rayon coils, have been demonstrated to react
with gelatin, resulting in the formation of
insoluble cross-linked products.

Humidity
Heat
Light

Excipients or APIs with
carbonyl functional group

Aldehydes (furfural, acrolein,
formaldehyde, glyceryl aldehyde)
and ketones
Imines
Sugars (glucose and aldose sugar)
Oxidising agent
PEGs (containing peroxide/aldehydes)

Metal ions (colorants/dyes)

Sulfated polysaccharides
(chondroitin sulfate)

Table 2: Causative agents for cross-linking.
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To confirm whether gelatin cross-linking
has occurred, instrumental techniques
such as various spectroscopies have been
applied, including nuclear magnetic
resonance (NMR), UV spectroscopy using
2, 4, 6-trinitrobenzene sulfonic acid (TNBS)
assay, fluorescence spectrophotometry
(FS), near infrared (NIR) and Fourier
transform-infrared (FT-IR). However, it is
important to note that these spectroscopic
techniques may have limitations for
identifying cross-linking in gelatin capsule
shells when the formulations experience
dissolution slowdown due to stress tests in
stability studies or a long-time storage of

marketed formulations.

STRATEGIES TO MITIGATE

THE CHALLENGE POSED

BY CROSS-LINKING IN
GELATIN-BASED FORMULATIONS
Overcoming the challenge of cross-
linking in a dissolution study is crucial for
innovators facing hurdles in the in vitro
evaluation of gelatin formulations.
Fortunately, there are several ways to
mitigate the issue of cross-linking within
the formulation. One such approach
involves leveraging different grades of
gelatin, each exhibiting distinct behaviours
regarding cross-linking. Notably, type B
gelatin demonstrates reduced cross-linking
compared with type A gelatin.

Another effective approach involves
inhibiting the formation of aldehydes,
which are crucial catalysts for cross-linking
in capsules. Compounds such as lysine,
phenylalanine, glutamine, p-aminobenzoic
acid and glycine serve as potent scavengers
for carbonyl compounds, obstructing
aldehyde interaction with the gelatin
shell and thereby significantly reducing
cross-linking. Using glycine to scavenge
aldehydes in the formulation effectively
neutralises reactive aldehydic functional
groups, preventing further cross-linking.

‘Combining glycine with
Citric acid proves highly
effective, offering dual
benefits by scavenging
aldehydes and facilitating
pH manipulation within
the formulation.”

Furthermore, combining glycine with
citric acid proves highly effective, offering
dual benefits by scavenging aldehydes
and facilitating pH manipulation within
the formulation.

Other inhibitors, such as semicarbazide,
piperidine and hydrochloride, can also
modify capsule properties, effectively
inhibiting cross-linking. An alternative
approach involves using aldehyde-free
excipients, presenting a promising avenue
for tackling the dissolution challenge.
Importantly, safeguarding formulations
against moisture, temperature fluctuations
and light exposure will also play a pivotal
role in maintaining stability and preventing
undesirable cross-linking reactions.

A collaborative effort between the
US FDA’s CDER, the United States
Pharmacopeia (USP) and academia in
the early 1990s yielded valuable insights
into gelatin capsule non-compliance
during dissolution tests and its impact
Notably,

cross-linking primarily occurs in vitro, the

on bioavailability.! while
behaviour shifts markedly during in vivo
testing. Cross-linked capsules face minimal
hurdles in vivo, suggesting a divergence
between laboratory and real-world
outcomes. This is due to the presence of
the enzymes in the gastrointestinal (GI)
environment acting as biological scissors,
effectively breaking down the cross-linked
bonds in capsule shells.

This research led to the development
of two-tier dissolution testing, which
incorporates enzymes into the dissolution
medium in some cases to account for
potential in  wvivo enzyme activity,
highlighting the importance of considering
both in wvitro and in vivo data when
evaluating drug delivery systems. The
USP two-tier dissolution method offers
a standardised approach for handling
formulations that fail initial dissolution
assessments. This methodology aligns well
with bioequivalence studies, streamlining
processes and reducing associated time
and costs.

The USP General Chapters Dissolution
<711>and Disintegration and Dissolution
of Dietary Supplements <2040> offer
provisions for incorporating enzymes
into dissolution media when dosage
forms fail to meet dissolution
acceptance criteria due to gelatin cross-
linking. More than 25 pharmaceutical
products have used two-tier dissolution
methods, as per the FDA’s dissolution

database and USP standards (Table 1).
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In particular, GI enzymes such as pepsin
and pancreatin have proven effective in
breaking down cross-linked gelatin
within the stomach, operating within
specific pH ranges to optimise protease
activity. By integrating these enzymes into
dissolution studies, the observed slow
drug release in vitro can be addressed
effectively. This strategic inclusion ensures
that dissolution assessments accurately
reflect the intended performance of the
formulation, aligning with regulatory
standards and facilitating robust evaluation
of product efficacy.

The implementation of two-tier
dissolution testing — primarily introduced in
the First Supplement of USP 24 — involves
the strategic addition of enzymes to
dissolution media. Pepsin, added to acidic
mediums or water, aims for an activity
level of 750,000 units per litre or less.
However, it demonstrates optimal
proteolytic activity up to pH 4 and
diminishes above pH 5.5, rendering it
unsuitable for two-tier dissolution testing
when the medium exceeds pH 4.

On the hand,

USP, included in mediums at or above

other pancreatin
pH 6.8, targets a protease activity level
of not exceeding 1,750 units per litre.
Pancreatin, renowned for its wide substrate
specificity, boasts enzymes such as trypsin,
a-chymotrypsin, carboxypeptidase, lipase
and amylase, enabling it to hydrolyse
proteins, fats and polysaccharides effectively.
With a favourable proteolytic activity
range around pH 6-8, pancreatin presents
a versatile option for addressing gelatin
cross-linking during dissolution testing.
While pepsin and pancreatin offer
valuable solutions for in vitro dissolution
challenges, it is important to acknowledge
their limitations in mimicking in vivo
conditions fully. Factors such as the
presence of bile salts and gastric motility,
crucial i vivo mechanisms, are challenging
to replicate accurately in routine dissolution
testing. At this point, enzymes such as
papain and bromelain, derived from
papaya
could be considered. These enzymes,

and pineapple, respectively,
not naturally found in the human body,
are primarily employed to digest cross-
linked gelatin during dissolution tests.
Papain, with an optimal pH range of 4-7,
and bromelain, optimal at pH 4.5-7.5,
both exhibit potent protease activity
and can be evaluated using the case in
digestive power test, as delineated in the
USP monographs.
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While these remedies offer promise
in resolving the cross-linking challenge,
careful consideration must be given to
the cautionary note regarding the use of
other additive media components when
designing dissolution media. For example,
the inclusion of surfactants such as sodium
lauryl sulfate for solubility enhancement
can compromise the activity of enzymes,
introducing complexities in the two-tier
dissolution study (Table 1). In such cases,
a prudent approach involves pre-treating
cross-linked gelatin capsules with enzyme-
containing media devoid of surfactants.
This ensures the maintenance of enzymatic
activity, thus preserving the accuracy of
dissolution testing. By navigating these
thoughtfully,
could optimise dissolution protocols to

intricacies researchers

emulate physiological conditions, thus
enhancing the reliability of their findings

more closely.

SUMMARY

While
pharmaceuticals

cross-linking in  gelatin-based

may pose challenges
to dissolution during in wvitro studies,
it is important to note that in wvivo
dissolution is often unaffected. This is
due to the enzymatic activity within the
GI tract which digests

efficiently, aiding dissolution. Nonetheless,

cross-linking

despite this natural process, several
precautions should be taken to ensure
regulatory acceptance of the product.
Various strategies exist to prevent cross-
linking during the formulation stage. These
include tailoring gelatin formulations to
specific grades, incorporating cross-linking
inhibitors, integrating stability enhancers
or exploring alternative excipients less

prone to cross-linking. These approaches

effectively mitigate cross-linking issues.

'If cross-linking does occur during formulation,
strategic use of the USP two-tier dissolution method
would be crucial, especially in capsule formulations.”

However, if cross-linking does occur
during formulation, strategic use of the
USP two-tier dissolution method would be
crucial, especially in capsule formulations.
Optimising dissolution studies in this
manner can enhance pharmaceutical
evaluations, supporting the reliability and
efficacy of drug development processes.
Through these

researchers can confidently and precisely

proactive  measures,
navigate the complexities of cross-linking
in gelatin-based pharmaceuticals.
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